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Preface

In 1981, the first edition of Clinical Immunodermatology was published, 
with Dr. Mark Dahl as the editor and sole contributor. This textbook filled a 
real need for residents in training, as the focus of this textbook was immuno-
logically mediated skin disease. It certainly was critical and highly enjoyable 
reading for me when I began my dermatology residency in 1982 at Emory 
University. Its second edition in 1985 and the third and final edition in 1996 
saw further improvements in this outstanding textbook. It has been a tremen-
dous asset for all of those interested in the immune system, and how it plays 
a protective and pathologic role in skin diseases. The critical features of this 
textbook were its concise nature, simple diagrams, and clear and direct style 
of delivering fundamental information about the role of the immune system 
and its relevance to skin diseases. All of these features made this textbook well 
appreciated by residents and clinicians. This textbook really was the brainchild 
of Dr. Mark Dahl, and reflected well his lucid approach to teaching, organizing 
information, and presenting a complex topic in such a high-quality product. 
Fortunately for our specialty, Dr. Dahl remains active in academic dermatology, 
teaching, patient care, and publishing.

Over the past twelve years, much has changed, stimulating Steve Tyring and 
I to revisit this important subject. There has been an explosion of information 
in the fields of cellular, molecular, innate, adaptive immunity, and immuno-
pharmacology. In parallel, these advances have been applied to and translated 
to a better understanding and treatment of a number of common and less 
common dermatologic diseases. There are also a number of new therapeutic 
agents that are targeted therapies, or have an immune mechanism. All of these 
developments have occurred during the blossoming of the information age. 
Thus, we decided that it was no longer possible to present a single or even 
a dual authored/edited textbook. Steve Tyring and I decided to pursue the 
recruitment of national and international experts to author chapters on their 
respective areas of expertise. Hence, our approach for this important endeavor 
is that of a multiauthored collection of chapters that would be integrated into 
this book. Despite the different approach, our goal is to present the latest 
information related to fundamentals of the skin immune system, as well as a 
disease-focused textbook in the same concise, readable, and easily digested 
format that was initially developed by Dr. Dahl.

We thank Dr. Dahl for his vision and his original book, which has had pro-
found influence on generations of dermatologists. We have strived to enhance 
the teaching of cutaneous immunology, particularly as related to skin disease, 
to the next generations of young dermatologists who will be caring for patients 
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afflicted with immune-based skin diseases. We would be delighted if our text-
book triggered the kind of interest in immunology that was stimulated in Steve 
and I during our training.

Anthony A. Gaspari
Stephen K. Tyring
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Section I
Concepts of Fundamental Importance 

for Understanding Skin Disease



3

Key Points

• Cytokines are soluble mediators (polypeptides) 
that act as messengers of the immune system.

• Cytokines are critical in fundamental processes such 
as host defense, cell cycle control, inflammation, 
cancer, fibrosis, wound healing, and angiogenesis.

• Cytokines and chemokines have been implicated in 
the pathogenesis of a number of skin diseases, and 
are now being targeted by specific biologic agents 
produced by recombinant DNA technology.

• Chemokines are a structurally diverse collection 
of bioactive molecules that include lipids, peptides, 
and small proteins of several classes.

• Chemokines play a critical role in the pathogenesis 
wound healing, scarring of cell trafficking, cancer 
and inflammatory skin disorders.

Cytokines are soluble low-molecular weight glyco-
proteins or small polypeptides that act in an auto-
crine or paracrine manner between leukocytes and 
other cells. Cytokines have many biologic func-
tions and are important for leukocyte growth and 
differentiation as well as activation and migration. 
Cytokines orchestrate defense, growth, fibrosis, 
angiogenesis, inflammation, and neoplasm con-
trol.1–3 They are synthesized by immunologic cells 
such as lymphocytes and monocytes/macrophages 
and by nonimmunologic cells such as keratinocytes 
and endothelial cells. Proinflammatory cytokines 
include interleukin-1 (IL-1), IL-2, interferon-γ 
(IFN-γ), and tumor necrosis factor-α (TNF-α), and 
antiinflammatory cytokines include IL-1 receptor 
antagonist, IL-4, IL-10, and transforming growth 
factor-β (TGF-β)4,5 (Fig. 1.1). The overexpression 
of inflammatory cytokines or decreased levels of 

antiinflammatory cytokines can lead to inflammatory 
cutaneous disorders.

The CD4+ T-helper (Th) lymphocyte paradigm 
has also contributed to our understanding of inflam-
matory cutaneous disorders. CD4+ Th1 cells evoke 
cell-mediated immunity and phagocyte-depend-
ent inflammation, while CD4+ Th2 cells evoke 
strong antibody, or humeral, immune responses, 
including those of the immunoglobulin E (IgE) 
antibody class, and inhibit phagocytosis.6–10 Th2 
interleukins can also inhibit the development of 
the Th1 response.11 A predominant Th1 cytokine 
pattern is characteristic in diseases such as psoria-
sis and contact dermatitis, while a Th2 cytokine 
pattern is characteristic in diseases such as atopic 
dermatitis and late-stage cutaneous lymphoma2,4 
(Table 1.1).

As important as the cytokine production profiles 
of specific lymphocyte subsets during an immune 
response or disease process are the chemokines 
(chemotactic cytokines) released and their ulti-
mate recruitment of other lymphocyte subsets. 
Chemokines play an important role in angio-
genesis, hematopoiesis, neural development, can-
cer metastasis, and infection. Chemokines belong 
to a structurally diverse collection of bioactive 
molecules that include lipids (e.g., prostaglandin 
D2 and leukotrienes), peptides (e.g., chemerin 
nonamer), and small proteins of several classes 
(e.g., defensins, chemokines, and nonchemokine 
cytokines such as granulocyte-macrophage colony-
stimulating factor (GM-CSF) ). The crystal structure 
of all chemokines share a disordered amino terminus, 
a β-pleaded sheet composed of three antiparallel 
strands, a carboxyl-terminal α-helix, and two to 
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three disulfide bonds that stabilize the core of the 
protein12 (Fig. 1.2).

During the last two decades, there has been an 
exponential increase in our understanding of the 
innate and adaptive immune systems and the role 
cytokine and chemokine networks play in T-cell, 
antigen-presenting cell (APC), and dendritic 
cell (DC) activation and function. Consequently, 
there has been a radical increase in our under-
standing of the pathogenesis of wound heal-
ing, scarring, skin cancer, and inflammatory 
dermatoses as well as improvements in their 
management and treatment. However, effective 
cures for these dermatologic conditions remain 
to be developed. This chapter reviews the func-
tion of cytokines and chemokines, their profiles 
in these common dermatologic conditions, and 
how present and future therapeutics are targeting 
known cytokine and chemokine networks.

Cytokines

Transforming Growth Factor

In the skin, TGF-β is produced by macrophages, 
fibroblasts, and epithelial cells, and has been 
shown to stimulate collagen gene expression and 

protein production.13–15 It has three isoforms in 
humans, and TGF-β signaling involves the interac-
tion of at least three different receptors (types I, 
II, and III) through a heteromeric protein kinase 
receptor complex. The three TGF-β receptors are 
serine-threonine kinases with cysteine-rich extra-
cellular domains.16,17 It has been shown that the 
expression of TGF-β receptors I and II as well as 
specific TGF-β isoforms are elevated in fibrotic 
disorders characterized by excessive accumulation 
of interstitial matrix material in the kidney, liver, 
lung, and skin.18–23

TGF-β1 has been identified by Northern analy-
sis and immunohistochemistry in hypertrophic 
scars, and hypertrophic scar fibroblasts have been 
shown to produce approximately twice as much 
TGF-β1 as do normal skin fibroblasts.21,24 When 
Smith et al.25,26 examined the effect of exogenous 
TGF-β2 on keloid fibroblasts, they found increased 
DNA synthesis. According to their findings, TGF-
β2 can induce a greater contraction of keloid 
fibroblasts than hypertrophic scar fibroblasts in 
the fibroblast-populated collagen lattice model. 

Th1 cells

Cytokines
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Delayed - type
hyper sensitivity
response

Antibody
response

Helper
function

IL - 2
IL - 10
IL - 12
IFNγ

Th2 cells

IL - 4
IL - 5
IL - 6
IL - 9
IL - 10

Fig. 1.1. Th1 and Th2 cytokines, their interactions and 
their effect on the immune response

Table 1.1. Cytokine production profiles of CD4+ T-
helper cell subtypes3,6–10

Th1 IL-2, IL-10, IL-12, IFN-γ, 
TNF–α/ –β, GM-CSF

Th2 IL-4, IL-5, IL-6, IL-9, IL-10, 
IL-13, IL-25, GM-CSF

GM-CSF – Granulocyte-macrophage Colony Stimulating Factor; 
IFN – Interferon; IL – Interleukin; TNF – Tumor Necrosis Factor

Fig. 1.2. Crystal structure of a chemokine. Chemo-
kines share a disordered amino terminus, a β-pleated 
sheet composed of three antiparallel strands, a carboxyl-
terminal α-helix and two to three disulfide bonds that 
stabilize the core of the protein
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B1 B2

B3
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The increased contraction of keloid fibroblasts was 
decreased with the addition of anti–TGF-β2 anti-
body. Other in vitro studies have also shown that 
TGF-β1 and −β2 stimulate fibroblasts to produce 
collagen and that neutralizing antibodies to TGF-
β1 and −β2 inhibit scar tissue formation.22,25–31 
However, TGF-β3 prevents scarring. Fibronectin 
and collagen types I and III deposition in the early 
stages of wound healing as well as overall scarring 
was reduced when exogenous TGF-β3 was added 
to cutaneous rat wounds. By contrast, rat wounds 
treated with TGF-β1 and −β2 have increased 
extracellular matrix (ECM) deposition in the early 
stages of wound healing.27,32

In the near future, Renovo Pharmaceuticals 
(Manchester, UK) is planning the release of Justiva, 
which is derived from recombinant human (rhu) 
TGF-β3. Justiva has shown promise in a phase I 
clinical trial and two phase II clinical trials com-
pleted in the United Kingdom. In these studies, 
wounds treated with Justiva demonstrated a statisti-
cally significant improvement in scar appearance, 
with a response rate of over 70%. Safety data 
analysis from over 1000 subjects has revealed that 
Justiva is tolerable and safe in humans. Renovo 
Pharmaceuticals has ongoing clinical trials to study 
the effect of Justiva on scar improvement following 
surgical excision of benign head and neck nevi, bilat-
eral breast augmentation and reduction, and varicose 
vein removal. Although the results of these trials are 
pending, Renovo Pharmaceuticals is hopeful that 
Justiva will soon be available on the market.33

Interferons

Interferons (IFNs) are naturally occurring immune 
response modulators produced by lymphocytes and 
fibroblasts. This family of cytokines demonstrates 
antiviral, antiproliferative, immune-enhancing, and 
immune-differentiating properties. The IFN family 
consists of type I IFN, IFN-α, and IFN-β, which 
are produced by leukocytes and fibroblasts, respec-
tively, and type II IFN, or IFN-γ, which is produced 
by T lymphocytes (Table 1.2). These two types of 
IFNs bind to different high-affinity tyrosine kinase 
receptors from the Janus family of kinases. When 
activated, these kinases phosphorylate cytoplasmic 
signal transduction proteins that bind to cis-acting 
elements and subsequently regulate cellular gene 
transcription rates.21,34

Fibroblast proliferation as well as collagen, 
fibronectin, and glycosaminoglycan production 
are decreased when IFNs bind to their receptors 
on fibroblasts.21,34–36 Interferon-α activates dermal 
fibroblast synthesis of collagenase and reduces the 
production of its natural inhibitor, tissue inhibitor 
of metalloproteinase-I (TIMP-I). In contrast, IFN-β 
has been shown to inhibit collagen production.21,37 
Interferon-γ inhibits fibroblast proliferation, chem-
otaxis, and production of ECM macromolecules, 
including collagen and glycosaminoglycans.13,35–39 
Interferon-γ has also been shown to decrease colla-
gen gene expression and to downregulate collagen 
synthesis by reducing steady-state messenger RNA 
(mRNA) levels of type I, II, and III procollagen as 
well as to downregulate nuclear factor 1, a procollagen 
gene-activating transcription factor.36,40–42

Since IFNs have antifibrotic properties, their 
effect has been studied in hypertrophic and keloid 
scar fibroblasts. In vitro studies have shown that 
IFN-α-2b and IFN-γ inhibit normal and hyper-
trophic scar fibroblast TGF-β mRNA expression 
and protein production/secretion. Interferon-γ has 
also been demonstrated to inhibit normal fibrob-
last TGF-β–induced type I collagen production in 
vitro.43–45 In a phase II trial by Tredget et al.46 the 
effect of subcutaneous recombinant IFN-α-2b in 
nine subjects with severe hypertrophic scarring after 
thermal injury was examined. After a 3-month IFN-
α-2b treatment regimen, there was a significant 
improvement in scar assessment in seven subjects 
(p <.01), with three of the nine subjects demon-
strating a significant reduction in scar volume 
(p <.05). Before the IFN-α-2b treatment, the serum 
TGF-β concentrations in the nine hypertrophic 
scar subjects were significantly higher than control 

Table 1.2. Classification of cytokines

Interferons (IFN) IFN-α, -β, -γ, -δ, -ε, -κ, -τ, -ω136

Tumor necrosis factors 
(TNF)

TNF-α, -β, Lymphotoxin-β3

Interleukins (IL) IL-1 to IL-33110

Soluble Receptors For example, CD23, sIL1–R, 
sIL4–R, sIL6–R, sTNF-R3,137

Colony-Stimulating 
Factors (CSF)

G-CSF, GM-CSF, M-CSF, PDGF, 
erythropoietin, thrombopoietin3

G-CSF – Granulocyte Colony Stimulating Factor; GM-CSF – 
Granulocyte-macrophage Colony-Stimulating Factor; M-CSF – 
Macrophage Colony Stimulating Factor; PDGF – Platelet 
Derived Growth Factor; TNF – Tumor Necrosis Factor.
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(p <.05). However, serum TGF-β levels fell signifi-
cantly within 2 months of IFN-α-2b therapy and 
remained within the normal range 1 month after 
the IFN-α-2b therapy was stopped (p <.05). A later 
study by Tredget et al.44 also demonstrated signifi-
cantly lower TGF-β serum levels after IFN-α-2b 
therapy in subjects with hypertrophic scars.

Interferons have also been shown to have antineoplas-
tic properties and to be effective in the treatment of 
melanoma and nonmelanoma skin cancers, Kaposi’s 
sarcoma (KS), and cutaneous T-cell lymphoma 
(CTCL).47–58 Adjuvant, high-dose IFN therapy has 
become the standard of care in the United States 
for melanomas with a high risk of recurrence. The 
U.S. Food and Drug Administration (FDA) has 
approved the use of IFN-α-2b for the treatment of 
patients with melanomas thicker than 4 mm and 
lymph node metastasis. In a study by Rusciani 
et al.,59 stage II melanoma IFN-α-2b–treated sub-
jects were compared to stage II untreated controls. 
The results of this study demonstrated a metastasis 
rate of 19.6% (10 of 51 treated subjects) vs. 60% 
(18 of 30 untreated controls) at 3-year follow-up, 
(p <.0001), and a metastasis rate of 25% (4 of 16 
treated subjects) vs. 63% (12 of 19 untreated con-
trols) at 5-year follow-up (p <.005). However, the 
stage I melanoma IFN-α-2b–treated subjects did 
not have a significantly different disease progression 
than the untreated stage I controls at 3- and 5-year 
follow-up.

Therefore, IFN-α-2b therapy appears to be more 
effective in patients with advanced melanoma. 
A recent study examined the combination of IFN-
α-2b and surgery in high-risk melanoma patients. 
In this retrospective study of 150 patients, adjuvant 
high-dose IFN was an effective treatment option 
for patients with high-risk melanoma (stages IIC 
and III) after definitive surgery. The 2- and 5-year 
relapse-free survival were estimated at 48% and 
36%, respectively.50

The effect of IFNs has also been studied in 
patients with low-risk nodular or superficial basal 
cell carcinoma (BCC); BCC cells have been shown 
to express CD95 ligand (FasL) and CD95 recep-
tor (FasR), whereas the surrounding CD4+ T cells 
predominantly express FasR. Thus, in IFN-treated 
patients, BCC may regress by FasR-FasL–mediated 
apoptosis.60 Intralesional IFN-α-2b demonstrated 
a success rate of up to 100% when used over a 3- 
to 4-week period at a concentration of 1.5 million 

International Units (IU).61,62 However, when used 
for aggressive forms of BCC, this protocol has 
resulted in the cure rate of only 27% of treated 
patients.63 Therefore, IFN treatment of BCCs 
remains an alternative only for patients with 
low-risk nodular or superficial BCC. Although int-
ralesional recombinant IFN-α-2b has been shown 
to be effective in the treatment of squamous cell 
carcinoma (SCC) and actinic keratosis (AK) when 
administered at a dose of 1.5 million IU three times 
weekly for 3 weeks, its use has been limited by the 
pain of injections and the multiple follow-up visits 
necessary.64

The FDA has also approved the use of IFN-α-2a 
and -2b for the treatment of KS in patients with 
acquired immune deficiency syndrome (AIDS) sec-
ondary to human immunodeficiency virus (HIV). 
The recommended dosages for IFN-α-2a and -2b 
are 36 and 30 million IU subcutaneously three 
times per week, respectively. However, the average 
response rate of KS to high-dose IFN-α therapy 
has been approximately 30%. In many cases, tumor 
recurrence has been observed within 6 months after 
discontinuation of treatment, and response to sub-
sequent treatments has not been reliable. This has 
led to indefinite IFN treatment regimens until side 
effects become intolerable.65

However, IFN-α is one of the most effective 
single-therapy agents for the treatment of CTCL.66 
Low-grade, non-Hodgkin’s T-cell lymphomas are 
always associated with cutaneous involvement 
and include mycosis fungoides (MF) and the 
Sézary syndrome (SS).67 A literature review by Bunn 
et al.68 of 207 MF and SS cases treated with IFN-
α-2a revealed an overall response rate of 55%, 
with 17% of cases being complete responders to 
IFN-α-2a therapy. According to this review, the 
optimal treatment regimen is 3 million IU of IFN-
α-2a given subcutaneously three times per week to 
patients with early-stage disease. No therapeutic 
difference was observed between IFN-α-2a and 
-2b. Another study found that intralesional injection 
of MF plaques with IFN-α-2b at a dose of 1 mil-
lion IU given three times per week for 4 weeks 
produces substantial localized clinical and histologic 
improvement, with 10 of 12 MF plaques demon-
strating complete regression localized to the IFN-α-2b 
injected sites.58

Serendipitous findings have also supported a 
role for IFN in the pathogenesis of inflammatory 
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dermatoses. Patients with psoriasis have been 
shown to have an immunologic response char-
acterized by the production of Th1 CD4+ T-cell 
cytokines such as IFN.69 Topical application of 
imiquimod 5% cream, which upregulates the innate 
immune system through activation of toll-like 
receptors, has been shown to produce aggravation 
and spread of psoriasis plaques, apparently through 
the induction of IFN production by dendritic cell 
precursors.70 Also, the treatment of cancer patients 
with IFN-α as well as the treatment of warts with 
intralesional IFN-α have produced psoriasis flares 
and the development of psoriasis, respectively, 
in a location where psoriasis had not developed 
previously.71,72 The development of new psoriasis 
lesions has also been induced by the injection of 
IFN-γ into the skin of patients with psoriasis.73,74

Although a Th1 CD4+ T-cell cytokine pattern 
predominates in diseases such as psoriasis and 
allergic contact dermatitis, a Th2 cytokine pattern 
is considered to be characteristic of acute skin 
lesions in patients with atopic dermatitis (AD) and 
late-stage CTCL.4,75–77 Given that IFN-γ regulates 
the Th1–Th2 balance and favors the development 
of a Th1 response and downregulates IgE antibody 
expression, it is not surprising that IFN-γ therapy 
has been efficacious in the treatment of AD.78–82 
New therapies for AD are therefore targeting 
the reduction of the Th2 response via anti–IL-4, 
soluble IL-4 receptor, anti–IL-13, as well as the 
inhibition of chemokine action via C-C chemokine 
receptor-4 and cutaneous lymphocyte-associated 
antigen inhibition.2,77

Tumor Necrosis Factor

In contrast to the IFNs, the effects of TNF-α on 
wound healing appear to be dose dependent. Low 
levels of TNF-α have a profibrotic effect and may 
be synergistic with other growth factors, such as 
platelet-derived growth factor (PDGF).83 However, 
high concentrations of TNF-α stimulate the pro-
duction of collagenase by fibroblasts and induce 
the breakdown of the ECM.53,84,85 Castagnoli 
et al.86 immunostained and compared hypertrophic 
scar biopsies with normotrophic scar biopsies from 
13 patients undergoing reconstructive plastic sur-
gery for extensive hypertrophic scars after thermal 
injury. Eight percent of cells in hypertrophic scars 
demonstrated TNF-α immunostaining vs. 35.4% of 

cells in the normotrophic scars (p <.0155). These 
findings suggest that low TNF-α levels may pro-
mote the formation of hypertrophic scars. Tumor 
necrosis factor-α has also been associated with kel-
oid formation. Human keloid dermal fibroblasts are 
less sensitive than normal dermal fibroblasts to the 
inhibitory effects of TNF-α on collagen synthesis, 
and peripheral blood mononuclear cell fractions 
from patients susceptible to keloid formation have 
increased the levels of TNF-α when compared to 
controls.87–89 The bioactivity of TNF-α overlaps 
with that of IL-1, and TNF-α can induce IL-1 pro-
duction by several cell types.90 Like TNF-α, IL-1 
regulates collagen gene expression and protein 
production.13,91

Increased serum levels of TNF-α have also 
been found in patients with inflammatory der-
matoses when compared to control92,93 (Fig. 1.3). 
Therefore, it is not surprising that inhibition of 
the proinflammatory cytokine TNF-α has proven 
to be an effective treatment for the inflamma-
tory dermatoses. Specifically, the soluble TNF-α 
receptor etanercept, which inactivates circulating 
TNF-α, has good efficacy in the management of 
psoriasis.94,95 Chimeric mouse antihuman IgG1 
monoclonal antibodies that bind to and inactivate 
TNF-α (e.g., adalimumab, infliximab) have also 
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been demonstrated to be effective in the treatment 
of patients with psoriasis and marginally effec-
tive in the treatment of patients with moderate to 
severe AD.96–98 The effectiveness of TNF-α inhi-
bition in patients with psoriasis and AD has led 
to investigating its effectiveness in other inflam-
matory dermatoses. TNF-α may be efficacious 
in the treatment of bullous pemphigoid, subacute 
cutaneous lupus erythematosus, erythema annulare 
centrifugum, Hailey-Hailey disease, hidradenitis 
suppurativa, pyoderma gangrenosum, dermatomyositis, 
and Sweet’s syndrome.2,99–109 The effectiveness 
of TNF-α inhibition across a wide variety of 
clinical entities not only provides important infor-
mation about the pathogenesis of these diseases, but 
also provides new directions for future research 
(Table 1.3).

Interleukins

An international nomenclature has been devised to 
standardize the names of cytokines with dominant 
immunoregulatory properties. These cytokines 
have been designated as interleukins (ILs), and 
newly discovered cytokines (or interleukins) are 
sequentially numbered. The number of interleukins 
is continuously growing, and it is currently up 
to IL-33110 (Table 1.2). However, cytokines with 
immunoregulatory properties such as GM-CSF 
have been omitted from this nomenclature system.5 
Given the immunologic potency of interleukins and 
the role they play in the metabolism of the ECM, 
malignancy, and dermatologic inflammatory disor-
ders, they have been targeted for the development 
of therapeutic applications.4

Interleukins not only regulate the metabolism 
of the ECM but also regulate fibroblast differen-
tiation and proliferation.111 The interleukin profiles 
observed in hypertrophic and keloid scars are the 
result of polarized specific immune responses 
mediated by CD4+ T-helper lymphocytes (Table 
1.1). Hypertrophic and keloid scars have a pre-
dominating Th2 cytokine profile. Hypertrophic 
scars generally demonstrate increased numbers 
of CD4+ Th2 cells and a low presence of CD4+ 
Th1 cells.112,113 Decreased levels of IL-2 and sig-
nificantly increased levels of IL-6 (p <.0001) have 
been found in peripheral blood mononuclear cell 
fractions from patients susceptible to keloids when 
compared to controls.88,89 Interleukin-6 has also 
been implicated in other fibrotic diseases such as 

scleroderma and pulmonary interstitial fibrosis.114–117 
Interleukin-6 and IL-8 levels are diminished in 
fetal wounds, which heal without scarring, and the 
addition of IL-6 to fetal wounds has been shown 
to induce early scarring. However, IL-10 has been 
shown to decrease the production of IL-6 and IL-8 
and to induce scarless healing when overexpressed 
in adult mouse wounds.118

Renovo Pharmaceuticals has therefore developed 
Prevascar, or rhu IL-10. Preclinical experiments 
have demonstrated that application of Prevascar to 
the margins of acute incisional wounds by intra-
dermal injection decreases subsequent scarring. 
Renovo Pharmaceuticals is currently involved in 
a phase II, single-center, double-blind, placebo-
controlled, randomized, clinical trial that is evalu-
ating the antiscarring efficacy of varying doses of 
Prevascar in 175 subjects (1400 wounds). This trial 
is expected to report this year whether Prevascar is 
effective in preventing or reducing scarring of the 
skin.33

Interleukins have also been studied in patients 
with metastatic melanoma.119 However, dose-
related serious toxicities have limited IL-2 studies 
in melanoma patients, and low-dose IL-2 ther-
apy has produced disappointing clinical response 
rates.120 When high-dose, 100,000 units/kg, intra-
venous recombinant IL-2 was examined in 47 
patients with metastatic malignant melanoma, up 
to 20% achieved objective responses; however, 
three patients developed myocardial infarction and 
one patient died during therapy.121 Interleukin-2–
based biochemotherapy (IL-2, IFN-α-2b, cisplatin, 
dacarbazine, and vinblastine) has shown a response 
rate of 48%. It appears that this combination is sta-
tistically superior to either IL-2 or chemotherapy 
alone.122 Results of ongoing trials may clarify the 
true value of IL-2 in combination chemotherapy. 
Although IL-4, IL-6, and IL-7 have been evaluated 
for use in immunotherapy of melanoma, they have 
not had a significant clinical impact. However, 
GM-CSF has been shown to prolong both overall 
(37.5 months in treated patients vs. 12.2 months in 
matched controls) and disease-free survival when 
used as adjuvant therapy in patients with stage III 
and IV malignant melanoma (p <.001).123,124

Given that psoriasis is characterized by an over-
expression of Th1 cytokines (Table 1.1) and TNF-
α, the effect of rhu IL-4, a Th2 cytokine of decisive 
significance in regulating the Th1/Th2 balance, 
has been studied in an open-label trial composed 
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Table 1.3. Cytokines and their dermatologic therapeutic applications

Cytokine Function (derived therapeutic agent) Dermatologic application(s)

TGF
 TGF-β1,2 Stimulate fibroblast collagen gene expression and protein production
 TGF-β3 Reduces fibronectin and collagen types I and III deposition in the 

early stages of wound healing (rhu TGF-β3; Justiva)
Scarring27,32,33

IFNs
 IFN-α T-lymphocyte and NK function enhancement, antifibrotic properties Hypertrophic scars44,46

Keloids138

Malignant melanoma50,59

Superficial BCC61,62

AK/SCC64

KS/AIDS65

CTCL58,66,68

 IFN-β Inhibits endothelial cell migration/ neoangiogenesis KS/AIDS139

 IFN-γ Promotes Th1 response AD78–82

TNF-α Promotes Th1 response, proapoptotic (chimeric TNF-α 
antibodies - adalimumab, infliximab)

AD98

Hidradenitis suppurativa99–101

PG140–142

Psoriasis94,95

Sarcoidosis (lupus pernio)143,144

(soluble TNF-α receptor fusion protein—etanercept) BP109

Cicatricial pemphigoid145

EAC105

Hailey-Hailey disease104

PV146

PG106

Psoriasis96,97,103

Dermatomyositis104

SCLE104

Sweet’s syndrome108

ILs
 IL-2 Stimulates T-cell activation and proliferation (rhu IL-2) Stage IV malignant melanoma119–122

 IL-4 Promotes Th2 response (rhu IL-4) Psoriasis147,148

 IL-10 Promotes Th2 response, suppresses cellular immunity and 
TNF-α expression, antifibrotic properties (rhu IL-10 - Prevascar)

Psoriasis149–152

Scarring33,118

 IL-12 Promotes Th1 response, proinflammatory (rhu IL-12; rhu IL-12 
p40 antibody)

CTCL126

Psoriasis127

 IL-15 Stimulates T-cell activation and proliferation, upregulates 
angiogenesis and TNF-α expression (rhu anti-IL-15 Ab)

Psoriasis153

GM-CSF Activates macrophages and stimulates peripheral blood 
monocytes to become cytotoxic for human melanoma cells124

Stage III and IV malignant melanoma123

CD2 fusion 
protein

Inhibits T-cell activation and proliferation (alefacept) Psoriasis154,155

Anti-CD11a 
mAb

Inhibits T-cell activation (efalizumab) Psoriasis156,157

AD, atopic dermatitis; AIDS, acquired immune deficiency syndrome; AK, actinic keratosis; BCC, basal cell carcinoma; BP, bullous 
pemphigoid; CTCL, cutaneous T-cell lymphoma; EAC, erythema annulare centrifugum; GM-CSF, granulocyte-macrophage colony-
stimulating factor; IFNs, interferons; ILs, interleukins; KS, Kaposi sarcoma; NK, natural killer; PG, pyoderma gangrenosum; PV, 
pemphigoid vulgaris; rhu, recombinant human; SCC, squamous cell carcinoma; SCLE, subacute cutaneous lupus erythematosus; 
TGF, transforming growth factor; TNF, tumor necrosis factor.

of 22 subjects receiving various doses of rhu IL-4 
for 6 weeks. Of the 20 subjects who completed the 
study, 18 had a reduction in the psoriasis area and 
severity index (PASI) score by 60% to 80%.125

Cutaneous T-cell lymphoma presents with 
marked defects in IL-12 production, and progres-
sion of CTCL has been associated with profound 
defects in cell-mediated immunity and cytokine 
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production. A phase I dose-escalation trial exam-
ined the effect of rhu IL-12 at a concentration 
of 50, 100, or 300 ng/kg, given 2 times per week 
subcutaneously for up to 24 weeks in 10 subjects 
with CTCL. A complete clinical response (CR) 
was defined as complete disappearance of all 
measurable CTCL lesions for at least 1 month. A 
partial response (PR) was defined as at least 50% 
disappearance of all CTCL skin lesions for at least 
1 month. Only subjects with plaque stage disease 
(n = 2) presented a CR. Two plaque stage subjects 
and one Sézary syndrome subject had a PR. None 
of the T3-stage subjects responded to the rhu IL-12 
treatment. The authors announced the development 
of future phase II/III clinical trials based on the 
high response rate of plaque stage CTCL subjects 
to rhu IL-12.126

Not only has the administration of rhu IL-12 been 
successful in the treatment of subjects with plaque 
stage CTCL, but the administration of rhu IL-12 p40 
antibody has also been successful in the treatment of 
subjects with moderate-to-severe psoriasis. A phase 
I, nonrandomized, open-label study evaluated the 
short-term safety, pharmacokinetics, and clinical 
response of single, ascending, intravenous doses of 
rhu IL-12 p40 antibody in subjects with moderate-
to-severe psoriasis. Eighteen subjects with at least 
3% body surface area were enrolled in an escalating 
dose regimen (0.1, 0.3, 1.0, and 5.0 mg/kg). The 
results of this study demonstrated a significant and 
sustained concentration-dependent improvement in 
psoriatic lesions in most of the subjects studied.127

Chemokines

There are approximately 50 human chemokines that 
are classified into four families based on differences 
in their structure and function.128,129 The largest is 
the CC chemokine family. These chemokines have 
the first two of the four cysteine residues adjacent 
to each other; hence their name. These chemokines 
attract mononuclear cells to sites of chronic inflam-
mation. The most widely studied CC chemokine is 
monocyte chemoattractant protein (MCP)-1, which 
is an important stimulator of monocytes, dendritic 
cells, and T cells. The second family of chemokines 
has been termed CXC, given that a single amino acid 
is interposed between first two of the four cysteine 
residues in each molecule. The most recognized 

CXC chemokine is IL-8 (CXCL8), which func-
tions to attract polymorphonuclear cells to sites of 
acute inflammation. The third and fourth families of 
chemokines only have one member each. The CX3C 
is composed of fractalkine (CX3CL1), which func-
tions as a cell-adhesion receptor and a soluble che-
moattractant when cleaved by TNF-α–converting 
enzyme.130 Lymphotactin (XCL1), the only member 
of the fourth chemokine family, attracts T cells and 
natural killer cells to sites of inflammation.131,132

It has been a growing interest to understand 
chemokines and their receptor interactions in order 
to develop new methods to treat inflammation. 
However, chemokine receptors have proven dif-
ficult to antagonize. It has been hypothesized 
that this may be secondary to the large surface of 
interaction that a chemokine has with its recep-
tor. Recent studies have shown that patients with 
psoriasis have an increased percentage of T cells 
expressing CC receptor 4 (CCR4), and the CCR4 
ligands CCL17 and CCL22 may be involved in the 
pathogenesis of this disease.133 The CXC recep-
tor 3 (CXCR3)-activating chemokines CXCL9, 
CXCL10, and CXCL11 have also been shown to 
function to attract activated T-cells to areas of skin 
inflammation.134 Amgen-Tularik, Inc. (Thousand 
Oaks, CA) has been involved in a phase 2 rand-
omized, double-blind, placebo-controlled study to 
determine the safety and efficacy of T487, an oral 
agent that inhibits CXCR3, in subjects with moderate 
to severe psoriasis.135 The results of this study will 
be released in the near future.

Future clinical trials on immunomodulators will 
continue to change the approach, management, 
and follow-up of patients with hypertrophic scars, 
keloids, skin cancer, and inflammatory dermatoses. 
These therapies will continue to be based on prin-
ciples governing the immune system. As our cur-
rent knowledge of the immune system continues 
to grow, the application of safe and efficacious 
immunomodulators to treat these common skin 
conditions will continue to change and shape the 
field of dermatology.

Conclusion

Cytokines and chemokines are critical messengers 
of the immune system, as well as the homeostasis 
of peripheral tissues such as the skin. This class of 
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molecules has been implicated in the pathogenesis 
of a number of dermatologic diseases. The contin-
ued discovery of novel members of the cytokine/
chemokine family will expand our understanding 
of the role these mediators play in health and dis-
ease, and will also lead to new therapeutic targets.
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Key Points

● The skin immune system is the complex net-
work of cells that are able to mount an immune 
response in the skin.

● The immune response can be divided into innate 
and adaptive arms. This is highly relevant to 
both systemic immunity, as well as immunity in 
the skin.

● The innate immune system responds rapidly 
to microbial insults, but is thought to have no 
memory or specificity.

● The adaptive immune system, composed of B 
lymphocytes and T lymphocytes, requires more 
time to respond to a threatening challenge to the 
host, but is responsible for long-lasting memory 
and specificity, and the development of an effec-
tor pool of lymphocytes for humoral or cell medi-
ated immunity.

● Virtually all cells that reside in the skin play some 
role in the function of the skin immune system. 
Resident cells, such as keratinocytes, and bone 
marrow–derived cells, such as Langerhans’ cells, 
monocytes, and macrophages, are critical. There 
are a number of cells that can migrate into the 
skin as well (e.g., T cells, neutrophils) that also 
play a critical role.

● In addition to the cellular components of the 
skin immune system, soluble mediators are quite 
important. Cytokines, chemokines, lipid media-
tors, and antimicrobial peptides are examples of 
some of the critical components of the secreted 
mediators that can mobilize immunocytes to 
migrate into skin or mediate a protective or 
pathogenic inflammatory response.

The beginning of immunology might have been 
the moment when the Russian embryologist Ilya 
Metchnikoff described the phagocytosis theory of 
host defense in the 1880s.1 Ever since, immunology 
has roughly been split into two major subdivisions: 
cellular immunity, which comprises all different 
immunocompetent cells, and humoral immunity, 
a collection of all molecules involved in immune 
processes, such as cytokines, immunoglobulins, 
complement factors, and many others. During the 
infancy of immunology, the cellular approach to 
immune defense as chosen by Metchnikoff became 
a matter of vigorous debate as others advocated 
the humoral concept of immunity. Serum studies 
revealed the existence of various functional factors 
that were able to immobilize bacteria (immobili-
sins) or to precipitate bacterial components (precip-
itins). We now know that these factors are specific 
subsets of antibodies. Knowledge of both immune 
response–related cells and molecules expanded 
during many decades, and at the time immunology 
was recognized as a separate scientific entity, the 
subdivision into cellular and humoral immunity 
was generally accepted.

At the end of the last millennium, another 
subdivision of immunology into two alternative 
major branches emerged, which is the subject 
of this chapter. One branch is innate or natural 
immunity, which encompasses a variety of natural 
defense mechanisms, exemplified by phagocytosis 
and intracellular killing of microorganisms. That 
mechanism is greatly enhanced by binding of 
specific antibodies to surface structures of these 
pathogens (opsonization). The other major branch 
is adaptive or acquired immunity that deals with 
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specific immune responses in which specificity for 
antigens is represented by T-cell receptors (TCRs), 
B-cell receptors (BCRs), and immunoglobulins 
secreted by plasma cells. The division into innate 
and adaptive immunity is not clear-cut, however, 
and some overlap exists. In addition, these two 
branches do not operate independently but rather 
are able to influence each other. Both innate and 
adaptive immunity contain humoral and cellular 
elements.

Translating this idea to the organ skin, we pro-
posed skin immune system (SIS) as the term for 
the complexity of immune-response–associated 
cells present in normal human skin.2 By making a 
qualitative inventory of cell types present in normal 
human skin, it became evident that approximately 
half of them have immune functions and thus are 
part of the immune system. The concept of SIS 
was later extended by adding its humoral con-
stituents.3 Table 2.1 summarizes both the cellular 
and humoral constituents of SIS as we presently 
recognize them.

The cells that participate in SIS responses may 
also be subdivided based on whether they function 
as part of innate or of adaptive immunity, or form 
a bridge between these compartments. One may 
further divide these cells based on subcategories 
related to their dynamic behavior in human skin. 
They may be resident and an integral part of the 
skin’s microanatomy, or they may be recruited 
upon request. Eosinophilic granulocytes, for example, 

are a recruited cell population, being present within 
the skin in certain pathologic states only. Another 
example is the influx of neutrophilic granulocytes 
that is seen in infections, and after sunburn due to 
ultraviolet B irradiation of the skin,4 as well as in 
many pathologic conditions such as in Munro’s 
microabscesses of psoriasis. Other cellular compo-
nents of SIS may be formed only from precursor 
cells in pathologic conditions.

Finally, the cells may be circulating, such as T 
cells serving a detection function of the immune 
system. They thereby continuously verify the pres-
ence of antigens, exogenous or endogenous, pre-
sented in the context of major histocompatibility 
complex (MHC) class I, class II, or CD1 molecules 
by antigen-presenting cells. T cells may also be 
involved in inflammatory responses in which they 
downgrade the immune response with, as a result, 
the prevention of excessive, collateral damage. 
Table 2.2 summarizes these static and dynamic 
cellular responses of SIS

Innate and Adaptive Compartments 
Linked by Dendritic Cells

Innate or natural immunity is evolutionarily old, 
and it is the only defense system in invertebrates. 
In vertebrates, an adaptive or acquired system of 
immune responses has developed. Innate immunity 

Table 2.1. Cellular and humoral constituents of the skin immune system (SIS)

Cellular constituents Humoral constituents

Keratinocytes β-defensins, cathelicidins
(Im)mature myeloid dendritic cells (Langerhans’ cells, dermal dendritic 

cells, IDECs, Tip-DCs)
Complement and complement regulatory proteins

Plasmacytoid dendritic cells Mannose binding lectins
Monocytes/macrophages Immunoglobulins
Granulocytes Cytokines, chemokines
Mast cells Neuropeptides
Vascular and lymphatic endothelial cells Eicosanoids and prostaglandins
T-lymphocyte subpopulations Free radicals

IDEC, inflammatory dendritic epidermal cell; Tip-DC, tumor necrosis factor-α (TNF-α)/inducible nitric oxide synthase (iNOS)-
producing dendritic cell.
Source: Modified from Bos.50
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of the integument is represented by a number of 
physical, biologic, and cellular factors. Essentially, 
innate immunity instantly responds to microorgan-
isms and thus serves as an instantaneous defense 
mechanism against invading pathogens. The adap-
tive subsystem, however, requires several days 
to develop and is primarily characterized by its 
specificity, which is mediated by TCRs, BCRs, 
and immunoglobulins.5 In addition, both innate 
and adaptive compartments would include those 
elements that are essential in the preservation of a 
natural homeostasis, such as avoidance of sensitiza-
tion to autoantigens in the adaptive compartment.

The highly diverse BCRs and TCRs for adaptive 
immunity are generated through somatic  rearrangement 

of antigen receptor genes and subsequent clonal 
selection. In contrast, the pattern-recognition recep-
tors (PRRs) of innate immunity are evolutionarily 
ancient and germline encoded, and they form the 
first natural line of defense. The PRRs recognize 
highly conserved molecular structures that are 
shared by many different pathogens. Upon ligand 
binding, both innate and adaptive immunorecep-
tors engage intracellular signaling pathways that 
converge on conserved core transcription factors 
for cell activation. One key factor for both innate 
and adaptive immune responses is nuclear factor 
(NF)-κB.6 A precise account of the many different, 
interacting intracellular transcription mechanisms 
is beyond the scope of this chapter.

Table 2.2. Innate, bridging, and adaptive cells of the skin immune system, categorized as resident, recruited, and 
in situ maturated and outgrown populations (substantially modified from [50])

Resident Recruited Maturation, growth, malignancy

Innate Keratinocytes Papilloma
Basal cell carcinoma
Spinal cell carcinoma

Natural killer cells Cutaneous T-cell lymphoma
Natural killer T cells
Eosinophilic granulocytes Hypereosinophilic syndrome
Neutrophilic granulocytes Acute infections

Subcorneal pustulosis
Mast cells Basophils Mastocytoma

Mastocytosis
Macrophages Monocytes Epithelioid cells

Multinucleated giant cells
Endothelial cells Endothelial cell precursors Teleangiectasia
– Vascular Kaposi sarcoma
– Lymphatic

Innate and bridging Myeloid dendritic cell subsets: Myeloid dendritic cell subsets: Histiocytosis X
– Langerhans’ cells – IDECs
– Dermal dendritic cells – Tip-DCs

Plasmacytoid dendritic cells Cutaneous lymphoblastic lymphoma
CD4+CD56+ hematodermic 

neoplasms
Adaptive T lymphocytes T lymphocytes Cutaneous T-cell lymphoma

– Helper T cells – Helper T cells
– Cytotoxic T cells – Cytotoxic T cells
– Regulatory T cells – Regulatory T cells

B lymphocytes Plasma cells
Lymphadenosis cutis benigna
Malignant B-cell lymphoma

IDEC, inflammatory dendritic epidermal cell; Tip-DC, tumor necrosis factor-α (TNF-α)/inducible nitric oxide synthase (iNOS)-
producing dendritic cell.
Source: Modified from Bos.50
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Dendritic cells, which in normal human skin are 
represented by epidermal Langerhans’ cells and 
dermal dendritic cells,7 may be seen as a bridge 
between the innate and adaptive immune systems. 
They not only recognize microbes and innocent 
apoptotic cells, but also are able to translate this 
information to T cells in the regional lymph node 
to induce immunity or tolerance.8 By expression 
of Toll-like receptors (TLRs), they can recognize 
conserved molecular patterns of microbial agents 
and become activated, leading to the production of 
proinflammatory cytokines such as tumor necrosis 
factor-α (TNF-α). In this process, the activation 
of immature dermal dendritic cells or epidermal 
Langerhans’ cells can be further enhanced by factors 
of the innate subsystem, such as proinflammatory 
cytokines TNF-α and IL-1α, which are produced by 
keratinocytes upon contact with pathogens.9

The immature skin resident dendritic cells 
become activated when they take up (foreign) 
antigens from the skin environment and they then 
undergo maturation as they migrate to the skin-
draining lymph nodes to initiate adaptive immune 
responses. Maturation includes the downregulation 
of phagocytosis activity and the upregulation of 
human leukocyte antigen (HLA) expression and 
of co-stimulatory molecules, which are required 
for efficient priming of effector T lymphocytes. In 
particular, during activation Langerhans’ cells also 
lose the expression of E-cadherin, a molecule used 
to anchor themselves to the epidermal keratinoc-
ytes. Loss of E-cadherin facilitates their exit from 
the epidermis. In the lymph nodes, skin-derived 
antigen-presenting cells prime naive T cells for 
the pathogens that are present in the skin and 
simultaneously confer skin-homing capacity to the 
T cells. The primed T cells subsequently migrate 
to the skin and mediate specific, adaptive immune 
responses in there.

In contrast, in normal noninflamed skin, danger 
signals that cause activation or maturation of den-
dritic cells or Langerhans’ cells are absent, leading 
to decreased antigen presentation to T lymphocytes. 
It is believed that if immature dendritic cells reach 
the lymph node and present (auto) antigens (for 
example, derived from “innocent” apoptotic cells) 
to T lymphocytes, they will confer a more regula-
tory phenotype to the primed T cells rather than 
effector functions. This process is called peripheral 
tolerance, and it has an important function in main-
taining homeostasis in the skin. Although most 

T-cell priming will likely occur in the skin-draining 
lymph nodes, it cannot be excluded that activated 
Langerhans’ cells and dermal dendritic cells may 
also present antigens to resident T cells when pass-
ing the papillary dermis on their way from the skin 
to the lymph nodes.

As mentioned before, normal human skin con-
tains two subsets of dendritic cells: the Langerhans’ 
cells in the epidermal compartment, and the dermal 
dendritic cells in the dermis. However, in inflam-
matory conditions additional types of dendritic cells 
can be observed. Inflammatory dendritic epidermal 
cells (IDECs) represent a distinct population in 
the epidermis of human inflamed skin and can 
be discriminated from Langerhans’ cells by the 
absence of Birbeck granules, low expression of 
CD1a, expression of CD1b and the mannose recep-
tor CD206, and the bright expression of FcεRI.10 
Although IDECs have been found in other inflam-
matory skin diseases, a role for IDECs in the 
pathogenesis of particularly atopic dermatitis has 
been suggested.11

Another distinct dendritic cell that can be found 
in diseased human skin is the so-called TNF/
inducible nitric oxide synthase (iNOS)-producing 
dendritic cell (Tip-DC), which earned its name 
because of its very strong expression of TNF-α and 
of iNOS. Tip-DCs, which can be present in both 
epidermis and dermis, have a strong expression of 
CD11c and lack CD1a. A role as effector cell in 
psoriasis has been suggested.12 The Langerhans’ 
cells, dermal dendritic cells, IDECs, and Tip-DCs 
all are of myeloid origin.

Plasmacytoid dendritic cells arise from lym-
phoid precursors, and a typical feature of them 
is that they can produce huge amounts of IFN-α 
and -β in response to viruses. They can be iden-
tified by the high expression of CD123 or the 
specific marker BDCA2 in several inflammatory 
skin diseases, such as lichen planus.13 In psoriasis, 
plasmacytoid dendritic cells have been suggested 
to initiate the development of psoriatic plaques via 
the release of IFN-α.14

Innate Immunity and the Skin 
Immune System

A variety of physical, humoral, and cellular elements 
together form the innate part of SIS. The general 
concept is that PRRs, which can be regarded as any 
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receptor recognizing pathogen-associated molecu-
lar patterns (PAMPs) and capable of triggering 
antimicrobial function in leukocytes, are present 
on cell membranes or located within the cell. The 
PAMPs are defined as highly conserved structures 
of common pathogens that are essential for microbe 
survival and include, for example, components of 
bacterial cell walls such as lipopolysaccharide, pep-
tidoglycan and lipoteichoic acid, fungal cell-wall-
component zymosan, and viral double-stranded 
RNA.15 Apart from the prototypic TLRs, the group 
of PRRs also encompasses several other gene fami-
lies such as CATERPILLERs,16 nucleotide-binding 
oligomerization domains (NOD) 1 and 2, and the 
huge family of C-type lectins that binds to unique 
branching and positioning of sugar residues on a 
given molecule and includes soluble proteins, such 
as the collectin mannose-binding lectin, and trans-
membrane proteins, such as Langerin, DC-SIGN, 
and Dectin-1.17

Binding of PAMPs to PRRs, of which vari-
able combinations can be detected on many cells 
including keratinocytes9 and dendritic cells,18 initi-
ates signal transduction pathways that lead to the 
production of antimicrobial peptides, cytokines 
(of which many, such as TNF-α, are proinflamma-
tory), and chemokines.19 Several of these cytokines 
upregulate adhesion molecules, and, together with 
chemokines, enhance recruitment of effector leu-
kocytes.20 Initially, these effector leukocytes may 
include phagocytes, such as granulocytes and 
macrophages, and cytotoxic cells, such as killer 
cells. Later, adaptive immunity-related cells such 
as cytotoxic T cells, memory T cells, and regula-
tory T cells may be recruited and lead to adaptive 
immune responses as well as to tapering down 
inflammation.

It is interesting to note that in diseases that 
are traditionally seen as mainly T-cell mediated, 
innate immune responses may be very dysfunc-
tional. For example, innate immunity is clearly 
defective in atopic dermatitis,21 while all elements 
of innate immunity are activated or upregulated in 
psoriasis.22

The following subsections discuss individual 
components of innate immunity. Humoral compo-
nents of the innate immune system, especially the 
complement system and antimicrobial peptides, 
are discussed elsewhere in this volume, so the 
emphasis here is on the cellular elements of innate 
immune responses in skin.

Keratinocytes

Keratinocytes form the epithelial component of 
skin, and epithelia are regarded as a structural part 
of the innate immune system. In a process of dif-
ferentiation, keratinocytes divide and gradually 
transform themselves into corneal cells forming the 
stratum corneum, which consists of protein-filled 
corneal envelopes (keratin, filaggrin, and others) 
and a lipid-rich extracellular matrix. The corneal 
layer forms a physical barrier that protects the body 
from invading pathogens, antigens, and allergens.

In addition, keratinocytes are a major source 
of antimicrobial peptides including cathelicidin 
(LL-37) and β-defensins, which are discussed in 
detail elsewhere in this volume. Also, keratino-
cytes express PRRs, including TLRs, serving as 
initiators of innate immune responses, which also 
are discussed elsewhere. Keratinocytes not only 
serve as a proinflammatory component of innate 
immune defenses, but also possess some features 
of the adaptive immunity branch, as they may act 
as antigen-presenting cells, produce downregulat-
ing factors such as interleukin-1 (IL-1) receptor 
antagonist (IL-Ra), and α-MSH (α-melanocyte-
stimulating hormone),23 and are able to promote 
type 1 T-helper cell responses in the skin through 
production of IL-2324 or may steer the outcome 
towards a type 2 T-cell response via production 
of the cytokine thymic stromal lymphopoietin 
(TSLP).25

Monocytes and (Tissue) Macrophages

Normal human skin has a layer of macrophages 
(assumed to be monocyte-derived cells) high in the 
papillary layer, forming a net of phagocytes just 
beneath the epidermis. In addition, macrophages 
are also present, scattered throughout its papillary 
and reticular layers. They are a resident component 
of the innate part of SIS. Monocytes and macro-
phages form part of the mononuclear phagocyte 
system26 that also includes epithelioid cells and 
multinucleated giant cells that may be encountered 
under pathologic conditions.

When pathogens do penetrate the epidermal 
barrier, for example when it is damaged by 
scratching or by parasitic infestation, the macro-
phages are there to assault them. Phagocytosis is 
followed by degradation of the pathogen along 
various pathways. Surface binding of PAMPs by 
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PRRs is also involved in pathogen elimination 
by macrophages. Upon activation, macrophages 
secrete a wide variety of inflammatory factors, 
including cytokines, chemokines, complement 
components, coagulation factors, growth factors, 
reactive metabolites, enzymes, urokinase-type 
plasminogen activator, and reactive lipids.27 Many 
of these factors are involved in killing the patho-
gen, while others upregulate inflammation, enable 
influx of other immune-response–associated cells, 
such as specific memory T cells, as well as regu-
latory T cells that are necessary to dampen the 
initial inflammation in order to prevent damage 
that may get out of control.

Granulocytes

Neutrophilic, eosinophilic, and basophilic granu-
locytes are not normally present in human skin. In 
skin sections, they may occasionally be seen within 
the blood vessels, where they are circulating. But 
in many inflammatory diseases and particularly in 
infections, granulocytes are recruited from the cir-
culation, sometimes in vast numbers. Basophils are 
relatively rare as infiltrating cells. Eosinophils are 
more common, such as in parasitic infestations and 
in drug hypersensitivity reactions. Neutrophils can 
sometimes invade the skin in such huge numbers 
that it becomes clinically visible as pustule forma-
tion, sterile such as in psoriasis and other idiopathic 
subcorneal pustuloses, or loaded with microbial 
agents such as in many cutaneous infections.

Neutrophils form part of the recruited compart-
ment of innate immunity, and they can phagocytose 
particular matter. Eosinophils may also phagocytose 
and are classically known to play a role in the 
expulsion of parasitic infestations from the gut. 
Basophils have many similarities with mast cells. 
It may be argued that mast cells and basophils 
that bear Fcε receptors, and thus can bind antigen-
specific immunoglobulin E (IgE),28 have a role in 
acquired immunity, such as in IgE-mediated allergic 
inflammation and immediate (cutaneous) hypersen-
sitivity. However, any cell that bears receptors for 
immunoglobulins would then be part of acquired 
immunity, which is not consistent with the original 
dichotomy of natural versus acquired immunity.

Monocytes/macrophages, neutrophils, and eosi-
nophils share the capacity to phagocytose patho-
gens bound to the surface by different receptor 

systems including PRRs and mannose receptors. 
Upon phagocytosis, the phagosome fuses with the 
lysosome to form the intracellular phagolysosome 
in which the pathogen is killed by toxic substances 
(nitric oxide, reactive oxygen species) and degraded 
by various enzymes. In addition, these toxic sub-
stances are secreted to kill extracellular pathogens. 
Specific immunity may enhance these processes by 
the production of specific antibodies that opsonize 
pathogens, which facilitate phagocytosis via Fc 
receptors. Finally, antigen-specific helper T cells 
may activate macrophages.

Natural Killer Cells

Natural killer (NK) cells are a class of lymphocytes 
that respond to infection by killing cells that har-
bor intracellular pathogens. Approximately 10% 
of peripheral blood lymphocytes are NK cells. 
They are considered to be part of innate immunity 
because they do not rearrange their germline DNA 
to obtain specificity, as is the case with BCRs 
or TCRs. Instead, they rely upon a limited array 
of receptors with distinct specificities to become 
activated and to generate function. These include 
receptors that can sense cell stress or pathogen-
specific signatures. Natural killer cells identify 
their targets through a set of activating or inhibi-
tory receptors, which recognize pathogen-encoded 
molecules (non-self recognition), self proteins 
whose expression is upregulated in transformed 
or infected cells (stress-induced self recognition), 
or self proteins that are expressed by normal cells 
but downregulated by infected or transformed cells 
(missing-self recognition).29

Major histocompatibility complex molecules on 
host cells provide an inhibitory signal to NK cells, 
but in missing-self recognition, downregulation of 
MHC expression, such as occurs by many viral 
infections, reduces the inhibitory signal and NK 
cells may attack.30 The cytolytic mechanisms then 
used by NK cells are the same as those used by 
cytolytic T cells (granzymes A and B, perforin).

Macrophages produce IL-12 when they have 
ingested pathogens. Interleukin-12 activates NK 
cells and induces them to produce interferon-γ 
(IFN-γ), which then activates macrophages to kill 
intracellular pathogens. Thus, NK cells not only 
eliminate infected cells themselves, but also facili-
tate macrophage-based innate immune  mechanisms, 
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boosting them to eradicate infestation by obligate 
intracellular pathogens. Isolated deficiencies of 
NK cells have been reported, and these patients 
have serious, sometimes fatal herpes virus infec-
tions (cytomegalovirus, herpes simplex virus, 
varicella zoster virus) or mycobacterial disease 
(Mycobacterium avium-intracellulare), all intracel-
lular pathogens.30

Natural Killer T Cells

Natural killer T cells express CD3, CD56, CD161, 
and a limited repertoire of T-cell receptor genes, 
typically including Vα24 and Vβ11, which enable 
them to recognize glycolipid antigen in the context 
of the nonclassic MHC molecule CD1d. Especially 
this latter feature discriminates NKT cells from 
conventional T cells, which recognize peptide 
antigens. To define NKT cells as T cells that also 
express NK receptors (like CD161) is inadequate 
because many conventional T cells may upregulate 
NK receptors after activation, and in addition, a 
population of NKT cells lacking CD161 has been 
identified in humans. It has recently been suggested 
that NKT cells be categorized as type I and type II 
subsets. Type I or invariant NKT (iNKT) cells, also 
known as classic NKT cells, are the Vα24-Jα18 
expressing population, and type II NKT cells are a 
collection of all other CD1d-dependent T cells.31

While there is substantial knowledge regarding 
the function of iNKT cells, much less is known 
about type II NKT cells. The iNKT cells are 
highly conserved both in functional and structural 
terms between humans and mice. Their structural 
hallmark is their expression of a germline TCR 
α-chain (Vα24-Jα18 in humans, hence the term 
invariant). The α-chain pairs with a restricted 
repertoire of β-chains, usually Vβ11 in humans.32 
These cells can be further subdivided into CD4+ 
and CD4−CD8− (double negative) subpopulations, 
having different cytokine production (type 1/type 2 
phenotype and selective type 1 phenotype, respec-
tively) and chemokine receptor expression. In 
addition, using CD1d tetramers loaded with the 
glycolipid α-galactosylceramide or dendritic cells 
pulsed with the same glycolipid, the existence of 
CD1d-dependent Vα24−CD8+ and Vα24+CD8+ 
NKT cells was demonstrated.33

Depending on the context, iNKT cells may 
enhance or suppress a variety of immune responses 

against pathogens, tumors, and auto- and alloim-
mune responses,33 or mediate tolerance. The NKT 
cells act early in the course of an immune response, 
and have the remarkable ability to secrete very rap-
idly large amounts of immunoregulatory cytokines 
upon TCR engagement. Responses by NKT cells, 
like NK cells, are amplified by dendritic cell–
derived IL-12 provoked by TLR activation by 
microbial products, resulting in the quick release 
of large quantities of IFN-γ.

The possible role of NKT cells in dermatologic 
diseases is just beginning to be explored. Few 
data on NKT cells in psoriasis are available, but 
NKT cells are present in psoriasis plaques in sig-
nificantly increased numbers compared with non-
lesional skin or normal skin,34 while in the blood 
circulation of psoriasis patients, NKT cell numbers 
are decreased, tending to be related to disease activ-
ity.35 Further, enhanced overexpression of CD1d by 
psoriatic keratinocytes and their subsequent ability 
to activate NKT cells to produce IFN-γ may 
contribute to the pathogenesis of psoriasis.36

Adaptive Immunity and the Skin 
Immune System

In vivo evidence for the presence of acquired 
immunity in SIS is exemplified by the concept 
of immunosurveillance. When acquired immunity 
mechanisms are inhibited, as occurs in iatrogenic 
immunosuppression in transplant patients and in 
patients with HIV-induced T-cell loss, malignancies 
occur more frequently. Viral and tumor escape 
mechanisms are enhanced by diminished immune 
responses, and oncogenic viruses related to tumors 
as well as other malignancies arise uncontrolled.

As compared to the physiology of acquired immu-
nity responses in normal human skin, the pathol-
ogy that results from ill-directed acquired immune 
responses in human skin is more familiar and better 
studied. Allergic contact dermatitis is a standard 
example of acquired, T-cell–mediated immunity that 
goes beyond its original function, leading to exag-
gerated responses upon hapten challenge, clinically 
manifesting itself in the development of localized, 
highly pruritic allergic contact eczema. Misdirected 
autoantibodies form another well-known example 
of cutaneous pathology induced by acquired immu-
nity. The autoimmune bullous diseases including 
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pemphigus, pemphigoid, linear IgA disease, and 
acquired epidermolysis bullosa are straightforward 
examples. These and many others are discussed in 
other chapters of this book.

B Lymphocytes

As shown in Tables 2.1 and 2.2, B cells are not 
a normal constituent of SIS but may be recruited 
during inflammatory and immune-mediated dis-
eases. For example, B cells and plasma cells may 
be encountered during many infectious diseases, 
sometimes scattered but often lumped in the super-
ficial and deeper layers of the dermis. Remarkably 
little is known as to whether or not these intra-
cutaneous plasma cells actually produce specific 
antibodies directed at the infectious agent in ques-
tion. B cells may also be encountered as recruited 
cells in primary cutaneous B-cell lymphoma and in 
benign lymphoproliferative skin diseases such as 
lymphadenosis cutis benigna.

As compared to B cells, T cells are much more 
common, not only in normal human skin, but espe-
cially also in many inflammatory and immune-
mediated skin disorders. The basic principles of their 
presence, recruitment, and recirculation (percolation) 
warrant more detailed discussion, as follows.

T Lymphocytes: The Major Cell 
Population of Acquired Skin Immune 
Responses

The total number of T cells present in normal 
human skin outnumbers those in peripheral blood. 
Clark et al.37 estimated a total of 2 × 1010 of T 
cells in the normal skin of an adult, which is 
approximately twice as much as in the circulation 
(1.2 × 1010). This underlines the magnitude of 
SIS as an organ-based immune response network. 
Cutaneous T cells in normal skin universally dis-
play CD45RO (a marker for memory T cells) and 
the vast majority express CD4. Approximately 
20% of the skin resident cells are central memory 
T cells (circulating from lymph nodes to blood to 
skin), as they express CCR7 and L-selectin—two 
receptors that control migration to the lymph 
nodes. Thus, the remainder and majority of the 
skin T cells are effector memory T cells (circulat-
ing between blood and skin). Further subdivision 

of the cutaneous T cells revealed a predominance 
of cells that secrete T-helper-1 (Th1) cytokines 
IFN-γ and IL-2; less than 10% are Th2 cells, based 
on surface expression of Th2 markers IFN-γRβ 
and ST2L. Approximately 20% of normal human 
skin–derived T cells display the phenotype of 
regulatory T cells (CD4+CD25highCD69−), which 
have functional regulatory activity (inhibition of 
CD25− T cells).

In normal human epidermis, T cells are present 
in very small numbers, whereas in the dermal com-
partment they are more regularly present. Small 
clusters of T cells can be detected around the post-
capillary venules, in the superficial papillary der-
mis, but elsewhere as well, especially also around 
the postcapillary venules of the skin appendages.38 
The identification of cutaneous lymphocyte anti-
gen (CLA) on a subset of circulating memory T 
cells, and the expression of its ligand E-selectin on 
endothelial cells of the dermis, gave rise to a series 
of studies that have further elucidated the existence 
of skin tissue specific T cells.39 It is estimated that 
approximately 16% of the T cells in the peripheral 
circulation express this CLA molecule and may 
undergo skin tissue–specific recirculation.

The existence of tissue-specific recirculating T cells 
is thought to serve different purposes: increase the 
effectiveness of regional immune responses; decrease 
the possibility of tissue antigen cross- reactivity; and 
allow functional immune  specialization of particular 
tissues, for example, the skin. The mechanism of 
cutaneous T-cell homing has been described, and it 
is clear that several different adhesion molecules and 
chemokines are involved. Murine studies have shown 
that the tissue microenvironment of the dendritic 
cell determines the T-cell trafficking to the organ of 
dendritic cell origin.40 In case of dermal dendritic 
cells or Langerhans’ cells, T cells acquire skin-
homing capacity during priming, by the expression 
of CLA and chemokines receptors CXCR3, CCR4, 
and CCR10.

The subsequent process of T-cell homing is 
generally described in different stages. Endothelial 
cells express different adhesion molecules that 
have roles in T-cell adherence and transendothe-
lial migration into the dermis. Tethering occurs 
when CLA expressed on microvilli of fast-moving 
T cells binds to E-selectin present on the lumi-
nal surface of endothelial cells. Subsequent roll-
ing, arrest, and transendothelial migration occur 
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through binding of various adhesion molecules on 
endothelial cells and their counterstructures on T 
cells (VLA-4/vascular cell adhesion molecule-1 
[VCAM-1], LFA-1/intercellular adhesion molecule 
[ICAM], PECAM/PECAM). Migration of T cells 
through the connective tissue of the dermis is in 
part dependent on binding of T cells to counter-
structures on matrix proteins.

Chemokines and their receptors have been iden-
tified as key elements of this process, adding tissue 
specificity to the migration of T-cell subpopula-
tions. As mentioned before, skin-derived dendritic 
cells instruct T cells during priming to home to 
the skin, by inducing the expression of CLA and 
chemokine receptors CCR4, CXCR3, and CCR10. 
This chemokine receptor profile corresponds to 
many of the chemokines that are produced in 
human skin and especially in inflammatory condi-
tions, and local chemokine production attracts T 
cells to the site where the antigen was encountered. 
Recognition of endothelial cell–derived chemokine 
TARC (CCL17) by CCR4 forms an integral part 
of the rolling and migration process. After arrival 
in the dermis, monocyte-derived chemokine MDC 
(CCL22) activates the migration of T cells by bind-
ing to CCR4. Finally, subsequent intraepidermal 
immigration is stimulated by keratinocyte-derived 
chemokine CTACK (CCL27) and CXCL10 (IP10) 
that selectively bind to CLA+ T-cell chemokine 
receptors CCR10 and CXCR3. Especially the 
CCR10/CTACK (CCL27) interaction is an impor-
tant feature of SIS, as CTACK seems to be exclu-
sively produced in the skin, and not in other organs, 
and CCR10 expression on T cells is restricted to 
the CLA+CD4+ subset.

Skin T-cell homing is thought to be particularly 
necessary for immunosurveillance, serving effec-
tive acquired responses to microbial infestation and 
preventing the development of different cutaneous, 
particularly keratinocyte, malignancies. In contrast, 
T-cell homing is seen as disadvantageous in T-cell–
mediated skin diseases, of which there are many. 
Knowledge of the molecular processes involved in 
T-cell homing may be of use in different situations. 
Detection of circulating adhesion molecules has 
been found to be correlated with disease activity 
in a variety of skin diseases, such as atopic der-
matitis.41 Upregulation of adhesion molecules in 
disease states can be used for advanced diagnostic 
imaging. Understanding of chemokine and adhesion 

molecule genetic polymorphisms might contribute 
to our understanding of the variability that skin dis-
eases have in different individuals affected. Finally, 
adhesion molecules and chemokines might form 
targets of therapy.

Effector T-Helper Cells

Since the mid-1980s effector T-helper cells have 
been divided into type 1 (Th1) and type 2 (Th2) 
subsets on the basis of distinct and not overlapping 
cytokine secretion patterns.42 Th1 cells produce 
IFN-γ, IL-2, and TNF-α, and are essential for the 
eradication of intracellular pathogens, whereas Th2 
cells secrete IL-4, IL-5, and IL-13 and are critical 
for optimal antibody production and for the elimi-
nation of extracellular organisms. These polarized 
Th1 and Th2 cells are supposed to be responsible 
for orchestrating the appropriate immune response 
to a wide variety of pathogens, and restoration and 
control of a certain kind of Th1/Th2 equilibrium 
are important. Disturbance of the Th1/Th2 bal-
ance and inappropriate controlled polarized Th1 
and Th2 responses are held responsible for chronic 
inflammatory disorders, autoimmune diseases, and 
allergy. For example, excessive Th1 responses have 
been associated with psoriasis, and overactive Th2 
cells have been implicated in atopy.

Although this model of Th1/Th2 dichotomy has 
been useful for two decades, it has now become 
clear that another separate effector T-helper cell 
lineage exists. This newly identified proinflam-
matory T-cell subset, called Th17, is characterized 
by the production of a distinct profile of effector 
cytokines, including IL-17 (or IL-17A), IL-17F, 
and IL-6.43 Interleukin-22 is also preferentially pro-
duced by Th17 cells and is an important mediator of 
acanthosis, that is, hyperplasia of the epidermis.44 
In addition, IL-22 in conjunction with IL-17A or 
IL-17F synergistically induced the expression of 
antimicrobial peptides, such as β-defensin.45 Both 
IL-17 and IL-22 are induced by IL-23 but not 
by related cytokine IL-12. Remarkably, IFN-γ 
and IL-4, when present during the generation of 
Th17 cells, completely abolishes IL-17 production 
and moderately inhibit IL-22 production, but in 
fully established Th17 cells, these Th1 and Th2 
cytokines did not affect the production of either 
IL-17 or IL-22. Because IL-17–expressing T cells 
have been found in lesional psoriatic skin46 and the 
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expression of IL-23 in the keratinocytes and antigen-
presenting cells in these lesions is increased,24 it 
would be interesting to study the role of Th17 cells 
in the pathogenesis of psoriasis.

Because the search for new factors is still going 
on, the list of cytokines is expected to expand. It 
may not be surprising if further effector T-helper-
cell subtypes with distinct cytokine profiles are 
described in future.

Regulatory T Cells

In the early 1970s, it was suggested that a subset 
of T cells exists that exerts suppressive activities 
(hence the name suppressor T cells) and that the 
cells may be important in the downregulation of 
immune responses and immunologic self toler-
ance. Because at that time and in subsequent years 
these cells could not be convincingly characterized, 
the existence of this cell type was questioned or 
ignored. In the mid-1990s the concept of suppres-
sor T cells was revived by the identification and 
characterization of suppressor T cells, which were 
renamed as regulatory T cells.47

CD4+CD25+ regulatory T cells, also called natu-
rally occurring regulatory T cells, have been sug-
gested to play a role in the prevention of a variety 
of autoimmune diseases, the regulation of allograft 
rejection, and in immune responses to pathogens. 
The regulatory T-cell subset known as Tr1, char-
acterized by its high production of the inhibitory 
cytokine IL-10, controls the activation of naive 
and memory T cells, and suppresses Th1- and 
Th2-mediated immune responses to pathogens, 
tumors, and alloantigens. Type 3 helper T cells 
(Th3), producing large amounts of transforming 
growth factor-β (TGF-β), also suppress Th1- and 
Th2-mediated immune responses. To date the best 
marker to detect regulatory T cells is the transcrip-
tion factor FoxP3, but it should be noted that it 
is not clear whether all regulatory T-cell subsets 
express this marker (Table 2.3).

Although the regulatory T cells have initially 
been described as subsets within the pool of 
CD4 T cells, it has become clear that regula-
tory activity can be detected in other types of T 
cells as well, including the CD8 population of 
T cells. Natural killer T cells may also have a role 

Table 2.3. Characteristics of regulatory T cells

Expression of FoxP3 Mechanism of suppression In vivo functions

CD4+CD25+ Treg ++ Cell contact-dependent Prevention of a variety of autoimmune diseases
Regulation of allograft rejection
Immune response to pathogens

CD4+CD25− Treg − ? Cytokine mediated Suppression of autoimmunity
Control the activation of naive and memory 

T cells
Tr1 + ? IL-10 Suppress Th1- and Th2-mediated immune 

responses to pathogens, tumors, 
and alloantigens

Th3 − ? TGF-β Suppress Th1- and Th2-mediated immune 
responses

Regulatory NKT − ? IL-4, IL-10, TGF-β 
cytotoxicity

Immune regulation and T cell homeostasis

Destruction of tumors and pathogens
Regulations of Th1-mediated autoimmune dis-

eases
CD8+ Treg + ? Cell contact-dependent 

cytotoxicity
Suppression of autoimmunity and regulation of 

peripheral TCR repertoire
CD8+CD28− Treg + ? Suppression induced via 

dendritic cells
Regulation of autoimmunity

IL, interleukin; NKT, natural killer T cell; TCR, T-cell receptor; TGF, transforming growth factor; Treg, regulatory T cell ;Tr1, 
regulatory T cell type 1; Th3, T helper cell type 3; ?, not yet clear or not yet investigated.
Source: Adapted from Zhang et al.,29 Godfrey and Kronenberg,33 and Beissert et al.47
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in immune response regulation as suppressors of 
Th1-mediated autoimmunity.29 In only a few years, 
investigations of the function of various subsets 
of regulatory T cells have resulted in data that are 
difficult to summarize (Table 2.3). In addition, not 
much is known about what these cell subpopula-
tions actually do in skin diseases, for example, in 
the many dermatoses where immune and inflam-
matory mechanisms play a role. The occurrence 
of inflammatory skin diseases is not simply a 
matter of lack of suppression due to abnormalities 
in the numbers of regulatory T cells. There are 
no significant differences in frequency of FoxP3+ 
cells between different inflammatory skin diseases 
and, remarkably, normal human skin also contains 
FoxP3+ cells in the same frequency range as in 
diseased skin, being approximately 20%.48 It might 
well be that impaired function of (subsets of) regu-
latory T cells is responsible for the chronicity of 
many inflammatory immune-mediated dermatoses, 
as has been demonstrated for regulatory T cells in 
psoriasis patients.49

Conclusion

From the beginning of the development of the 
scientific discipline of immunology, the distinction 
between natural and acquired immunity has been 
known. A major breakthrough in our understand-
ing of acquired immunity with its clonal selection 
of specific receptor-bearing T and B cells was the 
principle of gene rearrangement in these cells, 
enabling the expression of millions of specificities 
represented by millions of different proteins, of 
which the corresponding DNA can never be part 
of the human genome. A major advance in our 
understanding of innate immunity was the rec-
ognition of pattern-recognition receptors (PRRs) 
that bind highly conserved pathogen-associated 
molecular patterns (PAMPs) and when activated 
start immediately and nonspecifically with defense 
responses.

All known molecular and cellular elements of 
innate and acquired immunity are part of the skin 
immune system (SIS),50 either under physiologic 
circumstances, or in pathologic conditions, when 
they may be secreted (molecular elements) or 
recruited (cellular elements) in human skin. Innate 
and adaptive immunity overlap and influence each 

other and it is impossible to pinpoint a single cell 
type that governs the complexity of these multiple 
interacting processes. New subpopulations have 
recently been defined, and their proinflamma-
tory or regulatory roles are just beginning to be 
explored. This work will provide new and highly 
needed insight into their possible role in the patho-
genesis of a large variety of poorly understood 
dermatologic diseases.
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Key Points

● The skin is a complex organ system consisting 
of a sophisticated network of nerve fibers and 
specialized sensory structures.

● Cutaneous nerves release neuropeptides and neu-
rohormones into the local milieu in response to 
internal and external stimuli. Many appear to 
serve an immunoregulatory role.

● Neuropeptides play a role in the pathophysiology 
of common skin diseases such as atopic dermati-
tis and psoriasis.

● Substance P and calcitonin gene–related peptide 
are among the most prevalent and multifunctional 
neuropeptides in the skin.

Human skin consists of a sophisticated network of 
nerve fibers and specialized sensory structures to 
transduce sensations of touch, vibration, tempera-
ture, and pain. Nerve fibers have dual functions: to 
transmit afferent sensory impulses to the central 
nervous system and to secrete mediators into the 
local environment. While many of these mediators 
are polypeptides (called neuropeptides), others are 
nonpeptide factors. These factors affect various 
biologic processes including inflammation, immu-
nity, wound healing, and aging.

Cutaneous neurobiology is an expanding field of 
research with increasing clinical implications. The 
presence of neuropeptide receptors on epidermal 
and dermal cells and the close anatomic relation-
ship of nerve fibers with immune and nonimmune 
cells demonstrate the direct link between the sen-
sory nervous system and the largest organ system 
of the human body, the skin.

Background

The classic “triple response” of sensory nerves 
was demonstrated by Lewis1 in 1927. This is seen 
after the skin is stroked, producing local erythema 
(capillary dilatation), followed by the axon-reflex 
flare to produce erythema (arteriolar dilatation) and 
a wheal (transudation of fluid). Vasodilatation has 
been shown to occur following dorsal nerve root 
stimulation and is inhibited by depleting sensory 
nerves of neuropeptides with capsaicin, demon-
strating the role of nerves in cutaneous inflam-
mation.2 Furthermore, Bayliss3 and Bruce4 noted 
that patients with defective cutaneous sensory 
systems could not mount normal inflammatory 
responses to cutaneously applied inflammatory 
agents. Similarly, observations that patients with 
sensory disorders such as postherpetic neuralgia 
have defective responses to inflammatory stimuli 
suggest that the cutaneous nervous system modulates 
inflammation.5

Anatomy

Highly specialized afferent sensory and efferent 
autonomic nerve branches innervate the skin.5–7 
The nervous system is divided into two main divi-
sions, the central and peripheral nervous systems. 
The peripheral nervous system (PNS) includes 
peripheral nerves, the autonomic nervous system 
(ANS), and the sensory nervous system. The ANS 
is further divided into the sympathetic, parasympa-
thetic, and enteric nervous systems.8

3
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The sensory component of the peripheral nerv-
ous system conveys mechanical and chemical 
activity to the central nervous system (CNS). 
Stimuli include external and internal physiologic 
and mechanical triggers. Afferent unmyelinated 
C or myelinated Aδ fibers from the dorsal root 
ganglia innervate the epidermis as fine nerve fib-
ers with free endings that converge in the dermis.5 
Sensory receptors include encapsulated structures 
such as Pacini’s, Ruffini’s, and Meissner’s cor-
puscles and nerve fibers with “free ends.” Free 
nerve endings are in contact with hair follicles, 
pilosebaceous units, glandular structures, and the 
epidermis. The trunk, extremities, neck, and pos-
terior scalp are supplied by nerves derived from 
the dorsal root ganglia, whereas the upper anterior 
neck, face, and the majority of the scalp are inner-
vated by the trigeminal nerve.9

Sensory fibers are generally classified into 
three groups based on their size and conduction 
velocity. C fibers are unmyelinated, thin afferent 
fibers consisting of pain receptors called nocic-
eptors and mechanoreceptors. A subpopulation 
termed C-polymodal nociceptors represents 70% 
of all cutaneous C fibers and participate in the 
release of neuropeptides.10 Aδ fibers are small, 
myelinated fibers that innervate the skin although 
to a much smaller extent than C fibers. Autonomic 
nerves represent a minority of the cutaneous fibers. 
These nerves predominantly generate the neuro-
transmitters acetylcholine and catecholamines; 
however, they also produce neuropeptides such as 
neuropeptide Y, calcitonin gene–related peptide 
(CGRP), vasoactive intestinal peptide (VIP), and 
atrial natriuretic peptide.2

The skin is innervated with parasympathetic and 
sympathetic nerve fibers. Sweat glands are regu-
lated by sympathetic cholinergic fibers that release 
acetylcholine, whereas the fibers innervating blood 
vessels release noradrenaline.

Neuropeptides

Neuropeptides (NPs) are a heterogeneous group 
of polypeptides ranging from 2 to greater than 40 
amino acids in size. There are over 50 identified 
neuropeptides, 11 of which are found in human 
skin.11 Neuropeptides are released in response 
to a range of stimuli from pain and temperature 

to irritation in order to mediate diverse biologic 
processes related to injury, inflammation, infec-
tion, and wound healing. Neuropeptides are syn-
thesized in the nerve cell bodies. The precursors 
are synthesized in the endoplasmic reticulum and 
processed and packaged in the Golgi apparatus 
for eventual transport to the nerve endings. The 
most abundant neuropeptides in the skin include 
substance P (SP), CGRP, neurokinin A (NKA), 
neurotensin, pituitary adenylate cyclase activat-
ing polypeptide (PACAP), VIP, neuropeptide Y 
(NPY), β-endorphin, enkephalin, somatostatin, 
galanin, dynorphin, atrial natriuretic peptide, α- or 
γ-melanocyte-stimulating hormone (MSH), par-
athyroid hormone–related protein, urocortin, and 
corticotrophin-releasing hormone.2 Neuropeptides 
are released predominantly from nerve fibers; 
however, evidence exists that epidermal and dermal 
cells also produce neuropeptides and neurohor-
mones. These cells include fibroblasts, keratinoc-
ytes, Langerhans’ cells, macrophages, mast cells, 
melanocytes, endothelial cells, Merkel cells, and 
leukocytes.2,12

The distribution of neuropeptides varies depend-
ing on the body site. High levels of SP, NKA, and 
CGRP are found in areas with the greatest tactile 
sensation. Intermediate levels are found in the neck 
and face, whereas the lowest levels are present in 
the groin, arm, and thigh.13 Levels of VIP and pep-
tide histidine methionine (PHM) are also highest 
in axillary skin, suggesting their role in axillary 
eccrine sweat production. The location of neu-
ropeptides in the layers of the skin varies as well. 
Substance P, NKA, and CGRP are found in nerves 
penetrating the epidermis, and the neuropeptides 
SP, CGRP, VIP, and NKA are in nerves innervating 
dermal structures.9

Neuropeptides bind to specific receptors on 
nerves and cells to activate intracellular signal-
ing cascades. Neuropeptides are then inactivated 
by peptidases such as neutral endopeptidase or 
angiotensin-converting enzyme to deactivate and 
subsequently lead to their degradation.14,15

Delineating the role of neuropeptides and neuro-
hormones has led to the emergence and explosive 
growth of a field investigating the intimate relationship 
between the nervous, immune and endocrine systems 
and the skin. Terms such as the neuroimmune-
cutaneous system are used to imply a relationship 
between immune and nonimmune cells in the skin 
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and between the immune system and the nervous 
system within the skin.16

The skin is an ideal organ to investigate these 
relationships due to its location, size, and func-
tion. As the interface between the external and 
internal environments, the skin has a unique role 
in modulating and transmitting outside stimuli 
while maintaining homeostasis inside. As a result, 
there is increasing attention and focus on the skin 
to unravel these connections, apply them to other 
organ systems, and ultimately use them as a model 
for therapeutic interventions in several disease 
conditions.

This chapter highlights several neuropeptides 
and other neural signals, discussing their functions 
and role in clinical skin diseases (Table 3.1).

Receptors

There are numerous neuropeptide receptors. For 
example, SP has three receptors, NK1, NK2, NK3. 
Two receptors have been identified for CGRP 
(1 and 2) and NPY has receptors Y1,2,3,4,5.

17 Most 
cutaneous cells express several receptors; to discuss 
each in detail is beyond the scope of this chapter, 
and more comprehensive reviews are available.9 
Rather, the receptors most relevant to the skin are 
discussed here. These include NK-1, preferentially 
expressed on human keratinocytes, vasoactive 
intestinal polypeptide/pituitary adenylate cyclase 
activating polypeptide 1 receptor (VPAC-1R) on 
dermal endothelial cells and Langerhans’ cells, 

VPAC-2R on keratinocytes and Langerhans’ cells, 

and melanocortin 1 receptor (MC-1R) on melano-
cytes, keratinocytes, monocytes, fibroblasts, and 
Langerhans’ cells.2,9,18

Substance P

Substance P is the best characterized neuropeptide. 
An undecapeptide, it is a member of the tachy-
kinin family along with NKA and neurokinin B 
(NKB). It is released from sensory nerves that are 
in contact with endothelial cells, mast cells, hair 
follicles, and epidermal cells.19 Its biologic effects 
in the skin are mediated predominantly by the NK-
1 receptor. Substance P leads to the activation of 
phospholipase C, increase in intracellular calcium, 
and subsequently the activation of nuclear factor-
kappa B (NF-κB).20

Substance P is a potent vasodilator, participat-
ing in the wheal and flare response in neuro-
genic inflammation. It directly acts on vascular 
smooth muscle and indirectly on the endothelium 
to enhance the production of nitric oxide, resulting 
in vasodilatation and increased vascular perme-
ability.21 In human skin, SP is also released by free 
nerve endings in the dermal papilla and epider-
mis of human fingers, in Meissner’s corpuscles, 
and near sweat gland ducts and blood vessels.12 
Receptors for SP are on mast cells, lymphocytes, 
leukocytes, and macrophages. Stimulated macro-
phages generate prostaglandin E2, thromboxane B2, 
and superoxide ion, and SP-stimulated keratinoc-
ytes release proinflammatory cytokines interleukin 
(IL)-1α, IL-1β, and IL-8.2 Furthermore, SP induces 
histamine release from mast cells, lymphocyte pro-
liferation and chemotaxis, immunoglobulin pro-
duction, and the release of cytokines IL-1, IL-6, 
and tumor necrosis factor-α (TNF-α).22

An increase in SP-expressing nerve fibers is 
seen in inflammatory skin diseases such as atopic 
dermatitis.23 Substance P increases the release 
of proinflammatory cytokines from keratinocytes 
and TNF-α, histamine, leukotriene B4, and pros-
taglandin D2 from mast cells. Substance P also 
upregulates IL-2 production to promote T-cell 
proliferation and induces the expression of adhe-
sion molecules P-selectin, intercellular adhesion 
molecule-1 (ICAM-1), and vascular cell adhesion 
molecule-1 (VCAM-1).2,23

Vasoactive Intestinal Peptide

Vasoactive intestinal peptide is a 28 amino acid 
peptide. It belongs to the glucagon-secretin family 
that includes PACAP and growth hormone–releas-
ing hormone. It is localized in the deeper dermis in 
nerve fibers situated around eccrine sweat glands, 
superficial and deep vascular plexuses, and hair 
follicles.21 It is a potent vasodilator contributing to 
the development of pruritus, erythema, and edema. 
Vasoactive intestinal peptide also has a role in the 
regulation of cutaneous blood flow, the promo-
tion of nitric oxide synthesis, keratinocyte prolif-
eration, and sweat production. Vasoactive intestinal 
polypeptide/pituitary adenylate cyclase activating 
polypeptide 1 receptor (VPAC-1R) is the domi-
nant receptor on human dermal endothelial cells, 
whereas VPAC-2R is expressed on keratinocytes.2 
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Table 3.1. Neuromediators in the skin

Neuromediator Source Receptor Primary function

Substance P Sensory nerve fibers Tachykinin 
(neurokinin) receptor

Mediates erythema and edema

Meissner’s 
corpuscles

Increases histamine and TNF-α release 
from mast cells

Perivascular nerves
Mast cells Released by PAR-2 agonists
Monocytes Upregulates cell adhesion molecule expression 

in dermal endothelial cells
Eosinophils Stimulates release of proinflammatory cytokines 

from keratinocytes
VIP Sensory nerve fibers VPAC receptors Vasodilation

Sweat glands Increases sweat secretion
Merkel cells Histamine release from mast cells
PMNs Keratinocyte proliferation and migration

Inhibits Langerhans’ cell antigen presentation
PACAP Sensory nerve fibers VPAC receptors Vasodilation

Autonomic 
nerves

Downregulates proinflammatory cytokines in 
T cells

Lymphocytes Modulates mast cells
Endothelial cells Inhibits Langerhans’ cell antigen presentation

CGRP Sensory nerve fibers CGRP receptors Vasodilation
Perivascular nerves Modulates Langerhans’ cell function
Meissner’s corpuscles Released by PAR-2 stimulation

Keratinocyte proliferation
Histamine release (mast cells)

POMC peptides Keratinocytes Melanocortin 
receptors

Immunomodulation (upregulates IL-10 and antag-
onizes effects of proinflammatory cytokines)

Melanocytes Inhibits NF-κB
LCs Melanogenesis
Fibroblasts Inhibit keratinocyte migration
Mast cells Regulate natural killer and monocyte activity
Monocytes Inhibit antigen presentation
Macrophages
Endothelial cells
PMNs
Sensory nerves

Catecholamines Autonomic adrenergic nerves Adrenergic receptors
Keratinocytes
Melanocytes

CGRP, calcitonin gene-related peptide; IL, interleukin, LC, Langerhans cell; PACAP, pituitary adenylate cyclase activating polypep-
tide; NF-κB, nuclear factor κB; PAR-2, proteinase-activated receptor 2; PMN, polymorphonuclear cell; POMC, pro-opiomelanocor-
tin; TNF-α, tumor necrosis factor-α; VIP, vasoactive intestinal peptide; VPAC, vasoactive intestinal polypeptide/pituitary adenylate 
cyclase activating polypeptide.

Source: Data from Steinhoff et al.,2 Scholzen et al.,10 and Kodali et al.24,26

Both are found on Langerhans’ cells.18 In a mouse 
model, VIP inhibited the ability of epidermal cells 
enriched for Langerhans’ cell content to present 
antigen for elicitation of delayed-type hypersensi-

tivity in previously immunized mice.24 Vasoactive 
intestinal peptide also inhibited Langerhans’ cell 
antigen presenting capability in in vitro assays 
of antigen presentation.24
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Pituitary Adenylate Cyclase Activating 
Polypeptide

Pituitary adenylate cyclase activating polypeptide 
(PACAP) exists in two forms: PACAP-38 and a trun-
cated form, PACAP-27.25 It binds to two types of 
receptors. PAC1 binds PACAP to activate adenylate 
cyclase and phospholipase C, whereas the second 
type of receptors, VPAC1 and VPAC2, binds both 
PACAP and VIP to activate adenylate cyclase.26 
PACAP has the highest immunoreactivity around 
blood vessels, hair follicles, and sweat glands, and 
is shown to modulate inflammatory responses in 
the skin.2 In a murine model, intradermal admin-
istration of PACAP suppresses the induction of 
contact hypersensitivity (CHS) at the injected site, 
and in vitro treatment of epidermal antigen-pre-
senting cells inhibits their ability to present antigen 
for elicitation of delayed-type hypersensitivity 
(DTH) in previously immunized mice. PACAP also 
inhibits the ability of Langerhans’ cells to present 
antigen in wholly in vitro assay systems.26 In vitro 
studies suggest this may be due to PACAP-induced 
suppression of IL-1β release and augmentation of 
IL-10 production.26

Calcitonin Gene–Related Peptide

Calcitonin gene–related peptide (CGRP) is a 37 
amino acid neuropeptide discovered in 1982.27 
There are two forms: CGRP-α or CGRP-1 and 
CGRP-β or CGRP-2. In human skin, CGRP is 
localized with SP in nerves in the dermal papillae 
and free nerve endings of glabrous skin; however, 
when co-localized with somatostatin, it is found 
in nerve fibers associated with the epidermis and 
perivascular space.21 Calcitonin gene–related pep-
tide is one of the most prevalent neuropeptides in 
the skin and is found associated with mast cells, 
melanocytes, keratinocytes, Langerhans’ cells, and 
Merkel cells.2,19

Calcitonin gene–related peptide is a mediator 
of neurogenic vasodilatation and a modulator of 
keratinocyte proliferation and cytokine production.2 
It inhibits antigen presentation by Langerhans’ cells,28 
macrophages,29 and blood-derived dendritic cells,30,31 
and upregulates melanocyte proliferation, dendric-
ity, and melanogenesis.16 C fibers containing CGRP 
are in direct contact with the surface of epidermal 
Langerhans’ cells, suggesting an intimate relationship.28

Calcitonin gene–related peptide is involved in 
ultraviolet radiation (UVR)-induced immunosup-
pression. In the low-dose model of ultraviolet B 
(UVB)-induced immunosuppression (sensitization 
to a hapten is impaired at the irradiated site), UVR 
releases CGRP from sensory neurons to locally 
impair contact hypersensitivity responses.32 The 
release of CGRP after UVR may be triggering mast 
cells to release stored TNF-α, which in turn down-
regulates Langerhans’ cell density and function to 
impair CHS induction.33 Calcitonin gene–related 
peptide also contributes to the high dose or sys-
temic model of UVR-induced immunosuppression 
(sensitization at a nonirradiated site is impaired) 
as CHS responses are suppressed when mice are 
pretreated with CGRP antagonists.34

Pro-Opiomelanocortin Peptides

The skin is a source of neuroendocrine hormones of 
the pro-opiomelanocortin (POMC) family termed 
melanocortins (MCs). The POMC hormones 
include α-, β-, and γ-melanocyte stimulating hor-
mone (MSH). These are derived from POMC along 
with adrenocorticotropic hormone (ACTH) and 
endorphins. Pro-opiomelanocortin is predominantly 
synthesized in the pituitary gland; however, it is 
also present in the skin, and expressed by melano-
cytes, keratinocytes, Langerhans’ cells, endothelial 
cells, mast cells, and fibroblasts.10 The cutaneous 
melanocortin system is well characterized35 with 
melanocortin receptor (MC-R) expression in nearly 
all cell types, including fibroblasts, adipocytes, 
endothelial cells, and mast cells.36 MC-1R is the 
most prevalent among the five melanocortin receptors, 
with high affinity for α-MSH and ACTH.

Pro-opiomelanocortin–derived peptides influ-
ence several processes including melanogenesis 
and skin immunity, and are also suggested to have 
a role in the hair cycle, sebum, and eccrine gland 
function and epidermal proliferation.36

The known functions of melanocortins in cutane-
ous biology continue to expand with potential clin-
ical applications. Human sebocytes increase lipid 
droplet formation in response to MCs, suggesting 
acne vulgaris may be affected. Evidence suggests 
that MCs are involved in keratinocyte proliferation 
and differentiation, with potential repercussions 
in regenerative processes.35 In addition, although 
the mechanism is not completely understood, it 
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is believed that MSH induces melanocyte prolif-
eration and melanogenesis through engagement of 
MC1-R, serving as a substrate or promoter of the 
enzyme tyrosinase.16

Pro-opiomelanocortin messenger RNA (mRNA) 
and related peptides such as α-MSH and ACTH 
are upregulated by UVR. Ultraviolet B radiation 
(280 to 320 nm) upregulates ACTH, α-MSH, and 
MC-1R in epidermal melanocytes, and increases 
MC-1R expression in cultured normal and malig-
nant melanocytes and keratinocytes, the latter asso-
ciated with increased melanogenesis in cell culture 
and in vivo.9,35 The melanogenic and dendritogenic 
effects of α-MSH and ACTH on the skin and fol-
licular melanocytes may correlate with tanning and 
hair color, respectively.35

Pro-opiomelanocortin–derived peptides play a 
role in immunity and inflammation, especially 
α-MSH; α-MSH is antiinflammatory and may be 
involved in host defense. In addition, its anti-TNF 
and antimicrobial effects suggest it may reduce 
replication of the human immunodeficiency virus.37 
α-MSH also inhibits contact hypersensitivity and 
induces hapten-specific tolerance through IL-10 
upregulation in a murine model.38 The antiinflam-
matory properties in animal models of hepatic 
inflammation and arthritic processes suggest that 
α-MSH may be an important antiinflammatory 
agent in the treatment of inflammatory diseases in 
humans.39–41

Catecholamines

Sympathetic fibers of the autonomic nervous 
system travel with sensory nerve fibers and as 
single fibers to innervate blood vessels, hair 
follicles, and sweat glands.5 Keratinocytes also 
synthesize catecholamines.9,42 Catecholamines 
inhibit antigen presentation in Langerhans’ cells43 
through the β2-adrenergic receptor. Interestingly, 
evidence exists that norepinephrine plays a role 
in vivo in enhancing CHS through involve-
ment in the trafficking of skin dendritic cells to 
draining lymph nodes, possibly through effects 
on α-adrenergic receptors.44 Thus, the effects 
of catecholamines on skin immunity may be 
complex, with the outcome dependent on timing 
exposure, the presence of other regulatory factors, 
and so on.

Neuropeptide Y

Neuropeptide Y (NPY) is a 36 amino acid peptide 
identified predominantly in periarteriolar nerve 
fibers in the dermal plexuses and epidermal basal 
cells as well as sweat glands, sebaceous glands, 
and hair follicles. It also appears to be produced 
by Langerhans’ cells.45 Neuropeptide Y causes 
vasoconstriction and may also play a role in eccrine 
sweat production.

Adenosine Triphosphate

The nucleotide adenosine triphosphate (ATP) is 
a ubiquitous carrier of energy involved in count-
less cellular processes. Several lines of evidence 
suggest extracellular ATP participates in inflam-
matory and regenerative responses in the skin and 
affects melanocyte and Langerhans’ cell function.46 
Adenosine triphosphate plays a role in the nocicep-
tive signaling pathways that follow cutaneous cell 
injury,47 and may contribute to the pathophysiology 
of inflammatory skin conditions such as rosacea by 
augmenting the production of inflammatory media-
tors by endothelial cells.48 Purinergic agonists also 
appear to enhance Langerhans’ cell antigen-presenting 
function when exposure occurs along with activa-
tion by an additional signal (lipopolysaccharide).49 
The function of ATP in the neuropeptide milieu of 
epidermal and dermal cell types and sensory nerves 
in the skin remains unclear.

Neurogenic Inflammation

Cutaneous neurogenic inflammation implies the 
role of nerves in cutaneous inflammation. The 
neuropeptides secreted by sensory nerves evoke an 
inflammatory response referred to as neurogenic 
inflammation. The axon-reflex model implies that 
tissue injury triggers a signal to the dorsal root 
ganglion toward the CNS (orthodromic response) 
with return of the signal from branch points in the 
reverse direction to exert effects at the local level. 
The orthodromic response transmits pain, whereas 
the antidromic response leads to the release of 
neuropeptides in the innervated tissue.12 The most 
prominent neuropeptides in UV-induced neuroin-
flammation are SP and CGRP.
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Substance P and CGRP mediate vasodilata-
tion, and SP and NKA are responsible for plasma 
extravasation.19 Substance P is well known to pro-
voke erythema and edema by a mast cell–dependent 
and -independent pathway.10 The flare is the result 
of the antidromic arm of the axon reflex leading to 
the local release of neuropeptides such as SP and 
CGRP.17

Cutaneous/Dermatologic 
Diseases

The relationship between neuropeptides and dermato-
logic diseases has been explored for over a decade. 
In inflammatory processes, the neuroimmuno-
endocrine-cutaneous nexus participates in the trigger 
and maintenance of inflammation in healthy and 
pathologic skin. Understanding the role of neurotrans-
mitters and their receptors may lead to the identification 
of novel therapeutic targets for the treatment of 
several common cutaneous diseases.

There are several lines of evidence suggesting 
a neurogenic component in dermatologic disease. 
Neuropeptides may induce or alleviate urticarial 
symptoms, hypersensitivity reactions, and rosacea, 
and may play a role in the pathophysiology of pru-
ritus, psoriasis atopic dermatitis, alopecia areata, 
vitiligo, and nodular prurigo.2,12 Several of these 
conditions are discussed below.

Urticaria

Urticaria are transient swellings or wheals due 
to plasma leakage. The primary effector cell in 
the pathogenesis of urticaria is the mast cell.5 
Neuropeptides such as SP, VIP, and somatostatin 
activate mast cells to secrete histamine and other 
mediators that induce urticaria and mediate the 
late-phase response.5,50 Substance P and CGRP 
exert effects in cases of chronic urticaria, and 
ACTH is present in the cutaneous mast cells of 
patients with urticaria pigmentosa.51,52 The expres-
sion of the POMC gene in mast cells suggests 
that α-MSH may be contributing to the cutaneous 
hyperpigmentation seen in patients with urticaria 
pigmentosa.53 These studies suggest an interrela-
tionship between the cutaneous nervous system 
and mast cells in the pathophysiology of urticaria.

Pruritus

Pruritus is one of the most common symptoms 
encountered in dermatology with significant poten-
tial to impact quality of life. Itch may be peripheral 
(dermal or neuropathic) or central (neuropathic, neu-
rogenic, or psychogenic) in origin. Neuropathic itch 
originates at any point along the afferent pathway and 
is the result of damage to the nervous system, whereas 
neurogenic itch is induced centrally. In the skin, itch 
is induced by the stimulation of specialized C fib-
ers by various pruritogens. This is followed by the 
release of neuropeptides from the cleavage of type 2 
proteinase-activated receptors (PAR-2) by tryptase to 
release histamine, CGRP, and SP.54

It is important to understand the underlying 
mechanisms to provide effective management 
and treatment. Multiple cutaneous mediators such 
as histamine, prostanoids, cytokines, and kinins 
induce pruritus.50 Pruritus-inducing mechanisms 
of these mediators include nerve fiber sensitiza-
tion and receptor stimulation, direct pruritogenic 
effects, and mast cell activation.7 Histamine is 
well known for its pruritic effects especially in 
urticaria. However, in conditions such as atopic 
dermatitis the inability of antihistamines to elimi-
nate itch suggest that other mediators are involved 
as well. Intradermal injection of SP, VIP, and 
somatostatin evokes pruritus; however, CGRP 
does not have pruritogenic effects in humans.50 
Substance P is released from C neuron terminals 
by the action of mast cell tryptase on PAR-2 to 
directly cause itching and to induce mast cells to 
release histamine.

There are continuing new developments surfac-
ing in the understanding of the pathogenesis of 
pruritus, including the recent identification of IL-31 
and its role in inflammation and pruritus.55

Atopic Dermatitis

Atopic dermatitis (AD) is characterized by cutane-
ous hyperactivity to nonspecific stimuli leading to a 
cycle of pruritus, scratching, and further worsening 
of skin lesions.56 There is an increased density of 
nerve fibers and neuropeptide levels in the  various 
stages of skin lesions seen in atopic  dermatitis.57 
The diameter of these fibers is larger than those 
in nonatopic control subjects, possibly due to 
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 keratinocyte-derived nerve growth factor (NGF).58 
The free nerve endings in the skin of atopics also 
lack a surrounding sheath of Schwann cells, suggesting 
an active state of excitation.57

Substance P is a potent pruritogenic neuropep-
tide in AD that is downregulated by phototherapy59 
along with CGRP.60 An increase in nerve fibers 
containing SP and CGRP is observed,61 although 
Fantini et al.62 demonstrated a decrease in SP and 
an increase in VIP levels in chronic lesions of AD. 

In lesional skin of atopic dermatitis and nummular 
dermatitis patients, SP and CGRP but not VIP 
fibers in the dermis are elevated compared to non-
lesional controls and are likely maintained by the 
increase in mast cells.63 Intradermal SP increases 
nitric oxide and enhances SP-induced pruritus, 
while acute stress triggers skin mast cell degranu-
lation by SP.7 Elevated VIP was again found to be 
present in eczema.64 Preliminary studies on the 
effects of SP and VIP on T cells indicate that there 
are no effects on Th1 or Th2 cytokines.50

Psoriasis

Psoriasis is a multifactorial disease characterized 
by symmetric plaque lesions. The possibility of a 
neurogenic component is supported by the tempo-
ral onset or exacerbation of lesions with emotional 
stress, the appearance of lesions at sites of injury or 
trauma (Koebner phenomenon, believed to be initi-
ated by the release of proinflammatory neuropep-
tides in traumatized skin), and by observations that 
lesions resolve in areas of denervation.50,65

Neuropeptide levels and density of sensory nerves 
are increased in lesional skin50; however, levels of 
SP and VIP vary in psoriasis. Elevated levels in 
both SP and VIP,66 normal SP and elevated VIP,64 
and increased SP and normal VIP levels67 have all 
been demonstrated in psoriatic lesions. There are 
conflicting reports of CGRP expression in lesional 
and nonlesional skin compared to normal controls, 
and VIP expression is reported to be increased, yet 
a statistical difference is not consistently observed 
between lesional and normal skin.65 Compared 
to psoriatic lesions, a lower level of SP is seen in 
lichen planus and lichen simplex chronicus, while 
higher levels are observed in spongiotic derma-
toses.67 Serum β-endorphin is elevated in psoriatic 
patients and is likely produced by inflammatory 
cells in the psoriatic plaques.68 PACAP-38 is also 

increased in lesional psoriatic skin, and recent evi-
dence suggests NGF is involved in the pathogene-
sis of psoriasis.25,50 Keratinocyte hyperproliferation 
is a histologic feature in psoriasis, and NGF is 
suggested to induce keratinocyte proliferation and 
prevent apoptosis.65 These studies demonstrate that 
neuropeptides play a role in psoriasis. However, 
further delineation of their role in the pathogenesis 
of the disease is needed.

Vitiligo Vulgaris

Vitiligo is a depigmenting disorder often present-
ing in a symmetric or segmental distribution. 
There are changes in neuropeptides distribution 
in affected skin. An increase in NPY, CGRP, and 
SP has been demonstrated, whereas no changes 
in VIP was observed, supporting the concept that 
neuropeptides are involved in the pathogenesis of 
vitiligo.69–72

Alopecia Areata

Alopecia areata (AA) is characterized by non-
scarring patches of hair loss. The pathogenesis is 
complex and unclear, as immunologic, genetic, 
environmental, and psychological factors are impli-
cated; however, stressful life events may trigger or 
exacerbate the disease.73 The local stress response 
is believed to contribute to the normal hair cycle, 
yet its role in AA is unknown.74 The enhanced 
expression of corticotropin-releasing hormone 
(CRH), ACTH, and α-MSH in sites of AA demon-
strated by Kim et al.74 suggest that further studies 
are needed.

Allergic Contact Dermatitis

In a murine model, topical application of SP, CGRP, 
and somatostatin reportedly enhance allergic and 
irritant contact dermatitis.75 Substance P acts as an 
adjuvant to raise the immunogenicity of cutane-
ously applied haptens to promote the induction of 
CHS, and when it is inhibited, decreases the CHS 
and DTH responses in humans.50 Furthermore, 
the inhibition of SP-degrading peptidases leads to 
an exaggerated allergic contact dermatitis (ACD) 
response, suggesting that SP may be capable 
of boosting both the sensitization and elicita-
tion phase of ACD.15,75 However, intradermal 
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administration of CGRP suppresses the induction 
of contact hypersensitivity at the injected site.76 
Furthermore, treatment of epidermal antigen-
presenting cells with CGRP in vitro inhibits their 
ability to present antigen for immunization of 
naive mice76 or elicitation of DTH in previously 
sensitized mice by subcutaneous injection.28 The 
difference between these results and those seen 
with topical application may represent concentra-
tion-dependent effects, the effects of secondary 
mediators induced in unknown third-party cell 
targets, or other factors peculiar to the route of 
administration. α-MSH inhibits both the induc-
tion and elicitation of CHS responses in mice.38 
Neuropeptides appear to have a modulatory role 
in the pathogenesis of ACD.77

Ultraviolet Radiation

Ultraviolet radiation produces changes in the skin 
such as erythema, and has immunosuppressive and 
carcinogenic effects as well.5 Ultraviolet radiation 
acts on keratinocytes, mast cells, Langerhans’ cells, 
dermal fibroblasts, and endothelial cells to induce 
the release of various cytokines, neurohormones, 
and growth factors.19 Afferent sensory nerves are 
a source of inflammatory mediators, notably neu-
ropeptides following UVR exposure. Ultraviolet 
B radiation (290 to 320 nm) induces CGRP, NKA, 
and SP release from cutaneous sensory nerves 
and NGF release from epidermal keratinocytes.9 
Langerhans’ cells are also a source of nerve 
growth factor (NGF) that, along with NGF from 
keratinocytes, leads to an increase in nerve fibers 
in sun-exposed skin. CGRP and α-MSH appear to 
be immunosuppressive in the skin, at least partially 
through induction of IL-10 production, and SP is 
involved in the healing of photodamaged skin.16 
CGRP also inhibits the upregulation of IL-12 p40, 
IL-1β, and CD86.78

Ultraviolet radiation–induced immune suppres-
sion of CHS and DTH is believed to be partially 
mediated by IL-10, TNF-α, and the histidine 
metabolite cis-urocanic acid. Urocanic acid exists 
in the epidermis primarily as the trans isomer. 
UVB (and UVC) radiation induces a trans-cis 
isomerization and considerable evidence supports a 
role for cis-urocanic acid (UCA) in UVR-induced 
immune suppression.79 Increasing evidence also 
suggests that mast cell products such as histamine 

are important in downstream systemic immunosup-
pression.

Evidence suggests that sensory C fibers and 
mast cells form a functional unit with bidirectional 
effects.80 Cis-urocanic can activate mast cells by 
its effects on release of neuropeptides by afferent 
sensory nerves.81 Furthermore cis-UCA induction 
of the release of neuropeptides such as CGRP 
may participate in the regulation of UVB-induced 
inflammation and Langerhans’ cell function.82

Ultraviolet radiation leads to the release of both 
pro- and antiinflammatory mediators, and it is the 
balance of these factors that will determine the host 
response and clinical outcome. Proinflammatory 
neuropeptides include SP, NKA, and CGRP, 
whereas immunosuppressive or antiinflammatory 
neuropeptides include CGRP and α-MSH.19 CGRP 
can be pro- or antiinflammatory, depending on the 
experimental system.

Wound Healing

Studies suggest the nervous system is impor-
tant in wound healing and tissue repair. Patients 
with sensory defects due to injury or a disease 
process such as diabetic neuropathy, spinal cord 
injury, or lepromatous leprosy have nonhealing 
ulcers.19 Neuropeptides participate in wound repair 
by initially evoking vascular responses and then 
influencing the proliferation and differentiation 
of target cells in the healing process.50 CGRP 
promotes human keratinocyte and endothelial cell 
proliferation,83 and, together with SP, has prolif-
erative effects on culture fibroblasts.50 The role of 
SP is further supported by the finding of elevated 
neutral endopeptidase expression in wounds and 
in the skin and ulcers of diabetics. It may contrib-
ute to deficient neuroinflammatory signaling and 
impaired wound healing.84,85

Hair Cycling

The cyclical activity of the hair follicle appears 
to be regulated by a “biological clock” that also 
affects local neuropeptide expression. The pattern 
of sensory innervation is also hair-cycle dependent 
with an increase in nerve fibers seen during growth 
(anagen), followed by a decrease during regression 
(catagen) and persistently low levels during the 
resting stage (telogen).86
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The corticotropin-releasing hormone (CRH)/
POMC system may regulate the hair follicle pig-
mentary unit.87 The expression and processing of 
POMC and its melanocortin derivatives (α-MSH, 
ACTH, β-endorphin) vary in the hair follicle. The 
POMC system appears to be most expressed dur-
ing early stages of melanocyte differentiation and 
becomes downregulated in mature melanocytes, 
suggesting additional systems are involved in 
maintaining melanogenesis.88

Stress leads to premature termination or arrest of 
hair in telogen in an NGF and mast cell–dependent 
manner, suggesting that interference with neu-
ropeptide signaling may be an effective measure in 
the management of stress-induced hair loss.86

Photoaging

Chronic, excessive exposure to the sun results in 
skin changes termed photoaging. Mast cell media-
tors participate in the dermal changes associated 
with photoaging,89 and the correlation between 
the degree of epidermal innervation and chronic 
photodamage suggests a possible role of neural 
influences on photodamaged skin.90 Toyoda et al.91 
demonstrated an increase in dermal nerve fibers, 
notably CGRP-positive fibers and increased tissue 
levels of SP, CGRP, and NGF in sun-exposed skin 
compared to sun-protected skin. Furthermore, the 
mast cells were intimately associated with fibrob-
lasts and contained larger amounts of SP when 
compared to controls. These findings support a role 
for cutaneous neurogenic factors and mast cells in 
chronic ultraviolet injury, and suggest a potential 
target for future therapeutic options.

Melanoma

The role of α-MSH in experimental melanoma is 
controversial.92 In the human metastatic melanoma 
cell lines HBL and A375SM, α-MSH inhibits 
invasion through a layer of human fibronectin. 
Furthermore, there is enhanced expression of CRH, 
ACTH, and α-MSH in human melanoma, squamous 
cell carcinoma, and basal cell carcinoma tumors 
demonstrated by immunohistochemical analysis. 
This suggests a possible role for the stress response 
in the pathogenesis of skin malignancies.93 These 
findings suggest melanocortins, notably α-MSH, 
may offer new insight into the understanding of 

the biology of skin cancers, notably melanoma, and 
potential therapeutic interventions.

Melanocortin receptors are widely distributed 
in the human body, and of the five receptors, the 
MC-1 receptor (MCR1) is expressed in cutane-
ous cells (keratinocytes, fibroblasts melanocytes) 
and melanoma cells. Previous data demonstrate 
MCR1 variants predispose to cutaneous melanoma 
independent of skin type and hair color, and the 
Asp84Glu variant confers the highest risk.94 MCR1 
gene variants are shown to be independent risk 
factors for nonmelanoma skin cancer.95 However, 
recent analyses show the association of MC1R 
variants and constitutive pigmentation phenotypes 
is less than previously reported and has a low 
rather than high penetrance susceptibility locus for 
melanoma.96

Conclusion

The skin is part of an active neuroimmuno-
endocrine network with influence at both the local 
and central levels of the immune system.36 There 
are complex interactions among nerve fibers, neu-
ropeptides, target cells, and proteases that are now 
beginning to be understood. Research in this highly 
sophisticated system has significantly increased our 
understanding of neuropeptides and their activities 
in the skin. The relevance of understanding this 
intimate relationship is clear, as the pathogenesis 
of several dermatologic conditions involves the 
neuroimmune-endocrine network. Further under-
standing of these mechanisms may lead to novel 
approaches to the therapy of skin disorders; poten-
tial targets include neuropeptides, receptors, and 
proteases. Although studies are only just beginning 
in this area, the future is promising.17
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Key Points

• The brain and the immune system are the two 
major adaptive systems of the body. There is 
crosstalk between these two systems, which 
allows for maintaining homeostasis.

• There is a large body of evidence that documents 
the effects of stress on a variety of components of 
the immune response at the systemic level as well 
as cutaneous immunity.

• Stress can render the host more susceptible to bac-
terial infections and the development of cancer.

• Emotional stressors have been anecdotally linked 
to the development or exacerbation of a number 
of skin diseases (for example, acne, vitiligo, alo-
pecia areata, lichen planus, seborrheic dermatitis, 
herpes infections).

• The role of stress in atopic dermatitis and pso-
riasis is well studied, and has established the 
adverse effects of stress on the clinical course of 
both diseases.

• There is definitely a brain–skin connection that 
can translate emotional stressors into biochemi-
cal mediators that can result in adverse effects on 
dermatologic diseases.

The association between stress and health has been 
extensively documented, however, the mechanisms 
by which it specifically influences disease suscep-
tibility and outcome remain poorly understood. 
Hans Selye, the pioneer of stress research, wrote, 
“Stress is a scientific concept, which has suffered 
the mixed blessing of being too well known and too 
little understood.” Recent evidence indicates that 
stress hormones affect major immune functions 
such as antigen presentation, lymphocyte proliferation 

and traffic, secretion of cytokines and antibodies, 
and selection of the T-helper-1 (Th1) versus Th2 
responses. Importantly, it is becoming increas-
ingly clear that stress hormones induce inhibition 
or upregulation of the systemic or local pro- and 
antiinflammatory cytokine production, and the 
Th1/Th2 balance may represent a major mechanism 
by which stressors affect human disease.

The brain and the immune system are the two 
major adaptive systems of the body. During an 
immune response the brain and the immune sys-
tem “talk” to each other, and this process is 
essential for maintaining homeostasis. Two major 
pathways systems are involved in this crosstalk: 
the hypothalamic-pituitary-adrenal (HPA) axis and 
the systemic/adrenomedullary sympathetic nerv-
ous system (SNS). The HPA axis and the SNS 
represent the peripheral limbs of the stress sys-
tem,1–3 whose activation occurs within the central 
nervous system (CNS) in response to distinct 
blood-borne, neurosensory, and limbic signals. 
The central components of the stress system are 
the corticotropin-releasing hormone (CRH) and 
locus ceruleus-norepinephrine (LC-NE)/autonomic 
(sympathetic) neurons of the hypothalamus and 
brainstem, which respectively regulate the periph-
eral activities of the HPA axis and the SNS.2,3 The 
stress-induced release of hypothalamic CRH leads 
ultimately to systemic secretion of glucocorticoids 
(GCs) and catecholamines (CAs), mainly epine-
phrine and norepinephrine (NE), which in turn 
influence immune responses. Immune challenges 
that threaten the stability of the internal milieu can 
be regarded as stressors. Thus, cell products from 
an activated immune system, predominately the 
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cytokines interleukin (IL)-1, tumor necrosis factor-α 
(TNF-α), and IL-6, stimulate CRH secretion from 
the hypothalamus, and hence activate both the HPA 
axis and the SNS.1,3,4

Several studies during the 1970s and 1980s 
revealed that stress hormones inhibit lymphocyte 
proliferation and cytotoxicity and the secretion of 
certain cytokines, such as IL-2 and interferon-γ 
(IFN-γ).5These early observations, in the context of the
broad clinical use of GCs as potent antiinflammatory 
and immunosuppressive agents, initially led to the 
conclusion that stress was, in general, immunosup-
pressive. Recent evidence, however, indicates that 
stress hormones influence the immune response in a 
less monochromatic way: they selectively inhibit the 
Th1/proinflammatory but potentiate Th2/antiinflam-
matory cytokine production systemically, whereas 
locally, in certain conditions, they may exert proin-
flammatory effects. Through this mechanism hyper-
active or hypoactive stress systems may influence the 
onset or course of various common human immune-
related diseases. This concept, which emerged in the 
last decade, is briefly outlined below.

Antigen Presentation

For T cells to be optimally activated, recognition 
of antigen/major histocompatibility complexes 
(MHCs) by the T-cell receptor (TCR) must be 
accompanied by a second co-stimulatory sig-
nal, predominantly generated by B7.1 or B7.2 
molecules, expressed on antigen-presenting cells 
(APCs), when engaged to their counterreceptor, 
CD28, present on T cells. The GCs inhibit the 
expression of B7.1 and B7.2 in human mono-
cytes and dendritic cells (DCs), respectively, and 
downregulate MHC II expression in APCs. The 
downregulation of B7 and MHC II molecules 
may contribute to the inhibitory effects of these 
hormones on APC-dependent T-cell activation.6–9 
The Toll-like receptors (TLRs), which recognize 
conserved microbial products TLR-4 and TLR-2, 
mediate the host response to bacteria, leading to 
the activation of signaling pathways that result 
in the induction of inflammatory and antimicro-
bial innate immune responses. Recent evidence 
indicates that GCs induce TLR-4 in the resting 
condition, yet after T-cell activation they decrease 
TLR-4 expression.8

Lymphocyte Traffic 
and Proliferation

After a single dose of a short-acting glucocorticoid, 
the concentration of neutrophils increases, whereas 
the lymphocytes, monocytes, eosinophils, and 
basophils in the circulation decrease in number. The 
increase of neutrophils is due both to the increased 
influx from the bone marrow and to the demargina-
tion and impaired extravasation of neutrophils. The 
decreased migration of neutrophils from the blood 
vessels combined with diminished chemotaxis and 
adherence to vascular endothelium of neutrophils 
and monocytes results in inhibition of the accu-
mulation of these cells at the site of inflammation. 
These effects underlie the potent antiinflammatory 
properties of GCs. The reduction in circulating lym-
phocytes, monocytes, eosinophils, and basophils is 
the result of their movement from the vascular bed 
to lymphoid tissue. Two phases are recognized 
after CA administration in humans: a quick (< 30-
minute) mobilization of lymphocytes, followed by 
an increase of granulocytes with relative lympho-
penia (maximal response at 2 to 4 hours).9 The CAs 
predominantly affect natural killer (NK) cells and 
granulocytes circulation, whereas T- and B-cell 
numbers remain relatively unaffected. Infusion 
of both NE and epinephrine in humans results 
in marked increases (between 400% and 600%) 
of NK cell numbers (CD16+CD56+), most prob-
ably due to the β2-adrenoceptor (AR)–mediated 
demargination of the NK pool in blood vessels. By 
contrast, a reduction of NK cell number is observed 
after 7 days of treatment with terbutaline, a β2-AR 
selective agonist, changes that are identical to those 
seen in congestive heart failure patients.10 Thus, in 
the short term, CAs acutely mobilize NK cells from 
depots, whereas in the long term, chronically, CAs 
decrease the number of lymphocytes, and particu-
larly of NK cells in the peripheral blood.

Catecholamines inhibit the T-cell proliferation 
directly through stimulation of β-ARs and induc-
tion of cyclic adenosine monophosphate (cAMP) in 
these cells.11–14 An additional CA-induced inhibi-
tion operates through suppression of the production 
of IL-2, a cytokine that is an important co-stimula-
tory molecule in T-cell proliferation.15 The prolif-
erative response of CD8+ T cells is inhibited to a 
greater extent than CD4+ T cells, presumably because 
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CD8+ T cells have a higher number of β-ARs.15 
By inhibiting IL-1 production by monocytes and 
IL-2 and IFN-γ production by lymphocytes, GCs 
may also contribute for decreased lymphocyte 
proliferation.

Proinflammatory/Antiinflammatory 
Cytokine Production and the 
Th1/Th2 Balance

Immune responses are regulated by APCs, such as 
monocytes/macrophages, DCs, and other phago-
cytic cells that are components of innate immunity, 
and by the Th lymphocyte subclasses Th1 and 
Th2, which are components of acquired (adaptive) 
immunity. Homeostasis within the immune system 
is largely dependent on cytokines, the chemi-
cal messengers between immune cells, which 
play crucial roles in mediating inflammatory 
and immune responses. These diverse groups 
of proteins may be regarded as hormones of 
the immune system. Cytokines act in an auto-
crine, paracrine, or endocrine fashion to control 
the proliferation, differentiation, and activity of 
immune cells. For instance, Th1 cells primarily 
secrete IFN-γ, IL-2, and TNF, which promote 
cellular immunity, whereas Th2 cells secrete a 
different set of cytokines, primarily IL-4, IL-10, 
and IL-13, which promote humoral immunity16–18 
(Fig. 4.1). Naive CD4+ (antigen-inexperienced) 
Th0 cells are bipotential and serve as precursors 
of Th1 and Th2 cells. Interleukin-12, produced by 
APCs, is the major inducer of Th1 differentiation 
and hence cellular immunity. It also synergizes 
with IL-18 to induce the production of IFN-γ 
by NK cells. Thus, IL-12 in concert with IL-18, 
IFN-α, and IFN-γ, promote the differentiation of 
Th0 cells toward the Th1 phenotype. Interleukin-1,
IL-12, TNF-α, and IFN-γ also stimulate the 
functional activity of T-cytotoxic (Tc) cells, NK 
cells, and activated macrophages, which are the 
major components of cellular immunity. The 
type 1 cytokines IL-12, TNF-α, and IFN-γ also 
stimulate the synthesis of nitric oxide (NO) and 
other inflammatory mediators that drive chronic 
delayed type inflammatory responses. Because of 
their synergistic roles in stimulating inflammation 
IL-12, TNF-α and IFN-γ are considered the major 

proinflammatory cytokines.16–18 Th1 and Th2 
responses are mutually inhibitory. Thus, IL-12 and 
IFN-γ inhibit Th2, while IL-4 and IL-10 inhibit Th1 
cell activities. Interleukin-4 and IL-10 promote 
humoral immunity by stimulating the growth and 
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Fig. 4.1. Hypothalamic-pituitary-adrenal (HPA) axis. 
The “fight-flight” response is triggered by a stressor, 
mediating the secretion of hypothalamic corticotropin-
releasing factor (CRF) and the subsequent liberation 
of pituitary ACTH. The latter induces the secretion 
of adrenal glucocorticosteroids, which act as a nega-
tive feedback, inhibiting the production of adrenocor-
ticotropic hormone (ACTH). Cortisol stimulates the 
differentiation of lymphocytes toward the T-helper-2 
(Th2) profile, favoring the humoral and suppressing the 
cellular immune response, and also inhibits macrophage 
cytokine production with the exception of the mostly 
immunosuppressing interleukin-10 (IL-10). Bacterial 
lipopolysaccharides bind to Toll-like receptors on these 
cells, favoring the secretion of IL-1, IL-6, and tumor 
necrosis factor (TNF) by macrophages, agents that induce 
liberation of hypothalamic CRF, triggering the HPA axis 
in a similar fashion as emotional stressors. Stress also 
activates the sympathetic system, with the resulting pro-
duction of catecholamines and neuropeptides
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activation of mast cells and eosinophils (Eo), the 
differentiation of B cells into antibody-secreting B 
cells, and B-cell immunoglobulin (Ig) switching 
to IgE. Importantly, these cytokines also inhibit 
macrophage activation, T-cell proliferation, and 
the production of proinflammatory cytokines.16–18 
Therefore, the Th2 (type 2) cytokines IL-4 and IL-10 
are the major antiinflammatory cytokines.

Systemic Effects of Glucocorticoids 
and Catecholamines

Both GCs and CAs systemically mediate a Th2 shift 
by suppressing APCs and Th1-cytokine production 
and upregulating Th2-cytokine production.19 Thus, 
GCs and the two major CAs, NE and epinephrine, 
through stimulation of classic cytoplasmic/nuclear 
glucocorticoid receptors (GR) and β2-ARs, respec-

tively, suppress the production by APCs of IL-12, 
the main inducer of Th1 responses.20–23 Since 
IL-12 is extremely potent in enhancing IFN-γ and 
inhibiting IL-4 synthesis by T cells, this is also 
associated with decreased IFN-γ but increased pro-
duction of IL-4 by T cells21,24,25 (Fig. 4.2). The GCs 
also have a direct effect on Th2 cells by upregulat-
ing their IL-4, IL-10, and IL-13 production.21,26 
The GCs do not affect the production of IL-10 by 
monocytes,20,27 yet lymphocyte-derived IL-10 
production is upregulated by GCs.26 This could be 
the result of a direct stimulatory effect of GCs on 
T-cell IL-10 production or a block on the restrain-
ing inputs of IL-12 and IFN-γ on lymphocyte IL-10 
production. Both GCs and CAs inhibit the produc-
tion of IL-1, TNF-α, and IFN-γ, while CAs inhibit 
the production of TNF-α by monocytes, microglial 
cells, and astrocytes, and suppress the production 
of IL-1, an effect that is mostly indirect via inhibition 
of TNF-α and potentiation of IL-10 production.28–32 
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Since β2-ARs are expressed on Th1 cells but not on 
Th2 cells,33 CAs do not affect directly the cytokine 
production by Th2 cells; in murine and human sys-
tems, β2-AR agonists inhibit IFN-γ production by 
Th1 cells, but do not affect IL-4 production by Th2 
cells.33,34 However, CAs, through stimulation of β2-
ARs, upregulate the production of the antiinflam-
matory cytokine IL-10 and IL-6 by APCs.20,35–37

Neuropeptide Y

Sympathetic/neuropeptide Y (NPY)-positive nerve 
fibers predominantly supply the vasculature, where 
they mainly occur as perivascular plexuses, and 
both NE and NPY, released from these fibers, 
control blood flow and lymphocyte traffic. They 
branch off only rarely to run into the lymphoid 
parenchyma.38,39 Neuropeptide Y is co-released 
with NE upon SNS activation. Particularly in condi-
tions of high sympathetic activity, large dense-cored 
vesicles release both NPY and NE.40 Neuropeptide 
Y does not usually act as a genuine cotransmitter 
but rather as a prejunctional or postjunctional mod-
ulator of the release or the effects of the principal 
transmitters, NE and adenosine triphosphate (ATP). 
In many tissues the major action of NPY is to enhance 
the postjunctional response of NE and ATP.

Neuropeptide Y inhibits IL-6 release from splenic 
macrophages via stimulation of the Y1 receptor. 
Neuropeptide Y also potentiates CA-induced inhibition 
and stimulation of IL-6 production by these cells 
through α2- and β2-ARs, respectively.41 In the presence 
of NPY, differentiated Th1 cells produce less IFN-γ,
but Th2 cells express increased IL-4 production. 
Additionally, administration of NPY induces inhibition 
of the ex vivo production of IFN-γ in antigen-specific 
murine lymphocytes. Thus, NPY similar to CAs 
might possess Th2-inducing properties.42

Local Versus Systemic Effects

The systemic Th2-inducing properties of stress hor-
mones may not pertain to certain conditions or local 
responses in specific compartments of the body. 
Thus, corticosteroid treatment results in a significant 
increase of the number of IL-12+ cells, with concur-
rent reduction in the number of IL-13+ expressing 
cells in bronchial biopsy specimens of asthmatics. 

Interestingly, this occurs only in steroid-sensitive 
but not steroid-resistant asthmatic subjects.43 The 
number of IL-4+ cells in the bronchial and nasal 
mucosa is also reduced by glucocorticoid treat-
ment.44,45 Furthermore, the synthesis of transforming 
growth factor-β (TGF-β), another cytokine with 
potent antiinflammatory activities, is enhanced by 
GCs in human T cells but suppressed in glial cells,46 
and low doses of GCs can indeed activate alveolar 
macrophages, leading to increased lipopolysaccha-
ride (LPS)-induced IL-1β production.47

Norepinephrine, via stimulation of α2-ARs, can 
augment LPS-stimulated production of TNF-α by 
mouse peritoneal macrophages.48 In rodents, induc-
tion of hemorrhage, a condition associated with 
elevations of systemic CA concentrations or expo-
sure of animals to mild inescapable electric shock 
of the foot, stress results in increased IL-1β and 
TNF-α production by alveolar macrophages and 
lung mononuclear cells.49,50 These effects are most 
likely indirect; in vitro, a direct modulatory effect 
of CAs on LPS-induced IL-1β by alveolar macro-
phages was not demonstrated. Thus, stress-induced 
changes in alveolar macrophage activity might 
result from alveolar type II epithelial cell activation, 
leading to release of surfactant or other factors.50

Catecholamines also potentiate the production of 
IL-8 (a chemokine that promotes the recruitment of 
polymorphonuclear cells to an inflammatory site) by 
monocytes, epithelial cells of the lung and endothe-
lial cells, indirectly, via an effect on platelets.51–53 
Furthermore, CAs (through β2/β3-ARs) upregulate 
IL-6 production by human adipocytes.54,55 Interleukin-6 
is the major inducer of C-reactive protein (CRP) pro-
duction by the liver, and both GCs and CAs enhance 
this induction.56 Interestingly, histamine induces the 
production of both IL-6 and IL-8 by coronary artery 
endothelial cells, whereas chronic β-AR stimulation 
induces myocardial, but not systemic, production of 
TNF-α, IL-1β, and IL-657,58 (Fig. 4.2).

Corticotropin-Releasing Hormone/
Substance P–Mast Cell–Histamine 
Interactions

Corticotropin-releasing hormone is also secreted 
peripherally at inflammatory sites (peripheral or 
immune CRH).59 Immunoreactive CRH is identi-
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fied locally in tissues from patients with rheuma-
toid arthritis, autoimmune thyroid diseases, and 
ulcerative colitis. Corticotropin-releasing hormone 
in early inflammation is of peripheral postganglionic 
sympathetic and sensory afferent nerve rather than 
immune-cell origin.59,60 Peripheral CRH has vascu-
lar permeability-enhancing and vasodilatory actions. 
An intradermal CRH injection induces a marked 
increase of vascular permeability and mast cell 
degranulation, mediated through CRH type 1 recep-
tors.61 It appears that the mast cell is a major target 
of immune CRH. Peripheral CRH and substance P 
(SP), released from sensory peptidergic neurons, are 
two of the most potent mast cell secretagogues.61–64 
Thus, peripheral CRH and SP activate mast cells 
via a CRH type 1 and NK1 receptor-dependent 
mechanism, leading to release of histamine and 
other contents of the mast cell granules that cause 
vasodilatation, increased vascular permeability, and 
other manifestations of inflammation (Fig. 4.3).

Antibody Production

When B cells and Th cells are exposed to Th-cell–
dependent antigens, NE, through stimulation of 
β2-ARs, exerts an enhancing effect on B-cell 
antibody (Ab) production.33,65 One mechanism 
for this enhancement may involve a CA-induced 
increase in the frequency of B cells differentiating 
into Ab-secreting cells. Moreover, Th cells activate 
B cells during cell-to-cell interaction, and Th2 
cells provide the cytokines necessary for B-cell 
growth. Thus, the β2-AR agonists salbutamol and 
fenoterol potentiate IL-4–induced IgE production 
by human peripheral blood momonuclear cells 
(PBMCs), while they inhibit IFN-γ production by 
these cells.66 Furthermore, salbutamol induces an 
increase of the ex vivo release of IL-4, IL-6, and 
IL-10.67 Glucocorticoid and IL-4 have synergistic 
effects on the triggering and differentiation of B 
cells into IgE-producing plasma cells. In addition, 
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patients with asthma, after 7-day treatment with 
40 mg of prednisone daily, experience a rise in 
serum IgE levels.68,69

Stress and Clinical Cutaneous 
Immunology

Seventy years ago, Selye70 suggested that the organ-
ism has the ability to adapt to acute homeostatic 
challenges, but chronicity will lead to exhaustion, 
distress, and disease.71 Indeed, subsequent research 
has shown that the nature,72 temporality,73 and 
duration74 of the stressors are critical in determin-
ing their effect,75 including the significant decay of 
general health as well as enhanced mortality.76–79

The response of the organism to acute stressors 
represents the physiologic mechanism of adaptation 
(fight or flight reaction), and allows the survival of 
the species. The effect of stress on immunity sug-
gested that it results in an augmentation of the sus-
ceptibility to neoplasms, infections, and deficient 
wound healing. Dhabhar and McEwen80,81 noted 
the paradox that “the suppression of immune func-
tion under all stress conditions would not be evolu-
tionarily adaptive” for an organism that is attacked 
by a predator and needs protection from injuries 
and infections. These researchers examined the 
differential effects of acute or chronic stress on the 
cutaneous cell mediated immune response. Indeed, 
they found that rodents exposed to acute stressors 
experience changes characterized by the mobiliza-
tion and redistribution of leukocytes to peripheral 
organs such as the skin. Delayed-type hypersen-
sitivity (DTH) reactions were also found to be 
significantly enhanced, an effect that was reversed 
by adrenalectomy, suggesting a role played by 
physiologic secretion of adrenal hormones. In 
contrast to these findings, animals exposed to pro-
longed (chronic) stressors experienced a significant 
decrease in DTH, representing an impairment in 
cell-mediated immunity that would enhance their 
susceptibility to infections and neoplasms.

Stress and Infections

A large body of evidence links stressors to the 
susceptibility to infections (reviewed in Biondi and 
Zannino82) such as viral respiratory ailments during 
periods of psychological stress,83 or the incidence of 

experimentally induced upper respiratory viral infec-
tions, which correlated with the presence of chronic 
stress in normal volunteers.84,85 Similarly, studies 
have documented the immunosuppressive effects 
of chronic stressors on the evolution of cutaneous 
bacterial86,87 and viral infections, such as recurrent 
herpetic infection precipitated by psychiatric illness, 
life events, and disgust.88 As Cohen and colleagues89 
demonstrated, chronic stressors are predictive of 
herpes simplex recurrence, a response that is largely 
mediated by endogenous corticosteroids.

Stress and Cancer

For more than 50 years, research has suggested that 
a large variety of emotional stressors can enhance 
the development of malignant neoplasms90; simi-
larly, studies have suggested that stress among 
other emotional influences can affect the evolution 
of neoplasms.91–93

A variety of psychosocial interventions such as 
housing conditions, differential handling, surgical 
procedures, and other stressors are known to favor 
the development of experimental tumors in labora-
tory animals,94,95 suppressing lymphocyte prolifera-
tion96 and natural killer cell activity,97,98 an effect 
that could be abolished by β-adrenergic blocking 
agents, suggesting the role of catecholamines in this 
process.99,100 Furthermore, lymphocytes from rats 
exposed to rotational stress expressed decreased 
DNA repair following irradiation.101,102 It was only 
recently that we reported markedly accelerated car-
cinogenicity in ultraviolet B (UVB)-treated SKH 
mice when they were exposed to stressors.103

The effect of stress on the development of cancer 
in humans is more difficult to evaluate. Some stud-
ies appear to indicate that, for example, in the case 
of breast cancer, stress may have some influence 
over the outcome of the disease.104–108

Some of the evidence of psychosocial influence 
on neoplasia109 stems from studies that showed that 
women with metastatic breast cancer who partici-
pated in weekly sessions of group therapy and hyp-
nosis for 1 year duplicated their survival time when 
compared with controls.110 Patients with metastatic 
melanoma were also found to have a significantly 
improved 6-year survival rate when they received 
limited sessions of psychological interventions.111

One possible explanation for the benefit of these 
interventions could be the modulatory effect of 
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stress and stress reduction on NK cell function, 
presumed to represent one of the first innate lines 
of immune defense against foreign (including can-
cerous) cells.112

Daily life stressors and social dysfunction mark-
ers such as bereavement,113,114 loneliness,115 and 
lack of social support have been shown to sup-
press immune responses across a variety of dif-
ferent populations such as medical students,116 
divorcees,117 married couples,118 spouses of cancer 
patients,119 caregivers of patients with Alzheimer’s 
disease,120–122 and normal adults.119

Even relatively mild forms of stress on stu-
dents were associated with decreases in NK cell 
activity and IFN-γ production during examination 
periods.115,123 Interestingly, acute stressors such as 
first-time parachuting appear to mediate the oppo-
site effect of chronic aggressors; they enhance the 
immune response with a significant increase in NK 
cell numbers and function.74,124–126 Natural killer 
cell activity can also be modulated by psychosocial 
interventions as exemplified by a study that reported 
increased cytotoxic function in elderly individuals 
following relaxation training.127 Finally, individual 
variability due to personality traits appears to play 
an important role, as seen in the changes in NK 
cell activity associated with emotional stability and 
anxiety-stressed individuals.128

Acquired and Inherited Alterations 
of the Hypothalamic-Pituitary-Adrenal 
Axis Can Determine How the Individual 
Responds to Stressors During Adult Life

Stressors occurring early in life have a profound 
effect on the HPA axis; in such a manner, neo-
natal rodents that are not appropriately groomed 
by their mothers,129 or females abused during 
childhood,130 exhibit an abnormal response to 
stressors in adulthood, with elevated production 
of glucocorticosteroids over time. On the other 
hand, genetic hypothalamic dysfunctions can be 
responsible for an inappropriate secretion of cor-
ticosteroids, as reported by Sternberg, showing 
that very similar strains of rats, such as the Lewis 
and Fisher, could differ markedly in the hypotha-
lamic response to stressors. The Lewis, but not the 
Fisher, would succumb to stress and artificially induced 
inflammation due to an inappropriate secretion of 

corticosterone. Furthermore, transplanting cells 
of the hypothalamus from Fisher to Lewis rats 
corrected the defect.131–133 These observations 
highlight the notion that not only the elevated 
production of glucocorticosteroids mediates stress 
induced disease, but also the inappropriate produc-
tion of these hormones in response to stress can be 
associated with an altered homeostasis. Pediatric 
as well as adult patients with atopic dermatitis 
respond to common stressors with a significantly 
lower peak of cortisol, when compared to healthy 
controls.134–137 This phenomenon was also seen 
in patients with rheumatoid arthritis138,139 and 
psoriasis,140 suggesting that these patients have 
inflammatory diseases that may flare when they are 
unable to sustain normal levels of corticosteroids 
when confronted with adverse stimuli.

Stress and Skin Diseases

For many years emotional stressors have been 
linked anecdotally to the development or evolu-
tion of a variety of cutaneous diseases, including 
acne,141 vitiligo,142,143 alopecia areata,144 lichen 
planus,145 seborrheic dermatitis, herpes simplex 
infections,89 pemphigus,146 and urticaria147; how-
ever, psoriasis and atopic eczema are the ones that 
have been most extensively studied.

Psoriasis

This is a common chronic and relapsing inflam-
matory skin disorder that frequently affects all 
aspects of quality of life, including physical, psy-
chological, social, sexual, and occupational.148 In 
addition to the genetic and immunologic basis of 
psoriasis, stress appears to play an important role 
in the variable clinical course.149,150 These patients 
respond to experimental stressors with elevated 
blood pressure, heart rate, and epinephrine levels, 
and decreased plasma cortisol and dehydroepian-
drosterone.140,151

Neurogenic inflammation also plays a signifi-
cant role in the pathogenesis of psoriasis,152–155 
as suggested by the symmetrical distribution of 
the lesions, increased nerve density in psoriatic 
plaques, elevated neuropeptide expression in dis-
eased skin,155 and the clinical clearance of psoriatic 
plaques in anesthetic areas following sensory nerve 
injury.156 Interestingly, in the latter case, disease 
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recurred following reinnervation and the return of 
cutaneous sensitivity, suggesting a role played by 
these nerves.157 The altered expression of numer-
ous neuropeptides in psoriatic skin may contribute 
to the disease; for example, nerve growth factor 
(NGF) induces keratinocyte proliferation, mast 
cell migration, and degranulation; stimulates IL-2 
production through T-cell proliferation; and is 
chemotactic for memory T cells.152,158–160 Other 
neuropeptides such as calcitonin gene–related pep-
tide (CGRP), SP, and vasoactive intestinal peptide 
(VIP) (discussed in Chapter 3) also play a role in 
this disease.

Finally, numerous reports of successful psycho-
social interventions aimed at the reduction of stress 
in the treatment of psoriasis161,162 highlight the 
deleterious role of emotional stress. Kabat Zinn’s 
group163,164 showed how a brief intervention such 
as the addition of mindfulness meditation tapes 
during phototherapy sessions shortened the time to 
complete remission by half.

Atopic Dermatitis

Atopic dermatitis (AD) (see Chapter 13) is a dis-
ease that exemplifies the delicate balance among 
genetic, environmental, and psychosocial factors in 
the maintenance of health. An increasing number 
of studies suggest that stress, among other psy-
chological factors, contributes significantly (up to 
70%) to exacerbations and the continuing chronic 
nature of AD.165 Up to 70% of atopic patients 
report that significant emotional stressors predate 
flares of the disease.166 However, the relationship 
between psychological stress and the severity of 
atopic dermatitis may be bidirectional. Not only 
is the stressor a strong predictor of worsening, but 
flares of atopic disease contribute significantly to 
a lowered stress threshold and increased levels of 
psychological distress.167

A number of studies have reported alterations 
in the cytokine secretion profile as well as the dis-
tribution of lymphocytes and eosinophils in these 
patients when exposed to experimental psycho-
logical stress.168,169 The balance of Th lymphocytes 
helps us understand some aspects of the role played 
by stress in this disease. The presence of stres-
sors polarize the immune status toward a Th2 
response, with a predominant stimulation of humoral 
immunity.170–172 Interestingly, glucocorticosteroids 

appear to play a more widespread role, since they 
also have the ability to suppress the production of 
IL-4, which is an agent of differentiation toward 
Th2.171,173–176 This effect tends to occur at pharma-
cologic levels, and explains the beneficial effect of 
systemic or topical application of these agents.

As discussed before, atopic patients were 
found to have abnormal glucocorticoid regulation, 
exhibiting a blunting of the HPA axis response. 
Compared to controls, atopic patients display 
an altered 24-hour cortisol profile, and children 
with atopic dermatitis produce lower levels of 
cortisol in response to psychological stress.137,177 
Furthermore, adult atopic patients injected with 
CRH were found to secrete attenuated levels of 
adrenocorticotropic hormone (ACTH) and cortisol, 
compared to controls 178. The inadequate secretion 
of cortisol could help explain flares during taxing 
stressors. On the other hand, there appears to be an 
upregulation of glucocorticoid receptors on periph-
eral leukocytes in atopic patients,178 the result of 
which are effector cells potentially hyperreactive 
to glucocorticoid stimulation. Thus in spite of a 
blunted HPA axis response to stress, effector cells 
exquisitely sensitive to systemic glucocorticoid 
release may respond in a hyperreactive fashion to 
stress cortisol, accentuating the cytokine shift from 
the Th1 to the Th2 constellation.

In addition to the changes in immunity patterns, 
stressors have been found to alter significantly 
the recovery kinetics of the skin barrier. Women 
subjected to interview stress or sleep deprivation 
had an altered skin barrier function, measured 
by recovery of transepidermal water loss.179 This 
breakdown in barrier function homeostasis causes 
an increased susceptibility to cutaneous inocula-
tion with environmental agents (such allergens as 
dust mites, dander, bacteria, and viruses). This may 
play an important role in the skin of atopic patients 
since these stimuli have all been considered as 
potential precipitants of acute atopic dermatitis and 
elicitors of atopic flares.180

Catecholamines and their metabolites secreted 
from the adrenal medulla as well as from sym-
pathetic nerve endings during periods of stress 
may also contribute to disease worsening. These 
patients have higher concentrations of norepine-
phrine,181 which may stimulate the activity of 
intracellular type 4 phosphodiesterases (PDE4) in 
mononuclear cells, which in turn have been found 
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to be elevated in patients with atopic dermatitis,182 
leading to the secretion of IL-13 and IL-4.183

Finally, a number of psychosocial interventions 
including stress reduction, hypnosis, biofeed-
back, and psychotherapy184–188 have been shown 
to improve significantly in patients with atopic 
eczema,189 highlighting the possible role played by 
emotional stress in the evolution of these patients.

Stress and the Brain–Skin 
Connection

These increasing insights into the clinically long-
appreciated close interrelatedness of psychoemo-
tional stress and the triggering or aggravation of 
defined dermatoses gain even greater importance 
on the background of emerging, relatively recent 
investigations in skin biology, as follows:

1. There is increasing evidence that numerous cell 
populations of human skin as well as its most 
prominent skin appendage, the pilosebaceous 
unit, are direct targets for classical mediators of 
systemic stress responses in vitro and in vivo.

2. There is increasing evidence that the skin itself 
is a major source of “central” neuroendocrine 
stress mediators. 3. There is recognition that 
mammalian skin has established functionally 
and fully active peripheral equivalents of central 
stress response systems.

As we shall see, one recurrent theme in the field 
of brain–skin connection is that, time and again, 
the pilosebaceous unit has surfaced as a surpris-
ingly productive research tool for the exploration 
and definition of new research frontiers in stress-
related cutaneous neuroendocrinology and neu-
roimmunology, both in mice and humans.

The Skin and Its Appendages as a Target 
of Neuroendocrine Stress Mediators

While it has been recognized for decades that the 
pigment cells of vertebrate skin are prominent tar-
gets of neuroendocrine regulation and that, in fact, 
melanocortins such as α-melanocyte-stimulating 
hormone (α-MSH) and ACTH are key regulators 
of melanocyte function and melanogenesis,190 it 
took much longer to recognize that many other 

cell populations in the skin (such as keratinocytes, 
sebocytes, fibroblasts, endothelial cells, mast cells, 
macrophages, and sensory nerve fibers innervating 
the skin) also are important targets of secreted 
neuroendocrine messengers.191–200 Neurogenic 
inflammation and pruritogenic pruritus (which 
often occur in conjunction, as in atopic eczema and 
prurigo nodularis) represent particularly complex 
examples for multiple skin cells and structures that 
are targeted by stress-associated neuroendocrine 
mediators.201,202

To list but a few selected examples, it is now 
well recognized that CRH, the most proximal 
regulatory element of the HPA stress response 
axis, targets skin mast cells, epidermal and hair 
follicle keratinocytes, as well as sebocytes, and 
exerts surprisingly diverse functions on skin biol-
ogy and skin pathophysiology. These range from 
skin mast cell activation via inhibition of hair fol-
licle keratinocyte proliferation to the modulation 
of lipogenesis in sebocytes and the intracutaneous 
stimulation of pro-opiomelanocortin (POMC) gene 
expression.191,198,201,203 Namely, CRH inhibits hair 
shaft formation and matrix keratinocyte prolif-
eration, while it stimulates hair matrix keratinocyte 
apoptosis, follicular melanogenesis, POMC gene 
expression, melanocortin production, and melano-
cortin receptor expression in normal human scalp 
hair follicles in organ culture.204

The prototypic stress-associated melanocortin 
ACTH, whose pituitary synthesis and secretion is 
controlled by CRH, has long been recognized for 
its immunomodulatory properties relevant to skin 
immunity; besides its classical immunosuppressive 
activity (stimulation of cortisol synthesis), ACTH 
has mast cell–activating194,195 and multiple lym-
phocyte-regulatory properties.199 Most recently, 
ACTH has been reported to stimulate IL-18 expres-
sion in a human keratinocyte line on the gene and 
protein level, likely via the caspase-1 activation 
pathway.205 The regulatory role of CRH in the 
release of inflammatory mediators from primary 
human epidermal keratinocytes in response to 
bacterial products (such as LPS)206 further high-
lights how stress-associated neurohormones may 
modulate skin immune responses via direct effects 
on the epithelium.

However, in vivo, the effects of ACTH on the 
skin epithelium clearly extend beyond immu-
nomodulation, as suggested by the hypertrichosis 
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induced by ACTH and its potent hair cycle modu-
lator in mice.207,208 Moreover, the peptide content 
as well as the intensity of immunoreactivity and 
immunolocalization of ACTH in mouse all are hair 
cycle dependent, and ACTH exerts dose-dependent 
proliferation-modulatory effects on defined mouse 
skin compartments.209

Compared with CRH and ACTH, the prototypic 
stress-associated neuropeptide SP has both over-
lapping and distinct functions; SP activates skin 
mast cells,193–195,210 selectively stimulates TNF-α 
release by mast cells,211 and stimulates epidermal 
keratinocyte proliferation.210 Depending on the cell 
and hair cycle status of these cells, SP either inhib-
its or stimulates murine keratinocyte proliferation 
in situ, and thus became the first neuropeptide 
shown to operate as a potent hair cycle modulator 
in vivo affecting both the growth phase as well as 
the regression phase in follicles.208,212 In mice, SP 
also promotes hair follicle inflammation, resulting 
in alopecia areata.197

The prototypic stress-associated growth fac-
tor NGF, whose serum level rises sharply upon 
exposure to psychoemotional stressors, is now 
recognized as a major stimulator of skin mast 
cell survival, proliferation, and activation.194,195,213 
Moreover, NGF profoundly modulates the prolif-
eration of murine epidermal and hair follicle kerati-
nocytes in situ, not only in mice, but also in human 
epidermis and hair follicles.213–216

A particularly striking example for the skin 
and its appendages as chief targets of major stress 
mediators like NGF and SP has come from a 
murine sound stress model,217,218 in which NGF 
and SP have now been documented to operate as 
the key mediators for executing the neurogenic 
perifollicular inflammation and subsequent hair 
growth inhibition of murine pelage hair follicles 
after exposure to sound stress. Upregulation of 
NGF expression following stressors may enhance 
SP synthesis and release by dorsal root gan-
glion sensory nerves leading to perifollicular, mast 
cell–dependent neurogenic inflammation, which 
in addition to the direct growth-inhibitory effects 
of NGF and SP on anagen hair follicles, results in 
substantial hair growth inhibition.217–219

Prolactin, the most prominent polypeptide prod-
uct of pituitary lactotroph cells, whose pleiotropic 
functional properties extend beyond the control 
of mammary gland development and lactation 

and include a wide range of immunomodulatory 
functions, is yet another classic neuroendocrine 
mediator that is strongly upregulated during stress 
responses. Prolactin receptor–deficient mice show 
striking hair cycle abnormalities, while prolactin 
receptor expression in normal murine skin is hair 
cycle dependent.220–223 Moreover, prolactin admin-
istration promotes premature hair follicle regres-
sion,222,223 and retards anagen development,221 
while hyperprolactinemia can be associated with 
telogen effluvium and a hair loss pattern that 
imitates androgenetic alopecia.222

The Skin as a Source of Neuroendocrine 
Stress Mediators

Perhaps the most important discovery in cutane-
ous neuroendocrinology is that the skin itself is 
a potent source of major neuroendocrine stress 
mediators and that the pilosebaceous unit is a par-
ticularly prominent site of expression, production, 
and secretion of these neurohormones. Early key 
findings in this respect were the demonstration that 
murine skin transcribes, translates, and enzymati-
cally processes the POMC gene and its products in 
vivo, in a hair cycle–dependent manner,224 and that 
human scalp skin hair follicles in anagen are prom-
inently immunoreactive for ACTH.224 Another 
important discovery was that murine skin in vivo, 
namely the hair follicle epithelium and cutaneous 
nerve fibers, also shows hair cycle–dependent CRH 
immunoreactivity and CRH receptor expression.225 
Both CRH gene and protein expression now have 
also been documented for human scalp anagen hair 
follicles.204,226 Numerous studies have now confirmed 
the notion that mammalian skin is a key extrahy-
pothalamic and extrapituitary source of major 
stress-related neuroendocrine mediators.203,227–233

Human Skin Has Established 
Functional, Peripheral Equivalents 
of the Hypothalamic-Pituitary-Adrenal 
Stress Response Axis

The discovery that key stress mediators are expressed 
in mammalian skin in situ soon encouraged the 
hypothesis that the skin may also have established 
a peripheral equivalent of the central HPA stress 
response axis.233 This was followed by a long series 
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of in vitro studies with various murine and human 
skin cell populations that, summarily, all supported 
this original concept and provided evidence that 
mammalian skin expresses the full enzymatic rep-
ertoire even for glucocorticoid synthesis (reviewed 
in Slominski et al.191).

Definitive proof that a fully functional peripheral 
equivalent of the HPA stress response axis exists in 
normal human skin came from the documentation 
that the epithelium of organ-cultured human scalp 
hair follicles expresses CRH and responds to CRH 
stimulation not only by upregulating POMC gene 
expression and POMC product synthesis, but also 
by an increase in the intrafollicular synthesis of 
cortisol (presumably via ACTH). By demonstrating 
that cortisol administration downregulates intrafol-
licular CRH expression, these human hair follicle 
organ culture studies also provided evidence for the 
existence of regulatory feedback loops that imitate 
those seen in the central HPA axis,204 suggesting 
the presence of novel peripheral, intracutaneous 
equivalents that mimic central neuroendocrine 
stress response systems.

It is critical to determine whether and how intra-
cutaneous peripheral HPA axis equivalents, which 
appear to be fully operative in the skin epithelium, 
interact with the central HPA axis. This question 
has become even more pertinent in the face of a 
recent report that lesional hair follicles of patients 
with alopecia areata, an organ-specific form of 
T-cell–dependent autoimmunity long suspected to 
be susceptible to triggering/aggravation by psych-
oemotional stress in at least some patients, show 
an upregulation of their CRH and ACTH immu-
noreactivity.234 This is supported by findings that 
experimental stress increases intrafollicular CRH in 
telogen hairs and retards anagen development.235

While it is likely that centrally released CRH 
and ACTH affect intracutaneous melanocortin and 
glucocorticoid synthesis, since the skin expresses 
functional high-affinity receptors, it remains 
unknown whether and to what extent skin-derived 
α-MSH, ACTH, β-endorphin, or cortisol actually 
impacts on central HPA axis functions/activity.

The challenge for understanding the pathogen-
esis of stress triggering or stress aggravation of 
skin diseases such as the ones discussed above is 
to apply these emerging concepts and frontiers 
in cutaneous neuroendocrine-immune biology to 
specific dermatoses.

Human scalp hair follicles and sebocytes have 
proven to offer very instructive, easily accessible, 
and clinically highly relevant discovery tools for 
exploring the physiology and the pathophysiol-
ogy of the brain–skin connection in health and 
disease.193,200,201 Further research will help us 
understand the role played by the pilosebaceous 
unit–derived neuroendocrine mediators in the 
multilevel responses of skin to stress as well as 
the molecular turning points at which physiologic 
cutaneous stress responses begin to promote the 
development/aggravation of inflammatory skin disease.

Conclusion

The challenge for understanding how stress modu-
lates inflammation in the skin, and thus has adverse 
effects on chronic skin diseases, is beginning to 
emerge. This challenge presents opportunities to 
harness this information to better control skin dis-
eases by managing stress, or the biochemical medi-
ators that are induced by the brain–skin connection. 
The lessons learned from managing this connection 
will be of benefit to patients with skin disease, and 
perhaps can be applied to other organ systems such 
as the cardiovascular or gastrointestinal systems.
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Key Points

● Toll-like receptors (TLRs) are part of the innate 
immune response.

● TLRs work through two pathways:

 ❍ Adaptor protein myeloid differentiation factor 88 
(MyD88) to activate transcription factor nuclear 
factor κB (NF-κB) or activating protein-1 (AP-1)

 ❍ A lipopolysaccharide (LPS)-triggered MyD88-
independent pathway that produces inflamma-
tory cytokines

● Multiple dermatologic diseases are found to 
involve TLRs, including TLR-1 (psoriasis, tuber-
culoid leprosy), TLR2 (acne, retinoids, lep-
romatous leprosy, syphilis, atopic dermatitis, 
Lyme disease, herpes simplex virus, candidiasis), 
TLR4 (Kawasaki’s disease, syphilis, candidiasis, 
melanoma), TLR5 (syphilis), and TLR9 (herpes 
simplex virus).

● Current and future therapies and vaccines will 
target TLRs.

There are two major arms of the immune system: 
innate immune response, and acquired, or adaptive, 
immune response. In the former, phagocytic cells 
recognize pathogens that bind to specific recep-
tor recognition molecules or through complement 
fixation, and then activate pathways to contain 
infection.1 Essential components of the innate 
immune response include neutrophils, eosinophils, 
natural killer cells, natural killer T cells, mast cells, 
cytokines, complement, and antimicrobial peptides. 
In the latter, T lymphocytes recognize foreign anti-
gens presented on major compatibility complexes 
I and II on the cell surface of antigen-presenting 

cells (APCs).1 Lymphocytes that recognize foreign 
antigens then clonally expand to provide an anti-
gen-specific immune response. Table 5.1 lists the 
characteristics of innate versus adaptive immunity.

More recently, another key component of the 
innate immune response has been discovered, the 
Toll-like receptors (TLRs). These receptors allow 
the innate immune system to tailor its response 
depending on the stimulatory antigen and which 
TLR is activated. Toll-like receptors represent the 
innate immune mechanisms that sense danger, 
which triggers protective (but sometimes disease 
inducing) inflammation and a subsequent adap-
tive immune response.2 In addition, TLRs allow 
the innate immune system to control activation of 
the adaptive response, thus helping to bridge the 
gap between innate and adaptive immunity.3 The 
TLRs play an important role in many skin diseases 
(Table 5.2).

Discovery of Toll-Like Receptors 
in Humans

The TLRs, or so-called pathogen recognition 
receptors, were identified as primary sensors of 
the innate immune system as a result of studying 
the pathogenesis of sepsis.4 Lipopolysaccharide 
(LPS) is a component of the cell wall of gram-
negative bacteria. TLR4 was discovered as the 
critical transducer of the LPS signal, revealing 
the first of ten mammalian plasma membrane 
proteins with a strong homology to the receptor, 
Toll, present in Drosophila melanogaster flies.4 In 
flies, Toll is a regulator of Drosophila embryonic 
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Table 5.1. Characteristics of innate versus adaptive immunity

Characteristics Innate immunity Adaptive immunity

Trigger Pathogen-associated molecular patterns Specific antigens
Kinetics of action Minutes to hours Days to weeks
Molecular receptors Toll-like receptors T-cell receptors, B-cell receptors
Diversity/memory No diversity/memory Has diversity/memory
Communication Cytokines, chemokines Cytokines, chemokines
Effectors Complement, antigen presentation, 

phagocytosis, transdifferentiation
Complement, antigen presentation, 

cytotoxicity, antibody

Source: Gaspari.3

Table 5.2. Toll-like receptors (TLRs) in dermatologic disease

TLR Disease Comment

1 Tuberculoid leprosy TLR1 favors Th1 phenotype; TLR1 enhances TLR2 signaling by forming 
heterodimers37

Psoriasis TLR1 expression increased in keratinocytes50

Lyme disease Stimulation with B. burgdorferi lysate increased TLR1 expression64

IL-1 receptor associated 
kinase-4 deficiency

Cells from patients do not respond to ligands from TLR1–6,965

2 Acne vulgaris P. acnes activates TLR2 through LPS and PG5

Retinoids Antiinflammatory effects through TLR232

*Psoriasis TLR2 expression increased in keratinocytes50

Lepromatous leprosy Polymorphism in TLR2 (mutated) favors Th2 
phenotype35

Syphilis
Meningitis T. pallidum stimulates TLR2 directly38

Atopic dermatitis LPS-deficient N. meningitidis, porins activate TLR25,55, 56

Candidiasis S. aureus, human β-defensin-2 signal through TLR29; mutation in TLR2 found 
with increased frequency in AD patients46

Plague
Lyme disease
UV-induced immunosuppression TLR2 activated by glucan in fungal cell wall5

HSV Outer membrane protein targets TLR2 on APCs60

B. burgdorferi lipoprotein mediated by TLR263

UV induces keratinocytes to secrete ligands to activate TLR2 and 485

TLR2 knockout mice have decreased response to HSV70

3 *SLE snRNP Ag, an autoAb in SLE, may act via TLR375

*Melanoma Vaccination for melanoma with poly-I:C acts via TLR381

TLR3 recognizes dsDNA (associated with viral infections like HSV)73

4 Acne Distinct strains of P. acnes may also activate TLR432

Syphilis T. pallidum stimulates TLR4 directly38

Meningitis LPS in N. meningitidis activates TLR44

Candidiasis TLR4 activated by mannan in fungal cell wall5

Plague Y. pestis utilizes TLR4 to trigger apoptosis61

*Psoriasis HSP overexpressed in psoriasis, activate TLR451

*Melanoma Melanoma inhibits TLR4 signaling in macrophages79

*Kawasaki disease TLR4 upregulated during acute phase62

UV-induced immunosuppression Mutated TLR4 in mice: resistant to low-dose UV immunosuppression85

5 Syphilis T. pallidum–derived flagellin activates TLR5 and heterodimers TLR4–TLR539, 40

6 Lyme disease B. burgdorferi induces cooperation of TLR2 and TLR617

7 Imiquimod Synthetic TLR7 analogue, used as antiviral, antitumor5,72

Loxoribine
Bropirimine Synthetic TLR7 ligand, may be used as antitumor therapy in the future5

(continued)
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development, responsible for the determination 
of its dorsoventral axis.5 The mutant form of Toll 
was found to impair antifungal defense in flies, 
which was the first demonstration of its role in 
host defense.6 There are now 11 (and perhaps up to 

13) known human pathogen recognition receptors 
(TLR1 to TLR11), which allow cytokine synthesis 
in response to various classes of microbial products 
and common pathogens.7,8 For a detailed look at 
the history of TLRs, see Table 5.3.

*Psoriasis
*SLE Synthetic TLR7 ligand, used as treatment after BCG for bladder cancer5

UV-induced immunosuppression
Imiquimod aggravates psoriatic lesions53

U1 snRNP Ag stimulates TLR777

TLR7 activation on DC allows maturation despite UV exposure86

8 Resiquimod Synthetic TLR8 analogue5

*Psoriasis Imiquimod aggravates psoriatic lesions53

*SLE RNA sequences in snRNP stimulate TLR877

9 *SLE snRNP Ag, an autoAb in SLE, may act via TLR975

*Melanoma TLR9 agonist (CpG 7909) may be used as adjuvant for cancer vaccine82

HSV
HSV activates IFN-producing cells in mice through TLR971

10
11
*Likely, but not proven as of yet.
AD, atopic dermatitis; APC, antigen-presenting cell; DC, dendritic cell; dsDNA, double-stranded DNA; HSP, heat shock protein; 
HSV, herpes simplex virus; IFN, interferon; LPS, lipopolysaccharide; PG, peptidoglycan; snRNP, small nuclear ribonuclear protein.

Table 5.2. (continued)

TLR Disease Comment

Table 5.3. Historical timeline: discoveries of Toll-like receptors

Discovery

Toll receptor in Drosophila flies dictates dorsoventral patterning88

1996 Toll required for resistance to fungal infections in flies6

1989 Term pathogen-associated molecular patterns introduced89

1997 Human homologue of Drosophila Toll, signals activation of adaptive immunity 
(linking innate and adaptive immunity)90

1998 TLR4 is lipopolysaccharide receptor91

2000 TLR9 recognizes bacterial DNA92

2000 TLR2 can pair with TLR6 to recognize bacterial proteins93

2000 TLR2 can also associate with TLR193

2001 TLR3 mediates response to viral double-standed RNA73

2001 TLR5 detects flagellate protein in whiplike tails of bacteria94

2001 TLR2 activation leads to tuberculosis death in macrophages95

2002 TLR2 triggers inflammatory response to Propionibacterium acnes30

2002 TLR2/1 heterodimers involved in response to Borrelia burgdorferi96

2002 TLR7 triggered by imiquimod, resulting in immunomodulation15

2003 TLR1, 2, 5 expressed in normal keratinocytes50

2003 TLR2, 4 expressed in normal keratinocytes97

2003 TLR1, 2, 3, 5, 9 expressed in normal keratinocytes98

2003 TLR2/1 heterodimers activated by killed Mycobacterium leprae37

2003 TLR1,2 increased and TLR5 downregulated in psoriatic keratinocytes50

2004 TLR8 (humans), TLR 7 (mice) recognize single-stranded RNA99

2004 TLR11, 12, 13 in mice discovered100

2005 TLR4 signaling suppressed by melanoma79
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Expression of Human Toll-Like 
Receptors

Expression of human TLRs has been detected on 
neutrophils, macrophages, dendritic cells, dermal 
endothelial cells, mucosal epithelial cells, B cells, 
and T cells7 (Table 5.4). Keratinocytes constitutively 
express messenger RNA (mRNA) for TLRs 1, 2, 3, 
and 5 and potentially 4, 6, 9, and 10 as well.9 The 
expression of TLR family members confers cellular 
responsiveness to pathogen-associated molecular pat-
terns (PAMPs), as well as endogenous ligands (Fig. 
5.1).10 Lipopolysaccharide, viral double-stranded 
and single-stranded RNA, flagellin, unmethylated 
cytosine-phosphate-guanine (CpG)-containing DNA, 
peptidoglycan (PG), lipopeptides, and heat shock pro-
teins (HSP) are several of the ligands known to acti-
vate specific TLRs. Table 5.5 provides a detailed look 
at the ligands that activate TLRs and the cytokines 
produced.7 Thus, TLRs confer the ability to detect 
dangerous infections, as well as recognizing self mol-
ecules that represent a host response to such danger.

Toll-Like Receptors in Innate 
and Adaptive Immunity

The TLRs have a key role in host defense by linking 
innate and adaptive immune responses.5 Activation 
of TLRs mediates the release of antimicrobial pep-

tides and chemokines that recruit phagocytic cells 
to the site of infection.10

The TLRs influence the adaptive immune response 
through a variety of mechanisms. TLR ligands 
upregulate surface expression of the major histo-
compatibility complex (MHC), inducing maturation 
of dendritic cells from phagocytic cells to potent 
APCs.11 Activation of TLRs by microbial products 
initiates the expression of co-stimulatory molecules 
on both T cells and APCs.5 If these signals are not 
expressed, then the T cell will not become activated 
to clonally expand, and a fully developed adap-

Table 5.4. TLR expression in different cell types

Cell type TLR1 2 3 4 5 6 7 8 9 10 11

KC9 + + + + + + + +
LC101 + + +
EC102,103 + + + + + +
MC104 + +
FB*105 + + + + + + + + +
DC82, 106 + + + + + + + + + +
M106 + + + + + + + + +
B106 + + + + +
N106 + + + + + +
BL82,106 + + + + + + + + +
Treg

106 + + + +
NKT106 + + + + + + +
*Murine embryonic fibroblasts: human skin fibroblasts have not been studied.
KC, keratinocyte; LC, Langerhans’ cell; EC, endothelial cell; MC, mast cell; FB, fibroblast; DC, dendritic cell; M, macrophage; B, 
basophil; N, neutrophil; L, B lymphocyte; Treg, T-regulatory lymphocyte; NKT, natural killer T cells.

Endogenous Ligands

Toll-like Receptor

Exogenous Ligands

Heat shock proteins
Fibronectin
β-defensin
Fibrinogen

Chromatin IgG complexes

Bacterial cell wall products
Bacterial DNA 

Double-stranded RNA
Yeast components
Imidazoquinolines

Single-stranded RNA/viral

Fig. 5.1. Known activating endogenous and exogenous 
ligands of Toll-like receptors.
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Table 5.5. TLR: proposed effector function, ligands, and cytokines induced

TLR Proposed effector function
Endogenous 

ligands Exogenous ligands Cytokines induced

1 Defense against Mycobacteria, organisms 
expressing triacylated lipoprotein

None identified Triacylated LP, 
mycobacterial LP

TNF-α

IL-12
2 Defense against Mycobactera, Mycoplasma, 

gram-positive bacteria (P. acnes), protozoa, 
fungi, LPS-deficient N. meningitidis, Yersinia 
pestis

HSPgp96
HSP60
HSP70

PG of gram + bacteria
Triacylated LP
Diacylated LP
Zymosan of yeast
Lipoteichoic acid
GPI anchors
Outer membrane protein A
Phosphatidylinositol dimannoside

Senses oxidative stresses and cellular necrosis Glycolipid LAM
Mycobacterial LP
Phenol-soluble modulin

Activation of respiratory burst Measles virus hemagglutinin 
protein

Induction of antimicrobial TLR4 ligand, β-
defensin-2

Mast cell activation and degranulation
Induction of apoptosis

hCMV particles
Porin protein

3 Antiviral defense None identified Double-stranded RNA IFN-β
4 Defense against gram-negative bacteria, fungi, 

viruses
HSPgp96 LPS TNF-α

HSP60 F protein of RSV IFN-β
HSP70 Escherichia Col P fimbriae IL-1
Extra domain A 

of fibronectin
Mouse mammary tumor virus 

envelope protein
Taxol
E5564? (LPS antagonist)
Glucuronoxylomannan of 

Cryptococcus neoformans

IL-6
IL-10
IL-13
Macrophage inflam-

matory protein-
1α/β

Flagellum of Treponema Pallidum, LPS present 
N. meningitidis, Y. pestis

Β-defensin-2
Fibrinogen

Induction of apoptosis

Nitric oxide
Leukotrienes
Prostanoids

5 Defense against flagellated bacteria, 
T. pallidum

None identified Flagellin TNF-α

DC maturation IL-1β
IL-6
IL-10
IFN-γ
Nitric oxide

6 Defense against bacteria, fungi, mycoplasma, 
protozoa

None identified Diacylated LP
Phenol-soluble modulin
Zymosan of yeast
GPI anchors

TNF-α

7 Antiviral and antitumor defense
DC maturation
Activation and migration of LCs from skin to 

draining lymph nodes
Th1 development
NK-cell activation
B-cell proliferation
Eosinophil activation

None identified Imidazoquinolines IFN-α
Loxoribine IFN-γ
Bropirimine IFN-β
Single-stranded RNA (HIV, 

influenza)
TNF-α
IL-1
IL-6
IL-8
IL-12
IL-18
GM-CSF
Superoxides

(continued)
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tive immune response cannot occur. Furthermore, 
whether a naive T cell will differentiate toward a 
T-helper-1 (Th1) cell or a Th2 profile depends on 
the antigen and the TLR to which it binds.5 This 
influences cytokine production. TLR-activated den-
dritic cells have been shown to secrete interleukin-6 
(IL-6), which can result in the loss of suppressor 
activity by T-regulatory cells, allowing a more effec-
tive immune response.5 The TLRs can also mediate 
B-cell proliferation and antibody production, and 
generate antigen-specific immune responses in naive 
individuals with enhancement by adjuvants.10

The TLRs may also mediate effects of members 
of the heat shock protein family of molecular chap-
erones, which stimulate cytokine production and 
APC activation.12 Lysis of cells and HSP release 
may help trigger an antiviral immune response.13 
Heat shock protein has also been shown to be over-
expressed by keratinocytes in psoriatic lesions and 
is discussed below (see Psoriasis).3

Pathways

There are two distinct signaling pathways that 
TLRs utilize. One involves the adaptor protein 
myeloid differentiation factor 88 and the other is 
independent of this protein.

The TLRs are transmembrane proteins with a 
series of leucine repeats in the N-terminal extra-
cellular domain, and a cytoplasmic portion, called 
Toll–Interleukin 1 (IL-1) receptor (TIR) homol-

ogy domain, which bears similarity to the IL-1 
receptor.5 This intracellular region is crucial to the 
immune response. Upon recognition of the TLR 
by its ligand, the TIR domain initiates a signaling 
cascade. It undergoes homo- or heterodimerization 
with another TLR and interacts with the Toll–IL-1 
receptor domain of the cytoplasmic adaptor pro-
tein myeloid differentiation factor 88 (MyD88).5,14 
Interleukin-1-receptor–associated kinase (IRAK) 
and tumor necrosis factor (TNF) receptor–associ-
ated factor 6 (TRAF6) are then further recruited 
to the TLRs.15 The pathway then diverges. One 
path activates transcription factor nuclear factor 
κB (NF-κB),16 and the other c-Jun N-terminal 
kinase (JNK) and mitogen-activated protein kinase 
(MAPK), resulting in activation of activating pro-
tein 1 (AP-1).15 This signaling pathway leads to the 
production of inflammatory cytokines (Fig. 5.2).16

A newly described component is Toll-interacting 
protein (TOLLIP), which is present in a complex 
with IRAK and links IRAK to IL-1R, limiting 
IRAK phosphorylation and NF-κB activation.17 
Overexpression of TOLLIP has been shown to 
inhibit TLR4– and TLR2–mediated NF-κB acti-
vation.17 It may serve as an antiinflammatory 
strategy.17

In the LPS-triggered MyD88-independent path-
way of TLR4, the biologically active portion 
of LPS causes upregulation of interferon (IFN)-
inducible genes and activation of IFN regulatory 
factor (IRF)-3, which is involved in an antivi-
ral response.18 It also reduces proinflammatory 

8 Similar to TLR7 None identified Imidazoquinolines Similar to TLR7
Single-stranded RNA

9 Antibacterial and antiviral defense
Th1 development
B-cell proliferation
DC maturation

Chromatin-IgG 
complexes

Unmethylated Cytidine-guanine 
DNA

IFN-α
IFN-γ
IFN-β
IL-6
IL-12

Live or inactivated HSV-2

10 Unknown None identified None identified Unknown
118 Uropathogenic bacteria None identified None identified

GM-CSF, granulocyte-macrophage colony-stimulating factor; GPI, glycosylphosphatidylinositol; hCMV, human cytomegalovirus; 
HSP, heat shock protein; IFN, interferon; IgG, immunoglobulin; IL, interleukin; LAM, lipoarabinomannan; LP, lipoprotein; LPS, 
lipopolysaccharide; MDDC, monocyte-derived dendritic cell, NO, nitric oxide; PG, peptidoglycan; TNF, tumor necrosis factor; 
HIV, human immunodeficiency virus
Source: Kang et al.5

Table 5.5. (continued)

TLR Proposed effector function
Endogenous 
ligands Exogenous ligands Cytokines induced
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cytokines and cyclooxygenase induction,19,20 sug-
gesting that different genes were being induced. 
Other effects of this pathway include the upregu-
lation of co-stimulatory molecules on DCs and 
activation of Kupffer cell caspase 1, leading to 
cleavage of endogenously stored proIL-18 into 
mature IL-18 to be secreted.21,22

Acne

Acne vulgaris is one of the most commonly seen 
conditions in dermatology. It is a chronic inflam-
matory disease of the pilosebaceous unit, char-
acterized by comedones, inflammatory papules, 
pustules, nodules, cysts, and often scars. The 

pathogenesis of acne is multifactorial, with the 
principal abnormality being comedo formation 
resulting from hyperproliferation of keratinocytes. 
This leads to in follicular dilatation and disrup-
tion, resulting in the discharge of follicular con-
tents, such as keratin, sebum, and microorganisms, 
namely Propionibacterium acnes, a gram-positive 
anaerobe bacteria, into the dermis.5 It is generally 
accepted that inflammation in acne vulgaris may be 
a reaction to extracellular products of P. acnes.23

Studies have demonstrated the presence of proin-
flammatory cytokines in acne patients. Interleukin-
1α has been demonstrated in open comedones.24 P. 
acnes has been shown to induce monocytes to secrete 
IL-1β, tumor necrosis factor-α (TNF-α), and IL-8.25 
Interleukin-8 has also been produced by keratinocytes 
in response to P. acnes.26 In addition, IL-1β, TNF-α, 
and IL-1α have also been demonstrated in normal 
sebaceous glands.27 More recently, P. acnes type IA 
and IB isolates and LPS were found to induce human 
β-defensin-2 (hBD2) and proinflammatory cytokine 
expression, and to influence sebocyte viability in 
vitro.26 hBD2 is involved in nonoxidative killing of 
primarily gram-negative microorganisms, but can 
also recruit macrophages and dendritic cells to infec-
tious sites.28,29 It is now known that P. acnes activates 
cytokine release through a mechanism involving pat-
tern recognition receptors, such as the TLRs.

In 2002, it was discovered that in acne lesions, 
TLR2–expressing macrophages surround the 
pilosebaceous follicles and that P. acnes induced 
cytokine production, such as IL-6, -8, and -12, by 
monocytes via TLR2.30 TLR2 forms homodim-
ers and acts as one of the signal-transducing 
co-receptors for CD14.31 P. acnes possesses two 
potential cell wall components, LPS and PG, that 
can serve as ligands and activate TLR2.5 A recent 
study demonstrated that distinct strains of P. acnes 
induced upregulation of hBD2, and IL-8 mRNA 
levels in keratinocytes are both TLR2 and TLR4 
dependent.26 The authors also add that other TLRs, 
such as TLR1 or TLR6, in addition to other signal 
transduction pathways, may play a role in sensing 
P. acnes.26 Retinoids, such as adapalene, may exert 
their antiinflammatory effects by decreasing local 
expression of TLR2 by inhibiting the expression 
of the gene encoding this TLR.32 This decreased 
TLR2 expression, therefore, would attenuate the 
inflammatory response of monocytes to the P. 
acnes organism.

IL-1RI

MyD88

IRAK

MKK

JNK

NF-kB

NF-kBAP-1

Cytoplasm

TRAF6

Nucleus

TLR4

Fig. 5.2. The interleukin-1R (IL-1R)– Toll-like 
receptor(TLR) signaling pathway. Activated IL-1R1 or 
TLR4 associates with cytoplasmic adaptor molecule, 
MyD88, which further recruits IRAK and TRAF 6. The 
association activates two signaling pathways, resulting in 
the activation of AP-1 transcription factors through c-Jun 
N-terminal kinase (JNK) and mitogen-activated protein 
kinase (MAPK), and activation of NF-κB transcription 
factors in the nucleus.16
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Leprosy

Leprosy, or Hansen’s disease, caused by 
Mycobacterium leprae, is a chronic, debilitating 
disease that encompasses a spectrum of clinical 
manifestations. At one end, tuberculoid leprosy 
(TL) presents in patients with a strong cell-medi-
ated immune response, resulting in high resistance 
to M. leprae and few, localized, paucibacillary 
lesions.33 At the other end of the spectrum, 
lepromatous leprosy (LL) patients have a weak 
immune response, resulting in disseminated, multi-
bacillary disease, including cutaneous and nerve 
involvement.33 Other forms of the disease with 
unstable resistance include borderline tuberculoid, 
borderline, and borderline lepromatous. The former 
is Th1 mediated (e.g., IFN-γ, IL-12, IL-18, and 
granulocyte-macrophage colony-stimulating fac-
tor), whereas the latter is Th2 driven (e.g., IL-4 and 
IL-10).5 Whether a patient develops one response 
over the other may be due, in part, to TLRs.

In 1999, it was discovered that mycobacteria 
activated macrophages through TLR2, resulting in 
production of TNF-α, an inflammatory cytokine. 
When a dominant negative mutation was intro-
duced in TLR2, the receptor was unresponsive 
to M. tuberculosis.34 Furthermore, a mutation in 
Arg677Trp in TLR2 has been associated with LL 
in the Korean population.35 A more recent study 
confirmed that this mutation halts the ability of 
TLR2 to mediate a response to both M. leprae and 
M. tuberculosis, confirming the presence of this 
polymorphism.33

This polymorphism may play a crucial role in 
determining the clinical presentation of leprosy. 
Upon stimulation with M. leprae, patients with the 
Arg677Trp in TLR2 were found to have decreased 
production of IL-2, IL-12, IFN-γ, and TNF-α, and 
increased IL-10 when compared to those with 
the wild-type TLR2.36 Thus, the mutated TLR2 
favored a Th2 phenotype, which is consistent with 
what is observed in LL. The authors suggested 
that TLR2 plays a critical role in the alteration of 
cytokine profiles and determination of the type of 
leprosy.

TLR2-TLR1 heterodimers are also activated 
by M. leprae, and the coexpression of TLR1 has 
been shown to greatly enhance TLR2 activity.37 
Furthermore, TL lesions had higher TLR1 expres-
sion, and stronger TLR2 expression than LL 

lesions.37 Therefore, the expression of TLR2 and 
TLR1 contributes to the host response. Interestingly, 
this study demonstrated that type 1 cytokines 
enhance TLR1 and TLR2 activation, whereas the 
Th2 cytokines inhibited activation. It was hypoth-
esized that the cytokine pattern triggered by M. lep-
rae infection both activated TLRs and modulated 
their expression through two distinct mechanisms. 
Therefore, the adaptive immune response, through 
cytokine release, may actually influence the innate 
response. This further exemplifies the role of TLRs 
in bridging the gap between innate and adaptive 
immunity.

Syphilis

Syphilis, also known as lues, is a contagious, sexu-
ally transmitted disease caused by the spirochete 
Treponema pallidum. There are three stages of 
syphilis. In primary syphilis, a painless genital 
ulcer called a chancre, appears 18 to 21 days after 
infection. Secondary syphilis can appear as various 
cutaneous eruptions—macular, papular, or poly-
morphous—often with lesions on the palms and 
soles. Tertiary syphilis often occurs 3 to 5 years 
after infection. Patients may develop gummas, or 
necrotic lesions in the skin, mucous membranes, 
bones, or joints. Other complications of syphilis 
include neurologic and cardiac involvement.

T. pallidum lacks LPS; however, it does contain 
many membrane lipoproteins (LPs), which are the 
principal proinflammatory mediators during syphi-
litic infection, serving to activate monocytes and 
macrophages.38 In 2001, it was demonstrated that 
upon stimulation with T. pallidum or the synthetic 
lipopeptide, TLR2- and TLR4-expressing immature 
murine dendritic cells (DCs) released cytokines 
that favored Th1 development, including IL-12, 
IL-1β, TNF-α, and IL-6.38 The DCs are a compo-
nent of innate immunity. They are APCs that, upon 
taking up and processing foreign antigen, migrate 
to the lymph nodes, where they present the antigen 
in the context of MHC, and, with co-stimulatory 
molecules, activate naive T cells.5

Flagellin is a conserved protein monomer that 
makes up the flagellar filament39 in the periplasmic 
space beneath the outer membrane.5 It is an impor-
tant ligand recognized by TLRs. Upon stimulation 
with bacterial flagellin, TLR5 expressing human 
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monocyte–derived DCs induced maturation and 
chemokine production.39 Heterodimers of TLR4-5 
may be required to induce macrophage nitric oxide 
synthesis in response to flagellin.40 Therefore, 
TLRs can recognize not only T. pallidum itself but 
also a portion of it.

It has been proposed that these three TLRs 
may play different, complementary roles in 
immunity against T. pallidum. TLR2 recognizes 
the LPs on the surface of T. pallidum, activating 
the adaptive immune system and a Th1 cytokine 
profile.5 Following recognition, processing, and 
presentation of T. pallidum by DCs, flagellin 
would activate TLRs 4 and 5, resulting in proin-
flammatory cytokines and bactericidal nitric 
oxide synthesis.5

Atopic Dermatitis

Atopic dermatitis (AD) is a common, chronic, 
inflammatory skin condition that affects both 
adult and pediatric population. Patients often have 
asthma and seasonal allergies as well. Patients 
with AD often have concomitant viral, fungal, 
and bacterial infections, especially Staphylococcus 
aureus; 90% of patients with AD have been found 
to have colonization with S. aureus in both lesional 
and nonlesional skin, whereas only 5% of healthy 
controls exhibit colonization.41 Up to 50% to 60% 
of the S. aureus found on patients with AD is toxin 
producing.41 It is unclear why AD patients have 
this increased colonization; however, a defective 
innate immune response may play a role.

Several studies have made headway in offer-
ing explanations. Early lesions in AD have a Th2 
cytokine profile, which has been shown in murine 
models to promote preferential skin binding to 
S. aureus over Th1 environments.42 Furthermore, 
recent studies have shown that human β-defensin-2 
and cathelicidin LL-37 (two endogenous antimi-
crobial peptides important in keratinocyte defense 
against pathogens, especially S. aureus) were sig-
nificantly decreased in acute and chronic lesions of 
AD when compared to controls and patients with 
psoriasis.43

Both S. aureus and human β-defensin-2 have 
been found to signal though TLR2. Purified sta-
phylococcal cell-wall components lipoteichoic acid 
(LTA) and peptidoglycan (PGN) are known to sig-

nal through TLR2.9 A study involving human kid-
ney and lung cells revealed that upon stimulation 
of TLR2 with synthetic bacterial LPS, human β-
defensin-2 was released in a dose-dependent man-
ner.44 It has also been demonstrated that murine 
β-defensin-2 induces maturation of DCs as well 
as release of Th1 cytokines through TLR4.45 
Therefore, if TLR2 is defective, it may cause 
a decrease in human β-defensin-2, resulting in 
decreased killing of S. aureus as well as reduced 
activation of TLR4, amplifying a Th2 response.5 
S. aureus favors a Th2 environment, and would be 
able to multiply.5 In 2004, it was reported that a 
missense mutation in the TLR2 gene R753Q has 
been found with increased frequency in patients 
with AD, correlating with a more severe pheno-
type, higher serum levels of immunoglobulin E 
(IgE), and greater susceptibility to S. aureus colo-
nization.46

The loss of T-regulatory cell suppressive activ-
ity induced by toxin producing bacterial infections 
has been demonstrated to play a role in the flares 
of AD.47 This may occur by two mechanisms: 
direct effects of bacterial superantigens on T-regu-
latory cells, and the TLR-mediated maturation of 
DCs that are necessary to maintain T-regulatory 
suppressive activity. Thus, administration of oral 
antibiotics may have an antiinflammatory effect by 
controlling DC–T-regulatory cell interaction and 
restoring immune tolerance.

In addition, levels of IL-1α, a known receptor 
of IL-1R, have been shown to be increased in skin 
of mice during S. aureus infection.9 Interleukin-
1R also uses the adaptor protein MyD88 in its 
pathway.9 A recent publication demonstrated that, 
when exposed to S. aureus, both IL-1R and MyD88 
knockout mice had impaired neutrophil chemo-
taxis, whereas a TLR2 knockout mouse did not.48 
The authors suggested a greater role for the IL-1R 
pathway than TLR2 in combating S. aureus in 
AD.48 It may be that the defects mentioned above 
occur in all patients with AD or just a subset.5 
Regardless, exciting research is being done to bet-
ter understand the mechanism.

Finally, TLR4 has been shown to be involved in 
allergic Th2 responses to intranasal allergen.49 It 
may be that TLRs play a role in atopic patients or 
patients who develop IgE-mediated allergic reac-
tions when they encounter activating polypeptides 
in the skin or respiratory tree.
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Psoriasis

Psoriasis is a chronic, recurrent, inflammatory 
disease characterized by dry, scaly, circumscribed 
erythematous plaques predominantly located in 
the scalp, nails, extensor surfaces of the limbs, 
umbilical region, and sacrum. The pathogenesis of 
psoriasis, which is characterized by Th1 cytokines, 
involves intralesional T lymphocytes triggering 
primed basal stem keratinocytes to proliferate 
and perpetuate the disease process.3 Advances in 
understanding the mechanisms involved in psoria-
sis and developments of new immunosuppressive 
and biologic treatments have occurred in the last 
25 years.

Not surprisingly, TLRs have also been found 
to play a role in the pathogenesis of psoriasis. A 
study demonstrated that, in lesional epidermis 
from patients with psoriasis, TLR1 and TLR2 
expression was increased in the suprabasal layer 
of keratinocytes upon comparison with normal 
controls.50 Furthermore, TLR5 expression was 
decreased. Nuclear TLR1 staining of the epider-
mis of both lesional and nonlesional psoriatic 
skin was increased, but not in that of normal 
skin. The authors speculated that the upregulated 
TLR2 may be in response to the presence of 
gram-positive bacteria such as S. aureus on the 
keratin layer.50 Interestingly, systemic and topi-
cal retinoids are used in the treatment of psoria-
sis, and may control inflammation through their 
inhibitory effects on TLR2, although this has not 
yet been studied.5

As mentioned above, heat shock protein (HSP) 
expression is induced by exposure to microbial 
pathogens and other stressful stimuli.51 Heat shock 
protein 27, 60, and 70 have been shown to be 
overexpressed in psoriasis, and can trigger an 
innate immune response through TLR4 on APCs, 
resulting in the secretion of TNF-α, IL-12, and 
Th1 cytokines.51 They also may act on the adap-
tive immune response by serving as autoantigens 
for self-reactive T cells that migrate into psoriatic 
lesions.51

Such discoveries are opening doors for novel 
treatments in psoriasis. Monomethyl fumarate 
(MMF), a bioactive metabolite of fumaric acid 
ester, is an immunotherapy for psoriasis that 
causes decreased production of Th1 cytokines 
and lymphocytopenia.52 Monomethylfumarate 

was shown to decrease DC response to LPS and 
decreased IL-12p70 and IL-10 production.52 As 
LPS is a potent TLR4 agonist, this may shed 
light on the mechanism of action of the drug 
in the treatment of psoriasis.3 Furthermore, 
application of imiquimod, a TLR7/8 agonist, 
causes aggravation of psoriatic lesions, with an 
increase in IFN-α and infiltration of DC into 
lesions.53

Bacterial Infections

The TLRs have been implicated in the pathogen-
esis of multiple bacterial diseases. Neisseria men-
ingitidis, a gram-negative (GN) bacteria, causes 
invasive meningococcal disease, severe bacterial 
sepsis, and the cutaneous manifestation acute 
infectious purpura fulminans.5 These infarcts por-
tend a poor outcome for patients and is evidence 
of tissue injury from proinflammatory cytokines, 
microvascular endothelial injury, and a prothrom-
botic state.5 A critical component of the pathogen-
esis of this disease is LPS. The level of circulating 
LPS has been shown to directly correlate with 
clinical severity and risk of death from meningo-
coccal septicemia.54

As previously mentioned, LPS is a component of 
the cell wall of gram-negative bacteria, and TLR4 
is the critical transducer of the LPS.4 In acute 
infectious purpura fulminans, LPS acts through 
TLR4 to trigger the release of cytokines TNF-α, 
IL-1, IL-6.5 However, other microbial products of 
N. meningitidis play a role. Lipopolysaccharide-
deficient N. meningitidis mutants activate TLR2 
to elicit proinflammatory cytokines and induce 
DC maturation.5,55 Neisserial porins, outer mem-
brane proteins that allow diffusion of small mol-
ecules across membranes, may activate TLR2 and 
stimulate B cells.56 Furthermore, the type of T-cell 
response (Th1 vs. Th2) appears to depend on the 
ligand. One study demonstrated that when LPS was 
the ligand for DC, greater concentrations of Th1 
cytokines (IFN-γ) were produced when compared 
to Th2 cytokines (IL-13).57 The reverse was shown 
when an LPS-deficient outer membrane vesicle 
stimulated the DCs.57 Finally, LPS itself may be a 
potential target for treatment in patients with gram-
negative septicemia. A synthetic lipodisaccharide, 
E5564, was found to act at the level of TLR4 to 
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inhibit LPS and decrease production of TNF-α, 
IL-1β, IL-6, IL-8, and IL-10.58 Thus, this TLR4 
antagonist could be administered to patients with 
septicemia, thus blunting the severe systemic reac-
tion to naturally occurring endotoxin.

Yersinia pestis is a GN bacillus that causes 
plague, a disease that was epidemic in Europe and 
killed millions of people. It was called the “Black 
Death.” It is transmitted by the bite of the rat flea 
Xenopsylla cheopis. Clinically, painful buboes 
form in the axillae or groin, although other skin 
lesions such as vesicles, plaques, petechiae, and 
purpura can be seen. One mechanism by which 
Yersinia gains entry into the host’s APCs is through 
low calcium response protein V, an outer-mem-
brane protein.59 It was shown that this protein 
targets TLR2 and CD14 on the surfaces of APCs.60 
In addition, it was also found that Yersinia utilizes 
TLR4 to trigger apoptosis.61 These were interesting 
discoveries, for it revealed that Yersinia uses TLRs 
to its survival advantage.

Kawasaki disease (KD) is a syndrome seen 
primarily in children consisting of fever, polymor-
phous rash, mucous membrane involvement, and 
lymphadenopathy. Complications include coronary 
artery aneurysms. There are many suspected etio-
logic agents, such as S. aureus and other bacteria, 
viral, or fungal agents, but none is specifically 
implicated. Recently, a study in China showed that 
TLR4 and MyD88 were upregulated during the 
acute phase of KD.62 The activation of TLR4 may 
initiate immune aberrance in KD.62

Finally, Lyme disease is a tick-borne illness 
caused by the spirochete Borrelia burgdorferi. It is 
loosely divided into three stages. The primary stage 
is characterized by constitutional symptoms and 
erythema chronicum migrans. The second stage 
occurs for 5 to 6 months after the rash resolves. In 
the tertiary phase, cardiac, neurologic, and rheu-
matologic complications can occur. In 1999, it was 
shown that inflammatory signaling by B. burgdor-
feri outer surface protein A lipoprotein is mediated 
by TLR2.63 Later, it was found that cooperation 
of TLR2 and TLR6 occurred upon activation by 
soluble tuberculosis factor as well as B. burgdor-
feri lipoprotein.17 Most recently, stimulation with 
B. burgdorferi lysate was found to increase the 
expression of TLR1 and TLR2 in all peripheral 
blood monocytes and human brain cells, but not 
neurons.64

Interleukin-1 Receptor-Associated 
Kinase 4 Deficiency

Interleukin-1 receptor-associated kinase 4 is a 
molecule involved in the TLR signaling cascade 
mentioned above.5 Deficiency in this kinase has 
been shown to increase susceptibility to pyogenic 
infections caused mostly by Streptococcus pneu-
moniae and S. aureus.65 Cells from patients with 
this disease did not respond to IL-1β, IL-18, or 
any known ligands from TLRs 1 to 6 and 9.65 Key 
clinical features of this disease include early onset; 
recurrent pyogenic infections with minimal febrile 
or inflammatory responses; resistance to viral, fun-
gal, or parasitic organisms; and neutropenia during 
infectious episodes.5 The mode of inheritance is 
likely autosomal recessive.5 As patients mature, 
their profound susceptibility to bacterial infections 
lessens, possibly reflecting the maturation of adap-
tive immunity over time.

Candidal Infections

Candida albicans is a dimorphic fungi that causes 
cutaneous and mucocutaneous candidiasis, which 
is seen in healthy patients, babies, and especially 
in those who are immunocompromised. It can be 
difficult to control and manage therapeutically. 
Infection by C. albicans triggers release of proin-
flammatory cytokines. Immunoreactive compo-
nents of C. albicans include glucans, mannans, and 
chitin.5 It has been demonstrated that the immune 
response against yeast involves TLR2, causing 
upregulation of TNF-α via the NF-κB pathway.66

Furthermore, TLR4 plays a role in mounting an 
immune response against C. albicans. Anti-CD14 
and anti-TLR4 antibodies (but not anti-TLR2 anti-
bodies) have been shown to block mannan-induced 
cytokine production.67 However, when zymosan, 
a preparation that contains β-glucan and man-
nan, was used as the ligand, anti-TLR2 antibodies 
blocked cytokine production.67 Thus, TLR4 is 
likely activated by mannan, and TLR2 is likely 
activated by other fungal cell components, such as 
glucan.5

In contrast to the aforementioned study, how-
ever, another study of mice with mutated TLR4 
revealed lower levels of neutrophil chemokines 
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when compared to controls, suggesting that 
TLR4 may induce clearing of infection through 
chemotaxis of neutrophils to the site of infection 
rather than the induction of proinflammatory 
cytokines.5,68 In addition, this study revealed 
that anti-TLR2 antibodies decreased production 
of TNF and IL-1β, consistent with the previous 
reported findings.68 It is likely that these TLRs 
work differently to foster an immune response 
against C. albicans; activation of TLR4 leads 
to neutrophil cytokines, whereas TLR2 partially 
mediated TNF and IL-1β production.5 Finally, 
there is evidence that C. albicans resembles 
Yersinia in that it can manipulate these TLRs and 
host immunity to its own survival advantage.69

Viral Diseases

Herpes simplex virus type 1 (HSV-1) and type 2 
(HSV-2) are commonly seen by dermatologists. 
They are double-stranded (ds) DNA viruses that 
produce latent yet lifelong infections by residing 
in immune cells and nerves. HSV-1 generally pro-
duces vesicular outbreaks at the orolabial or ocular 
mucosa, whereas HSV-2 typically infects genital 
mucosa and renders patients more susceptible to 
other sexually transmitted infections. However, 
both strains of the virus can infect either physical 
location.

Herpes simplex virus has been shown to be 
recognized by two TLRs, TLR2 and TLR9. One 
study revealed that TLR2 knockout mice have 
decreased cytokine responses to HSV, as well as 
an increased severity in encephalitis.70 Herpes 
simplex virus has also been shown to acti-
vate interferon-producing cells in mice through 
TLR9.71 However, it is likely that HSV works 
through other TLRs as well.72 Furthermore, TLR 
polymorphisms may make certain individuals 
more susceptible to infection with HSV than 
others.72

In addition, dsRNA, a molecular pattern associ-
ated with viral infection, has been shown to be recog-
nized by mammalian TLR3.73 Upon activation, the 
receptor induces production of interferons through 
NF-κB.73 Polyriboinosinic:polycytidylic acid com-
plex (poly-I:C), a synthetic version of dsRNA, has 
been shown to trigger TLR3 pathways to elicit a 
strong IFN-β response, which has been associ-

ated with HSV clearance.72 Imidazoquinolines, 
such as imiquimod, are recognized by TLRs 7 and 
8, resulting in antiviral cytokine production and 
immune response.72 Imiquimod has been used to 
treat HSV-2, with mixed results.72 CpG motifs in 
DNA sequences activate TLR9+ dendritic cells, 
subsequently inducing viral Th1 cytokines.72 These 
motifs have been recently used as an adjuvant in 
an experimental HSV-2 vaccine with promising 
results.74

Autoimmune Diseases

The autoimmune connective tissue diseases (AI-
CTDs) are a group of clinical disorders that all have 
circulating autoantibodies (autoAbs). Such disor-
ders include lupus erythematosus (LE), dermato-
myositis, systemic sclerosis, rheumatoid arthritis, 
mixed connective tissue disease, Sjögren’s, and 
more. Systemic LE (SLE) is a disease commonly 
seen in dermatology, in which patients may exhibit 
several key diagnostic signs and symptoms, includ-
ing antinuclear antibody positivity, malar and dis-
coid rashes, photosensitivity, oral ulcers, arthritis, 
serositis, and renal, neurologic, hematologic, and 
immunologic disorders.

Recently, several studies have demonstrated 
evidence for the role of TLR in SLE. An impor-
tant target for autoAb in SLE are small nuclear 
ribonuclear protein particles (SnRNP) called U1 
and Sm.75 A recent study revealed that, following 
the engagement of TLRs, immature anti-SnRNP 
B cells differentiated and produced autoAb.75 The 
authors postulated that snRNP Ag could act with 
endogenous CpG motifs or self RNA to generate 
stimuli for low-affinity autoreactive B-cell acti-
vation via TLR9, TLR3, and TLR7 pathways.75 
TLR9, in particular, has been shown to directly 
bind to single-stranded unmethylated CpG-DNA 
containing a phosphodiester backbone.76 This study 
demonstrated that the binding of TLR9 and CpG-
DNA is inhibited by chloroquine and quinacrine, 
suggesting a possible mechanism for the therapeu-
tic effect seen in some autoimmune diseases, such 
as lupus.76

Furthermore, another study revealed that specific 
RNA sequences within snRNPs stimulate TLR7 
and TLR8 as well as activate immune cells, such as 
plasmacytoid dendritic cells, to secrete high levels 
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of IFN.77 Specifically, U1 snRNP can stimulate 
TLR7, leading to IFN-α secretion, and TLR8, lead-
ing to TNF-α secretion from monocytes.77

A recent study, involving MRLlpr/lpr mice that 
spontaneously develop immune complex glomeru-
lonephritis as part of a systemic lupus-like autoim-
mune syndrome, characterized the expression of 
TLRs 1 to 9.78 As the mice developed nephritis, the 
expression of TLRs 1 to 9 increased, as measured 
by mRNA levels.78 Expression of TLRs differed in 
specific cell types.78 Thus, more TLR types may be 
involved in the pathogenesis of SLE.

Melanoma and Mycosis Fungoides

Melanoma is a tumor rising from melanocytes 
that has been increasing in incidence and mortal-
ity over the years. It is a common type of cancer 
in young adults. Melanoma, like many cancers, 
likely results from a combination of genetic and 
environmental exposures (mainly sun exposure). 
The body defends itself against tumor cells with an 
immune response, secreting cytokines and present-
ing antigen, and by direct tumor cytotoxicity.79 Not 
surprisingly, research reveals that TLRs are likely 
involved in this immune response.

Peritoneal macrophages from mice transplanted 
with the B16 melanoma cell line have shown 
inhibited killing and decreases in the production of 
superoxide, nitric oxide, TNF-α, and NF-κB when 
stimulated with LPS.79 A recent study in such mice 
revealed that melanoma cells inhibit TLR4 signal-
ing in macrophages.79 The authors suggested that 
the ability to avoid innate immune activation con-
fers a selective advantage to the tumor. In addition, 
when melanoma cells were activated in vitro with 
LPS, they produced high levels of IL-8 and pro-
moted cell adhesion. These effects were dependent 
on the expression of TLR4.80 Interestingly, other 
tumor cell lines, such as ovarian carcinoma and 
neuroblastoma were not affected by LPS.80

Manipulation of TLRs is currently being inves-
tigated as a therapeutic option in the treatment of 
melanoma. Vaccination with recombinant adeno-
virus encoding human tyrosinase-related protein 
2 (Ad-hTRP2) has previously been reported to 
provide protective immunity against subsequent 
transplantation of B16 melanoma cells.81 However, 
it is not effective against established melanoma 

in the skin or lungs. To increase the therapeutic 
efficacy, the authors added peritumoral injections 
of ligands CpG DNA and poly-I:C, which activate 
innate immunity via TLR9 and TLR3, respec-
tively.81 This modified regimen induced cutaneous 
tumor rejection in 60% of mice (18 of 30), render-
ing them tumor-free after 50 days.81 Injection of 
the TLR ligands alone was able to significantly 
inhibit growth of lung metastases.81 Such discover-
ies are instrumental in developing a treatment for 
melanoma.

Finally, CpG 7909 (PF-3512676) is an immu-
nomodulating synthetic oligonucleotide that acts as 
a TLR9 agonist.82 It is currently under development 
for the treatment of cancer both as monotherapy 
and in combination therapy, as well as an adjuvant 
for vaccines.82 It acts through TLR9 receptors 
present on B cells and plasmacytoid dendritic cells 
to stimulate B-cell proliferation, IFN-α and IL-10 
production, and natural killer (NK) cell activity.82 It 
is currently in trials as treatment for non–small-cell 
lung cancer and may likely be useful in the treat-
ment of other cancers, as well.82

The TLRs may also be involved in the patho-
genesis and treatment of other malignancies. The 
most common form of cutaneous T-cell lymphoma 
(CTCL) is mycosis fungoides (MF).83 Skin lesions 
in MF include patches, plaques, tumors, hypop-
igmented lesions, and erythroderma. There is no 
single effective treatment available currently for 
MF. Those utilized by dermatologist today include 
light therapy, retinoids, nitrogen mustard, topical 
steroids, and systemic interferon.83 These treat-
ments are not without side effects. A preliminary 
pilot study of six patients with patch and plaque 
stage MF treated with topical imiquimod, a TLR7 
agonist, 5% cream three times a week for 12 weeks 
reported a histologic and clinical response rate of 
50%.83 The mechanism of this treatment is unclear; 
however, it may be in part due to the induction of 
local interferon production.83

Ultraviolet Light

Ultraviolet (UV) light has been used for decades to 
treat common skin diseases such as psoriasis and 
atopic dermatitis. In dermatology, phototherapy 
is done with broadband UVB, narrowband UVB, 
UVA-1, and UVA plus psoralen (PUVA). These 
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treatments can be very effective. However, as with 
most other therapeutic interventions, they are not 
without side effects. UV radiation causes suppres-
sion of the immune system through Langerhans’ 
cell (LC) depletion and inhibition of antigen pres-
entation by LCs.5 This UV-induced immunosup-
pression likely occurs as a result of IL-10 and 
TNF-α production.84,85

Studies reveal the involvement of TLRs in UV 
exposure. A C3H/HeJ mouse model that has a 
dominant-negative TLR4 exhibits impaired TNF-
α production after UVB exposure and is resistant 
to UVB suppression of contact hypersensitivity.85 
UVB radiation likely induces keratinocytes to 
secrete endogenous TLR ligands, such as HSPs. 
These ligands activate TLRs 2 and 4, resulting in 
secretion of IL-10 and TNF-α.85 Some of these 
ligands may also bind to TLRs on LCs, perhaps 
inducing the migration of these cells to regional 
lymph nodes.5 This would help explain why the 
density of epidermal LC in UV-irradiated skin is 
decreased.5

As a result of depletion of LCs and inhibi-
tion of hapten presentation to Th1-lymphocytes, 
UV light exposure also results in suppression of 
contact hypersensitivity (CHS).5,86 A recent study 
demonstrated that topical applications of imiqui-
mod, a TLR7 agonist, to mouse skin before UV 
exposure prevented the loss of CHS.86 In addition, 
in vitro studies utilizing XS52, a LC-like mouse 
line, revealed that imiquimod initiated maturation 
of LC despite UV exposure, and that imiqui-
mod and UVB work synergistically to enhance 
IL-12 production and migration of LC in vivo, 
preserving CHS.86 Thus, the authors suggest that 
topical imiquimod treatment may help prevent 
UV-induced immunosuppression by stimulation 
of TLR signaling.86

Xeroderma pigmentosum (XP) is a rare, auto-
somal recessive disorder characterized by photo-
sensitivity, premature skin aging, and malignant 
tumor development. These patients are unable 
to repair DNA damaged by UV light. In 1993, it 
was discovered that NK cells from patients with 
XP failed to enhance after challenge with an IFN-
inducing poly-I:C, a form of synthetic dsRNA.87 
However, when IFN-α was added exogenously, the 
NK cell activity was increased.87 Thus, NK cells 
from XP patients had a defect in IFN production in 
response to poly-I:C, impairing NK cell activity.5 It 

was also discovered that poly-I:C utilizes TLR3 to 
activate an innate immune response.73 A defect in 
TLR3 signaling could lead to decreased IL-12 and 
predominant IL-10 and TNF-α.5 Furthermore, IL-
12 is an activator of NK cells. Decreased activation 
may allow for unchecked tumor growth.5 Thus, 
it may be possible that defects in TLR3 or in the 
TLR3 signaling pathway may prove to be partly 
responsible for the UV-light induced photosensitiv-
ity and tumor production in XP patients.5

Thus, TLRs play an integral role in countless 
dermatologic diseases, serving to bridge the gap 
between innate and adaptive immunity. It is certain 
that many more discoveries will be made to further 
characterize and understand this novel group of 
receptors, their role in skin diseases, as well as the 
potential to manipulate signaling through these 
TLRs to treat such diseases.

Conclusion

A key component of the innate immune response 
has been discovered, the Toll-Like receptors 
(TLRs). These receptors allow the innate immune 
system to tailor its response depending on the 
stimulatory antigen and which TLR is activated, 
thus helping to bridge the gap between innate 
and adaptive immunity. There are now 11 (and 
perhaps up to 13) known human pathogen recog-
nition receptors (TLR1 to TLR11), which allow 
cytokine synthesis in response to various classes 
of microbial products and common pathogens. 
Keratinocytes constitutively express mRNA for 
TLRs 1, 2, 3, and 5 and potentially 4, 6, 9, and 
10 as well. There are two distinct signaling path-
ways that TLRs utilize. One involves the adaptor 
protein myeloid differentiation factor 88, and the 
other is independent of this protein. There are 
numerous diseases in dermatology that utilize 
TLRs, such as atopic dermatitis.

References

 1. Bilu D, Sauder D. Immunomodulatory and phar-
macologic properties of imiquimod. J Am Acad 
Dermatol 2000;43(1 pt 2):S6–11.

 2. Fuchs E, Matzinger P. Is cancer dangerous to 
the immune system? Semin Immunol 1996;8(5):
271–280.



5. Toll-Like Receptors 81

 3. Gaspari A. Innate and adaptive immunity and the 
pathophysiology of psoriasis. J Am Acad Dermatol 
2006;54(3 suppl 2):S67–80.

 4. Beutler B. Toll-like receptors: how they work and 
what they do. Curr Opin Hematol 2002;9(1):2–10.

 5. Kang S, Kauls L, Gaspari A. Toll-like receptors: 
Applications to dermatologic disease. J Am Acad 
Dermatol 2006;54(6):951–983.

 6. Lemaitre B, Nicolas E, Michaut L, et al. The dors-
oventral regulatory gene cassette Spatze/Toll/cactus 
controls the potent antifungal response in Drosophila 
adults. Cell 1996;86(6):973–983.

 7. Armant M, Fenton M. Toll-like receptors: a family of 
pattern-recognition receptors in mammals. Genome 
Biol 2002;3(8):reviews 3011.

 8. Zhang D, Zhang G, Hayden M. A toll-like receptor 
that prevents infection by uropathogenic bacteria. 
Science 2004;303(5663):1522–1526.

 9. McGirt L, Beck L. Innate immune defects in atopic 
dermatitis. J Allergy Clin Immunol 2006;118(1):
202–208.

10. Sieling P, Modlin R. Toll-like receptors: mammalian 
“taste receptors” for a smorgasbord of microbial 
invaders. Curr Opin Microbiol 2002;5(1):70–75.

11. Banchereau J, Steinman R. Dendritic cells and 
the control of immunity. Nature 1998;392(6673):
245–252.

12. Beg A. Endogenous ligands of Toll-like receptors: 
implications for regulating inflammatory and immune 
responses. Trends Immunol 2002;23(11):509–512.

13. Berwin B, Reed R, Nicchitta C. Virally induced lytic 
cell death elicits the release of immunogenic GRP94/
gp96. J Biol Chem 2001;276(21):21083–21088.

14. Akira S. Toll-like receptors and innate immunity. 
Adv Immunol 2001;78:1–56.

15. Hemmi H, Kaisho T, Takeuchi O, et al. Small anti-
viral compounds activate immune cells via the TLR7 
MyD88–dependent signaling pathway. Nat Immunol 
2002;3(2):196–200.

16. Akira S, Takeda K, Kaisho T. Toll-like receptors: 
critical proteins linking innate and acquired immu-
nity. Nat Immunol 2001;2(8):675–680.

17. Bulut Y, Faure E, Thomas L, et al. Cooperation of 
Toll-like receptor 2 and 6 for cellular activation by 
soluble tuberculosis factor and Borrelia burgdorferi 
outer surface protein A lipoprotein: role of Toll-
interacting protein and IL-1 receptor signaling mol-
ecules in Toll-like receptor 2 signaling. J Immunol 
2001;167(2):987–994.

18. Kawai T, Takeuchi O, Fujita T, et al. Lipopolysaccharide 
stimulates the MyD88–independent pathway and 
results in activation of IFN-regulatory factor 3 
and the expression of a subset of lipopolysac-
charide-inducible genes. J Immunol 2001;167(10):
5887–5894.

19. Sato M, Taniguchi T, Tanaka N. The interferon 
system and interferon regulatory factor transcription 
factors: studies from gene knockout mice. Cytokine 
Growth Factor Rev 2001;12(2–3):133–142.

20. Taniguchi T, Takaoka A. The interferon-alpha/beta 
system in antiviral responses: a multimodal machinery 
of gene regulation by the IRF family of transcription 
factors. Curr Opin Immunol 2002;14(1):111–116.

21. Kaisho T, Takeuchi O, Kawai T, et al. Endotoxin 
induced maturation of MyD88–deficient dendritic 
cells. J Immunol 2001;166(9):5688–5694.

22. Seki E, Tsutsui H, Nakano H, et al. 
Lipopolysaccharide induced IL-18 secretion 
from murine Kupffer cells independently of 
myeloid differentiation factor 88 that is crit-
ically involved in induction of production of 
IL-12 and IL-1beta. J Immunol 2001;166(4):
2651–2657.

23. Strauss J, Kligman A. The pathologic dynamics of 
acne vulgaris. Arch Dermatol 1960;82:779–791.

24. Ingham E, Eady E, Goodwin C, et al. Pro-inflamma-
tory levels of interleukin-1–alpha-like bioactivity are 
present in the majority of open comedones in acne 
vulgaris. J Invest Dermatol 1992;98(6):895–901.

25. Vowels B, Yang S, Leyden J. Induction of proin-
flammatory cytokines by a soluble factor of 
Propionibacterium acnes: implications for chronic 
inflammatory acne. Infect Immun 1995;63(8):
3158–3165.

26. Nagy I, Pivarcsi A, Kis K, et al. Propionibacterium 
acnes and lipopolysaccharide induce the expres-
sion of antimicrobial peptides and proinflammatory 
cytokines/chemokines in human sebocytes. Microbes 
Infect 2006;8(8):2195–2205.

27. Boehm K, Yun J, Strohl K, et al. Messenger 
RNA for the multifunctional cytokines interleukin-
1alpha, interleukin-1beta, and tumor necrosis fac-
tor-alpha are present in adnexal tissues and in 
dermis of normal human skin. Exp Dermatol 
1995;4(6):335–341.

28. Schroder J. Epithelial peptide antibiotics. Biochem 
Pharmacol 1999;57(2):121–134.

29. Yang D CO, Bykovskaia SN, et al. Beta-defensins: 
Linking innate and Adaptive immunity through den-
dritic and T cell CCR6. Science 1999;286:525–528.

30. Kim J, Ochoa M, Krutzik S, et al. Activation of toll-
like receptor 2 in acne triggers inflammatory cytokine 
responses. J Immunol 2002;169(3):1535–1541.

31. Yang R, Mark M, Gurney A, et al. Signaling events 
induced by lipopolysaccharide-activated Toll-like 
receptor 2. J Immunol 1999;163(2):639–643.

32. Vega B, Ferret C, Jomard A. Regulation of Toll-Like 
receptor-2 expression by Adapalene: implications 
for the treatment of inflammatory acne. J Invest 
Dermatol Abstracts 2003;121:156.



82 D.B. Martin and A.A. Gaspari

33. Bochud P, Hawn T, Aderem A. Cutting edge: A Toll-
Like Receptor 2 polymorphism that is associated with 
lepromatous leprosy is unable to mediate mycobacte-
rial signaling. J Immunol 2003;170(7):3451–3454.

34. Underhill D, Orzinsky A, Smith K, et al. Toll-like 
receptor-2 mediates mycobacteria-induced proin-
flammatory signaling in macrophages. Proc Natl 
Acad Sci USA 1999;96(25):14459–14463.

35. Kang T, Chae G. Detection of Toll-like Receptor 2 
(TLR2) mutation in the lepromatous leprosy patients. 
FEMS Immunol Med Microbiol 2001;31(1):53–58.

36. Kang T, Yeum C, Kim B, et al. Differential produc-
tion of IL-10 and IL-12 in mononuclear cells from 
leprosy patients with a Toll-like Receptor 2 mutation. 
Immunol 2004;112(4):674–680.

37. Krutzik S, Ochoa M, Sieling P, et al. Activation and 
regulation of Toll-like receptors 2 and 1 in human 
leprosy. Nature Med 2003;9(5):525–532.

38. Bouis D, Popva T, Takashim A, et al. Dendritic cells 
phagocytose and are activated by Treponema pal-
lidum. Infect Immun 2001;69(1):518–528.

39. Means T, Hayashi F, Smith K. The Toll-like receptor 
5 stimulus bacterial flagellin induces maturation and 
chemokine production in human dendritic cells. J 
Immunol 2003;170(10):5165–5175.

40. Mizel S, Honko A, Moors M, et al. Induction of mac-
rophage nitric oxide production by gram-negative 
flagellin involves signaling via heteromeric Toll-like 
receptor5/Toll-like receptor4 complexes. J Immunol 
2003;170(12):6217–6223.

41. Leung D. Infection in atopic dermatitis. Curr Opin 
Pediatr 2003;15(4):399–404.

42. Cho S, Strickland I, Tomkinson A, et al. Preferential 
binding of Staphylococcus aureus to skin sites of 
Th2–mediated inflammation in a murine model. J 
Invest Dermatol 2001;116(5):658–663.

43. Ong P, Ohtake T, Brandt C. Endogenous antimicro-
bial peptides and skin infections in atopic dermatitis. 
N Engl J Med 2002;347(15):1151–1160.

44. Birchler T, Seibel R, Buchner K, et al. Human Toll-
like receptor 2 mediates induction of the antimicro-
bial peptide human beta-defensin 2 in response to 
bacterial lipoprotein. Eur J Immunol 2001;31(11):
3131–3137.

45. Biragyn A, Ruffini P, Leifer C, et al. Toll-
like receptor 4–dependent activation of dendritic 
cells by beta-defensin 2. Science 2002;298(5595):
1025–1029.

46. Werfel T, Heeg K, Neumaier M, et al. R753Q poly-
morphism defines a subgroup of patients with atopic 
dermatitis having severe phenotype. J Allergy Clin 
Immunol 2004;113(3):565–567.

47. Ou L-S, Goleva E, Hall C, et al. T regulatory 
cells in atopic dermatitis and subversion of their 
activity by superantigens. J Allergy Clin Immunol 
2004;113(4):756–763.

48. Miller L, O’Connell R, Gutierrez M, et al. MyD88 
mediates neutrophil recruitment initiated by IL-
1R but not TLR2 activation in immunity against 
Staphylococcus aureus. Immunity 2006;24(1):
79–91.

49. Piggott D, Eisenbarth S, Xu L. MyD88–dependent 
induction of allergic Th2 responses to intranasal 
antigen. J Clin Invest 2005;115(2):459–467.

50. Baker B, Ovigne J-M, Powles A, et al. Normal 
keratinocytes express Toll-Like receptors (TLRs) 1, 
2 and 5: modulation of TLR expression in chronic 
plaque psoriasis. Br J Dermatol 2003;148(4):
670–679.

51. Curry J, Qin J-Z, Bomish B, et al. Innate immune-
related receptors in normal and psoriatic skin. Arch 
Pathol Lab Med 2003;127(2):178–186.

52. Litjens N, Rademaker M, Ravensbergen B, et al. 
Monomethylfumarate affects polarization of mono-
cyte-derived dendritic cells resulting in down-regu-
lated Th1 lymphocyte responses. Eur J Immunol 
2004;34(2):565–575.

53. Gilliet M, Conrad C, Geiges M, et al. Psoriasis trig-
gered by toll-like receptor 7 agonist imiquimod in the 
presence of dermal plasmacytoid dendritic cell pre-
cursors. Arch Dermatol 2004;140(12):1490–1495.

54. Brandtzaeg P, Kierulf P, Gaustad P, et al. Plasma 
endotoxin as a predictor of multiple organ failure and 
death in systemic meningococcal disease. J Infect 
1989;159(2):195–204.

55. Ingalls R, Lien E, Golenbock D. Differential roles of 
TLR2 and TLR4 in the host response to gram-nega-
tive bacteria: lessons from a lipopolysaccharide-defi-
cient mutant of Neisseria meningitidis. J Endotoxin 
Res 2000;6(5):411–415.

56. Massari P, Henneke P, Ho Y, et al. Cutting edge: 
immune stimulation by neisserial porins is Toll-
like receptor 2 and MyD88 dependent. J Immunol 
2002;168(4):1533–1537.

57. Al-Bader T, Christodoulides M, Heckels J, et 
al. Activation of human dendritic cells in modu-
lated by components of the outer membranes of 
Neisseria meningitidis. Infect Immun 2003;71(10):
5590–5597.

58. Mullarkey M, Rose J, Bristol J, et al. Inhibition 
of endotoxin response by E5564, a novel Toll-like 
receptor 4–directed endotoxin antagonist. J Pharm 
Exp Ther 2003;304(3):1093–1102.

59. Sing A, Roggenkamp A, Geiger A, et al. Yersinia 
enterolitica evasion of the host innate immune 
response by V antigen-induced-IL-10 production of 
macrophages is abrogated in IL-10 deficient mice. J 
Immunol 2002;168(3):1315–1321.

60. Sing A, Rost D, Tvardovaskia N, et al. Yersinia V-
antigen exploits Toll-Like Receptor 2 and CD14 for 
interleukin 10–mediated immunosuppression. J Exp 
Med 2002;196(8):1017–1024.



5. Toll-Like Receptors 83

61. Haase R, Kirsching C, Sing A, et al. A dominant 
role of Toll-like receptor 4 in the signaling of apop-
tosis in bacteria-faced macrophages. J Immunol 
2003;171(8):4294–4303.

62. Wang G, Li C, Zu Y, et al. The role of activation 
of Toll-like receptors in immunological pathogen-
esis of Kawasaki disease. Zhonghua Er Ke Za Zhi 
2006;44(5):333–336.

63. Hirschfeld M, Kirschning C, Schwandner R, et al. 
Cutting edge: inflammatory signaling by Borrelia 
burgdorferi lipoproteins is mediated by toll-like 
receptor 2. J Immunol 1999;163(5):2382–2386.

64. Cassiani-Ingoni R, Cabral E, Lunemann J, et al. 
Borrelia burgdorferi induces TLR1 and TLR2 in 
human microglia and peripheral blood monocytes 
but differentially regulates HLA-class II expression. 
J Neuropathol Exp Neurol 2006;65(6):540–548.

65. Picard C, Puel A, Bonnet M. Pyogenic bacte-
rial infections in humans with IRAK-4 deficiency. 
Science 2003;299(5615):2076–2079.

66. Underhill D, Ozinsky A, Hajjar A, et al. The Toll-
like receptor 2 is recruited to macrophage phago-
some and discriminates between pathogens. Nature 
1999;401(6755):811–815.

67. Tada H, Nemoto E, Shimauchi H, et al. Saccharomyces 
cerevisiae- and Candida albicans- derived man-
nan production of tumor necrosis factor alpha 
by human monocytes in a CD14- and Toll-like 
receptor 4-dependent manner. Microbiol Immunol 
2002;46(7):503–512.

68. Netea M, Van der Graaf C, Vonk A, et al. The role 
of Toll-like receptor (TLR 2) and TLR 4 in the host 
defense against disseminated candidiasis. J Infect 
Dis 2002;185(10):1483–1489.

69. Deva R, Shankaranarayanan P, Ciccoli R, et al. 
Candida albicans induces selectively transcriptional 
activation of cyclooxygenase-2 in HeLa cells: piv-
otal roles of toll-like receptors, p38 mitogen-acti-
vated protein kinases, and NF-kappaB. J Immunol 
2003;171(6):3047–3055.

70. Kurt-Jones E, Chan M, Zhou S, et al. Herpes simplex 
virus 1 interaction with toll-like receptor 2 contrib-
utes to lethal encephalitis. Proc Natl Acad Sci USA 
2004;101:1315–1320.

71. Krug A, Luker G, Barchet W. Herpes simplex 
virus type 1 activates murine natural interferon-
producing cells through toll-like receptor 9. Blood 
2004;103(4):1433–1437.

72. Herbst-Kralovetz M, Pyles R. Toll-like receptors, 
innate immunity and HSV pathogenesis. Herpes 
2006;13(2):37–41.

73. Alexopoulou L, Holt A, Medzhitov R, et al. 
Recognition of double-stranded RNA and activa-
tion of NF-kappaB by Toll-like receptor 3. Nature 
2001;413(6857):732–738.

74. McCluskie M, Cartier J, Patrick A, et al. Treatment 
of intravaginal HSV-2 infection in mice: a compari-
son of CpG oligodeoxynucleotides and resiquimod 
(R-848). Antiviral Res 2006;69(2):77–85.

75. Ding C, Wang L, Al-Ghawi H, et al. Toll-like recep-
tor engagement stimulates anti-snRNP autoreactive 
T cells for activation. Eur J Immunol 2006;36(8):
2013–2024.

76. Rutz M, Metzger J, Gellert T. Toll-like receptor 9 
binds single-stranded CpG-DNA in a sequence- 
and pH- dependent manner. Eur J Immunol 
2004;34(9):2541–2550.

77. Vollmer J, Tluk S, Schmitz C, et al. Immune stimu-
lation mediated by autoantigen binding sites within 
small nuclear RNAs involves Toll-like receptors 7 
and 8. J Exp Med 2005;202(11):1575–1585.

78. Patole P, Pawar R, Lech M, et al. Expression and reg-
ulation of Toll-like receptors in lupus-like immune 
complex glomerulonephritis of MRL-Fas(lpr) mice. 
Nephrol Dial Transplant 2006;21(11):3062–73.

79.  Clarke J, Cha J, Walsh M, et al. Melanoma inhibits 
macrophage activation by suppressing Toll-like recep-
tor 4 signaling. J Am Coll Surg 2005;201(3):418–425.

80.  Molteni M, Marabella D, Orlandi C, et al. Melanoma 
cell lines are responsive in vitro to lipopolysaccharide 
and express TLR-4. Cancer Lett 2006;235(1):75–83.

81. Tormo D, Ferrer A, Bosch P. Therapeutic effi-
cacy of antigen-specific vaccination and Toll-like 
receptor stimulation against established transplanted 
and autochthonous melanoma in mice. Cancer Res 
2006;66(10):5427–5435.

82. Na. CpG 7909: PF 3512676, PF-3512676. Drugs in 
Research and Development 2006;7(5):312–316.

83. Deeths M, Chapman J, Dellavalle R. Treatment 
of patch and plaque stage mycosis fungoides 
with imiquimod 5% cream. J Am Acad Dermatol 
2005;52(2):275–280.

84. Rivas J, Ullrich S. Systemic suppression of 
delayed-type hypersensitivity by supernatants 
from UV-induced keratinocytes. An essential 
role for keratinocyte-derived IL-10. J Immunol 
1992;149(12):3865–3871.

85. Yoshikawa T, Kurimoto I, Streilein J. Tumor necro-
sis factor-alpha mediates ultraviolet B-enhanced 
expression of contact hypersensitivity. Immunology 
1992;76(2):254–271.

86. Thatcher T, Luzina I, Fishelevich R, et al. Topical 
imiquimod treatment presents UV-light induced loss 
of contact hypersensitivity and immune tolerance. J 
Invest Dermatol 2006;126(4):821–831.

87. Gaspari A, Fleisher T, Karemer K. Impaired inter-
feron production and natural killer cell activation 
in patients with the skin cancer-prone disorder, 
xeroderma pigmentosum. J Clin Invest 1993;92(3):
1135–1142.



84 D.B. Martin and A.A. Gaspari

88. Anderson KV, Bokla L, Nusslein-Volhard C. 
Establishment of dorsal-ventral polarity in the 
Drosophila embryo: the induction of polarity by the 
Toll gene product. Cell 1985;42:791–798.

89. Janeway C Jr Approaching the asymptote? Evolution 
and revolution in immunology. Cold Spring Harbor 
Symp Quant Biol 1989;54(Pt 1):1–13.

90. Medzhitov R, Preston-Hurlburt P, Janeway C Jr. A 
human homologue of the Drosophila Toll protein 
signals activation of adaptive immunity. Nature 
1997;388(24):394–397.

91. Beutler B, Poltorak A. The sole gateway endotoxin 
response: how LPS was identified as TLR 4 and 
its role in innate immunity. Drug Metab Dispos 
2001;29(4 pt 2):474–478.

92. Hemmi H, Takeuchi O, Kawai T, et al. A Toll-
like receptor recognizes bacterial DNA. Nature 
2000;408(6813):740–745.

93. Ozinsky A, Underhill D, JD F, et al. The reper-
toire for pattern recognition of pathogens by the 
innate immune system is defined by cooperation 
between toll-like receptors. Proc Natl Acad Sci USA 
2000;97:13766–13771.

94. Hayashi F, Smith K, Ozinsky A, et al. The innate 
immune response to bacterial flagellin is mediated 
by Toll-like receptor 5. Nature 2001;410(6832):
1099–1103.

95. Thoma-Uszynski S, Stenger S, Takeuchi O, et 
al. Induction of direct antimicrobial activity 
through mammalian toll-like receptors. Science 
2001;291(5508):1544–1547.

96. Alexopoulou L, Thomas V, Schnare M, et al. 
Hyporesponsiveness to vaccination with Borrelia 
burgdorferi OspA in humans and in TLR1– and 
TLR2– deficient mice. Nat Med 2002;8(8):
878–884.

97. Pivarcsi A, Bodai L, Rethi B, et al. Expression and 
function of Toll-like receptors 2 and 4 in human 
keratinocytes. Int Immunol 2003;15(6):721–730.

98. Mempel M, Voelcker V, Kollisch G, et al. Toll-
like receptor expression in human keratinocytes:

  nuclear factor kappaB controlled gene activation 
by Staphylococcus aureus is toll-like receptor 2 but 
not toll-like receptor 4 or platelet activating factor 
receptor dependent. J Invest Dermatol 2003;121(6):
1389–1396.

 99. Heil F, Hemmi H, Hochrein H, et al. Species-
specific recognition of single-stranded RNA via 
toll-like receptor 7 and 8. Science 2003;303(5663):
1526–1529.

100. Tabeta K, Georgel P, Janssen E, et al. Toll like 
receptors 9 and 3 as essential components of 
innate immune defense against mouse cytome-
galovirus infection 3. Proc Natl Acad Sci USA 
2004;101(10):3516–3521.

101. Mitsui H, Watanabe T, Saeki H, et al. Differential 
expression and function of Toll-like receptors 
in Langerhans cells: comparison with splenic 
dendritic cells. J Invest Dermatol 2004;122(1):
95–102.

102. Bsibsi M, Persoon-Deen C, Verwer R, et al. Toll-
like receptor 3 on adult human astrocytes trig-
gers production of neuroprotective mediators. Glia 
2006;53(7):688–695.

103. Martin-Armas M, Simon-Santamaria J, Pettersen 
I. Toll-like receptor 9 (TLR9) is present in murine 
liver sinusoidal endothelial cells (LSECs) and medi-
ates the effect of CpG-oligonucleotides. J Hepatol 
2006;44(5):939–946.

104. Supajatura V, Ushio H, Nakao A. Differential 
responses of mast cell Toll-like receptors 2 and 
4 in allergy and innate immunity. J Clin Invest 
2002;109(10):1351–1359.

105. Kurt-Jones E, Sandor F, Ortiz Y, et al. Use of 
murine embryonic fibroblasts to define Toll-like 
receptor activation and specificity. J Endotox Res 
2004;10(6):419–424.

106. Majewska M, Szczepanik M. The role of Toll-like 
receptors (TLR) in innate and adaptive immune 
responses and their function in immune response 
regulation. Postepy Hig Med Dosw 2006;60:
52–63.



85

Key Points

• T lymphocytes that express an αβ T cell receptor 
(TCR), as well as a co-receptor CD4 or CD8, are 
present in the peripheral blood, lymph nodes, and 
tissues (such as the skin), and are considered con-
ventional T cells.

• Unconventional T cells include those lymphocytes 
that express a γδ TCR, and may commonly reside 
in an epithelial environment such as the skin, 
gastrointestinal tract, or genitourinary tract. Their 
role is to recognize infections and cancer cells, 
and regulate inflammatory responses that arise in 
these tissues.

• Another subset of unconventional T cells is 
that of the invariant natural killer T (NKT) cell, 
which has phenotypic and functional capacities 
of a conventional T cell, as well as features of 
natural killer cells (cytolytic activity). NKT 
cells recognize glycolipids when presented in 
the context of CD1d, and play a role in allergy, 
autoimmunity, and host defense against cancer 
and infections.

The locally resident and infiltrating cellular com-
ponents that are responsible for the coordinated 
immunity against various infectious organisms 
and environmental toxins within the skin also may 
manifest misdirected or overexuberant responses 
that underlie cutaneous inflammatory disease. As 
the complexities of the immune system continue 
to be elucidated, it has become increasingly appar-
ent that two major types of T cells, so-called 
conventional and unconventional, operate in fun-
damentally different ways to mediate and coordi-
nate immune responses. This terminology reflects 

conventional T cells as those first identified with 
the capacity for immunologic memory, as opposed 
to the subsequent elucidation of a phenotypically 
and functionally distinct set of unconventional 
T cells.1,2 Such conventional T cells mediate a highly 
evolved system that centers on the ability of their 
collectively diverse T-cell receptors (TCRs), each 
composed of a heterodimeric αβ chain, to recog-
nize processed antigenic peptide presented within 
the grooves of major histocompatibility complex 
(MHC) molecules on other cells. However, there 
has been relatively more recent elucidation of 
unconventional T cells that differ from their con-
ventional counterparts in the rapidity of their initial 
response, the manner in which they recognize and 
respond to foreign or self nonpeptide molecules, 
as well as their tissue distribution within the body. 
In contrast to the diverse repertoire of αβ TCR 
on conventional T cells, unconventional T cells 
have a more limited TCR repertoire in the form 
of cells expressing either an alternative γδ TCR 
(reviewed in Girardi3), or a nondiverse αβ TCR 
defining a population of so-called invariant natural 
killer T (iNKT) cells (reviewed in Kronenberg and 
Engel4).

The multidimensionality of unconventional T 
cells is revealed through their relationship to 
cooperative arms of so-called innate and adaptive 
immunity (Fig. 6.1). In contrast to innate immune 
responses that act relatively quickly and more 
indiscriminately via their recognition and targeting 
of molecules found on a range of infectious agents, 
adaptive immune responses are a more evolved 
system whereby recognition of specific molecules 
(i.e., antigens) is guided by the diversity of TCRs 
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expressed by conventional αβ T cells (see Chapter 2). 
Cells and components of the innate immune sys-
tem, in contrast, appear to recognize and locally 
respond in a rapid manner to more generic molecu-
lar components of microorganisms, or in some 
cases to self molecules expressed by cells under 
stress (see Chapter 4). Despite the fact that they 
express TCRs such as conventional T cells, uncon-
ventional T cells also show the following features 
of innate immunity: the rapidity of their response, 
propensity for local influences, and the fact that 
the nature of their response is to a less diverse set 
of nonpeptide (e.g., stress-induced endogenous, 
patterned microbial, or pharmacologic exogenous 
molecules). Although expression studies1 sug-
gest that both conventional and unconventional T 
cells may express similar genes—involved in, for 
example, the helper response to support the func-
tion of other immune cells, the cytotoxic response 
to target and eliminate infected or tumor cells, and 
the regulatory response to control immunity—the 
highly conserved evolution of these major subsets 
of T cells suggests their important and nonredundant 

functions. The combination of mouse models of 
infection and cancer with an increasingly rec-
ognized diversity of human T cell responses to 
microorganisms and tumor cells has dramatically 
enhanced our understanding of the relative contri-
butions of conventional and unconventional T cells 
to various immune responses.

Conventional T Cells

Conventional T-Cell Development, 
Activation, and Effector Functions

The incredible TCR diversity of conventional αβ T 
cells, and their ability to distinguish a vast array of 
peptides derived from foreign versus self proteins, 
is endowed by an elegant process of development 
with the thymus (reviewed in Janeway et al.5). Gene 
rearrangements occur early during conventional 
T-cell differentiation and are derived from arrays of 
germline-encoded segments, named V (variable), D 
(diversity), and J (junction). Developing conventional 

Innate immunity Adaptive immunity

Loco-regional control Systemic/Recirculating

Non-T
immune cells

Unconventional
T cells

Conventional
T cells

Keratinocytes
 — defensins
— catheolocidins
Macrophages
Dendritic cells
— TLRs

γδ T cells
iNKT cells

αβ T cells
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Fig. 6.1. Unconventional T cells have elements of both the innate and adaptive arms of the immune system. The 
innate immune system is characterized by immediate and local response to a limited set of nonpeptide molecules, 
while adaptive immunity responds slower and more globally to nearly any peptide antigen by virtue of the diversity 
present in the αβ T-cell receptor (TCR) pool. Although unconventional T cells possess the ability to create a myriad 
of diverse TCRs, they are more often found in greater abundance in epithelia tissues with limited or nearly mono-
morphic sets of TCR chains. Evidence that these unconventional T cells are playing important roles in many immune 
functions includes their response to epithelial perturbation, clearance of pathogens, and antitumor properties. iNKT, 
invariant natural killer T; TLR, Toll-like receptor
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T cells are “educated” in the thymus, wherein the 
survival of T cells depends principally on the 
capacity of their TCR to bind processed peptide 
presented within MHC molecules. In general, those 
T cells with high-affinity binding to self- presented 
peptides are induced to undergo apoptosis (i.e., 
negative selection), while those with low-affinity 
specificity for self-presented peptides will survive 
(i.e., positive selection). This results in a conven-
tional T-cell repertoire that binds presented self 
antigens with too low an affinity for activation, 
but will have the potential capacity to bind a vast 
number of foreign antigens with sufficient affinity 
to result in T-cell activation.

Conventional T cells generally require two major 
signals for activation. Signal 1 consists of binding 
of peptide plus the MHC complex by the TCR. 
Signal 2, also referred to as co-stimulation, is 
delivered for most conventional T cells by binding 
of molecules such as B7.1 (CD80) or B7.2 (CD86) 
on the surface of so-called professional antigen-
presenting cells (APCs) (e.g., dendritic cells, mac-
rophages) to a receptor on T cells, CD28. A T cell 
that receives only signal 1 results in T-cell anergy, 
a state of peripheral unresponsiveness. Another 
mechanism for limiting the magnitude of T-cell 
responses involves the substitution of a receptor, 
CTLA-4, that delivers an inhibitory suppressive 
signal 2 to the T cells via CD28. Only professional 
APCs can express both abundance amounts of 
MHC molecules, as well as poststimulatory mol-
ecules to provide signal 2. Resting professional 
APCs express co-stimulatory molecules at low 
levels; however, co-stimulatory molecule expres-
sion is dramatically increased on these cells when 
they receive a “danger signal,” for example via 
their Toll-like receptor 4 (TLR4) (see Chapter 5). 
These conventional T cells that are activated will 
clonally expand and differentiate into effector cells 
and memory T cells, poised to respond more effi-
ciently and rapidly to subsequent antigen exposure. 
This immunologic “memory” is a major feature of 
conventional T cells and is distinguished from that 
of unconventional T cells and their limited TCR 
diversity (discussed below).

Conventional T cells are generally considered to 
contain two major functional subsets delineated by 
their TCR co-receptors: CD4+ helper/inducer (Th) 
and CD8+ cytotoxic (TC) (or “killer”) lymphocytes. 
CD4-expressing T cells commonly differentiate after 

activation into one of two major functional subsets 
with characteristic cytokine profiles, although a 
third set of T-helper cells, termed “Th17” because 
of their production of interleukin-17 (IL-17),6 has 
been more recently identified (Fig. 6.2). T-helper-1 
(Th1)-type CD4+ cells, the major controllers of 
cell-mediated adaptive immunity, can greatly 
facilitate the effector functions against intrac-
ellular (e.g., viral, mycobacterial) pathogens or 
transformed cells in the skin. Their distinguishing 
cytokine profile (e.g., IL-2, interferon-γ [IFN-γ], 
IL-21) can help CD8 cytotoxic T-cell precursors to 
differentiate into TC, activate macrophages to kill 
the pathogens that they have ingested, and boost 
the cytotoxic and IFN-γ production effects of 
natural killer (NK) cells (a major effector cell of 
antiviral and antitumor innate immunity).

In contrast, Th2-type CD4+ cells are specialized 
for the induction of “humoral immunity,” critical 
to the response against extracellular (e.g., bacterial, 
fungal, certain parasitic) pathogens. For example, 
major Th2 cytokine effects are the stimulation of 
plasma cells to switch their antibody isotypes to 
immunoglobulins A and E (IgA and IgE), and the 
activation of effector cells of the innate immune 
system such as eosinophils, basophils, and mast 
cells. The distinguishing cytokines of Th2-type 
responses include IL-4 (a very potent B-cell acti-
vating cytokine), IL-5 (an eosinophil recruitment 
and key IgA class-switching factor), IL-9 (a mast 
cell differentiation factor), and IL-13 (important in 
mucus production and airway hyperactivity). The 
subsetting of CD4+ and CD8+ effector functions 
may not always be as neatly delineated as above, 
and in fact both CD4 and CD8 cells can be divided 
into functional subsets based on their cytokine 
profiles.4 Many skin disorders can be classified on 
the basis of the predominant cytokine produced 
by the infiltrating T cells.7,8 For example Th1-type 
cells dominate skin lesions in tuberculoid leprosy, 
localized leishmaniosis, allergic contact derma-
titis, lichen planus, early patch/plaque cutaneous 
T cell lymphoma (CTCL), psoriasis, and acute 
graft-versus-host disease (GVHD). In contrast 
Th2-type cells are more prevalent in skin lesions 
include lepromatous leprosy, disseminated leish-
maniosis, acute atopic dermatitis, advanced CTCL/
Sézary syndrome, and chronic GVHD. Indeed, the 
T-helper cytokine profile is paramount to shaping 
the quality of the adaptive immune effects against 
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cutaneous pathogens, the type of cutaneous lesions 
that characterize inflammatory skin diseases, and 
the potential influence over inflammatory disease 
in other organs.

Several key factors play a role in determining 
the differentiation of naive CD4+ T cells into Th1-
type or Th2-type cells have been elucidated, and 
represent a major link between innate and adap-
tive immunity.9–11 Dendritic cells (DCs) present-
ing antigen are highly influenced by the nature 
of antigen encountered, as well as other patho-
gen-associated molecular patterns (PAMPs) (e.g., 
bacterial lipopolysaccharide, unmethylated cytosine-
phosphate-guanosine (CpG) oligonucleotides, viral 
double-stranded RNA), which may bind TLRs on 
dendritic cells or macrophages. In general, high 

levels of PAMPs that bind TLRs stimulate DCs to 
express co-stimulatory molecules (CD80/86) as well 
as secrete IL-12 and other Th1-biasing cytokines 
(e.g., IL-23, IL-27, tumor necrosis factor-α [TNF-
α], IFN-γ). Naive CD4 cells, activated in the pres-
ence of IL-12 and adequate co-stimulation, for 
example, differentiate into IFN-γ–producing Th1 
cells under the transcription control of factor Stat4 
and T-bet. Interleukin-12 can also activate NK cells 
to produce IFN-γ, further enhancing the Th1 polari-
zation. In contrast, relatively lower levels of PAMPs, 
while still capable of inducing CD80/86 expression 
on DCs, are not sufficient to stimulate IL-12 produc-
tion and by default may activate naive CD4 cells to 
differentiate into Th2 cells, an effect also influenced 
by the presence of IL-4.
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Fig. 6.2. Conventional αβ T cells are represented by two major subsets, CD4+ and CD8+ T cells. CD4 and CD8 T-cell 
subsets originate from precursors, Th0 and TC0 cells, respectively. The various subsets are functionally defined by 
which cytokines they produce and the immune responses that are initiated or enhanced
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Conventional T-Cell Trafficking 
to the Skin

There appears to be at least two major scenarios in 
which conventional T cells migrate from the circula-
tion, through endothelial-cell–lined dermal capillar-
ies, and into dermis.12–14 Naive T cells are equipped 
to continuously course from the circulatory system 
via high endothelial venules (HEVs) into lymph 
node after lymph node within the body, migrating 
through the lymph node until encountering specific 
antigen. When naive T cells do encounter their anti-
gen in the lymph nodes (e.g., presented by dermal 
dendritic cells that have migrated from the skin), 
the signals transmitted via TCR and co-stimulatory 
receptor CD28 result in not only rapidly expan-
sion and differentiation, but also a series of newly 
expressed surface molecules. Key among these for 
enabling cutaneous homing is expression of cutane-
ous lymphocyte antigen (CLA), an oligosaccha-
ride-bearing ligand for endothelial cell E-selectin 
that is upregulated in inflamed skin via exposure to 
primary cytokines (IL-1, TNF-α) and TLR engage-
ment. In addition, chemokine receptors, including 
CCR4, CCR6, CCR8, and CCR10, may be induced 
on the activated T cells, and ligands for these can 
be preferentially found in the perturbed cutaneous 
environment. The CLA+ T cell, travels through the 
bloodstream, attaches at sites within the skin where 
activated endothelium is expressing E-selectin, per-
mitting a tethering and rolling effect that allows for 
interactions between chemokines and chemokine 
receptors as well as other adhesion molecules. The 
activated T cells are then induced to transmigrate 
through the dermal endothelial cells. Following gra-
dients by chemokines and utilizing integrin binding, 
the activated T cells may further navigate within the 
dermis or into the epidermis. In either case, resi-
dent DC and other immunocytes (e.g., mast cells, 
NK cells, macrophages) may further activate and 
influence T-cell effector function in the cutaneous 
environment.

A major feature of conventional T cells is 
their capacity for immunologic memory. Memory 
T cells (e.g., those that have encountered antigen pre-
viously, markedly expanded, and have a relatively 
low threshold for activation) endow an individual 
with enhanced immunity in the face of subsequent 
antigen exposure. Increasingly recognized is that 
in addition to the rapid recruitment of cutaneous 

T cells into inflamed skin described above, there is 
also a more homeostatic, continuous recruitment of 
memory T cells that take residence in noninflamed 
skin.14 Low levels of constitutively expressed 
E-selectin, chemokines, and intercellular adhesion 
molecule 1 (ICAM-1) on dermal endothelial cells 
of noninflamed skin allow for the population with 
numerous memory T cells. These “resident skin 
cells” are not only expanded and more sensitive 
to activation, but are now appropriately positioned 
for a more likely subsequent encounter of relevant 
antigen via direct interactions with potential APCs 
also resident in the epidermis or dermis. Indeed, 
the adaptive immune system has evolved to greatly 
fortify the skin, a crucial interface with the envi-
ronment, against pathogen invasion. This might 
in part explain why the intraepidermal population 
of unconventional γδ T cells (discussed below) is 
largely conserved among mammals yet conspicu-
ously absent in human skin.

The distinction of antigenic compartments has 
direct relevance to the character of the elicited 
adaptive immune response. For example, phagocytic 
dendritic cells that internalize bacteria found in 
the extracellular space can enzymatically cleave 
potential antigenic peptides and present them in 
MHC class II molecules on the cell surface. Since 
MHC-II is a co-receptor for the molecule CD4 
found on a portion of T cells, then extracellular 
antigens are more likely to elicit a CD4+ “helper” 
T-cell response. Similarly, intracytoplasmic anti-
gens derived from a virally infected cell would 
favor presentation of viral-derived antigenic pep-
tides within MHC-I, the co-receptor for the CD8 
molecule, and elicit a CD8+ “cytolytic” T-cell 
response aimed at killing antigen-bearing (virally 
infected) cells. An incompletely understood but 
major exception to the rule of this compartmen-
talization of MHC-I (cytosol-derived antigens) 
and MHC-II (internalized antigen) is known as 
“cross-presentation,” whereby APC-internalized 
extracellular antigens (e.g., derived from internal-
ized microbes, cancer cells, transplanted histo-
incompatible tissues) are readily presented not 
only to CD4+ T cells via MHC-II but also to CD8+ 
T cells via MHC-I.15 Thus, professional APCs (e.g., 
DCs, macrophages, B cells) are the major initiators 
of various subsets of conventional T cells.

The capacity to distinguish between self 
and nonself is critical to allowing conventional 
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T cells to direct appropriate immunologic response 
(e.g., against microbial invasion) while preventing 
autoimmune and inflammatory damage to self tis-
sues. Simply defined, immunologic “tolerance” is 
the lack of an immune response against an antigen 
that may come about via central (e.g., thymic “neg-
ative selection,” see above) or peripheral mecha-
nisms. In addition to the induction of anergy by 
DCs presenting antigen in the absence of co-stimu-
latory molecules to T cells (as described above), 
T regulatory cells (Treg) are also major players 
mediating peripheral tolerance to provide the con-
trols on adaptive immune responses that may cause 
damage to self tissues.16 While Treg are best defined 
functionally, several phenotypic populations have 
been identified. For example, naturally circulating 
CD25+CD4+ Treg have been characterized by their 
expression of CTLA-4 (e.g., high affinity, negative 
signal-inducer through T-cell CD28) and secretion 
of immunosuppressive cytokines (e.g., transform-
ing growth factor-β [TGF-β], IL-10) capable of 
downregulating both Th1- and Th2-type responses. 
More recently, Treg production of IL-9 has been 
shown to enhance mast cell growth and function, 
and these cells may contribute in various ways to 
an immune privileged site as modeled by skin-graft 
rejection.17 In addition, unconventional T cells may 
serve regulatory functions (Fig. 6.2).

In sum, conventional αβ T cells are responsible 
for coordinating the adaptive immune response 
by virtue of their exquisite ability to respond 
to a vast number of potential antigens, to sur-
vey the endoreticular system for corresponding 
specific antigens, to serve as a home to tissues 
under appropriate signaling, to handle subse-
quent antigen exposure with a more concentrated 
and rapid response (i.e., immunologic memory), 
and to carry out and regulate a wide range of 
immune responses. These characteristics are all 
contrasted by so-called unconventional T cells, 
which nonetheless serve critical, complementary 
immune activities.

Unconventional T Cells

In contrast to conventional T cells, which are 
the principal controllers of adaptive immunity, 
unconventional T-cell subsets do not fit neatly 
within either arm of the innate/adaptive dichotomy 

(Fig. 6.1).1,2 The two major unconventional T 
cells, γδ T cells and iNKT cells, both express 
TCRs like the conventional (predominantly αβ) 
T cells that are largely responsible for adaptive 
immunity, but differ from their conventional 
counterparts in several ways including their rela-
tively limited TCR repertoires, the nature of the 
molecules that cause their activation, and their 
tissue distribution (Fig. 6.3). The γδ T cells may 
be further subdivided on the basis of their particu-
lar Vγ (particularly in mice) or Vδ (particularly in 
humans) usage, while the majority of iNKT cells 
in mice use an invariant α chain paired with one 
of a few β chains (i.e., Vα14Jα18 paired with one 
of three beta chains Vβ8.2, Vβ7, or Vβ2, in mice; 
Vα24Jα18 paired with a variable Vβ11 chain in 
humans). Both γδ and iNKT TCRs have antigen 
recognition properties fundamentally different 
from those of conventional αβ TCRs in that they 
likely bind their respective antigens in a fashion 
similar to that of antibodies (e.g., independent of 
MHC presentation and in a fashion more depend-
ent on conformational shape of intact protein or 
nonprotein compounds) (Fig. 6.4). Mouse models 
and studies in human have markedly increased 
our understanding of unconventional T cells and 
the complementary roles they play in relation 
to conventional T cells in infection, cancer, and 
inflammatory disease.

γδ T Cells

The evolutionarily conserved enrichment of uncon-
ventional T cells within the intraepithelial lym-
phocyte (IEL) compartments (e.g., skin, intestine, 
genitourinary tract) has enabled further characteri-
zation of these cells through the genetic manipu-
lation of mice, and isolation and study of these 
subsets (Fig. 6.3). Physiologic defense at epithelial 
surfaces relies on the coordinated activities of 
various host immune cell populations that must 
balance the elimination of infected, metabolically 
stressed, and premalignant cells, with the limitation 
of a potentially overexuberant response that might 
otherwise disrupt the epithelial barrier, enhancing 
cellular damage and transformation. Data derived 
from several laboratories collectively have shown 
that IELs, largely represented by γδ T cells, can 
act relatively quickly and vigorously in response 
to infected or damaged epithelial cells, while also 
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providing an immunoregulatory function (reviewed 
in Hayday and Tigelaar18).

In mouse skin, TCRγδ+ cells account for almost 
100% of the resident IELs and are commonly 
known as dendritic epidermal T cells (DETCs).19–21 
Moreover, DETCs predominantly express an iden-
tical Vγ5Vδ1 TCR, while other IEL compartments 
are also either monoclonal or oligoclonal, express-
ing distinct albeit related TCRs. Studies of fetal 
thymic development have shown that such subsets 
of γδ T cells emerge from the thymus in a series of 
development “waves,” guided to their tissues by the 
loss and gain of appropriate chemokine receptors.20,22 
Thus, Vγ5Vδ1+ thymocytes are the precursors of 

DETCs, and are the first mature T cells to leave 
the mouse fetal thymus, whereupon they take up 
residence in the suprabasal epidermis to form a 
dendritic network unique among T cells.23

Several studies have indicated that the particular 
TCR expressed by an IEL subset stabilizes its asso-
ciation with a particular tissue. For example, devel-
oping IEL compartments in the perineonatal period 
show a more diverse set of γδ TCRs than is evident 
at 2 to 3 weeks of age24; intestinal IELs ectopically 
expressing a transgenic γδ TCR not normally asso-
ciated with the gut fail to mature properly,25 and 
skin IEL repertoires from TCRδ−/− mice, that per 
force express TCRαβ, seem to decay with time.26 

Fig. 6.3. Localization of the various subsets of unconventional T cells in mouse and humans. The γ and δ T-cell receptor 
chains noted are the predominant types used by γδ T cells within a given epithelium, tissue, or in the peripheral blood
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Such data are consistent with the hypothesis that 
tissue-associated γδ TCRs recognize autologous, 
tissue-specific ligands expressed by epithelial cells 
in response to cell stress. Candidates for such 
ligands include inducible MHC class IB gene 
products.27–30 The proposed recognition of generic 
“stress antigens” clearly distinguishes IELs from 
conventional systemic T cells that are highly 
specific for pathogen-encoded determinants that 
reflect the origin of an infection. Following the 
recognition of “stress antigens,” it has been pro-
posed that IELs kill the stressed epithelial cells 
and promote wound healing, as a result of which 
the potentially disastrous systemic dissemination 
of infected or transformed cells is prevented, while 
the integrity of the epithelium is maintained.

γδ T Cells and Infection Control

Mice genetically deficient in γδ T cells (i.e., 
TCRδ−/−) have proven an invaluable tool for assess-
ing the contributions of γδ T cells to host responses. 
However, it should be noted that not all γδ T cells 
reside within the IEL compartments and the TCRδ−/− 
mouse is not deficient in all IELs.31 Nonetheless, 
when challenged with a variety of infectious agents 
(e.g., Listeria, vesicular stomatitis virus, malaria), 
TCRδ−/− mice show enhanced susceptibility partic-
ularly at early time points after infection, consistent 
with the notion that γδ T cells contribute to rapidly 
mounted protective responses via recognition of 
common, stress-induced self antigens.27 In some 
instances, the contribution of γδ cells to protection is 

Fig. 6.4. Comparison of antigen presentation and activation signals used by conventional (CD4+ and CD8+ αβ T cells) 
and unconventional T cells (γδ and NKT cells). Conventional T cells recognize a diverse set of peptide antigens, while 
unconventional T cells recognize nonpeptide molecules, for example, glycolipids, in the case of NKT cells, and an 
as-yet-unclear set of intact cell-surface proteins for γδ T cells. APC, antigen-presenting cell
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very striking. For example, TCRδ−/− mice infected 
with the lung pathogen Nocardia asteroides failed 
to mount a characteristic neutrophil attack, as a 
result of which there was unimpeded bacterial 
growth and epithelial necrosis.32 Such data point 
to an important role for γδ cells in coordinating 
early, innate responses. This is very different from 
the development of antigen-specific memory that 
is a signature of conventional αβ T cells, a differ-
ence further highlighted by the finding that γδ cells 
likewise limit widespread lung damage in response 
to a noninfectious scenario, ozone exposure.32 The 
perspective that γδ cells provide primary immuno-
protection, rather than establishing antigen-specific 
memory, received further support from two inde-
pendent studies of the responses of young mice 
to two related parasites, Cryptosporidium and the 
intestinal parasite Eimeria vermiformis.33,34 These 
studies showed that the protection of young mice 
relies heavily on the γδ cell compartment, results 
that are perhaps related to the early ontogenetic 
development of γδ T-cell subsets.

In the human fetal thymus, γδ T cells that first 
emerge utilize the Vδ1 chain (paired with various 
Vγ chains), and these will eventually preferentially 
populate epithelial tissues such as in the intestine.18 
Thus, while such Vδ1+ T cells comprise only a 
minor proportion of the γδ T cells present in human 
blood, these cells constitute a much larger propor-
tion of the human IELs and have also been found 
enriched within various human epithelial tumors 
(e.g., lung, kidney, colon carcinomas) and lympho-
mas.35 Vδ1 T cells appear to recognize stressed cells 
via presentation of self lipids presented by CD1 
(like iNKT cells, discussed below) or expression of 
stress-induced MHC class IB molecules. In contrast, 
Vγ9Vδ2 T cells continually expand and take on a 
memory phenotype during childhood, presumably 
because of recurrent exposure to foreign agents, 
such that they eventually comprise approximately 
80% of the γδ T cells of normal adult human blood. 
These cells recognize, markedly expand, and release 
cytokines in response to nonpeptide compounds 
found across a spectrum of microbial pathogens as 
well as within mammalian cells. Under this para-
digm,36 large numbers of memory Vγ9Vδ2 T cells 
respond within hours to common molecules produced 
by microbes, and highly restricted intraepithelial 
Vδ1 T cells respond to stressed epithelial cells bearing 
sentinels of danger.

A range of studies has demonstrated a marked 
expansion of γδ T cells in the blood of systemically 
infected patients, including those with leprosy, 
tuberculosis, malaria, tularemia, salmonellosis, 
brucellosis, ehrlichiosis, or bacterial meningitis 
due to Haemophilus influenzae, Neisseria menin-
gitidis, or Streptococcus pneumoniae.37 The broad 
recognition of the response may be the direct 
result of Vγ9Vδ2 stimulation by one of two major 
sets of shared nonpeptide compounds: isopentenyl 
pyrophosphate (IPP) and other intermediates of 
the mevalonate pathway; and alkylamines, non-
phosphate compounds ubiquitously found in plants 
and bacteria.36 In fact, the most natural stimulator 
of Vγ9Vδ2 T cells appears to be (e)-4-hydroxy-
3- methyl-but-2-enyl diphosphate (HMB-PP), one 
of the precursors of IPP synthesis. Importantly, 
phosphoantigens are found expressed on many 
human tumor cells, possibly reflecting their state 
of raised metabolic stress, and stimulate secre-
tion of cytotoxic molecules by Vγ9Vδ2 cells.38 
Synthetic aminobisphosphonate compounds (e.g., 
the drugs pamidronate and zoledronate), also stim-
ulate Vγ9Vδ2 cells, but this is more likely due 
to their simulation of farnesyl diphosphate (FPP) 
synthetase, leading to accumulation of IPP. A com-
plex of cell-surface apolipoprotein-A (ApoA) and 
adenosine triphosphatase (ATPase), derived from 
the mitochondria, can strongly stimulate Vγ9Vδ2 
cells.39 Studies are ongoing to use immunostimula-
tory phosphoantigen drugs that might be therapeu-
tic against malignancy.40–43

Human peripheral Vγ9Vδ2 cells, after their 
exposure to foreign infectious agents or dying 
or metabolically stressed host cells (e.g., tumor 
states), may enhance other immune components 
as well. Through the rapid secretion of chem-
okines and T-helper-1 (Th1) cytokines such as 
IFN-γ, Vγ9Vδ2 cells may stimulate NK, NKT, and 
αβ T-cell functions.44 Moreover, Brandes et al.45 
reported that Vγ9Vδ2 cells can also function as 
professional APCs capable of ingesting, process-
ing, and presenting peptide antigens to stimulate 
both CD4+ and CD8+ subsets of αβ T cells. These 
findings collectively describe a scenario whereby 
Vγ9Vδ2 cells may be very early responders to 
states of infection or host cellular dysregulation, 
providing direct cytotoxic effects, altering the 
local cytokine/chemokine milieu to facilitate other 
lymphoid cells, and initiating antigen-specific αβ 
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T-cell immune responses through their capacity to 
function as APCs much like DCs.

Immunoregulatory Roles of γδ T Cells

Consistent with their contribution to immuno-
protection, γδ T cells, particularly those in the 
IEL compartments, have been shown to be cyto-
lytic46–48; to express various cytolytic mediators, 
such as granzymes and FasL49–51; and to be potent 
producers of IFN-γ.52,53 Nonetheless, analyses of 
genes encoded by γδ T cells have also revealed 
overt expression of a spectrum of chemokines and 
of RNAs encoding for other putative regulatory 
molecules,51,54–56 consistent with several findings 
that immune responses to pathogens are not prop-
erly regulated in γδ T-cell deficiency. For example, 
adult TCRδ−/− mice infected with Eimeria showed 
exaggerated inflammatory responses, reflected in 
local hemorrhage and shedding of the intestinal 
epithelium. This phenomenon did not occur in ani-
mals deficient in both αβ and γδ T cells, suggesting 
that the γδ T cells were responsible for regulating 
the immunoprotective but tissue-damaging αβ T-
cell–driven inflammatory response.57 Similar obser-
vations were made in mice infected with Listeria 
monocytogenes where challenge in one testicle 
induces a contralateral inflammation that is sub-
stantially exaggerated in mice lacking γδ cells.58

TCRδ−/− mice have also shown accelerated 
immune responses in noninfectious settings. For 
example, the αβ T-cell–driven, lupus-like disease 
of MRL/lpr mice was markedly worsened when 
the mice were rendered deficient in γδ T cells by 
backcrossing the TCRδ−/− mutation onto the sus-
ceptible background; whereas ~25% of MRL/lpr 
mice die (primarily of glomerulonephritis) after 
6 months, this figure rises to ~67% for TCRδ−/− 
MRL/lpr mice.59 Similarly, Shiohara and col-
leagues60 observed that γδ cells would regulate αβ 
T-cell activity in the skin. By contrast, TCRδ−/− 
mice showed an exaggerated epidermal infiltration, 
and failed to develop resistance to αβ T-cell rechal-
lenge.60 Repopulation of the TCRδ−/− mice with γδ 
T cells prior to challenge restored the wild-type 
phenotype, revealing the capacity of γδ T cells to 
regulate αβ T-cell–mediated immunity in the skin. 
Further studies showed that the locally resident 
TCRγδ+ DETCs, in the absence of other (e.g., sys-
temic recirculating) TCRγδ+ T cells, are sufficient 

to protect the epidermis against exaggerated αβ 
T cell-mediated inflammation.61 Essentially 100% 
of TCRδ−/− nonobese diabetic (NOD) mice show a 
spontaneous dermatitis, most evident in the unprotected 
ear skin, despite being housed under specific 
pathogen-free conditions. Likewise, TCRδ−/− FVB 
mice consistently show exaggerated cutaneous 
inflammatory responses to contact allergens and 
irritants. As is the case for γδ T-cell immunoregula-
tion in the Eimeria model and the MRL/lpr model, 
the spontaneous and augmented contact responses 
in γδ-deficient mice on susceptible backgrounds are 
dependent on αβ T cells; that is, the phenotype is 
absent in double-knockout (TCRβ−/−δ−/−) mice that 
lack both αβ and γδ T cells.61 These results show 
that γδ cells are natural physiologic regulators of 
cutaneous inflammation, and that their role in the 
mouse is nonredundant with that of other cells.

When susceptible γδ-deficient mice were injected 
at birth with DETC progenitors (Vγ5+ thymocytes 
obtained from fetal thymi), their epidermis was 
selectively repopulated with Vγ5+ DETCs, and they 
did not develop spontaneous or augmented induced 
dermatitis. The same result was not achieved 
when mice were repopulated with systemic γδ 
cells.61 These studies unequivocally established 
that cutaneous immunoregulation was affected by 
local TCRγδ+ IELs, logically suggesting that local 
T cells might also regulate systemic responses in 
other sites, for example, the intestinal epithelium, a 
notion consistent with reports that IEL deficiencies 
are associated with human inflammatory bowel 
disease pathologies.62 Another clear and important 
finding of these studies was that the regulation of 
αβ T cell responses by γδ cells occurred in the 
effector phase of the response.61 That is to say, the 
lack of γδ cells was not associated with enhanced 
priming and increased numbers of responding αβ T 
cells in the secondary lymphoid tissues, but rather 
was associated with an exaggerated effect of those 
cells in the tissue to which they migrated.

Although developing spontaneously, the derma-
titis that develops in TCRδ−/− NOD mice can be 
reduced by housing mice in individually ventilated 
cages where humidity is low and there is less accu-
mulation of chemical irritants. This strong environ-
mental influence on αβ T-cell–driven dermatitis 
shares several properties with the human disorder 
atopic dermatitis (AD).63 In addition to similar 
histologic features, they both show compromised 
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barrier function, exacerbation with chemical irri-
tants, and augmented responses to contact aller-
gens. Moreover, they are both strikingly influenced 
by genetic modifiers: thus, TCRδ−/− C57BL/6 mice 
show little or no difference in cutaneous inflamma-
tion by comparison to their cage-matched TCRδ+ 
controls. This observation may be exploited via 
genetic mapping to identify genes that regulate 
the development of dermatitis that occurs in the 
absence of γδ T cells; such genes may have broad 
implications for the local control of cutaneous 
inflammation and for AD.

However, an important aspect of the gene expres-
sion data that have been obtained for γδ cells is 
the likely pleiotropy of γδ cells. O’Briens group64 
studying the γδ cell response to enterovirus infec-
tion of mice concluded that γδ cells expressing Vγ1+ 
TCRs were antiinflammatory while those with 
Vγ4+ TCRs were proinflammatory.64

γδ+ T Cells and Tumor Surveillance

A number of studies in mice have pointed to 
the capacity of γδ cells to regulate malignancy. 
Almost a decade ago, Mak’s group noted that  
mice expressing a TCRVγδ chain transgene were 
spontaneously resistant to acute T-cell leukemias, 
although they did not reject nonhematopoietic 
tumors. By comparison to IELs, TCRVγδ+ cells 
are most often found in the lymphoid organs and 
blood, and TCRVγδ+ hybridomas isolated from the 
transgenic mice reacted in vitro against almost all 
hematopoietic tumor cell lines tested, in a fashion 
independent of MHC class I, MHC class II, or 
the transporter associated with antigen processing 
(TAP) peptide transporter.65 Shortly thereafter, it 
was shown that lpr mice with mutations in the Fas 
gene rapidly and spontaneously developed massive 
splenic B-cell malignancies if the mice lacked both 
αβ T cells and γδ cells, but that this was not the 
case if either T-cell subset was present.66 Both sets 
of data point to a capacity of γδ cells to regulate the 
development of hematologic malignancies, consistent 
with which human clinical trials are now ongoing in 
which the enhanced activities of γδ cells are being 
harnessed against non-Hodgkin’s lymphoma and 
multiple myeloma.67

Tumors have been found to form more readily in 
TCRδ−/− mice following injection of squamous cell 
carcinoma (SCC) or melanoma tumor cell lines.68,69 

Suggesting that γδ T cells regulate carcinogenesis 
more broadly, chemically induced colorectal adeno-
carcinoma reportedly occurs with greater frequency 
in γδ-deficient mice.70 Although the mechanisms by 
which γδ cells exert their effects are incompletely 
understood, there are numerous instances in which 
TCRγδ+ IELs have been shown to directly kill 
transformed or stressed epithelial cell targets, again 
in an MHC-independent fashion.68,71 Additionally, 
their activation-induced capacity to make IFN-γ 
in the early stages of tumor growth appears to be 
important.69 The notion that the different T-cell 
compartments may contribute to tumor surveillance 
in distinct fashions and at distinct stages of tumor 
growth has been further explored in a two-stage sys-
tem of chemical carcinogenesis, wherein a single 
epicutaneous application of dimethylbenzanthra-
cene (DMBA) is followed by repeated application 
of low concentrations of the tumor promoting 
agent (TPA).72 The two-stage protocol permits 
one to measure two features of carcinogenesis: the 
incidence of tumor development via monitoring of 
papilloma formation, and the frequency of tumor 
progression via quantitation of the conversion of 
papillomas into frank SCC. In TCRδ−/− FVB mice, 
the appearance of papillomas and the progression 
to carcinoma were both significantly increased.73 
These data are consistent with the proposal that 
γδ T cells can inhibit the early stages of tumor 
development (see above), but that they also limit 
progression to carcinoma.66 One may hypothesize 
that these respective effects of γδ cells may reflect 
their utilization of two different mechanisms.

A clue to this hypothesis was provided by the 
study of tumor incidence and progression in mice 
lacking αβ T cells.73 In this case, there was a much 
less obvious increase in papilloma development. 
Moreover, under an intense regimen of chemical 
promotion, tumors were less likely to progress to 
the carcinoma stage than was the case in wild-
type mice.73 This finding highlighted a paradoxical 
tumor-promoting effect attributable to αβ T cells, a 
concept that is consistent with other experimental 
systems where pro-tumor contributions of αβ T cells 
have been reported.74,75 Intriguingly, these results 
suggest that γδ cells might limit tumor progression 
by limiting the proinflammatory responses of αβ T 
cells, much as they have been described to do in several 
other systems (see above). More recently, the identi-
fication and characterization of a proinflammatory, 
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tumor-promoting population of CD8+ αβ T cells has 
suggested a cellular target and mechanism of γδ T-
cell inhibition of carcinogenesis.76

In sum, as is the case in the host response to 
infection and to physical stress, γδ cells may exert 
two qualitatively distinct effects: a rapidly respon-
sive immunoprotective effect (cytolysis, IFN-γ, 
etc.) and a critical immunoregulatory mechanism. 
Although the latter is poorly understood, it is 
clear from murine systems that γδ cells in some 
circumstances can kill or otherwise dysregulate 
APCs, thereby limiting the αβ T-cell response.77,78 
Moreover, γδ T-cell elimination of activated Fas+ 
αβ T cells mediating Coxsackie B3 virus-induced 
myocarditis has been implicated as a mechanism 
by which γδ T cells may again limit αβ T-cell–
mediated immunopathology.79

Within human epithelial compartments, most 
notably gut Vδ1+ T cells, γδ T cells may express sur-
face NKG2D, a molecule found on two other major 
subsets of cells with cytotoxic potential, namely 
CD8+ αβ T cells and NK cells. NKG2D engagement 
by one of its several identified ligands, including 
MHC class I chain-related A and B (MICA and 
MICB) in humans80 and retinoic acid early (Rae)-1 
in mice,81 provides a co-stimulatory function and 
targets cellular destruction. These molecules are 
upregulated under cellular stress and are expressed 
on a variety of tumor cells82 including melanoma.83 
They may act as signals that target host cells for 
destruction by locally resident or infiltrating γδ 
T cells as well as other NKG2D+ lymphoid cells.

Invariant Natural Killer Cells

Invariant natural killer (iNKT) cells, another type 
of unconventional T cells, have an important role 
in recognizing and responding to certain types of 
bacteria, fungi, and parasites.84 Other activities in 
cancer and autoimmune disease are under active 
investigation. In a recent review, Kronenberg85 has 
proposed that iNKT cells are defined by reactivity 
to tetramers of the nonclassic CD1d molecule com-
plexed with the glycolipid α-galactosylceramide 
(αGalCer) (see below). This functional defini-
tion of iNKT circumvents the confusion over the 
expression of the natural killer cell markers (NK1.1 
in mice, and CD161 in humans) that, along with 
TCR expression, traditionally had been used to 

define the iNKT subset. In mice, almost all NK1.1 
expressing T cells are specific for αGalCer, while 
only a small percent of CD161-expressing T cells 
express the iNKT receptor chains and react with 
αGalCer in humans.

Experiments in mice have demonstrated that 
iNKT cells are selected in the thymus at the double 
positive stage of T-cell development. Those cells 
that have randomly rearranged and displayed the 
Vα14-Jα18 alpha chain, coupled with Vβ8.2,Vβ7 
or Vβ2 forming the CD1d-specific T-cell recep-
tor of iNKT cells, are selected by the nonclassic 
MHC molecule CD1d.86,87 Interestingly, the selec-
tion is mediated by double-positive thymocytes 
that express CD1d and not thymic epithelial cells, 
which are responsible for the positive and negative 
selection of non-NKT thymocytes. These newly 
selected “pre-iNKT cells” undergo numerous 
rounds of division and acquire memory markers. 
Finally, the CD8 chain is downregulated leaving 
mature iNKT populations that are either CD4+ or 
double-negative (although in humans a percentage 
of CD8α+ NKT cells has been reported).88,89 In 
mice, upon exit from the thymus, the iNKT cells 
reside primarily in the liver (10% to 40% of murine 
liver lymphocytes) with spleen, thymus, blood, and 
bone marrow containing less than 1% iNKT cells. 
In sharp contrast, human liver contains less than 
1% iNKT cells with other sites such as blood (0.2% 
circulating of circulating lymphocytes) and spleen 
containing percentages of NKT that are similar to 
or lower than those seen in mice.90–93 iNKT cells 
are not common in the lymph nodes and are rarely 
observed in intestinal mucosa.

Given the reactivity to glycolipids that iNKT 
cells display, there is keen interest in iNKT cells 
and the immune response to bacteria, which contain 
glycolipids in their cell wall that could potentially 
be displayed on CD1d molecules and present to 
NKT cells.94,95 Infection with the lipopolysac-
charide (LPS)-containing gram-negative bacterium 
Salmonella typhimurium, resulted in IFN-γ produc-
tion from iNKT cells. The production of IFN-γ by 
iNKT in this model could be induced by cocultur-
ing the iNKT with DCs supplemented with either 
LPS or IL-12 in the absence of Salmonella. Thus 
it was suggested that a microbial ligand (i.e., LPS) 
could activate the DCs to produce IL-12, which had 
previously been demonstrated to activate iNKT to 
produce IFN-γ.95 This effect, however, required the 
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expression of CD1d on the surface of the DCs, sug-
gesting that the activation of the iNKT was more 
than merely a bystander effect. In contrast, studies 
of activation of iNKT cells by the LPS-negative 
bacteria Sphingomonas revealed two related gly-
cosylceramides isolated from the CD1d molecules, 
strongly suggesting that these microbial derived 
antigens were recognized by the NKT receptor.94,96

Thus the iNKT cell has two distinct activation 
pathways, one involving a self antigen and one using 
exogenous antigen, to guide their response to dif-
ferent types of bacterial challenge. It must be noted 
that iNKT-intact and iNKT-deficient mice have a 
similar outcome when challenged with Salmonella. 
This implies that there are other mechanisms that 
can compensate for the loss of iNKT reactivity, but 
the mechanism may still be instructive for other 
strains of bacteria. In contrast, mice lacking iNKT 
cells are unable to clear Sphingomonas when com-
pared to iNKT intact mice when given a low dose 
of bacteria. Under high-dose challenge, mice with 
an intact iNKT compartment show signs of sepsis 
and toxic shock, while those lacking iNKT cells are 
spared. This indicates that the response of iNKT 
and the resulting level of cytokine production is 
variable depending on the degree on iNKT activation, 
and as such can have substantial effects on the 
outcome of infection on the host.97

iNKT Cells and Tumor Surveillance

iNKT cells appear to also play a role in tumor 
immunosurveillance as seen in the methylcho-
lanthrene (MCA)-induced sarcoma model. Initial 
experiments involved comparing tumor susceptibility 
between mice lacking iNKT cells (e.g., Jα18−/−) 
and wild-type mice. Mice lacking iNKT cells were 
more susceptible to the MCA-induced sarcoma.98,99 
Liver-derived iNKT cells, adoptively transferred to 
the iNKT-deficient mice, prevented the cancers from 
forming.100,101 The same investigative group also 
compared different NKT subsets, for example, from 
the thymus, spleen, and finally the CD4(−) versus 
CD4(+) liver derived NKT cells. Only the CD4(−) 
liver-derived subset conferred tumor protection.102

Using a lung metastasis model of B16F10 
melanoma, it was revealed that liver-derived iNKT 
cells adoptively transferred into Jα18−/− mice, only 
in animals receiving αGalCer to enhance NKT 
responses, limited lung metastasis compared to that 

in thymic-derived NKT cells. However, if thymic 
NKT cells were taken form IL4−/− mice, they too 
could limit lung metastasis in this model. The authors 
argue that the thymic NKT from IL4−/− mice may 
produce IFN-γ, early production of which has been 
demonstrated to limit tumor formation and promote 
tumor rejection. Interferon-γ production was not 
directly demonstrated in the transferred population, 
so alternative explanations such as different cytokine 
profiles produced by the different NKT subsets could 
also play a key role in the outcome of the cancer 
progression/metastasis. iNKT subsets (thymic and 
liver) from wild-type mice were cocultured with liver 
mononuclear cells in the presence of αGalCer. There 
was no difference noted in the ability of each subset 
to promote IFN-γ production from the NK cells or 
the amount of CD86 upregulated on liver DCs, sug-
gesting that the differences seen in the tumor experi-
ments was not a result of the subsets interacting with 
the presenting DC cells/innate immune system (NK) 
in a starkly different manner.102

iNKT Cells in Inflammatory Disease

Work by Askenase and colleagues103 illustrates 
the role iNKT may play in the initiation of contact 
sensitivity (CS) and delayed-type hypersensitivity 
(DTH). Allergic contact hypersensitivity involves 
sensitizing mice to an antigen, typically by topical 
application to the abdominal skin, followed 4 days 
later with a challenge application to the ears. The 
resultant swelling is then measured by micrometer. 
The reaction is antigen specific and dependent both 
on CD4 and CD8 T-cell populations. Mice deficient 
in iNKT are unable to mount a full DTH response. 
The hypothesized mechanism involves an immedi-
ate iNKT activation by endogenous glycolipids 
presented in context with CD1d. These iNKT cells 
then preferentially produce IL-4, which assists B-1 
type B cells, a T-cell–independent antigen-specific 
B-cell population found in the peritoneum, which 
produces IgM antibodies that assist in the later 
recruitment of antigen-specific T cells. Of interest, 
the iNKT cells that produce the IL-4 in this model 
are located in the liver and are found there within 
minutes of the challenge antigen application.104

In numerous autoimmune conditions (e.g., dia-
betes, multiple sclerosis, rheumatoid arthritis, and 
lupus), in both human disease states and mouse 
models, there appears to be an overall decrease 
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in the number of iNKT cells in both mice and 
humans.105 The most widely studied autoimmune 
model linking iNKT activity and disease pro-
gression and prevention has been in the NOD 
mouse model. Mice lacking CD1d molecules had 
a higher penetrance and a more severe course of 
disease compared to mice with intact CD1d expres-
sion.106–108 Upregulating the activity of the existing 
population of iNKT cells by increasing the level 
of CD1d ameliorates disease progression.109 The 
mechanism appeared to involve a Th2 bias in the 
pancreas to islet autoantigens. Activation of the 
NKT by repeated treatments with αGalCer resulted 
in slower disease progression.110–112 This protocol 
effected the DC population in the draining lymph 
nodes of the pancreas where a more tolerogenic 
subset of DC was observed.113 Thus the action of 
NKT can be focused on downstream lymphocyte 
populations. This is clearly illustrated when naive 
T cells expressing a diabetogenic TCR are cocul-
tured with NKT cells. The cells are not prevented 
from initial activation, but their ability to produce 
IL-2 and IFN-γ is retarded. This suppressive activity 
requires direct cell-to-cell contact.114

Experimental autoimmune encephalomyelitis 
(EAE) is a murine model of multiple sclerosis. It 
closely follows the disease course in humans in that 
it shows periods of disease progression followed 
by remission followed by relapse. In humans, and 
in some murine EAE models the number of iNKT 
cells present in diseased individuals is reduced 
compared to normal controls.115–117 Treating mice 
with αGalCer, in some cases, ameliorates disease 
in a fashion similar to that seen in diabetes, in that 
a Th2 cytokine bias was noted.118–120 Indeed, mice 
deficient in IL-10 or IL-4 were not protected from 
developing EAE when administered αGalCer, 
again suggesting that a Th2 response by NKT cells 
is critical to ameliorating disease.121 However, 
depending on the mouse model and other variables 
including timing and dose of αGalCer given, the 
treatment may not affect the ultimate course of the 
disease.122 Further studies using a truncated form 
of a αGalCer seems to bias responding iNKT cells 
more strongly to a Th2 response compared to a 
αGalCer, and reduced the severity of EAE in these 
mice.123 Thus, in two models of autoimmune dis-
ease, NKT responses that skew Th2 are desired.

The iNKT cells, as illustrated in responses to bac-
teria, tumor surveillance, and contact hypersensitivity, 

can contribute to a Th1-mediated response, while 
in autoimmune models, their role in prevention of 
disease progression involves biasing the immune 
response to Th2. This bipolar response of iNKT 
is reflected in its ability to produce significant 
quantities of either type of cytokine profile upon 
stimulation. How one response is favored over the 
other in a given immune response to either self 
(e.g., autoimmunity, cancer) or nonself (e.g., bac-
teria and other pathogens) is currently unknown. 
Indeed, there is growing recognition that iNKT 
cells may play a substantial role in cutaneous 
inflammatory diseases such as psoriasis.124

Evolving Paradigms of Unconventional 
T Cells

To what degree are these mouse studies relevant to 
the immunoprotection and immunoregulation in the 
skin of humans? One obstacle to direct extrapola-
tion is the fact that there is no obvious homologue 
of murine (or bovine) TCRγδ DETC in the human 
epidermis. However, Holtmeier and colleagues125 
have provided clear evidence for human dermal γδ 
cells displaying a TCR repertoire that could be dis-
tinguished from that of systemic γδ cells.125 There 
is likewise a human, gut-associated TCRγδ+ IEL 
compartment that is distinct from systemic γδ cells. 
Another possibility is that the crucial mechanisms 
exerted by murine DETCs are affected by other, 
non-TCRγδ+ cells in the human. A comprehensive 
comparison of murine gut–associated TCRγδ+ and 
TCRαβ+ IELs identified numerous genes expressed 
substantially more strongly by the latter cells, but 
essentially no γδ-specific genes. It was hypothesized 
that the TCRαβ+ population may contain within it 
a set of “unconventional” TCRαβ+ cells that very 
closely resembled TCRγδ+ cells.1,126 In the mouse 
intestine, substantial numbers of CD8γδ+ TCRαβ+ 
IELs resemble γδ IEL in their limited TCR diversity 
and in their expression of strikingly similar gene 
profiles.31 Moreover, Poussier and colleagues127 
showed that CD8γδ+ TCRαβ+ cells regulate sys-
temic αβ T-cell–driven colitis. Hence, γδ cells may 
be mere prototypes of unconventional T cells that 
in different tissues in different species play impor-
tant roles in the rapid response to challenge and 
in the regulation of systemic responses.31,126 This 
perspective is consistent with the observations that 
the most overt phenotypes of TCRδ−/− occur in the 
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skin, where there are few if any αβ T-cell popula-
tions that might compensate for their loss. In human 
skin, candidates for a parallel population may be 
found within the aforementioned various subsets of 
CD8+ CCR8+ αβ T cells, γδ T cells, and iNKT cells 
that have been identified in normal dermis at much 
higher numbers than previously appreciated.

The γδ T cells have features of both innate and 
adaptive immunity, and may serve critical roles 
in bridging these types of responses. The recent 
identification of the capacity of Vγ9Vδ2+ T cells 
to function as APCs45 adds yet another layer of 
complexity to our understanding of γδ T-cell biol-
ogy. Brandes and colleagues45 demonstrated that, 
comparable to dendritic cells, Vγ9Vδ2+ T cells can 
express co-stimulatory molecules and present con-
ventional peptide antigens for the primary stimula-
tion of CD4+ and CD8+ αβ T-cell responses. Hence, 
Vγ9Vδ2+ T cells may provide the ultimate link of 
innate and adaptive immunity by rapid expansion 
and secretion of cytokines within hours of encoun-
tering any pathogenic organisms (e.g., through 
recognition of IPP and HMB-PP), and process-
ing and presentation of foreign peptide to prime 
antigen-specific αβ T cells and coordinate a more 
directed attack. In considering the potential avenues 
of γδ T-cell immunotherapy, it may ultimately prove 
possible to utilize peripheral γδ T cells in antitumor 
protocols in which such cells are activated and 
exposed to tumor antigen, thus potentially serving 
a dual role of stimulating both γδ T-cell–directed 
antitumor activity as well as stimulation of tumor 
antigen-specific CD4 and CD8 αβ T-cell responses. 
The recent identification of the importance of cer-
tain cytokines to the enhancement of cytotoxic activ-
ity of phosphoantigen stimulated Vγ9Vδ2+ T cells is 
a key step toward engaging these unconventional T 
cells in cancer immunotherapy.128

Conclusion

The skin and immune system are functionally 
integrated to provide a first line of microbial 
defense, and T lymphocytes are major cellular 
coordinators of response. The discovery of T cells 
and how their T-cell receptors (TCRs) recognize 
and respond to cells presenting peptides in the 
grooves of their cell-surface major histocompat-
ibility complex (MHC) molecules gave insight 

into the antigen-specific responses fundamental 
to immunity following exposure to (or vaccina-
tion against) microbial infections, as well as the 
mechanisms underlying allograft rejection and 
autoimmunity. However, there is also a more 
recently appreciated set of unconventional T cells 
that differ from peptide-recognizing conventional 
T cells in several major ways. This chapter dis-
cussed how (predominantly TCRαβ+) conventional 
T cells are complemented by a nonredundant set 
of unconventional T cells, specifically TCRγδ+ T 
cells and invariant TCRαβ+ natural killer T (iNKT) 
cells, to mediate and regulate immune responses to 
infectious microorganisms and to developing and 
established neoplasms. While conventional T cells 
are primarily responsible for the more antigen-
specific reactivity and immunologic memory char-
acteristics of adaptive immunity, unconventional 
T cells have a relatively limited TCR diversity, 
appear to respond to foreign or self molecules in 
a more generic and more rapid fashion, and have 
a fundamentally different tissue distribution. To 
explore the function of these major categories of T 
cells, various studies have been performed in mice, 
particularly those that are genetically deficient in 
specific T-cell subsets. In addition, studies of 
conventional and unconventional T cells have iden-
tified important parallels and differences between 
laboratory animals and humans, opening potential 
novel strategies to immunotherapy.
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Key Points

● Complement plays an important role in inflam-
mation, opsonization of foreign materials, facili-
tation of phagocytosis by leukocytes, and direct 
cytotoxic reactions.

● The complement system is divided into three seg-
ments: initiation mechanisms, the amplification 
pathway, and the membrane attack complex.

● The initiation mechanisms are the classic, alter-
native, and lectin pathways.

● The complement system displays continuous, 
low-grade activation.

The complement system represents a complex 
group of interacting proteins and glycopro-
teins in blood and other body fluids (Fig. 7.1). 
Complement plays an important role in inflam-
mation, opsonization of foreign materials, facilita-
tion of phagocytosis by leukocytes, and direct 
cytotoxic reactions. The complement system, 
like the blood clotting pathways, displays con-
tinuous, low-grade activation that is subject to 
rapid and massive amplification based on specific 
and sequential cleavage of zymogen proteases. 
Proteases in this proinflammatory cascade can 
cleave many different substrate molecules (e.g., 
ratios of protease to substrate ranging from 1:10 
to over 1:1000) to yield rapid and massive activa-
tion reactions. Accordingly, almost every step in 
the complement activation cascade is tightly regu-
lated by both fluid phase and cell surface regula-
tory proteins. The complement system is divided 
into the following general segments: (1) initiation 
mechanisms known as the classic, alternative, and 
lectin pathways; (2) the amplification pathway; 

and (3) the membrane attack complex (MAC). 
Activation of the complement system generates 
a number of cleavage fragments with diverse 
biologic activities. In many cases, such cleav-
age fragments bind specific plasma membrane 
receptors on various cells to yield responses that 
extend and amplify the biologic activities of the 
complement system.

Historical Perspectives

The first evidence for the existence of the comple-
ment system was discovered in the latter half of the 
19th century.1–4 At that time, a number of studies 
showed that blood contained a soluble defense sys-
tem that was capable of destroying bacteria in vitro 
independent of the action of phagocytic cells. These 
studies demonstrated that the bactericidal activity 
of serum consisted of two basic factors. One of 
these factors was relatively heat stable, restricted 
to immune sera, and specifically reactive with a 
given microorganism or immunogen. This factor, 
specific antibody, was able to agglutinate its target 
but it could not cause its lysis without participation 
of the second factor. This second “complementing” 
factor was present in normal (i.e., nonimmune) as 
well as immune sera as a heat labile mediator. The 
sequential character of the interaction between 
specific antibody and the second factor was dem-
onstrated by adding fresh serum to a mixture of 
specific antibody and bacteria, with the resultant 
production of bacterial lysis and death. Subsequent 
studies demonstrated that the second factor was 
composed of several subcomponent fractions that 

7
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when separated were no longer active. Second fac-
tor or complement components were collectively 
termed alexin by Bordet and addiment or comple-
ment by Ehrlich and Morgenroth.

Biochemical Overview 
and Nomenclature

The human complement system consists of over 
20 distinct proteins or glycoproteins that com-
prise approximately 3% of the total serum pro-
tein concentration (Table 7.1). The electrophoretic 
mobilities of these proteins range from the early 
γ-globulin to the albumin region. In many cases, 
these components are present in the circulation as 
inactive precursors that develop proteolytic activity 
upon activation. While various proteins circulate 
freely, some organization is afforded to this system 
by low-affinity, fluid-phase interactions between 
C1q and immunoglobulin G (IgG), C4 and C3, 
factor B and C3, and terminal components C5 
through C9. Within the complement system, there 
are similar physiochemical properties among C3, 

C4, and C5 as well as between C2 and factor B. 
Similarly, certain shared characteristics are also 
present between C1s and factor D as well as C6 
and C7.

Traditionally, the lytic activity of complement 
has been used to study its functional activity. 
Because of its reliability and ease of use, the lysis 
of erythrocytes has been used as the principal in 
vitro functional complement assay (hence the term 
hemolytic activity). Classic assays of complement 
function utilize sheep erythrocytes (E) sensitized 
with rabbit antibody (A) and subsequently tested 
by the subsequent addition of serum complement 
components (C). This experimental paradigm is 
based on the high susceptibility of sheep erythro-
cytes to the lytic activity of complement, that such 
erythrocytes display the highly antigenic Forssman 
antigen (a target site for specific antibody bind-
ing), and that rabbits are Forssman antigen “nega-
tive” and hence a reliable source for production of 
specific antibody that efficiently activates comple-
ment. This combination of reagents (i.e., E + A + C) 
has been used to study the hemolytic activity of the 
classic complement pathway as well as the  specific 

Classical Pathway Alternative PathwayLectin Pathway

Ag:Ab complex
C1q,C1r,C1s

C3 H2OMBL, MASP-1, MASP-2

C4
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C3(H2O)

Factor D
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C3b
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Fig. 7.1. Schematic overview of the complement system. (Modified from Goldsmith LA, ed. Physiology, Biochemistry, 
and Molecular Biology of the Skin, 2nd ed. New York: Oxford University Press, 1991.)
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functional activity of individual complement 
components.

A commonly accepted nomenclature has been 
developed to designate the various components of 
the complement system.1,2 The components of the 
classic pathway are designated by an uppercase C 
followed by a number (e.g., C2, C4, etc.). The com-
ponents of the classic pathway react sequentially 
except for C4, which follows C1 and acts before 
C2 and C3. Alternative pathway components are 
designated by letter (e.g., factor B). Regulatory 
elements are typically designated by name (e.g., 
C4 binding protein), or in the case of regulatory 
elements closely associated with the alternative 

pathway, by letter (e.g., factor H). Components 
or complexes possessing enzymatic activity are 
designated with a bar over the component(s) in 
question; components or fragments that have been 
inactivated are designated by a prefix lowercase “i” 
(e.g., iC3b). Subunits or fragments of components 
are designated by a lowercase letter suffix (e.g., 
C3a, C3b, etc.).

The Classic Pathway

The classic pathway begins with the activation 
and binding of C1. Traditionally, antibody has 
been held responsible for C1 binding and activa-
tion. However, other materials including urate 
crystals, C-reactive protein, myelin basic protein, 
DNA, endotoxin, as well as selected bacteria and 
viruses have been shown to activate C1 directly 
in the absence of specific antibody (Table 7.2). 
In respect to classic pathway activation initiated 
by antibody-coated surfaces, immune complexes 
containing IgG subclasses 1 to 3 and IgM are 
capable of binding C1. Binding of C1 occurs via 
interaction of the CH2 domain of the Fc portion of 
immunoglobulin.5–8 In the case of IgG, two adja-
cent immunoglobulin molecules (i.e., an antibody 
doublet) are required to bind a single molecule of 
C1; conversely, one surface-bound molecule of 
IgM is sufficient for binding of a C1 molecule.9

C1 exists as a cation-dependent macromolecular 
complex composed of three subunits, namely C1q, 
C1r, and C1s. C1q, the largest of the C1 subunits, 
consisting of six copies of three separate chains, 
is the portion of the molecule that recognizes and 
binds immunoglobulin.10,11 Binding of C1q to 
immune complexes alters the confirmation of the 
molecule and results in the activation of C1r and 
subsequently C1s. Activated C1, via an active site 
in C1s, cleaves the next two proteins in the clas-
sic pathway, C4 and C2, respectively. The rate of 
activation of C1 as well as its enzymatic activity 
is controlled in plasma by a specific regulatory 
protein termed the C1 inhibitor (C1-INH). C4 
consists of three disulfide linked chains (i.e., α, 
β, and γ chains). Upon exposure to C1s, the C4 
molecule is cleaved into C4a, a 9-kd fragment with 
weak anaphylatoxin activity, and C4b.12 While 
C4a is released into the fluid phase, C4b expresses 
a short-lived reactive site that allows it to bind 

Table 7.1. Complement components

Molecular 
weight (daltons)

Serum 
concentration 

(µg/mL)

Classic pathway
C1q 410,000 70
C1r 190,000 34
C1s 85,000 31
C4 206,000 600
C2 117,000 25
C3 195,000 1200
Alternative pathway
Factor B 95,000 225
Factor D 25,000 1
Properdin 190,000 25
C3b 185,000 Derived from C3
Lectin pathway
MBL 600,000 150
MASP-1 83,000 6
MASP-2 52,000 ?
Membrane attack 

sequence
C5 180,000 85
C6 128,000 60
C7 120,000 55
C8 150,000 55
C9 79,000 60
Control proteins
C1 esterase inhibitor 105,000 180
C4 binding protein 560,000 ?
Factor H (IH) 150,000 500
Factor I 90,000 34
S protein 80,000 600
Carboxypeptidase 280,000 50
CD59 20,000 ?
CD46 (MCP) 45,000 ?
CD55 (DAF) 70,000 ?
SP-40, 40 (clusterin) 80,000 60
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covalently to nearby surfaces (e.g., to the incit-
ing immune complex or to an adjacent target cell 
plasma membrane).13 The interaction of C4− with 
C1 enhances the activity of the latter with its other 
natural substrate, C2. In the presence of magne-
sium (Mg2+), C2a, the major cleavage fragment 
of C2, binds to C4b to form the classic pathway 
C3 convertase (i.e., C14b[2b]2a). This convertase 
may be formed either in the fluid phase or cova-
lently attached to the surface of a target particle. In 
respect to the latter circumstance, the C4b portion 
of this complex remains responsible for binding the 
target particle while the adjacent serine protease 
site in the C2a molecule cleaves C3. The classic 
pathway C3 convertase is unstable and decays 
spontaneously with release of inactive C2a into the 
fluid phase. Interestingly, C4b remains covalently 
bound to its target and in the presence of C1s can 
accept another C2 molecule for development of 
additional C14b(2b)2a sites.

C3 is the complement component with the 
highest concentration in human serum. It plays 
a critical and pivotal role in the classic, alterna-
tive, and lectin pathways. C3 consists of disulfide 
linked α and β chains.14,15 The α chain contains an 
internal thioester bond that is highly reactive, eas-
ily attacked by nucleophiles, and subject to slow 
hydrolysis. If C3 is hydrolyzed (i.e., C3[H2O]), it 

undergoes a conformational change that renders it 
resistant to specific cleavage.16 Interestingly hydro-
lyzed C3 retains important biologic activity in the 
alternative pathway (see below). When the classic 
pathway C3 convertase interacts with native C3 
containing an intact internal thioester bond, two 
fragments are produced: C3a, a 9-kd anaphyla-
toxin that is released into the fluid phase, and C3b, 
a 185-kd molecule that contains an exposed and 
reactive thioester site.17 This site may be attacked 
by a H2O molecule to form hydrolyzed C3b, 
or covalently bound to an adjacent molecule or 
activation surface. In this manner, C3b may cova-
lently bind to sites of complement activation in the 
vicinity of C14b(2b)2a leading to the formation of 
C14b(2b)2a3b, the classic pathway C5 convertase. 
In this convertase, C3b presumably serves as the 
C5 binding site while the active site in C2a func-
tions as the enzyme. The subsequent cleavage of 
C5 results in the production of C5a, the most potent 
anaphylatoxin produced during the activation of 
complement and a factor with potent chemotactic, 
spasmogenic, and immunomodulatory activities, 
and C5b, the initial component of the MAC.

Given that C3 plays a central and pivotal role in 
the classic, alternative, and lectin pathways, C3 inac-
tivation represents a crucial regulatory event control-
ling complement activation (Table 7.3). Key to this 
process is further degradation of C3b. The initial 
cleavage of C3b is made in its α chain by factor I, 
with factor H serving as an essential cofactor in the 
fluid phase and as an accelerator for surface-associ-
ated cleavage reactions.18,19 Such events culminate 
in the formation of iC3b (i.e., “inactivated” C3b). 
While iC3b is not easily further degraded in the fluid 
phase, surface bound iC3b is susceptible to another 

Table 7.2. Mechanisms of complement activation

Activators of the classic pathway
IgG (subclass 1–3) containing immune complexes
IgM containing immune complexes
C-reactive protein
Serum amyloid P
Mannose-binding lectin
Urate crystals
Endotoxin
DNA
Myelin basic protein
Activators of the alternative pathway
Bacterial polysaccharides and lipopolysaccharides
Cells infected with selected viruses
C3 tickover
Yeast cell walls (e.g., zymosan)
IgA containing immune complexes
Inulin
Amplification of classic pathway activation
Cobra venom factor
Activators of the lectin pathway
Binding of mannose-binding lectin to repeating simple sugars

Table 7.3. Complement control proteins

Control protein Active site
C1 inhibitor C1r, C1s
C4-binding protein C4b
Factor H C3b, C3bBb
Factor I C3b (surface bound)

C3b + factor H (fluid phase)
C4b (surface bound)
C4b + C4 binding protein 

(fluid phase)
S protein C5b67
Serum carboxypeptidases Carboxyl terminal arginine 

of C4a, C3a, C5a
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factor I–mediated cleavage in which CR1, the C3b 
receptor, serves as an important cofactor.20,21 In the 
presence of CR1, factor I cleaves C3b into C3c, a 
145-kd molecule that is released into the fluid phase, 
and C3d,g, a 41-kd fragment that contains the novel 
thioester binding site of the original C3 molecule. 
Surface-bound C3d,g is susceptible to proteolysis 
by trypsin, elastase, or plasmin to yield C3g, a 10-
kd fluid phase fragment, and C3d, a 31-kd chain 
remnant that contains the thioester covalent binding 
site of the molecule. As noted in Table 7.4 there 
are specific plasma membrane receptors for vari-
ous C3 cleavage fragments on a wide variety of 
different cells.

Alternative Pathway

Fundamental differences between the alternative 
and classic pathways of complement activation 
include the following: (1) the alternative pathway 
does not require specific antibody for activation 
and thus is functional in nonimmunized hosts 
as part of their innate immune system; (2) the 
alternative pathway is activated by a wide array 
of substances including bacterial polysaccharides 
and lipopolysaccharides, viruses, inulin, yeast 
cell walls, IgA containing immune complexes, 
and other materials (Table 7.2); (3) this pathway 
exhibits low-grade continuous activation, in part 

initiated by continuous hydrolysis of C3 that 
yield C3[H2O]; and (4) the alternative pathway 
is unique in that molecules that initiate its activa-
tion (specifically, C3b or C3[H2O]) can also serve 
as major products of this activation cascade, thus 
creating a powerful and positive feedback loop for 
both the alternative and classic pathways.8,22 As 
noted above, the generation of C3b (or C3[H2O]) 
serves as a point of entry for alternative pathway 
activation (so-called C3 tickover). In the presence 
of magnesium ions (Mg2+), the binding of factor B 
to C3b (or C3[H2O]) results in factor D mediated 
cleavage of factor B and the formation of the alter-
native pathway C3 convertase, C3bBb. Properdin 
(P) binds to C3bBb and stabilizes this convertase 
by forming a complex termed C3bBbP. The latter 
convertase complex demonstrates a reduced rate 
of spontaneous decay as well as a reduced rate of 
inactivation by factors I and H.23 As is true for the 
classic pathway C3 convertase, the addition of C3b 
to C3bBbP confers substrate specificity for C5 
upon the latter complex (C3bBbC3bP). Proteolytic 
cleavage of C5 by the alternative pathway C5 con-
vertase is a result of an active site within the Bb 
portion of the molecule.

The efficiency of C3bBb for C3 consumption 
is well demonstrated in patients who possess an 
autoantibody directed against the alternative pathway 
C3 convertase. This autoantibody, termed the C3 
nephritic factor (C3NeF), stabilizes the alternative 

Table 7.4. Complement receptors

Complement receptor Predominant ligand Predominant cell-type distribution

CR1 (CD35) C3b, C4b, C1q Erythrocytes, neutrophils, monocytes, B lymphocytes, some 
T lymphocytes, glomerular podocytes, mast cells, eosi-
nophils, follicular dendritic cells, Kupffer cells

CR2 (CD21) C3d,g, C3d, Epstein-Barr virus, CD23 Mature B lymphocytes, small subset of T lymphocytes, 
thymocytes, follicular dendritic cells, basophils, kerati-
nocytes

CR3 (CD11b/CD18) iC3b (>C3b>C3d) Neutrophils, monocytes, NK cells, follicular dendritic cells, 
Kupffer cells

CR4 (CD11c/CD18) iC3b (>C3b) Monocytes, neutrophils
C1q receptor C1q Endothelial cells, fibroblasts, platelets, smooth muscle 

cells, selected epithelial cells, monocytes, neutrophils, 
B lymphocytes, small percentage of T and non-T, non-B 
lymphocytes

C5a receptor (CD88) C5a Neutrophils, monocytes, eosinophils, mast cells, T lym-
phocytes, hepatocytes, endothelial cells, pulmonary epi-
thelial cells, astrocytes, selected smooth muscle cells

C3a receptor C3a, C4a Neutrophils, monocytes, basophils
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pathway C3 convertase and results in continuous 
C3 cleavage and markedly low levels of this com-
plement component. C3NeF has been identified 
in patients with systemic lupus erythematosus, 
membranoproliferative glomerulonephritis, partial 
lipodystrophy, and selected other disorders.

The Lectin Pathway

The lectin pathway of complement activation is 
activated by the binding of mannose-binding lectin 
(MBL) to repeating carbohydrate moieties on the 
surface of various pathogens.24 MBL is structur-
ally similar to C1q; interestingly, MBL physically 
associates with two proteases, MBL-associated pro-
teases 1 and 2 (MASP-1 and MASP-2), the latter 
moieties acting like C1r and C1s of the classic 
pathway.25 Once MBL is bound to a target, MASP-1 
and MASP-2 are activated leading to the subsequent 
cleavage of C4, C2, and C3. By an incompletely 
understood mechanism, the lectin pathway can also 
bypass C4 and C2 and activate C3 directly.

The Membrane Attack Complex

Cleavage of C5 by either the classic or alternative 
pathway C5 convertases results in identical frag-
mentation of the native molecule and the formation 
of C5a and C5b. C5a is an 11-kd cationic glycopro-
tein that is released into the fluid phase as the most 
potent anaphylatoxin produced during the activa-
tion of complement. Following its generation, C5b 
undergoes a conformational change that exposes a 
labile hydrophobic binding region that allows C5b 
to become noncovalently attached to an activating 
or exposed surface.26,27 However, in the absence of 
C6, surface bound C5b rapidly loses its hemolytic 
activity. Alternatively, C5 cleavage in the presence 
of C6 results in the formation of a structurally sta-
ble C5b6 complex. C5b6 may circulate in the fluid 
phase, bind to unsensitized cells, and elicit the for-
mation of the MAC by facilitating binding of other 
terminal complement components. C6 interacts 
nonenzymatically with C5b; physiochemically, C7 
is quite similar to C6 and displays high-affinity 
binding to C5b6. The resulting C5b67 complex is 
capable of associating with phospholipid bilayers of 
plasma membranes. The addition of C8 to a  surface-

bound C5b67 complex allows it to enter more 
deeply into the lipid bilayer and disrupt the plasma 
membrane.28,29 While this complex produces a suf-
ficiently large lesion to initiate cell lysis, this proc-
ess is slow and dependent on high inputs of C8.

C9, the final terminal complement component, 
has two interesting biologic features: (1) it is 
amphipathic (i.e., composed of two domains with 
notably different properties) in that it contains one 
hydrophobic and one hydrophilic domain; and (2) 
it has the ability to polymerize. C9 initially binds 
as a monomer to C5b678 in plasma membranes. 
Subsequently, it polymerizes to create a trans-
membrane tubular complex containing an internal 
channel and a unipolar thickened annulus.30 Such 
channels allow water to enter the targeted cell and 
eventuate in its lysis. In this respect, C9 shares fea-
tures like those seen with other pore-forming pro-
teins such as the cytotoxic granule protein perforin. 
In contrast to the proteolytic activity of the early 
activation components, the assembly of the MAC 
results from conformational changes that expose 
new reactive sites on each subsequent complement 
component. The conformational and structural 
changes that occur in the terminal components 
during assembly of the MAC lead to the expres-
sion of neoantigens on the complex that are absent 
(or hidden) in the respective native components 
comprising this complex. Specific antisera against 
MAC neoantigens have shown that this macromo-
lecular complex can be found in lesional skin from 
patients with systemic lupus erythematosus as well 
as in the skin of patients with bullous pemphigoid 
or dermatitis herpetiformis.

Anaphylatoxins

Complement activation sufficient to cleave C4, C3, 
and C5 results in the production of a series of low-
molecular-weight fragments, C4a, C3a, and C5a, 
respectively, that are released into the fluid phase 
(Table 7.5). C4a and C3a are nonglycosylated, 
77-amino-acid fragments, while C5a contains a 
large carbohydrate moiety and 74 amino acids. All 
of these peptides are regarded as anaphylatoxins 
because of their ability to stimulate smooth muscle 
contraction, enhance vascular permeability, and 
induce vasoactive mediator release from mast cells 
and basophils.12,31
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C5a, the “classic” complement anaphylatoxin, is 
an 11-kd peptide that contains an aspargine-linked 
oligosaccharide at amino acid 64 that contributes 
25% of the molecular weight of this anaphylatoxin. 
C5a is approximately 200- and 3000-fold more 
potent than C3a and C4a, respectively. C5a is further 
distinguished from C3a and C4a by its ability to elicit 
directed migration of neutrophils and monocytes as 
well as aggregation, polarization, lysosomal enzyme 
release, and oxidative metabolism of the former. C5a 
stimulates interleukin-1 and tumor necrosis factor 
production by human mononuclear cells and also 
has been shown to augment both humoral and cell-
mediated immune responses in vitro. Although the 
removal of the carboxyl-terminal arginine by serum 
carboxypeptidase N destroys or substantially reduces 
spasmogenic activity of all three molecules, the des 
Arg form of the anaphylatoxins may retain other 
biologic activities. Of these, C5a des Arg is clearly 
the most potent. C5a des Arg is approximately 10- to 
100-fold less potent than C5a, but does retain numer-
ous biologic activities.

Complement Regulatory Proteins

The complement system is tightly controlled by 
regulatory elements that act in various ways at 
a number of different sites (see Table 7.3). Such 
regulatory elements are found in the fluid phase, 
on cell membranes, and in the matrix. They can 
irreversibly inactivate a specific component, tran-
siently maintain a protein in an inactive form, or 
dissociate proteins from multicomponent com-
plexes. Selected regulatory elements or inactivators 
are briefly reviewed below.

Regulators of Complement 
Activation

A large number of proteins exert a controlling 
influence at the C3 convertase stage of comple-
ment activation. These proteins bind to frag-
ments of C3 or C4 and either block formation 
of the C3 convertase or serve as a cofactor for 
its inactivation by factor I. This group of regula-
tory proteins includes C4 binding protein, factor 
H, decay-accelerating factor (DAF), CR1, CR2, 
and membrane cofactor protein (MCP, originally 
named gp45-70). Analysis of complementary 
DNA (cDNA) clones for all of these proteins has 
revealed a common structural motif that features 
multiple repeats of an approximately 60-amino-
acid consensus unit. Moreover, the genes for 
these proteins have been localized to the long 
arm of human chromosome 1. These genes are 
regarded as a multigene family of complement 
regulator proteins that may have evolved from 
an ancestral C3-binding protein. Interestingly, 
this family includes both soluble as well as mem-
brane-associated proteins.

Fluid Phase Regulatory Elements

C1 Inhibitor

C1 inhibitor (C1-INH) is a 105-kd glycoprotein 
that is a member of the serine proteinase inhibitor 
(or serpin) family. It binds active sites on C1r and 
C1s, thus destroying their proteinase activity.32 
It also inhibits the proteinases kallikrein, fac-
tor XIa, factor XIIa, and plasmin. A deficiency 
of C1-INH is seen in patients with hereditary 
angioedema (HAE), an autosomal dominant disor-
der characterized by recurrent attacks of nonpru-
ritic, nonerythematous, and generally nonpitting 
edema of the face, airways, gastrointestinal tract, 
and extremities (see below).

Factor I

Factor I (previously known as C3b inactivator) 
is a 90-kd enzyme that like factor D, appears to 
circulate in an active state.18 The natural substrates 
of factor I are C4b and C3b. C4-binding protein 

Table 7.5. Biologic activities of anaphylatoxins

Target site Biologic effects

Mast cells Degranulation, histamine release
Leukocytes Aggregation, adhesion, chemotaxis 

(C5a), degranulation, stimulation 
of oxidative metabolism

Smooth muscle Contraction in selected tissues
Capillary walls Vasopermeability
Vascular endothelial cells Induction of leukocyte adhesion, 

liberation of arachidonic acid
Platelets Aggregation, generation of arachi-

donic acid products
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and factor H are obligate cofactors for the enzy-
matic action of factor I in fluid-phase systems. 
This relationship suggests that the binding proteins 
produce conformational changes in their substrates 
that expose cryptic sites susceptible to cleavage by 
factor I. Cleavage of C3b or C4b by factor I cre-
ate specific forms of these molecules. While these 
degradation products can no longer act as partners 
of a C5 convertase, they demonstrate high affinity 
for specific C3 and C4 receptors.

Factor H

Factor H, previously known as β-IH, is a 150-kd, 
monomeric polypeptide that functions as a regula-
tor of the “tickover” activation mechanism of the 
alternative pathway.33 Factor H accelerates the 
decay of the alternative pathway C3 convertase by 
promoting the dissociation of Bb from the complex. 
Factor H achieves this effect by competing with 
both B and Bb for binding to C3b. The binding 
of factor H to C3b also interferes with the capac-
ity of the latter to bind C5. Factor H also serves 
as an essential cofactor for the cleavage of fluid-
phase C3b by factor I, and accelerates cleavage of 
surface-bound C3b by factor I. Although factor H 
lacks enzymatic activity, it regulates C3b activity in 
a manner analogous to that of C4 binding protein 
on C4. Although the combined influence of factors 
H and I on C3b does not abrogate all of the latter’s 
biologic activity, it terminates C3b’s capacity to 
participate in C3 or C5 convertases.

C4-Binding Protein

C4-binding protein is composed of seven or eight 
subunits linked by disulfide bridges; its molecular 
weight is 570 kd.34 C4-binding protein engages in 
activities that parallel those of factor H (i.e., cofac-
tor activity and decay acceleration). Interestingly, 
these activities are directed toward C4b and the 
classic activation pathway rather than C3b and the 
alternative activation pathway. C4-binding protein 
binds fluid-phase C4b and renders it susceptible 
to inactivation by factor I. Although C4-binding 
protein is not required for factor I–mediated inac-
tivation of cell-surface bound C4b, factor I cannot 
interact with fluid-phase C4b in the absence of this 
cofactor. In binding to C4b, C4-binding protein 
also facilitates dissociation of C2a, thus accelerat-

ing the decay of the classic pathway convertase. 
C4-binding protein is also capable of binding a 
single molecule of the vitamin K–dependent serum 
protein, protein S. Subsequent to its binding to C4-
binding protein, the anticoagulant function of this 
molecule appears to be lost.

S Protein (Vitronectin)

S protein is a glycoprotein of approximately 88 kd 
that is capable of forming stable, presumably hydro-
phobic interactions with the membrane-binding site 
of C5b67.35 This interaction converts the C5b67 com-
plex into a hydrophilic non–membrane-binding and 
hence inactive moiety. Although C8 and C9 can still 
bind to such complexes, C9 cannot polymerize.

Carboxypeptidases

Carboxypeptidases, present in normal serum in an 
active state, rapidly remove the carboxyl terminal 
arginine from C4a, C3a, and C5a, thus destroy-
ing (or substantially reducing) their activity. Such 
exopeptidases also display important regulatory 
control (either partial or complete) of kinin and 
fibrinolytic peptides.

Homologous Restriction Factor

Terminal component lytic efficiency is severely 
restricted when complement and target cells are 
derived from the same species (so-called homolo-
gous restriction). This activity is mediated by a 
65-kd membrane protein called C8-binding protein 
or homologous restriction factor (HRF). The man-
ner in which this molecule inhibits C8 and C9 lytic 
lesions is similar to that of CD59 (see below).

SP-40,40 (Clusterin)

SP-40,40 is a disulfide-linked heterodimer found 
free in normal serum as well as epithelial cells of 
male reproductive tissues, seminal plasma, and 
selected endothelial cells. In complement activated 
serum it associates with soluble C5b-9 complexes 
and exhibits regulatory activity that is similar to 
S protein. In this manner, clusterin is thought to 
interact with the hydrophobic membrane insertion 
domain of the nascent MAC and thus block its 
entry into plasma membranes.
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Membrane Regulatory Elements

Decay Accelerating Factor (CD55)

Decay accelerating factor (DAF) is a 70-kd cell-
surface glycoprotein that has a glycophosphatidyli-
nositol (GPI) anchor. It acts by binding C3b or C4b 
on cell membranes, thus markedly increasing the 
spontaneous decay of both the classic and alterna-
tive pathway C3 convertases. Soluble forms of DAF 
have been found in a wide range of biologic fluids.

Membrane Cofactor Protein (CD46)

Membrane cofactor protein (MCP) is a widely 
distributed surface membrane human C3-binding 
protein that functions as a required cofactor for 
the cleavage of C3 and C4 into their hemolytically 
inactive forms, iC3b and iC4b. Although the role of 
MCP in the complement system is similar to that 
of DAF, the specific enzymatic activity is different 
and results in an inactive form of C3 protein. The 
expression of MCP is widespread, with the notable 
exception of erythrocytes, and soluble forms have 
been found in many biological tissues.

CD59

CD59 (MIRL, MACIF, HRF20, P18) is a widely 
distributed, highly disulfide-linked protein with a 
GPI anchor.36 It is found on erythrocytes, mono-
cytes, granulocytes, platelets, endothelial cells, and 
many cells of the nervous and reproductive tissues. 
A soluble form has also been found in urine, semi-
nal plasma, serum, and amniotic fluid. CD59 can 
bind C8 in the C5b-8 complex and thus block the 
effective incorporation of C9. CD59 can also bind 
C9 that is already in the MAC and block its polym-
erization, thereby preventing the full formation of 
the transmembrane pore. CD59 also has non–com-
plement-related functions (e.g., it can function as 
an adhesion molecule through its ability to serve as 
a counterreceptor for CD2).

Matrix Regulatory Elements

Decorin

In skin, bone, articular cartilage, cornea, and arte-
rial wall adventitia, a dermatin sulfate  proteoglycan, 

designated decorin, is expressed. Purified or recom-
binant decorin has been shown to bind C1q with a 
high affinity at physiologic strength.37 Interestingly, 
decorin inhibits complement activation, presum-
ably by binding and altering the activity of C1q. 
While other matrix proteins, such as fibrinogen, 
fibrin, fibronectin, and laminin, have also been 
shown to bind C1q, they have not been reported to 
block its activity.

Complement Receptors

A wide variety of biologic effects of complement 
are mediated by specific high-affinity receptors for 
various cleavage fragments (see Table 7.4). These 
effects include not only the clearance of comple-
ment-coated antigens, but also the activation of 
cells of the immune system. For some proteins, 
such as C3, different receptors exist that are rela-
tively specific for unique activation fragments of 
the molecule (C3b, C3bi, C3d). By this mecha-
nism, the immune response can be modulated with 
a higher degree of specificity.

Complement-activation fragments for which 
receptors have been well described and cloned 
include C1q, C5a, C3a, and cleaved forms of C3 
and C4. Receptors for C4a, factor B (both Ba and 
Bb), factor H, and other components have been 
identified based on biologic activities only. Table 
7.4 provides a summary overview of selected com-
plement receptors. Readers are referred elsewhere 
for additional information about this topic.4,8

Biosynthesis and Genetics 
of Complement Proteins

Studies of protein polymorphism in human sub-
jects following orthotopic liver transplants have 
shown that more than 90% of plasma C3, C6, 
C8, and factor B are synthesized in the liver.38 
However, other studies have shown that a variety 
of cell types such as monocytes, macrophages, 
fibroblasts, and epithelial cells are capable of 
synthesizing complement components.39 Locally 
produced components may play an important role 
in inflammatory responses. Moreover, a variety of 
stimuli have been shown to modify complement 
component secretion.
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Complement proteins demonstrate a substantial 
number of genetic polymorphisms. In general, 
these polymorphisms present as differences in 
charge. Polymorphic variants have been described 
for C2, C3, C4, C6, C7, C8, factor B, factor H, C4 
binding protein, and C1-INH. The majority of these 
complement allotypes function normally. The most 
common dysfunctional variant is that of C1-INH, 
which may be present in antigenetically normal 
levels yet demonstrate no functional activity.

Complement Component 
Deficiencies

The incidence of inherited complement deficiency 
states in otherwise normal individuals is low. 
However, genetic deficiencies have been reported 
for a substantial number of complement compo-
nents and complement-related proteins (Table 7.6) 
Individuals who lack a complement component are 
often at increased risk for developing infectious dis-
eases or autoimmune syndromes. Individuals who 
lack a component of the classic pathway (e.g., C1, 
C4, C2) tend to develop systemic lupus erythema-
tosus (SLE), SLE-like syndromes, or other autoim-
mune diseases. Those who lack components of the 
membrane attack complex or the alternate pathway 
tend to have recurrent pyogenic infections. Almost 
all genetic complement deficiency states appear to 
be inherited in an autosomal recessive manner. The 
following subsections briefly review two of the 
most common complement deficiency states.

C2 Deficiency

C2 deficiency is the most common complement 
component deficiency in Caucasians. It has been 
estimated that about 1 in 40,000 individuals is 
homozygous for C2 deficiency.34 Since the gene 
for C2 is located in the major histocompatibility 
complex (MHC) (see above), it is not surprising 
that it is in linkage disequilibrium with certain 
human leukocyte antigens (HLAs). The most 
common disease associated with C2 deficiency 
is SLE, although other autoimmune diseases 
such as discoid lupus erythematosus,  necrotizing 
vasculitis, and juvenile rheumatoid arthritis 
have been reported. Patients with SLE and C2 
deficiency are not clinically different from SLE 
patients in general, except that their disease 
may have a relatively early age of onset and less 
severe renal involvement. Other C2-deficient 
patients have been reported to have an increased 
incidence of recurrent bacterial infections. C2 
deficiency should be considered in a patient who 
presents with signs and symptoms of an autoim-
mune disease and has a hemolytic complement 
(CH50) of zero.

C1 Inhibitor Deficiency

C1-inhibitor deficiency is the cause of HAE, an 
autosomal dominant disorder that has been esti-
mated to occur in about 1 in 100,000 individuals. 
HAE is characterized by recurrent episodes of sub-
cutaneous swelling of the face, extremities, upper 
airway, and gastrointestinal tract that last for 48 to 
72 hours.40 C1-INH binds irreversibly to activated 
C1r and C1s. Several types of C1-INH deficiency 
exist. In the most common form of HAE (type I, 
∼85% of patients), the individual has one normal 
C1-INH gene and one that does not encode protein. 
These patients have low levels of C1-INH (i.e., 5% 
to 30% of normal). In another form of HAE (type 
II, ∼15% of patients), the individual has one normal 
C1-INH gene and one that encodes a molecule that 
is antigenically intact but functionally inactive. 
These patients have normal antigenic levels but 
markedly decreased functional activity of C1-INH 
due to altered structure of this molecule. A clinical 
syndrome resembling HAE that affects only women 
has been termed type III HAE. Interestingly, no 
abnormalities of complement or C1-INH levels 

Table 7.6. Inherited complement component 
deficiencies

Deficient component Disease association

C1r, C1s, C2, C4 SLE, SLE-like syndromes, dermat-
omyositis, glomerulonephritis, 
recurrent bacterial infections

C3, factor I Recurrent bacterial infections (esp. 
Pneumococcus, Staphylococcus, 
Streptococcus)

C5, C6, C7, C8 Neisseria infections (SLE and SLE-
like syndromes also reported)

C1 inhibitor Hereditary angioedema, SLE, DLE

DLE, disseminated lupus erythematosus; SLE, systemic lupus 
erythematosus.
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have been described in these patients. The mediator 
responsible for the angioedema seen in patients 
with HAE is somewhat controversial. Increased 
bradykinin concentrations have been associated 
with clinical flares of HAE. C2 kinin, a fragment 
of C2b, may also contribute to the pathophysiol-
ogy of this disorder. In Europe, purified C1-INH is 
available for treatment of acute attacks of HAE; in 
the United States, treatment largely consists of the 
use of fresh frozen plasma acutely, and androgens 
chronically.

Acquired angioedema (AAE) mimicking HAE is 
a rare syndrome. Like HAE, AAE has two distinct 
forms. Type I is characterized by diminished levels 
of C1-INH secondary to its increased catabolism. 
Type I AAE is associated with lymphomas, chronic 
lymphocytic leukemia, and other lymphoprolif-
erative diseases. Although the exact mechanism 
by which these lymphoproliferative diseases lead 
to angioedema is not clear, the underlying cause is 
thought to be the formation of immune complexes 
that increase consumption of C1-INH. In AAE type 
II, while no lymphoproliferative or other underly-
ing diseases are apparent, autoantibodies bind the 
reactive center of C1-INH, altering its structure and 
regulatory capacity.

Complement Assays

There are two basic types of complement assays—
those that quantitate antigenic concentrations 
of various complement proteins and those that 
measure the functional activity of a single or 
group of complement components. Each of these 
assay methods offers certain advantages and dis-
advantages.8

Antigenic complement assays are widely avail-
able, and, in general, can be performed easily and 
quickly. Although antigenic assays are accurate, 
they are not as sensitive as functional assays and 
provide no information about the biologic activity 
of the component under study. Moreover, radial 
immunodiffusion assays sometimes detect frag-
ments as well as intact components, thus providing 
inaccurate determinations. Commercially avail-
able assays are currently available for a variety of 
human complement components. In addition to radial 
immunodiffusion, enzyme-linked immunosorbent 

assay (ELISA), rocket immunoelectrophoresis, 
crossed immunoelectrophoresis, and nephelometry 
have also been used to quantitate complement 
component levels.

Functional complement assays are generally 
precise and sensitive yet not widely available. Most 
of these assays utilize serum samples since anti-
coagulants (e.g., ethylenediaminetetraacetic acid 
[EDTA], heparin) inhibit or interfere with comple-
ment activation. The most commonly employed 
functional complement assay is the CH50 or whole 
complement titer. The CH50 assay tests the ability 
of serial dilutions of test serum to lyse a stand-
ardized suspension of antibody-sensitized sheep 
erythrocytes. The CH50 titer is the reciprocal of the 
dilution of serum that lyses 50% of the erythro-
cytes. Absence or dysfunction of a classic pathway 
component results in a CH50 titer of essentially 
zero. Research laboratories employ similar tech-
niques to determine the functional activity of 
specific complement components or regulatory 
molecules. Although functional test systems are 
relatively complex, they may detect reduced levels 
of certain complement components before the acti-
vated component (still reactive in some antigenic 
assays) is cleared from the circulation. These 
assays also identify nonfunctional components that 
are present at normal antigenic levels.

Several general caveats regarding measurement 
of complement components should be mentioned. 
First, measurements of components are static, 
assessing levels of these proteins at only one point 
in time. Because a number of complement compo-
nents are synthesized and degraded at a rapid rate, 
static measurements should not be considered 
reflective of changing events in vivo. Second, 
plasma levels of these proteins reflect the balance 
between their rates of synthesis and degradation. 
Metabolic studies in humans have shown that nor-
mal component levels may be maintained by an 
increased rate of synthesis despite the presence of 
pronounced complement activation. Third, there 
is a wide range of normal values for several com-
plement components and it is sometimes difficult 
to determine minor variations in a single sample. 
Fourth, several complement components behave 
as acute-phase reactants and become elevated (or 
normal) in various pathophysiologic alterations 
where some degree of complement activation is 
occurring.
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Complement Inhibitors 
as Therapeutics

Because complement plays a key role in many 
inflammatory and autoimmune diseases, substantial 
effort has gone into the development of inhibitors 
that may attenuate the biologic activities of vari-
ous complement fragments. These inhibitors have 
already been shown to have dramatic effects on 
animal models of complement-dependent inflam-
matory states.41,42

Nonrecombinant Inhibitors

Anticomplement effects have been identified 
in a variety of drugs. Heparin, for example, 
can inhibit complement activation. Because its 
complement inhibition appears distinct from its 
anticoagulant effect, there is potential for the 
development of a safe and specific complement 
inhibitor based on this drug. Other potential 
complement inhibitors include substituted iso-
coumarines, leupeptin, peptides that mimics 
serine protease cleavage sites, and intravenous 
immunoglobulin (IVIG).

Recombinant Soluble Complement 
Regulatory Proteins as Complement 
Inhibitors

Efforts to create complement regulatory agents 
have focused on the development of biologically 
active soluble forms of CR1, CR2, DAF, MCP, 
and C59. Because CR1 can block activation of 
the alternative as well as the classic pathways, 
and has both decay-accelerating and cofac-
tor activities, it is an ideal “drug” candidate. 
Recombinant soluble human CR1 (sCR1) has 
been shown to inhibit local inflammation in 
a number of animal models. Soluble forms of 
CR2, DAF, MCP, MCP-DAF fusions, and CD59 
have also been created, as have cell-targeted 
forms of sCR1 and CD59. Finally, monoclonal 
antibodies directed against C5 are in human tri-
als, and both peptide and nonpeptide inhibitors 
of factor D, factor B, and C3 activation are under 
development in preclinical studies.

Conclusion

Complement plays an important role in inflamma-
tion, opsonization of foreign materials, facilitation 
of phagocytosis by leukocytes, and direct cyto-
toxic reactions. The complement system displays 
continuous, low-grade activation that is subject to 
rapid and massive amplification based on specific 
and sequential cleavage of zymogen proteases. The 
complement system is divided into the following 
general segments: (1) initiation mechanisms known 
as the classic, alternative, and lectin pathways; (2) 
the amplification pathway; and (3) the membrane 
attack complex.
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Key Points

• Specialized, bone marrow–derived antigen-
presenting cells (dendritic cells, DCs) are critical 
in the initiation and propagation of skin-related 
immune reactions in both health (host defense) 
and disease (inflammatory skin conditions).

• These DC bridge the innate and adaptive arms of 
the immune system.

• Dendritic cell subsets are difficult to define 
and characterize from a functional perspective 
because of their heterogeneity and plasticity.

• All DC can act as antigen-presenting cells (APCs), 
and thus have the capacity to uptake and process 
polypeptides into antigens that are readily rec-
ognizable by the immune system. This group of 
cells expresses major histocompatibility complex 
(MHC) antigens (class I and II) and low levels 
of co-stimulatory molecules that are regulated. 
Cytokine production by DCs is also a critical 
feature that allows these APC to activate and educate 
T lymphocytes during cell–cell interactions.

• Dendritic cells can exist in tissues in an immature 
state, and can be activated into a mature state by 
microbial products (via Toll-like receptors) that 
results in migration from a tissue such as the skin 
to the local lymph node.

• Dendritic cells are present in normal and inflamed 
skin (Langerhans’ cells in the epidermis, and 
dermal dendritic cells in the dermis) and may be 
involved in the pathogenesis of important diseases 
such as psoriasis and atopic dermatitis.

Specialized professional antigen-presenting cells 
(APCs), termed “dendritic cells” (DCs), are thought 
to play critical roles in the initiation and propagation 

of skin-centered immune and inflammatory reactions 
in health and disease. Although this chapter focuses 
almost exclusively on DCs and additionally empha-
sizes DCs that preferentially localize in skin, DCs are 
only one component of the skin immune system. The 
involvement of other hematopoietic cells, including 
lymphocytes, polymorphonuclear leukocytes, and tis-
sue mast cells, in cutaneous inflammation is widely 
appreciated. Increasingly, it is apparent that skin intrin-
sic constituents such as keratinocytes and endothelial 
cells are also active participants in cutaneous inflam-
matory and immune reactions. Keratinocytes maintain 
the cutaneous barrier that excludes noxious agents, pro-
duce peptides that limit growth of microbes that breech 
the barrier, and release chemokines and proinflam-
matory cytokines that recruit and activate leukocytes. 
Effects on leukocyte recruitment are mediated, in part, 
by the actions of these epidermal-derived cytokines 
on microvascular endothelia that facilitate leuko-
cyte adhesion and transmigration.

It is important to recognize that even  tissue-centered 
immune and inflammatory reactions are organismal 
responses. Both innate and adaptive arms of the 
immune system are involved in most instances, with 
DCs acting as essential bridges reaching from one 
cell to another and between peripheral and lym-
phoid tissues as well. In trying to understand DC 
function in skin and other tissues, it is important to 
keep in mind that two critical drivers of evolution of 
immune and inflammatory mechanisms are resist-
ance to life-threatening microbial infections and the 
need to avoid autoimmunity. Thus, studies of infec-
tious and autoimmune diseases may be particularly 
informative when it comes to elucidating important 
functional aspects of cutaneous DC.

8
Cutaneous Dendritic Cells in Health 
and Disease
Mark C. Udey
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Historical Perspectives

In retrospect, studies of cutaneous DCs were 
ongoing for more than a century before DCs 
were identified as an important leukocyte sub-
population. In 1868, an Austrian medical stu-
dent, Paul Langerhans, identified a distinctive 
cell in histologic sections of human epidermis 
that exhibited an unusual affinity for gold salts. 
Subsequently termed “Langerhans’ cells” (LCs), 
these cells have been extensively studied by 
dermatologists as well as nondermatologists. 
Because of their dendritic morphology and lack 
of keratin filaments, relationships of LC to 
both neurons and melanocytes were conjectured. 
In the 1970s, Drs. Stephen Katz and Jeffrey 
Frelinger and their colleagues1,2 conclusively 
and independently demonstrated that mouse LCs 
were bone marrow–derived and were therefore 
leukocytes. These studies led to more directed 
characterization of the functional activities of 
LCs, and it was subsequently demonstrated that 
they could function as APCs. Studies of patients 
who received allogeneic bone marrow trans-
plants demonstrated that human LCs were also 
of bone marrow origin, and additional studies 
have confirmed that mouse and human LCs are 
comparable in many ways.

Dendritic cells were discovered as an identifi-
able leukocyte subpopulation about 30 years ago 
by Ralph Steinman at Rockefeller University. 
Working in mice, Steinman and his coworkers3 
characterized a very minor subpopulation of 
spleen cells that were extremely potent APCs 
and that were uniquely able to initiate immune 
responses in naive T cells. Analogous cells 
were subsequently described in other lymphoid 
tissues in relatively short order, and ultimately 
it was recognized that DCs populated most epi-
thelia and solid organs as well. In 1985, more 
than 100 years after Paul Langerhans discovered 
them, another Austrian, Dr. Gerald Schuler,4 a 
dermatologist, defined LCs as members of the 
DC family while working as a postdoctoral 
fellow in Dr. Steinman’s laboratory, thereby 
definitively linking cutaneous immunophysiol-
ogy and DC biology. This chapter explores this 
relationship and its consequences in health and 
disease.

Definition of Dendritic Cells

Perhaps because of their heterogeneity and plastic-
ity, it is more difficult to identify and define DCs 
than other leukocyte subpopulations. Thus, we rely 
on a set of shared properties to clearly delineate 
DCs from other, in some cases related, leukocytes 
rather than any single characteristic (Table 8.1). 
Morphology is one criterion that is useful, and 
one that was recognized early on. Dendritic cells 
in tissues typically exhibit long processes (“den-
drites”). This property is maintained to some extent 
by DCs in suspension and in culture, although in 
these settings cellular extensions take the form 
of sheets (“veils”) rather than tubular projections. 
Because of their irregular contour, DCs have large 
cell surface areas with which to interface with their 
surroundings. Thus, although DCs are infrequently 
represented in their tissues of origins, comprising 
no more than a few percent of all cells present, 
a single DC may interact with many neighboring 
cells. Recent studies indicate that DCs actively 
extend and retract their cellular extensions in tis-
sues,5 a process that may reflect sampling activity 
of cells that likely function as sentinels.

All DCs can function as APCs. Minimal require-
ments for APCs include the ability to take up and 
degrade antigens into relevant peptides, cell-
surface expression of MHC class I and class II 
antigens that can bind to appropriately processed 
peptides, and at least limited expression of some 
co-stimulatory molecules. Dendritic cells are the 
most potent of all APCs and can stimulate naive 
T cells. This latter activity of DCs likely results 
from their capacity to express large amounts 
of MHC-peptide antigen complexes, and high 

Table 8.1. Dendritic cell characteristics

Derived from bone marrow (leukocytes)
Limited proliferation potential
Minor population in tissues
Widely distributed (epithelia, lymphoid tissues, solid organs)
Dendritic morphology
Antigen-presenting cell (APC) activity
Responsive to environmental cues (cytokines and pathogens)
Several activation/differentiation states
Can migrate from peripheral tissues to lymphoid organs
Can stimulate naive T cells
Can influence T-cell differentiation
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levels of a variety of co-stimulatory molecules. 
The large cell surface areas with which DC can 
interface with responding T cells may also be a 
factor. The ability of many DCs to translocate 
in a directed fashion from peripheral tissues to 
lymphoid organs is another distinctive property of 
DCs that is integral to many of the their important 
functional activities.

Note that this discussion initially did not focus 
on cell-surface markers. B cells and T cells can 
be differentiated from all other leukocytes because 
they express immunoglobulin molecules and T-cell 
receptors (TCRs) for antigen, respectively, on their 
surfaces. Unfortunately, there is no single cell-
surface antigen (or corresponding antibody) that 
uniquely identifies DCs. The leukocyte integrin 
CD11c/CD18 is perhaps the most useful single DC 
surface protein in this regard, being expressed by 
all murine and many human DCs, but CD11c is 
also expressed by non-DC under certain circum-
stances. Selected single cell-surface antigens can 
be used reliably to distinguish members of selected 
distinct DC subpopulations from each other, 
however (see below).

Dendritic Cell Subpopulations, 
Origins, and Lineages

Dendritic cells share more cell-surface markers 
with monocyte/macrophages than other leuko-
cytes, a feature that was thought to indicate a line-
age relationship between DCs and myeloid cells. 
Deciphering relationships between DCs and other 
leukocytes became more difficult as new DC sub-
populations were described and it became increas-
ingly apparent that DC phenotypes are influenced 
by their tissue environments, as well as by the 
degree to which DCs have been manipulated in 
vitro. The current consensus view is that there are 
three well-defined conventional DC subpopulations 
in both mice and humans: epidermal Langerhans’ 
cells (LCs); interstitial DCs, as exemplified by der-
mal DCs (DDCs) in skin; and plasmacytoid DCs 
(PDCs) (Table 8.2). Two of the three subpopula-
tions (LCs and DDCs) are represented in normal 
skin, and PDCs have been detected in skin in the 
setting of several cutaneous diseases. Recent data 
from studies of mice suggest that monocytes repre-

sent immediate precursors of LCs and DDCs.6–8 
The PDC lineage appears to be distinct from that 
of LCs and DDCs,9 and these cells may be more 
closely related to lymphocytes. Elucidation of 
the relationships of several unconventional DCs 
(Table 8.2), including DCs with some features of 
natural killer (NK) cells,10,11 inflammatory den-
dritic epidermal cells (IDECs),12 and tumor necro-
sis factor-α (TNF-α)- and inducible nitric oxide 
synthase (iNOS)-producing DCs (TIP-DCs)13 and 
conventional DCs, and the significance of these 
unconventional DCs in immunophysiology represents 
an area of active investigation (see below).

Some DCs (e.g., LCs and DDCs) localize initially 
in peripheral tissues (such as skin) and migrate to 
regional lymphoid organs in a regulated fashion, 
while others are found exclusively in lymphoid tissues 
and are derived from peripheral blood-borne pre-
cursors. When discussing tissue and lymphoid 
DCs that are linked in a precursor-product rela-
tionship, the convention is to refer to tissue DCs as 
“immature” and their lymphoid DC derivatives as 
“mature”14 (Table 8.3).

Antigen Processing and Presenting 
Functions of Dendritic Cells

Although APC activity is a feature of all DCs, DCs 
are functionally distinct from other APCs (macro-
phages and B cells) in several important ways.15 
As already mentioned, DCs are the most potent 
APC known, and efficiently stimulate naive T 
cells. In addition, in some DCs antigen acquisition/
processing and antigen presentation occur at dif-
ferent times and in different tissues. Highly active 
antigen acquisition and processing activities are 
characteristic of immature tissue DCs such as LCs 

Table 8.2. Dendritic cells subpopulations

Conventional dendritic cells
Epidermal Langerhans’ cells (LCs)
Interstitial dendritic cells (IDC), including dermal dendritic 

cells (DDCs)
Plasmacytoid dendritic cells (PDCs)
Unconventional dendritic cells
Dendritic cells with natural killer cell–like features (NK-DCs)
Tumor necrosis factor-α (TNF-α) and inducible nitric oxide 

synthase (iNOS)-producing dendritic cells (TIP-DCs)
Inflammatory dendritic epidermal cells (IDECs)
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and DDCs while they are located in skin. Immature 
DCs display a variety of cell-surface receptors 
including a number of C-type lectins (proteins 
that bind to microbial carbohydrates in a calcium-
dependent manner),16 Fc receptors (proteins that 
bind to Fc domains of immunoglobulins), comple-
ment receptors, and other proteins that enable them 
to physically interact with sources of antigen (e.g., 
microbes) and ingest them.

Ingestion of particulate antigen by DCs is 
accomplished by phagocytosis, while soluble anti-
gens can be acquired via endocytosis or macropi-
nocytosis. After ingestion, antigens are shuttled 
to the appropriate lysosomal enzyme containing 
compartments where they degraded into peptides 
that can bind to MHC class II antigens for pres-
entation to CD4 T cells. Immature DCs exhibit 
limited phagocytic activity as compared with mac-
rophages, but are much more active in this regard 
than mature dendritic cells. Immature DCs are 
also able to efficiently sample their extracellular 
environment through fluid-phase macropinocyto-
sis. This process involves ingestion of relatively 
large amounts of extracellular fluid, allowing DCs 
to accumulate antigens that are present in low 
amounts in their environments.

Dendritic cells are also highly efficient stimula-
tors of CD8 T cells. Antigenic epitopes that are 
recognized by CD8 T cells are displayed on the 

surfaces of DCs as complexes of appropriately 
processed peptides and polymorphic (or classic) 
MHC class I proteins. These complexes are assem-
bled in the endoplasmic reticulum (ER) as MHC 
class I proteins are synthesized. Most peptides 
that are incorporated into MHC class I–containing 
peptides have a cytosolic origin and are generated 
through a process that involves proteolytic degra-
dation by the proteosome and active transport into 
the ER via the transporter associated with antigen 
processing (TAP) protein. This pathway provides 
a mechanism for presentation of epitopes that are 
derived from self antigens or from pathogens (e.g., 
viruses) that infect DC to CD8 T cells.

It is at least theoretically important that DCs are 
also able to process and present antigenic epitopes 
that are derived from tumor cells or from pathogens 
that do not infect DCs for recognition by CD8 
T cells. There is some controversy about the over-
all significance of this pathway, but it is clear that 
under some circumstances DCs can “cross-present” 
antigens that they do not synthesize to CD8 T 
cells. Although mechanistic details regarding this 
pathway remain to be determined, apoptotic cells 
comprise at least one relevant source of antigen for 
cross-presentation. Additionally, in the mouse, it 
appears that one DC subpopulation (CD8α+ lymphoid 
DC) is primarily responsible for cross-presentation 
of apoptotic cell-derived epitopes.

Finally, cutaneous DCs also express nonpolymorphic 
MHC class I antigens such as CD1a, CD1b, and 
CD1c. These cell-surface molecules are of particular 
interest and importance because they are involved 
in presentation of nonpeptide glycolipid-associated 
antigens, including those derived from mycobacteria 
such as Mycobacterium leprae, to T cells.

Activation and Trafficking 
of Cutaneous Dendritic Cells

In skin-centered immune responses, antigen acqui-
sition occurs in the periphery (i.e., in skin), whereas 
antigen presentation occurs in regional lymph 
nodes (LNs). Thus, the ability of LCs and DDCs to 
translocate from one tissue to another in a directed 
fashion is critical. Encounters between DCs and 
antigen in association with one or more “danger 
signals” sets into motion a series of events that 
results in dramatic phenotypic changes,  including 

Table 8.3. Dendritic cell maturation

Immature 
dendritic cells

Mature 
dendritic cells

Location Periphery (e.g., 
skin)

Regional lymphoid 
tissue

Shape Dendritic More dendritic
Phagocytosis Low Absent
Macropinocytosis High Lower

Endocytosis Present Lower
Ag capture recep-

tors
High Low

MHC class I Ag Present (cell 
surface)

High (cell surface)

MHC class II Ag Present (intracel-
lular)

High (cell surface)

Co-stimulatory 
molecules

Low (cell 
surface)

High (cell surface)

Migratory activity Sessile Motile
Cytokine 

production
Limited IL-12, IL-23 and 

others

IL, interleukin; MHC, major histocompatibility complex.
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enhanced migratory activity. Known danger  signals 
include proinflammatory cytokines (such as 
interleukin-1 [IL-1] and TNF-α) and microbes. 
In skin, IL-1 and TNF-α can be produced by DCs 
and keratinocytes, and perhaps by other cells as 
well. Thus, DCs can respond to insults directly, or 
can exhibit bystander activation that is  dependent 
on prior activation of keratinocytes or other resi-
dent skin cells. Microbes can interact with DCs 
via a variety of cell-surface proteins, including 
C-type lectins (see above)16 and Toll-like receptors 
(TLRs).17,18 Examples of cooperative interactions 
between selected C-type lectins and TLRs have 
been reported.

Interactions of immature DC with proinflamma-
tory cytokines (via relevant receptors) and microbes 
(via TLRs) leads to downregulation of levels of cell-
surface receptors that are involved in antigen recog-
nition and uptake as well as decreased endocytic and 
macropinocytic activities. Simultaneously, activated 
DC express increased migratory activity, a chemok-
ine receptor (CCR7) that facilitates directed migration 
to CCL21 (secondary lymphoid tissue chemokine, 
SLC)-expressing dermal lymphatics, increased MHC 
class I and class II antigens on cell surfaces, and higher 
levels of co-stimulatory molecules. The DDCs and 
LCs that have been activated in skin localize in T-
cell–rich paracortical areas of regional LNs within 24 
to 72 hours, where they are well positioned to activate 
naive T cells that are potentially reactive with antigens 
that were acquired in skin. Recent experiments indicate 
that DDCs arrive in draining LNs before LCs, 
and that DDCs and LCs accumulate in LNs in adjacent 
nonoverlapping regions.19 The implications of these 
intriguing results are not yet fully understood. In the 
case of LCs, decreased of expression of the homotypic 
adhesion molecule E-cadherin (which may promote 
adhesion of LC to keratinocytes in vivo) also occurs as 
a consequence of activation.

The ability of activated DCs to express high 
levels of a variety of co-stimulatory molecules is, 
in part, responsible for their potent APC activity. 
Co-stimulatory molecules are cell-surface pro-
teins that are expressed by APCs and that aug-
ment the responsiveness of T cells to ligation of 
T-cell receptors (TCRs) and their co-receptors 
CD4 and CD8 by complementary ligands on T 
cells. Co-stimulatory molecules are most often 
members of the immunoglobulin supergene family 
and include such proteins as CD40, CD80 (B7.1), 

and CD86 (B7.2). CD40L is the T-cell co-receptor 
for CD40, and CD28 binds to CD80 and CD86. 
Although proinflammatory cytokines and TLR 
agonists induce comparable changes in DC sur-
face phenotype and DCs activated by both types 
of stimuli cause T cells to proliferate, only DC 
stimulated with TLR agonists are able to efficiently 
induce complete T-cell differentiation and acquisi-
tion of effector function.20 In addition to activating 
naive T cells, DCs influence T-cell differentiation. 
T-cell education is dependent on cytokines that are 
produced by DCs and that are present at the time 
of T-cell priming. DC-derived IL-12 is required 
for T-helper-1 (Th1) differentiation, while IL-23 
promotes Th17 development (see below).

Skin-derived DCs also migrate to regional LNs 
in the absence of inflammatory stimuli. It has been 
conjectured that this baseline trafficking of skin 
DCs, in particular LCs, to regional LNs is a mecha-
nism that allows for continuous presentation of self 
antigens to regulatory T cells that maintain periph-
eral  tolerance.21,22 However, all skin-derived DCs 
in regional LNs appear to express a mature pheno-
type manifested by high levels of MHC class I and 
II antigens and co-stimulatory molecules. Thus, it 
is not entirely clear how or why skin DCs would 
be mobilized in the absence of a danger signal or 
why DCs that migrated to LNs in the absence of 
inflammation would selectively stimulate T-regula-
tory lymphocytes (Treg) to contribute to peripheral 
tolerance. The differential ability of TLR- and 
cytokine-activated DCs to promote development 
of T cells with effector activity indicate that there 
are nuances of DC function that remain to be elu-
cidated, however.20

Dendritic Cell Heterogenicity 
and Plasticity

The heterogeneity of DCs that is encountered in 
vivo and in DC-like cells that are propagated in 
vitro is attributable to the existence of subpopula-
tions with distinct lineages, and the influence of 
environment on DC phenotype. LCs, interstitial 
DCs, and PDCs clearly represent distinct popula-
tions, and interstitial DCs can be further subdivided 
based on surface phenotypes. The PDCs are func-
tionally distinct from other DCs, but functional 
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differences between other DC subpopulations are 
less well defined. Differential expression of indi-
vidual C-type lectins and TLRs by different DC 
subpopulations suggests that DC subpopulations 
may have evolved to effectively recognize and 
respond to different microbes. As mentioned above, 
one subset of lymphoid DC (CD8α+ DC) in mice 
is primarily responsible for ingesting apoptotic 
cells. Very recent experiments also suggest that, in 
mice, another lymphoid DC subpopulation, 33D1+ 
DCs, are particularly efficient presenters of exog-
enous antigens to CD4 T cells.23 It is likely that 
the functional significance of DC subpopulations 
in mice will become increasingly clear in the near 
future, and that results of these studies will provide 
important insights into functions of analogous DC 
subpopulations in humans.

The remarkable sensitivity of DCs to environmen-
tal influences is another feature that is undoubtedly of 
functional relevance. The ability of DCs to respond 
to proinflammatory cytokines and microbes and, in 
doing so, to acquire the ability to activate naive T 
cells has been discussed. In contrast, exposure of 
DCs to antiinflammatory environments, such as the 
IL-10–rich milieu present in some tumors, condi-
tions DCs to preferentially induce unresponsiveness 
in T cells (T-cell anergy) or to activate T cells that 
possess negative regulatory activity. Dendritic cell 
plasticity is also reflected in the variety of surface 
phenotypes and functional activities of DCs that 
are propagated in vitro. Seemingly inconsequential 
or even imperceptible differences in culture condi-
tions can have dramatic effects on the outcome of 
experimental results. This phenomenon is perhaps 
particularly relevant as it relates to propagation of 
human DCs in vitro for therapeutic purposes (as 
components of cancer vaccines for example), as 
small differences in culture conditions may lead to 
unanticipated differences in efficacy.

Dendritic Cells in Normal Skin

Two distinct subpopulations of conventional DCs are 
found in normal human and mouse skin (LCs and 
DDCs).24 LCs are found in all stratified squamous 
epithelia and comprise 2% to 4% of all viable cells in 
epidermis. Cells analogous to DDCs are also identifi-
able in the submucosa of other epithelia and in solid 
organs as well. Although it has been thought that LCs 

and DDCs have identical or overlapping functional 
activities, recent studies in mice have highlighted sig-
nificant differences between these cells and provided 
new insights into possible functions.

A number of features distinguish LCs from 
DDCs and all other DCs (Table 8.4). Trilaminar 
racket-shaped vesicular structures termed “Birbeck 
granules” can be visualized in LCs via transmis-
sion electron microscopy, and have long been 
regarded as pathognomonic for LCs. Birbeck gran-
ules probably represent specialized endocytic vesi-
cles, but their function is not well understood. 
A C-type lectin termed “langerin” (CD207) local-
izes to Birbeck granules and is responsible for their 
unusual appearance and possibly their formation. 
Langerin knockout mice have normal numbers of 
LCs and do not exhibit an obvious phenotype.25 
Thus, at this point, the importance of langerin and 
of Birbeck granules is not entirely clear. It is likely 
that, like other DC C-type lectins, langerin will ulti-
mately be shown to play a role in microbial recogni-
tion. Indeed, some data suggest that langerin may 
facilitate presentation of mycobacterial-derived gly-
colipid antigens to CD1-restricted human T cells.

Another distinctive feature of LC is their abil-
ity to persist in unperturbed epidermis for weeks to 
months.26 This property contrasts with tissue half-
lives that are measured in days for all other DCs.27–29 
The ability of LCs to localize or to persist in epi-
dermis may be related to their ability to express 

Table 8.4. Distinctive features of conventional dendritic 
cells

Epidermal Langerhans’ cells

Located in stratified squamous epithelia (skin, mouth, 
esophagus, vagina, anus)

Contain Birbeck granules (langerin-containing, Lag+)
Express E-cadherin, CD1a
Require transforming growth factor-β1 for development

Dermal dendritic cells

Dermal (submucosal) location
No Birbeck granules (langerin and Lag−) or E-cadherin
Express CD1c

Plasmacytoid dendritic cells

Not found in normal skin, but present in inflamed skin
Plasmacytoid morphology (abundant rough ER, typical 

chromatin pattern)
Respond to TLR 7/9 agonists and produce type I interferons
Express BDCA-2

ER, endoplasmic reticulum; TLR, Toll-like receptor.
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E- cadherin, a homotypic adhesion molecule that is a 
major component of adherens junctions in epithelial 
cells. Langerhans cells also selectively express the 
nonpolymorphic MHC class I molecule CD1a, a 
cell-surface protein implicated in initiation of antimy-
cobacterial immunity, and have unique cytokine 
requirements for development. Although  transforming 
growth factor β1 (TGF-β1) inhibits immune reactions, 
DC maturation, and the ability of DCs to activate 
T cells, this pleiotropic cytokine is absolutely required 
for LC development. TGF-β1 knockout mice are 
devoid of LCs, while other DC subpopulations 
appear to be appropriately represented. Historically, 
 histologic stains for surface adenosine triphosphatase 
(ATPase) activity and S-100 protein were used to 
selectively identify LCs in situ, but newer reagents 
have largely supplanted their utility.

The first notable distinction between DDCs and 
LCs is their dermal location (Table 8.4). In normal 
dermis, a small number of DCs with LC features 
represent LCs that are in transit from epidermis to 
LNs. The DDCs can be differentiated from these 
LCs because they lack E-cadherin, and CD1a, and 
because they express another C-type lectin (DC-
SIGN [CD209]) as well as CD1b and CD1c. DC-
SIGN is also expressed by other interstitial DCs, 
and a variety of ligands have been identified. Known 
DC-SIGN ligands include intercellular adhesion 
molecule 3 (ICAM-3), selectins, viruses (includ-
ing HIV and Dengue), fungi (e.g., Aspergillus), 
and parasites (Leishmania major). Based largely 
on these results, DC-SIGN has been implicated in 
DC trafficking, interactions between DCs and naive 
T cells, and microbial uptake. The significance of 
differential expression of CD1a and CD1c by LCs 
and DDCs is uncertain, but both molecules have 
been implicated in glycolipid antigen presentation. 
Differential abilities of DDCs and LCs to produce 
IL-12 have also been reported. The DDCs typically 
produce much higher levels of bioactive IL-12 p70 
than LCs in response to a range of stimuli.

Cutaneous Dendritic Cell Function: 
Evolution of a Paradigm

Despite the distinctiveness of LC and DDC pheno-
types and lineages, for technical reasons it has not 
been possible to assign unique functional activities to 

either DC population with certainty until recently. 
The consensus view has been that both LCs and 
DDCs have the capacity to initiate development of 
effector T-cell responses to foreign antigens that 
are encountered in skin. It has also been suggested 
that LCs, and perhaps DDCs, that travel to regional 
LNs in the absence of inflammatory stimuli induce 
and maintain peripheral tolerance by presenting 
self antigens to regulatory or other T cells. Several 
newly developed mouse models utilized in conjunc-
tion with increasingly sophisticated imaging tech-
niques allow these concepts to be rigorously vetted, 
and interesting new information is accumulating.30

For many years, cutaneous DC function was 
conceptualized and studied primarily in the context 
of contact sensitivity reactions. However, develop-
ment of a detailed understanding of the precise 
mechanisms involved in the initiation and propaga-
tion of immune responses to contact allergens (e.g., 
trinitrochlorobenzene [TNCB]) has been difficult 
because these substances readily penetrate skin 
and can therefore interact with a variety of DCs in 
skin and LNs directly. A second complicating fac-
tor is that the nature of the complete antigen that is 
recognized by contact allergen-reactive T cells is 
not completely defined and may be heterogeneous. 
New insights into DC function have come from 
studies of alternative mouse models including cuta-
neous Leishmania and Herpes virus infections, and 
models in which antigens are introduced into skin 
via gene gun immunization. The power of these 
approaches is increased when TCR transgenic mice, 
transgenic mice that are deficient in selected DC 
subpopulations, and bone marrow chimeric mice in 
which LC and DDC function can be independently 
manipulated are incorporated into these models.

Studies of cutaneous leishmaniasis in mice were 
among the first to directly implicate LCs in antigen 
presentation when cells containing both Leishmania 
amastigotes and Birbeck granules were detected in 
LNs draining Leishmania major–infected skin.31,32 
More recent studies indicated that Leishmania anti-
gen that was available for presentation to T cells 
was associated with LN-resident DCs rather than 
cutaneous DCs that had migrated to the LN.33 The 
explanation for this apparent discrepancy is not 
obvious at this point. Studies of mechanisms that 
are responsible for cutaneous gene gun immuniza-
tion also implicate LCs or DDCs in T-cell priming 
directly.34–36 In these experiments, complementary 
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DNAs (cDNAs) encoding foreign antigens of 
interest were coated onto subcellular-sized gold 
particles and introduced into skin using a biolytic 
nitrogen gas-driven device. Only cells that acquired 
beads and the associated cDNA expressed antigen. 
Gold beads and bead-associated antigen were 
detected in DCs in skin as well as in skin-derived 
DCs isolated from LNs after gene gun immuniza-
tion. In addition, skin-derived DCs that have been 
isolated from LNs that drain skin genetic immuni-
zation sites can stimulate T cells that are reactive 
with appropriate antigens.

Inoculation of herpes simplex virus into mouse 
skin via scarification also results in vigorous T-
cell responses involving both CD4 and CD8 cells. 
However, in this instance, examination of DCs 
from LNs draining virus-infected skin indicated 
that herpes antigen was exclusively associated with 
CD8α+ DC,37 cells that have their origin in periph-
eral blood rather than skin. Recent studies indicate 
that although skin-derived DCs do not present 
herpes antigen to T cells, they do ferry it from skin 
to LNs.38 Whether LCs or DDCs or cutaneous DCs 
participate in this process is not clear. The mecha-
nism of virus antigen transfer from skin DCs to 
lymphoid DCs is not well understood. Since herpes 
simplex is a cytopathic virus, it is possible that skin 
DCs are infected in situ and migrate to LNs before 
they die. Subcellular fragments of virus-infected 
apoptotic DCs could then be efficiently ingested by 
CD8α+ lymphoid DCs, and these DCs might then 
initiate responses in T cells. Note that for activation 
of CD8 T cells, this scenario represents an example 
of cross-presentation in action.

Functional Aspects of Langerhans’ 
Cells and Dermal Dendritic Cells

Recent insights into cutaneous DC physiology 
coupled with the availability of newly created trans-
genic mice will allow functional properties of LCs 
and DDCs to be delineated with more certainty in 
the near future. Because LCs and DDCs turn over 
in mouse skin at very different rates, it is possible to 
create bone marrow chimeric mice in which, for a 
period of time, LCs will be of recipient origin while 
virtually all other leukocytes (including DDCs and 
other DCs) will be derived from transplanted bone 

marrow. If recipients and donors express differ-
ent histocompatibility antigens, residual LCs can 
stimulate vigorous graft-versus-host reactions.39

By carefully selecting recipient/bone marrow 
donor pairs, it is possible to engineer mice in which 
some aspect of LC or DDC function is selectively 
impaired in the chimeric animals. For example, if 
one was interested in determining the relative con-
tributions of LCs or DDCs to CD8 T-cell priming in 
a skin-centered immune response, one could gener-
ate chimeras using donor or recipient mice harbor-
ing β2-microglobulin (bm2) mutations that prevent 
expression of MHC class I molecules on cell 
surfaces. If bm2 bone marrow was introduced into 
lethally irradiated normal mice, LCs in the recipi-
ent mouse would be competent to stimulate CD8 T 
cells, while other DCs (including DDCs) would not. 
Conversely, if normal bone marrow was introduced 
into bm2 recipients, DDCs would be able to stimu-
late CD8 T cells while LCs would not.

The LCs can also be deleted in mice by selec-
tively expressing “suicide genes” in LCs. In one 
strain of mice, a gene (cDNA) encoding diphtheria 
toxin (DT) has been expressed in LC using the 
langerin promoter (langerin-DT mice).40 Because 
even small amounts of intracellular DT is cyto-
toxic, these mice never develop LC. In two other 
independently generated strains of mice, genes 
encoding the diphtheria toxin receptor (DTR) were 
inserted into the langerin gene locus.19,41 In these 
animals, all LCs express the DTR. Because DT 
is not toxic to cells that lack the DTR and normal 
mouse cells do not express this receptor, it is pos-
sible to treat langerin-DTR mice with DT systemi-
cally and thus selectively eliminate LCs at any time 
without causing harm to the mice. Although LCs 
repopulate skin within several weeks after DT treat-
ment, one can carry out experiments in LC-defi-
cient animals within this window in time. Contact 
sensitivity reactions (CTS) have been studied in 
all three LC knockout mice. Although all three LC 
knockout mice developed CTS reactions, CTS 
reactions in the langerin-DT mice were enhanced 
approximately twofold.40 In contrast, CTS reactions 
in one of the langerin-DTR mouse strains were 
diminished by ~50%,41 while CTS reactions were 
essentially unchanged in the other langerin-DTR 
mouse strain.19 It has been suggested that the results 
obtained in the langerin-DT mice are consistent 
with a negative regulatory role for LCs.
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Thus, cutaneous DC may participate in skin-
centered immune responses in at least three ways: 
(1) as APCs that acquire foreign antigen in skin, 
transport it to LNs, and induce effector T-cell 
responses; (2) as cells that transport foreign antigen 
to LNs but “hand it off” to lymphoid DCs for pres-
entation to T cells; and (3) as APCs that transport 
self antigen to LNs and activate regulatory T cells 
that limit or inhibit unwanted activation of self-
reactive effector T cells. We can anticipate that the 
relative importance of these different functional 
activities in normal immunophysiology and in dis-
ease states, and the degree to which LCs and DDCs 
contribute to the different functional activities will 
be clarified over the next few years.

Dendritic Cells in Selected 
Inflammatory Skin Diseases

Plasmacytoid DCs (PDCs) are the third clearly 
defined conventional DC subpopulation (Table 8.4). 
These DCs can be readily identified in lymphoid 
tissues, especially in the setting of inflammation, 
but they are not prominent in normal skin. The 
designation “plasmacytoid” refers to the abundant 
rough ER and mixture of hetero- and euchromatin 
that is detected in PDC precursors via transmission 
electron microscopy. Although it has been sug-
gested that PDCs are of lymphoid origin, they do not 
express surface immunoglobulin or produce immu-
noglobulins and should not be confused with bona 
fide plasma cells. Appropriate stimulation of PDC 
results in acquisition of a dendritic morphology 
and the ability to activate naive T cells—two hall-
marks that justify their inclusion in the DC family.9 
However, human PDCs do not express the CD11c/
CD18 β2- integrin that is characteristic of other DC.

The PDCs express several distinctive C-type 
lectins (BCDA-2 [CD303]), and antibodies reactive 
with these surface proteins can be used to identify 
and isolate these interesting cells. From a functional 
perspective, PDCs differ from other DCs and other 
leukocytes in that their precursors are prodigious 
producers of type I interferons (interferons α and 
β) in response to viruses and to naturally occurring 
or synthetic TLR 7/9 ligands (e.g., viral nucleic 
acids, CpG-containing oligodeoxynucleotides, and 
imiquimod). Consistent with a prominent role in 

antiviral immunity, it has also been suggested that 
PDCs are more effective stimulators of CD8 T cells 
than CD4 cells. Type I interferons and PDCs have 
also been implicated in both lupus erythematosus 
and psoriasis.42

Exacerbations of psoriasis in patients who were 
being treated with systemic interferon-α or topical 
imiquimod first suggested a role for PDC in this 
disease.43 Subsequently, it was determined that 
PDC numbers were elevated in lesional psoriatic 
skin, and evidence of increased type I interferon 
production (in the form of a transcriptional type I 
interferon signature) was also detected. That PDC 
and type I interferons may have a causative role in 
psoriasis was suggested by mouse/human xenograft 
experiments in which lesional skin from psoriasis 
patients was grafted onto immunodeficient mice.44 
Transplanted psoriatic skin retained the psoriatic 
phenotype as well as the increased numbers of 
PDCs and the type I interferon gene expression 
signature that was initially detected in patients. 
Interestingly, inhibition of human PDC function 
in graft-bearing mice with an appropriate antibody 
led to a loss of the psoriatic phenotype. Although 
this result suggests that therapeutic agents that are 
directed against PDCs or type I interferons may be 
useful in patients with psoriasis, results of clinical 
trials have not yet been reported.

Clinical experiences with biologic therapies that 
inhibit TNF-α–induced signaling clearly implicate 
this proinflammatory cytokine in psoriasis patho-
genesis in an important way. Although TNF-α can 
be produced by cells that are intrinsic to skin as 
well as a wide variety of infiltrating leukocytes, 
identification of increased numbers of a novel 
cell type in psoriatic skin point to a potentially 
important cellular source. These cells, termed 
TNF-α– and iNOS-producing DCs (TIP-DCs),13 
are analogous to a subpopulation of cells that have 
been identified in the spleens of mice infected with 
Listeria monocytogenes.

Dendritic cells that normally populate skin may 
also play a role in psoriasis pathogenesis. For a 
number of years, psoriasis has been viewed as an 
inflammatory skin disease that is characterized 
by overproduction of type 1 cytokines (typified 
by interferon-γ). Interferon-γ (IFN-γ) is produced 
exclusively by Th1 cells, and Th1 cell develop-
ment is dependent on production of IL-12 by DCs. 
Thus, therapies that target IL-12 might be expected 
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to be efficacious in psoriasis, and, indeed, clinical 
studies indicate that antibodies that react with one 
of two subunits of IL-12 (anti-p40) have consider-
able activity in patients.45 Identification and char-
acterization of a new Th subset (Th17 cells) that is 
distinct from Th1 and Th2 cells, and recent recog-
nition that Th17 cells may be of critical importance 
in several autoimmune diseases (rheumatoid arthri-
tis, inflammatory bowel disease, and psoriasis)46 
has led to a reinterpretation of the results of the 
anti-p40 trials. Although Th17 cell development 
does not depend on IL-12, another IL-12 family 
member (IL-23) that is also produced by DC is 
critically important.47,48 Because the p40 subunit is 
common to IL-12 and IL-23, anti-p40 antibodies 
neutralize both cytokines. The current view is that 
IL-23 may be the most relevant target of anti-p40 
antibodies in psoriasis. The involvement of Th17 
cells and their products in psoriasis pathogenesis is 
an area of active investigation.

Two DC subpopulations have been detected 
in the established skin lesions of patients with 
atopic dermatitis (AD) and implicated in disease 
pathogenesis: LCs and inflammatory dendritic 
epidermal cells (IDEC).12 Although both subsets 
express high levels of co-stimulatory molecules 
consistent with activated phenotypes, LCs and 
IDECs can be distinguished from each other in 
AD skin using several criteria. Both cells express 
CD1a, but CD1a levels are high on LC and low 
on IDEC. LCs are langerin positive and contain 
Birbeck granules, while IDECs lack langerin but 
express the macrophage mannose receptor (another 
C-type lectin). CD11b/CD18 (Mac 1), another 
leukocyte integrin, is also differentially expressed, 
being abundant on IDECs and absent from the 
surfaces of LCs. LCs and IDECs in skin of patients 
with atopic dermatitis also express the high affinity 
immunoglobulin E (IgE) Fc receptor (Fcε RI), a 
feature that differentiates them from DCs in nor-
mal skin and DCs in other inflammatory settings. 
Atopic dermatitis appears to be a mechanistically 
biphasic skin disease with Th2 cytokine production 
predominant early and Th1 cytokines predominat-
ing in chronic lesions. It has been suggested that 
Fcε RI–bearing LCs are particularly potent stimu-
lators of relevant T cells by virtue of the fact that 
they bear antigen-reactive IgE on their surfaces 
and produce cytokines and chemokines that recruit 
IDECs into lesional skin. Stimulation of IDECs by 

Fcε RI cross-linking results in production of IL-12 
in vitro, and it has been suggested that IDEC may 
be important sources of IL-12 in vivo and may lead 
to the Th2 to Th1 switch that is characteristic of 
this disease.49 The precise relationship of IDECs to 
LCs or other DCs is not entirely clear at this point, 
and the extent to which either LCs or IDECs are 
involved in atopic dermatitis also remains to be 
conclusively demonstrated.

Challenges and Opportunities

There has been an explosion of information 
regarding the many ways that DCs influence 
immunophysiology in skin and elsewhere, but our 
knowledge remains incomplete in a number of 
critical areas (e.g., understanding of the importance 
of DC subpopulations). This is well illustrated 
in skin, where despite investigations that have 
been ongoing for many years, the function of LC 
remains largely enigmatic. Additional studies of 
the conditional and constitutive LC knockout mice 
described above will undoubtedly clarify LC func-
tion in vivo. It can be anticipated that development 
of analogous mice with selective defects in other 
DC subpopulations will allow accumulation of 
definitive information about these cells as well.

Better insights into the detailed mechanisms 
by which DCs participate in cutaneous and other 
diseases with inflammatory components are also 
required. Dendritic cells are likely to be involved in 
virtually every disease in which T cells are active 
participants. In diseases where T cells are inappro-
priately active, targeting DCs or their products can 
be reasonably expected to represent useful thera-
peutic strategies. The identification of DC as poten-
tially important sources of TNF-α (TIP-DC) and 
IL-23 in psoriasis may provide partial explanations 
for the efficacy of the biologic therapeutics that 
modulate these important cytokines or their recep-
tors, for example. Likewise, the suggestion that 
production of type I interferon by PDCs in lesional 
psoriatic skin is pathophysiologically relevant pro-
vides a therapeutic avenue heretofore unknown.

Conversely, in diseases where enhanced T-cell 
responsiveness is desired, augmentation of DC 
function may be a viable therapeutic option. 
Several years ago, considerable effort was 
expended to incorporate DCs that had been grown 



8. Cutaneous Dendritic Cells in Health and Disease 129

in the laboratory into cancer vaccine trials in 
patients. As is often the case, early clinical experi-
ence with small numbers of patients generated an 
inappropriately high level of optimism, and enthu-
siasm has subsequently diminished. Emphasis has 
shifted to strategies that enhance DC function in 
situ with adjuvants that act on DCs or that target 
antigens selectively to DCs in vivo, and clinical 
trials are ongoing. The first century of DC biology 
represents a period in which cellular immunol-
ogy has moved from mystery to molecules, and 
the critical involvement of DCs in a wide variety 
of inflammatory processes has been delineated. 
Perhaps the second century will be remembered as 
a time when application of this fundamental infor-
mation resulted in development of new therapies 
that had major impacts on human health.

Conclusion

Cutaneous DCs are an important component of 
the skin immune system and play a role in host 
defense, allergy, autoimmunity and cancer surveil-
lance. Cutaneous DCs may also play a role in the 
maintenance of self tolerance and in the pathogenesis 
of a number of common skin diseases such as pso-
riasis and atopic dermatitis. Targeting cutaneous 
DCs or their products with novel biologic therapeu-
tics may revolutionize treatment of inflammatory 
skin diseases.
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Key Points

• Antimicrobial peptides (AMPs) are low-molecular-
weight proteins with a wide spectrum of activity 
against microbial pathogens.

• Antimicrobial peptides are amphipathic.
• Antimicrobial peptides include defensins, cathe-

licidins, granulysin, S-100 proteins, and a variety 
of other antimicrobial proteins.

• Antimicrobial peptides play a role in acne, wound 
healing, psoriasis, and atopic dermatitis.

Skin has historically been viewed as primarily a 
mechanical barrier to environmental insults and 
microbes. However, in addition to its traditional 
role as a physical defense mechanism, the skin 
also functions as a dynamic immune organ, pos-
sessing a robust immune defense mechanism to 
microbial invaders. Of note, antimicrobial peptides 
(AMP) have gained considerable attention not only 
for their microbicidal properties, but also for their 
antiinflammatory and other immune modulating 
effects. In 1987, Zasloff1 described the presence of 
a potent antibacterial peptide present in the skin of 
African frog Xenopus laevis. Since this initial dis-
covery, there have been numerous AMPs described 
in human skin, and their role in host defense has 
been well characterized.

Generally speaking, antimicrobial peptides are 
a heterogeneous group of low-molecular-weight 
proteins with wide-spectrum antimicrobial activ-
ity against bacteria, fungi, and viruses. These 
peptides are almost uniformly positively charged, 
and are amphipathic, having both hydrophobic and 
hydrophilic surfaces. The dual nature of charge 
allows the peptide to be soluble in an aqueous 

environment, while retaining its ability to bind the 
bacterial membrane with its hydrophobic surface. 
Once bound to the target membrane, the peptide 
can kill the organism through various mechanisms. 
In addition to known antimicrobial properties, there 
is a growing body of evidence supporting AMPs’ 
ability to alter host immune response. This chapter 
focuses on the main AMPs present in human skin, 
and discusses the relevant dermatologic condi-
tions in which deficiencies or overexpression of 
AMPs are thought to play an important etiologic 
role. A summary of the key antimicrobial peptides 
reviewed in this chapter can be found in Table 9.1.

Defensins

Defensins are a family of evolutionarily related 
antimicrobial peptides with a characteristic 
β-sheet fold and six disulfide bonds between 
highly conserved cysteine residues. There are two 
main defensin subfamilies, α- and β-defensins, 
differing mainly in the pairing of their cysteine 
residues. Members of both subfamilies consist 
of a triple-stranded β-sheet with a prototypic 
“defensin” fold (Fig. 9.1). In addition, there is a 
third defensin family, θ-defensins, not expressed in 
humans.2 Defensins are widely distributed in cells 
and tissues involved in host defense, and can be 
found in highest concentrations within the granules 
of phagocytes. α-Defensins, which have disulfide 
bridges between cysteines 1 and 6, 2 and 4, and 3 
and 5,3 are found predominantly in neutrophils,4 
and have aptly been named human neutrophil 
peptides (HNPs) 1 to 4. In humans, α-defensins 
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are stored in azurophilic granules of neutrophils as 
fully processed, mature peptides. In addition, two 
other α-defensins, human defensin (HD)-55 and 6,6 
are expressed in Paneth cells of the small intestine 
as well as in the epithelia of the female urogeni-
tal tract.7 α-Defensins show a wide spectrum of 
antimicrobial activity against bacteria and fungi. 
Recent evidence has shown that certain enveloped 
viruses, particularly adenovirus,8 are inactivated 
by α-defensins. Furthermore, α-defensins have 
been implicated as one of the molecules that 
may be important in the antiviral activity seen in 
CD8+ T cells of HIV nonprogressors.9 In addi-
tion, at high concentrations, defensins are toxic to 
mammalian cells and may be important in tissue 
injury and necrosis during inflammation. Finally, 
α-defensins contribute to the host inflammatory 
response by increasing the expression of tumor 
necrosis factor-α (TNF-α) and interleukin-1 (IL-1) 
in Staphylococcus aureus–activated monocytes.10 
The antimicrobial spectrum and regulatory mecha-
nisms of the main AMPs expressed in the skin can 
be found in Table 9.2.

Human β-defensins (HBD) are also character-
ized by six cysteine motifs, but the distinction 

Table 9.1. Summary of major antimicrobial peptides 
present in skin

Cell source Other properties

α-defensins Infiltrating 
neutrophils

Increase tumor necrosis 
factor-α and interleukin-1 
in S. aureus activated 
monocytes

β-defensins Keratinocytes Chemotaxis of T cells 
and Dendritic cells

Cathelicidin 
(LL-37)

Keratinocytes Angiogenesis

Ductal epithelium Wound healing
Eccrine glands Chemotaxis of neutrophils, 

monocytes, T cells, and 
mast cell

Mast cells
Granulysin Infiltrating T cells Chemotaxis for T cells, 

monocytes, NK cells, 
and dendritic cells

Cytotoxic to tumor cells
Antiinflammatory
Graft Rejection

Psoriasin Keratinocytes Chemotaxis for CD4+ lym-
phocytes and neutrophils

Follicular epithe-
lium

Sebocytes
Dermcidin Eccrine glands Not determined
RNase 7 Keratinocytes Not determined

Fig. 9.1. Representative structure of defensins and granulysin. β-pleated sheets are indicated in blue arrows, 
α-helices indicated in green. Human neutrophil peptide 3 (HNP-3) (A), represented as a dimer, and human β-defensin 
(HBD-2) (B) both contain a triple stranded β-sheet as a conserved structural component. Granulysin (C) contains five 
α-helices important for both structure and antimicrobial activity
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of these two classes lies in their cysteine cross-
bridging. The disulfide bonds of β-defensins are 
between cysteines 1 and 5, 2 and 4, and 3 and 6.11 
Human β-defensins 1 to 4 have been identified in 
many cell types, including epithelial cells, though 
their expression, localization, and antimicrobial 
specificities vary. HBD-1 is expressed predomi-
nantly in the urinary tract, but is also expressed 
constitutively in the skin. HBD-2, in contrast, is 
induced by bacteria through an IL-1/nuclear fac-
tor (NF)-κB dependent mechanism.12 The anti-
bacterial spectrum of HBD-2 seems to be limited 
predominantly to Gram-negative organisms. One 
study found that HBD-2 preferentially killed 
Pseudomonas aeruginosa, and was only bacte-
riostatic against S. aureus.13 In contrast, HBD-3 
is a broad-spectrum antibiotic with specificity for 

a wide range of both Gram-positive and Gram-
negative bacteria, and fungi.14 The induction of 
HBD-3 is thought to be dependent on various 
growth factors, including transforming growth 
factor-α (TGF-α), and insulin-like growth factor I 
(IGF-I) via transactivation of the epidermal growth 
factor (EGF) receptor.15 HBD-4, also expressed 
in the skin, is inducible through distinct NF-κB 
independent pathways that have yet to be fully 
characterized.16

Both α- and β-defensins share a common 
antimicrobial mechanism. It is hypothesized that 
the permeabilization of target membranes is the 
critical step in defensin-mediated  cytotoxicity. 
In experimental models using Escherichia coli, 
membrane permeabilization resulted in the 
subsequent inhibition of bacterial metabolism, 
including RNA, DNA and protein synthesis.17 
One study proposed the formation of a stable 
25-Å pore, comprised of a hexamer of defensin 
dimers,18 allowing for small intracellular mol-
ecules to leak out of the organism (Fig. 9.2). This 
mechanism, however, may only partially account 
for antimicrobial activity, as evidence exists for 
both a transient pore formation and also intracel-
lular sites of action, which may be important in 
cell death.19 In addition, some defensins have 
been found to bind membrane glycoproteins with 
high affinity, which may explain the observed 
antiviral activity of these peptides.20

Cathelicidins

Cathelicidins are a family of antimicrobial peptides 
that contain an N-terminal signal peptide, an evolu-
tionary conserved cathelin domain, and a C-termi-
nal cationic peptide.21 Cathelicidin is first produced 
as a large, inactive precursor protein, which is 
then processed by neutrophil proteinase-3 into the 
cathelin domain and LL-37. From this point, further 
action by various cutaneous serine proteases results 
in multiple peptides with distinct activities.22 The 
human cathelicidin family is limited to one gene 
whose protein product is most often referred to 
as LL-37 (L for two leucine residues, 37 for the 
number of amino present in the peptide) and also 
hCAP18 (human cationic AMP; 18 kD).23 Initially, 
LL-37 had been identified in keratinocytes at the 

Table 9.2. Antimicrobial and immunomodulatory properties

Antimicrobial activity

Regulation
Gram 
positive

Gram 
negative Fungi

α-defensin + + + Constitutive
HBD-1 ± + − Constitutive
HBD-2 ± + + Inducible via IL-1/

NF-κB depend-
ent mechanism

Toll-like receptors
HBD-3 + + + Inducible via TGF-

α, and IGF-I
HBD-4 + + + Via NF-κB inde-

pendent path-
ways

Cathelicidin + + + Vitamin-D
Toll-like receptors

Granulysin + + + Toll-like receptors
Activator protein-1 

dependent path-
way

Psoriasin ± + − Calcium
All-trans retinoic 

acid
Inflammatory 

stress
Dermcidin + + + Constitutive
RNAse 7 + + + Inducible via 

IL-1β, IFN-γ, 
TNF-α

Bacterial challenge

IFN, interferon; IGF, insulin-like growth factor; IL, interleukin; 
NF, nuclear factor; TGF, transforming growth factor; TNF, 
tumor necrosis factor.
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site of wound healing, and was found to be stored 
in the lamellar granules of keratinocytes.24 It is now 
known that in addition to this inducible expression, 
constitutive expression of LL-37 occurs in certain 
anatomic locations, such as the nail bed and eccrine 
glands.25 In addition, neonatal skin expresses 
LL-37 at baseline.26

LL-37 has a broad antibacterial spectrum, 
including both Gram-positive and Gram-nega-
tive organisms. In vitro evidence has shown 
bactericidal activity against P. aeruginosa, 
Listeria monocytogenes, S. aureus, S. epider-
midis, Salmonella typhimurium, E. coli, and 
even vancomycin-resistant Enterococci (VRE).27 
In vivo, mice with a mutation in CRAMP (the 
gene encoding the murine homologue of LL-37) 
are increasingly susceptible to streptococcal infec-
tions when compared to wild-type controls.28 
In addition, LL-37 is further processed into smaller 
peptides, including RK-31 and KS-30, that have 
increasing antimicrobial activity against staphylo-
coccal species.29 LL-37 is also active against fungal 
species, most notably Candida albicans.30 Recent 
in vitro data have also shown that LL-37 has potent 
activity against herpes simplex virus (HSV), and 
this was complemented by in vivo data showing 
decreased expression of LL-37 in atopic dermatitis 
patients with eczema herpeticum.31

The expression of LL-37 within human skin is 
both constitutive and inducible. In eccrine glands 
and ductal cells, LL-37 is diffusely expressed in the 
cytoplasm of secretory glands and also the ductal 
epithelium.25 In addition, serine proteases, which 
are present within sweat, further cleave LL-37 

into smaller peptides with enhanced antimicrobial  
activity against staphylococcal and candidal species.29 
LL-37 expression is induced during wound heal-
ing, and studies using a cultured keratinocyte 
model suggest the importance of IGF-I in this 
expression.32 Recently, vitamin D has emerged 
as important regulator of LL-37 expression. For 
example, 1,25-dihydroxyvitamin D3 can induce 
the expression of LL-37 in an immortalized kerati-
nocyte cell line. In addition, the gene encoding 
LL-37 contains a vitamin D response element 
(VDRE) present in its promoter.33 Recently, Liu and 
colleagues34 found that Toll-like receptor-2 (TLR2)-
dependent microbicidal activity was dependent on 
the vitamin-D–induced expression of LL-37.34 This 
identified a novel mechanism for TLR-induced 
antimicrobial activity, and may represent one of 
the main defenses of infection from both cutaneous 
and systemic tuberculosis.

As with other antimicrobial peptides, LL-37 also 
has a role in modulating the host immune response. 
In addition to its direct microbicidal activity, LL-37 
is chemotractant for neutrophils, monocytes, and T 
cells by binding of formyl-peptide-receptor-like-1 
(FPRL-1). In addition, it recruits and stimulates 
subsequent production of LL-37 via mast cells, 
creating a positive feedback loop.35

Granulysin

Granulysin, a T-cell–derived antimicrobial peptide, 
belongs to a member of the larger saposin-like 
protein family. This family also includes other 

Fig. 9.2. Proposed mechanism of action of antimicrobial peptides. Cationic antimicrobial peptides (AMPs) (granu-
lysin shown) associate with the negative bacterial membrane, resulting in binding and subsequent increased perme-
ability of the phospholipid bilayer. As a result of the increased permeability, the irreversible osmotic damage results 
in cell death

Ionic
interaction

Binding Permeability Osmotic
lysis
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bactericidal peptides such as NK-lysin, expressed 
predominantly in natural killer (NK) cells.36 Unlike 
defensins and cathelicidin that are expressed in 
the epithelial cells themselves, granulysin is found 
exclusively within the granules of cytotoxic T 
cells and NK cells recruited to sights of inflam-
mation (e.g., skin). More specifically, granulysin 
colocalizes to the cytotoxic vacuole with perforin, 
where they act synergistically to kill intracellular 
bacteria.37,38 Perforin forms pores in the cellu-
lar membrane, allowing granulysin to access the 
intracellular compartment in which the pathogen 
resides, providing a direct mechanism of intracel-
lular pathogen targeting.

Granulysin in humans is synthesized as a 15-
kD protein that is then cleaved to release the final 
9-kD peptide.39 The resultant 9-kD peptide is 
composed of five α-helices joined by short loops 
(Fig. 9.1).40 Granulysin is effective against a wide 
range of Gram-positive and Gram-negative bacte-
ria, parasites, and fungi. Notably, granulysin kills 
Mycobacterium tuberculosis,38 and also certain fun-
gal species such as Cryptococcus neoformans,41 and 
parasitic species such as Plasmodium falciparum,42 
and Leishmania.43 Granulysin also induces apop-
tosis in vitro of varicella-infected cells.44 Although 
the structure of granulysin is significantly different 
from that of defensins or cathelicidin, it retains the 
conserved amphipathic nature. The hydrophobic 
surface is capable of associating closely with the 
target membrane, and the positively charged surface 
allows for association with the negatively charged 
bacterial membrane. In addition, studies on granu-
lysin have shown the importance of the helix-loop-
helix domain in the secondary structure. The ability 
of granulysin to kill S. typhimurium and E. coli has 
been localized to helix 2 and 3 of granulysin.43 The 
amino acid residues contained within this structural 
component of granulysin are critical to the antimi-
crobial activity.45

Similar to other antimicrobial peptides, granu-
lysin contains numerous immunomodulating prop-
erties. Several studies have shown that granulysin 
is a chemotractant for monocytes, and a subset of 
T cells, notably CD45Ro+ memory CD4 and CD8 
T cells.46 In addition, granulysin is also a chemo-
tractant for cellular elements of the innate immune 
system, including NK cells, and monocyte-derived 
dendritic cells.46 Granulysin has also been shown 
to be cytotoxic to tumor cells in vitro,36 and it 

has been hypothesized that granulysin plays an 
important role in tumor surveillance in vivo. The 
mechanism of cytotoxic action seems to differ 
from that of its antimicrobial activity. The hydro-
phobic surface of granulysin associates with the 
phospholipids of the tumor cell, altering the flux of 
ions47 leading to the mitochondrial damage, libera-
tion of cytochrome C, and activation of caspase-
mediated apoptosis.47,48 In addition, granulysin 
possesses antiinflammatory activity by decreasing 
cytokine production by monocytes stimulated with 
Propionibacterium acnes.49

S-100 Proteins

S-100 proteins belong to a multigene family of pro-
teins with numerous functions including keratino-
cyte differentiation, epithelial defense, and wound 
healing. In addition, several members of the S-100 
family have been implicated in direct antimicrobial 
activity. In general, S-100 proteins are low-molecular-
weight proteins that are composed of four con-
served α-helical segments, two calcium-binding 
regions, a central hinge, and an amino and carboxy 
terminal variable domain. Numerous S-100 pro-
teins are expressed in the epidermis, and have thus 
been implicated in epidermal defense.

Psoriasin (S-100A7) is an antimicrobial pep-
tide belonging to the S-100 family that is widely 
expressed in the human epidermis. Initially isolated 
from human skin on the basis of its E. coli 
bactericidal activity, psoriasin is a constitutively 
expressed AMP on the surface of human skin.50 
Immunohistochemical studies have shown that 
psoriasin is expressed focally by keratinocytes, 
with higher levels in areas of high bacterial coloni-
zation such as the face, axilla, and palms.51 In addi-
tion to keratinocytes, immunohistochemical studies 
have also shown staining in sebocytes, indicating 
secretion of psoriasin into sebum.51 In vitro studies 
have shown that psoriasin is preferentially active 
against E. coli, but also has some bactericidal activ-
ity for P. aeruginosa and S. aureus, albeit at much 
higher concentrations.51 Although the mechanism 
of action is not completely known, investigators 
have noted that psoriasin-treated E. coli show no 
ultrastructural changes suggestive of perforation, 
which is the mechanism of action of most AMPs. 
Studies have suggested that the sequestration of 
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Zn2+ may be the mechanism of action of psoriasin, 
as S-100 contains two Zn2+ binding sites, and the 
antimicrobial activity is sensitive to treatment with 
Zn2+ but not other cations.52

In addition to its antimicrobial activity, psoriasin 
has immunomodulatory functions. It has also been 
shown to function as a chemotractant for CD4 T cells 
and neutrophils.53 Although constitutive expression 
of S-100A7 has been reported, regulation of expres-
sion has been implicated by various exogenous agents 
such as all-trans retinoic acid and ultraviolet (UV) 
light. S-100A7 has also been shown to interact with 
epidermal-fatty acid binding protein, and may have 
some role in calcium-dependent oleic acid transport 
and metabolism.54 A summary of the expression of the 
AMPs in the skin and their effect on the local immune 
system can be found in Figure 9.3

Other members of the S-100 family include 
S-100A8 and S-100A9, which form a heterodimer 
commonly referred to as calprotectin, which has 
some antimicrobial activity against C. albicans.55,56 
Increased expression of these proteins is seen 
in wound healing and in psoriasis. In addition, 
the C-terminal peptide fragment of S-100A12 
(calcitermin) is capable of killing Gram-negative 
and fungal organisms, showing in vitro activity 
against E. coli, L. monocytogenes, and C. albi-
cans under acidic conditions.57 Although initially 
described in human airway secretions, S-100A12 
is also expressed in both basal and suprabasal kerati-
nocytes, and is seen in psoriatic skin.58

Other Antimicrobial Peptides

There is growing evidence to support the pres-
ence of multiple antimicrobial peptides in the 
human skin in addition to those discussed thus far. 
Discussion of all the different peptides and proteins 
with antimicrobial activity present within human 
skin is beyond the scope of this chapter. However, 
we highlight a few additional antimicrobial peptides 
found within the skin that have recently been gain-
ing more attention. A summary of other AMPs with 
relevance to the skin can be found in Table 9.3.

Dermcidin, a 47-amino-acid peptide, is the pri-
mary AMP present in sweat, and is constitutively 
expressed by eccrine ducts.59 It is cleaved from a 
9.3-kD precursor molecule. In vitro experiments 
have demonstrated enhanced antibacterial activity 

against a variety of organisms including, E. coli, 
Enterococcus faecalis, and S. aureus. In addition, 
there are also reports of activity against C. albi-
cans.60 The function of dermcidin in sweat may be 
to limit bacterial colonization and protect the host 
from infection. In addition, levels of dermcidin 
were measured in the sweat of patients with atopic 
dermatitis in comparison to matched controls. 
In the sweat of patients with atopic dermatitis, 
there is a relative deficit of dermcidin when com-
pared to sweat from normal donors, which may 
in part explain the greater susceptibility of atopic 
dermatitis patients to cutaneous infection.61 The 
tendency for superinfection in atopic dermatitis 
as it relates to antimicrobial peptides is further 
discussed below.

RNAse-7, a member of the RNAse-A family, is a 
14.5-kD protein that is found within the skin.62 It is 
constitutively expressed at a relatively high level in 
normal skin, and may be important in skin disease, 
as greater than a twofold level of expression is seen 
in psoriatic skin.63 Structurally, RNAse-7 contains 
four disulfide bonds, similar to the defensin family 
of antimicrobial peptides. It is active against both 
Gram-positive organisms, such as P. acnes and S. 
aureus, as well as Gram-negative organisms such 
as E. coli and P. aeruginosa. It also has activity 
against the yeast C. albicans.62 In addition, RNAse-7 
has an extremely potent effect on VRE. Although 
relatively high levels of constitutive expression is 
seen in normal skin, the proinflammatory cytokines 
IL-1β, TNF-α, and interferon-γ (IFN-γ), increase 
messenger RNA (mRNA) transcription of the gene 
encoding RNAse-7 in cultured keratinocytes.63 
Other members of the RNAse-A family, in addition 
to their initially described function, have antimi-
crobial properties. For example, RNAse-3 exhibits 
antimicrobial activity against S. aureus.64

Psoriasis and Atopic Dermatitis

Human β-defensin-2 was initially isolated from 
psoriatic scale sparking numerous studies to fur-
ther elucidate the role of antimicrobial peptides 
and host defense in human skin disease. It is well 
known that psoriasis is relatively resistant to bacte-
rial superinfection. However, atopic dermatitis is 
often secondarily infected by streptococcal and 
staphylococcal species. One possible mechanism 
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Fig. 9.3. Antimicrobial peptide expression in the skin. 
The expression of various AMPs by both resident 
cells of the skin and infiltrating inflammatory cells is 
demonstrated in this schematic diagram. Dashed arrows 
represent chemotaxis. (A) LL-37 and Granulysin. (B) 
HNP and HBD. (C) RNAse 7, dermcidin, and psoriasin
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Table 9.3. Additional mammalian antimicrobial peptides with relevance to skin

Cell type Comments

α-melanocyte-stimulating hormone 
(α-MSH)

Keratinocytes Active against S. aureus and C. albicans; inhibits 
HIV-1 replication

Calgranulin A/B Keratinocytes Inhibits growth of C. albicans
Connective tissue activating peptide 

3 (CTAP-3)
Platelets Microbicidal for bacteria > fungi

Elafin Keratinocytes Active against P. aeruginosa
Fibrinopeptide A (FP-A) Platelets Microbicidal for bacteria > fungi
Fibrinopeptide B (FP-B)

Active against Gram-negative bacteria
Lactoferrin Keratinocytes Decreasing IL-1, IL-2, and TNF-α

Neutrophils Enhancing monocyte and NK cell cytotoxicity
Lysozyme Keratinocytes Active against Gram-positive and some Gram-

negative
Neuropeptide Y Langerhans’ cells Broad spectrum
Neutrophil gelatinase-associated 

lipocalin (NGAL)
Infiltrating neutrophils Bacteriostatic; mechanism of action based on 

iron sequestration
P-cystatin α Keratinocytes Inhibits growth of S. aureus
Perforin T cells Colocalized with granulysin
Platelet basic protein (PBP) Platelets Microbicidal for bacteria > fungi
Platelet factor 4 (PF-4) Platelets
Polypeptide YY Langerhans’ cells Broad spectrum
RANTES Platelets Microbicidal for bacteria > fungi
RNase 2 Eosinophils Antiviral activity

Chemoattractant for dendritic cells
RNase 3 Eosinophils Active against S. aureus and E. coli

Antibacterial, antifungal, antiviral properties
Secretory leukocyte proteinase 

inhibitor (SLPI)
Keratinocytes

Glandular epithelium Increased expression in psoriasis and wounds
Active against S. aureus

Substance P Macrophages Related neuropeptides Bradykinin and neuro-
tensin with similar, albeit weaker, antimicro-
bial activity

Eosinophils
Endothelial cells

Thymosin β-4 (Tβ-4) Platelets Microbicidal for bacteria > fungi

to explain the apparent discrepancy between rates 
of superinfection between these two diseases char-
acterized by disruption in epidermal function is 
the disparate expression of antimicrobial peptides 
within lesional skin. Ong et al.65 compared the 
expression of LL-37 and HBD-2 in psoriatic skin 
versus atopic dermatitis. Examination of lesional 
skin revealed that while patients with psoriasis 
upregulate LL-37 and HBD-2, atopic dermatitis 
lesions are characterized by a relatively reduced 
or absent expression of these two antimicrobial 
peptides. For unknown reasons, the inflammatory 
response in atopic dermatitis leads to an impair-
ment in the upregulation of antimicrobial peptides. 
Several theories exist to explain the relative defi-

ciency for LL-37, including an overexpression of 
IL-4 and IL-13, as well as an overexpression of the 
antiinflammatory cytokine IL-10.66

A more recent study conducted by de Jongh et al.67 
compared the level of expression of keratinoc-
yte antimicrobial peptides in psoriasis and atopic 
dermatitis using microarray analysis of mRNA 
purified from lesional skin. There was overexpres-
sion of many antimicrobial peptides in psoriatic 
skin when compared to atopic dermatitis lesions 
including HBD-1,2,3, α-defensin-4 and -6, pso-
riasin, calgranulin A,B,C, and LL-37. In addition, 
psoriatic skin has increased expression of antimi-
crobial signaling proteins, including TLR2, which 
has been implicated in HBD-2 production in other 
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studies. Deficiency of the sweat of atopic dermatitis 
patients for dermcidin has also been observed 
when compared to normal skin.61

In addition to bacterial infections, patients 
with atopic dermatitis are at increasing risk for 
viral infections, particularly HSV causing eczema 
herpeticum and vaccinia virus (VV), leading to 
eczema vaccinatum. As mentioned above, LL-37 
has known antimicrobial activity against both 
HSV and VV. The relative lack of HBD-2 and LL-
37 may also account for the relatively high rates 
of superinfection of atopic dermatitis patients with 
other viruses such as HSV31 and VV. Moreover, 
cathelicidin-deficient mice exhibit reduced ability 
to control VV replication.68 The local deficiency of 
LL-37 in atopic dermatitis may in part explain not 
only the increased risk of bacterial superinfection 
but also viral infection in this patient population.

Acne

The pathogenesis of acne is multifactorial and 
includes follicular hyperkeratinization, increased 
sebum production, hormones, colonization with 
Propionibacterium acnes, and immunologic influ-
ences. Recent research has pointed to the impor-
tance of antimicrobial peptides in acne. Chronnell 
and colleagues69 were among the first to suggest 
an important role of AMPs in acne. They analyzed 
both the mRNA expression and protein expression 
of HBD-1 and -2, via in-situ hybridization and 
immunohistochemistry, respectively, in the human 
pilosebaceous unit. High HBD-1 and -2 expression 
was present in the suprabasilar layers of the epider-
mis, as well as the distal outer root sheath, sebaceous 
glands, and the pilosebaceous duct in normal skin. 
However, HBD-2 expression in lesional and perile-
sional skin was further increased when compared 
to normal skin, suggesting a role for β-defensins in 
host defense in acne. A similar, albeit less dramatic, 
increase in HBD-1 was also observed.

New data have also implicated a role for P. acnes 
in the induction of antimicrobial peptides. Using 
primary human keratinocytes, one study found that 
distinct clinical strains of P. acnes could induce the 
expression of HBD-2, while other strains, includ-
ing common laboratory strains, did not. Moreover, 
the expression of HBD-2 was found to be TLR2 
and TLR4 dependent.70 The selective induction of 

HBD-2 by different strains of P. acnes could in part 
help explain the large clinical spectrum of the dis-
ease. Individuals colonized with certain strains of 
P. acnes may produce more HBD-2, as part of host 
defense, and therefore have less severe clinical dis-
ease. Other studies have found that P. acnes induce 
HBD-2 production in a cultured human sebocyte 
cell line.71 In vivo evidence for the importance of 
defensins became apparent with recently published 
microarray data showing that the expression of 
HBD-2 was significantly increased in acne lesions 
versus donor-matched normal skin.72

While there is clear evidence for the expression 
of AMPs in the acne, researchers are aiming to 
utilize antimicrobial peptides in order to treat acne. 
Given the increase in antibiotic-resistant P. acnes, 
the need for novel therapeutic agents is becoming 
increasingly urgent. Recently, McInturff et al.49 
investigated the potential role for using synthetic 
granulysin-derived peptides to treat acne (Fig. 
9.4). Through their work they found that synthetic 
granulysin-derived peptides (amino acids 31 to 
50) possessing a helix-loop-helix domain killed 
P. acnes in vitro. In addition, by substituting a 
tryptophan for the valine at amino acid 44 (peptide 
31–50v44w), the authors were able to increase 
antimicrobial activity, presumably by increasing 
hydrophobicity, resulting in a stronger association 
with the bacterial surface. Finally, using L-type 
amino acids, they created a peptide that was less 
susceptible to degradation by proteases. In addi-
tion to the in vitro data using laboratory strains of 
P. acnes, clinical isolates of P. acnes from human 
microcomedones were also susceptible to the syn-
thetic granulysin-derived peptides. The peptides 
also have potential antiinflammatory effects as they 
decreased P. acnes–induced cytokine expression.49 
Taken together, these data suggest that granulysin 
peptides may be useful as topical therapeutic 
agents, providing alternatives to current acne thera-
pies. Due to the mechanism of action of granulysin 
it is less likely that bacteria can develop resistance 
to this potential therapy.

Mycobacterial Infections

Studies of cutaneous mycobacterial infections, 
such as leprosy, caused by Mycobacterium leprae, 
have provided great insight into the host innate 
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immune response and the role of antimicrobial 
peptides in skin disease. While leprosy remains a 
relatively rare disease in the United States, it has 
sparked tremendous research interest as a model 
for host defense and cutaneous immunity. Leprosy 
varies widely in its clinical presentation, which 
can be correlated to the host response launched 
against M. leprae. The tuberculoid form of the 
disease (T-lep) is characterized by localized infec-
tion, granulomas, and a cytokine milieu favoring 
cell-mediated immunity. The lepromatous form 
(L-lep), however, is a more disseminated infection, 
resulting in disfiguring nodules, and the expression 

of cytokines favoring humoral immunity. L-lep is 
also characterized by a high organism load within 
affected tissues, and a high level of circulating 
antibodies that are ineffective at controlling the 
infection. In addition, there exist several interme-
diate states of disease, such as borderline forms, in 
which characteristics of both forms of the disease 
are present.

Ochoa and colleagues73 have proposed a possi-
ble mechanism to partially explain the phenotypic 
expression seen in leprosy. Given that T cells are 
critical to cell-mediated immunity and cytolysis, 
the authors sought to characterize the level of 

Fig. 9.4. Granulysin-derived peptides are 
antimicrobial. (A) Synthetic granulysin peptide 
containing amino acids 31 to 50 was altered by 
replacing the valine at position 44 with a tryptophan 
(31–50v44w). The resultant peptide is more hydro-
phobic, and has greater efficacy in killing P. acnes. 
(B) Scanning electron microscopy (top panel) revealed 
altered surface topography (10K magnification) of 
P. acnes, showing decreased fimbriae and a recessed 
and withered surface in peptide-treated samples. 
Transmission electron microscopy (bottom panel, 36K 
magnification) shows alteration in the cell wall, and a 
disturbance of the sharply layered surface architecture 
of P. acnes in treated samples
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granulysin expression, a T-cell–expressed antimi-
crobial peptide with a wide antibacterial spectrum. 
Granulysin-expressing T cells were detected in 
cutaneous T-lep lesions at a sixfold greater fre-
quency as compared with the L-lep lesions. In 
contrast, perforin, a cytolytic molecule that colo-
calizes with granulysin in cytotoxic granules, was 
expressed at similar levels across the spectrum of 
disease. Within leprosy lesions, granulysin colocal-
ized with CD4 T cells. Furthermore, granulysin was 
expressed in CD4 T-cell lines derived from skin 
lesions and demonstrated lysing of infected cells 
by the granule exocytosis pathway and reduced the 
viability of mycobacteria in infected cells. Thus, 
it appears that granulysin plays a critical role in 
controlling mycobacterial infection and influences 
the spectrum of clinical disease.

Recent evidence has implicated antimicrobial 
peptides in the Toll-mediated cytotoxicity pathway 
in humans. Although the murine model suggests a 
nitrous oxide–mediated mechanism for Toll-medi-
ated cytotoxicity, evidence using primary human 
monocytes could not substantiate this hypothesis. 
However, recent studies demonstrate a role for LL-37
in the antimicrobial TLR response. Liu et al.34 
 demonstrated that stimulation of human monocytes 
with a TLR2 ligand resulted in upregulation of the 
vitamin D receptor and the vitamin D-1-hydroxylase 
genes, leading to induction of LL-37 and killing of 
intracellular M. tuberculosis. Moreover, the effect 
seemed to be specific for LL-37, as increases in 
other antimicrobial peptides, such as HBD-2, were 
not observed. Finally, sera from African-American 
individuals, known to have increased susceptibil-
ity to tuberculosis, had low 25-hydroxyvitamin 
D and were inefficient in supporting cathelicidin 
messenger RNA induction. These data support a 
link between TLRs and vitamin D–mediated innate 
immunity, and suggest that differences in vitamin 
D production according to the differences in human 
population, including the color of skin, may con-
tribute to susceptibility to microbial infection.

Wound Healing

A discussion of antimicrobial peptides would not 
be complete without a brief review of their role 
in wound healing. AMPs have been described in 
healing skin of mammals. For example, pig cathe-

licidin (PR-39) is found in the healing skin of pigs, 
and has pro–wound healing effects in fibroblasts. 
In particular, PR-39 increases the expression of 
certain extracellular matrix proteoglycans, which 
have been speculated to aid wound healing.74 In 
agreement with the porcine data, LL-37 expres-
sion is enhanced in wounds28 and has been shown 
in vitro to stimulate keratinocyte proliferation and 
angiogenesis. Moreover, inhibiting cathelicidins 
in pigs leads to increased bacterial colonization, 
and subsequent decreased wound healing.75 LL-37 
has also been implicated in keratinocyte migra-
tion through epidermal growth factor receptor 
(EGFR) transactivation.76 In addition, LL-37 and 
α-defensins induce cellular proliferation, and sub-
sequent wound closure in airway epithelium.77,78 
HNP-1 also decreases the expression of the col-
lagen degrading enzymes, namely matrix metal-
loproteinase-1, while simultaneously increasing 
the expression of procollagen in dermal fibroblasts, 
suggesting one possible mechanism of action in 
wound healing.

In addition to LL-37 and α-defensins, a recent 
study has implicated the role of β-defensins in 
cutaneous wound healing. Niyonsaba and col-
leagues79 showed that HBD-2, -3, and -4 were able 
to stimulate the production of various proinflamma-
tory cytokines and chemokines in human primary 
keratinocytes, including IL-6, IL-10, and monocyte 
chemoattractant protein-1, in vitro. Moreover, they 
found that HBDs stimulate keratinocyte migration, 
and that HBDs in fact serve as chemoattractants for 
keratinocytes as measured by the Boyden cham-
ber assay. An in vitro wound closure assay also 
showed that keratinocytes incubated with optimal 
doses of HBD-2, -3, and -4 migrated inwardly and 
covered a larger area of the wound, when com-
pared with untreated or HBD-1–treated samples.79 
Keratinocyte-derived growth factors and antimi-
crobial peptides may serve as autocrine stimuli for 
wound healing, promoting keratinocyte migration 
and collagen synthesis.

In light of serious skin injuries where the struc-
ture and function of the epidermis is significantly 
compromised, the relative decrease in keratinoc-
yte-derived antimicrobial peptides may be in part 
responsible for increased risk of infection. For 
example, a decrease in AMP can be used to par-
tially explain the increased risk of Pseudomonas 
infections in burn patients. Also, deficiency in 
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cathelicidins in mice has been reported to result in 
more severe and longer lasting cutaneous S. pyogenes 
infections.13

Conclusion

Over the past 20 years, our knowledge of the func-
tion of skin has dramatically evolved. What was 
once viewed as a stagnant physical barrier to the 
outside world, skin is now considered a dynamic 
immune organ, necessary and capable of mounting 
a specific and effective immune response. The dis-
covery of antimicrobial peptides has greatly influ-
enced the way we view the skin. From their initial 
discovery in invertebrate organisms, antimicrobial 
peptides have proven to be a highly conserved and 
important mechanism of host defense. In addi-
tion, our continuously expanding knowledge has 
shown the importance of overexpression, or lack 
of expression, of these cationic proteins in various 
skin conditions. Although they vary in structure 
and function, the mechanism of action is generally 
dictated by their cationic and amphipathic nature, 
which is a hallmark of nearly all antimicrobial 
peptides. Finally, with our increasing knowledge, it 
may be possible to develop synthetic AMPs that can 
be used as antibiotics and as immune modulators. 
Given the rapid increase in resistant bacteria, a need 
to add a potent antimicrobial agent to our armamen-
tarium is imperative. With the increasing research 
in the field, synthetic antimicrobial peptides may 
hold promise in the future of antimicrobial therapy.
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Key Points

● Photoimmunology is the study of the effects of 
ultraviolet (UV) light between the wavelengths 
of 100 and 400 nm, which encompasses UVC 
through UVA radiation on the immune system, 
particularly the skin immune system.

● Ultraviolet light can serve as a therapeutic modal-
ity to treat a number of dermatologic diseases.

● Ultraviolet exposure is a major environmental 
risk factor for nonmelanoma skin cancer because 
of its mutagenic effects on epidermal cells, as 
well as its ability to suppress cutaneous immuno-
surveillance.

● Ultraviolet light is responsible for inducing or 
exacerbating a number of dermatologic diseases, 
termed photosensitivity disorders.

Photoimmunology is the study of effects of 
ultraviolet (UV) light/radiation (photons) on the 
immune system. Ultraviolet light occupies a 
narrow portion (100 to 400 nm) of the sun’s 
 electromagnetic radiation, which spans  ionizing 
wavelengths (<100 nm) on one extreme and 
radio- and microwaves (>10,000 nm) on the other. 
Despite its reported diminution, our stratospheric 
ozone layer continues to filter solar radiation by 
blocking all ionizing and UVC radiation and the 
vast majority of UVB radiation from reaching the 
earth’s surface. What natural exposure to sun-
light provides us are some UVB, much UVA and 
 visible light, and considerable infrared radiation 
(>800 nm) (Fig. 10.1).

The UV spectrum is subdivided into UVC 
(100 to 290 nm), UVB (290 to 320 nm), and UVA 
(320 to 400 nm) radiation. The ability of these 

wavelengths to penetrate the skin depends in great 
part on their absorption by different chromophores 
or photoreceptors (Fig. 10.2). UVC and UVB are 
readily absorbed by DNA within living cells, and 
thus almost all of these shorter wavelengths are 
absorbed as they pass through the epidermis, with 
little to none reaching the dermis. By contrast, 
UVA and visible light penetrate deeper into the 
dermis where these wavelengths are absorbed prin-
cipally by aromatic amino acids on cell membrane 
proteins, and by collagen, elastin, and ground 
substance.1

As will be discussed later, recent development 
of high-energy light sources exclusively emitting 
340 to 400 nm (UVA1) and its use as a therapeutic 
modality safer than psoralens plus UVA (PUVA) 
has led to discrimination between UVA2 (320 to 
340 nm), which more closely resembles UVB and 
UVA1, which has features intermediate between 
UVB and visible light.

Not only are UVC and UVB absorbed by DNA, 
these wavelengths are also mutagenic. Indeed, 
UVC (germicidal) lamps are used to kill microbes, 
and of the solar radiation reaching the earth’s sur-
face, UVB is the most carcinogenic. It is also the 
most erythemogenic and is responsible for produc-
ing sunburn and immediate tanning. By contrast, 
UVA is considerably less erythemogenic, but more 
effective in producing a longer lasting tan.

Photocarcinogenesis

Human epidemiologic and laboratory animal 
studies overwhelmingly support the concept of UV 
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exposure as the major environmental risk factor for 
nonmelanoma skin cancer.2–5 In this respect and 
as cited previously, UVB is most carcinogenic,6 
although large doses of UVA have been shown 
experimentally to also cause nonmelanoma skin 
cancer.7 A causative role for UV in melanoma 
is also supported by scientific evidence, albeit 
at a level less substantial than for nonmelanoma 
skin cancer.8–10 Moreover, UVA rather than UVB 
appears may be the more relevant culprit for 
melanoma.11

Ultraviolet B causes a variety of DNA mutations, 
the most common of which are pyrimidine dimers. 
These mutations have been linked to the genesis of 
sunburn, tanning, and skin cancer. The biologic con-
sequences of UVB-induced mutations depend on the 
ability of the host to repair DNA defects and on the 
specific gene mutations left unrepaired. Mutations 
that activate oncogenes (e.g., ras) or deactivate 
tumor suppressor genes (e.g., p53 for squamous cell 
cancer; PATCHED for basal cell cancer), set the 
stage for carcinogenesis.12 It is assumed that people 
with competent DNA repair mechanisms are able 
to correct UV-induced mutations. These protective 
mechanisms may deteriorate with age, allowing 
some mutations to escape repair, thereby leading to 
actinic keratoses, squamous cell cancers, and basal 
cell cancers. Xeroderma pigmentosa, a congenital 
disorder of absent or deficient DNA repair enzymes, 
provides a dramatic illustration of the foregoing con-
cepts since afflicted individuals suffer from multiple 
skin cancers as early as childhood.

Ultraviolet B–Induced 
Immunosuppression

In addition to being a direct carcinogen, UVB pro-
motes cancer growth by suppressing a second host 
defense mechanism—the ability of the immune 
system to kill UVB-induced skin cancers. Several 
overlapping pathways have been shown to lead 
to this form of immunosuppression (Fig. 10.3). 
Ultraviolet can induce keratinocytes to secrete 
soluble factors, of which tumor necrosis factor-α 
(TNF-α)13,14 and interleukin-10 (IL-10)15,16 are 
most critical to UVB immunosuppression; TNF-
α regulates Langerhans’ cells’ emigration out of 
the epidermis into draining lymph nodes, and IL-
10 shifts T-cell responses from T-helper-1 (Th1) 

to Th2 phenotype.15 Ultraviolet can also trigger 
lipid peroxidation on cell membranes leading to 
secretion of platelet aggregation factor (PAF), 
which in turn stimulates prostaglandin E2 (PGE2) 
production, which in turn prompts IL-4 secretion, 
which finally leads (again) to IL-10 production.16,17 
Trans-urocanic acid, a by-product of histidine 
metabolism, accumulates in the stratum corneum; 
UV nonenzymatically transforms trans-urocanic 
acid into the cis isomer, which contributes to 
immunosuppression via effects on antigen-pre-
senting cells (APCs).18,19 Finally, UV can directly 
alter the function of epidermal Langerhans’ cells 
and other APCs; depending on the UV dose and 
the manner in which it is administered, UV may 
induce these APCs to undergo apoptosis, shift their 
function from stimulators of Th1 (cellular) to Th2 
(humoral) responses, or cause them to activate 
“suppressor” T cell.20–22

That UVB radiation leads to suppressor T-cell 
activation has been demonstrated not only for 
UVB-induced carcinogenesis but also for UVB-
induced suppression of delayed-type and contact 
hypersensitivity.23,24 The immunosuppression gen-
erated is not a generalized one, but specific for the 
antigen to which the host is being sensitized at the 
time of UV exposure.23 Until recently, the pre-
cise phenotype of the suppressor cells has eluded 
investigators. The current consensus is that these 
cells are better designated as regulatory T cells that 
express CD4, CD25, and CTLA-4 markers, secrete 
copious amounts of IL-10, and are able to bind 
dectin-2.25,26

Finally, mast cells and complement activation 
via the C3 pathway have been shown to participate 
in UVB-induced immunosuppression.27–30

Ultraviolet B and Vitamin D

It is well established that UVB is responsible for 
the nonenzymatic conversion of 7-dehydrocho-
lesterol to cholecalciferol (vitamin D3) in skin. 
What was discovered recently is that cholecal-
ciferol may modulate immune responses in skin. 
Toll-like receptors (TLRs) activated in response 
to intracellular bacteria were shown to upregulate 
vitamin D receptors on macrophages, leading to 
induction of canthelicidin and intracellular killing 
of Mycobacterium tuberculosis. In addition, sera 
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from African Americans, a population known to 
have increased susceptibility to tuberculosis, were 
found to have lower levels of 25-hydroxyvitamin D 
compared to controls.31

Idiopathic (Immunologic) 
Photosensitivity Disorders

A useful classification of photosensitivity disorders 
based on presumed etiology is presented in Table 
10.1. Our discussion in this chapter is limited to the 
“idiopathic” photosensitivity disorders for which 
causation remains enigmatic, although recent evi-
dence points to immunologic underpinnings.

Polymorphic Light Eruption

Polymorphic (or polymorphous) light eruption is 
the most common photosensitivity disorder, with 
estimates as high as 20% of the general popula-
tion affected.32,33 There is greater predisposition 
for women, the age of onset is in the teenage and 
young adults years, and it more commonly affects 
people living in temperate climates. Recurrent 
outbreaks typically occur in spring, with the clini-
cal onset occurring several hours following UV 
exposure. The eruption develops over sun-exposed 
skin, is usually pruritic, and may take several 
morphologic patterns (i.e., polymorphic): small 
to large papules, vesicles, plaques, and even ery-

thema multiforme–like eruptions.32 The duration 
of the outbreaks is typically 1 to 2 weeks, and 
the eruption frequently improves in the summer 
(termed hardening). Photoprovocation studies have 
implicated a variety of wavelengths that span UVB, 
UVA, and even visible light.34,35

The pathogenic hypothesis is a delayed cel-
lular hypersensitivity reaction to an endogenous 
cutaneous antigen possibly generated by the action 
of UV radiation.36,37 Although the identity of the 
chromophore/antigen remains unknown, recent 
studies have shown patients with this condition to 
be deficient in generating UVB-induced suppres-
sion of the induction (but not elicitation) of contact 
hypersensitivity,38 and this defect was ascribed 
to the inability of UVB to induce emigration of 
Langerhans’ cells from the epidermis to draining 
lymph nodes.39,40 In this model, UVB-induced 
immunosuppression is thought to be a natural 
protective mechanism that prevents autoimmunity 
to UV-induced autoantigens that might otherwise 
develop in the course of everyday exposure to solar 
radiation. Thus, polymorphic light eruption may 
represent an autoimmune disease resulting from 
defective UVB-induced immunosuppression.

Actinic Prurigo

Actinic prurigo is closely related to polymorphic 
light eruption in morphology and delayed-onset rel-
ative to sun exposure, but differs from it in several 
respects: actinic prurigo often starts in childhood; 
there is greater familial predisposition, especially 
among particular Native-American populations; 
it is linked to human leukocyte antigen (HLA) 
subtypes (DR4 for sporadic types; A24, Cw4, C4, 
and DR4 for familial types),36 mucous membrane 
involvement (conjunctivitis and cheilitis) is com-
mon; and there is a tendency toward chronicity.

Solar Urticaria

Solar urticaria is a rare form of physical urticaria 
provoked by exposure to UV or visible light. 
Unlike polymorphic light eruption and actinic 
prurigo, solar urticaria typically develops within 
minutes of solar irradiation, with itching, burning, 
erythema, and wheals.41 Solar urticaria represents 
an immediate type of photoallergic reaction medi-
ated by immunoglobulin E (IgE) to endogenous 

Table 10.1. Photosensitivity disorders

Idiopathic (immunologic)
 Polymorphic light eruption
 Actinic prurigo
 Solar urticaria
 Chronic actinic dermatitis
Defective DNA repair
 Xeroderma pigmentosa
 Trichothiodystrophy
 Cockayne syndrome
 Rothmund-Thomson syndrome
Autoimmune
 Systemic lupus erythematosus
 Dermatomyositis
Drug-induced
 Phototoxic
 Photoallergic
Porphyria
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serum factors. The reaction can be passively trans-
ferred to normal subjects, with a positive reaction 
elicited by light exposure within 2 to 6 hours after 
injection of serum.

Chronic Actinic Dermatitis

Chronic actinic dermatitis is a relatively new 
umbrella term that encompasses several forms of 
chronic photosensitivity including photosensitive 
eczema, persistent light reaction, chronic pho-
tosensitive dermatitis, and actinic reticuloid. It 
often begins insidiously as nonspecific eczematous 
lesions in sun-exposed areas that become more 
persistent.36 It is more common in men and tends 
to occur in later adult years.32

Causation appears to mimic a photoallergic der-
matitis in which a normal skin constituent becomes 
altered and antigenic.42 In many cases, there is a 
strong association with allergic contact dermatitis, 
the most common allergen being Sesquiterpene 
lactone.32

Phototherapy

Along with Mohs’ chemosurgery for the treatment 
of skin cancer and patch testing for the diagnosis of 
allergic contact dermatitis, phototherapy is among 
the most quintessential of dermatologic proce-
dures (other medical specialists rarely perform 
them). Phototherapy refers to the use of artificial 
UV light to treat skin disorders, a domain that for 
several decades was based largely on empirical evi-
dence. However, increasing knowledge and insight 
derived from photoimmunology now provide cel-
lular and molecular mechanisms that account for 
phototherapy’s beneficial effects (Table 10.2).

Both UVB and UVA1 can induce apoptosis, and 
the threshold for causing programmed cell death is 
much lower for lymphocytes than for other cells. 

Apoptosis by UVB may be achieved via muta-
tions or activation of death receptors (e.g., Fas/
Fas ligand, TNF receptor, TRAIL [TNF-Related 
Apoptosis Inducing Ligand] receptor).43 By con-
trast, apoptosis by UVA may be mediated through 
reactive oxygen species, differential killing of Th1 
over Th2 cells, or lysis of mast cells.43

As cited previously, UVB can induce secretion 
of cytokines including IL-1, IL-4, IL-6, IL-8, IL-
10, and TNF-α, with the last two deemed respon-
sible for immunosuppression.13–17 Ultraviolet B 
also generates regulatory T cells critical to this 
immunosuppression.25,26 By contrast, UVA (but not 
UVB) can inhibit collagen synthesis and metallo-
proteinase activity, leading to changes in extracel-
lular matrix.43

In general, UVB, UVA, and PUVA are useful 
for treating T-cell–mediated inflammatory skin 
diseases. PUVA is the most efficacious, but also 
the most toxic since it is most mutagenic and is a 
risk factor for both melanoma and nonmelanoma 
skin cancer. Indeed, patients treated with PUVA 
for more than 250 sessions remain at risk for 
melanoma long after the photochemotherapy has 
ceased.44

The commercial availability of light sources 
emitting high-energy, narrower-range wavelengths 
(i.e., UVA1 and narrow-band UVB) has led to pho-
totherapy protocols that are less toxic and better 
matched to treat specific skin diseases. Thus, the 
older modalities of broadband UVB and PUVA 
are giving way to the shorter-timed/more efficient 
narrow-band UVB and the safer UVA1 treatments.

Specific therapeutic indications correlate with 
depth of penetration, which in turn is based on the 
nature of the absorbing chromophores (Table 10.3). 
Thus, UVB is most useful for eczematous disorders 

Table 10.2. How phototherapy works

 UVB UVA1

Apoptosis Yes Yes
Cytokines Yes ?
Regulatory T cells Yes ?
Extracellular matrix ? Yes

Table 10.3. Therapeutic indications

NB-UVB UVA1

Psoriasis Atopic dermatitis
Atopic dermatitis Localized cutaneous scleroderma
Vitiligo Urticaria pigmentosa
Patch-stage cutaneous 

T-cell lymphoma
Dyshidrotic eczema

Polymorphic light eruption Disseminated granuloma annulare
Actinic prurigo Pityriasis lichenoides
Erythropoietic porphyria Systemic lupus erythematosus
Pityriasis lichenoides

NB, narrow band; UV, ultraviolet.



10. Photoimmunology 153

that primarily involve the epidermis and superfi-
cial dermis, such as psoriasis, atopic dermatitis, 
patch-stage cutaneous T-cell lymphoma, vitiligo, and 
pruritus due to various causes. For these diseases, 
narrow-band UVB is the phototherapy of choice 
since it approximates, if not equals, the efficacy of 
PUVA, while avoiding the latter’s risks of greater 
mutagenicity/carcinogenicity and cataracts (Table 
10.4). The principal limitation to UVB-based proto-
cols is erythema, which peaks a day after exposure; 
this is the reason why UVB phototherapy is delivered 
on an every-other-day basis—to avoid causing burns. 
With respect to HIV infection, there is no compelling 
proof that UVB or PUVA leads to systemic effects in 
seropositive patients, although UV has been shown 
to activate HIV gene expression in vitro.45,46

Unlike UVB, UVA-based protocols allow pen-
etration deeper into the dermis, and thus are useful 
for treating diseases characterized by fibrosis (e.g., 
scleroderma, at least during the early inflammatory 
phase). It has also been used for diseases for which 
UVB is indicated (Table 10.3). In this respect, 
PUVA may be more efficacious than UVA1, but the 
latter comes close enough to PUVA’s efficacy while 
avoiding its toxicity. Erythema is generally not a 
problem with UVA1 treatment so it can be used to 
treat patients with erythroderma and acute flares 
of atopic dermatitis. The principal limitations to 
UVA1 are cost of the equipment and its installation 
(currently available in only a few centers in the 
United States) and hyperpigmentation.

The risks of phototherapy are dose related, so the 
greatest frequency of adverse events is associated 
with high-exposure doses of treatment. Risks are 
similar to those resulting from chronic exposure to 

sunlight and are augmented by additional exposure 
to sunlight. Patients should be selected appropri-
ately and counseled on both the benefits and risks 
of this treatment modality.

Conclusion

Ultraviolet light is a major environmental factor 
that can have both acute and chronic effects on the 
skin. The study of the effects of UV light on the 
skin and its associated immune system has resulted 
in a better understanding of the effects of this 
physical modality on the skin. Ultraviolet light has 
an important pathogenic role in skin cancer devel-
opment (photocarcinogenesis and photoimmuno-
suppression). However, UV light can be utilized as 
an effective therapy in the treatment of certain skin 
diseases, such as psoriasis.
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Key Points

• Angiogenesis is the development of microvascu-
lature in response to an infectious, neoplastic, or 
inflammatory agent.

• Angiogenesis contributes to the pathogenesis 
of many common skin disorders, such as acne, 
psoriasis, photoaging, common warts, and a 
variety of precancers and skin cancers (basal 
cell carcinoma, squamous cell carcinoma, actinic 
keratosis, and melanomas), wound healing.

• Angiogenesis in the skin is accomplished by 
recruitment of mesenchymal cells locally and by 
recruitment of the bone marrow–derived stem 
cells that can differentiate into endothelial cells.

• Important growth factors for endothelial cells 
include vascular endothelial growth factor, basic 
fibroblast growth factor, platelet-derived growth 
factor, cyclooxygenase-2, and prostaglandin E2. 
There are a number of angiogenesis inhibitors, 
many of which are experimental. These agents 
have great potential as therapeutic interventions 
for a number of skin diseases.

Clinical Angiogenesis

Angiogenesis, the development of a microvascu-
lature to a neoplastic, inflammatory, or infectious 
disease process, is a promising therapeutic target 
that has not been fully exploited.1 Virtually all 
processes of therapy impinge on cutaneous angio-
genesis, and a proper understanding of cutaneous 
pathophysiology with respect to angiogenesis will 
lead to a more effective use of current therapies 

for dermatologic diseases, as well as development 
of novel therapies. We propose that the under-
standing of angiogenesis is predictable, as is the 
effect of current therapies on angiogenesis. With 
this knowledge, the clinician can make educated 
guesses on the effect of therapy on a process. 
The primary disorders of the skin are infectious, 
inflammatory, and neoplastic. All of these catego-
ries are capable of inducing angiogenesis through 
a limited and overlapping subset of mechanisms, 
and these mechanisms can be understood by the 
practicing dermatologist. This chapter discusses 
the primary mediators of angiogenesis and exam-
ples of common skin disorders in which they 
occur. Antiangiogenic therapy is also discussed. 
Factors that directly impact on endothelium are 
called direct angiogenesis stimulators or inhibi-
tors, while factors that stimulate nonendothelial 
cells to make stimulators or inhibitors are called 
indirect angiogenesis stimulators and inhibitors 
(Table 11.1).

Infectious Processes

Neither acute nor chronic infections have tradition-
ally been considered angiogenic processes, but 
the resolution of an acute infection and the main-
tenance of a chronic infection requires an intact 
angiogenic system. Colonization and invasion of 
the skin by both gram-positive and gram-negative 
organisms activates the innate immune system, 
which results in the production of antimicrobial 
peptides, some of which also impact on endothelial 
cells. While the activation of the innate immune 
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Table 11.1. Description of angiogenesis inhibitors and stimulators

Angiogenesis inhibitors

Angiostatin Naturally occurring protein found in some animal species. Angiostatin is known to be cleaved by MMPs. 
Angiostatin binds to endothelial cell surface adenosine triphosphate (ATP) synthase and angiomotin.

Bevacizumab A humanized monoclonal antibody. The first commercially available angiogenesis inhibitor. Inhibits the 
actions of VEGF by binding directly to VEGF-A. Used primarily for colorectal cancer. Usually used along 
with combination drug chemotherapy.

Celecoxib A nonsteroidal antiinflammatory drug (NSAID). Highly selective COX-2 inhibitor. This selectivity helps 
reduce stomach ulcers.

Curcumin Antiinflammatory properties are due to inhibition of eicosanoid biosynthesis. Interferes with the activity of the 
transcription factor NF-κB, which has been linked to a number of inflammatory diseases and tumor survival.

Epigallocatechin 
gallate

A flavanoid class molecule that acts as a powerful antioxidant, protects against oxidative stress and free radi-
cal damage.

Endostatin A C-terminal fragment derived from type 18 collagen. It is a broad-spectrum angiogenesis inhibitor the 
interferes with the proangiogenic action of growth factors, bFGF and VEGF.

Imatinib 
mesylate

Acts by inhibiting particular tyrosine kinase (TK) enzymes, instead of nonspecifically inhibiting rapidly 
dividing cells. It occupies the TK active site, leading to a decrease in bcr-abl transformation. Imatinib 
mesylate is especially useful in that it is one of the few tyrosine kinase inhibitors with appropriate 
selectivity and limited toxicity. Studies show that imatinib may be also useful in treating small pox.18

Honokiol Melanoma therapy under development. Relevant in that IFN-α, the only widely prescribed adjuvant therapy 
for melanoma, has marked side effects. A biphenolic ring with an ortho-allyl moiety, honokiol induced 
caspase-dependent cell death in B-CLL cells18 and a variety of melanoma cell lines. Mechanism of action 
is likely direct inhibition of GRP78.18

Silymarin Silymarin consists of a family of flavonoids commonly found in the dried fruit of the milk thistle plant. 
Extensive research has shown that silymarin can suppress the proliferation of a variety of tumor cells. 
This is accomplished by inhibition of cell-survival kinases (AKT and MAPK) and inhibition of 
inflammatory transcription factors (NF-κβ). It can also downregulate gene products involved in the 
proliferation of tumor cells (COX-2), invasion (MMP-9), angiogenesis (VEGF), and metastasis.18

Thalidomide Thalidomide inhibits the release of TNF-α from monocytes and modulates other cytokine action. Thalidomide 
may act to heal aphthous ulcers by inhibiting angiogenesis and promoting reepithelialization.18 Thalidomide 
is also useful in the treatment of multiple myelomas, autoimmune diseases, and leprosy.

Gentian violet Occupies the chemical class of triphenylmethane dyes. Once used as a topical antiseptic, gentian violet is 
experiencing a reawakening as a nox4 inhibitor. Potentially useful in the treatment of melanoma, eczema, 
psoriasis, and verruca vulgaris.

Solenopsin18 Alkaloidal component of fire-ant venom. Inhibitor of phosphatidylinositol-3–kinase signaling and angiogenesis.
Rapamycin Macrocyclic triene antibiotic, also known as sirolimus, possessing immunosuppressant and antiproliferative 

properties. Works through inhibition of mTOR, leading to interruption of IL-2 signaling and a cell cycle 
arrest at G1–S.18 In preliminary trials for treatment of angiomyolipomas and brain tumors associated with 
tuberous sclerosis.18 Used in the treatment of Kaposi’s sarcoma in patients receiving renal transplants.18

Angiogenesis stimulators

Vascular 
endothelial 
growth factor 
(VEGF)

VEGF is a primary contributor to the growth of capillaries in a given network. In the presence of VEGF endothe-
lial cells undergo angiogenesis and neovascularization. VEGF causes a large tyrosine kinase signaling cascade 
in endothelial cells, leading to expression of proliferation factors to be produced and these factors stimulate 
proliferation (survival) via bFGF, migration via MMP, and differentiation into mature blood vessels.

The upregulation of VEGF is the main operator in the physiologic response during exercise. Muscle contraction 
increases the blood flow to the affected areas. This increased flow causes an increase in the mRNA production 
of VEGF receptors 1 and 2. This increase in receptors increases the signaling cascades related to angiogenesis.

Basic fibroblast 
growth 
factor (bFGF)

Basic fibroblast growth factor is a member of the fibroblast growth factor family. In normal tissue, basic 
fibroblast growth factor is present in basement membranes and in the subendothelial extracellular matrix 
of blood vessels. bFGF stays membrane-bound as long as there is no signal peptide. During both wound 
healing of normal tissues and tumor development, the action of heparan sulfate–degrading enzymes 
activates bFGF, thus mediating the formation of new blood vessels (angiogenesis).

Matrix 
metallo-
proteinase 
(MMP)

MMPs help degrade the proteins that keep the vessel walls solid. This proteolysis allows the endothelial cells to 
escape into the interstitial matrix as seen in sprouting angiogenesis. These enzymes are highly regulated 
during the vessel formation process because this destruction of the extracellular matrix would destroy the 
integrity of the microvasculature. MMP2 and MMP9 are the two proteinases linked to angiogenesis.

Cyclooxygenase-2 
(COX2)–
prostaglandin E2 
(PGE2)

COX-2 inhibitors are a class of nonsteroidal antiinflammatory drugs (NSAIDs) that selectively block the 
COX-2 enzyme. This action impedes the production of the chemical messengers (prostaglandins) that 
cause the pain and swelling of arthritis inflammation. Being that COX-2 inhibitors selectively block the 
COX-2 enzyme and not the COX-1 enzyme, these drugs are uniquely different from traditional NSAIDs.

Platelet-derived 
growth 
factor (PDGF)

PDGF is a dimer that activates its signaling pathway by a ligand-induced receptor dimerization and 
autophosphorylation. PDGF has provided a market for protein receptor antagonists to treat disease. 
These antagonists include specific antibodies that target the molecule of interest.
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system is sufficient to control and eliminate many 
bacterial colonizations and invasions, it is not 
sufficient to control high inocula of infection or 
particularly virulent bacterial or viral infections. 
Therefore, danger signals are transmitted systemi-
cally, which allow for cellular reinforcements. The 
arrival of cellular reinforcements requires an intact 
vascular system, which can respond to infection 
by activation of endothelial adhesions molecules 
(vascular cell adhesion molecule [VCAM], inter-
cellular adhesion molecule [ICAM], E-selectin), 
allowing neutrophils, lymphocytes, and macro-
phages to proceed to the site of infection with 
selectivity (Fig. 11.1). One of the most graphic 
demonstrations of the importance of this system is 
the genetic deficiency of CD11, a neutrophil adhe-

sion molecule that is required for the exit of neu-
trophils from blood vessels. Patients lacking CD11 
develop a neutrophilia due to inflammatory stimuli, 
but these neutrophils are unable to leave the blood 
vessel, leading to “cold” staphylococcal abscesses 
and high neutrophil counts due to the inability of 
these neutrophils to reach the site of infection. In 
the absence of bone marrow transplantations, these 
patients succumb to staphylococcal sepsis.

Chronic infections are usually the result 
of bacteria capable of intracellular coloniza-
tion (treponemes, mycobacterium, Bartonella), 
viral infections that are capable of latency, 
or viral oncogenes (human  papillomavirus 
[HPV], herpes virus). Bacterial infections 
often colonize cells of endothelial or monocyte/

Fig. 11.1. Basement membrane-reservoir of acidic fibroblast growth factor (aFGF) and basic fibroblast growth fac-
tor (bFGF) bound to heparan sulfate proteoglycan leads to the disruption of basement membrane leads to release 
of growth factor. Keratinocyte-derived interferon-α (IFN-α) directly inhibits endothelial growth. Upon activation of 
a growth factor receptor by a growth factor, the endothelial cell is stimulated to proliferate, produce proteases that 
migrate toward the source of growth factors, and form tubes, the precursors of capillaries
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macrophage origin, and in retrospect, this should 
not be surprising, since these cells share a common 
precursor cell in the hemangioblast. As opposed 
to most extracellular bacteria, chronic bacterial 
infections of the skin often manifest after a sys-
temic infection, perhaps due to infection of the 
hemangioblast, with preferential colonization of the 
infected endothelial cell or monocyte in the dermis. 
Of note, there are two major receptors for VEGF, 
the major chemotactic angiogenic factor, and these 
are differentially expressed in the descendants of the 
hemangioblasts. Endothelial cells express primarily 
VEGFR2, while monocytes/macrophages express 
VEGFR1. Blockade of each of these receptors 
with specific antibodies impairs angiogenesis, thus 
demonstrating a role of both endothelial cells and 
hematopoietic cells in angiogenesis. This blockade 
likely results in the highly impaired wound healing 
in patients who are neutropenic.

Outside of embryonic cells, angiogenesis is 
affected primarily by the endothelial cell in two 
ways: through local recruitment of endothelial 
cells from local mesenchymal cells, and through 
recruitment and transdifferentiation of bone mar-
row–derived stem cells into endothelial cells. As 
cells may be derived from either of these sources, 
the efficacy of an antiangiogenic treatment is 
dependent on the source of cells in a particular 
lesion. For instance, in advanced malignancy, 
tumor cells can form vascular channels and phe-
notypically closely resemble endothelial cells; this 
process is known as vascular mimicry. Thus, for 
the development of an efficacious angiogenesis 
inhibitor, and for a proper understanding of the 
dynamic and unique nature of a lesion, angiogen-
esis must be understood.

One of the cornerstones in the development of 
angiogenesis inhibitors is the angiogenic “switch.” 
In a given cell, there is a balance between pro- and 
antiangiogenic signals. As cells become more 
malignant, a threshold is crossed as the balance 
shifts toward the proangiogenic. It follows that 
cells produce angiogenesis stimulators and direct 
or indirect inhibitors. The direct inhibitors diminish 
endothelial cells’ development of neovasculature. 
Indirect inhibitors block the angiogenic stimula-
tory pathway through inhibition of growth factors 
such as VEGF or the basic fibroblast growth factor 
(bFGF), or through blockade of releasing factors 

such as the corticotropin-releasing factor. All of 
this functions, in the end, to impair cells’ ability to 
promote angiogenesis.

The regulation of angiogenic growth factors 
is often complex, but the best elucidated is the 
regulatory pathways surrounding VEGF. Several 
stimuli regulate VEGF; on a transcriptional level 
there are AP1 and Sp1, and on a translational 
level there are hypoxia-inducible factor 2α (HIF-
2α) and mitogen-activated protein kinase (MAPK) 
(Fig. 11.2). Though much research has focused 
on inhibition of HIF-1, selective HIF-2α inhibi-
tion is emerging as a more vital protein in VEGF 
transcription, or the inhibition thereof. The fact that 
HIF-deficient cells are capable of forming aggres-
sive tumors implicates HIF-independent processes 
in VEGF upregulation. Though many specific and 
selective inhibitors of HIF, akt, and a variety of other 
VEGF signaling molecules are under development, 
it must be understood that, like many biologic sys-
tems, tumors are dynamic and capable of switching 
signaling pathways, for example from HIF-dependence 
to HIF-independence.

The major angiogenesis stimulators in the skin 
are VEGF and bFGF, and the major inhibitor is 
interferon-2 (IFN-a), the latter being a widely 
prescribed adjuvant therapy for melanoma. Both 
the major stimulants and inhibitors are produced 
by keratinocytes, helping to provide a barrier 
between vasculature and the epidermis. When 
there is contact between the two (barrier disrup-
tion), VEGF is increased; when there is occlusion, 
VEGF is decreased. This lends credence to occlu-
sional therapies, like cautery and sclerotherapy.

The Importance of Stem Cell 
Recruitment in Angiogenesis

The reservoir of endothelial cells for neovascular 
development is of two sources: local recruitment of 
endothelial cells, and differentiation of quiescent 
mesenchymal cells. Exposure of cells to cytokines 
and other stimuli leads to upregulation of adhe-
sion molecules, which bind immune effector cells; 
such cells can migrate to sites of infection and 
inflammation. Withdrawal of the stimulus will 
lead to apoptosis of the neovasculature. Persistent 
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endothelial stimulation, either through angiogenic 
growth factors, loss of endogenous factors, or 
mutations, will cause cells to resist physiologic 
apoptosis. Recall that mutations involve activa-
tion of the phosphoinositol-3-kinase (PI3K)/akt 
pathway; such activation accounts for neovascular 
formation in humans.

The recruitment of bone marrow cells is impera-
tive for the success of vascular formation. This 
notion explains some observations in cancer therapy. 
A large group of natural products, known as chemo-
preventive agents, prevent cancer development but 
have little effect on advanced neoplasms. Xenograft 
models can help select for angiogenesis inhibitors 

that block mesenchymal recruitment, though tumors 
persist in recruiting local endothelial cells. While an 
effective treatment may require inhibition of both 
pathways, recognition of the tumor’s dynamic abil-
ity to switch signaling pathways may even render 
recruitment-inhibiting therapies ineffective.

The ligands responsible for endothelial stem cell 
recruitment in ischemic tissues and tumors likely 
start with high expression of stromal cell-derived 
factor 1 (SFD-1). CXCR4 (also known as fusin is a 
CXC chemokine receptor 4) is the SDF1 receptor, 
and blockade of CXCR4 is a promising new course 
of therapy that has been shown to block revasculari-
zation of ischemic tissue. Matrix metalloproteinase 

Fig. 11.2. Summary of molecular pathways that lead to vascular endothelial growth factor (VEGF) gene expression. 
As indicated, there are a number of signaling pathways that can activate VEGF transcriptions. HIF, hypoxia-inducible 
factor; MAPK, mitogen-activated protein kinase; MAPKK, mitogen-activated protein kinase kinase; mTOR, mam-
malian target of rapamycin; P, phosphate
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9 (MMP-9) mobilizes the small kit ligand (sKITL). 
Mobilization of sKITL could be clinically useful in 
the treatment of acute myocardial infarction.

Recognition by the clinician and pathologist 
of certain signaling markers could be vital in the 
early detection of aberrant cells. Angiopoietin-1 
(ang1) and angiopoietin-2 (ang2) have antagonistic 
effects: the former binds Tie-2 to inhibit vascu-
lar permeability, while the latter binds Tie-2 to 
stimulate vascular permeability. Hemangiomas of 
infancy and the hemangioma-like verruga peruana 
both show elevated levels of ang2. Work by Arbiser 
et al. suggests that hemangiomas arise from an 
unknown event, causing rapid stem cell recruit-
ment from bone marrow (Fig. 11.3). A similar situ-
ation likely exists in high-malignancy tumors. Thus 
early detection of alterations in ang2 expression 
could be developed as a diagnostic tool for early 
detection of tumors.

Hemangiomas exhibit a characteristic natural 
involution after several years. This is likely due to 
a decreased VEGF expression leading to apoptosis. 
This parallels the apoptosis observed in endothe-
lial cells during menstruation upon lessening of 
estrogen signaling. This fate of the hemangioma 
illustrates the potent response toward removal of 
proangiogenic, specifically VEGF, signaling.

Inflammatory Angiogenesis

Inflammatory skin conditions can be separated 
into two categories. Those expressing a pre-
dominance of IFN-γ, interleukin-12 (IL-12), and 
 interferon-inducible protein 12 (IP-12) are  classified 
as Th1, including psoriasis and allergic contact 
dermatitis. Those expressing predominantly IL-4, 
-5, -6, and -10 are classified as Th2, such as  systemic 

Fig. 11.3. A model for angiogenesis in hemangiomas. This model demonstrates interacting between endothelial cells. 
Most cells and stem cells that are recruited from bone marrow are induced to differentiate into endothelial cells
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lupus erythematosus and atopic dermatitis. Both 
categories exhibit common features, including 
inflammatory infiltrates of lymphocytes, mast cells, 
granulocytes, and macrophages. Both conditions 
show excess  angiogenesis (despite the presence of 
antiangiogenic IL-12 in Th1 disorders), showing the 
potential utility of angiogenesis inhibitors for treat-
ment not merely of malignant neoplasms, but in a 
wide range of dermatologic disorders.

The Role of Angiogenesis 
in Major Skin Disorders

Acne Vulgaris

Acne is the most common cutaneous disorder in the 
United States. This disorder accounts for over 10% 
of all patient encounters with a primary care physi-
cian. While the number of cases of acne vulgaris in 
adolescents has remained relatively stable over the 
past decade, the number of cases of adult-onset acne 
is increasing. The majority of debilitating effects 
of acne are psychological, with embarrassment and 
anxiety being among the top reported symptoms. 
Scarring is not uncommon and contributes to the 
lifelong effects of a moderate to severe case.

The role of MMPs in acne has been somewhat 
unclear in recent work, though it appears that 
they are involved in acne progression. The source 
of MMPs in acne appears to be keratinocytes2 
or neutrophils.

Treatment of acne includes both topical and sys-
temic therapies. For treatment of noninflammatory 
comedones, topical retinoids such as tretinoin, ada-
palene, and tazarotene are often prescribed. Salicylic 
acid also has proven comedolytic activity. The most 
prominent therapy, both over-the-counter and pre-
scription-based, is topical benzoyl peroxide. Some 
patients experience increased inflammation due to the 
presence of Propionibacterium acnes in sebaceous 
follicles. Treatment of such cases usually involve top-
ical antibiotics such as clindamycin or erythromycin. 
It should be noted that to lessen the opportunities for 
the generation of antiobiotic-resistant bacteria, treat-
ments should be coupled with benzoyl peroxide.3,4 In 
severe cases of inflammatory acne, patients can be 
prescribed system isotretinoin. There are prescribing 
restrictions for this drug that are left to the discre-

tion of the physician. Blue light and laser therapy 
are expensive and unproven treatments for acne and 
should be avoided pending further data.

Psoriasis

Psoriasis is a common cutaneous disorder characterized 
by erythematous papules and silvery-scaled plaques. 
Though not entirely understood, the pathophysiology 
of clinical psoriasis tends to result from hyperprolifera-
tion and abnormal differentiation of epidermal kerati-
nocytes, accompanied by inflammatory cell infiltration 
and vascularization. This remodeling resembles a 
prolonged wound response, with many reparative and 
remodeling processes being utilized4 (Fig. 11.4).

To follow the wound healing analogy presented 
by Nickoloff, et al.,4 tumor necrosis factor (TNF), 
VEGF, IL-23, and transforming growth factor 
(TGF) are present in high levels in psoriatic tissue. 
Though these cytokines are present in healthy 
skin, the exaggerated angiogenic response and 
epidermal thickening draws a definite line between 
healthy epidermal/dermal signaling and pathologic 
psoriatic skin. Genetic susceptibility plays a major 
role, as evidenced in the Koebner phenomenon, 
which describes an outbreak of psoriatic lesions on 
genetically susceptible patients upon mild trauma 
applied to the skin. Expression of TGF is a 
 relevant early event in the formation of psoriatic 
lesions. Such expression leads to upregulation of 
VEGF, which promotes angiogenesis and changes 
in blood vessel morphology. In fact, elevated levels 
of VEGF are noted in lesional keratinocytes in 
psoriasis.5 Accordingly, the angiopoietin (ang)-Tie 
signaling pathway is activated in psoriasis, leading 
to vascular remodeling, formation, and invasion. 
To view the whole picture, VEGF expression 
leads to increased  vascular permeability and cap-
illary diameter. Once this angiogenic “switch” is 
turned, alterations in ang1/ang2 expression allow 
for increased vascular proliferation. Tumor necro-
sis factor provides differential direct regulation 
of the Tie2 signaling pathway. Tumor necrosis 
factor and ang1/ang2 allow for vascular survival 
and maintenance during this proliferative phase.6 
The increased angiogenesis in the early phases of 
psoriasis formation allows for the proinflammatory 
response that will follow. It is important to note 
that psoriasis is not simply an epithelial hyper plasia 
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growth along the lines of carcinoma, but rather a 
metaplastic exaggerated wound response.

Treatments of psoriasis are varied, and include 
topical and systemic corticosteroids, immunomodu-
lators such as cyclosporine and methotrexate, TNF 
blockers, and topical therapies such as  calcipotriene. 
A long-trusted treatment has been topical coal tar 
treatment, and it is supposed by Arbiser that car-
bazole is the active ingredient in coal tar–mediated 
psoriasis treatment. Ultraviolet light is one of the 
more popular therapeutic methods. Experimental 
treatments include topical applications of gentian 
violet, a triphenylmethane dye once used as a 
topical antiseptic that selectively kills gram-positive 
bacteria.

Warts (Verruca Vulgaris)

Verrucae are a common clinical manifestation 
of an HPV infection of epithelial tissue. The 
common wart or verruca vulgaris, derived from 
HPV-2, is a benign proliferative lesion manifest-
ing as a raised hyperkeratotic papillomous lesion. 
There are many HPV subtypes, some seemingly 
more site-specific than others. Though all humans 

are susceptible, infections are more common 
in children and young adults. Infection occurs 
through skin-to-skin contact, with macerated sites 
predisposing one to infection. Human papillo-
mavirus infections from HPV-16 or HPV-18 are 
considered high risk as HPV-16 and HPV-18 are 
carcinogenic. Accordingly, there exist in all HPV 
infections proangiogenic signaling. There is no 
consensus on which cytokines actually stimulate 
the angiogenesis and vasodilation seen in HPV+ 
skin, as VEGF is commonly found in healthy 
uninfected human skin as well.7 It is known that 
HPV-2 DNA is correlated with increases in ang-
iogenesis,8 but it is not confirmed whether or not 
VEGF is responsible for verruca angiogenesis. 
However, VEGF is implicated in the angiogenesis 
of HPV-induced cervical tumors. Though it is 
unconfirmed at this time, VEGF overexpression 
is the likely initiator of wart microvascularization 
in the common HPV-2 infection (Fig. 11.5).

Current therapies for cutaneous nongenital warts 
include debridement accompanied by freezing 
with liquid nitrogen, treatment with salicylic acid, 
bichloracetic acid, or cantharidin. Flat warts are 
treated with cryotherapy, 5-fluorouracil, or tretin-
oin,9 while filiform warts are generally treated with 
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Fig. 11.4. Psoriasis is an example of chronic inflammation that drives excessive angiogenesis. It is a result of T cells 
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a snip excision. Imiquimod is a common topical 
treatment for anogenital warts, working through 
local cytokine induction (including the antiang-
iogenic cytokine interferon-2).

Basal Cell Carcinoma

Basal cell carcinomas (BCCs) occupy a classifica-
tion of skin cancers known as the nonmelanoma 
skin cancers (NMSC). This classification extends 
to squamous cell carcinomas (SCCs) and BCCs 
almost exclusively. The causes of BCCs vary, but 
are largely attributed to overexposure to ultravio-
let (UV) light, genetic predisposition (illustrated 
in an extreme case by xeroderma pigmentosum), 
and possibly HPV infection. Other risk factors 
include exposure to ionizing radiation, chronic 
immunosuppression, and long-term use of corti-
costeroids.10

The main effector of angiogenesis in BCCs 
appears to be the basic fibroblast growth factor 
(bFGF), which occupies a small family of  peptides 
including the acidic fibroblast growth  factor (aFGF)
and the Kaposi fibroblast growth factor 
(kFGF). The fibroblast growth factors (FGFs) are 
small molecules, ranging from 18 to 21 kd. These 
molecules bind heparin and interact with a family 
of four receptors.11 In mice that were irradiated 
with UV light, upregulation of bFGF rather than 
VEGF was noted. Considering that UV overex-
posure is considered one of the primary causes 
of BCCs in humans, this finding may underlie 
the cutaneous angiogenesis behind UV-induced 

rosacea and malignancy. The regulation of bFGF 
is complex, as there is no signaling peptide, and 
any introduction of signaling peptides converts 
bFGF into an oncogene with the capability 
of malignant transformation. Basic FGF shows 
baseline limited expressivity in normal epider-
mis. However, studies have found diffuse and 
strong bFGF immunoreactivity in BCCs. It is 
known that SCCs produce a FGF-binding protein 
that localizes bFGF, and BCCs could work along 
a similar pathway.

Therapy and treatment modalities for BCCs 
vary, but surgical excision still remains the most 
reliable treatment for a primary or recurrent 
tumors. Among the surgeries, the most prevalent 
methods are cryosurgery, curettage and elec-
trodissection, and Mohs’ micrographic surgery 
(MMS). The latter has some marked advantages, 
especially in that it affords a much high confi-
dence in a clear border. Studies have shown that 
MMS does not provide significantly lower rates of 
recurrence, but the cosmetic sensitivity of MMS 
often tips the scales. It is most useful on tumors 
of the face, neck, head, and hands. As with all 
surgeries, the cosmetic and practical outcome of 
the procedure is largely influenced by the skill of 
the surgeon. Adjuvant therapy for BCCs includes 
radiation therapy (RT), or topical treatment with 
imiquimod or 5-fluorouracil.

Squamous Cell Carcinoma

Squamous cell carcinomas are the second mem-
ber of the class of NMSCs, and they result from 
malignant proliferation of keratinocytes in the 
epidermis. The tumors present as a hyperkeratotic 
nodule, papule, or plaque, closely resembling 
actinic keratoses. The angiogenic pathophysi-
ology of an SCC involves dual signaling for 
neovascularization, blood vessel permeability, 
and vasodilation by both VEGF and bFGF.12 It 
is theorized that the NMSCs are the result of 
UVB radiation, while melanomal growths result 
from mostly UVA radiation. It is additionally 
supposed by Arbiser et al. that some SCCs, such 
as those occurring in the mouth and throat, are 
the result of a p53 deficiency, while those of 
the epidermis are the result of direct DNA dam-
age. Despite the fact that SCCs overexpress both 
VEGF and bFGF, they are predominantly only 

VEGF
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Angiogenesis in verrruca vulgaris

Fig. 11.5. Angiogenesis in common warts is the result of 
overproduction of VEGF by hyperproliferating epider-
mal keratinocytes
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locally invasive. The most effective treatments 
are surgery, with reasonable effectiveness fol-
lowing a topical treatment with imiquimod of 
5-fluorouracil. Patients must be given careful 
follow-up exams to ensure complete resection of 
all tumor tissue.

Photoaging

Photoaging is the overall process of skin aging 
due to UV exposure. It is characterized by wrinkle 
formation, blistering, and reduced recoil capac-
ity. The cause of photoaging is likely matrix 
degradation or remodeling due to overexposure 
to UV light. The most common source of matrix 
degradation or remodeling in most people is 
chronic sun exposure. Matrix metalloproteinases 
secreted by dermal fibroblasts and keratinoc-
ytes are generally considered responsible for the 
matrix remodeling. The MMPs are zinc-dependent 
endopeptidases in a subclass of the metzincin 
superfamily of proteins. The effects of MMP 
can be inhibited by the tissue inhibitor of MMP 
(TIMP-1). Another effector of cutaneous photo-
aging is the serine protease granzyme B (GrB).13 
Keratinocytes irradiated with UVA simultane-
ously produced GrB and MMP1. The result of 
this finding elucidates the complementary actions 
of MMPs and GrB in matrix remodeling upon 
prolonged UV irradiation. Therapy and treatment 
for photoaging is limited.

Actinic Keratosis

Actinic keratosis (AK) is a premalignant lesion 
occurring on sun-damaged skin. Over many 
years AKs can progress to SCCs, exemplifying 
tumorigenesis through loss of tumor suppressor 
genes. These tumors display increased angio-
genesis as the tumor progresses.14 Angiogenesis 
inhibitor thrombospondin-1 (TSP-1) is strongly 
expressed in most AKs.15 It has been reported 
that patients treated with sorafenib resulted in 
inflammation of AK, which in some cases pro-
gressed to invasive squamous cell carcinoma.16 
The treatment for AK is cryotherapy and in 
some cases a topical treatment with imiquimod 
of 5-fluorouracil. Physicians should be vigilant 
in follow-up exams, because these lesions are a 
risk factor for NMSC.

Ulcers

Chronic skin ulcers occur in approximately 1 mil-
lion people in the United States. Little is known 
about the pathways leading to degeneration of tis-
sue and ulcer formation, though common theories 
connect degeneration to inadequate circulation and 
ischemia— elements in most dermal ulcers. Collagen 
is the primary component of  mechanical strength 
in most tissues. Collagen stability is dependent on 
adequate oxygen supply. In ischemic skin, biochemi-
cal mechanisms of tissue repair are activated, with 
increases in lactate, TGF-β, VEGF, collagen synthe-
sis, and MMP-1 and -2. The upregulation of VEGF 
and MMP (primary angiogenesis stimulators) are 
known to signal increased angiogenesis to the loca-
tion. In some cases unstable collagen molecules are 
synthesized together with upregulated MMPs, result-
ing in collagen denaturation, defective angiogenesis, 
weaker skin, and predisposition to ulceration.17

In chronic ulcers, slow and abnormal heal-
ing occurs due to biochemical and physiologic 
defects of the local tissue. The inflammatory 
phase may be prolonged, possibly with decreases 
in collagen synthesis by fibroblasts and increased 
levels of MMPs (Fig. 11.6). Epithelial cells and 
fibroblasts are senescent at the wound edges, and 
do not respond to growth factor signals such as 
platelet-derived growth factor (PDGF) or TGF-β.
Nonhealing ulcers, including diabetic, venous 
stasis, and pressure ulcers, can be characterized 
by inadequate wound granulation, and thus inad-
equate angiogenesis. In diabetic ulcers, glucose is 
antiproliferative, which causes loss of angiogenic 
stimulators, such as PDGF-BB, TGF-β, and ang-1. 
In pressure ulcers, tissues compression, and vaso-
constriction result in poor tissue perfusion. In 
venous stasis ulcers, fibrin cuffs around capillaries 
cause local hypoperfusion and also may sequester 
growth factors.

Ulcers are commonly treated through mechani-
cal and compression therapy. Topical treatments 
vary, but include occlusive therapy, topical debrid-
ing agents, PDGF, and topical antibiotics. Gentian 
violet can be used topically to decrease inflammation 
in skin ulcers (Arbiser, unpublished data). In some 
cases, surgery (skin grafting or transposition skin) 
may be necessary. However, interventive care 
remains the best way to prevent development or 
exacerbation of skin ulcers.
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Melanoma

Melanoma is the sixth most common cancer in the 
United States, with rates of occurrence increasing 
faster than those of any other cancer. Some risk fac-
tors for melanoma include overexposure to UVA 
radiation, sensitive skin type, immunosuppres-
sion, family history of melanoma, dysplastic mole 
syndrome, multiple common or atypical nevi, and 
exposure to positive mutagens.

Melanoma is infamous for its poor prognosis 
and resistance to treatment. Melanoma tends to 
metastasize via the lymphatic vessels to the areas 
surrounding the tumor and to draining lymph 
nodes. Overexpression of angiogenesis factors 
such as VEGF-A, FGF-2, IL-8, PDGF, and ang-
2 have been observed in human melanoma. 
VEGFA-transfected melanomas are characterized 
by increased angiogenesis and tumor growth. 
Importantly, several receptors previously thought 
to be exclusively expressed on endothelial cells 
such as VEGFR-1, VEGFR-2, and Tie-2 are also 
expressed in different tumor cells. Recent experi-
ments implicate the Tie-2 signaling pathway as an 
important angiogenesis modulator in melanoma. 
Ang1/ang2 are ligands that (de)activate the Tie-2 
pathway. Dominant  Ang-2 expression against 

ang-1 through Tie2 receptor in the presence of 
VEGF plays a critical role in initiating early 
neovascularization.18 Akt/PI3K has emerged as 
a critical pathway downstream of Tie2 that is 
necessary for cell survival effects as well as 
for chemotaxis, activation of endothelial nitric 
oxide synthase, and perhaps for antiinflammatory 
effects of Tie2 activation. Mitogen-activated pro-
tein kinase (MAPK) activation has also emerged 
as a pathway that may be responsible for the mor-
phogenetic effects of Tie2 on endothelial cells.

Several experimental approaches to treat mela-
noma using angiogenesis inhibitors have been 
reported. Besides the surgical modalities for the 
removal of melanoma, the common medical treat-
ment modalities include adjuvant therapy with 
IFN. However, due to the marked side effects of 
IFN, many patients do not complete the full course. 
Cheaper, more effective, and safer methods in pro-
duction include endogenous inhibitors of TSP-1, 
TSP-1 fragments, TRAIL, TSP-2, IL-12, angiosta-
tin, endostatin, and other compounds such as TNP-
470, thalidomide, SU6668, SR25989, solenopsin, 
honokiol, and batimastat. Triphenylmethane dyes 
are suspected to suppress Ang2 via nox4 inhibition, 
and are promising medical therapies for melanoma.

VEGF and bFGF
distributed barrier
function

Bacterial colonisation
activates TLR2, TLR4

Neutrophils secrete
IL-* and MMPs

Fig. 11.6. A model for angiogenesis in venous ulcers. In chronic wounds, there is a proinflammatory process that 
drives angiogenesis. There is also imbalanced collagen production/degradations by fibroblasts, with the result being 
a chronic wound
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Conclusion

Angiogenesis, or the formation of microvascula-
ture is a fundamental process responsible for tis-
sue homeostasis, and is also a part of many disease 
processes. Angiogenesis can be manipulated by 
resetting the balance of pro- and antiangiogenic 
factors in endothelial cells. Because angiogenesis 
plays an important role in a number of com-
mon skin diseases, experimental agents (mostly 
angiogenesis inhibitors), have great potential as 
therapeutic agents.
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Key Points

• Contact dermatitis is a common condition that 
affects approximately 20% of the United States 
population.

• Irritant and allergic contact dermatitis are the 
two major variants of this condition. Despite 
their different mechanisms, they can be difficult 
to distinguish at the clinical, histologic and even 
molecular levels.

• Allergic contact dermatitis is biphasic, with an 
afferent (sensitization) phase and an efferent 
(elicitation) phase. Cutaneous antigen-presenting 
cells (for example, Langerhans’ cells) play a role 
in trafficking and presenting hapten-self com-
plexes to T lymphocytes.

• CD8+ T lymphocytes are thought to be the 
major effector cell of allergic contact dermatitis, 
whereas CD4+ T lymphocytes may play a role as 
regulatory cells in allergic contact dermatitis.

• Patch testing plays a critical role in the man-
agement of allergic contact dermatitis, because 
the identification of relevant allergens enables 
patients to avoid the offending substance.

• Irritant contact dermatitis is a nonimmunologic 
response to chemicals that are damaging to the 
skin (surfactants, solvents, hydrocarbons, strong 
acids/bases, and others).

Contact dermatitis (CD) affects approximately 
20% of the U.S. population.1 Pathophysiologically, 
CD can be divided into allergic contact dermati-
tis (ACD) and irritant contact dermatitis (ICD) 
reactions. Despite the mechanistic differences 
between these two types of CD, the clinical and 
histopathologic findings in ACD and ICD may 

be quite similar.2–6 Allergic contact dermatitis 
is characterized by spongiosis and a superficial 
lymphohistiocytic infiltrate, while ICD is marked 
by disruption of the stratum corneum and, occa-
sionally, intraepidermal necrosis.5 The exocytosis 
and spongiosis observed in ICD results from 
epidermal hyperproliferation following nonim-
munologic injury.7,8 This chapter explores the 
current understanding of the pathophysiology, 
clinical presentation, and diagnosis of these two 
forms of CD.

Allergic Contact Dermatitis

The Allergens

Most environmental allergens are haptens, that 
is, simple chemicals that must link to proteins to 
form a complete antigen before they can sensitize.9 
These haptens (Table 12.1) are primarily small 
(∼500 dalton [d]), electrophilic molecules that bind 
to carrier proteins via covalent bonds.11 The major 
exception to such covalent bonding occurs among 
the metallic salts (e.g., nickel and cobalt), which 
are thought to complex with proteins in a manner 
analogous to the complexing of cobalt with vita-
min B12.

11 Not all sensitizers penetrating the skin 
are complete allergens. So-called prohaptens must 
be metabolized in vivo to become antigenic; for 
example, hexavalent chromium is reduced to its 
trivalent form, which is the reactive form binding 
to cutaneous proteins.12

Although there are over 3700 known  environmental 
allergens,13 not all electrophilic, protein-binding 
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substances are haptens. The nature of the anti-
genic determinants, the type of binding that the 
hapten undergoes with the carrier, the final three-
dimensional configuration of the conjugate, and a 
variety of unknown host and environmental factors 
undoubtedly contribute to the antigenicity of a 
chemical.14 For example, in murine studies, sensi-
tivity to dimethylbenzanthracene occurs only in 
strains that can metabolize this compound,15 which 
suggests that the metabolic state of the host may be a 
key determinant in the development of reactions to at 
least some allergens. Of equal or greater importance 
is the carrier for the hapten because potent contact 

sensitizers, when complexed to nonimmunogenic 
carriers, induce tolerance rather than sensitization.16 
Class I and II molecules on the surface of the anti-
gen-presenting cells act as the binding site (carrier) 
for contact allergens.17,18

Pathophysiology

The Afferent Phase

The antigen-presenting cells within the skin are 
the Langerhans’ cells (LCs), which are bone mar-
row–derived dendritic cells situated within the 
suprabasilar layer of the epidermis.19 While all epi-
dermal cells bear class I antigens, LCs are the only 
cells in the epidermis that constitutively express 
class II human leukocyte antigens (HLA-DR). 
Depending on the allergen, LCs can either bind 
the hapten to class I or II antigens on their surface 
directly, or “process” the allergen internally into a 
complete antigen. Antigen processing by LCs may 
be directed toward presentation to cytotoxic CD8+ 
T cells (Tc, via class I molecules) or to CD4+ regu-
latory T cells (Treg, class II).

Cutaneous allergens presented via class I typi-
cally undergo enzymatic digestion to yield antigenic 
peptides of 8 to 12 amino acids. These peptides are 
then transported to the endoplasmic reticulum by 
the transporter associated with antigen processing 
(TAP). The antigenic peptide is complexed to major 
histocompatibility complex (MHC) class I by loading 
from cytosolic proteins, which are rapidly destroyed 
by the catalytic attachment of ubiquitin (reviewed 
by Stingl et al.20). Class I molecules affixed to these 
peptides are released from the endoplasmic reticu-
lum and transported to the cell surface.

In contrast, class II molecules bind peptides 
within endosomal or lysosomal compartments. 
After degradation of the allergen to peptides rang-
ing from 15 to 22 amino acids (or longer), the 
antigenic peptides bind to HLA-DR, and the 
class II peptide complex is recycled onto the cell 
surface.21–23 Adenosine triphosphatase (ATPase) 
on the surface of LCs, which is endocytosed with 
antigen, participates in this process by driving a 
proton pump that acidifies the environment, thus 
promoting degradation of allergen and the class 
II–associated Ii peptide (CLIP).20,23

Processing and presentation of the antigen are 
referred to as the afferent phase of cell-mediated 

Table 12.1. The 20 most frequent allegens in the United 
States: 2003–2004a,b

Allergen
Patients 

tested (n)
(+) reactions 

(%)

Nickel sulfate 5129 18.7
Neomycin sulfate 5137 10.6
Balsam of Peru 

(Myroxylon pereirae)
5140 10.6

Fragrance mixc 5140 9.1
Quaternium-15 5139 8.9
Sodium gold thiosulfate 5106 8.7
Formaldehyde 5142 8.7
Cobalt 5141 8.4
Bacitracin 5143 7.9
Methyldibromoglutaronitrile/

phenoxyethanol
5140 6.1

Para-phenylenediamine 5136 4.7
Thiuram mixd 5141 4.6
Potassium dichromate 5142 4.3
Carba mixe 5142 4.0
Diazolidinyl urea 5139 3.5
Propylene glycol 5143 3.3
Imidazolidinyl urea 5139 2.9
Rosin (colophony) 5143 2.8
Tixocortol-21-pivalate 5142 2.7
Ethylenediamine dihydrochloride 5143 2.4
2-bromo-2-nitropropane-1,3-diol 5140 2.3

a The population studied consisted of patients with suspected ACD 
referred for patch testing and is therefore not necessarily repre-
sentative of the general population; data from Warshaw et al.10

b Although Toxicodendron oleoresin in poison ivy/oak is a fre-
quent cause of ACD, it is not listed because it was not tested in 
this study.
c Cinnamic alcohol 1%, cinnamic aldehyde 1%, hydroxyc-
itronellal 1%, amylcinnamaldehyde 1%, geraniol 1%, eugenol 
1%, isoeugenol 1%, oakmoss absolute 1%.
d Tetramethylthiuram disulfide 0.25%, tetramethylthiuram mon-
osulfide 0.25%, tetraethylthiuram disulfide 0.25%, dipentameth-
ylenethiuram disulfide 0.25%.
e 1.3-diphenylguanidine 1%, zinc diethyldithiocarbamate 1%, 
zinc dibutyl-dithiocarbamate 1%.
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immunity. This occurs in the paracortical (thymus-
dependent) areas of the draining lymph nodes (Fig. 
12.1). Upon immunologic stimulation of the epi-
dermis, antigen-bearing LCs migrate to the lymph 
nodes. Migration into lymphatic vessels is evident 
as early as 2 to 4 hours after antigenic challenge. 
By 4 to 6 hours, antigen-bearing LCs are present 
in the T-cell–dependent, paracortical areas of the 
draining lymph nodes, and by 18 to 24 hours, their 
numbers are sufficient to transfer sensitization.24,25

Those factors that control the migration of LCs 
from the epidermis to the draining lymph nodes 
are now being recognized (Fig. 12.1). Within 15 

minutes after application of a contact allergen, LCs 
synthesize interleukin-1β (IL-1β), and keratinoc-
ytes (KCs) are stimulated to produce tumor necro-
sis factor-α (TNF-α) and granulocyte-macrophage 
colony-stimulating factor (GM-CSF).26,27 Binding 
of TNF-α and IL-1β to their respective receptors 
on LCs results in decreased expression of E-cad-
herin on the surface of LCs. In the epidermis, the 
LC and KC (which also expresses E-cadherin) are 
firmly associated via E-cadherin/E-cadherin junc-
tions. Thus, the reduced expression of E- cadherin 
on LCs facilitates their migration away from 
KCs.28 Interleukin-1β and TNF-α also inhibit the 

Fig. 12.1. Factors regulating Langerhans’ cell (LC) trafficking between the epidermis and peripheral lymph nodes. 
Interleukin-1β (IL-1β) and tumor necrosis factor-α (TNF-α), secreted by LCs and keratinocytes (KCs), respectively, 
downregulate E-cadherin and upregulate CD54, α6-integrin, and CD44, providing chemotactic stimuli for LC migra-
tion out of the dermis. Downregulation of CCR1, CCR2, CCR5, and CCR6 by IL-1β and TNF-α, together with 
upregulation of CCR7 by TNF-α and possibly prostaglandin E2 (PGE2), provide a chemotactic gradient toward the 
lymphatic endothelial cells and paracortical stromal cells due to their expression of macrophage inhibition protein 
3β (MIP-3β) and secondary lymphoid tissue chemokine (SLC). IL-10, via its inhibition of IL-1β and TNF-α, can 
interfere with LC migration. (Courtesy of Donald V. Belsito.)
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expression of a number of chemokine receptors on 
the LC membrane (e.g., CCR1, CCR2, CCR5, and 
CCR6), which recognize corresponding ligands on 
KCs, especially macrophage inhibition protein 3α 
(MIP-3α) (CCL20).29 Finally, IL-1β and TNF-α 
induce the expression of adhesion molecules such 
as CD54, α6-integrin, and CD44, which attract the 
LC to the extracellular matrix and to endothelial 
cells in the dermis.

To reach the dermis, LCs need to traverse the 
basement membrane zone, which is accomplished 
via secretion of matrix metalloproteinases 3 and 9 
(MMP-3 and MMP-9).30 In the dermis, upregula-
tion of CCR7 on LCs by TNF-α and prostaglandin 
E2 (PGE2) provides for chemoattraction to MIP-3β 
and secondary lymphoid tissue chemokine (SLC) 
(CCL21).29,31,32 In particular, the expression of SLC 
on lymphatic endothelial cells and by the stromal 
cells in the paracortical areas of lymph nodes pro-
vides a critical driving force for LC migration.33–35 
Other contributing factors include the activation of 
protein kinase C (PKC) in LCs.36

During antigen processing and presentation, LCs 
undergo profound phenotypic changes that facili-
tate not only their egress from the skin, but also 
their subsequent interaction with CD4+ or CD8+ T 
cells (Table 12.2). During the acquired expression 
of these accessory/adhesion molecules on LCs, 
they become less efficient at antigen processing 
and more potently antigen presenting. These proc-
esses are regulated by cytokines.

As previously mentioned, IL-1β is secreted by 
LCs within 15 minutes of contact with allergen.26 
Treatment of normal mice with IL-1β mimics the 
changes that occur in ACD: enhanced class II 
expression on LCs and enhanced production of 
IL-1α and TNF-α by KCs.27 Interleukin-1β has been 
shown to upregulate intercellular adhesion molecule 
1 (ICAM-1) (CD54), B7-1 (CD80), B7-2 (CD86), 

CD58 (lymphocyte function– associated antigen-3 
[LFA-3]), and CD40 on LCs.40 Additionally, the 
interaction between CD40 and receptor activator of 
nuclear factor-kappa B (RANK) on LCs and their 
ligands (CD40-L and RANK-L) on T cells further 
stimulates production of ICAM-1, B7-1, and B7-2, 
as well as LFA-3.41,42

Although the accessory/adhesion molecules 
acquired by LCs during their “maturation” provide 
important secondary signals that facilitate antigen 
presentation via interaction with corresponding 
ligands on T cells (Table 12.2), antigen-bearing 
LCs must interact with CD4+ T cells or CD8+ T 
cells with specific receptors for the contact allergen 
for an allergic reaction to occur (Fig. 12.2). These 
CD4 and CD8 cells enter into the paracortical areas 
of the draining lymph nodes through postcapillary 
high endothelial venules (HEV) in response to the 
chemokine dendritic cell chemokine 1 (DC-CK-1), 
secreted by resident dendritic cells.43

CD8+ T cells are now thought to be the principal 
cell mediating the ACD response,44 while CD4+ 
cells provide, in most instances, a regulatory func-
tion.45 In experimental models, class I knockout 
mice do not develop ACD, while class II knockout 
mice exhibit enhanced reactivity.46 Additionally, 
hapten-specific CD8+ effector cells can develop in 
the absence of T-cell help.46 The CD4+, CD25+ Treg 
cell in ACD functions to downregulate, not medi-
ate, the response.45

The process of antigen presentation to CD8+ 
and CD4+ T cells is initiated by intimate con-
tact between the antigen-bearing LCs and T 
cells, which allows for engagement of the T-cell 
receptor (TCR) on T cells and the MHC-peptide 
complex on LCs. This membrane interaction, 
facilitated by the accessory molecules previously 
described (Table 12.2), results in the activation 
of nuclear factor of activated T cells (NF-AT) 
and the generation of proinflammatory cytokines, 
which result in clonal expansion of the respond-
ing population (Fig. 12.3). During initial sensi-
tization, “mature” antigen-primed LCs present 
antigen to T cells that have not been previously 
sensitized. These virgin T cells express L-selec-
tin, an adhesion molecule that localizes T cells 
to peripheral lymph nodes,47 hence central pres-
entation. Appropriate presentation of antigen, in 
the presence of site-specific regulatory factors 
such as IL-6 and transforming growth factor-β 

Table 12.2. Accessory molecules on Langerhans’ cells 
and the corresponding ligands on T cells that enhance 
T-cell responses in allergic contact dermatitis (ACD)

Langerhans’ cell T cells Reference

ICAM-1 (CD 54) LFA-1 (CD11a/CD18) Kuhlman et al.37

LFA-3 (CD58) CD2 Prens et al.38

B7 (CD80, CD86) CD28 Rattis et al.39

ICAM, intercellular adhesion molecule; LFA, lymphocyte func-
tion associated.



Fig. 12.2. Antigen presentation by Langerhans cells (LCs) and proliferative responses of T cells. The LCs can present 
antigen in association with either class I or class II molecules to T cells with the appropriate corresponding T-cell 
receptor (TCR). Presentation via mixed histocompatibility complex (MHC) class I results in proliferation of CD8+ 
cytotoxic T cells (Tc1), the effector cells for most contact allergies. Presentation via MHC class II results in prolif-
eration of CD4+ T-regulatory (Treg) cells, which act to dampen responsiveness. The keratinocyte (KC), by producing 
IL-1α, TNF-α, and granulocyte-macrophage colony-stimulating factor (GM-CSF), is an active participant in this 
process. See text for further details. (Courtesy of Donald V. Belsito.)
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(TGF-β),48 which are known LC products, results 
in the clonal expansion of antigen-specific T 
cells.49 In this process, the antigen-presenting 
cells play a crucial role by producing IL-12,50 
which directs T-cell development toward Tc1-like 
memory/effector cells.51 Thus, neutralization of 
IL-12 in vivo prevents the induction of ACD and 
induces hapten-specific tolerance.52

As antigen-primed LCs interact with CD4+ and 
CD8+ lymphocytes bearing the appropriate TCR 
(Fig. 12.2), LCs secrete IL-1β.26 Interleukin-1 
activates T cells to synthesize and release IL-2.53 
Interleukin-6, which is upregulated by both IL-1 
and TNF-α,54 synergizes with IL-1 in this activa-

tion of T cells. In conjunction with IL-1 and IL-6,55 
IL-2 induces one of two chains (the Tac antigen) of 
its own receptor (IL-2R) on T cells.56 Expression 
of the high-affinity IL-2R (two chains, Tac and a 
75-kd peptide) is necessary for T cells to respond 
optimally to the stimulating effects of IL-2.57 The 
presence of B7-258,59 on LCs potentiate T-cell pro-
duction of IL-2, which classically has been thought 
to be responsible for driving the clonal expansion 
of the responding T cells.

Although a product of the memory/effector 
CD8+ Tc1 cells,60 IL-2 acts nonspecifically to 
stimulate T cells with and without specific antigen 
receptors, causing them to proliferate, to express 
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DR antigens (which are absent in the resting 
state), and to secrete interferon-γ (IFN-γ) and other 
cytokines.61–63 During their IL-2 driven prolif-
eration (see Fig. 12.2), antigen-specific Tc1 cells 
express newly acquired “skin homing” antigens: 
common leukocyte antigen (CLA)49 and very late 
antigen α4 (VLA-α4).64 Both CLA and VLA-α4 
preferentially restrict the future migration of these 
memory T cells to the skin and related lymphatic 
beds.

As mentioned, antigen-primed Tc1 cells prefer-
entially secrete IL-2 and IFN-γ and are the “classic” 
effector cells of ACD. In contrast, the CD4+ Treg, 
which is also CD25+, preferentially secretes IL-10 
and TGF-β.60 Given their cytokine profile, it is not 
surprising that Treg cells act to downregulate ACD 
and are not necessary for priming of Tc1.46,65

The Efferent Phase

It remains controversial whether LCs are required 
for the elicitation of the allergic reaction.66–70 In the 
efferent phase, antigen-specific memory T cells, 
as well as other inflammatory cells, invade the 
skin, causing the response clinically recognized as 
ACD. The mechanisms by which these memory 
T cells and other inflammatory cells are recruited 
to the skin involves leukocyte rolling, arrest, and 
spreading on vascular endothelium, which are 
mediated by the sequential activation of selectins, 
β1-integrins, and β2-integrins.71,72

LFA-1 (CD11a/CD18), VLA-α4, and CLA anti-
gens (expressed on memory Tc1) and ICAM-1 
(CD54), vascular cell adhesion molecule 1 (VCAM-
1), and E-selectin (expressed on activated vascular 
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Fig. 12.3. Factors controlling production of cytokines by T cells following antigen stimulation. Following activation of the 
T-cell receptor (TCR), tyrosine kinase activation results in the upregulation of mRNA for whatever cytokine pattern the 
responding cell is programmed to produce; e.g., a type 1 pattern of interleukin-2 (IL-2) and interferon-γ (IFN-γ) or a type 
2 pattern of IL-4, IL-5, and IL-10. In order for this mRNA to be translated to biologically active protein, cytosolic nuclear 
factor of activated T cells (cNF-AT) must be dephosphorylated so that it can enter the nucleus. Dephosphorylation is 
accomplished by calcineurin, which is activated via a phospholipase C (PLC)-induced rise in cytosolic calcium. The mac-
rolactams (cyclosporin A [CsA], tacrolimus [FK506], and pimecrolimus [ASM]) inhibit this dephosphorylation by com-
plexing calcineurin with either cyclophilin (CsA) or macrophilin (FK506 and ASM). (Courtesy of Donald V. Belsito.)



endothelial cells) play a crucial role in homing T 
cells to the skin (Table 12.3). E-selectin, which is 
induced on vascular endothelium by IL-1 and TNF-
α,76 interacts with its corresponding ligand CLA, 
which memory Tc1 cells constitutively express. 
As a result of this molecular interaction, memory 
Tc1 cells circulating past activated endothelial cells 
are slowed in their transit and begin rolling along 
the endothelial cell surface.73 After rolling, firm 
adhesion of leukocytes to endothelium and migra-
tion of leukocytes through the endothelial gaps are 
mediated by the interaction between VCAM-1 and 
ICAM-1 (endothelial proteins with immunoglobulin 
domains) and VLA-α4 (a β1-integrin) and LFA-1 (a 
β2-integrin) on lymphocytes, respectively.74 These 
LFA-1+ T cells, aided by the secretion of hepara-
nase, which degrades the heparan sulfate scaffold 
of the extracellular matrix,77 migrate toward epider-
mal cells, which have also been induced to express 
ICAM-1.78

The induction and kinetic expression of adhe-
sion proteins by cytokines has been well studied 
in vitro. Upon stimulation of endothelium with 
TNF-α or IL-1, E-selectin79 and VCAM-180 are 
synthesized in, and expressed on, the endothelial 
cell membrane. In contrast, ICAM-1 is enhanced 
only after T cells have begun their adhesion to 
endothelial surfaces, suggesting that upregulation 
of ICAM-1 occurs in response to IFN-γ secreted 
by activated Tc1 and not to IL-1.81

During the course of ACD, progressively increas-
ing amounts of ICAM-1 are expressed on epider-
mal cells (primarily KCs) between 48 and 96 hours 
after antigen challenge.82 The strong temporal cor-
relation between the expression of ICAM-1 on KCs 
and the migration of LFA-1+ T cells into the epider-
mis suggests that epithelial expression of ICAM-1 
depends not only on epidermal cell-derived IL-1 
and TNF-α, but also on T-cell–derived IFN-γ.82 
Furthermore, some allergens (e.g., urushiol83 and 

nickel84) may be able to directly induce ICAM-1 
on KCs by activation of PKC. This may account, at 
least partially, for the higher frequency of reactions 
induced by exposure to these allergens. For most 
allergens, however, cytokine-coordinated expres-
sion of adhesion molecules on vascular endothelial 
cells and on epithelial cells more likely directs the 
migration of skin-homing memory Tc1s to the site 
of allergenic challenge.

Interleukin-1 and TNF-α are but two of the fac-
tors that contribute to homing of Tc1 effector and 
Treg suppressor cells in ACD.26,85 The differential 
recruitment of CD8+ and CD4+ cells is regulated 
by the expression of chemokine receptors by 
these T-cell subsets and by the sequential expres-
sion of chemokines in the skin during ACD. The 
recruitment of CD8+ effector cells seems most 
dependent on the interferon-inducible protein 10 
(IP-10)/CXCR3 (chemokine/chemokine receptor) 
pathway.86–88 In contrast, the recruitment of CD4+ 
Treg seems to be controlled by the expression 
of CCL22 and CCL17 [thymus and activation-
regulated chemokine (TARC)] chemokines and 
their receptor CCR4, which is expressed on acti-
vated CD4+ Treg.

89 These latter two chemokines 
are upregulated in skin approximately 12 hours 
following antigenic challenge, the same time that 
mononuclear cells are observed to enter the chal-
lenged site. Finally, CTACK (CCL27) and its 
receptor (CCR10) also regulate the trafficking of 
T cells in the skin.90,91 Of note, CTACK is constitu-
tively expressed by KCs and is further upregulated 
by IL-1β and TNF-α.

While it has long been assumed that stress can 
exacerbate cutaneous immune responses, there is 
now a clearer understanding of how the nervous 
system regulates cutaneous responsiveness. Spurred 
by the observation that nerve fibers directly impinge 
on LCs,92 and given the known role of neurochemi-
cals in vascular reactivity and inflammation,93 a 
number of laboratories have studied the contribu-
tion of neuropeptides, principally substance P and 
calcitonin gene–related peptide (CGRP), which 
seem to have opposing effects on ACD. Although 
the data are not uniformly confirmative, release of 
substance P from nerve fibers appears to upregulate 
ACD by enhancing the secretion of TNF-α from 
mast cells94 and monocytes,95 by enhancing the 
production of IL-1α and TNF-α by KCs,96 and by 
enhancing the synthesis and secretion of IL-2, as 

Table 12.3. Interaction between adhesion molecules on 
skin-homing; memory T cells and activated endothelial cells

T cell Endothelial cell Effect

CLA E-selectin Leukocyte rolling73

VLA-α4 VCAM-1 Firm adhesion74

LFA-1 ICAM-1 Adhesion and diapedesis75

CLA, common leukocyte antigen; VLA, very late antigen; 
VCAM, vascular cell adhesion molecule; LFA, lymphocyte 
function associated; ICAM, intercellular adhesion molecule.

12. Contact Dermatitis: Allergic and Irritant 177



178 D.V. Belsito 

well as expression of its receptor.97,98 In contrast, 
CGRP inhibits proliferation and antigen presenta-
tion, possibly by stimulating production of IL-10, 
which results in decreased expression of B7-2.99

The end result of this exquisitely orchestrated 
interplay of cytokines and adhesion molecules is, 
for most allergens, the entrance into the skin of Tc1 
cells secreting IL-2 and IFN-γ. Interferon-γ acts in 
a number of ways to amplify the immune response. 
It upregulates Fas on KCs, which renders them 
susceptible to apoptosis via Fas ligand, which is 
expressed on the infiltrating T cells or released into 
the microenvironment.100 Interferon-γ also activates 
natural killer (NK) cells and macrophages101 and 
induces IP-10 on KCs,26 which adds to the recruit-
ment of monocytes/macrophages.102 Finally, the 
IL-1– and TNF-α–enhanced production of mono-
cyte chemoattractant 1 (MCA-1),103 monocyte 
chemotactic and activating factor (MCAF),104 and 
macrophage inflammatory protein 2 (MIP-2)26 by 
KCs contributes to the recruitment of monocytes/
macrophages. This collection of monocytes/mac-
rophages, proliferating T cells, and apoptotic KCs, 
along with their chemical mediators, is responsible 
for the epidermal spongiosis (intercellular edema) 
and dermal infiltrate that are the histologic hall-
marks of ACD. Thus, the final response to a con-
tact allergen, while induced by a specific allergen, 
is antigen-nonspecific.

The Resolution Phase

Data increasingly support an important role for 
IL-10, which is upregulated in KCs during the 
late phase of ACD,105 in dampening the ongoing 
immune response.106,107 Indeed, resolution of ACD 
has been associated with the arrival into the skin 
of CCR4+, CCR8+, CD4+ Treg cells, which produce 
significant amounts of IL-10, at 24 hours after 
antigenic challenge.45 Other epidermal-derived 
cytokines may downregulate responsiveness by 
affecting endothelial cell expression of adhesion 
molecules, for example, TGF-β, also produced by 
Treg.

108,109 Whether IL-4, a T-helper-2 (Th2)-type 
cytokine known to inhibit production of IP-10 
and TNF-α by monocytes,110 also participates in 
the downregulation of ACD remains controver-
sial.107,110

Macrophages and CD4+ regulatory T cells may 
also be involved in turning off the immune response. 
Under stimulation by IFN-γ, macrophages produce 

prostaglandins (PGs), especially of the E series.111 
Both PGE1 and PGE2 inhibit production of IL-2 
and expression of the IL-2R.112 The E series pros-
taglandins also inhibit natural killer (NK) cell 
activation by their inhibition of IL-2.113 Finally, 
different CD4+ T-cell types have been found to have 
downregulatory activities in murine and human 
models.46,60,114,115 These subsets include Th2, Th3, 
and Treg1 (CD4+/CD25+) cells.

In summary, various soluble mediators, derived 
from the same cells responsible for eliciting the 
reaction, play an active role in dampening the 
response. Furthermore, an expanding number of 
regulatory cells are being identified that suppress 
responses. Finally, desquamation of antigen-laden 
skin, cellular, or enzymatic degradation of antigen 
with destruction of the antigen-presenting cell and 
other presently unknown regulatory mechanisms 
contribute to the resolution of the allergic response.

Immunoregulation

Genetic Factors

Although animal studies have shown strain (presum-
ably genetic) variation in cell-mediated immunity, 
the evidence for a genetic influence in humans has 
been slight. Skog116 found that 5% of a defined pop-
ulation could not be sensitized to dinitrochloroben-
zene, and suggested that this was due to inheritance. 
In another study, significant genetic association 
with the capacity to become sensitized to para-
nitrosodimethylaniline was reported.117 However, 
multiple attempts to correlate HLA haplotype and 
other factors (including T-cell receptor genes) with 
nickel sensitivity or other contact allergies have 
yielded conflicting results. Thus, definitive evi-
dence of a genetic predisposition to ACD in humans 
has been meager, probably because of the diverse 
genetic pool and the limitations of technology.

Route of Primary Sensitization and Tolerance

The route of primary sensitization has a profound 
effect on the subsequent immunologic response. 
Sulzberger118 demonstrated that intracardiac injec-
tion of neoarsphenamine induced tolerance rather 
than sensitization. Tolerance induction has also been 
reported after primary oral ingestion of allergens,119 
as well as after primary epicutaneous application 
of allergens to areas deficient in HLA-DR-positive 
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LCs.120 The exact mechanism by which tolerance 
ensues is controversial and may depend on the 
route of exposure (oral, intravenous, epicutaneous, 
or intraperitoneal) and on the precise subset of den-
dritic cell responsible for antigen presentation.121 
There are data to suggest that the expression of 
indoleamine 2,3-dioxygenase (IDO), an intracellular 
heme-enzyme that catalyzes oxidative catabolism of 
indole rings by DCs, results in suppression of T-cell 
responses and promotion of tolerance.122 In general, 
either induction of hapten-specific CD4+/CD25+ or 
Th3 suppressor T cells120,123,124 or clonal deletion 
of the responding T cells125 seems responsible for 
the observed tolerance. Readers interested in a bet-
ter understanding of the mechanism(s) of tolerance 
induction are referred elsewhere.121,123,124

Age and Gender

Elderly individuals have been shown to have 
various defects in the induction and elicitation 
of ACD.126 The precise reason is unknown, and 
many aspects of cell-mediated responses are likely 
involved.127 Experiments in which contact-sensi-
tized aged mice were injected with naive young 
T cells and subsequently demonstrated normal 
responses upon antigenic challenge suggest that a 
failure of T-cell amplification signals or the genera-
tion of sufficient T effector cells may be among the 
primary deficiencies in elderly animals.128

The competency of immune responses in children 
is also controversial.126 In the past, it was believed 
that children rarely developed ACD because of an 
immature immune system, and that patch testing of 
children with standard concentrations of allergens 
resulted in a high percentage of irritant reactions.129 
However, other data suggest that patch testing of 
children with the allergens commercially available 
in the United States does not result in increased, and 
confounding, irritant responses.130 Nonetheless, doc-
umented allergic reactions are seen mostly in older 
pediatric patients and are secondary to topical medi-
cations, plants, nickel, or shoe-related allergens.131 
Of note, Strauss132 was able to sensitize 35 of 48 
infants (1 to 4 days old) to Toxicodendron (Rhus) 
oleoresin, suggesting that the apparent hyporespon-
siveness of children may be due to limited exposure 
and not to deficient immunity. Similarly, the effects 
of gender on the incidence of ACD seem related to 
the likelihood of exposure.126,133

Physicochemical Modulation

In experimental models and clinical practice, 
downregulation of ACD has been achieved with 
ultraviolet radiation (UVB or psoralens plus UVA 
[PUVA]), glucocorticoids, and calcineurin inhibi-
tors. Each of these acts somewhat differently. 
UVB and PUVA significantly decrease the density 
of epidermal LCs, induce epidermal hyperplasia 
(making it more difficult for the antigen to reach 
any remaining epidermal antigen-presenting cells), 
upregulate IL-10, and induce CD4+/CD25+ Treg 
cells.134,135 Glucocorticoids also inhibit the type IV 
reaction at multiple points134: epidermal LCs are 
decreased in number; the production and function 
of IL-1, IL-2, and IFN-γ are inhibited; and T-cell 
proliferation is decreased. In contrast, cyclosporin 
A and other macrolactams act primarily to inhibit 
activation of cytosolic NF-AT (cNF-AT) via inhibi-
tion of calcineurin (Fig. 12.3). Finally, a variety of 
other pharmacologic agents have been reported to 
interfere with the induction or elicitation of ACD 
in murine models.136 These include calcium chan-
nel blockers, amiloride, pentoxifylline, pentami-
dine, clonidine, spiperone, N-acetylcysteine, and 
flavonoids. Of these, only pentoxifylline has been 
evaluated in humans, where it was found to induce 
a slight reduction in responsiveness,137 perhaps by 
an effect on TNF-α.

Irritant Contact Dermatitis

Irritant contact dermatitis (ICD) is a nonimmuno-
logic response of the skin induced by a wide variety 
of agents, including surfactants, solvents, hydro-
carbons, and strong acids or bases, among others. 
Like allergens, most irritants are relatively small 
molecules; however, unlike most allergens, irritants 
have the potential to disrupt membranes or inter-
fere with metabolic processes in the epidermis or 
dermis. The biochemical and cellular mechanisms 
regulating ICD have been poorly characterized, in 
part because ICD encompasses a number of differ-
ent clinical responses, as delineated in Table 12.4. 
Phototoxicity should be added to this list, as this is 
an irritant reaction, often acute delayed, requiring 
excitation by light (typically UVA) of the inducing 
chemical. This discussion focuses on the mecha-
nisms underlying acute (the most well studied) and 
cumulative (the more common) ICD. Differences 
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in the mechanism(s) inducing these two forms of 
ICD might exist, since acute ICD is characterized 
more by inflammation, while chronic ICD displays 
hyperproliferation and hyperkeratosis.

Pathophysiology

Following an acute insult to the epidermal barrier, 
messenger RNA (mRNA) and protein for several 
cytokines and growth factors have been found to 
rapidly increase, especially IL-1,139 TNF-α,140 and 
GM-CSF.139 Repeated, subclinical, barrier insults 
result in epidermal hyperproliferation and dermal 
inflammation associated with elevated IL-1α.141 
Thus, barrier disruption, the hallmark of ICD,142 
stimulates a cytokine profile strikingly similar to 
that seen in the early phases of ACD (reviewed by 
Effendy et al.143). It is postulated that these proin-
flammatory cytokines allow for an alternative entry 
into an inflammatory pathway mechanistically and 
clinically similar to the inflammatory cascade seen 
in ACD. Thus, it is not surprising that the extent of 
epidermal spongiosis, vesicle formation, and exocy-
tosis seen in ICD may not be significantly different 
from that seen in ACD, although vesicle formation 
is more prominent in ACD and necrosis in ICD.142

In addition to the effects of irritants on the corneal 
barrier, these agents may also have direct effects on 

KCs. As reviewed by Pentland,144 some studies 
suggest an effect of KC-derived lipid mediators in 
ICD. Release of lipid peroxidation products, stimu-
lation of eicosanoid production, and activation of 
PKC can result from oxidation or necrosis of KC 
cell membranes by irritants. The release of reactive 
oxygen species has been well demonstrated for 
phototoxic substances145 and for such irritants as 
dithranol and sodium lauryl sulfate (SLS).146

The physiologic effects of these lipid mediators 
is myriad and could produce many of the changes 
seen in acute ICD. In support of this hypothesis, 
studies utilizing a number of different irritants 
(hydrochloric acid, sodium hydroxide, nonanoic 
acid, and sodium dodecyl sulfate) have shown 
activation of the PKC-related cell signal transduc-
tion cascade.147 In other experiments using gene 
array technology to assess the effects of different 
irritants (sodium lauryl sulfate, d-limonene, and m-
xylene), changes in genes associated with metabo-
lism, oxidative stress, and signal transduction were 
observed with all three irritants.148 Of note, there 
was a temporal difference in irritant-induced gene 
expression that appeared to correlate with the pen-
etration rate of the irritant.148 Finally, the effects of 
ICD can be significantly reduced using peroxisome 
proliferating activated receptor (PPAR) agonists 
(e.g., linoleic acid), which have been shown to 
enhance barrier recovery and synthesis of lamellar 
bodies and neutral lipids, especially ceramides and 
cholesterol.149

Lipid mediators may also play a role in chronic 
cumulative ICD. However, a number of other 
mechanisms for this form of ICD have been pro-
posed. As reviewed by Berardesca and Distante,150 
the hyperproliferation seen in chronic ICD could 
be due to the following: (1) production of IL-6, 
IL-8, and 12-hydroxyeicosatetraenoic acid (12-
HETE), which can induce epidermal hyperprolifer-
ation; (2) reduced cyclic adenosine monophosphate 
(cAMP) levels that increase cell division; and (3) 
stimulation of ornithine decarboxylase resulting in 
increased DNA synthesis and proliferation.

As with ACD, substance P has been reported to 
increase cutaneous irritation,151 likely via induc-
tion of proinflammatory cytokines. Substance P 
induces TNF-α mRNA in mast cells,94 stimulates 
IL-1 production by monocytes,152 and stimulates 
IL-2 production by murine lymphocytes.153 Finally, 
α-melanocyte-stimulating hormone (α-MSH), 

Table 12.4. Subtypes of irritant contact dermatitis (ICD)138

Subtypes Characteristics

Acute Potent irritant; short lag time; burning/sting-
ing with erythema, edema, vesiculobullae 
and/or necrosis

Acute delayed Similar to acute but delayed in time
Irritant reaction Subclinical resulting in either hardening or 

cumulative
Cumulative Subclinical irritant; chronic exposure with 

long lag time; pain/itching with erythema, 
hyperkeratosis, lichenification and possibly 
fissuring,

Exsiccation 
eczematid

Pruritic, dry, ichthyosiform skin due to low 
humidity

Traumatic Eczematous lesions, slow to heal, following 
acute trauma

Pustular and 
acneiform

Painful pustular or acneiform lesions induced by 
specific agents (e.g., mineral oil, tar, etc.)

Non-
erythematous

Subclinical ICD in which only the corneal 
barrier function is disrupted (experimen-
tally evident by increased transepidermal 
water loss [TEWL])

Subjective Burning sensation after contact with certain 
agents, especially lactic acid
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most likely via induction of IL-10,154 inhibits 
acute ICD.155

In summary, two pathways might contribute to 
the final picture of ICD: the direct effect of the 
irritant on KC membranes and the proinflamma-
tory effects induced by barrier disruption. Both 
can activate the biochemical signals leading to a 
pathologic response not dissimilar to that in ACD. 
The analogy to the complement cascade, classic 
(antigen driven) and alternative (non-specific toxi-
city), should be kept in mind.

Regulatory Determinants

Subjects with sensitive skin (subjective ICD) have 
been demonstrated to have very dry skin with low 
fat content and increased penetration of water-
soluble chemicals.156 In particular, an inverse cor-
relation has been observed for ceramide content 
in the skin and the proclivity to SLS-induced 
ICD.157 Thus, in addition to such external factors 
as molecular characteristics, exposure time/chro-
nicity, cumulative effect(s) of other irritants, 
and environmental conditions, endogenous dif-
ferences might account for susceptibility to ICD. 
Those most studied are age, gender, race, ana-
tomic site, and atopy.

Age

Using transepidermal water loss (TEWL) as a 
surrogate for enhanced susceptibility to irrita-
tion, many studies have shown that the skin 
of children and adolescents and of individuals 
older than 60 years is more prone to irritation 
(reviewed elsewhere150,158,159). Nonetheless, in 
their study comparing children 1 to 6 years of 
age with one of the child’s parents under identi-
cal experimental conditions, Fluhr et al.160 saw 
no age-related differences in TEWL, as well as 
in a number of other biophysical characteristics, 
with the exception of lower hygroscopicity, 
lighter color, and increased blood perfusion in 
the children.

Gender

No essential differences in TEWL have been 
shown between men and women (reviewed else-
where150,158,159). Nonetheless, Agner et al.161 did 
find enhanced TEWL and increased susceptibil-

ity to SLS on the first, as compared to the tenth, 
day of the menstrual cycle. Notwithstanding this 
observation, the enhanced prevalence of ICD in 
women would appear to be due to differences in 
exposure, not to innate differences between the 
genders.162,163

Race

Data regarding racial variability in the develop-
ment of ICD are conflicting. As reviewed by 
Berardesca and Maibach,164 the skin of African 
Americans exhibited higher TEWL following 
exposure to SLS but, nonetheless, in several 
clinical studies, was less easily irritated by dichlo-
roethylsulfide, o-chlorobenzylidene, or dinitro-
chlorobenzene (DNCB). These results might be 
explained by differences in corneocyte adhesion, 
the thickness of the stratum corneum, and the 
relative lipid content of African-American skin, 
all of which are greater than seen in white skin. 
In this regard, it has been found that tape-stripped 
African-American skin is as susceptible to irrita-
tion by DNCB as is white skin.165

Anatomic Site

Percutaneous penetration varies with anatomic 
region, and one would predict that ICD should as 
well. As reviewed by Berardesca and Distante,150 
TEWL is higher on the palm, forehead, and ankle 
than on the back or forearm. However, significant 
differences in TEWL within the same area of the 
body make studies regarding the influence of ana-
tomic site difficult. Indeed, the highly absorptive 
vulvar skin has been found to be more reactive to 
benzalkonium chloride,166 but less reactive to SLS, 
than forearm skin.167

Atopic Dermatitis

Numerous studies have documented that atop-
ics are at increased risk of developing ICD. 
Even atopics in apparent remission reacted more 
severely to SLS than controls when assessed by 
TEWL.168 These findings may be explained by 
qualitative and quantitative differences in intercel-
lular lipid composition, especially a reduction in 
ceramides associated with structural alterations in 
the stratum corneum that have been observed in 
atopic skin.169
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Clinical Aspects

Physical Findings

The clinical appearance of ACD and ICD can 
vary depending on location and duration. In most 
instances, acute eruptions are characterized by 
macular erythema and papules, vesicles, or bullae, 
depending on the intensity of the response. In con-
trast, subacute to chronic ACD or ICD presents as 
red and scaling patches that, depending on chronic-
ity, may be lichenified or fissured (Fig. 12.4). Thus, 
neither the morphology nor the histopathology of 
the CD is necessarily distinctive. The clinicopatho-
logic differential diagnoses include the following 
dermatitides: atopic, nummular, seborrheic, dys-
hidrotic, and psoriatic.

At its inception, ACD usually involves the cuta-
neous site of principal exposure. However, as it 
evolves, it can spread to other more distant sites 
by inadvertent contact. One must be aware that the 

scalp, palms, and soles are relatively resistant to 
ACD, and that these areas may exhibit little pathol-
ogy despite contact with an allergen that produces 
significant dermatitis in adjacent areas of the skin. 
In contrast, ICD, a nonimmunologic event, usually 
remains localized to the site of contact.

Diagnosis

A detailed history and clinical examination are 
crucial to the diagnosis of ACD and ICD. An 
underlying atopic diathesis should be sought. If 
an occupational cause is suspect, a description 
of all job-related activities, substances encoun-
tered, personal protective equipment, and cleans-
ers must be obtained. Items encountered in the 
patient’s avocation(s) should also be ascertained. 
Examination of the entire integument, rather than 
an examination limited to those areas identified 
by the patient as problematic, frequently provides 
vital clues not only to the offending agent(s), but 

Fig. 12.4. Clinical appearance of allergic contact dermatitis (ACD) (A), and chronic cumulative irritant contact 
dermatitis (ICD) (B). Both patients were machinists who, as can be seen in the photographs, presented with similar-
appearing rashes, except for the nail changes seen in the patient with ICD (B), which are consistent with the chronic-
ity of the eruption. The dermatitis in A was due to ACD to 2–N-octyl-4–isothiazolin-3–one, the biocide present in 
his cutting oils. The dermatitis in B was due to ICD induced by the defatting action of detergents present in these 
oils. (Courtesy of Donald V. Belsito.)
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also to the possibility of confounding endog-
enous (e.g., psoriasis) or exogenous (e.g., tinea) 
disorders.

Irritant contact dermatitis is a diagnosis of exclu-
sion based on clinical history, physical examina-
tion, pathology (if appropriate), and, often, testing 
that rules out ACD. Although various laboratory 
tests are available to assess ACD, in vivo patch 
tests remain the standard.

In Vivo Tests for Allergic Contact Dermatitis

Like any in vivo assay, patch testing is subject to 
pitfalls, and practitioners are well advised to read 
Sulzberger’s170 classic review. A major issue is 
that, even when a chemical is found to be aller-
genic for a given patient, it cannot be assumed to 
be the cause of ACD. To determine whether an 
allergen is likely to be the culprit, the results of a 
positive patch test must always be correlated with 
the materials encountered by the involved areas of 
skin. Furthermore, even in some instances when 
patients are allergic to chemicals in products they 
are using, the allergen may be present in only mini-
mal amounts and may not be responsible for the 
dermatitis.171 In this regard, repeat open application 
testing (ROAT), in which the patient applies the 
commercial product to normal skin several times 
daily for 1, 2, or even 3 weeks, can be helpful.172

In performing patch tests, one must also be 
concerned with the possibility of false-positive 
and false-negative reactions. False-positive reac-
tions due either to the use of allergens at irritant 
concentrations or to the excited skin syndrome 
have received much attention in the literature.173 
The false nature of these reactions can usually 
be resolved by repeating the patch tests indi-
vidually or in lower concentrations. In contrast, 
false-negative reactions are more problematic and 
require high levels of suspicion and diligence to 
uncover.

One common and easily correctable cause of 
false-negative reactions is the failure to perform 
a second reading of the test sites after the initial 
48-hour inspection. This second reading, some-
time between 3 and 7 days after application of 
the patches, is particularly important for elderly 
patients, who take longer to mount an allergic 
reaction.174 A second reading is also important in 
detecting positive reactions to allergens such as 

neomycin, more than half of which are not evident 
until 96 hours after application of the patch test.175 
False-negative reactions can also occur when the 
allergen is used in too low a concentration for 
patch testing, as can happen when cosmetic prod-
ucts are used as is. Therefore, if clinical suspicion 
warrants, and despite a negative patch test, addi-
tional testing such as ROAT with the suspect prod-
uct can unmask the cause of ACD. Finally, with 
over 3700 potential allergens,13 negative reactions 
may simply indicate that the responsible chemical 
has not been tested.

In Vitro Tests for Allergic Contact Dermatitis

Laboratory studies such as lymphocyte transfor-
mation or macrophage migration inhibition have 
been used as in vitro measurements of ACD in 
both humans and animals. However, these in vitro 
assays have not been reliably standardized and are 
therefore not clinically useful for diagnosis.136 One 
of the major problems in developing in vitro sys-
tems is the lack of knowledge about what consti-
tutes the antigenic moiety of a particular chemical. 
Thus, in vivo patch testing, in which the skin can 
process the allergen for presentation, remains the 
gold standard.

Treatment and Prevention

Avoidance of Allergens and Irritants

The treatment of ACD and ICD lies in correctly 
identifying its cause and properly instructing the 
patient to avoid the responsible substance(s). For 
certain allergens (e.g., vehicles, preservatives, sta-
bilizers, and emulsifiers) found in topical prepa-
rations, it is important to impress upon patients 
the need to read labels. Patients with allergies to 
preservatives must be aware that these materials 
can be found in any water-based formulation, 
for example, paint. Furthermore, the name given 
a chemical used in a cosmetic or pharmaceuti-
cal product is frequently changed when it is 
used in a commercial product. For instance, the 
cosmetic preservative quaternium-15, when used 
in industry, may be referred to as Dowicil 100® 
or Dowicil 200®. Practitioners guiding patients 
through the  synonymic challenges of these chemi-
cals are advised to consult standard texts on the 
subject.176
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Unfortunately for patients and their providers, 
the allergenic component of many materials will 
almost never be labeled. Rubber-related aller-
gens, textile-related allergens, and metal-related 
allergens are but a few examples. In counseling 
patients with reactions to these materials, the 
patch tester must provide information about what 
kinds of products are likely to contain the aller-
gen, as well as appropriate replacements. Such 
information can be found in standard texts.176,177 
Furthermore, some allergens are incompletely 
labeled. Given the proprietary nature of a fra-
grance’s formulation, the individual fragrances 
that have been combined to produce the product 
are not listed in the U.S., although the European 
Union does have regulations that require labe-
ling of 26 specific fragrance ingredients. Until 
the U.S. follows suit, consumers of American 
products with an allergic reaction to a fragrance 
should be advised to use fragrance-free materi-
als, which include not only topical preparations 
but also a variety of other products such as toilet 
paper and sanitary napkins.176,177 It is important 
to realize that products labeled unscented contain 
masking fragrances, although they are usually 
present in very low concentrations and are not 
problematic.

Because many allergens may share common 
antigenic moieties, one must instruct the patient 
not only about the known allergen, but also about 
possible cross-reacting allergens. For example, the 
patient allergic to benzocaine must be aware of the 
many potentially cross-reacting substances, which 
include agents as diverse as other aminobenzoate 
anesthetics (e.g., procaine), certain medications 
(e.g., sulfonamides), hair dyes (e.g., para-phe-
nylenediamine), textile dyes (e.g., aniline dyes), 
some sunscreens (e.g., para-aminobenzoic acid), 
and other products.176,177 Since cross-reactions 
are not always evident to the nonchemist, provid-
ers may wish to consult standard texts176,177 when 
instructing their patients.

As with ACD, the primary treatment for ICD is 
irritant avoidance. The most common irritants are 
water, surfactants and solvents. However, numer-
ous chemicals, typically found in occupational 
settings, can account for ICD. For guidance in the 
etiology of occupational ICD, the reader may want 
to consult relevant texts.178

Symptomatic Therapy

In addition to avoidance of further contact with 
the offending agent(s), treatment of ACD and ICD 
should be directed to amelioration of symptoms. 
Acute, vesicular, weeping eruptions benefit from 
drying agents such as topical aluminum sulfate/
calcium acetate; chronic, lichenified eruptions 
are best treated with emollients. Pruritus can be 
controlled with topical antipruritics or oral anti-
histamines; topical antihistamines or anesthetics 
are best avoided because of the risk of induc-
ing a secondary allergy in already dermatitic 
skin. Treatment with physicochemical agents that 
downregulate inflammation may also be required. 
Topical glucocorticosteroids179 or macrolactams1* 
(Fig. 12.3)180,181 usually suffice for most patients 
with ACD or ICD. However, individuals with 
involvement of greater than 25% of their body 
surface area with ACD or those exposed to certain 
allergens (such as Toxicodendron (Rhus) ole-
oresin, which may persist locally in the skin for 
weeks after exposure) may require treatment with 
systemic glucocorticosteroids. In those patients 
with ACD in whom systemic steroid therapy is not 
appropriate, phototherapy with UVB or PUVA can 
be beneficial. In addition, individuals with occu-
pational ACD who are economically unable to dis-
continue working with the offending allergen and 
who are also unable to work with gloves or effec-
tive barrier creams may benefit from phototherapy. 
In these cases, chronic maintenance therapy with 
UVB182 or PUVA183 may obviate clinical manifes-
tations of the allergy despite persistent contact.

Mechanistically, the biologics introduced for 
psoriasis should benefit ACD2**: efalizumab tar-
geting the CD11a portion of LFA-1, alefacept 
binding to the CD2+ memory cells and inducing 
granzyme-mediated apoptosis, and the TNF-α 
inhibitors (etanercept, adalimumab, and inflixi-
mab) negatively affecting this crucial mediator of 
inflammation. Furthermore, the TNF-α inhibitors 
might also theoretically lessen ICD. However, the 
costs of these treatments make their usefulness 

* These drugs are not currently approved for this purpose 
by the Food and Drug Administration.
** These drugs are not currently approved for this purpose 
by the Food and Drug Administration.
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prohibitory in diseases such as ACD and ICD that, 
except in extreme cases, should be manageable by 
avoidance.

Physicochemical Barriers

While prevention of ACD and ICD rests with 
avoidance of the inducing agent, for various rea-
sons, principally economic, this is not always 
possible. The hairdresser allergic to glyceryl thi-
oglycolate (in acid-permanent solutions), which 
can persist in hair for months184 and can penetrate 
vinyl and latex gloves,176 may be unable to avoid 
daily contact with the allergen. A plastic glove 
made of proprietary laminate may be beneficial 
(4H, North Safety Products, Cranston, RI 02921; 
Tel. 1-800-430-4110). In clinical trials, the glove, 
which is only 0.07 mm thick, was impervious to 
more than 90% of all randomly selected organic 
chemicals for 4 hours at 35°C.185 However this 
glove is not form-fitting and is thought by many 
professionals to impede the fine dexterity needed 
in their work.

In the future, barrier creams may be avail-
able to help patients with both ACD and ICD. 
Regarding ACD, barrier creams are available for 
only a limited number of allergens (principally 
poison ivy and poison oak), are effective only if 
the protected area is washed within several hours 
of contact with the allergen, and are objection-
able to many patients because of their thick tack 
and greasy consistency. Although barrier creams 
may be beneficial for ICD, they must be specifi-
cally selected for the materials handled.186,187 In 
general, barriers for organic solvents are less 
than satisfactory.186,188 Furthermore, it is an 
incorrect axiom that one uses water-in-oil bar-
riers for aqueous and oil-in-water barriers for 
lipophilic irritants.186 Indeed, for “wet workers,” 
frequent moisturization is as effective as “barrier 
creams” in preventing ICD.189,190

Conclusion

Allergic and irritant contact dermatitis is a common 
dermatosis in the U.S. and worldwide. The immu-
nologic mechanisms of ACD are well defined, 
involving cutaneous antigen-presenting cells and 

T lymphocytes. For irritant contact dermatitis, there 
are two major pathways that trigger inflammation: 
direct effects of the irritant on keratinocytes, and 
the proinflammatory effects of barrier disruption. 
For both irritant and allergic contact dermatitis, 
effective management of these conditions involves 
identification of the offending agents (allergens 
and irritants), as these environmental exposures 
drive the process of contact dermatitis.
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Key Points

• Atopic dermatitis is a very common skin condi-
tion, estimated to affect 15% to 30% of children 
and 2% to 10% of adults. There are distinct mor-
phologic variants of atopic dermatitis that evolve 
during the maturation of an individual with atopic 
dermatitis.

• This is a complex disease process that involves 
polygenic inheritance as well as gene–environ-
ment interactions.

• Because this condition is so common in indus-
trialized nations, it has been hypothesized that 
the avoidance of common childhood diseases 
(because of hygienic conditions and vaccination) 
interferes with the normal development of the 
immune system.

• A variety of factors play a role in atopic derma-
titis: abnormal barrier function, neuroimmune-
psychiatric factors, impaired innate immunity, 
and abnormal acquired immunity.

• Bacterial products, and the aberrant immune 
response to such products, are important patho-
genic flare factors for eczema.

• Treatment involves management of flare factors, 
topical and systemic glucocorticosteroids, topical 
calcineurin inhibitors, topical and oral antibiot-
ics, oral antihistamines, and, in severe cases, 
phototherapy, cytotoxic drugs, and cyclosporine.

Among the various chronic inflammatory skin diseases, 
atopic dermatitis (AD) (also called eczema in some 
countries) has a singular place since it is considered 
the most common itchy and relapsing inflammatory 
skin condition. Its increasing prevalence is well docu-
mented and represents a major public health problem, 

mostly in industrialized countries. Much progress has 
been made in the understanding of its genetic back-
ground and pathophysiology. Recent studies in genet-
ics, epidemiology, and immunology have provided 
new important pieces of the complex puzzle and have 
dramatically changed our view on the mechanisms, its 
natural history, and future ways to control the disease 
in the context of the so-called atopic march.

Atopy

Recently the World Allergy Organization (WAO) 
has launched a revised terminology for atopy and 
atopic diseases, defining atopy only in association 
with immunoglobulin E (IgE)-sensitization, that is, 
atopic diseases due to IgE-mediated pathophysiology. 
Hence, the term atopy should be used in combination 
with documented specific IgE antibodies in serum or 
with a positive skin prick test.1 This terminology is 
aimed at replacing the term extrinsic AD and includes 
only patients with proven IgE-mediated sensitiza-
tions. For the subgroup of patients (20% to 30%) who 
show the clinical phenotype of AD but lack any IgE 
sensitization,2 the term nonatopic eczema/dermatitis 
is now proposed, replacing the previous term intrinsic 
AD. However, in this chapter, the term AD is used to 
define the classic clinical phenotype.

Epidemiology

The lifetime prevalence of AD is estimated to be 
15% to 30% in children and 2% to 10% in adults, 
while the incidence of AD has increased by two- to 
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threefold during the past three decades in industri-
alized countries. The 12-month prevalence in 11-
year-old children has been shown to vary from 1% 
to 20%, with the highest prevalence typically found 
in Northern Europe (International Study of Asthma 
and Allergies in Childhood, ISAAC).3 In children, 
the onset of AD occurs in 45% during the first 6 
months of life, 60% during the first year, and 85% 
are affected before the age of 5.

The prevalence of AD in rural areas and in non-
affluent countries is significantly lower, emphasiz-
ing the importance of lifestyle and environment in 
the mechanisms of atopic disease, which may be 
explained by the hygiene hypothesis,4 a concept 
that is still debated.5

Pathomechanisms

Atopic dermatitis is a paradigmatic genetic com-
plex disease developing on the background of 
gene–gene and gene–environment interactions. 
Much progress has been achieved in the recent 
years in unraveling genetic predisposition, immu-
nologic abnormalities, and environmental factors.

Genetics

The role of genetic factors in AD (Online Mendelian 
Inheritance in Man [OMIM] number *603165) is 
clearly demonstrated by twin studies, which con-
sistently showed a higher concordance rate (0.77) 
in monozygotic (MZ) twins compared to dizygotic 
(DZ) twins (0.15).6 The importance of genetic factors 
in AD is further underlined by the finding that a posi-
tive parental history is the strongest risk factor for 
AD; the incidence rate is doubled if AD is present in 
one parent, and tripled if both parents are affected.

In the modern era of genomics, two main strategies 
have been developed to chase the responsible genes 
operating in complex diseases: the linkage analysis 
and the candidate gene approach7 (Fig. 13.1).

Up to now, four linkage analyses (genome-wide 
scans) have been published, identifying several pos-
sible gene loci on chromosomes 1q21, 3q21, 17q25, 
and 20p.8,9 Interestingly, some of these regions cor-
respond to those found in patients with psoriasis, 
suggesting some common genetic aspects between 
both psoriasis and AD, which are otherwise almost 
mutually exclusive chronic skin diseases.

Candidate gene studies have investigated the 
role of genetic variants or polymorphisms (caused 
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by the exchange of single base pairs; single nucle-
otide polymorphisms [SNPs]) in genes assumed 
to be of pathophysiologic relevance, most of them 
being genes involved in immunologic mecha-
nisms. For example, on chromosome 5q31-33, the 
locus containing genes for the T-helper-2 (Th2) 
cytokines interleukin-3 (IL-3), IL-4, IL-5, IL-13, 
and granulocyte-macrophage colony-stimulation 
factor (GM-CSF)10 has been suggested. Further 
studies identified variants of the IL-13 encoding 
region, functional mutations of the promoter region 
of the chemokine RANTES (regulated on activa-
tion, normal T cell expressed and secreted) (17q11) 
and gain-of-function polymorphisms in the α-
subunit of the IL-4 receptor (16q12).11 This could 
be linked to the incidence of nonatopic (formerly 
intrinsic) eczema, which occurs without any IgE 
sensitization.12 The unbalance between Th1- and 
Th2-immune responses in AD may be elucidated 
by the detection of polymorphisms of the IL-18 
gene, resulting in Th2 predominance.13

The recent demonstration of loss-of-function 
mutations of the profilaggrin/filaggrin gene, a key 
protein in terminal differentiation of the epidermis, 
can be considered as a breakthrough.14–19 Indeed, 
these variations may be important risk factors for 
AD (with IgE) and in combination with sensiti-
zation and asthma, since they seem to be more 
associated with the true atopic (extrinsic) dermatitis 
form. It is expected that other yet-to-be-defined 
genetic variants from epidermal structures such as 
those localized in the epidermal differential com-
plex (EDC) on chromosome 1q21, for example, 
stratum corneum chymotryptic enzyme (SCCE),20 
may also play a role in these phenomena. These 
genetic findings provide an important support for 
the well-known impairment of the epidermal barrier 
observed in AD, and could also deliver further clues 
to the natural history of the disease, that is, the tran-
sition of a nonatopic eczema to an atopic eczema 
due to a facilitated penetration of and sensitization 
to aeroallergens during chronic inflammation.

Environmental Factors and Hygiene 
Hypothesis

In 1989, Strachan4 first coined the term hygiene 
hypothesis when he postulated that infections during 
early childhood are important for the prevention 
of allergic diseases. Environmental factors such as 

increased air pollution, indoor exposure to house dust 
mite (HDM) antigens or to pets, the use of antibiotics, 
infections, and dietary changes have been suggested 
to have an impact in the development of allergic dis-
eases. The exposure to bacteria-derived toxins such 
as lipopolysaccharide (LPS) and others during early 
childhood, such as observed in a farming environ-
ment, seems to be important for the development and 
maturation of immunity. It has been postulated that 
Th1 immune response is enforced by some bacterial 
and viral inflammation. However, whether this con-
cept applies also for AD is still not clear.5,21

Neuroimmunologic Factors

Neuropeptides and neurotropins mediate different 
actions such as vasodilatation, edema, itch and pain, 
or sweat gland secretion, and have a minor ability to 
regulate T-cell activation.22 They can be detected in 
blood and within the epidermal nerve fibers in close 
association with mast cells or epidermal Langerhans’ 
cells, suggesting a tight link between the immune 
system and the nervous system.23 Recent studies 
have documented increased levels of nerve growth 
factor (NGF) and substance P (SP) in plasma of 
AD patients, which correlated positively with dis-
ease activity.24 Brain-derived growth factor (BDGF), 
detected recently in sera and plasma of patients 
with AD, enhances the survival of eosinophils while 
increasing their chemotactic response in vitro.25

Skin Barrier Dysfunction

One of the major hallmarks of AD is xerosis, which 
affects lesional and nonlesional skin areas as wit-
nessed by increased transepidermal water loss. It may 
favor the penetration of high-molecular-weight struc-
tures such as allergens, bacteria, and viruses.26 Several 
mechanisms have been postulated: (1) a decrease in 
skin ceramides, serving as the major water-retaining 
molecules in the extracellular space27; (2) alterations 
of the stratum corneum pH28; (3) overexpression of 
the chymotryptic enzyme (chymase); and (4) defect 
in Filaggrin as well as molecules of the EDC such as 
SCCE or the S-100 protein family (see above).

Immunologic Mechanisms

The immune system has been classified into two 
branches: innate and adaptive/acquired immunity. 
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Adaptive immunity relies on antigen-presenting 
cells to capture and present antigen to T and B 
cells and is therefore the backbone of cellular and 
humoral immune response. Innate immunity is 
characterized by an immediate response to patho-
gens through genetically encoded and evolutionary 
conserved receptors and antimicrobial proteins.

Innate Immunity

The innate immune system of the epidermis 
presents the first-line defense against cutaneous 
infections. Once the epidermis is invaded by micro-
organisms, antimicrobial peptides are activated and 
form part of the defense system.29 Up to now, three 
antimicrobial peptides are known in human skin: 
the human β-defensins 2 and 3 (HBD-2 and HBD-3), 
as well as the cathelicidin hCAP18/LL-37. All of 
them show different spectra of activity: HBD-2 is 
effective against gram-negative organisms such as 
Escherichia coli, Pseudomonas aeruginosa, and 
yeasts. HBD-3 and cathelicidin are more potent, 
broad-spectrum antibiotics that kill both gram-
positive and gram-negative organisms as well as 
Candida albicans. Atopic dermatitis skin is char-
acterized by a significant decrease in expression 
of antimicrobial peptides, explaining the suscep-
tibility of AD patients to bacterial infections.30–32 
The innate skin defense system of patients with 
AD may be further reduced by the deficiency of 
dermcidin-derived antimicrobial peptides in sweat, 
which correlates with infectious complications.33

Acquired Immunity

T Cells

T cells represent an important component of the 
inflammatory infiltrate in AD and carry the allergen 
specificity observed in each individual patient.34 
In animal models of AD, eczematous rashes do 
not occur in the absence of T cells,35 and treat-
ment with specific T-cell–mediated medication 
such as calcineurin inhibitors significantly reduces 
eczema. Furthermore, it has been shown that Th1 
and Th2 cytokines play an important role in the 
skin’s inflammatory response.36

However, AD is not a classic Th2 disease; it 
represents biphasic inflammatory reaction starting 
with Th2 and switching to a Th1/Th0 profile37(see 
below). Recently, most interest has been focused 

on the role regulatory T (Treg) cells in the control of 
the adaptive immune response.38,39 This family of 
cells has the ability to suppress T-cell response, irre-
spective of their profile (Th1 and Th2). Depending 
on the type of Treg, they are characterized by some 
few surface markers (CD4/CD25/CD103) as well 
as the expression of the nuclear transcription factor 
FOXP3.39 Mutations in FOXP3 result in hyper-IgE, 
food allergy, and eczema, which is subsumed as the 
immunodysregulation polyendocrinopathy enteropa-
thy X-linked (IPEX) syndrome.40 In addition, several 
studies document an association between atopy 
and the loss of Treg function.41,42 With regard to the 
hygiene hypothesis, a loss of Treg cells may be the 
result of a limited exposure to infectious pathogens 
during infancy and could explain the rapid increase in 
the prevalence of allergies in developed countries.43

Cytokines and Chemokines

Inflammatory reaction in AD is the result of a 
distinct microenvironment provided by a series 
of cytokines and chemokines.44 A predominant 
Th2 unbalance with increased IgE levels and eosi-
nophilia is widely accepted in the pathogenesis of 
AD.45,46 The production of Th2-mediated cytokines, 
notably IL-4, IL-5, and IL-13, can be detected in 
lesional and nonlesional skin during the acute 
phase of disease. Interleukin-4 and IL-13 are impli-
cated in the initial phase of tissue inflammation and 
may mediate an isotype switching to IgE synthesis 
and upregulation expression of adhesion molecules 
on endothelial cells.47 Interleukin-5 increases the 
survival of eosinophils, and a systemic eosinophilia 
with an increase of the eosinophilic cationic pro-
tein (ECP) correlates to disease severity.48,49

Although Th2-mediated cytokines seem to be 
predominant in the acute phase of AD, they are less 
important during its chronic course. In chronic AD 
skin, interferon-γ (IFN-γ) and IL-12 are dominant, 
as well as IL-5 and GM-CSF, being characteristic 
for a Th1/Th0 profile.37 The maintenance of chronic 
AD further involves the production of the Th1-
like cytokines IL-12 and IL-18, as well as several 
remodeling-associated cytokines such as IL-11, IL-
17, and transforming growth factor β1 (TGF-β1).50

Different chemokines have gained interest in the 
pathology of AD. Great amounts of chemokines 
like MIP-4/CCL18, TARC/CCL17, PARC/CCL18, 
MDC/CCL22, and CCL1 seem instrumental in the 
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development of acute and chronic lesions.44 C-C 
chemokines (monocyte chemoattractant protein 
4 [MCP-4], RANTES, and eotaxin) contribute to 
the infiltration of macrophages, eosinophils, and 
T cells into acute and chronic AD skin lesions. 
However, macrophage inhibition protein 3a (MIP-
3a), which also has some antiviral activity, seems 
to be deficient in AD due to the particular inflam-
matory microenvironment.51

Thymic stromal lymphopoietin (TSLP) is an 
IL-7–like cytokine52 expressed primarily by epi-
thelial cells, including keratinocytes. It is asso-
ciated with the activation and migration of DC 
within the dermis of AD. It is thought to prime 
naive CD4+ T cells to differentiate into Th2 cells, 
which ultimately contribute to the induction of 
allergic inflammation. The TSLP-activated cutane-
ous DCs prime Th cells to produce the proallergic 
cytokines IL-4, IL-5, IL-13, and TNF-α. However, 
expression of the antiinflammatory cytokine IL-10 
and the Th1 cytokine IFN-γ are inhibited. These 
features suggested that TSLP represents a critical 
mediator in uncontrolled allergic inflammation.53 

Gene profiling experiments using microarray tech-
nology currently provides profound knowledge 
about the complex cytokine and chemokine micro-
environment in AD,31,54 but their exact value in the 
pathogenesis is still not fully resolved.

Dendritic Cells

Dendritic cells (DCs) represents a complex family 
of highly professional antigen-presenting cells.55 
They have been classically divided in myeloid 
(mDC) and plasmacytoid dendritic cells (pDC). In 
the epidermis of AD patients, besides Langerhans’ 
cells (LCs), which express the high-affinity recep-
tor for IgE (FcεRI) in the atopic but not in the 
nonatopic form,56,57 another population of newly 
migrated DC has been reported: the so-called 
inflammatory dendritic epidermal cells (IDECs).58 
The IDECs belong to the group of mDC and highly 
express FcεRI in AD. While LCs play a dominant 
role in the initiation of the allergic immune response 
and prime naive T cells into T cells of Th2 type,59 
they do not display a strong proinflammatory profile. 

Fig. 13.2. Different roles of FcεRI+ Langerhans’ cells (LCs), and inflammatory dendritic epidermal cells (IDECs) in 
the generation of skin inflammation. While LCs are able to induce a Th2 response, they are less proinflammatory but 
produce monocyte recruiting chemokines such as monocyte chemoattractant protein 1 (MCP-1). These chemokines 
contribute to the migration of IDEC precursors into the skin. In contrast to LCs, IDECs produce large amounts of 
proinflammatory mediators and drive the T cells into a Th1 profile
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In contrast, FcεRI+ IDECs produce high amounts 
of proinflammatory cytokines and thereby con-
tribute to the amplification of the allergic immune 
response (Fig. 13.2). Moreover, IDECs produce 
IL-12 and IL-18, contributing to the Th2-Th1 
switch observed in the transition from acute to 
chronic lesions.60

Plasmacytoid dendritic cells (pDCs) are known 
to play a major role in the defense against viral 
infections by producing type 1 interferons (i.e., 
IFN-α and IFN-ß). They are virtually absent 
in AD lesions61 but are increased in peripheral 
blood.62 In the blood, pDCs express high amounts 
of FcεRI, the activation of which leads to an 
altered surface expression of major histocompat-
ibility complex (MHC) molecules, an enhanced 
apoptosis of pDCs, but most importantly to a 
reduced secretion of type 1 interferons.59 Overall, 
together with the decrease in antimicrobial peptide 
(AMP) production in AD, these phenomena may 
contribute to the susceptibility of patients for viral 
skin infections such as herpes simplex–induced 
eczema herpeticum.

Microbial Agents

Lesional and normal skin of patients with AD is 
highly colonized with toxins-producing Staphylo-
coccus aureus.63 This colonization is due to the 
decreased production of antimicrobial peptides, 
which are downregulated by the particular inflam-
matory micromilieu in AD.32,64 Infections often 
provoke exacerbation or aggravation of lesional 
skin, particularly in children. Interestingly, S. aureus 
enterotoxins A (SEA), B (SEB), C (SEC), and D 
(SED) gained increasing importance in the patho-
genesis of AD since they (1) induce a specific 
IgE sensitization, (2) act as superantigens,65 and 
(3) alter the function of Treg. Specific IgE anti-
bodies directed against staphylococcal superan-
tigens correlate with their skin disease severity.66 
Additionally, it has been shown that (1) binding of 
S. aureus to the skin is significantly enhanced by 
AD skin inflammation; (2) scratching may enhance 
S. aureus binding by disturbing the skin barrier; 
and (3) isolated S. aureus was detected to possess 
an increased activity of ceramidase, thereby aggra-
vating the skin barrier dysfunction. Therefore, the 
overgrowth of these bacteria should be one of the 
objectives in the management of AD.

Evidence of IgE-Mediated 
Autoimmunity in Atopic Dermatitis

There is some evidence that autoimmune response 
may play a role in AD. Indeed, patients with severe 
AD display IgE response to so-called autoallergens.67 
These structures represent an increasing group of 
proteins to which the immune systems produces IgE 
autoantibodies due to their homology with environ-
mental allergens. Up to now, several autoallergens 
have been detected, including the transcription fac-
tor LEDGF/DSF7019, the atopy-related autoantigens 
(ARA) Hom S1–S5 produced by keratinocytes,68 
and the manganese superoxide dismutase (MnSOD) 
to which patients with AD produce specific IgE. 
This sensitization is induced by skin colonization 
with Malassezia sympodialis, which causes, due 
to its high homology, a sensitization against the 
human MnSOD.69 This cross-sensitization is pre-
dominantly seen in patients with eczema of the head 
and neck (head and neck dermatitis). There is good 
evidence that IgE-related autoimmunity develops 
during the first years of life.70 However, their rel-
evance of the clinical course and the natural history 
of the disease remain unclear.

Clinical Aspects of Atopic 
Dermatitis

The clinical phenotype of AD varies with age and 
may differ during the course of disease.71 The 
eczematous lesions may present with acute (ooz-
ing, crusted, eroded vesicles or papules on ery-
thematous plaques), subacute (thick and excoriated 
plaques), and chronic (lichenified, slightly pig-
mented, excoriated plaques) forms. Furthermore, 
xerosis and a lowered threshold for itching are 
usual hallmarks of AD. Pruritus attacks can occur 
throughout the day and worsen during the night, 
causing insomnia and exhaustion, and overall they 
substantially impair quality of life. Three differ-
ent stages can be distinguished clinically: infancy, 
childhood, and adolescent/adulthood.

Clinical Features in Infants

In the second of third month of life, the first 
signs of AD usually emerge with eczematous, 
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papulovesicular and patchy lesions on the cheeks. 
Scratching due to itching occurs mostly a few 
weeks later and leads to crusty erosions. Perioral 
and paranasal areas are usually spared in the 
beginning. The term milk crust or milk scurf refers 
to the occurrence of yellowish crusts on the scalp 
that resemble scaled milk. This stage is clinical 
quite similar to seborrheic dermatitis. Persisting 
pruritus leads the infant to become restless and 
agitated during sleep.

Later the inner and outer parts of the arms and 
legs also may be affected while the diaper area is 
usually spared. In about 20% to 30% of the cases, 
lesions heal by the end of the second year of life but 
the atopic carrier may continue with the first signs 
of asthma provoked by viral infection. Interestingly, 
in about 50% of the AD cases at this age, there is no 
evidence yet for IgE-mediated sensitization; that is, 
these patients should be classified as having nonat-
opic eczema.

Clinical Features in Childhood

At this stage, eczematous lesions typically involve 
flexural areas (antecubital fossae, neck, wrists, 
and ankles) and the nape of the neck, dorsum of 
the feet, and hands. These lesions can either arise 
de novo or develop from the preceding phase. 
Postinflammatory hypopigmentation may occur 
when chronic inflammation has resolved. About 
60% of the childhood eczema forms will disappear 
completely, but the stigmata may remain, xerosis 
being the most important one.

Clinical Features of Adolescents 
and Adults

When eczema lesions persist from childhood to 
adolescence and adulthood, or the disease starts 
de novo at adulthood, flexural areas as well as the 
head (forehead, periorbital and perioral region) and 
neck are typically involved with mostly lichenified 
plaques. Dry skin continues to be a persistent prob-
lem, especially in the winter months.

Complications

The most important complications of AD are due 
to secondary bacterial and viral infections most 
probably due to the above-mentioned reduced 

cell-mediated immunity and the deficiency in 
antimicrobial peptides. Staphylococci frequently 
provoke an impetiginization of lesions in children, 
leading to yellow, impetigo-like crusting. Patients 
with AD are at increased risk for fulminant 
herpes simplex virus infections (eczema herpeti-
cum).72 The course of this complication may be 
severe, with high fever and widespread eruptions. 
Clinically numerous vesicles in the same stage of 
development are a characteristic sign. It is unclear 
whether viral warts or mollusca contagiosa are 
more prevalent in AD.

Diagnosis of Atopic Dermatitis

Diagnosis of AD relies primarily on the patient’s 
and family’s history as well as on clinical findings. 
The clinical diagnosis of AD is based on the clini-
cal phenotype according to the morphology and 
distribution of the lesions at the different stages 
(see above). In 1980, Hanifin and Rajka73 proposed 
major and minor diagnostic criteria based on clini-
cal symptoms of AD. A revision of the diagnostic 
criteria was accomplished by Williams et al.74

The severity of AD can be evaluated by differ-
ent scoring systems such as the Score in Atopic 
Dermatitis (SCORAD),75 the Eczema Area and 
Severity Index (EASI),76 and others. These scoring 
systems can be of help in the daily praxis but are 
mandatory in clinical trials.

Skin tests and laboratory investigations (specific 
IgE) may be of help in the search for provocation 
factors such as food or environmental allergens. 
Provocation tests are additionally performed to 
determine the clinical significance of positive 
laboratory tests since skin tests and in vitro test-
ing should complement one another yet do not 
always have to be concordant. The atopy patch test 
(APT)77 may be helpful in the search of AD-rele-
vant allergen. While the sensitivity of APT is aver-
age, its specificity is high for the individual context 
of a given patient.78 Most importantly, laboratory 
results always have to be interpreted in the context 
of the patient’s history and skin tests.

For the differential diagnosis, several rare syndromes 
have to be taken into account such as phenylke-
tonuria, Wiskott-Aldrich syndrome, hyper-IgE 
syndrome, Netherton’s syndrome, DiGeorge’s syn-
drome, and ataxia telangiectasias syndrome.
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Management

Besides allergologic diagnostics, management 
of AD remains a clinical challenge where the 
primary goals are to control inflammation and 
microbial colonization and to correct the barrier 
dysfunction (Fig. 13.3). Education of the patient 
or the parents of an affected child is as important 
as other strategies.

Topical Treatment

Skin Care

A key feature of AD is xerosis due to the epider-
mal barrier dysfunction as witnessed by increased 
transepidermal water loss. Individually adapted 
emollients containing urea (4% in children; up to 
10% in adults) should be used to support the skin 
barrier function and allow hydration of the skin. 
The patient should be educated adequately to avoid 
specific provocation factors.79

Antiinflammatory Approach

Topical Glucocorticosteroids

Most topical glucocorticosteroids (GCSs) present 
a safe and effective medication when used prop-
erly.80 This is particularly the case for GCSs with 
double esters and a favorable therapeutic index, 
that is, high efficiency with low side effects. 
Besides their antiinflammatory activity, GCSs con-
tribute to a reduction of skin colonization with 
S. aureus.81 Only mild to moderately potent prepa-
rations should be used on genital, facial, or inter-
triginous skin areas. Less potent topical steroids 
such as hydrocortisone can also be used on chil-
dren younger than 1 year old. Different therapeutic 
schemes have been established: initial treatment 
should be with moderately to highly potent steroids 
followed by a dose reduction or a switch to a lower 
potency preparation.82 Combined therapy with 
emollients should be routine during the course of 
treatment. It is advised to continue an intermittent 
antiinflammatory treatment over a longer period 

Fig. 13.3. A practical approach to the management of atopic dermatitis
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of time (3 to 6 months) in order to better control 
the subclinical inflammation and the occurrence 
of flares.83,84

Topical Calcineurin Inhibitors

Pimecrolimus and tacrolimus are topical medica-
tions that inhibit the calcium-activated phosphatase 
called calcineurin. They suppress the early phase of 
T-cell activation and multiple cytokines involved in 
cellular immunity, and affect IDECs but not LCs 
in AD lesions. Their antiinflammatory potency 
is similar to that of GCSs of mild to moderate 
potency and have an important role in the antiin-
flammatory management of AD.85,86 Side effects 
include a transient burning sensation of the skin. 
While using calcineurin inhibitors, excessive expo-
sure to natural or artificial sunlight (tanning beds or 
UVA/B treatment) should be avoided. Long-term 
safety studies analyzing the evidence of a causal 
link of cancer and calcineurin inhibitors as well as 
an increased incidence of viral infections are ongo-
ing. Despite the accepted favorable safety profile,87 
a black boxed warning has been released by the 
Food and Drug Administration (FDA), and a “red-
hand letter” from the European Medicine Agency 
(EMEA) emphasizes the use of these products as 
second-line therapy.

Topical Antimicrobial Therapy

Topical antiseptics such as triclosan and chlorhexi-
dine have a low sensitizing potential and show low 
resistance rates.88 They can be used in emollients or 
syndets (synthetic detergents) or as part of an addi-
tional “wet wrap” dressing. Short-term fusidic acid 
is preferentially used in the treatment of bacterial 
infections with S. aureus because of its low minimal 
inhibitory concentration and good tissue penetra-
tion.89 Intranasal eradication of methicillin-resistant 
S. aureus, frequently found in AD patients, can be 
achieved by the topical use of mupirocin. In the 
case of widespread bacterial secondary infection 
seen mainly in children (primarily S. aureus), sys-
temic antibiotic treatment is indicated. Prophylactic 
treatment only increases resistance rates and has no 
benefit on the course of disease. The use of silver-
coated textiles and silk fabric with a durable antimi-
crobial finish is still under investigation, but seems 
to be promising, especially for children.90

Systemic Treatment

Antihistamines

There is no specific antipruritic treatment except 
local applications of antiinflammatory prepara-
tions and emollients. H1-receptor antagonists 
(alimemazine and promethazine) are predomi-
nantly used for their sedative effect and should be 
given 1 hour before bedtime. Most studies con-
clude that nonsedating antihistamines seem to have 
little or no value in the treatment of AD.91

Systemic Corticosteroids

Oral corticosteroids have a limited but definite role 
in the treatment of severe exacerbations of AD. 
A brief course may be used to control severe disease, 
and ongoing use of systemic corticosteroids leads 
to significant adverse effects. After discontinuation 
of the medication, severe relapses have been noted. 
Data from randomized clinical trials are lacking.

Cyclosporin A

The ongoing treatment with cyclosporin (CyA) 
should be reserved for very severe cases of disease 
that are not responding to other measures.92,93 
Multiple studies have shown a positive effect for 
children and adults. Treatment should be per-
formed following body-weight–dependent dosing 
with 3 to 5 mg/kg/day as a high-dose regimen or 
2.5 mg/kg/day as a low-dose treatment. The lowest 
dose for minimal side effects should be applied. 
Despite its effectiveness, side effects, especially 
concerning renal toxicity with hypertension and 
renal impairment, are of particular concern. 
A close monitoring of creatinine, blood pressure, 
and CyA serum levels is important.

Azathioprine

Azathioprine is an immunosuppressant drug that has 
been reported to be effective in severe AD.94,95 It 
affects the purine nucleotide synthesis and metabo-
lism and has antiinflammatory and antiproliferative 
effects. Controlled trials are lacking so far; side 
effects are high, including myelosuppression, hepato-
toxicity, gastrointestinal disturbances, increased sus-
ceptibility for infections, and possible development 
of skin cancer. As azathioprine is metabolized by the 
thiopurine methyltransferase (TPMT); a deficiency 
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of this enzyme should be excluded before starting an 
oral immunosuppression with azathioprine.

Biologics

Anti-IgE strategy (omalizumab), which is approved 
for asthma, has been tried with variable results 
in AD.96,97 Since these patients usually display 
very high levels of IgE, neutralizing these levels 
would require extremely high amounts of this 
biologic. Nevertheless, some recent case reports 
have suggested the successful use of omalizumab 
in selected patients. Efalizumab (anti-CD11a) has 
been introduced as a promising alternative to 
current immunosuppressive therapies, although 
further double-blind placebo-controlled studies are 
needed to test its efficacy and safety.98 Infliximab 
(anti–TNF-α) has been also reported to be suc-
cessful in a some reports.99,100 However, one has to 
keep in mind that side effects of biologics may be 
serious and need further evaluation.

Phototherapy

Atopic dermatitis patients usually report benefit 
from natural sun exposition. Therefore, different 
spectra of UV light—UVB (280 to 320 nm), narrow-
band UVB (311 to 313 nm), UVA (320 to 400 nm), 
medium and high-dose UVA1 (340 to 400 nm), 
PUVA, and Balneo-PUVA—have undergone trials 
for the treatment of AD. Clearly, UVA1 irradia-
tion seems to be superior to conventional UVA-
UVB phototherapy in patients with severe AD.101,102 
Narrow-band UVB alone is also effective, and its 
activity seems to be partially due to a decrease in the 
microbial colonization.103 In children UV-therapy 
should be restricted since data about long-term side 
effects of UV-therapy are still not available.

Immunotherapy

It is well accepted that allergen-specific immuno-
therapy, which has been reported since 1911 in the 
management of allergic diseases, represents the only 
causative therapeutic approach. Unfortunately, with 
regard to AD, only limited and often contradictory 
information is available. A recently published study, 
reexamining the efficacy of a subcutaneous immu-
notherapy (SCIT) in atopic patients sensitized to 
house dust mites (HDMs), demonstrated effective-
ness in reducing eczema and allergic sensitization to 

HDMs.104 The improvement of eczema was accom-
panied by a reduction of topical corticosteroids 
needed to treat eczema. Interestingly, because of 
its limited side effects, sublingual immunotherapy 
(SLIT) may represent an alternative to SCIT. Further 
studies to verify the benefit of SCIT and SLIT are 
currently ongoing and we may experience a revival 
of immunotherapy in AD in the near future.105

Education

As mentioned above, education of especially 
young patients and their parents emphasizing the 
knowledge about the disease and its management 
will lead to a higher compliance rate as well as 
psychological stability.106 Patient’s education also 
significantly contributes to improvement in quality 
of life. Adequate educational programs are of great 
value when offered in interdisciplinary coopera-
tion with dermatologists as well as pediatricians, 
dietitians, psychologists, and nursing staff, with 
patients and their families.

Future Perspectives

Combining data from epidemiology, genetics, skin 
physiology, immunology, and allergy provides new 
areas of research that will certainly provide us new 
perspectives and new concepts in the pathophysi-
ology and management of this disease. The role of 
innate immunity, which has been underestimated 
for years, is now the subject of numerous projects, 
and functional genomics will help us to better 
understand the consequences of so many genetic 
variants in candidate genes and could potentially 
deliver future prognostic tools for this disease, its 
prevention, and its therapeutic response.

Conclusion

The understanding of the pathophysiology of atopic 
dermatitis is still evolving. Central to the pathogen-
esis of this disease is the abnormal barrier function of 
the epidermis, impaired innate immunity, and host–
pathogen interactions and environmental allergens 
that promote aberrant immune response to perpetu-
ate the cutaneous inflammatory response. A better 
understanding of what drives this process will result 
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in targeted therapies, and perhaps halt the progres-
sion of what has been termed the “atopic march.”
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Key Points

• Psoriasis is a common, immune-mediated inflam-
matory papulosquamous skin disease that results 
in recurring scaly, erythematous plaques, typi-
cally in a symmetrical distribution.

• There is strong evidence that psoriasis is deter-
mined by genetic predisposition. It is thought 
that there is not a single disease gene, but rather 
a complex set of gene variants that results in an 
abnormal response to environmental factors.

• Psoriasis is now considered to be a disease caused 
by the infiltration of effector immunocytes in the 
epidermis and dermis.

• Important effector cells are CD4 and CD8 con-
ventional T-lymphocytes, as well as natural 
killer (NK) T cells, plasmacytoid dendritic cells 
(PDCs), TIP-DCs.

• Other cell types that participate in this pathologic 
process include keratinocytes, endothelial cells, 
fibroblasts, monocytes/macrophages, and neu-
trophils.

• Pathologic cytokines include inflammatory 
cytokines such as tumor necrosis factor-α (TNF-
α), interferon-α (IFN-α), T-helper-1 (Th1) 
cytokines such as IFN-γ, Th17 cytokines such 
as interleukin-17 (IL-17) and IL-22, and antigen-
presenting cell (APC)-derived cytokines such as 
IL-12 and IL-23.

• Biologic agents have emerged as effective treat-
ments for psoriasis. They include anti–T-cell agents 
(efalizumab and alefecept), and anti–TNF-α agents 
(etanercept, infliximab, and adalimumab).

Psoriasis is a chronic inflammatory skin disease 
that results from polygenic predisposition.1 It is 

characterized by recurring erythematous, scaly 
plaques in often symmetric configuration. Disease 
recognition and classification is very much based 
on the descriptive pathology of the 19th century. 
While scaly erythematous lesions were described 
as early as the Hippocratic school (460–377 BC), 
it was only in the 19th century that Willan gave 
an accurate description of psoriasis and Hebra2 
defined it as a clinical entity distinct from lepra. 
While we have made some progress in our under-
standing of the pathogenesis of psoriasis, espe-
cially with regard to its immunologic basis, disease 
classification is still very much based on distinctive 
morphology of skin lesions. Ongoing progress in 
the dissection of the molecular events leading to 
psoriasis is only beginning to have some impact on 
disease classifications.

The prevalence of psoriasis is around 2% with 
variations from 0.4% to 0.7% in African and 
Asian populations, to 4% in the United States and 
Canada. Typical peaks of first appearance are at 
ages 20 to 30 and 50 to 60. Psoriasis is classically 
responsive to trigger factors that might induce pso-
riasis de novo or exacerbate skin lesions. Trigger 
factors range from nonspecific triggers such as 
skin trauma to more specific triggers such as patho-
gens (e.g., streptococci) or drugs (e.g., lithium, 
interferon-α). The investigation of these trigger 
factors is important since they might lead to a bet-
ter understanding of critical starting events of the 
disease. One of the omissions in the field is based 
on the fact that most studies are performed on 
established inflammatory lesions where the “noise” 
of unspecific inflammatory events might obscure 
psoriasis-specific processes. Thus in the past and 
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still continuing, nearly every novel immunologic 
cell or mediator has been (re-)discovered in fully 
established psoriasis lesions. The real challenge 
with these purely observational data is to add some 
functional significance, which is only possible in 
the context of relevant disease models or proof-of-
principle studies in patients.

Psoriasis is associated with a significant decrease 
in quality of life and prominent psychosocial mor-
bidity. Suffering is comparable to that of patients 
with other major chronic illnesses such as cancer, 
heart disease, and diabetes.3 Economic impacts 
such as treatment costs and loss of work hours are 
associated with decreased quality of life and pso-
riasis severity.

Psoriasis patients have an increased risk of dia-
betes, obesity, and myocardial infarction.4–6 There 
is an association with symptoms of metabolic syn-
drome,7 a complex disorder that includes hyperten-
sion, dyslipidemia, obesity, and impaired glucose 
tolerance. Some of these systemic comorbidities 
might be explained by shared inflammatory path-
ways including a major role for the cytokine tumor 
necrosis factor-α (TNF-α). Therapies targeting 
such pathways might not only improve psoriasis 
but also alleviate other associated comorbidities 
including cardiovascular events.

Genomics and the Immune System

There is strong evidence that psoriasis is a multi-
factorial disorder based on the combined influence 
of predisposing gene variants, genetic modifiers, 
and environmental factors. In contrast to mendelian 
disorders where a single gene defect is causing 
disease, psoriasis belongs to the group of complex 
genetic disorders where multiple gene variants in 
response to environmental factors contribute to 
disease risk. The predisposing gene variants may 
often confer only small risks (e.g., relative risks 
of less than 3), but in their combined impact are 
important in setting the genetic stage for the devel-
opment of psoriasis.

The strong influence of genes in psoriasis is 
supported by a high concordance rate in monozy-
gotic twins of up to 72% (vs. a concordance rate 
of approximately 15% to 23% in dizygotic twins).8 
Psoriasis is thus concordant about three times 
as often in identical twins compared to fraternal 

twins with lower concordance rates in Australia 
vs. Northern Europe. Estimates have placed the 
heritability of psoriasis in the range of 60% to 
90%, among the highest of the complex genetic 
disorders.9

In recent years, multiple genetic genome scans 
have been performed in psoriasis patients, resulting 
in a catalogue of at least 19 genetic susceptibility 
loci, but replication of single loci has been pro-
vided for only a few of those. The most prominent 
genetic risk region in psoriasis patients is confined 
to an approximately 160-kilobase (kb) stretch of 
DNA on the short arm of chromosome 6 (termed 
PSORS1) encompassing genes including human 
leukocyte antigen HLA-Cw6 as a potential immu-
nologic candidate gene, and corneodesmosin as 
a potential epidermal structure candidate gene.10 
Gene candidate approaches are currently underway 
to determine the role of these genes in the patho-
genesis of psoriasis.

While previous linkage or association stud-
ies were done with rather low resolution genetic 
mapping tools, recent progress has led to the per-
formance of whole genome scans using between 
300 K and 500 K single nucleotide polymorphism 
(SNP) markers, providing exciting insights into 
the genetic variation underlying complex genetic 
inflammatory disorders at a very high resolu-
tion. The first of these scans are beginning to be 
published and have already resulted in interesting 
findings related to novel genes involved in critical 
immune pathways of complex genetic disorders.11 
One gene variant identified in such scans is a 
protective nonsynonymous SNP in the IL-23R on 
chromosome 1p31, leading to an exchange of a 
glutamine for an arginine at position 381 of the IL-
23R intracellular signaling chain and has a putative 
functional role in the responsiveness of psoriasis 
patients to the important cytokine IL-23.12,13 It is 
noteworthy that four psoriasis susceptibility loci, 
namely PSORS2, PSORS4, PSORS5, and the chro-
mosome 20p locus, overlap susceptibility regions 
for atopic dermatitis, potentially indicating shared 
biochemical pathways between psoriasis and an 
other major inflammatory skin disease.14 Whole 
genome analysis of genes is mirrored by analysis 
of gene transcripts in psoriasis. A recent study 
has identified 1338 genes differentially expressed 
in psoriatic skin, the majority of them involved in 
immune response and proliferation.15 A significant 
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part of the psoriasis-specific transcriptome derives 
from dendritic cells, specialized antigen-presenting 
sentinel cells of the immune system (J. Krueger, 
Rockefeller University, personal communication). 
The challenge of future investigations will be to 
combine the massive amount of data coming out 
of gene variant and gene transcript analyses into a 
meaningful pathogenic framework.

Both at the gene and transcriptome level, altera-
tions in genes that are affecting the immune system 
are abundantly present in psoriasis, furthering the 
case of psoriasis being an immune-mediated dis-
ease (Table 14.1).

Immune Effector Cells 
and Cytokines

Given the striking morphologic and functional 
alterations in psoriatic epidermis, it is quite under-
standable why the prevailing view of psoriasis 
pathogenesis prior to the 1980s has focused on the 
biology of the epidermis and its main constituents 
the keratinocytes. This view was challenged by 
a serendipitous observation of rheumatologists, 
who described dramatic improvement of psoriatic 
arthritis patients treated with cyclosporine A not 
only in their joints but also in their skin.16 Other 
investigators confirmed this initial observation 
about the efficacy of a potent immunosuppres-
sive drug for skin lesions in psoriasis patients and 
provided thus the first solid framework in terms of 
thinking about psoriasis as an immune-mediated 
disease.17,18 The arguments in favor of an important 
role of the immune system, especially T cells, in 
psoriasis include (1) expansion of clonal T cells in 
lesions over time19; (2) therapeutic activity of drugs 
targeting the immune system17,20–22; (3) transfer or 
cure of psoriasis after bone marrow transplanta-
tion, depending on the transplanted marrow and the 

recipient23,24; (4) essential role of T cells/cytokines 
in humanized mouse models25; and (5) possible 
genetic association with HLA-Cw6 (Table 14.1).10

There are numerous immune cells present in 
psoriasis lesions that could contribute to disease 
pathogenesis, including T cells, monocytes/macro-
phages, and dendritic cells.26–28 While CD4 helper 
T cells are mainly located in the dermis with a 
preference for the upper stratum papillare, CD8 
T cells are mainly positioned in the epidermis in 
close contact with keratinocytes and Langerhans’ 
cells. Substantial evidence points to an impor-
tant role of epidermal T cells including clonality 
of T-cell receptors29 and association of reduced 
numbers of epidermal T cells with therapeutic 
response.20 The majority of T cells are activated 
expressing the CD25 chain of the interleukin 
receptor30 and secrete predominantly interferon-γ, 
classifying psoriatic T cells as T helper-1 (Th1) 
or T1 cells.31–33 Recent interest has focused on T 
cells producing interleukin-17 (IL-17) and IL-22, 
but their functional role in psoriasis awaits further 
experimental evidence.34

There is also spectrum of so-called unconven-
tional T cells that recognize lipid antigens in the 
context of the nonpolymorphic major histocompat-
ibility complex (MHC) class I like protein CD1d. 
These natural killer T cells (NKT cells) as well as 
CD1d expressing keratinocytes and dendritic cells 
are present in psoriasis lesions and potentially 
contribute to the inflammatory process.35,36 There 
is considerable interest in the understanding of 
immunosuppressive effector pathways in autoim-
munity. Immunosuppressive regulatory T cells 
(Treg) act either through cytokine production or 
cell–cell contact to suppress inflammation. While 
Treg numbers are not altered in psoriasis, there 
seems to be a defect in their suppressive activity.37 
T cells are primed and activated by interaction with 
antigen-presenting dendritic cells (DCs). Dermal 
DCs are increased in psoriasis lesions.33 Dermal 
DCs were isolated, extensively characterized, and 
shown to induce autoproliferation of T cells and 
Th1 cytokine production in psoriasis patients.33 It 
has been further demonstrated that a subset of CD1 
α-DR+ dendritic cells induce increased autologous 
T-cell proliferation.38 The role of DCs in psoriasis 
is further substantiated by the fact that cyclosporin 
A (CsA) treatment affects dendritic cell numbers39 
and that biologics such as alefacept decrease 

Table 14.1. Arguments for a role of the immune system 
in psoriasis

Presence of immune cells in psoriasis lesions
Clonal expansion of T cells in lesions over time
Bone marrow transplantation transfers/cures the disease
Therapeutic activity of drugs targeting the immune system
Essential role of T cells/cytokines in humanized mouse models
Genetic association with human leukocyte antigen (HLA) locus
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Fig. 14.1. Proposed immunopathogenesis of psoriasis. Environmental factors (infection, physical trauma, cytokines, 
drugs) trigger a first manifestation of psoriasis in a healthy individual with genetically determined susceptibility 
(psoriasis susceptibility loci PSORS) (priming). This process is proposed to require stimulation of dermal dendritic 
cells (DDCs), which migrate to the local lymph node and lead to the proliferation and priming of (auto)antigen-spe-
cific T cells (T). These T cells then migrate to the skin, where they are crucial for the formation of a psoriasis lesion 
in concert with PDCs, DDCs, a network of cytokines, and the extracellular matrix (ECM). Key check points in the 
inflammatory process include activation of PDCs, DDCs, the activation and proliferation of T cells, their transmi-
gration into the epidermis controlled by the integrin α1β1 and the production of cytokines including IFN-α, IL-23, 
TNF-α, IFN-γ, IL-17, and IL-22. This “inflamed” state can resolve spontaneously or through therapeutic intervention 
(resolution). Once an individual has experienced psoriasis lesion(s), it is proposed that normal-appearing symptom-
less skin has a lower activation threshold owing to the strategic positioning of PDCs, DDCs, and T cells. Thus, a 
normally innocuous trigger can activate local skin-resident immune cells (elicitation) leading to an inflamed lesion, 
without the requirement for recirculation or recruitment of other cells. DDC, dermal dendritic cell; ECM, extracellular 
matrix; IFN, interferon; IL, interleukin; PDC, plasmacytoid dendritic cell; TNF, tumor necrosis factor. (Adapted from 
Boyman et al.,62 with permission.)

lesional DC numbers.40 The DCs can be subdivided 
into myeloid DCs such as dermal DC or plasma-
cytoid dendritic cells (PDCs). Interferon-α–
producing PDCs are increased in psoriasis lesions 
and functionally relevant in the inflammatory pso-
riatic cascade as proximal producers of IFN-α.79 
Thus, there is substantial scientific evidence that 
various subsets of DC are key activators of psori-
atic T cells and potential therapeutic targets.

Other immune cells with potential relevance 
in psoriasis include monocyte/macrophages, neu-
trophils, and mast cells with a possible contri-
bution from immunologically active endothelial 
cells, fibroblasts, and especially keratinocytes.41–43 
Two publications using transgenic mouse models 
of psoriasis have demonstrated the key role of 

macrophages in the disease process; these studies 
await conformation from functional investigation 
of human psoriasis.44–46 Immune cells commu-
nicate with each other by hormone-like secreted 
molecules, so-called cytokines. The cytokine net-
work hypothesis in psoriasis predicted a key role 
for proinflammatory cytokines such as TNF-α and 
IL-8 based on extensive laboratory investigations.47 
The substantial therapeutic success of anti–TNF-α 
therapy in the treatment of psoriasis (see below) 
has validated the cytokine network hypothesis and 
revives interest in the definition of key effector 
cytokines in psoriasis. IFN-γ and IFN-γ–induced 
gene products are key features of the psoriatic 
cytokines milieu; however, blockade of IFN-γ 
has yet to demonstrate its efficacy in psoriasis. 
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The cytokine network hypothesis has been recently 
revisited to include novel cytokines such as IL-
23 and IL-17 in this framework.48 Interleukin-23 
belongs to the IL-12 family of cytokines and is 
increased in psoriatic lesions with a major con-
tribution from IL-23 producing dendritic cells.49 
Blocking IL-12 cytokine family members includ-
ing IL-23 has recently shown therapeutic benefit50; 
however, due to the absence of an IL-23–specific 
monoclonal antibody used in functional studies, 
the functional role of IL-23 independent from 
IL-12 awaits further clarifications. Interleukin-23 
stimulates IL-17, producing Th17 cells, which 
are also characterized by the production of IL-22. 
Interleukin-22 induces epidermal hyperplasia and 
therefore provides a potential link among IL-23 
production, Th17 cells, and epidermal hyperplasia. 
However, this sequence of pathologic events is 
only hypothetical and still far from being proven in 
the case of psoriasis (Fig. 14.1).

Is There a Psoriasis-Specific 
Antigen?

Evidence for a potential antigen-driven expan-
sion of T cells in psoriasis comes from molecular 
studies of T-cell receptor clonality. The usage of 
certain T-cell receptor motives in psoriasis seems 
to be highly restricted, and the same T-cell recep-
tor clone could be followed over time in evolving 
lesions and was present in lesions of identical 
twins.19,51 The best defined antigenic trigger for 
psoriasis is β-hemolytic streptococci as part of a 
streptococcal tonsillitis. While incidence rates of 
streptococcal infections preceding psoriasis have 
been reported as ranging from 60% to 97%,52,53 the 
percentage of patients in whom streptococci can 
be cultured from tonsillar swaps is quite low.54 It 
has been proposed that psoriasis is as autoimmune 
disease induced by streptococcal superantigens55; 
however, psoriasis does not resemble the transitory 
skin rash of streptococcal superantigen-induced 
scarlet fever and is generally not responsive to 
antibiotic treatment. An alternative scenario is 
related to the concept of molecular mimicry, which 
is based on the recognition of an infectious agent 
and a self antigen by the same T-cell clone. In 
the case of streptococci, it has been proposed the 
T cells reactive to streptococcal M proteins cross-

react with keratins in human epidermis and thus 
lead to a sustained sterile (but originally antibac-
terial) inflammation.56 A convincing molecular 
link is provided by the finding of identical T-cell 
receptor (TCR) clonality in streptococcal angina 
and skin lesions of patients with psoriasis.57 Thus, 
accumulating evidence suggests the involvement of 
specific antigens in the pathogenesis of psoriasis.

Challenges to an Immunologic 
View of Psoriasis

There are also challenges to the view that the 
immune system is the principal driver of the psori-
atic disease process. Overexpression of genes such 
as the transcription factor STAT3 or deletion of 
members of the nuclear factor κB (NF-κB) family 
or the AP-1 family of proteins in the epidermis of 
mice leads to skin lesions resembling psoriasis.45,58,59 
In some of these disease models inflammatory lesions 
are independent of T cells,45,59 while in others 
T cells are necessary.58 These models are of interest 
and stimulate thinking about a key initiating role of 
transcription factor dysregulation in keratinocytes in 
psoriasis. A recent challenge was also provided by 
the fact that the other major inflammatory skin dis-
ease, atopic dermatitis, is to a large extent based on a 
gene defect of the epidermal structural protein filag-
grin. Thus in a revised scenario of the pathogenesis 
of atopic dermatitis, a genetic defect in a keratinocyte 
structural protein potentially leads to an altered epi-
dermal barrier, increased exposure of the immune 
system to transepidermal challenges such as novel 
antigens, as well as skin irritation. It thus provides 
the basis for a self-perpetuating inflammatory proc-
ess. Even the case for genetic linkage to HLA-Cw6 in 
psoriasis is not a perfect one. There is still a reason-
able scenario that in fact other genes in the PSORS1 
complex close to HLA-Cw6, such as intronic regula-
tory regions or indeed other genes such as the struc-
tural epidermal gene corneodesmosin, play a key role 
in the genetic risk conferred by the PSORS1 locus.

Thus, the current view that epidermal hyperpla-
sia is based on a reaction to immunologic injury 
has still some reasonable opposing viewpoints that 
need to be clarified in future research.60

What, then, is the potential relationship between 
the epithelium and the activated immune system in 
psoriasis? Studies of early psoriasis indicate that 



212 F.O. Nestle

infiltrating immune cells are the earliest sign of 
psoriasis.61 A humanized mouse model of psoria-
sis also demonstrates expansion of T cells before 
epidermal hyperplasia takes place.62 What are the 
potential factors activating keratinocytes in psoria-
sis? The production of IFN-γ has been proposed as 
a key link between activated T cells and activated 
keratinocytes.30 Supernatants of T-cell clones from 
psoriasis patients are mitogenic for keratinocytes, 
and IFN-γ has been identified as a key factor medi-
ating this effect.63 Furthermore, injection of IFN-γ 
(as well as IL-2) in patients with a history of pso-
riasis induces inflammatory lesions resembling pso-
riasis.64,65 Other candidates potentially involved in 
feedback of immune cells to epidermal cells include 
keratinocyte growth factor (KGF), insulin-like growth 
factor I (IGF-I), amphiregulin, oncostatin M (OSM), 
and the IL-20 family of cytokines such as IL-22. On 
the other hand, keratinocytes are “cytokine factories” 
producing numerous immune effector molecules and 
thus amplifying the inflammatory vicious circle.66

Immunointervention

While most therapeutic strategies for psoriasis 
were found by serendipity, recent progress in 
the understanding of the immunopathogenesis of 
psoriasis has resulted in a variety of new treat-
ment approaches that are based on the blockade 
of an immunologically relevant molecules using 
an antibody or a receptor fusion protein. Current 
approaches can be broadly divided in therapies 
targeting T cells or blocking cytokines.

T-cell targeted therapies include targets such as 
CD11a (anti-CD11a moAb efalizumab) or leuko-
cyte function–associated antigen-3 (LFA-3; the 
fusion protein alefacept) targeting CD2/LFA-3 
interactions.

Efalizumab is a humanized antibody directed 
against CD11a, the α-subunit of LFA-1 and 
inhibits its interaction with CD54 (intercellular 
adhesion molecule 1 [ICAM-1]). Its potential 
mechanism of action ranges from blocking T-cell/
dendritic-cell interaction in the skin to blocking 
entrance of immune cells into skin and a possible 
blockade of T-cell/dendritic-cell interaction in 
skin draining lymph nodes. Efalizumab is injected 
weekly through the subcutaneous route typically 
over 12 weeks with a reduced starting dose to 

prevent an initial flu-like syndrome. It has a rea-
sonable clinical efficacy with a psoriasis area-and-
severity index (PASI) 75% response rate (often 
corresponding to a physician global assessment 
of clear to almost clear) of about 22%,67 which 
might be increasing over prolonged treatment 
periods. Long-term treatment over 27 months has 
demonstrated efficacy and safety in an open label 
study.68 Efalizumab is generally well tolerated. 
Side effects include initial transitory flu-like syn-
drome, transient papular eruptions, and rare cases 
of thrombocytopenia.

Alefacept is an LFA-3 fusion protein that blocks 
engagement of LFA-3 with its ligand CD2, for 
example, on memory T cells. An additional mech-
anism of action relates to the killing of ale-
facept-binding targets through antibody-dependent 
cell-mediated cytotoxicity (ADCC). After a 12-
week course of intramuscular alefacept (15 mg 
weekly), 33% of patients achieved at least a PASI 
75 response at any time.69 Alefacept depletes circu-
lating memory T cells,70 but primary and secondary 
humoral immune responses are maintained.71

The dominant target in anticytokine therapy is 
TNF-α, mostly based on the success story of this 
type of treatment in rheumatoid disease.72 Multiple 
antibodies and fusion proteins are currently on 
the market or are on their way to the market aim-
ing at the blockade of TNF-α in the treatment of 
psoriasis.73

Treatment of psoriasis patients with inflixi-
mab, a monoclonal antibody targeting TNF-α, 
was one of the first investigator-initiated proof-
of-concept studies of the activity of biologics 
in psoriasis.74 Infliximab has multiple potential 
mechanisms of action including (1) neutraliza-
tion of circulating trimeric TNF-α, (2) binding to 
cell-surface–bound TNF-α or to TNF-α to TNF 
receptors, and (3) generation of high molecular 
anti-TNF/TNF complexes with potential activity 
through Fc receptors and complement receptors. 
It has one of the highest clinical efficacies of 
current systemic antipsoriatic treatments with a 
PASI 75 response rate of 80% at week 10 and 
prolonged treatment response until week 50.75 
Potential side effects include immediate and 
delayed-type hypersensitivity infusion reactions, 
infections (including serious infections such 
as tuberculosis, listeriosis, or histoplasmosis), 
hepatitis, and, in very rare cases, potentially fatal 



14. Psoriasis 213

hepatosplenic T-cell lymphoma (mostly young 
adults with concomitant immunosuppression).

Etanercept is a p75 TNF receptor fusion protein 
that binds to soluble and membrane-bound TNF 
and lymphotoxin. Etanercept is injected twice 
weekly through the subcutaneous route. Efficacy 
is dose related, with 34% and 49% of patients 
receiving 25 mg and 50 mg twice weekly, respec-
tively, achieving >75% improvement in PASI 75 
response after 12 weeks of treatment.76 Safety 
concerns reflect the overall immunosuppressive 
profile of anti-TNF agents and includes few cases 
with demyelination.

A novel anticytokine approach targets the mem-
bers of the IL-12 superfamily (i.e., IL-12 and IL-
23), heterodimeric cytokines that share a common 
p40 chain. An antibody targeting the common chain 
of IL-12 and IL-23 p40 has demonstrated efficacy 
in a phase II trial with at least 75% improvement 
in the PASI at week 12 in 52% of patients who 
received a single 45-mg dose and in 59% of those 
who received a single 90-mg dose, compared with 
2% of those who received placebo.50 This impres-
sive clinical efficacy after a single dose needs 
 confirmation in future phase III trials as well as 
safety data in a higher number of patients.

The new age of biologics has brought long-
sought pathogenesis-based and effective systemic 
therapies to patients with psoriasis.77 One potential 
concern is long-term safety issues with these novel 
immunosuppressive biologic interventions. The 
first data coming out of well-controlled registries 
for rheumatologic diseases do not show major new 
safety signals compared to other systemic treat-
ment approaches.78

Future Perspectives

The increased insights related to the pathogenesis 
of psoriasis are accumulating at an unprecedented 
rate, in part due to the proof-of-principle studies 
that targeted immunointervention using biologic 
agents that have a major impact on the disease. 
Future trends might include (1) a focus on the skin-
specific tissue environment; (2) the role of skin-
resident immune effector cells and their interaction 
with the epithelium and the connective tissue62;
(3) a focus on the systemic inflammatory com-
ponents of psoriasis, with impacts on other organ 

systems including the cardiovascular system5,7; and 
(4) a focus on very early initiating of events in the 
pathogenesis of psoriasis,79 and a synergistic view 
between advances in our genomic and immuno-
logic understanding of the disease.8

Conclusion

Psoriasis is a genetically determined chronic 
inflammatory skin condition with typical clini-
cal presentation. Accumulating evidence suggests 
an important role of the immune system in the 
initiation and maintenance of the disease. Fueled 
by the successful introduction of novel biologic 
therapies targeting key immunologic pathways, 
both the understanding of the immune system and 
its potential therapeutic application is becoming a 
central issue for dermatologists and investigative 
skin scientists. Recent successes in the translation 
of insights from the immunologic bench to the der-
matologic bedside predict exciting future advances 
in both our immunologic understanding and immu-
nologic therapies in psoriasis.
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Key Points

• Acne is a complex disease with multiple patho-
genic factors.

• Propionibacterium acnes is the trigger for inflam-
matory acne.

• There is no suitable animal model for acne.

Acne is a complex disease with multiple patho-
genic factors that act together to produce dis-
ease.1 Dystrophic keratinization is involved in the 
formation of the plug in the follicle (comedo or 
microcomedo) that is the central lesion of acne. 
Hormonal stimulation of the sebaceous gland 
occurs at puberty, which causes production of 
sebum, a complex mixture of lipids that is about 
50% triglycerides. Triglycerides are a rich car-
bon source for lipase producing bacteria and are 
a powerful determinant of the skin microflora.2 
Propionibacterium acnes, an anaerobic diphtheroid, 
dominates the follicular microflora after puberty 
and is the trigger for inflammatory acne. The study 
of acne pathogenesis has been hampered by the 
lack of a suitable animal model. Although animals 
can be induced to have keratinous impactions in the 
follicles, they cannot be induced to have inflamma-
tory lesions since animal sebum lacks triglycerides 
and P. acnes will not colonize the follicle.3

Early attempts to explain inflammation in acne 
were based on studies of sebum composition 
in acne patients. Free fatty acids were found to 
be elevated in skin surface lipid from patients 
with inflammatory acne. These were derived from 
lipolysis of triglycerides and were suggested to 
be a trigger for inflammation in acne. In addition, 
therapy that reduced “pimples,” such as tetracy-

cline, reduced the free fatty acids to normal levels, 
apparent confirmation that the fatty acids were 
central to acne inflammation. Later work showed 
that the lipid fraction of microcomedones was not 
inflammatory and that only the P. acnes–contain-
ing fractions induced inflammation when injected 
intradermally. Free fatty acids were found to be the 
result of P. acnes’ metabolism and to be present in 
proportion to the bacterial population rather than 
being a facet of aberrant sebaceous gland function, 
and more attention began to be paid to the role of 
the organism itself in acne. This was not a new 
thought; Unna, Sabouraud, and Fleming all specu-
lated on the possibility that the “acne bacillus” 
was involved in acne. Fleming went so far as to 
demonstrate increased agglutination of the organ-
ism by sera from acne patients, but the idea lapsed 
until the mid-1970s, when investigative techniques 
caught up with researchers’ needs (reviewed by 
Webster4).

Propionibacterium Acnes and Acne

Propionibacterium acnes is the predominant 
organism living on sebaceous regions of the 
skin. An aerotolerant anaerobe, P. acnes grows 
in the sebaceous follicle and is carried onto the 
skin  surface by the flow of sebum. It lives from 
metabolizing the triglyceride fraction of sebum 
and hence is absent or low in children, but rises 
rapidly at puberty when androgens stimulate the 
start of sebum secretion acne.5

Puhvel and Sakamoto6 studied the contents of 
comedones in vitro and found that comedonal 
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material attracted human neutrophils. The attractant
was water soluble and of low molecular weight. 
A similar factor was detected in the superna-
tant of P. acnes cultures. Lee et al.7 found that 
P. acnes also produced higher molecular weight 
chemotactic factors, one of which was the lipase 
molecule itself. Subsequent studies found that 
P. acnes may simultaneously produce both high- 
and low-molecular-weight chemoattractants, and 
that the majority of neutrophil chemotactic activity 
in P. acnes culture supernatant was less than 2 kd. 
The amount of chemotactic material produced 
was proportional to the P. acnes population and 
is of a molecular weight that might conceivably 
diffuse from an intact follicle.8 The comedo may 
also contain other inflammatory factors. Allaker 
et al.9 showed that P. acnes produces compounds 
that have histamine-like activity, and Hellgren and 
Vincent10 demonstrated prostaglandin like activity 
in P. acnes culture supernatants. Ingham et al.11 
found significant levels of interleukin (IL)-1 like 
activity and tumor necrosis factor (TNF)-like mol-
ecules in a majority of open comedones.

Once neutrophils arrive at the comedo, gross 
rupture of follicular epithelium may be caused 
by enzymatic digestion of the follicular wall by 
neutrophil lysosomal hydrolytic enzymes. In vitro 
studies have shown that neutrophils readily secrete 
their degradative enzymes extracellularly when 
exposed to P. acnes that has been opsonized by 
C3b or immunoglobulin. Release of hydrolases is 
greatest when the anti–P. acnes antibody titer is 
elevated.12 These degradative lysosomal enzymes 
are capable of digesting tissue and may promote 
further comedonal rupture. Finally, P. acnes itself 
also elaborates proteases and other degradative 
enzymes, which may also play some part in come-
donal rupture.

After exposure of comedonal contents to the 
immune system, a clinically detectable inflamma-
tion may result. The magnitude of the response 
is variable. Small, superficial papulopustules or 
deep nodules may develop. Complement deposi-
tion has been demonstrated in both early and late 
acne lesions, suggesting at least one means by 
which inflammation may be promoted. P. acnes is 
thought to be the cause of this deposition because 
the organism is a potent activator of both the clas-
sic and alternative complement pathways. The 
alternative pathway is triggered by P. acnes cell 

wall carbohydrate and the classic pathway by 
P. acnes-antibody complexes, and is activated in 
proportion to the antibody titer.13,14 Crude come-
donal material also activates complement by the 
classic and alternative pathways, and this activa-
tion is also stimulated by anti–P. acnes antibody.15 
Finally, P. acnes is a persistent stimulus, being only 
degraded and removed over many weeks.16

Propionibacterium acnes can also induce inflam-
matory response by activating other innate immune 
cells, such as monocytes/macrophages. Volwels 
et al. demonstrated that P. acnes induces proin-
flammatory cytokine production in monocytes, 
although the exact mechanism by which this 
occurs was not known.16 Recently, with the dis-
covery of the Toll-like receptors (TLRs), we have 
a better understanding of how innate immune cells 
respond to microbes and how this leads to immune 
response.

The innate immune response in the skin is com-
posed of both the physical barriers provided by 
skin and mucosa as well as rapid cellular responses 
provided by epithelial cells, dendritic cells, mono-
cytes, natural killer cells, and granulocytes. These 
cells express pattern recognition receptors (PRRs), 
such as the human TLRs, which are transmem-
brane proteins capable of mediating responses to 
pathogen-associated molecular patterns (PAMPs) 
conserved among microorganisms. The extracel-
lular portion of TLRs is composed of leucine-
rich repeats while the intracellular portion shares 
homology with the cytoplasmic domain of the IL-1 
receptor. When TLRs are activated by exposure to 
microbial ligands, the intracellular domain of the 
TLR may trigger a MyD88-dependent pathway 
involving factors such as IL-1 receptor-associated 
kinase (IRAK) and tumor necrosis factor recep-
tor-activated factor 6 (TRAF6) that ultimately lead 
to the nuclear translocation of the transcription 
nuclear factor κB (NF-κB); NF-κB then modulates 
expression of many immune response genes.17-19 
In some microbial activation of TLR, MyD88-
 independent pathways may be triggered.

Currently, 10 TLRs have been identified in 
humans. The microbial ligands for many of these 
receptors have been identified and include bac-
terial cell wall components and genetic mate-
rial. More specifically, TLR2 mediates host 
responses to peptidoglycan from gram-positive 
bacteria, TLR4 mediates responses to bacterial 
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 lipopolysaccharide (LPS) from gram-negative bac-
teria, TLR5 is  activated by bacterial flagellin,20–22 
and TLR9 mediates the response to the unmethyl-
ated Cytosine Guanine dinucleotide (CpG) DNA 
comprising bacterial genomes. Viral products such 
as double-stranded RNA activate TLR3.23,24 In 
addition, imiquimod, an immunomodulatory agent 
commonly used in dermatology, has been shown to 
activate TLR7.24

Kim et al.25 demonstrated that P. acnes contains 
a TLR2 ligand and that P. acnes activates human 
monocytes to secrete proinflammatory cytokines, 
including IL-12 and IL-8 via a TLR2-dependent 
mechanism. The TLR2-dependent production of 
IL-8 may be important in the pathogenesis of acne, 
as it is a known neutrophil chemoattractant, and 
neutrophils contribute to the formation of inflam-
matory lesions. The production of IL-12, a key 
regulator of adaptive immune response, may be 
important in generating a cell-mediated immune 
response to P. acnes. The importance of TLR-medi-
ated immune response in the pathogenesis of acne 
was further supported by the in vivo finding that 
TLR2-expressing cells were present in increased 
numbers in inflammatory acne lesions.25 In addi-
tion, recent studies have suggested that matrix 
metalloproteinases (MMPs) play a role in inducing 
inflammation and scar formation in acne.26,27 P. 
acnes induces MMP-1 and MMP-9, and MMP-9 
production in human monocytes was shown to be 
through a TLR2-dependent mechanism (R. Jalian 
et al., American Academy of Dermatology poster 
presentation, 2007). Furthermore, it was shown 
that the addition of all-trans retinoic acid (ATRA), 
a commonly used agent for the treatment of acne, 
inhibits MMP production and upregulates MMP 
regulators and tissue inhibitors of metalloprotein-
ases (TIMPs), thus shifting from a tissue-degrading 
phenotype to tissue-preserving phenotype.

Another outcome of TLR activation is the trig-
gering of direct antimicrobial pathways, inducing 
release of nonspecific antibacterial molecules such 
as antimicrobial peptides. Studies have shown 
upregulation of human β-defensin-1 and -2 in 
acne lesions compared to controls to suggest that 
β-defensins may be part of the host defense 
in acne.28,29 Recent data suggest that the pro-
duction of antimicrobial peptides induced by P. 
acnes in innate cells appears to be TLR2-depend-
ent.30 Since antimicrobial peptides are known to 

have immunomodulatory effects, including both 
 antiinflammatory and proinflammatory responses, 
whether the antimicrobial peptides modulate the 
inflammatory response found in acne in addition 
to eliciting a direct antimicrobial effect against 
P. acnes remains to be determined.

Interestingly, there is evidence that the same 
mechanism that bacteria utilize to induce inflam-
mation and contribute to the disease state is also 
used in host defense. P. acnes activation of TLR2 
appears to induce peripheral monocytes to differ-
entiate into at least two different subsets of cells 
including CD1b+ dendritic cells and CD209+ mac-
rophages. Although both cells induce cytokine pro-
duction in response to P. acnes, it was shown that 
CD209+ macrophages efficiently take up the bacte-
ria and induce the killing of P. acnes; thus CD209+ 
innate cells directly regulate the growth of patho-
gens.31 Furthermore, the addition of ATRA directly 
induced differentiation of monocytes into CD209+ 
macrophages, and enhanced the P. acnes–mediated 
differentiation of the CD209+ subset. These data 
imply that ATRA can enhance the innate immune 
response, by expanding the CD209+ cell population 
that has the ability to phagocytose and inhibit the 
growth of microbial pathogens.

Explaining the Variation in Acne 
Severity

After puberty, most individuals have stable 
P. acnes populations, some degree of micro-
comedo formation and significant sebum secre-
tion, yet only some have inflammatory acne, and 
only a proportion of those have severe disease. 
In fact, when specific factors (e.g., sebum secre-
tion, fatty acid concentration, or P. acnes popula-
tions) are compared in patients with and without 
acne, clear differences may be difficult to detect. 
In each category the acne population as a group 
is higher than the normal group, but great over-
lap exists in the range of values in each cohort 
(e.g., some persons have minimal or no acne, 
but high sebum production and some with acne 
have lower values), which suggests that each 
of these important factors is involved in, but is 
not the determining cause of inflammatory acne 
(reviewed by Webster32).
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A second observation to be accounted for is that 
in severe inflammatory acne almost all lesions arise 
from microcomedones, whereas larger comedones 
in patients with noninflammatory acne become 
clinically inflamed only rarely yet show histo-
logic evidence of previous subclinical inflamma-
tory episodes.1 Likewise, clinically uninflamed 
microcomedones from persons with no apparent 
acne contain neutrophil markers suggesting earlier, 
limited inflammatory episodes that were not suf-
ficiently severe to produce a clinical lesion.33

Finally, the familial association of severe acne 
must be explained. The observation that severe 
acne is familial has been made by most clini-
cians, but there are few studies. Conglobate acne 
and hidradenitis may have autosomal dominant 
single-gene inheritance, and several reports have 
been published of acne of similar severity in 
monozygotic twins.34–37 Thus factors favoring the 
development of severe acne may be genetically 
determined.

An explanation that accounts for all these obser-
vations centers on differing individual reactivity to 
P. acnes. There is support for this concept. In vitro 
studies found P. acnes to generate greater comple-
ment activation and lysosomal enzyme release in 
the presence of anti–P. acnes antibodies.38 Patients 
with acne have elevated precipitating, agglutinat-
ing, and complement-fixing antibody titers to P. 
acnes but not to other organisms.39–42 The antibody 
titers increase in proportion to the severity of acne 
inflammation, with little or no overlap between the 
normal and most severe acne groups.

Some studies have addressed the identity of 
the P. acnes antigens potentially relevant to acne. 
One study found that the anti–P. acnes antibody 
response in a group of patients with severe nodular 
acne was apparently uniform, directed against a 
carbohydrate structure in the cell wall.39 Of all the 
potential protein and carbohydrate antigens present 
in the P. acnes to which they were exposed, these 
patients appeared to hyperrespond to a single anti-
gen. This reactivity was not detected in patients 
with less severe acne, and the mechanism by which 
it occurs has not been elucidated. Ingham et al.43 
have made a complementary observation.

Cell-mediated immunity to P. acnes is also 
increased in proportion to acne severity. P. acnes–
stimulated lymphocyte transformation is elevated 
in mononuclear cells from inflammatory acne 

patients, and skin test reactivity to P. acnes is 
elevated in proportion to the severity of acne 
inflammation.44,45 Wilcox et al.46 recently studied 
the cellular responses in acne lesions from patients 
prone to scarring and those not likely to scar. They 
found that nonscarring patients had a greater initial 
influx of lymphocytes than the scarring patients, 
but the scarring patients had a much greater pro-
portion of memory-effector cells, implying that 
the more severe acne patient has an immunologic 
predisposition to severity.

Conclusion

Acne is a complex disease with multiple patho-
genic factors. The trigger for inflammation is P. 
acnes. Although there is no suitable animal model 
for acne, understanding of the immunology of acne 
has advanced from clinical studies and in vitro 
investigations.
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Key Points

• Nonmelanoma skin cancers (NMSCs) usually 
include basal cell carcinoma and squamous cell 
carcinoma, but can also include rare cancers such 
as Merkel cell carcinoma.

• Sunlight (and other sources of ultraviolet light) is 
the primary risk factor for NMSC.

• Immunosuppression increases the risk of 
NMSC.

• Human papillomaviruses are a major cause of 
NMSC in the anogenital area and may play a role 
elsewhere on the skin.

• Cell-mediated immunity helps protect against 
NMSC.

• Therapy of NMSC usually involves surgery, 
but can also include photodynamic therapy and 
immune response modifiers (e.g., imiquimod).

• The optimal management of NMSC should 
always start with prevention.

Nonmelanoma skin cancer (NMSC), basal cell 
carcinoma (BCC), and squamous cell carcinoma 
(SCC) are malignant proliferations of the same cell 
type, the keratinocyte. Most occur on sun- damaged 
skin, indicating the causal relationship with expo-
sure to ultraviolet radiation (UVR). The BCCs 
arise de novo from cells in the basal layer of the 
epidermis or follicular structures; however, SCCs 
can arise from noninvasive precursor lesions of 
Bowen’s disease and actinic keratosis (AK). While 
an aberrant sonic hedgehog pathway is strongly 
associated with BCC development, the genotypic 
associations with SCC are more complex with 
incremental levels of genomic instability related to 

clinicopathological stage.1,2 This chapter outlines 
the role of the immune system in the pathogenesis, 
prevention, and treatment of NMSC, and exam-
ines how tumor development and progression is 
enhanced when normal immunosurveillance is 
compromised.

Types of Nonmelanoma Skin 
Cancer

Basal Cell Carcinoma

Basal cell carcinoma occurs more commonly than 
SCC, with a number of clinical presentations 
including nodular, cystic, ulcerated, superficial 
(Fig. 16.1), morpheic (sclerosing), keratotic, and 
pigmented variants. Clinical subtypes correlate 
well with histologic findings, which aid clas-
sification of subtypes as low or high risk. The 
high-risk subtype is characterized by an increased 
probability of subclinical extension, incomplete 
excision, aggressive local invasive behavior, or 
local  recurrence.3 Nodular BCC is the main low-
risk subtype. High-risk BCCs include infiltrative, 
morpheic, and micronodular subtypes. Basal cell 
carcinomas can invade local structures but rarely 
metastasize. Basal cell carcinoma tumor cells 
typically have large oval darkly staining nuclei and 
little cytoplasm. Tumor cells aggregate into nests 
of varying size, aligning more densely at the edges 
to produce the characteristic peripheral palisading. 
The presence of mitotic figures is associated with a 
more aggressive course.

16
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Squamous Cell Carcinoma

Squamous cell carcinoma presentation varies from 
an indurated keratotic papule or nodule (Fig. 16.2), 
to a crusted tumor that may ulcerate, to an ulcer 
without evidence of keratinization. Squamous cell 
carcinoma invades locally with the potential to 
metastasize to other organs of the body. The diag-
nosis is established histologically by demonstrat-
ing the extension of atypical keratinocytes beyond 

the dermoepidermal junction into the dermis. The 
grading of SCC is based on the degree of cellular 
differentiation; however, other variables that influ-
ence recurrence and metastatic potential include 
site and size of the tumor, perineural involvement, 
other precipitating factors such as chronic arsenic 
ingestion, and host immunosuppression.4 Actinic 
keratosis and invasive SCC share histopathologic 
features and genetic tumor markers.5 Nearly all 
SCCs contain histopathologic changes of AK at 
the periphery or within the confines of the SCC. 
The percentage of AKs that progress to invasive 
SCC and the percentage that regress spontaneously 
or with prolonged photoprotection remain poorly 
defined.6

Merkel Cell Carcinoma/Kaposi's Sarcoma

While a detailed discussion of other skin malignan-
cies is beyond the scope of this chapter, we briefly 
consider two other less common skin cancers in 
which the immune system plays an important role. 
Kaposi’s sarcoma (KS) is a spindle-cell tumor 
thought to be derived from endothelial cell lineage 
that develops in the presence of human herpesvirus 
8 (HHV-8), the incidence of KS paralleling HHV-
8 seroprevalence.7 Merkel cell carcinoma is an 
uncommon tumor of the skin. It displays neuroen-
docrine features shared by normal epidermal Merkel 
cells and is diagnosed mostly on histologic exami-
nation. The relative risk of both tumors is markedly 
increased in the setting of immunosuppression 
secondary to HIV infection or organ transplanta-
tion. Merkel cell carcinoma behaves aggressively 
with a high metastatic potential particularly in an 
immunosuppressed setting where wide resection 
with nodal dissections is often required.8 Changing 
the immune environment either by reducing immu-
nosuppression therapy or changing to newer agents 
with potential antineoplastic properties can result 
in regression of Kaposi’s sarcoma in immunocom-
promised transplant recipients.9

Sunlight and Nonmelanoma Skin 
Cancer

Sunlight is the main cause of skin cancer in 
humans.10 Ultraviolet radiation is most likely the 
region within sunlight responsible for skin carcino-

Fig. 16.1. Superficial basal cell carcinoma on the back 
of a 40-year-old man. The diagnosis, suggested by the 
slightly raised pearled margin, was confirmed histologi-
cally

Fig. 16.2. Squamous cell carcinoma. Keratotic indurated 
nodule on the anterior shin of a 62-year-old woman
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genesis, as these wavebands are able to cause both 
gene mutations and immunosuppression, which 
are the important biologic events that lead to skin 
cancer. However, a role for the longer visible wave-
lengths cannot be discounted. Ultraviolet radiation 
that reaches the surface of the earth from the sun is 
divided into two wavebands, UVB (290–320 nm) 
and UVA (320–400 nm), with visible light being 
at longer wavelengths. The shorter wavelength 
UVC does not reach the surface of the earth as it 
is absorbed or reflected by the ozone layer and the 
atmosphere.

Shorter wavelengths have higher energy levels 
per photon, and therefore UVB contains more 
energy than UVA. However, the amount of damage 
to the skin is also dependent on intensity within sun-
light, penetration of the skin, and the chromophores 
for that particular wavelength. As UVR penetrates 
the skin, UVB is attenuated more than UVA with 
increasing depth, so that UVA penetrates deeper 
than UVB into the skin11 where it can reach chromo-
phores too deep for UVB to affect. As it is five times 
more likely that UVA than UVB will penetrate the 
epidermis to the dermis, and UVA is about 20 times 
more abundant in sunlight than UVB (depending 
on time of day and latitude), it has been estimated 
that 100 times more UVA than UVB photons reach 
the deeper regions of the skin.12 Also, while the 
chromophore, or molecule that directly absorbs 
UVB, is accepted as being DNA, the chromophore 
for UVA is unknown. The chromophore not only 
absorbs the UVR, but also may pass the energy to 
other cellular molecules; it is therefore the first step 
in the damage process. Depth of the chromophores 
within the skin, and associations with other mole-
cules are important issues with regard to the damage 
caused. Considering all of these issues, the relative 
roles of UVA and UVB in human skin carcinogen-
esis cannot be predicted and is an important issue 
when devising preventative strategies. Small animal 
models, which have thinner skin than humans, and 
may lack important chromophores or contain differ-
ent levels or localization of protective mechanisms 
also, cannot be used to determine whether UVA or 
UVB causes human skin carcinogenesis. Hence, at 
present, while we can be convinced that sunlight 
causes skin cancer, the responsible wavebands are 
not yet known.

Ultraviolet radiation can cause gene mutations. 
Skin cancer, like other cancers, is fundamentally 

a disease resulting from deregulation of cell cycle 
control or differentiation, and this is largely due 
to mutations or epigenetic changes in genes that 
 control these functions in cells. Ultraviolet B is 
directly absorbed by DNA, forming photolesions. 
These are essentially damaged DNA and are 
 frequently repaired by a range of enzymes. If a 
cell divides prior to DNA repair, then the damaged 
nucleotides are not correctly recognized by the 
cell’s replicative machinery, so that an incorrect 
nucleotide is incorporated into the newly synthe-
sised DNA. This is a mutation. Alternatively UVB 
can result in misincorporation of an additional 
nucleotide, or deletion, or strand breaks. All of 
these forms of DNA damage, if they occur in a 
gene that is important for regulation of keratinoc-
yte growth or differentiation, can be a step toward 
forming an NMSC.

Ultraviolet B absorbed by two adjacent cyto-
sine (C) residues in DNA causes the formation 
of cyclobutane pyrimidine dimers (CPDs), which 
results in GC to AT mutations.13,14 It has been 
widely thought that these only occur in response to 
UVB; however, recently it has been demonstrated 
that UVA can also cause this type of photolesion.15 
The major damage to DNA induced by UVA is the 
oxidation of guanine.16,17 However, UVR can also 
cause a wide range of different mutations.18

In a recent study of microdissected human AK 
and SCC, it was shown that both of these NMSCs 
contain mutations in the p53 gene. Based on the 
pattern of the mutations, it appears that UVA and 
UVB make similar contributions toward the level 
of mutational burden in these tumors.19,20 However, 
the UVA-associated mutations were deeper in 
the tumors than the UVB-associated mutations, 
indicating that the issues raised above such as 
chromophore localization, depth of UV penetra-
tion, and probably localization of repair systems 
are important in the type and localization of muta-
tions within human NMSC. Ultraviolet A has also 
been shown to cause malignant transformation of 
a human keratinocyte cell line.21 Therefore, both 
wavebands are able to cause the essential features 
of skin cancer development. A more direct indica-
tion that UVA and UVB make similar contributions 
to the formation of NMSC in humans came from a 
study of human skin grafted into immunodeficient 
mice. Actinic keratosis developed on 10% of grafts 
exposed to UVB and 18% of grafts exposed to 
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UVB and UVA,22 suggesting that UVA and UVB 
make approximately equal contributions to forma-
tion of human NMSC.

Both UVB and UVA are also immunosuppres-
sive in humans. Irradiation with approximately half 
the amount of UVA present in a minimum erythema 
dose (MED) of sunlight suppresses recall immu-
nity to nickel in humans.23 An MED is the amount 
of sunlight required to cause barely perceptible 
sunburn. Another study found UVA, like UVB, 
to suppress memory immunity to the multitest kit 
Merieux, which is a delayed-type hypersensitivity 
(DTH) test to seven antigens to which humans are 
commonly exposed.24,25 It has also been shown that 
a UV spectrum designed to mimic sunlight induced 
a greater level of immunosuppression than that 
provoked by UVB or UVA.23,26 Therefore, interac-
tions between UVB and UVA make sunlight more 
suppressive than either waveband alone.

While it is clear that both UVB and UVA are 
immunosuppressive in humans, direct evidence 
that this is important for NMSC induction and 
progression can only come from animal studies. 
Ultraviolet radiation immunosuppression enhances 
the outgrowth of primary skin cancer. Lymphocytes 
from UV-irradiated mice transferred into unirradi-
ated mice enable the development of primary skin 
cancers on UV-irradiated skin grafts.27 Ultraviolet 
immunosuppression also enables the growth of 
transplanted skin tumor lines, including SCC, that 
would be immunologically rejected in immuno-
competent, unirradiated mice.28,29

Considering all of these issues, it appears likely 
that both UVB and UVA wavebands within sun-
light cause NMSC in humans, by inducing genetic 
modifications, cellular transformation, and immu-
nosuppression. It is therefore important to protect 
from both UVB and UVA.

Induction of Immunity to Skin 
Cancer

Cell-mediated immunity in the skin begins with 
skin localized dendritic cells (DCs). Like other 
cells of the immune system, they are produced 
in the bone marrow, and from here they populate 
other organs, including the skin, as immature DCs. 
When they localize to the epidermis, they are 
called Langerhans’ cells (LCs), named after Paul 

Langerhans, who was the first to observe them 
in the epidermis. Dendritic cells that localize to 
the dermis are called dermal DCs. They usually 
sit in the skin and only cycle slowly to the drain-
ing lymph nodes. Under conditions of stress or 
damage to the skin, such as wounding or death of 
neighboring cells, or the recognition by the DCs of 
a range of different factors commonly produced by 
invading pathogens, the DCs migrate from the skin 
to draining lymph nodes (Fig. 16.3). During this 
process they differentiate into mature DCs. They 
then present any antigen they encountered in the 
skin to T lymphocytes within the draining lymph 
node, resulting in their activation. This antigen 
presentation is likely to be a complex issue, involv-
ing the recruitment of lymph node DCs to which 
antigen is passed, and interactions with multiple 
T-cell types.30,31

During this process of T-cell activation, the 
lymph node undergoes shutdown, whereby cells 
are unable to leave the lymph node but are still 
allowed to enter. This leads to an accumulation 
of T cells in this lymph node in order to increase 
the number of antigen-reactive lymphocytes at 
this location. There is then a complex interplay 
between different populations of T cells, including 
CD4 and CD8 T cells, resulting in massive clonal 
expansion and activation of antigen-specific T 
cells. These effector T cells then migrate into the 
skin, where they will attempt to destroy the tumor 
cells expressing the antigen to which they have 
been activated. Activated T cells will also migrate 
to other lymph nodes to disseminate the immune 
response throughout the body, or differentiate into 
memory lymphocytes that can react more rapidly 
to further encounters with the same antigen.32–34

Risk Factors for Nonmelanoma 
Skin Cancer

Analysis of known risk factors for NMSC further 
demonstrates the role of UVR and immune status in 
skin cancer pathogenesis. Both SCC and BCC are 
strongly associated with increasing age; however, 
SCC incidence increases more rapidly with age than 
does BCC incidence.35 The higher risk of skin can-
cer with age is contributed to by a number of factors: 
increased cumulative UVR exposure,36 an accumu-
lation of cell clones with cancer predisposing muta-
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tions, reduced DNA repair capacity, and decreased 
expression of DNA-repair proteins.37 The number 
of epidermal Langerhans’ cells38 and their capac-
ity to stimulate an immune response also decline 
with age,39 as does T-cell–mediated immunity.40 It 
is probable that decreased immunosurveillance with 
age further contributes to skin cancer development.

Fairer skin types that burn easily have also 
been established as an independent risk factor for 
skin cancer.41 In contrast, skin cancer other than 
human-papilloma–related anogenital cancer is rare 

in black-skinned individuals.42 There is some evi-
dence that UV radiation induces less immunosup-
pression in darker skin types.43

Ultraviolet radiation exposure also correlates with 
the anatomic distribution of skin cancer.44 Although 
the body site incidence rates for NMSC differ in 
magnitude between the sexes, with a higher inci-
dence in males, the distribution on the body is simi-
lar, except for the ears and scalp in females, which 
are largely spared.45 While both SCC and BCC are 
more common on sun-exposed sites, BCC does not 
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Fig. 16.3. The induction of immunity to skin tumors. The epidermis consists primarily of keratinocytes (K), with 
basal keratinocytes sitting on the basement membrane (brown line). Keratinocytes may transform into a skin tumor 
such as a squamous cell carcinoma (SCC). Langerhans’ cells (LCs) within the epidermis, or infiltrating the SCC, 
are phagocytic and they sample neighboring material, including segments of SCC (blue circle within LC). Upon 
activation, LCs, with phagocytosed antigen, migrate from the skin or tumor, to draining lymph nodes via dermal 
lymphatics. During migration they mature and present the antigen on their surface in association with major histo-
compatibility complex (MHC) I and II molecules. Antigen may also be passed to lymph node resident dendritic cells 
(DCs). These dendritic cells then interact with T lymphocytes (T), leading to their activation (Tact). Activated T cells 
then migrate to the tumor, which they attempt to kill
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demonstrate the direct  correlation with cumulative 
UV dose seen with SCC. The orbit and nasolabial 
fold where BCC is particularly prevalent receives 
only one fifth the UV exposure of other facial 
areas.45 Studies in organ transplant recipients dem-
onstrate a similar body-site distribution for NMSC; 
however, the increase in posttransplant NMSC risk 
relative to the general population is approximately 
three times greater on the scalp, neck and the upper 
limbs when compared with non–UV-exposed areas 
such as the trunk and lower limbs.46

Infection with certain high-risk mucosotropic 
types of human papilloma virus (HPV) is a major 
risk factor for cervical cancer and for skin can-
cers in epidermodysplasia verruciformis (EV), 
an autosomal recessive condition that results in 
extensive sheeted velvety warts, maximal in UV-
exposed sites, that are highly prone to malignant 
 conversion.47 Patients with EV have a defective 
cell-mediated immune response to HPV infection; 
however, the exact mechanisms involved in the 
malignant transformation of keratinocytes in skin 
lesions of patients with EV are still unclear. EV-
associated tumors contain high-risk HPV types, 
such as HPV types 5, 8, and 47, which selectively 
retain and express the E6 and E7 portions of the 
viral genome. Both E6 and E7 are multifunctional 
proteins that promote cell growth.48

The role of HPV in non–EV-associated skin can-
cer pathogenesis remains controversial. The HPV 
antibodies occur more frequently in SCC patients 
(odds ratio of 1.6) but not BCC patients when com-
pared with control subjects.49 Normal skin,  however, 
also harbors multiple different HPV subtypes, 
mostly of the low-risk subtype, particularly in hair 
bulbs and sun-exposed sites. Such HPV subtypes 
can commonly persist for many years on healthy 
skin in both immunosuppressed and immunocom-
petent populations.50 These findings correlate with 
work by Harwood et al.51 demonstrating an associa-
tion between NMSC status and EV-associated HPV 
DNA but not cutaneous HPV DNA. Recent work 
has also pointed to associations between skin cancer 
development and HPV38, which is known to pro-
mote keratinocyte immortality in vitro.52

High-Risk Populations

Skin cancers occurring in patients with HIV infec-
tion, a long history of phototherapy and in particular 

organ transplantation, offer a number of pathoge-
netic insights into the role of the immune system 
in skin carcinogenesis. Patients immunosuppressed 
by infection with HIV can develop rapidly growing 
cutaneous SCCs at a young age, with a high risk of 
local recurrence and metastasis.53 The progressive 
depletion and dysfunction of T-cells associated 
with HIV/AIDS are discussed in Chapter 21.

Psoralens combined with UVA (PUVA) photo-
therapy is both mutagenic and immunosuppressive 
and may thus act as a complete carcinogen. Recent 
work has demonstrated how activation of the plate-
let-activating factor pathway is  necessary for PUVA-
induced immune suppression.54 Long-term high-dose 
exposure to PUVA is  consistently observed to signifi-
cantly increase the risk of SCC.55 Ultraviolet B and 
narrowband UVB phototherapy are safer treatment 
modalities, although population-based studies with 
extended follow-up periods are required to defini-
tively calculate any associated NMSC risk.56,57

It is organ transplant recipients (OTRs), how-
ever, who have provided direct evidence of how 
a depressed immune system influences skin car-
cinogenesis. Skin cancers occur more frequently 
in OTRs than in the general population. The OTRs 
often develop multiple skin cancers (Fig. 16.4), 
with a higher rate of local recurrence and a 
greater propensity to invade locally and metas-
tasize. The Israel Penn International Transplant 
Tumor Registry reported the aggressive nature and 
the significant mortality associated with posttrans-
plant SCCs alone or in combination with BCCs. 
The registry demonstrated a 9% incidence of nodal 
or secondary site involvement affecting the cervix, 
perineum, or lung among transplant recipients with 
SCC.58 Transplant recipients are at a particularly 
high risk of SCC with up to a 100-fold increase in 
the relative risk when compared with age-matched 
immunocompetent individuals.46 This compares 
with a 10- to 16-fold increase in BCC for renal 
transplant recipients. The net result is a reversal 
of the usual ratio of BCC/SCC when compared 
with the nontransplanted population. A ratio of 3:1 
(SCC/BCC) has been demonstrated in Australian, 
Irish, and Scandinavian transplant populations but 
not in studies from Spain and Italy where BCC 
remained the most common skin cancer post-
transplant. This difference may reflect the effect of 
genetic background and skin type on UVR-induced 
immunosuppression.
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Immunosuppressive Drugs and Skin 
Cancer

A recent study directly calculated skin cancer risk 
relative to duration of immunosuppression for indi-
vidual renal transplant recipients compared with an 
age-matched immunocompetent population.46 The 
relative risk of NMSC, in patients older than 50, 
increased rapidly as early as 2 years posttransplant, 
peaking by year 6. For transplant recipients younger 
than 50, there was a very minor increase in the rela-
tive risk of NMSC until the sixth year of immuno-
suppression but then a rapid increase. This peaked 
from 8 to 12 years after transplant, at 200 times the 
relative skin cancer risk of a group of similar age in 
the general population.46 The majority of tumor pre-
cursor cells are detected and removed by the immune 
system. However, the observations in older transplant 
patients suggest that a percentage of the malignant 
clones are not eliminated, but held in check by a 
normal  functioning immune system and grow rapidly 
once this surveillance is lifted. This may be due to the 
normal decline in cell-mediated immunity with age, 
compounded by immunosuppressing drugs.

Restoring immunosurveillance, by reducing or 
stopping immunosuppressive therapy, has been 
shown to lower the risk of skin cancer development 
in high-risk transplant recipients and may lead to 
deceleration of cutaneous carcinogenesis in those 
with skin cancers.59 Reduction of immunosuppres-
sion has traditionally been the first-line approach in 
the management of Kaposi’s sarcoma and posttrans-
plant lymphoproliferative disorder. There is also evi-
dence to support the reduction of immunosuppression 
as part of a treatment strategy for aggressive NMSC 
with a high metastatic potential.60,61 Similarly, newer 
immunosuppressants with both antigraft rejection 
and antineoplastic properties have been developed 
and introduced in the posttransplant clinical setting. 
Work by Luan et al.62 suggested that rapamycin in 
conjunction with cyclosporine may reduce the risk 
of cyclosporine-induced posttransplant malignancy, 
possibly as a result of rapamycin-induced E-cadherin 
expression. A study at 2 years posttransplant suggests 
that malignancy rates are lower for patients receiv-
ing rapamycin-based therapy without cyclosporine 
or for patients on rapamycin maintenance therapy 
after early cyclosporine withdrawal.63

Fig. 16.4. The hands of a 72-year-renal transplant recipient. Diffuse actinic damage, multiple actinic keratoses (small 
arrows), and a large squamous cell carcinoma (large arrow) are displayed
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The mechanisms whereby immunosuppressive 
drugs promote NMSC development are still being 
elucidated. Immunosuppressive therapies result in 
a profound suppression of T-cell activation and a 
decrease in the number and function of Langerhans’ 
cells.64 This model has been extended based on 
studies demonstrating how individual immunosup-
pressive agents can also have direct carcinogenic 
effects. Hojo et al.65 identified a cell-autonomous 
and host-immunity–independent mechanism for 
cyclosporine-associated tumor progression. They 
found in mice that lack both T cells and natural 
killer cells that cyclosporine increases the number 
of metastases resulting from injection of adeno-
carcinoma cells. The increase in metastases was 
prevented by the use of monoclonal antibodies 
blocking transforming growth factor-β (TGF-β) 
receptors. This suggested that cyclosporine might 
alter cells and promote tumor progression directly 
by inducing the synthesis of TGF-β. Further stud-
ies showed tacrolimus to have a similar effect on 
tumor progression and TGF-β expression.66 A 
recent study also showed that cyclosporine causes 
local inhibition of DNA repair and UVB-induced 
apoptosis in the skin.67 Azathioprine, another com-
monly used immunosuppressive agent, causes the 
accumulation of 6-thioguanine (6-TG), the active 
metabolite of azathioprine, in the DNA of patients’ 
skin cells. O’Donovan et al.68 demonstrated that on 
exposure to UVA in sunlight, 6-TG is converted 
in an oxygen-dependent reaction into mutagenic 
guanine-6-sulfonate (G-6-SO3) and reactive oxy-
gen species. The increased reactive oxygen species 
causes oxidative stress, which indirectly leads to 
deletions and point mutations in DNA. This again 
demonstrates a further potential mechanism where 
an immunosuppressive agent, in conjunction with 
UV, can directly contribute to skin carcinogenesis. 
Whether these drugs enhance photocarcinogenesis 
solely due to their immunosuppressive effects and 
to what extent these secondary mechanisms con-
tribute remain to be established.

Mechanisms of Immunity to Skin 
Cancer

There is conclusive evidence that the immune sys-
tem is able to destroy skin cancers or at least inhibit 
their growth. Cell-mediated immunity, rather than 

humoral immunity, is the main arm of the immune 
system responsible for rejection of skin cancers.

In order for the immune response to kill NMSC, the 
tumor cells need to express an antigen capable of acti-
vating T cells. Transplantation experiments in mice 
show that UVR-induced NMSC do express antigens 
that enable the tumors to be targeted and destroyed 
by the immune system.28,69 Spontaneous regression 
is the partial, or on occasion complete, disappearance 
of a tumor in the absence of any treatment capable 
of inducing regression. Clinical longitudinal studies 
indicate that AKs frequently undergo spontaneous 
regression.70 Complete or partial regression is often 
observed in BCC both clinically and histologically. 
Curson and Weedon71 identified spontaneous partial 
regression in 20% of excised primary BCCs, while 
Hunt et al.72 reported active or prior regression in two 
thirds of nonulcerated, primary BCCs. Observations 
in humans that NMSC can spontaneously regress 
due to activation of the immune system73 implies that 
human NMSCs also express tumor rejection antigens. 
While such antigens have been well characterized in 
melanoma, and are used in immunotherapy trials in 
humans,74,75 tumor rejection antigens for NMSC have 
been poorly defined. Analysis of T-cell antigen bind-
ing receptor usage in patients with SCC and BCC 
has indicated selective T-cell receptor expression that 
is supportive of T-cell responses to a defined antigen 
in at least some patients.76,77 The SCCs also express 
some of the tumor rejection antigens that have been 
defined for melanoma.78 An SCC antigen (SCCA) 
has been described that is a member of the serpin 
superfamily; however, this antigen is not specifically 
expressed within tumor tissue79–81 and appears to 
protect the tumor cells from apoptosis.82 Therefore, 
while sufficient evidence exists that NMSCs express 
tumor rejection antigens, further work is required for 
their identification.

In vivo depletion of T-cell subsets from mice 
with a transplanted UVR-induced SCC found 
that immune rejection of the tumor was medi-
ated mainly by CD8 T lymphocytes, with minor 
involvement of CD4 T cells.83 T cells but not B 
cells or natural killer (NK) cells are found infiltrat-
ing human BCC and SCC, with a lower number 
of T cells in more aggressive tumors.84–87 It is 
therefore likely that T lymphocytes are important 
for killing NMSC in humans. The predominant T 
cell infiltrating NMSC, including SCC, BCC, and 
AK, has been found to be CD4 T cells and a large 
proportion of these express activation markers,88,89 
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markers of effector or memory lymphocytes, and 
the cutaneous lymphocyte-associated antigen that 
directs the migration of effector T cells into the 
skin.85 Comparisons of spontaneously regress-
ing human BCC with nonregressing BCC have 
found increased numbers of activated CD4 T 
cells within the regressing tumors, and these were 
adjacent to areas of apoptotic tumor cells.72,73 
Regressing human BCC also express higher lev-
els of T-helper type 1 (Th1) cytokines such as 
interferon-γ (IFN-γ), which support cell-mediated 
immunity.90 As spontaneous regression occurs 
when the immune response is able to effectively 
cause tumor destruction, it appears that CD4 T 
cells are of major importance in immune destruc-
tion of human NMSC. However, a role for CD8 T 
cells cannot be excluded.

CD4 T cells may either directly kill the tumor 
cells themselves, or may provide help to the 
CD8 T cell that causes the ultimate tumor cell 
death (Fig. 16.5). CD4 T cells are only able to 
recognize and directly kill major histocompat-
ibility complex (MHC) class II expressing tumor 
cells, while CD8 T cells recognize tumor cells 
via MHC class I antigens. MHC I is expressed 
on all cells, including tumor cells, while MHC 

II is expressed only under conditions of activa-
tion such as in the presence of IFN-γ. However, 
a central role for CD4 T cells in tumor immunity 
is recognized.91

T cells may kill the NMSC via a variety of 
mechanisms, including perforin/granzyme, Fas/FasL, 
or secretion of effector cytokines such as IFN-γ.92 
Perforin secreted by cytotoxic lymphocytes punches 
holes in the membrane of target tumor cells, enabling 
the entry of granzyme, which triggers the mitochon-
drial apoptosis pathway, leading to death of the tumor 
cell.93 Perforin expressing T cells are present within 
human BCC, suggesting that perforin-mediated T-cell 
cytotoxicity may be one mechanism by which the 
immune system controls growth of BCC.94 Fas ligand 
(CD95L) is a member of the tumor necrosis factor 
(TNF) family, and is expressed on activated T cells. 
It binds to and trimerizes surface Fas antigen (CD95) 
expressed by target tumor cells that subsequently 
undergo apoptosis.95 Mutations in the Fas gene in 
BCC and SCC have been described,96 suggesting that 
this pathway is important for NMSC development. 
About 50% of T cells infiltrating SCC express FasL, 
suggesting that they may use this mechanism to kill 
tumor cells.97 Cytokines can activate CD4 T cells 
to become cytotoxic by mechanisms such as TNF-
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Fig. 16.5. Role of CD4 T cells in antitumor immunity. Tumor cells such as squamous cell carcinoma (SCC) may 
be killed by CD4 or CD8 T cells, although CD4 T cell numbers appear crucial. CD4 T cells may secrete activating 
cytokines such as interferon-γ (IFN-γ) that induce expression of MHC II on the tumor cells. MHC II can then present 
the tumor antigen (Ag) on the surface of the SCC in a manner that enables the tumor to be recognized and killed by 
the CD4 T cell. Alternatively, the CD4 T cell may provide help, either by direct cell contact or production of activating 
cytokines, to CD8 T cells. CD8 T cells recognize tumor antigen presented by MHC I. T cells can then kill the tumor 
cells by the mechanisms described in the text (Fas/FasL, perforin/granzyme)
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related apoptosis-inducing ligand (TRAIL) expres-
sion.98 The relative importance of these mechanisms 
of immune destruction of NMSC remains to be deter-
mined. It is likely that all of them play some role.

Mast cells may also regulate immunity to NMSC, 
as it has been shown that patients with a history of 
BCC have a higher number of mast cells in sun-
protected skin than subjects without a history of 
BCC.99 Mast cells are able to regulate skin immu-
nity as they produce high levels of a large array of 
immunomodulators including the cytokines inter-
leukin-4 (IL-4) and TNF. It is possible that they 
inhibit immunity to NMSC.

Nonmelanoma Skin Cancer Evasion 
of Immunity

Despite effective immunity to NMSC, many skin 
tumors grow progressively. This is because they 
establish effective processes for evading or inhibit-
ing the immune system (Fig. 16.6).

A study of 34 patients with a previous history 
of multiple skin cancers (29 with BCC only, two 
with BCC and melanoma, and three with BCC and 
SCC) found that they had impaired cell-mediated 
immunity. This was characterized by reduced cuta-
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Fig. 16.6. Tumor evasion of the immune system. Skin tumor cells, such as squamous cell carcinoma (SCC), develop 
mechanisms to avoid destruction by the immune system. They produce cytokines such as interleukin-4 (IL-4) and IL-
10, that inhibit the function of T lymphocytes (T). They also produce transforming growth factor-β (TGF-β), which 
inhibits migration of Langerhans’ cells (LCs) from the tumor to draining lymph nodes, thereby preventing the induc-
tion of immunity to the tumor. They subvert the FasL mechanism used by T cells to kill targets. By downregulating 
expression of Fas (?), T cells are unable to engage Fas on the tumor cells with their FasL, and therefore are unable to 
induce apoptosis of the tumor cell. Additionally, skin tumor cells aberrantly express FasL, which can trigger Fas on the 
surface of T cells, leading to apoptosis of the T cells. Therefore, subversion of this T-cell killing mechanism results in 
apoptosis of the T cell rather than the tumor cell
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neous reactions to recall antigens and lymphocyte 
counts.100 This could have been due to the skin 
cancers’ inhibiting immunity, even after the skin 
cancers were removed, or to skin cancers’ being 
more prevalent in patients with a lower level of 
cell-mediated immunity. While two of the patients 
had melanoma, the majority of the skin cancer 
patients had NMSC only.

In a comparison of BCC to seborrheic kera-
tosis, a benign epidermal growth, BCC were 
found to express messenger RNA (mRNA) for 
the Th2-type cytokines IL-4, IL-5, IL-10, and 
granulocyte-macrophage colony-stimulating factor 
(GM-CSF). This cytokine pattern usually inhibits 
Th1, or cell-mediated immunity.101 Another study 
also found increased expression of IL-4 and IL-10 
in BCC and SCC compared to peripheral blood 
mononuclear cells. Interleukin-10 was found to be 
produced by the tumor cells, not by the infiltrating 
lymphocytes.102 Therefore, production of IL-10 
by the tumor cells may inhibit T-cell immunity to 
NMSC, thereby contributing to tumor cell evasion 
of immunity.

Another mechanism by which NMSC escapes the 
immune system is by expression of FasL (CD95L) 
and downregulation of Fas antigen (CD95). Most 
cells in the body express Fas antigen. When FasL 
(usually on the surface of T lymphocytes) engages 
Fas on the surface of target cells, the Fas antigen 
expressing target cell dies by apoptosis. As dis-
cussed earlier in this chapter, this is a mechanism 
used by T cells to kill their target cell. However, 
in contrast to normal keratinocytes and most other 
types of normal cells, BCCs express FasL but 
fail to express Fas antigen. This not only makes 
BCC refractory to T-cell–mediated killing via this 
mechanism but also enables the BCC cells to kill 
infiltrating T cells. BCC expression of FasL is 
associated with apoptotic T cells.103 Using double-
label immunohistochemistry to differentiate Fas 
and FasL expression on tumor cells from T cells 
infiltrating AK and SCC, it was found that FasL 
was expressed in nine of 18 SCCs, compared with 
only one of 20 AKs. The expression of Fas was 
lower on SCC tumor cells compared with AK.97 
Progressor SCCs that evade immune destruction, 
but not regressor SCCs that are immunologically 
destroyed, express high levels of FasL.104 This 
shows that SCC and AK tumor cells evade immune 
destruction by reducing Fas antigen and express-

ing FasL, making the tumor cells insensitive to 
T-cell killing, and giving them the ability to attack 
infiltrating T cells. This subversion of the Fas/
FasL mechanism of T-cell–mediated cytotoxicity 
becomes more accentuated as AKs develop into 
SCC.

Dendritic cells within skin tumors are also defec-
tive. The DCs infiltrating BCC have a reduced 
expression of the co-stimulatory molecules CD80 
and CD86 that are important for stimulation of 
T cells and display defective ability to activate 
T cells.105 While DCs appear to be the major 
phagocytic cell in regressor tumors that do not 
escape immune destruction, macrophages express-
ing high levels of MHC II are the major phagocyte 
in progressor SCCs.106 Thus a change in the main 
antigen-presenting cell from a DC to a macro-
phage may also be a mechanism by which NMSC 
evade immune destruction. The SCCs also inter-
fere with DC migration from the tumor to local 
lymph nodes, thereby inhibiting the activation of 
antitumor immunity. Transforming growth factor-β 
(TGF-β) inhibits DC migration from progress-
ing, but not regressing SCC, to draining lymph 
nodes.107,108 Thus production of TGF-β by SCCs 
inhibits DC migration to draining lymph nodes, 
preventing the induction of immunity and therefore 
tumor regression.

Protection from Skin Cancer 
and Immunosuppression

The most effective way to prevent skin cancer is to 
avoid sun exposure by the use of clothing, a hat, 
and sunglasses, and by staying in the shade. This 
is not always practical due to work or recreational 
activities, and therefore additional procedures 
for sun protection are required. However, a small 
level of sun exposure is likely to be beneficial. 
Ultraviolet exposure is involved in the produc-
tion of vitamin D, which is crucial for bone and 
muscle function, and it has been recommended 
that humans receive about one third of the MED 
of UV to about 15% of their body surface on 
most days.109 It is a difficult issue to determine a 
beneficial level of sun exposure before the dam-
age outweighs the health benefits. Even these low 
levels of sun exposure recommended for vitamin 
D production can damage the immune system. 
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Vitamin D has also been shown to reduce the lev-
els of UVR-induced damage to DNA, probably by 
enhancing DNA repair,110,111 and epidemiologic 
data have indicated that sunlight may be beneficial 
for some cancers, including melanoma survival, 
possibly via a vitamin D–related mechanism.112 
Therefore, UV-induced vitamin D is likely to be 
photoprotective.

Sunscreens containing chemical filters or reflec-
tors to reduce the amount of UVR available to 
cause damage to the skin are widely used to pre-
vent sunburn. There is evidence that sunscreen 
use for 4.5 years reduces the incidence of SCC but 
not BCC.113 Sunburn is largely caused by UVB,114 
while, as discussed above, UVR-induced immuno-
suppression and gene mutations can be caused by 
both UVB and UVA. Therefore, it would not be 
expected that sunscreens designed to protect from 
sunburn would show the same efficacy in prevent-
ing skin carcinogenesis. It has been shown that 
the ability of a sunscreen to prevent immunosup-
pression in humans is related to the UVA protec-
tive capacity of the sunscreen,115 and a number of 
studies have confirmed that sunscreens with a high 
level of UVA protection are required to provide 
substantial immunoprotection to humans.24,116–120 
This is consistent with studies described earlier in 
this chapter showing that UVA is immunosuppres-
sive, and indicates the importance of UVA protec-
tion for preventing sunlight-induced skin damage.

Melanin can protect from skin cancer, and 
studies using congenic mice that differ only in 
their capacity to produce melanin in response to 
UVR exposure have shown that sunlight-induced 
tanning reduces skin carcinogenesis.121 However, 
the UVR exposure required for tanning is damag-
ing. Synthetic melanotrophins have been shown 
to induce tanning in humans in the absence of 
sun exposure, and this increased melanin density 
reduces DNA damage resulting from UVR expo-
sure.122 DNA oligonucleotides have also been 
found to increase both melanization and DNA 
repair, thereby reducing UVR-induced DNA dam-
age.123 Therefore, melanin can be photoprotec-
tive in humans, and if melanin induction can be 
induced safely by practical means in humans, this 
may help reduce the incidence of skin cancer in 
the future.

Other strategies that interfere with the bio-
logic processes of sun damage can also reduce 

skin cancer formation and prevent UVR-induced 
immunosuppression. Topical application of the 
enzyme T4 endonuclease V encapsulated in lipo-
somes protects the immune system of mice and 
humans from UVR.124,125 This enzyme initiates 
repair of the UVR-induced photolesion cyclobu-
tane pyrimidine dimers, and has been shown to 
reduce the incidence of new skin cancer forma-
tion in patients with xeroderma pigmentosum.126 
Therefore, topical agents that enhance DNA repair 
can be photoprotective. Topical antioxidants can 
also reduce immunosuppression and skin carcino-
genesis.127–129 A number of botanically derived 
products have also been shown to be photopro-
tective to the immune system in humans, such 
as topical isoflavonoids,130 polysaccharides from 
tamarind,131 and green tea extracts.132 Another 
potential means of protecting from skin cancer is 
photoadaption, whereby skin protective mecha-
nisms are upregulated so that subsequent UVR 
exposure is less damaging.133

Treatment of Nonmelanoma 
Skin Cancer

Surgical and Ablative Therapies

Guidelines for the treatment of NMSC identify 
the goal of treatment as complete (preferably his-
tologically confirmed) removal or destruction of 
the primary tumor while recognizing the paucity 
of randomized controlled trials for all treatments 
of both primary cutaneous SCC and BCC.3,134 
The BCCs can be divided into relatively low- and 
high-risk categories based on histologic growth 
patterns and to a lesser extent on histologic dif-
ferentiation. Similarly, malignant behavior var-
ies significantly in tumors that fall within the 
histologic diagnostic category of primary cuta-
neous SCC. Choosing the best treatment for an 
individual patient requires a thorough assessment 
of both tumor and patient, and discussion of the 
different treatment modalities available with all 
concerned.

Where feasible, surgical excision, including 
Mohs’ micrographic surgery (MMS) where appro-
priate, should be regarded as the treatment of first 
choice for cutaneous SCC and high-risk BCC, 
particularly at difficult sites.134 Mohs’ micrographic 
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surgery is a surgical technique that allows precise 
definition of marginal clearance by examining 
horizontal frozen sections of the excised tissue. Not 
all BCCs require treatment; aggressive treatment 
might be inappropriate for patients of advanced age 
or poor general health, especially for asymptomatic 
low-risk lesions that are unlikely to cause signifi-
cant morbidity. The use of curettage and cautery/
electrodesiccation, cryotherapy, and nonsurgical 
techniques require the careful selection of low-risk 
lesions (small, well-defined primary lesions with 
nonaggressive histology) in order to achieve high 
cure rates.135 Curettage and cautery involve the 
shave excision of the superficial component of a 
tumor with destruction of the base, while cryo-
therapy induces tissue necrosis, which results from 
the freezing and thawing of cells. Such approaches 
do not necessarily provide histologic characteriza-
tion of the tumor or enable histologic examination 
of margins of excised tissue. The outcome of such 
techniques also in part depends on the experience 
of the physician and the compliance of the patient.

Radiotherapy has been used to treat both BCC 
and SCC, especially in difficult head and neck sites 
and for elderly patients with large tumors. Again, 
the absence of histologic confirmation of adequacy 
of treatment and poor cosmetic outcomes has 
resulted in a decline in radiotherapy for NMSC.

Immune-Mediated Therapies

Other options for treating both BCC and SCC 
include therapies aimed at upregulating the host 
immune response to the developing skin cancer. 
Immune-mediated regression of NMSC can occur 
spontaneously or as part of the wound-healing 
process following a partial biopsy of the lesion.136 
Similarly, induction of contact dermatitis with 
topical sensitizing agents was shown some dec-
ades ago to cause regression of established skin 
cancers.137 This concept of harnessing the body’s 
innate immune response to target and destroy 
skin cancers is the basis of a number of different 
licensed and investigational approaches to immu-
notherapy.

Interferon

Interferon (IFN)-α-2b is used as adjuvant high-
dose therapy for the treatment of patients with 

thick melanomas metastasizing to lymph nodes and 
as systemic therapy for AIDS-associated Kaposi’s 
sarcoma. The ability of IFN-α to represses the 
clinical tumorigenic phenotype in certain malig-
nancies is an example of how focal cytokine 
production can enable activation of tumor-infiltrat-
ing lymphocytes, which in turn can set in place a 
cascade of events leading to tumor regression.138 
Intralesional injections of IFN-α-2b, while expen-
sive and time-consuming, have been investigated 
in the treatment of nodular or superficial BCC, the 
largest series demonstrating an 81% clearance rate 
with a 19% recurrence rate at 1 year.139 A marked 
increase in dermal CD4 T cells surrounding BCC 
nests has been observed after intralesional IFN-
α therapy.140 Buechner et al.141 postulated that 
this subset of T cells expresses cytolytic activity 
against tumor cells, by inducing apoptosis. They 
demonstrated that apoptosis induced by Fas-FasL 
interaction is the major mechanism of tumor cell 
death in regressing BCC after intralesional IFN-α 
treatment.

Photodynamic Therapy

Photodynamic therapy (PDT) involves applying 
a photosensitizer (a porphyrin chemical) to a tar-
get region prior to activation with a visible light 
source. The preferential absorbance of photosensi-
tizer by hyperproliferative tissue allows for targeted 
treatment of NMSC while minimizing damage to 
surrounding healthy skin. Photodynamic therapy 
is effective in the treatment of AK, Bowen’s dis-
ease, and superficial BCC. Nonsuperficial BCC 
and SCC are intuitively not treated with PDT due 
to limited depth of penetration of the photosen-
sitizer. Interestingly, two reports have indicated 
that responses to aminolevulinic acid–PDT treat-
ment are less effective in immunocompromised 
populations when compared with immunocompe-
tent individuals.142,143 This correlates with a new 
broader understanding of how PDT impacts on 
tumorigenesis. In addition to causing a shutdown 
of the microcirculation to the tumor and a direct 
killing of tumor cells by apoptosis and necrosis, 
PDT also induces a rapid inflammatory response 
with cytokine-induced migration of neutrophils 
into the treated tumor.144 This induction of host 
responses is an important contributor to short- and 
long-term suppression of tumor growth.145 There is 
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also murine evidence that PDT enhances the host 
antitumor immune response and generates tumor-
specific vaccines, which in turn induce a cytotoxic 
T-cell response.146

Topical Therapies and Immune-Response 
Modifiers

Increasingly, topical therapies are being used, in 
carefully selected patients and carefully selected 
skin cancers, prior to or in place of definitive sur-
gical procedures. Meta-analysis demonstrates that 
topical therapies such as imiquimod and 5-fluor-
ouracil effectively treat actinic keratosis.147 While 
long-term follow-up and randomized controlled 
trials are lacking, efficacy has also been shown for 
superficial BCCs.148,149 A number of small case 
series also report successful use of 5% imiquimod 
in the treatment of in-situ and invasive SCC.150,151 
Imiquimod is a topical immune response modifier 
that binds to Toll-like receptor-7 and -8 predomi-
nately expressed on DC and monocytes, inducing 
IFN-α. Its use is associated with activity of both 
the adaptive and the innate immune response and 
the induction of apoptosis. Imiquimod induces an 
early influx of DC and CD4 T cells into the tumor, 
followed by a later wave of CD8 T cells after the 
tumor has been destroyed, suggesting that it acti-
vates similar cell-mediated immune responses as 
those responsible for spontaneous regression.152 
This modulation of immune response by imiqui-
mod is also in part mediated by enhanced migra-
tion of LCs from the treated skin to draining lymph 
nodes,153 which may enhance the activation of cell- 
mediated immunity.

Future Strategies

Work continues on potential future immunologic 
strategies to fight NMSC. In DC-based immu-
notherapy, tumor antigens are presented by DCs 
harvested from a patient. The activated DCs are 
placed back into the patient, which activates a 
cytotoxic response targeted against these antigens 
on cancerous cells. Studies to date have failed to 
show an effective antitumor response in murine 
cutaneous SCC.154 Another theoretical approach to 
harnessing the immune system to fight skin can-
cers is T-cell–based adoptive immunotherapy. This 

involves the in vitro expansion of tumor infiltrat-
ing lymphocytes, which are then transferred back 
into the patient in conjunction with exogenous 
administration of IL-2. A recent study has also 
demonstrated how DNAzymes (synthetic nucleic 
acid–based drugs that can be engineered to target 
and cleave mRNA) can block c-Jun protein expres-
sion in SCC cells, thereby inhibiting SCC tumor 
growth and tumor angiogenesis.155

Conclusion

Nonmelanoma skin cancers are a group of skin 
cancers mainly derived from malignantly trans-
formed keratinocytes, although Merkel cell and 
endothelial cell tumors are also classified in this 
group. Keratinocyte-derived NMSCs are catego-
rized as SCC or BCC based on their clinical diag-
nosis and histopathology. Actinic keratosis and 
Bowen’s disease (SCC in situ) can develop into 
the more aggressive and malignant SCC with the 
potential to invade and metastasize. Basal cell car-
cinoma is rarely metastatic. The major risk factor 
for NMSC is cumulative exposure to sunlight, and 
the risk increases with age and is higher in people 
with fairer skin. Human papilloma virus may also 
be a risk factor; however, this is less well estab-
lished. Immunosuppression, including psoralens 
combined with UVA and pharmacologic immuno-
suppression to inhibit transplant rejection, greatly 
increases the risk of NMSC, in particular SCC.

The immune response is a crucial factor in 
NMSC development and plays an important role 
in both its induction and its development. The 
immune system is able to inhibit the outgrowth of 
new tumors in humans, and UVR-induced immu-
nosuppression and pharmacologically induced 
immunosuppression greatly increases the inci-
dence of skin cancer. The immune system also 
controls development of skin tumors, as immuno-
suppressed patients tend to develop more aggres-
sive skin tumors, while reducing or stopping 
immunosuppression can reduce skin cancer risk. 
Further evidence for a role of the immune system 
in controlling growth of a developed NMSC is 
spontaneous regression. In the absence of causa-
tive therapy it is common for NMSC to undergo 
partial regression. Complete regression can also 
occur, although not so frequently. This is due to the 
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immune system gaining control over tumor growth 
so that it is able to destroy cancer cells faster than 
they can grow. Therefore, there is clinical evidence 
that the immune system is involved in restraining 
skin cancers at all stages of their development: 
initial outgrowth, progression toward malignancy, 
and growth once established.

How the immune response recognizes and kills 
NMSC cells is not known. This area of knowledge 
is much more advanced for melanoma than for 
NMSC, and considerably more research attention 
is required. The tumor rejection antigens that ena-
ble the immune system to kill the tumor cells are 
not defined. Evidence based on cytokine patterns 
and cell types infiltrating skin tumors indicates 
that cell-mediated immunity, rather than humoral 
immunity, is responsible for destruction of NMSC. 
Investigations of spontaneously regressing NMSC, 
as well as other studies, highlight the importance of 
CD4 T cells in immunity to NMSC. CD4 T cells 
can be directly cytotoxic, but only for MHC class 
II–positive tumor cells. Therefore, it is unclear 
whether they are directly responsible for tumor cell 
destruction or whether they provide help to CD8 
T cells, which then kill the tumor cells. A variety 
of mechanisms could be involved in T-cell killing 
of NMSC, including FasL, perforin, granzyme, or 
cytokines that switch on cytotoxic mechanisms 
such as TRAIL or induce MHC class II expression, 
enabling CD4 T cells to kill the tumors. However, 
NMSCs develop strategies to avoid killing by the 
immune system, including inhibition of DC migra-
tion from the tumor to inhibit the activation of 
immunity in draining lymph nodes, production of 
IL-10 to inhibit cell mediated immunity, and tumor 
cell expression of FasL so that the tumor cells can 
kill tumor-infiltrating T cells. The tumor rejec-
tion antigen, mechanisms of killing, and immune 
evasion probably have a dynamic relationship 
whereby as the immune system is able to cause 
regression by one mechanism, the tumor evolves 
ways of evading that particular mechanism, or 
loses expression of that antigen.

Efficacy of treatment and low recurrence rates 
remain the primary determinants when treating 
NMSC. In this regard, surgical excision remains 
the most common therapy for NMSC. Due con-
sideration must also be given to cosmetic outcome 
and patient preference. There is an emerging trend 
for less invasive interventions such as photody-

namic therapy and topical immune-response modi-
fiers such as imiquimod in the treatment of AK, 
Bowen’s disease, and superficial BCC. While such 
treatments are attractive to patients, comparative 
studies with other treatment modalities and further 
long-term follow-up studies are required.

Ultraviolet radiation from sunlight is the major 
cause of NMSC. In humans, both the UVA and 
UVB wavebands cause immunosuppression and 
gene mutations, and therefore both UVA and 
UVB are likely to contribute to induction and 
development of NMSC in humans. The best way 
to prevent skin cancer is to avoid sun exposure. 
However, this is not possible, as humans can-
not function without sun exposure for work or 
recreation, and sunlight is also required for the 
formation of vitamin D, which has essential 
health benefits. It is a difficult and unresolved 
health issue to determine a level of sun exposure 
that is optimal for human health while avoiding 
the damaging events that lead to skin cancer. This 
is particularly difficult as immunosuppression 
occurs in response to low levels of sunlight expo-
sure. Therefore, protective measures that prevent 
immunosuppression but not vitamin D production 
need to be developed. Protective measures could 
include artificial melanization in the absence 
of UVR exposure, and the use of antioxidants, 
botanicals, or photoadaption. While all of these 
have been shown to protect the immune system 
from sunlight, it is not known whether they spare 
vitamin D production.

Nonmelanoma skin cancer is a considerable 
medical health problem. Research into the causes 
and mechanisms underling the immunology and 
genetics of this disease will enable the develop-
ment of more effective preventative and therapeutic 
strategies.
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Key Points

• Human regulatory T cells (Tregs) play an important 
role in suppressing antitumor immune responses.

• Melanoma-derived factors may convert dendritic 
cells into tolerance-inducing, antigen-presenting 
cells.

• Adhesion molecules such as integrins, cad-
herins, and intercellular adhesion molecule 1 
(ICAM-1) have been implicated in progression of 
melanoma.

• Melanoma cells produce a variety of cytokines 
that allow tumor progression.

• Surgery, chemotherapy, and immunotherapy 
(e.g., interferon-α and interleukin-2) are used in 
the treatment of melanoma.

• A variety of vaccines are being studied for ther-
apy of melanoma.

Cutaneous malignant melanoma originates from 
melanocytes, the neural crest–derived pigment cells 
residing in the basal layer of the epidermis. The 
transition of melanocytes into neoplastic melanoma 
cells that initially grow in the skin and later metas-
tasize to distant sites involves complex host–tumor 
cell interactions. Our understanding of these inter-
actions has progressed rapidly in recent decades. 
However, translating these basic science develop-
ments into effective clinical advancements for the 
treatment of melanoma has proved more difficult. 
Melanoma remains an important health issue, 
with an estimated 59,940 new cases of malignant 
melanoma diagnosed in 2007, making it the fifth 
most common cancer in both women and men.1

Our current understanding of melanoma devel-
opment involves a stepwise progression through 

stages of growth, including atypia, radial growth, 
vertical growth, and the development of metas-
tases2 (Fig. 17.1). This model corresponds to the 
American Joint Commission on Cancer (AJCC) 
staging classification of melanoma that catego-
rizes primary cutaneous melanoma as stage I or 
stage II disease, lymph node metastases as stage 
III disease, and distant metastases as stage IV 
disease.3 Standard treatment modalities including 
chemotherapy have been utilized for the treatment 
of metastatic melanoma, with overall disappoint-
ing results.4 As a result, the need to discover new 
effective treatment modalities for melanoma has 
become a pressing issue. Insights into our under-
standing of the host immune response to malignant 
melanoma continue to stimulate the development 
of new approaches to melanoma therapy.

Melanoma Immunology

It is widely accepted that melanoma cells are 
capable of triggering host immunologic responses, 
and melanoma has long been a model for immu-
nogenic tumors. Depigmentation and regression of 
primary melanomas provides supporting evidence 
that host immune surveillance to this tumor can 
occur.5,6 Additionally, systemic immune suppres-
sion is associated with increased rates and more 
aggressive behavior of malignant melanoma, in 
particular in patients with HIV disease.7–9 Finally, 
different types of immune cells have been noted 
infiltrating tumor sites in malignant melanoma, 
and increased numbers of immune cells have been 
associated with an improved prognosis, even in 
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more advanced disease.10 As a result, understand-
ing and then modulating the immune system for 
the treatment of malignant melanoma has been 
an active area of research for many years. To date 
these studies have yielded mixed results.

Because different components of the immune 
system are activated in response to melanoma cells, 
basic investigations of these immune responses are 
critical to the development of immune-based thera-
peutic approaches to melanoma. Numerous studies 
have shown that T lymphocytes play a major role 
in melanoma immunology and immunotherapy. 
T cells have been observed to accumulate in 
melanoma lesions and specifically lyse autologous 
tumor cells in vitro as well as causing tumor regres-
sion when transferred in vivo in 30% of melanoma 
patients.11 Cytotoxic T cells (principally CD8+ 
cells) respond primarily to target cells with spe-
cific antigens associated with major histocompat-
ibility complex (MHC) class I proteins. Activation 
of the cytotoxic T cells results in destruction of 
target cells that have altered MHC class I antigen 
expression. Helper T cells (CD4+ cells) respond 
primarily to self MHC class II proteins and the 
associated antigen on antigen-presenting cells. 
Activated CD8+ cytotoxic T lymphocytes and 
CD4+ T helper lymphocytes produce a variety of 
cytokines that function to amplify and modify the 
immune response to the growing tumor.12,13 The 
role of B cells and humoral immunologic responses 

to melanoma cells remains to be defined. Natural 
killer cells also appear to play a role in melanoma 
immune surveillance and destruction of neoplastic 
cells with reduced MHC expression.14,15

T-cell–mediated immunity to melanoma can 
be seen in early tumors, but also in late-stage 
metastatic disease. Techniques such as vaccina-
tion with tumor cells and tumor antigens can 
increase the T-cell–mediated immune response 
against melanoma tumor cells. However, like many 
types of tumors, melanoma cells have mechanisms 
to avoid host immune surveillance and defense, as 
demonstrated by the fact that brisk immune activa-
tion in clinical trials is rarely reflected in successful 
clinical responses.16 Tumor cells evade the immune 
response by a number of mechanisms including 
antigen loss, downregulation of MHC expression, 
and reduction of the T-helper-1 (Th1) arm of the 
immune response.17 In addition, a subpopulation 
of human regulatory T cells (Tregs), characterized 
as CD4+CD25+ T cells, has recently been described 
that function to suppress self-reactive T cells.18 
There is evidence that Tregs play an important 
role in suppressing antitumor immune responses, 
including those observed in animal models of 
melanoma.19 Patients with metastatic melanoma 
have increased numbers of these CD4+CD25+ 
T cells that may influence responses to various 
immune modulating therapies.20

Dendritic cells also participate in the host 
immune response to melanoma. Dendritic cells are 
bone marrow–derived leukocytes that are potent 
antigen-presenting cells and play a critical role in 
initiation of T-cell immune responses.21 Dendritic 
cells express high levels of both MHC class I and 
class II molecules as well as T-cell co-stimulatory 
molecules [i.e., CD40, CD80 (B7-1), CD86 (B7-
2)].22 Dendritic cells are capable of secreting a 
variety of cytokines, such as interleukin-1 (IL-1) 
and IL-12, which serve as accessory factors for T-
cell activation. Activated dendritic cells are mobile, 
monocyte-derived cells that travel to lymphoid 
organs to present foreign or tumor cell antigens 
to specific populations of T cells, which results in 
the activation of antigen-specific effector T cells.23 
Even though it has been documented that dendritic 
cells infiltrate melanomas, their specific role in 
host immune responses to melanoma needs to be 
defined.24 Previous studies have suggested that 
melanoma-derived factors may convert  dendritic 

Fig. 17.1. Cutaneous melanoma. The clinical appearance 
of this cutaneous melanoma on the sole of a foot exhibits 
both radial growth (dark brown pigmentation) and vertical 
growth (amelanotic nodule) of neoplastic cells
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cells from potent immune response inducers into 
tolerance-inducing antigen-presenting cells,21 
which may be problematic in the development of 
dendritic cell melanoma immunotherapies.

Adhesion Molecules

A number of distinct cellular adhesion molecules 
and cytokines have been implicated in the local 
growth and metastatic progression of melanoma 
cells. Tumor progression and the development 
of metastatic disease are often associated with 
loss of normal cellular controls. The alteration of 
tumor cellular adhesion molecule expression and 
function allows neoplastic cells to separate from 
the primary tumor mass to establish metastatic 
lesions. With separation of the metastatic cells 
from the primary tumor mass, neoplastic cells are 
free of local cell contact inhibitory mechanisms. 
Altered expression of adhesion molecules in neo-
plastic cells can improve their ability to adhere 
to vascular endothelium, facilitating metastases 
to distant sites. Many different tumor-associated 
cell adhesion molecules have been implicated in 
the progression of melanoma from radial growth, 
to vertical growth, to metastases. These key adhe-
sion molecules include integrins, cadherins and 
immunoglobulins such as intercellular adhesion 
molecule 1 (ICAM-1).25 In vitro and in vivo studies 
have shown that melanoma cells alter their cell sur-
face adhesion molecules as they progress through 
different stages of growth, and that expression of 
certain cell surface molecules by melanoma can 
yield prognostic information.25,26

One example of a cell adhesion molecule asso-
ciated with melanoma pathogenesis is MUC18/
MCAM/CD146, a cell surface glycoprotein that 
mediates adhesion to different cell types. MUC18 
is expressed on both vascular endothelia and acti-
vated T lymphocytes, facilitating the extravasation 
or homing of activated T cells.27,28 The expres-
sion of MUC18 on melanoma cells is associated 
with tumor progression and increased metastatic 
potential in both humans and mice.29,30 The level 
of expression of MUC18 on primary melanoma 
tumors increases as tumors increase in thickness 
and develop metastatic potential.29,31 Indeed, the 
ability of human melanoma cell lines to form 
metastases in mice has been correlated with the 

level of expression of MUC18.32 In light of these 
findings, a human monoclonal antibody against 
MUC18, ABX-MA1, has demonstrated therapeutic 
promise in mouse models of melanoma.33

Cytokines

Melanoma cells are capable of producing a variety 
of cytokines, which not only can modulate the 
growth of melanoma cells, but also may either 
promote or inhibit the host antitumor inflammatory 
and immune response.34 These melanoma-derived 
cytokines have different biologic activities and can 
act as autocrine growth factors, growth inhibitors, 
growth promoters, or immunosuppressive factors. 
Some of these cytokines allow the melanoma 
cells to grow independently of exogenous growth 
 factors.

Basic fibroblast growth factor (bFGF), IL-6, and 
chemokines such as IL-8 are capable of acting as 
melanoma autocrine growth factors. Basic FGF is 
expressed by melanoma cells, but not by melano-
cytes and appears to provide a growth advantage to 
tumor cells.35,36 Some melanoma cell lines produce 
IL-6, which is a major immune and inflammatory 
mediator that appears to have conflicting roles in 
regulating melanoma growth and progression.37–39 
Previous studies indicate that IL-6 may be both a 
growth inhibitor and an autocrine growth stimulant 
for melanoma cells depending on the stage of tumor 
progression.40 In vitro studies also demonstrate the 
ability of IL-8 to function as an autocrine growth 
factor for melanoma cells.41 A positive correlation 
between melanoma IL-8 production and tumor 
thickness in primary cutaneous melanoma has been 
reported.42 Additionally, IL-8 production has been 
reported to correlate with melanoma metastatic 
potential in nude mice43 and with the induction of 
migration by melanoma cells.

Tumor-derived transforming growth factor-β 
(TGF-β) and colony-stimulating factors (CSFs) 
may also modulate the growth and progression 
of melanoma. The TGF-βs are potent regulators 
of the immune response, cellular proliferation, 
differentiation, and extracellular matrix synthe-
sis and deposition.44 The proliferation of most 
melanoma cell lines is inhibited by TGF-β.35,45 
However, some melanoma cell lines established 
from metastatic tumors have been shown to 
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become resistant to the growth inhibitory effects 
of TGF-β, and this cytokine may even act as a 
growth stimulator in certain of these advanced 
melanoma cell lines.46 Since TGF-β has potent 
immunosuppressive activities, the production of 
this cytokine by melanoma cells may inhibit 
the host immune responses to this neoplasm. 
Some melanoma cells are capable of producing 
a number of CSFs including granulocyte colony-
stimulating factor (G-CSF), granulocyte-macro-
phage colony-stimulating factor (GM-CSF), stem 
cell factor/mast cell growth factor, and monocyte 
colony-stimulating factor.38,47 Host antimelanoma 
effects have been most clearly demonstrated with 
GM-CSF. Studies have shown that GM-CSF pro-
duced by melanoma cells can induce monocyte 
TNF-α production that could contribute to host 
antitumor responses.48 GM-CSF gene transfection 

into melanoma cells results in significant inhibi-
tion of melanoma progression by activating host 
immune responses49,50 (Fig. 17.2). In human path-
ologic specimens, it has also been reported that 
melanoma tumor thickness inversely correlates 
with GM-CSF melanoma cell production, sug-
gesting that GM-CSF may have an antimelanoma 
role in early primary lesions.42

Interleukin-10 (IL-10), which has a number of 
immunosuppressive properties, is another cytokine 
produced by some melanoma cells. Other stud-
ies have also demonstrated that in some circum-
stances, IL-10 appears to act as a growth factor for 
melanoma cells in vitro and can downregulate the 
expression of human leukocyte antigen I (HLA-
I), HLA-II, as well as ICAM-I.51 Patients with 
advanced metastatic melanoma have been found 
to have elevated serum IL-10 levels, which are 

Fig. 17.2. Granulocyte-macrophage colony-stimulating factor (GM-CSF) facilitates dendritic cell infiltration in 
pulmonary melanoma metastases in a preclinical model. Experimental murine melanoma metastases were generated 
in immunocompetent mice using murine melanoma cells that did not produce GM-CSF (A) or that were transfected 
with the murine GM-CSF gene to produce significant amounts of GM-CSF (B). Lung tissue at the study end point 
was stained with a monoclonal antimurine dendritic cell antibody. Without GM-CSF, dendritic cells are localized 
only at the periphery of the melanoma nodules (A). In contrast, there are large numbers of dendritic cells within the 
GM-CSF–producing melanoma nodule (B), suggesting a potential mechanism for the antimelanoma effect of GM-
CSF observed in this preclinical model system
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rarely observed in healthy patients.52 Thus, IL-10 
predominantly has immunosuppressive activities, 
but in some cases may activate certain immune 
responses.53

Melanoma-Associated Antigens

A number of antigens located on the cell surface 
of melanomas have been referred to as melanoma-
associated antigens (MAAs). These antigens can 
be divided into two major categories: HLA-associ-
ated antigens that are recognized by T cells, and 
cell surface antigens such as gangliosides that do 
not directly activate T cells.17,54 Unlike ganglio-
sides, melanoma associated antigens recognized 
by T cells are derived from proteins that do not 
normally reside on the surface of normal cells and 
thus can evoke an immune response in association 
with particular MHC molecules on the cell surface. 
These peptide-based antigens can be grouped into 
three different categories: antigens expressed only 
on cells of melanocytic lineage (e.g., tyrosinase, 
TRP-1, TRP-2, Melan-A/MART-1, and gp100), 
antigens expressed in different kinds of tumor 
cells but not in normal adult tissues outside of the 
gonads (e.g., MAGE, BAGE, GAGE, NY-ESO-1, 
and PRAME), and unique antigens found only on 
some tumor cells.17 Interest in MAAs focuses on 
potential immunotherapies for melanoma, particu-
larly vaccine therapy.

Cytotoxic T-cell clones that have been identified 
and expanded from melanoma patients may recog-
nize specific antigens expressed on both melanoma 
cells and normal melanocytes.55 Melanoma-associ-
ated cytotoxic T-cell antigens include tyrosinase, 
tyrosinase-related protein 2, tyrosinase-related 
protein 1/gp75, silver/gp100 protein, Melan-A/
MART-1, and the Lerk proteins (lerk-1/protein 
B61 and Lerk-5/Eplg5/Elf2/HTK-L). Tyrosinase is 
an enzyme that converts tyrosine into dihydroxy-
phenylalanine (DOPA), the precursor of melanin. 
The gene that codes for tyrosinase is found in all 
melanoma cells as well as normal melanocytes, 
but is not expressed in other cell types. The sil-
ver/gp100 protein (also referred to as Pmel56) is 
a melanosomal matrix protein that acts as a solid-
phase substrate for the accumulation of melanin.57 
The gp100 peptide is a melanocyte differentiation 
antigen that is recognized by HLA-A2 restricted 

T lymphocytes.58 Another gene that is expressed 
only in cells of melanocytic origin is Melan-A.59 
The antigen encoded by Melan-A is called MART-
1 and is found only on normal melanocytes, 
melanoma cells, and retinal cells.60 MART-1 is 
presented by HLA-A2 and is capable of causing a 
strong T-cell immune response.61

Antigens that are expressed almost exclusively 
on tumor cells and extensively on melanoma cells 
include products of the MAGE gene family. MAGE 
genes are all located on the long arm of the X chro-
mosome and are only found on the testis in normal 
adult tissue. The MAGE proteins are commonly 
expressed on melanoma cells and less frequently 
on the surface of other tumor cells. The genes 
MAGE-1, −2, −3, −4, −6, and −12 are expressed 
in different tumors such as breast carcinomas, non–
small-cell lung carcinomas, head and neck tumors, 
sarcomas, and ovarian carcinomas.62–65 The prod-
ucts of MAGE-1 and MAGE-3 have been found to 
produce proteins that bind the different MHC class 
I molecules expressed on melanoma tumor cells. 
Products of MAGE-1 have been reported to be 
expressed on 48% of metastatic melanomas, while 
products of MAGE-3 are expressed in >90% of 
metastatic melanomas.66,67 Even though some pro-
teins produced from MAGE genes have been char-
acterized and found to be expressed on the surface 
of certain tumor cells, their function is unknown.

Melanoma Gangliosides

Melanoma cells also express a number of ganglio-
sides on their cell surfaces. Gangliosides are gly-
colipids that are characteristically found in neural 
crest–derived tissues.12 Gangliosides regulate cell 
growth by altering growth factor signals and are 
involved in cell adhesion and cell matrix interac-
tions.68 The monosialoganglioside GM3 makes up 
90% of the gangliosides found on normal melano-
cyte cell surfaces, while the disialoganglioside 
GD3 comprises only 5%.68 It has been shown 
that quantitative and qualitative changes occur in 
the expression of gangliosides during oncogenic 
transformation.69 The predominant gangliosides 
in melanoma are GM3 and GD3. GM3 is found 
on virtually all melanoma cells. GD3 is found 
on few normal melanocytes and at lower levels 
than melanoma cells. The minor gangliosides are 
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expressed on most melanoma cells but less often in 
normal tissues. These minor gangliosides include 
GM2, GD2, GT3, and 9-O-Ac-GD3.70 Melanoma 
gangliosides are therefore a possible target for 
immunotherapy against melanoma, and recent 
work has focused on several of these molecules in 
vaccine therapy.

Treatment Strategies for Melanoma

When detected early, melanoma responds well to 
treatment. However, it remains a difficult cancer 
to treat once it extends outside of the skin. About 
8000 individuals are estimated to die from malig-
nant melanoma in 2007, and the incidence of the 
disease continues to increase yearly.1 Surgical 
removal of thin primary cutaneous melanomas is 
associated with 5-year survival rates of greater than 
90% if the lesion is 1 mm or less in thickness.71 
However, in patients with thick cutaneous primary 
melanomas (>4 mm), ulcerated melanomas >1 mm, 
or melanomas with positive lymph nodes, survival 
declines dramatically.71 Five-year survival for met-
astatic disease outside of the skin is less than 15%.1 
In spite of intensive experimental efforts, there is 
no current effective therapy that has significantly 
altered the poor prognosis associated with thicker, 
more invasive melanomas and metastatic disease. 
Recent advances in our understanding of the 
immunobiology of malignant melanoma offer the 
potential for new and more effective approaches for 
disease management.

Nonimmunologic Treatments

Surgical Treatment

As noted above, melanoma has an excellent prog-
nosis when detected early and treated with surgical 
intervention. The depth of the tumor determines 
the local surgical margins and, for most thin 
tumors, surgery is curative.72 However, the pres-
ence of local lymph node metastases (stage III 
disease) is a strong predictor of a poor clinical 
outcome.73 The technique of sentinel lymph node 
dissection (SLND) has been developed as a way 
to identify patients with lymph node metastases 
without subjecting them to the morbidity of elec-
tive lymph node dissection. The technique involves 

the injection of a vital blue dye or radiolabeled 
agent into the area of the primary lesion to iden-
tify the sentinel node and the primary lymphatic 
drainage area from a cutaneous melanoma prior to 
wide local excision.74 The sentinel lymph node is 
removed and a regional lymphadenectomy is per-
formed if metastatic disease is detected histologi-
cally. Studies have shown that if the sentinel node 
is negative, there is less than a 1% chance of posi-
tive nodes elsewhere in the lymph node basin.74 
This technique has been studied in melanomas at 
high risk for metastatic disease, but still amenable 
to early intervention.75

Data from recent studies indicate that SLND 
yields valuable prognostic information.75 In those 
patients who underwent SLND, the 5-year survival 
rate of those with positive sentinel nodes is 72%, 
versus 90% for those patients with a negative sen-
tinel node.75 Sentinel node biopsy can help identify 
patients who would benefit from adjuvant thera-
pies. As a result of these studies, SLND is now 
considered the gold standard for management of 
melanoma of intermediate depths (1.2 to 3.5 mm).76 
However, in spite of significant optimism for this 
technique as an aid in melanoma therapy, clinical 
trials have not been able to show an overall survival 
benefit from SLND, and, as a result, the technique 
remains a subject of much debate.77

Chemotherapy

Dacarbazine (DTIC) is the only chemotherapeu-
tic agent approved for the treatment of advanced 
melanoma by the Food and Drug Administration 
(FDA). Clinical trials demonstrate that approxi-
mately 10% to 20% of patients with metastatic 
melanoma have a measurable clinical response 
to the drug, but fewer than 5% achieve complete 
responses.78 Innumerable combinations of dif-
ferent chemotherapeutics have been tried in the 
treatment of metastatic melanoma.79 In spite of 
this effort, a recent meta-analysis failed to show a 
benefit in several different multidrug chemother-
apy regimens when compared to DTIC alone.79 
Recently, interest has shifted to the drug temo-
zolomide, an oral formulation of DTIC. The drug 
has been shown to have equal efficacy to DTIC,80 
with an increase in central nervous system (CNS) 
penetration that may increase activity against 
brain metastases.81
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Immunologic Therapies

Overview

Immunotherapeutic approaches to melanoma can 
be classified as those designed as adjuvant therapy 
after treatment of the primary lesion to prevent 
subsequent metastatic disease, and those designed 
as immunotherapy for clinically apparent meta-
static tumors. Adjuvant therapy is administered to 
patients at high risk for the development of meta-
static disease but who have no detectable disease 
at the time of surgical resection of the primary 
neoplasms or after surgical resection of limited 
metastatic lesions such as to regional lymph nodes. 
High-risk melanoma patients include those with 
thick primary lesions in the skin, those with ulcer-
ated melanomas or those in which tumor cells 
are detected in regional lymph nodes. Current 
melanoma adjuvant treatment options beyond sur-
gery are limited and, for the most part, ineffective.

Previous therapeutic approaches for high-risk 
cutaneous melanoma have included clinical trials 
with interferons, specific and nonspecific immu-
notherapy, adjuvant chemotherapy and biochemo-
therapy, isolated limb perfusion, adjuvant radiation 
therapy, adjuvant hormonal therapy, and adjuvant 
retinoid therapy.82–84 The development of active 
specific immunotherapy has resulted in therapeu-
tic melanoma vaccines employing purified gan-
gliosides, shed tumor antigens, specific isolated 
tumor peptides, mechanical or viral melanoma 
cell lysates, antigen-primed dendritic cells, and 
allogeneic or autologous whole tumor cell prepara-
tions that have been used as postoperative treat-
ments for prevention and regression of cutaneous 
melanoma.88,86 To date, although some positive 
results have been noted in some of these cutane-
ous melanoma studies, for the most part these 
approaches have shown little survival advantage 
over surgical therapy alone.

Research in tumor immune-based therapy has 
focused not only on the adjuvant setting after treat-
ment of primary cutaneous melanoma, but also on 
the treatment of advanced metastatic melanoma.72,87 
These patients are a significant therapeutic chal-
lenge because they are often immunosuppressed 
and debilitated. A number of clinical immunothera-
peutic trials for metastatic melanoma are currently 
in progress for patients with stage IV disease. Many 

of the same approaches that are under investigation 
as adjuvant therapies have been utilized in patients 
with detectable metastatic disease. The role of vari-
ous cytokines as immunotherapy for cancer treat-
ment remains an active area of investigation,88 as 
well as the use of tumor vaccines and techniques 
such as adoptive immunotherapy.86,89

Immunotherapeutic Agents

Cytokines

The role of cytokines in immunotherapeutic 
approaches to cancer treatment remains an active 
area of investigation. Much of the data dealing 
with the role of melanoma-derived cytokines in 
the immunology of melanoma has been obtained 
by transfecting immunomodulating cytokine genes 
into neoplastic cells and observing the biologic 
response in murine model systems. This approach 
has also been useful to evaluate the in vivo con-
sequences of tumor cell cytokine production in 
an animal host in a number of different tumor 
systems.90–94 The in vivo consequences of tumor 
cell cytokine production have been evaluated for 
a number of cytokines including IL-2, IL-4, IL-
18, IL-12, G-CSF, GM-CSF, M-CSF, interferon-γ 
(IFN-γ), IL-6, and IL-10.49,50,90–98 Although IL-2 
and IFN-α are the only FDA-approved cytokines 
for the treatment of melanoma, several other mol-
ecules in this family have also entered phase I and 
phase II clinical trials. Interleukin-12 has shown 
promise in early studies,99 and phase II studies are 
ongoing to evaluate iboctadekin (rhIL-18) for the 
treatment of metastatic melanoma.100

Interleukin-2

Currently, one of the few FDA-approved treat-
ments for metastatic melanoma is IL-2. High-dose 
IL-2 has been shown to induce a clinical response 
in 16% of patients with metastatic melanoma, with 
10% of patients achieving partial response and 6% 
achieving complete response.101 While response 
rates to IL-2 are low, recent studies demonstrate 
that the treatment appears able to induce durable 
responses in a small percentage of patients.102 
Follow-up data at 5 years indicates that, of the 
patients with metastatic melanoma who responded 
longer than 30 months to IL-2 therapy, none have 
had disease progression.88 Attempts have been 
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made to identify clinical, genetic, or immune 
characteristics of melanoma patients who have a 
vigorous response to IL-2 in order to determine 
which patients might benefit most from the treat-
ment.103,104 Targeting patients who would most 
likely respond to IL-2 would be beneficial, as IL-2 
does not have a favorable toxicity and side effect 
profile. Most significantly, treatment results in a 
septic shock profile with hypotension in 64% of 
patients, limiting both the patients who can receive 
the medication and the medical centers eligible to 
administer this therapy.102

The role of high-dose IL-2 has been recently 
investigated in the context of regulatory T-cell (Treg) 
induction. In patients with metastatic melanoma, 
treatment with standard high-dose IL-2 caused an 
increase in CD4+CD25+ T cells,20,105 but high-dose 
IL-2 resulted in a significant decrease in Tregs in 
those patients who achieved an objective clinical 
response.20 Further investigation of genetic and 
molecular features of Tregs in responding patients 
as well as mechanisms to eliminate Tregs prior to 
IL-2 therapy are under investigation.

Interferon

The FDA approved high-dose IFN-α-2b as an adju-
vant treatment for thick melanoma lesions or posi-
tive nodal disease in 1995. The approval stemmed 
from a phase III trial demonstrating an improvement 
in disease-free survival from 1.1 to 1.7 years and 
overall survival from 2.8 to 3.8 years with interferon 
treatment after surgical excision.106 However, subse-
quent trials have not supported these results,107 with 
a recent meta-analysis concluding that interferon 
is associated with an increase in disease-free sur-
vival, but not an improvement in overall survival.108 
Additionally, attempts to modify the dosing of 
interferon in order to decrease toxicity and improve 
efficacy have not been successful. Trials with both 
intermediate and low dose levels of interferon have 
also failed to show an improvement in survival.109–

111 As a result, the role of interferon as an adjuvant 
treatment in melanoma remains controversial.

Granulocyte-Macrophage Colony-Stimulating 
Factor

Granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF) is a growth factor that functions as 
a potent inhibitor of the growth and progression 
of melanoma.49,50 This effect is mediated by the 

host immunologic system and appears to involve 
activation of dendritic cells.112 The antimelanoma 
effects of GM-CSF have been evaluated in patients 
with high-risk stage III and stage IV disease, dem-
onstrating an increase in disease-free and overall 
survival in a phase II study of 48 patients.113 The 
control arm of this trial consisted of historical 
patient data, and thus studies are under way to 
confirm this result.114 Other studies have looked 
at GM-CSF as an adjuvant immunotherapy115 and 
in perilesional injection of melanoma sites.116,117 
Most current work is focusing on the use of GM-
CSF as an adjuvant therapy to increase immune 
response in vaccine trials.118

Biochemotherapy

Researchers have attempted to combine immu-
notherapy with other treatment modalities in an 
attempt to increase response rates. Several groups 
have combined IL-2 and IFN with chemother-
apy for “biochemotherapy.” Although some initial 
results were promising, larger trials have failed 
to show that the combinations selected result in 
longer survival times.119–122 Pooled trial data have 
indicated increased response rates with bioche-
motherapy, but this comes at the cost of decreased 
quality of life and increased treatment related 
toxicity for patients receiving chemotherapy and 
immunotherapy concurrently.122

Cytotoxic T-Lymphocyte Antigen 4

Cytotoxic T-lymphocyte antigen 4 (CTLA-4) is a T-
cell surface glycoprotein that functions as an inhibi-
tor to T-cell activation, working in opposition to 
CD28.123 As a result, CTLA-4 functions to prevent 
the breaking of self-tolerance by the immune sys-
tem. Initial studies demonstrated in murine models 
that antibody inhibition of CTLA-4 could enhance 
the destruction of certain tumors, particularly those 
that were more immunogenic.124 In vitro studies in 
humans sought to demonstrate whether inhibition of 
CTLA-4 could enhance the immune cell response 
against self antigens, such as gp100 and MART-
1, which are expressed by melanoma cells.125–127 
Overall response rates appear around 15%, for an 
antibody to CTLA-4 administered alone or with 
other agents, such as vaccines against tumor anti-
gens. As expected, response rates appear to cor-
relate with the development of autoimmunity.128,129 
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However, the autoimmune side effects induced by 
anti–CTLA-4 are severe, including uveitis, gas-
troenteritis, dermatitis, and hypophysitis,130 which 
may inhibit the usefulness of CTLA-4 as an agent 
for melanoma treatment.

Adoptive Immunotherapy

Adoptive immunity against melanoma antigens 
is achieved by the isolation of immunocompetent 
lymphocytes from patients, in vitro expansion of 
specific subsets of these cells, and then reinfusion 
of these T cells back into patients. The source 
of infused lymphocytes can be derived from the 
tumor itself, which yields tumor-infiltrating lym-
phocytes, from lymph nodes draining the site of 
the primary lesion, or from the peripheral blood. 
Several different clinical trials have investigated 
various types of adoptive immunotherapy as treat-
ment for metastatic melanoma,131–133 as well as 
a possible adjuvant therapy for less advanced 
disease.134 Early studies demonstrated that while 
tumor-specific cytotoxic T cells harvested from 
lymph nodes draining areas of melanoma showed 
little or no tumor-specific cytotoxic activity, culture 
of these cells with irradiated autologous tumor 
cells in the presence of IL-2 rendered them cyto-
toxic to autologous tumor.135 Treatment regimens 
for melanoma have included intravenous infusion 
of tumor-infiltrating lymphocytes with IL-2136,137 
and intralesional injection of IL-2–cultured lym-
phoid cells.138 One primary limitation of adoptive 
cell transfer has been the inability to generate a 
sustained level of tumor infiltrating lymphocytes, 
a significant setback given that persistence of 
tumor infiltrating lymphocytes has been corre-
lated with clinical response for in vitro trials.139 A 
recent study has demonstrated that lymphodeplet-
ing chemotherapy prior to cell transfer results in 
more sustained responses in metastatic melanoma, 
possibly by decreasing the numbers of regulator T 
cells and by modifying the immune environment.89 
As a result, increasing myeloabation prior to T-cell 
transfer is being considered as a possible future 
direction for the field.140

Specific Immunotherapy

Specific immunotherapy agents stimulate the host 
immune system to recognize and destroy neoplas-
tic cells bearing tumor-associated antigens. Also 

referred to as active specific immunotherapy, this 
approach often involves vaccination with modified 
melanoma cells or melanoma-derived antigens. 
Melanoma vaccines are currently under investi-
gation for the treatment of advanced metastatic 
melanoma (stage IV) and as an adjuvant treatment 
of patients at high risk for metastatic disease after 
surgical treatment (stages II and III). Multiple trials 
with melanoma vaccines have been completed in 
the past decade, although there has been minimal 
overall success in phase III clinical trials.

Autologous Vaccines

One approach to generate a specific host immune 
response is to vaccinate patients with their own 
tumor cells or cellular lysates made from their own 
tumor cells, known as autologous vaccination. For 
this procedure the tumor cells are harvested from 
the patient, processed in vitro, often in combination 
with an immunostimulatory agent, and injected 
subcutaneously back into the patient as an autolo-
gous vaccine. The theoretical advantage of this 
technique is that it targets the specific antigens of 
a patient’s tumor cells. Some of the major limita-
tions to this approach are the limited number of 
tumor cells required for vaccine preparation and 
the labor-intensive and technically challenging 
nature of culturing and expanding the patient’s 
melanoma cells.

Early randomized trials with autologous whole 
tumor cells plus BCG (bacille Calmette-Guérin) 
failed to demonstrate improvement in overall out-
come.141–143 Recent work has focused on modulat-
ing a patient’s tumor cells to increase the immune 
response. Haptenation of tumor cells with dini-
trofluorobenzene (DNFB), administered after sen-
sitizing to DNFB, appears to increase immune 
response and potentially survival in patients 
who develop cell-mediated immunity to tumor 
antigens.144,145 Additional work has focused on 
extraction of a patient’s heat shock proteins from 
melanoma cells to create an autologous vaccine.146 
The vaccine, known as Oncophage, consists of 
autologous tumor-derived heat shock protein gp96 
and has been tested in a phase II trial. This study 
demonstrated that 50% of patients develop HLA-
restricted T cells in response to the vaccine, and 
further trials are under way.147 Finally, a third tech-
nique takes advantage of the antitumor properties 
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of GM-CSF by transfecting autologous melanoma 
cells with the gene for this molecule.148,149 Using 
retrovirus-mediated gene transfer for transfection, 
investigators, have been able to create an autolo-
gous vaccine that in early studies increases tumor 
necrosis and invasion by immune cells.148,149

Allogeneic Vaccines

An alternative approach to autologous melanoma 
vaccines is the use of tumor vaccines derived 
from allogeneic melanoma cells. The goal of this 
approach is to stimulate the host immune system 
with a variety of tumor antigens associated with 
an allogeneic MHC background. In addition to 
making a vaccine that would be widely available 
to many patients, the foreign MHC expression 
on the surface of these tumor cells further aug-
ments the patient’s antitumor immune response. 
Multiple investigators have initiated clinical trials 
utilizing allogeneic vaccines as monotherapy for 
metastatic disease, as well as adjuvant therapy 
after surgical excision of the tumor. Improvement 
in time to disease progression was shown in a 
double-blind, placebo-controlled trial of a poly-
valent shed antigen vaccine. This small trial of 
38 patients demonstrated a 2.5 times increase in 
time to disease progression, from 0.6 years to 1.5 
years, in the vaccine group.150 Results with other 
vaccines in larger trials have been less promising. 
Melacine, a vaccine derived from two melanoma 
cell line lysates administered with a detoxified 
end toxin adjuvant, has been studied in phase III 
clinical trials, with no improvement in outcomes in 
advanced disease as compared to chemotherapy.151 
In a large trial studying this vaccine as adjuvant 
therapy in stage II disease, no improvement was 
noted in relapse-free survival,152 although statisti-
cally significant improvement was seen in patients 
expressing HLA-A2 or HLA-C3.153 Canavaxin, an 
allogeneic vaccine derived from three melanoma 
cells lines mixed with BCG, also failed to show 
success in phase III trials.154

Viral Oncolysates

Administration of viral oncolysates is another form 
of specific immunotherapy that has shown signifi-
cant potential in stimulating a clinical antimelanoma 
response when used as adjuvant therapy.155 Viral 
oncolysates are produced by infecting cultured 

melanoma cells with virus to generate a mixture of 
lysed cells plus virion that can be administered as 
vaccines. Vaccinia virus melanoma cell oncolysates 
have shown promise in phase I/phase II studies in 
patients with stage I and stage II melanoma but 
not in a phase III study with stage III melanoma 
patients,156 although a subsequent retrospective 
subset analysis showed a subset of men with one 
to five positive nodes between the ages of 44 and 
57 years with a survival advantage when treated 
with vaccinia melanoma oncolysate.157 Previous 
studies have demonstrated that patients with stage 
III metastatic melanoma with palpable lymph node 
disease have shown a remarkable response to post-
surgical vaccination with Newcastle disease virus 
(NDV) melanoma cell oncolysate.158,159 We have 
further reported that this group of patients treated 
with allogeneic melanoma cell oncolysates pro-
duced by the 73T NDV strain had a 55% survival 
rate at 15-year follow-up as compared to historical 
controls with 6% to 33% 10-year survival rates.160 
We have also detected alterations in the peripheral 
blood CD8 T-cell populations in NDV oncolysate 
patients, consistent with activation by a chronic 
immune stimulus.160 The antitumor mechanisms of 
action triggered by NDV oncolysate are unknown, 
although some studies indicate that it may act in 
part through the induction of certain cytokines with 
antitumor properties.161

Peptide Vaccines

The identification of genes encoding melanoma-
specific antigens has led to their use in specific 
immunotherapy. As previously discussed, these are 
antigens that are expressed on cells of melanocytic 
lineage or melanoma cells that have been shown 
to play a role in tumor immunology. Multiple 
clinical trials have studied the effect of immuniza-
tion against melanoma peptides such as gp100,162 
MAGE,163 MART,164 and tyrosinase in patients 
with advanced melanoma.165 To increase HLA 
binding, peptides can be modified by changing 
amino acids to form “heteroclytic” peptides, which 
enhance the immune response against the native 
peptide.86 Overall, positive clinical outcomes with 
peptide vaccines have been few, as obstacles such 
as tumor escape, preexisting neutralizing antibod-
ies, and antigen loss variants hamper vaccine suc-
cess.17 However, continued advances in heteroclytic 
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peptides, coadministration with immune adjuvants 
and cytokines, and altered dosing schedules may 
yet provide a role for these vaccines in melanoma 
treatment.166

Ganglioside Vaccines

Other investigators have focused on melanoma gan-
gliosides as melanoma antigen targets. Although 
expressed in all tissues, gangliosides are often 
overexpressed in melanoma cells. The minor gan-
glioside antigen GM2 has been used as a melanoma 
vaccine administered in conjunction with BCG,167 
or conjugated with keyhole limpet hemocyanin168 
due to its role as the most immunogenic ganglio-
side.86 The conjugated form of the vaccine has 
been studied in a phase III trial against interferon 
for adjuvant therapy of high-risk melanomas with 
disappointing results.169 The vaccine did not show 
superiority to interferon and indeed showed a 
poorer patient survival at a median follow-up at 
16 months, leading to discontinuation of the study. 
The major ganglioside antigens GD2 and GD3 have 
also sparked interest as possible vaccine targets, 
although both molecules are less immunogenic 
than GM3. As a result, investigations have focused 
on methods to increase the antibody response to 
these molecules170 or to use antiidiotypic mono-
clonal antibody vaccines.171–173

Dendritic Cell Vaccines

Dendritic cell–based melanoma vaccines are also 
under investigation as yet another type of specific 
immunotherapy for the treatment of advanced 
melanoma.174 The rationale behind this strategy 
is that dendritic cells modified to present specific 
melanoma antigens will more effectively stimu-
late naïve T cells to generate an antimelanoma 
response. Numerous preclinical studies have dem-
onstrated that various types of dendritic cells can 
be loaded ex vivo with tumor antigens and admin-
istered to tumor-bearing hosts to elicit T-cell–medi-
ated tumor destruction.175,176 An initial study with 
advanced melanoma patients utilized professional 
antigen-presenting cells pulsed ex vivo with puri-
fied melanoma peptides or tumor lysates, which 
were delivered by direct injection into the inguinal 
lymph nodes of patients.177 This study paved the 
way for other clinical trials using dendritic cells 
exposed to multiple melanoma peptides178,179 or 

autologous tumor lysates.180,181 Although it is dif-
ficult to compare trials given the use of different 
antigens and different dendritic cell lineages, it 
appears that dendritic cell vaccines induce tumor 
responses in about 9.5% of patients.174 Thus, the 
use of dendritic cells in melanoma immunotherapy 
offers another approach to the treatment of patients 
with advanced melanoma.

Conclusion

Recent advances in our understanding of the immu-
nobiology of melanoma have triggered the devel-
opment of novel immunotherapeutic approaches 
that are undergoing evaluation in preclinical stud-
ies and clinical trials. Because clinical response 
rates and cure rates remain low in studies utilizing 
single immunomodulatory agents, new approaches, 
refinements of current approaches, and improved 
patient selection criteria are imperative to the 
achievement of significant cure rates and to over-
come a number of logistical, technical, and toxic-
ity problems. Immunotherapy continues to hold 
significant promise for the treatment of patients at 
risk for the development of metastatic melanoma 
and those with advanced disease.
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Key Points

• Drug eruptions are common adverse reactions 
to systemically administered medications, with 
clinical manifestations ranging from local skin 
changes such as the fixed drug eruption to life-
threatening diseases such as toxic epidermal 
necrolysis.

• Such drug eruptions, in most cases, have been 
demonstrated to be mediated by immunologic 
mechanisms, and can involve type I (immu-
noglobulin E [IgE]-mediated), type II (cyto-
toxic), type III (immune complex), type IV 
(cell-mediated immunity), or a combination of 
multiple mechanisms.

• Certain drugs may be linked to specific types 
of drug eruptions (for instance, anticonvulsants 
are notorious for causing severe cutaneous 
reactions).

• There are predisposing factors that place a patient 
at increased risk for drug eruptions (viral infec-
tions, past history of medicament allergies, poly-
morphisms in human leukocyte antigen).

• There is a systematic approach to determining 
whether a medicament is triggering a drug 
eruption.

Clinicians are commonly faced with the problem 
of a patient presenting with a skin rash of unknown 
origin. Could it be due to a drug the patient is 
receiving? If so, which one? Does the rash neces-
sitate the withdrawal of drug therapy, or can the 
agent be safely continued? If the rash is serious in 
nature, what can be done to prevent its progres-
sion? These and related questions have no simple 
answers. Determining the proper course of action 

requires clinical skill and an understanding of the 
pathophysiology of drug eruptions.

Epidemiology of Drug Eruptions

An accurate assessment of the true incidence of 
drug eruptions is complicated by many factors, 
including underreporting of events, uncertainty of 
diagnosis, and the limited sample size of most stud-
ies. Nevertheless, it is clear that drug eruptions are 
among the most common adverse drug reactions 
(ADRs). Studies report that between 10% and 30% 
of all ADRs involve the skin.1–4 The incidence of 
drug eruptions in hospitalized patients is estimated to 
be between 1% and 3%.1,5,6 Recent data suggest that 
dermatologic ADRs comprise over 26% of ADRs 
that result in an emergency room visit.7 In an assess-
ment of published rates for drug eruptions, Bigby8 
found that the female-to-male ratio increased with 
age, with a 35% higher incidence in adult females. 
Numerous factors that predispose subjects to drug 
eruptions increase the incidence in certain subgroups 
of patients substantially (see Predisposing Factors for 
Drug Eruptions).

Since approximately 90% of drug eruptions are 
relatively benign,9 of greatest interest to the clini-
cian is the incidence of severe cutaneous adverse 
reactions (SCARs). A SCAR is a reaction that 
may result in hospitalization, persistent disability, 
or death. While based on spontaneous reports, it 
has been estimated that the percent of drug erup-
tions that are SCARs is 17%3; other investigators 
have suggested that only 2% of all drug eruptions 
represent severe reactions.10 The incidence of 
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Stevens-Johnson syndrome (SJS) is estimated to be 
1 to 6 per million person-years, while that for toxic 
epidermal necrolysis (TEN) is estimated as 0.4 to 
1.2 per million person-years.10 This low incidence 
means that most clinicians have little experience in 
the diagnosis and management of the most severe 
forms of drug eruptions.

Evidence that Drug Eruptions 
are Immune-Mediated

The heterogeneity of skin eruptions associated with 
drug ingestion suggests that a single mechanistic 
scheme is unlikely to explain these phenomena. 
However, while some cutaneous manifestations 
of ADRs are most likely direct toxic effects (e.g., 
hyperpigmentation and phototoxicity), substantial 
evidence suggests that most skin reactions to drugs 
are immune-mediated (Table 18.1). Among the 
evidence that supports this assumption is the need 
for prior sensitization before eliciting a reaction 
to the drug. This is consistent with the need to 
create immunologic memory in order to mount an 
immune response to an antigen. In addition, the 
delayed development of most drug eruptions paral-
lels the expected development of an immunologic 
response.11 Immunohistochemical analysis of drug 
eruptions demonstrates the infiltration of immune 
cells to the affected site in drug-induced skin erup-
tions (Table 18.2).

Perhaps the strongest evidence for a role of the 
immune system in provoking cutaneous eruptions 
after drug administration is the demonstration of 
drug-reactive T cells in patients with a history of 
such eruptions. Exposure of mixed T cells from 
patients with a history of drug eruption to the sus-
pected causative agent (including sulfamethoxazole, 

lidocaine, phenytoin, and carbamazepine) has been 
shown to result in the proliferation of T cells, from 
which drug-specific clones can be isolated.12–14

Recent studies demonstrating an association 
with serious drug eruptions and human leukocyte 
antigen (HLA) genotype with a limited number of 
agents (discussed further in Predisposing Factors 
for Drug Eruptions) provide significant evidence 
for involvement of the immune system in these 
reactions.15–19 These genotype associations sug-
gest presentation of drug-derived antigen is a key 
determinant of which patients will experience 
serious reactions to these drugs.

Taken together, these lines of evidence provide 
strong support for many drug eruptions in humans 
as immune-mediated events. In addition, recently 
the first animal model for a drug eruption has been 
reported, with compelling evidence for an immune 
mechanism in the pathogenesis.20

Classification of Drug Eruptions

Drug administration is associated with a variety 
of skin eruptions. Indeed, a single drug may be 
associated with numerous forms of skin eruption. 
For example, sulfonamides have been reported 
to be associated with morbilliform and urticarial 
rashes, erythema multiforme, erythema nodosum, 
SJS, and TEN, as well as photosensitivity. Drug 
eruptions may be classified in terms of both their 
clinical morphology and the presumed mechanism 
of action.11

Morphologic Classification

Accurate diagnosis of drug eruptions necessitates 
a careful assessment of the clinical manifestations 
associated with a given drug eruption. Specific 
diagnosis is aided by differences in presentation, 
time course, associated signs and symptoms, and 
histologic features (Tables 18.2 to 18.4).

Exanthemas

Morbilliform or maculopapular exanthemas are the 
most frequently observed drug eruptions (∼90% 
of all eruptions) and have been reported with a 
wide range of medicines. Usually appearing first 
on the trunk, exanthemas appear as erythematous 

Table 18.1. Evidence that drug eruptions are immune 
mediated

• Necessity for prior sensitization
• Delayed nature of their development
• Quicker onset upon re-challenge
• Association with drug fever
• Infiltration of immune cells at affected site
• Isolation of reactive drug-specific T-cell clones from patients 

with history of drug eruption
• Association with human leukocyte antigen (HLA) genotype
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macules or papules, and are commonly associated 
with a mild fever. Symmetrical spreading of the 
exanthema to the extremities often occurs. The 
onset of exanthemas after initiation of drug therapy 
is generally reported to be between 4 and 14 days, 
though a later onset may occur.21,22

Urticarial Eruptions

Urticarial eruptions associated with drug therapy 
appear to be the second most common form of drug 
eruption, comprising approximately 5% of reac-
tions across a series of studies.8 These eruptions 

Table 18.2. Immunohistologic features of drug eruptions

Reaction Histologic features of affected skin

Exanthema Presence of dyskeratotic and necrotic keratinocytes (KC) at dermal-epidermal junction; infiltration of 
  eosinophils, CLA+ T cells; upregulation of ICAM-1; TNF-α, IL-5, IL-6 induction22,81–85

Urticaria Sparse interstitial and perivascular mononuclear cell infiltrate along with eosinophils and dermal 
  edema23, 83

Fixed drug  Acutely affected skin shows scattered KC along with infiltration of lymphocytes, neutrophils, 
 eruptions  and eosinophils at the dermal-epidermal junction; chronic biopsies show acanthosis, hyperkeratosis, 
  hypergranulosis, and infiltration of melanophages in dermis23, 83

Erythema  Infiltration of inflammatory cells at the dermal region along with discrete regions
 multiforme/SJS   of epidermal necrosis;
 and TEN
 SJS and TEN show widespread epidermal necrosis, reduction in Langerhans’ cells, KC 
  expression of HLA-DR23, 86

Source: Khan et al.,28 with permission.

Table 18.4. Diagnostic criteria for severe cutaneous adverse reactions

   Extent of blisters/
Classification Pattern of lesions Distribution % detachment

Erythema multiforme  Typical targets,  Localized <10
majus (EMM)  raised atypical targets

Stevens-Johnson  Blisters to macules, flat  Widespread <10
syndrome (SJS)  atypical targets

Overlap SJS-TEN Blisters to macules,  Widespread 10–29
  flat atypical targets

Toxic epidermal  Blisters to macules,  Widespread ≥30
necrolysis (TEN)   flat atypical targets
with spots

TEN without “spots” No discrete lesions,  Widespread ≥10
  large erythematous areas

Source: Auquier-Dunant et al.,24 with permission.

Table 18.3. Comparison of the characteristics of drug eruptions

Characteristic Exanthema Urticarial FDE AGEP EMM/SJS/TEN

Time of onset 4–14 days Within 36 hours 4–48 hours 48 hours 1–3 weeks
Duration 1 week Single lesions  <5 days <1 week 1–3 weeks
   <24 hours
Fever Yes No Yes Yes Yes
Pustules No No Yes Yes Yes
Angioedema No Yes No Yes No
Pruritus Yes Yes   No
Mortality ∼0% 2% when associated  ∼0% 5% 10–30%
   with anaphylaxis

AGEP, acute generalized exanthematous pustulosis; EMM, erythematous multiforme majus; FDE, fixed drug eruption; SJS, 
Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
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may occur in the first few hours after drug inges-
tion and appear as raised, pink wheals associated 
with intense itching. Individual eruptions generally 
resolve within 24 hours, though new eruptions may 
be manifested. The angioedema that can be associ-
ated with these eruptions may persist for days and, 
on occasion, occur in the absence of urticarial erup-
tions. When associated with anaphylaxis, urticarial 
eruptions represent a life-threatening ADR.

Fixed Drug Eruptions

Fixed drug eruptions (FDEs) generally appear 
more rapidly than the more common exanthemas, 
most often within 2 days of initiation of drug 
therapy.21 With these eruptions, few lesions occur, 
sometimes limited to a single eruption. Appearing 
as well-demarcated lesions with significant edema, 
these eruptions are usually associated with itch-
ing and burning at the site. Upon reexposure to 
the offending agent, lesions associated with FDE 
commonly recur at the same location on the skin, 
though new lesions in different areas may also 
occur.23 Interestingly, characteristic patterns of the 
affected anatomic site for FDE appear to occur 
with specific agents.

Acute Generalized Exanthematous Pustulosis

Acute generalized exanthematous pustulosis 
(AGEP) is characterized by a substantial number 
of small pustules occurring on an erythematous 
region of skin. These eruptions are associated 
with fever and occur most commonly on the trunk, 
upper extremities, and manifold regions (e.g., neck, 
groin, axillae). Common with FDE, AGEP usually 
develops within the first 2 days of therapy. The 
eruptions themselves last several days and give rise 
to a superficial desquamation.

Erythema Multiforme, Stevens-Johnson 
Syndrome, and Toxic Epidermal Necrolysis

Historically, erythema multiforme, SJS, and TEN 
have been viewed by some as a spectrum of the 
same disease. Work by the international SCAR 
study group24 has provided important insight into 
the distinct nature and causes of these syndromes, 
as well as the development of clear diagnostic 
criteria (Table 18.4). Indeed, an assessment of 
552 patients with a tentative diagnosis of SCAR 

revealed that in most cases of erythema multiforme 
drugs did not appear to be the etiologic factor.24 
Stevens-Johnson syndrome and TEN represent 
life-threatening conditions that must be recognized 
rapidly. Commonly, skin eruptions associated with 
these syndromes are preceded by 1 to 3 days of 
fever and other constitutional symptoms. Eruptions 
begin with a symmetrical distribution on the upper 
trunk of the body and the face. Pain or a burning 
sensation associated with these lesions are viewed 
by many as an early sign of a severe reaction. As 
outlined in Table 18.4, the degree of blistering or 
skin detachment is the primary criteria for differen-
tiating SJS, SJS/TEN, and TEN.

Mechanistic Classification

While classification of drug eruptions by clinical 
morphology is an essential component of the diag-
nosis of these drug-induced diseases, classification 
by presumed mechanism provides insight into 
anticipated time course of development, likely risk 
upon reexposure, laboratory tests that may aid in 
diagnosis, and potential therapeutic interventions 
to prevent or attenuate these reactions.11

Immediate-Type Immune-Mediated Drug 
Eruptions

Immediate-type immune-mediated drug eruptions 
have been the most carefully studied reactions. 
Also known as type I hypersensitivity, these drug 
eruptions are mediated by immunoglobulin E (IgE). 
As with all IgE-mediated immune responses, prior 
sensitization to the drug or a chemically related 
compound must occur in order to provoke a drug 
eruption upon exposure to the agent. Importantly, 
this sensitization may occur as a result of a pre-
vious exposure to the drug or during the initial 
phase of treatment with a multiple dose regimen. 
Obviously, sensitization due to prior drug exposure 
may result in an extremely rapid drug eruption 
upon subsequent exposure, whereas if sensitiza-
tion occurs during the initial phase of treatment, 
the drug eruption will not occur until several doses 
have been administered.

As described later in this text, elicitation of an 
immediate-type immune-mediated reaction requires 
cross-linking between the antigen and adjacent 
preformed IgE on mast cells. The degranulation 
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that results from this binding releases toxic 
mediators (e.g., histamine, cytokines, leukotrienes, 
platelet-activating factor), which may occur within 
seconds of exposure to the drug. When initiated by 
a local intradermal injection (via allergy testing), 
the result is a localized wheal-and-flare reaction. 
Immunoglobulin E–mediated responses arising in 
response to systemic exposure result in urticaria 
(e.g., hives)—skin eruptions that are large, erythe-
matous, and itchy welts. If disseminated mast cell 
activation occurs, a marked increase in vascular 
permeability, constriction of airways, swelling of 
the epiglottis, and vascular collapse may occur. This 
life-threatening condition is known as anaphylactic 
shock and, without immediate intervention, may 
result in death.

Recognizing a reaction as being of the immune-
mediated immediate-type provides important 
insight into laboratory tests that may aid in the 
diagnosis. First, where available, measurement of 
antigen-specific IgE provides confirmation of sen-
sitization to the offending agent.25 Second, the use 
of skin tests may prove quite useful in identifying 
the offending agent.26 In addition, recognizing the 
mediators that are responsible for the inflamma-
tory reaction resulting in a drug eruption provides 
important insight into potential therapeutic inter-
ventions. As histamine and inflammatory mediators 
are key signals for these reactions, the use of 
antihistamines and antiinflammatory agents (e.g., 
corticosteroids) provides a rational approach to 
the treatment of skin eruptions associated with 
immediate-type immune-mediated reactions.

Delayed-Type Immune-Mediated Drug 
Eruptions

Delayed-type immune-mediated drug eruptions 
are characterized by their delayed onset after 
initiation of therapy, primarily occurring 7 to 
10 days after initiation of a drug regimen. As 
with other delayed-type hypersensitivity reac-
tions, drug eruptions that are of the delayed-type 
appear to be mediated by T cells.27 While the 
mechanisms by which cutaneous eruptions are 
provoked after epicutaneous application have 
been fairly well elucidated, the mechanism by 
which systemically administered drugs elicit such 
eruptions is less clear.28 Nevertheless, numerous 
studies have demonstrated the presence of drug-

specific reactive T cells from patients with a his-
tory of such reactions.12–14 Moreover, it has been 
demonstrated that patients with a history of such 
reactions exhibit circulating drug-reactive T cells 
for as long as 12 years after the event.29

As described in earlier chapters, T-cell activa-
tion requires multiple signals.11 The first signal is 
derived from interaction of the antigen in the con-
text of major histocompatability complex (MHC) 
and the T-cell receptor. Antigen presentation in the 
context of MHC occurs via interaction of the T cell 
with antigen-presenting cells (APCs). In isolation, 
however, this interaction results in immune toler-
ance. A second signal is required in conjunction 
with antigen presentation in order to provoke T-cell 
activation. A variety of molecules (e.g., inflamma-
tory cytokines, uric acid, and heat shock protein) 
have been suggested as being capable of upregulat-
ing the expression of secondary signals on APCs.30,31 
Release of such regulatory molecules may explain 
the predisposition of patients with viral infections 
to drug eruptions.32,33

Based on the presumed role for T cells in 
delayed-type immune-mediated drug eruptions, 
it was proposed that determination of the abil-
ity of drug to provoke proliferation of isolated 
lymphocytes could be used as a diagnostic tool 
in efforts to identify the agent responsible for a 
drug eruption.34 While several investigators have 
provided evidence for the utility of such tests, 
their complexity and expense make them rela-
tively impractical for routine clinical use.35 Further 
refinement of the methodology may open the door 
for more widespread application of this diagnostic 
tool in the future.

As contact sensitivity to environmental and 
occupational chemicals is known to be mediated by 
T cells,36,37 it seemed likely that skin testing may 
provide a useful diagnostic tool for drug eruptions 
after systemic administration that are consistent 
with a delayed-type immune-mediated response. 
While skin testing has been shown to be useful in 
the identification of the causative agent for such 
reactions, early negative responses must be fol-
lowed to determine the occurrence of a delayed 
positive response to skin tests.26

Treatment of such reactions remains largely 
empirical and supportive at present. While with-
drawal of the drug would appear to be the first 
step, continued treatment in mild reactions has 
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been relatively common in certain patient groups 
(i.e., AIDS patients). However, it appears that 
the death rate is lower in SCAR among patients 
in whom drug therapy with the suspected drug is 
stopped upon the first appearance of cutaneous 
eruptions.38 Based on the presumed mechanism of 
action, agents that modulate T-cell activation and 
T-cell–mediated killing would appear to be logical 
targets for attenuating the severe forms of these 
reactions (e.g., SJS and TEN). In addition, modu-
lation of inflammatory cytokine release or action 
represents a reasonable approach to preventing or 
treating SCARs. However, initial studies in this 
direction using thalidomide to inhibit tumor necrosis 
factor-α action found a higher death rate with this 
treatment modality.39 As the cell surface death 
receptor Fas (CD95) on keratinocytes may mediate 
the massive cell death observed in TEN, the use 
of intravenous immunoglobulin (which contains 
natural anti-Fas antibodies) has been evaluated 
in patients with TEN. While uncontrolled studies 
suggest potential benefit, a prospective controlled 
clinical trial is needed to assess the validity of this 
treatment modality.40

Challenges in the Diagnosis 
of Drug Eruptions

Attribution of causation of skin pathology to a 
specific drug represents a complex challenge for 
clinicians. For example, in one French referral 
center for SCAR, in only two thirds of patients 
referred was the diagnosis of drug-induced severe 
cutaneous drug eruption confirmed.10 It is likely 
that the accuracy of diagnosis of less severe forms 
of reaction is lower, since these mild reactions 
may be mediated by many nondrug factors. As 
many skin eruptions have numerous sources of 
causation, a careful differential diagnosis is an 
essential element in the assessment. A component 
of this assessment must be a careful drug history, 
including the temporal relationship between drug 
ingestion and the appearance of the skin erup-
tion. As patient recall of drug ingestion is often 
limited, specific probing questions (e.g., Did you 
take anything for a headache over the last few 
days?) may be necessary to elicit a complete drug 
history. Graphing the time course of drug inges-
tion and clinical manifestations (including body 

temperature, lab abnormalities, etc.) may prove 
insightful for the clinician seeking to identify the 
likely cause of a skin eruption in a patient receiv-
ing multiple agents. This can be a helpful step in 
preventing a diagnosis based solely on guilt by 
association—attributing a skin eruption to a drug 
simply because it has been previously reported to 
be associated with ingestion of the drug.

Since diagnosing a patient as having experienced 
a drug-induced skin eruption generally results in 
future avoidance of that and chemically related 
drugs in the patient, precise assessment of the level 
of certainty of diagnosis (and communication of 
that to the patient and in the medical record) is an 
important but often neglected step. Edwards and 
Aronson41 have provided helpful criteria for cau-
sality assessment of drug-induced disease (Table 
18.5). Frequently, the most definitive level a clini-
cian can achieve with the information available is 
that a skin eruption is “likely” to have been caused 

Table 18.5. Causality assessment for suspected drug 
eruptions

Certain

• A skin eruption that occurs in a plausible time relation to 
drug administration, and which cannot be explained by con-
current disease or other drugs or chemicals

• The response to withdrawal of the drug (de-challenge) 
should be clinically plausible

• The events must be definitive pharmacologically or phenom-
enologically, using a satisfactory re-challenge procedure if 
necessary

Probable/likely

• A skin eruption with a reasonable time relation to admin-
istration of the drug, unlikely to be attributed to concurrent 
disease or other drugs or chemicals, and which follows a 
clinically reasonable response on withdrawal (de-challenge)

• Re-challenge information is not required to fulfill this definition

Possible

• A skin eruption with a reasonable time relation to admin-
istration of the drug, but which could also be explained by 
concurrent disease or other drugs or chemicals

• Information on drug withdrawal are lacking or unclear

Unlikely

• A skin eruption with a temporal relation to administration 
of the drug that makes a causal relation improbable, and in 
which other drugs, chemicals, or underlying disease provide 
plausible explanations

Source: Adapted from Edwards and Aronson.41
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by a specific drug. Clear communication of this 
level of certainty can provide important guidance 
for future management of the patient in weigh-
ing the cost-benefit ratio of rechallenge if therapy 
with the suspected or chemically related agent is 
deemed optimal therapy for an ailment.

Therapeutic Agents Commonly 
Associated with Drug Eruptions

A careful search of the literature reveals that most 
drugs have been reported to be associated with drug 
eruptions. The confidence of such associations varies 
widely. However, for a number of important therapeu-
tic agents, there is significant evidence of causation for 
these eruptions. As a class, antimicrobial agents appear 
to have the highest incidence of drug eruptions, with 
reaction rates as high as 20 to 50 per 1000 recipients.6 
Of the many antimicrobial agents approved for human 
use, sulfonamides exhibit the highest frequency of 
skin eruptions, followed by the fluoroquinolones.3,42

Of greatest concern for clinicians are those 
agents associated with SCAR. As shown in Table 
18.6, a wide variety of therapeutic agents have been 
associated with the development of SJS or TEN. 
Among the highest incidence of SCAR are those 
associated with sulfonamides, with an incidence 
estimated to be 1:1000 to 1:100,000.43,44 The most 
frequent reports are associated with ingestion of 
trimethoprim-sulfamethoxazole, though this may 
reflect prescribing frequency. In one case-control 
study, this combination product was responsible for 
almost 70% of cases of SCAR reported.45

Several anticonvulsant agents have been associ-
ated with SCAR, as well as a syndrome frequently 

referred to as anticonvulsant hypersensitivity syn-
drome (AHS). This syndrome is manifested by 
fever, widespread drug eruption, lymphadenopa-
thy, and liver injury.46 The relative risk of SCAR 
appears to be similar with carbamazepine, phe-
nobarbital, and phenytoin.44 The newer anticon-
vulsant lamotrigine has also been associated with 
SCAR, with incidence as high as 1 in 300 reported 
in clinical trials.45 Slower escalation of initiating 
doses substantially reduces the rate of such reac-
tions for this drug.

The association of nonsteroidal antiinflammatory 
drugs (NSAIDs) with SCAR must be recognized, as 
these agents are widely available without a prescrip-
tion. Indeed, of all over-the-counter medications, it 
would appear that these agents pose the highest risk 
for SCAR. However, it is the oxicam NSAIDs (e.g., 
piroxicam and tenoxicam) that pose the most sig-
nificant risk for these reactions,45 and these remain 
available by prescription only in most countries.

Antiretroviral agents represent another impor-
tant class of drugs associated with SCAR. As 
management of HIV infection is characterized by 
multidrug therapy, identification of causation for 
SCAR that occur in this population is problematic. 
Nevertheless, there is significant evidence that 
nevirapine in particular is a causative agent for 
these reactions.47

How Do Systemically Administered 
Drugs Mediate Drug Eruptions?

As substantial evidence exists that most drug erup-
tions are immune-mediated events, elucidation 
of the mechanism of these reactions will require 
determination of the means by which systemically 
administered drugs provoke an immune response 
in the skin. Studies in animal models of cutaneous 
hypersensitivity have yielded critical insight into 
the dynamic interaction of the skin immune system 
and antigens applied epicutaneously (Fig. 18.1).

After passage through the stratum corneum, 
antigen may be taken up by either epidermal kerati-
nocytes or Langerhans’ cells (LCs). Epidermal kera-
tinocytes serve as an important source of cytokines, 
and perhaps other danger signals, that mediate acti-
vation of LCs.48,49 This activation results in down-
regulation of E-cadherin expressed on the surface 
of LCs, resulting in detachment from  epidermal 

Table 18.6. Drugs frequently associated with severe 
cutaneous adverse reactions (SCAR)

Allopurinol
Aminopenicillins
Antiretrovirals
Carbamazepine
Cephalosporins
Lamotrigine
Nonsteroidal antiinflammatory drugs (NSAIDs)
Phenobarbital
Phenytoin
Sulfonamides
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keratinocytes.50,51 Release of matrix metallopro-
teinases enhances the migration of LCs through 
the epidermis.52,53 During this activation process, 
there is an upregulation of CC chemokine recep-
tor 7 (CCR7) on the LC surface.54 Studies in 
skin explant models suggest that this upregulation 
involves the sequential engagement of two adenos-
ine triphosphate (ATP)-binding cassette membrane 
transporters (ABCB1 and ABCC1), the latter of 
which mediates the efflux of leukotriene C4 and the 
upregulation of CCR7.55,56 CCR7 upregulation in 
LCs provides the platform for chemokine (CCL19)-
guided migration to regional lymph nodes.55,57

Upon arrival at the regional lymph node, migrated 
LCs present antigenic peptides in the context of 
MHC, resulting in a clonal expansion of antigen-
reactive T cells. These T cells are released into 

the peripheral circulation and express skin-homing 
receptors, such as cutaneous lymphocyte antigen. 
The expression of such receptors permits the cap-
ture of cells by E-selectin expressing endothelial 
cells, which appears to mediate the extrusion of T 
cells into the skin.58

T-cell–mediated cytotoxicity appears to be 
an essential component of the local inflamma-
tory reaction observed in contact sensitivity.59 
Targeting of cells for killing by these recruited 
T cells necessitates the further expression of 
antigen in the context of MHC I or II (Fig. 
18.2). While keratinocytes constitutively express 
MHC I, expression of MHC II may be induced 
in these cells by inflammatory cytokines, whose 
release is presumably prompted by the con-
tact sensitizer.60,61 T-cell release of granzyme 
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Fig. 18.1. Events associated with the provocation of an immune response in the skin. CCR7-CC, chemokine receptor 
7; CCL-19-CC, chemokine ligand-19; cysLTR, cysteinyl leukotriene receptor; DC, dendritic cell; KC, keratinocyte; 
LC, Langerhans’ cell; LT, leukotriene; MDR1, multidrug resistance transporter 1; MRP1, multidrug resistance associ-
ated protein 1; S1P, sphingosine-1-phosphate; S1PR, sphingosine-1-phosphate receptor; TCR, T-cell receptor. (Slide 
drawn using objects from ScienceSlides, VisiScience Corp. From Khan et al.,28 with permission.)
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or perforin mediates keratinocytes cell death, 
which prompts an inflammatory response in 
the skin.

Recognizing the outlined mechanism for skin 
inflammatory responses to chemicals applied epi-
cutaneously, how might systemically administered 
drugs provoke such reactions? It would appear 
that a systemically administered drug either pro-
vokes a systemic response that prompts migration 
of effector cells to the skin, or drug distributes to 
the skin and provokes an eruption by initiating 
events locally. Experimental evidence suggests 
the latter is most likely. For example, intradermal 
administration of prehaptenated dendritic cells 
sensitizes mice for a cutaneous reactions, whereas 
administration of such cells via the intraperitoneal 
or intravenous route does not.62,63 This observation 
suggests haptenation of dendritic cells must occur 
in the cutaneous environment to provoke a drug 
eruption.

As outlined in Figure 18.3, we have proposed 
a model wherein bioactivation of drug in kerati-
nocytes or localization to the skin of reactive 
metabolite formed in the liver serves as a key 
initiating event for drug eruptions.64 In addition 
to resulting in protein haptenation, these reac-
tive metabolites may result in oxidative stress 
and provoke the release of key secondary signals 
necessary for dendritic and T-cell activation. 
While numerous in vitro studies provide sup-
port for this hypothesis, in vivo evaluation of 

the hypothesis remains a necessary step prior to 
acceptance of the proposed mechanism.

Predisposing Factors for Drug 
Eruptions

The idiosyncratic nature of drug eruptions has 
prompted investigations into potential factors that 
may predispose patients to such reactions. Based 
on the foregoing discussion, it would seem logical 
that differences in drug metabolism may serve as 
an important predisposing factor. Indeed, early stud-
ies suggested that patients with the slow acetylator 
phenotype were at increased risk for the develop-
ment of cutaneous reactions to sulfonamides.65,66 
Subsequent studies, however, have not found a sig-
nificant association between acetylator phenotype or 
genotype and cutaneous reactions to these drugs.67 
Moreover, genetic variation in other drug metaboliz-
ing enzymes does not appear to correlate with risk for 
skin eruptions during therapy with sulfonamides.68,69 
Assessment of the potential role for variation in 
enzymes that mediate the bioactivation of other drugs 
(e.g., carbamazepine) have also not been fruitful in 
identifying allelic variants of such enzymes that sig-
nificantly impact that risk of drug eruptions.70 Hence, 
it does not appear that genetic variation in drug 
metabolizing enzymes is able to explain the idiosyn-
cratic nature of these reactions. This suggests that the 
level of reactive metabolite formed and the rate of 

Fig. 18.2. Schematic representation of events associated with T-cell–mediated keratinocyte cell killing. ICAM-1, 
intercellular adhesion molecule 1; LFA-1, leukocyte function-related antigen 1; MHC, major histocompatability 
complex; TCR, T-cell receptor. (Adapted from Pichler.27)
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its detoxification is unlikely to make the difference 
between who exhibits an immune-mediated adverse 
reaction and who does not.

More fruitful investigations have arisen from 
probing the role of allelic variants of key immune 
molecules as predisposing factors for the develop-
ment of drug-induced skin eruptions. For example, 
therapy with abacavir in patients with HIV infec-
tion is associated with hypersensitivity reactions in 
5% of patients. Studies found that patients with the 
HLA-B*5701 genotype have a markedly increased 
incidence of hypersensitivity reactions.16,17,71,72 
As a consequence of these observations, some 
centers have implemented pre-prescription phar-
macogenetic testing prior to initiating therapy 
with abacavir, a strategy that has recently been 
demonstrated to be cost-effective in a Caucasian 
population.73 Interestingly, this association was not 
confirmed in a population of black patients.17

Striking associations between HLA genotype 
and severe cutaneous reactions have recently been 
reported for two drugs. In a Han Chinese population, 
100% of patients with carbamazepine-induced SJS 
possessed the HLA-B*1502 genotype, whereas 
only 3% of patients receiving the drug without 
SJS exhibited this genotype.15 In addition, this 
same group of investigators reported that 100% of 
patients with SCAR to allopurinol had the HLA 
B*5801 genotype, which was present in 15% 
of tolerant patients.18 While ongoing studies are 
aimed at determining the presence of similar asso-
ciations for these drugs in other ethnic populations, 
these results provide compelling evidence for the 
potential to identify at-risk patients through genotype 
analysis of HLA.

In addition to genetic predisposition, the pres-
ence of a viral infection appears to markedly 
increase the incidence of cutaneous eruptions 

Fig. 18.3. Working hypothesis for the mechanism of cutaneous drug reactions to sulfonamides. APC, antigen-
presenting cell; CD80, B7.1 co-stimulatory molecule; COX, cyclooxygenase; P-450, cytochrome P-450; HSP, heat 
shock protein; ICAM-1 intercellular adhesion molecule 1; IL-1, interleukin-1; IL-8, interleukin-8; TNF, tumor 
necrosis factor. (Adapted from Reilly et al.64)
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associated with some drugs. For example, almost 
all patients with active infectious mononucleosis 
who are administered ampicillin exhibit a skin 
eruption.74–77 Re-challenge with the drug after the 
infection has cleared results in a rash frequency 
of only 5%. In addition, prior to the introduction 
of highly active antiretroviral therapy for HIV 
infection, the frequency of skin eruptions during 
therapy with sulfonamides was about 10 times 
that observed in non–HIV-infected patients.78–80 
The frequency of such reactions in AIDS patients 
appears to have decreased with the advent of thera-
pies that yield improved health such patients, as 
well as a substantial decrease in the use of sulfona-
mides in their management.

The mechanism by which viral infection increases 
the risk of developing a skin eruption is unclear.32,33 
As viral infections may provoke the release of 
inflammatory cytokines, which may result in the 
upregulation of secondary molecules on dendritic 
cells, such infections may predispose patients by 
provoking dendritic activation.

Conclusion

Drug eruptions are unfortunately common, involve 
immune mechanisms, and can range from mild 
localized or generalized rashes to life-threatening 
conditions. Early recognition of such adverse reac-
tions are critical, and familiarity with the drugs and 
associated conditions is critical in the recognition 
of this reaction. In most cases, discontinuation of 
the offending agents results in resolution of signs 
and symptoms. However, severe cutaneous reac-
tions may require supportive therapy, as well as 
the administration of antiinflammatory drugs or 
biologic agents such as intravenous immunoglobulin 
(IVIG).
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Key Points

● Vasculitis can be caused by many different 
mechanisms.

● Skin biopsies for hematoxylin and eosin (H&E) 
and direct immunofluorescence (DIF) are the 
cornerstones of diagnosing vasculitis

● Serology, histories, and physical examinations 
can help determine the type of vasculitis.

● Treatments can include corticosteroids, cyclophos-
phamide, azathioprine, methotrexate, colchicine, 
dapsone, mycophenolate mofetil, thalidomide, or 
intravenous immunoglobulin.

Vasculitis is defined as inflammation of blood 
vessel walls. With inflammation of the vasculature, 
there is resultant wall destruction and increased 
permeability, which can lead to aneurysm forma-
tion, extravasation of blood cells, and stenosis. 
Clinically, these processes present as hemorrhage, 
tissue ischemia, or infarction of the affected organ. 
Depending on the organs and caliber of blood 
vessels involved, vasculitis can manifest with a 
wide spectrum of clinical findings—from a benign, 
self-limiting course, to death. Vasculitis of any 
organ can be a primary process (idiopathic) or a 
secondary manifestation of other triggers such as 
trauma, infection, malignancy, systemic inflamma-
tory conditions, connective tissue disease, and drug 
hypersensitivity.

The skin in particular is among the most common 
organs affected by vasculitis due to its rich vascular 
supply, exposure to cold temperatures and trauma, 
and predisposing hemodynamic conditions (e.g., 
venous hypertension, stasis in the lower extremities). 

Because lesions of the skin are readily visible to 
the clinician, often they are the first indication of 
potentially life-threatening vasculitic processes 
occurring elsewhere in the body. As such, it is criti-
cal to develop a systematic and thorough approach 
to the patient with suspected vasculitis. Cutaneous 
signs are varied and are primarily a reflection of 
the size of the affected vessels. Involvement 
of small, superficial vessels results in erythema 
and purpuric macules, whereas deeper involve-
ment of larger vessels presents with increasingly 
severe lesions including livedo, palpable purpura, 
vesicles, ulcers, urticaria, subcutaneous nodules, 
distal gangrene, and necrosis. In this regard, the 
morphology of lesions can be a clue to the under-
lying vasculitic process; however, multiple lesion 
types are often present, as a range of blood vessel 
sizes may be involved. While the majority of cases 
of vasculitis restricted to the skin are self-limited, 
the physiologic response to inflammation from 
blood vessels results in the release of chemical 
mediators that may give rise to a variety of sys-
temic findings, such as malaise, fever, weight loss, 
arthralgias, arthritis, myalgia, night sweats, and 
laboratory abnormalities.1–3 Therefore, a complete 
history, physical exam, review of systems, and 
laboratory workup are necessary to further classify 
suspected vasculitis and identify extracutaneous 
involvement. In all cases, biopsy and clinical-
histologic correlation provide the gold standard for 
diagnosis. This chapter discusses features common 
to most, if not all, variants of cutaneous vasculitis, 
including workup, common etiologies, and specific 
presentations.
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Cutaneous Vasculitides

Cutaneous vasculitis most often manifests as 
palpable purpura in dependent areas4 and under 
tight-fitting clothing. These lesions may be asymp-
tomatic, tender, or pruritic,5 and, depending on the 
disease process and the size of the affected vessels, 
there may be varying degrees of involvement of 
other organs such as the kidneys, gastrointestinal 
(GI) tract, or lungs. While accompanying signs and 
symptoms may give hints to systemic disease, there 
are no pathognomonic indicators of extracutaneous 
involvement, although tools have been proposed 
that may identify patients with more extensive dis-
ease.6,7 Furthermore, because different vasculitic 
processes can present with the same skin findings, 
and because many conditions can mimic vasculitis, 
prognosis cannot be determined from physical 
examination alone.9–12

The annual incidence of biopsy-confirmed 
cutaneous vasculitis has been reported from 
40 to 60 cases per million.13,16,18 Approximately 
30% to 60% of vasculitides limited to the skin 
are idiopathic without evidence of extracutaneous 
involvement and with no obvious trigger.4,23,24 
These cases are typically solitary, self-limited 
episodes, although as many as 10% of these 
patients may have recurrent or chronic disease.25,26 
Of the remaining patients, 20% are attributable to 
adverse drug reactions, 22% to infection, 12% to 
connective tissue disease (CTD), 10% to Henoch-
Schönlein purpura (HSP), and less than 5% each to 
malignancy, systemic vasculitis, or other systemic 
disease24 (Table 19.1). There is a slight predilection 
in women over men, and all ages can be affected 
(mean adult onset = 47 years, mean pediatric onset 
= 7 years), with 90% of pediatric cases represented 
by HSP.23

Initial Workup of Cutaneous 
Vasculitis

In cases of suspected vasculitis, the laboratory 
results and the histologic workup provide invalu-
able information beyond the history and the physi-
cal examination in both determining the degree of 
systemic involvement and uncovering underlying 
causes for the vasculitic process, with biopsy pro-
viding the gold standard for diagnosis. While physi-
cal findings can afford initial clues as to the types 
of vessels involved, the diagnosis of vasculitis can 
only be confirmed histologically, keeping in mind 
that the verification of the diagnosis does not lend 
information regarding the degree of extracutane-
ous involvement; palpable purpura may represent 
vasculitis limited to the skin, or a harbinger of life-
threatening systemic disease.1,8 Table 19.2 lists the 
appropriate initial laboratory workup for all patients 
and other tests that should be considered on a case-
by-case basis. Taken together, these data ultimately 
contribute to decisions regarding prognosis and 
treatment modalities. For example, serum comple-
ment is a known mediator of vascular inflammation, 
and low levels indicate excessive consumption, sug-

Table 19.1. Causes of cutaneous vasculitis.14,23–26

Idiopathic 30–60%
 90% self-limited 
 10% recurrent 
Drug reaction 20%
Infection 22%
Connective tissue disease 12%
Malignancy < 5%
Systemic vasculitis < 5%
Other systemic disease < 5%

Table 19.2. Suggested laboratory workup for suspected 
vasculitis.

Standard workup
Complete blood count w/differential
Complete metabolic panel (including creatinine)
Urinalysis with microscopic evaluation
Biopsy for hematoxylin and eosin staining
Biopsy for direct immunofluorescence
Infectious serologies (blood, urine, swabs)
Rheumatoid factor
C-reactive protein
Antinuclear antibody
Antineutrophil cytoplasmic antibody
Cryoglobulins
Complement (C3, C4, CH50)
Hepatitis panel
Stool guaiac
Chest x-ray
HIV
Serum protein electrophoresis/urine protein electrophoresis

Other tests to consider based on the individual case
Renal biopsy
Nerve conduction studies
Hypercoagulability panel
Echocardiogram
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gesting more extensive or systemic involvement.29 
An elevated erythrocyte sedimentation rate (ESR) 
has been described in up to 50% of patients with 
limited cutaneous vasculitis; however, significant 
elevations (up to 60 mm/h) have been associated 
with higher rates of systemic involvement.25

Skin biopsies sent for both routine hematoxylin and 
eosin (H&E) staining as well as direct immunofluo-
rescence (DIF) are the cornerstones in determining 
whether physical findings represent true vasculitis or 
other conditions that can clinically mimic vasculitis. 
Decisions as to which lesions should be biopsied 
have direct impact on the diagnostic information 
elicited. Tissue should be acquired from lesions 
between 24 and 48 hours after their appearance, as 
sampling before or after this time range may result 
in false-negative results. Biopsies with thrombosis 
or perivascular lymphocytic inflammation are char-
acteristic of older lesions. In cases where suspicion 
of vasculitis is high but histology does not correlate 
with clinical findings, biopsy should be repeated. 
Likewise, if a medium-vessel vasculitis such as poly-
arteritis nodosa (PAN) is suspected, the biopsy must 
be of sufficient depth to include the subcutaneous 
tissue where these vessels are found. In general, 
ulcerated lesions should be avoided.1

The diagnosis of vasculitis is confirmed une-
quivocally by the presence of an inflammatory 
infiltrate around and within the walls of vasculature 
with fibrin deposition. These areas of fibrinoid 
necrosis are accompanied by swelling and necrosis 
of endothelial cells, as well as secondary changes such 
as erythrocyte extravasation and necrosis leading to 
purpura and infarction, respectively.1,23 Apoptotic 
cells are seen frequently as well as overlying 
ulceration. Determination of vessel size, type of 
cellular infiltrate, depth, and degree of involvement 
on H&E stains helps in classification and generation 
of differential diagnoses (Fig. 19.1).

The pathogenic features of vasculitis in the skin 
are related to vessel wall injury, which can be toxin 
mediated, immune mediated, or from direct infec-
tion, and all three mechanisms can result in the 
histologic pattern of fibrinoid necrosis mentioned 
above. It is critical to identify those patients in 
which pathogenesis is caused by antibody-mediated 
toxicity and immune complex formation, as they 
are more likely to have extracutaneous involve-
ment.1 Deposition of immune complexes leads 
to complement activation, further recruitment of 

inflammatory cells and cytokines, and expression 
of adhesion molecules such as E-selectin, P-selectin, 
and intercellular adhesion molecule 1 (ICAM-1). 
With endothelial cell retraction, there is vascular 
deposition of immune complexes, neutrophil infil-
tration, edema, hemorrhage, and thrombosis.2

Immunofluorescence is an essential diagnostic 
tool in the evaluation of cutaneous vasculitis, 
especially in the small-vessel group. This tech-
nique consists of the detection of immunoglobulins 
(Igs) and complement deposited within tissue. 
Deposition of IgA, IgG, IgM, and C3 in or around 
vessels identified by DIF characterizes antibody- 
and immune complex–mediated vasculitis, and 
the patterns of deposition further classify disease. 
Lesion age is critical to evaluation, as up to 30% 
of immune-mediated vasculitides are negative on 
DIF by 72 hours and only C3 is detected after this 
point.28 Tissue samples are transported in Michell’s 
medium and stored at 4°C prior to processing 
at specialized laboratories. Samples are washed, 
flash frozen, sectioned, and then stained to detect 
antibodies and complement in and around blood 
vessels. Certain diagnoses cannot be made without 
characteristic DIF patterns, which will be discussed 
with their associated conditions below.

Serologic testing has become routine in eval-
uation of vasculitis. In particular, antineutrophil 
cytoplasmic antibodies (ANCAs) have established 

Fig, 19.1. Hematoxylin and eosin (H&E) staining of skin 
biopsy from a patient with cutaneous small-vessel vasculi-
tis (CSVV). This is a leukocytoclastic vasculitis involving 
small, superficial vessels, rich in neutrophils (arrow)
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clinical utility in dermatology.31 Initially 
described in patients with rheumatoid arthritis, 
ANCA-associated vasculitides include small and 
medium-sized involvement such as Wegener’s 
granulomatosis, microscopic polyangiitis, Churg-
Strauss syndrome, and many drug-induced cases 
of vasculitis, as well as systemic inflammatory 
conditions and connective tissue diseases.32 It is 
believed that vasculitides associated with ANCAs 
have a distinct mode of pathogenesis.5 Antibodies 
can be directed against cytoplasmic (c-ANCA) and 
perinuclear (p-ANCA) neutrophil-derived products. 
C-ANCA antibodies are directed against proteinase 
3 (PR3) and ANCA antibodies are directed toward 
myeloperoxidase (MPO) and elastase. Inflammatory 
cytokines are believed to induce the translocation of 
these targets to the surface of neutrophils, allowing 
binding of ANCAs and adherence to endothelial 
cells, ultimately causing damage to vessel walls.33 
Titers may predict clinical relapse or disease activ-
ity,34 and serial testing is recommended, as transient 
elevations in ANCAs can be seen with acute infec-
tions.35 Because c-ANCA is represented by only 
one antigen (PR3), enzyme-linked immunosorbent 
assay (ELISA) is a more sensitive and specific assay. 
Since several antigens are responsible for the 
p-ANCA pattern, immunofluorescence is preferred.

Drug–Induced Vasculitis

Medications from virtually every pharmacologic 
class (including herbal supplements) have been 
linked to drug-induced vasculitis, resulting in a 
range of clinical presentations36–38 (Table 19.3). 
The onset of findings after exposure to the causative 
agent is typically 5 to 20 days,1 and while with-
drawal is often sufficient to reverse the vasculitic 
process, there have been cases of fatal drug-
induced allergic vasculitis in previously healthy 
patients.62 There have also been reports of cutane-
ous vasculitis stemming from vaccines,63 foods,64 
and alcohol.65 Ironically, many of the medications 
used for the treatment of systemic inflammatory 
conditions have also been linked to the develop-
ment of cutaneous vasculitis.66,67 One recent report 
linked the appearance of cutaneous vasculitis as a 
marker for therapeutic response in chemotherapy for 
non-Hodgkin’s lymphoma.68 Although the precise 
pathogenic mechanisms are varied, there appears 

to be a combination of cell-mediated and humoral 
immune responses contributing to the development 
of the observed vasculitis. As such, a thorough 
medication history is critical in the initial evalua-
tion of the patient with suspected vasculitis, and 
all recently added medications should be discon-
tinued. In those patients with both p-ANCA and 
c-ANCA, as well as eosinophilic infiltrates, the 
notion of drug-induced vasculitis should be enter-
tained.69,70 Finally, one should keep in mind that 
the vast majority of drug-induced small-vessel 
vasculitis falls into the category of cutaneous leuko-
cytoclastic vasculitis (hypersensitivity vasculitis) or 
IgA vasculitis (Henoch-Schönlein purpura).

Vasculitis Associated with Systemic 
Conditions

Cutaneous vasculitis may result from a number of 
infectious, inflammatory, autoimmune, and malignant 
diseases, as well as pregnancy.71–77 Essentially any 
of the above conditions can result in vasculitides of 
varying severity, and the workup of patients often 
points to a specific underlying condition. Vasculitis 
can present prodromally or at any time during the 
disease. Table 19.4 lists the potential underlying 
systemic triggers for vasculitis. Among malignant 
diseases associated with vasculitis, hematologic 
cancers are seen most frequently. In a recent 
study of 95 hospitalized patients with hemato-
logic malignancies, 23 (24%) had biopsy proven 

Table 19.3. Partial list of commonly used medications 
reported to cause vasculitis; essentially any drug in any 
class is capable of acting as a trigger for vasculitis.

Metformin47

Olanzapine48

Leukotriene receptor antagonists49

Famciclovir50

Bosentan51

Cyclooxygenase inhibitors52

Sirolimus53

Nonsteroidal antiinflammatory drugs54

Vancomycin56

Paroxetine59

Oxacillin61

Hepatitis B vaccine63

Alcohol65

Infliximab66

Etanercept67
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cutaneous vasculitis. Skin findings developed 
before (26%), during (39%), and after (35%) the 
diagnosis of malignancy.78 Once again, thorough 
history, physical, and laboratory workup often point 
to the underlying disease processes, and in cases 
where there is failure to respond to treatment, 
investigation for occult malignancy should be 
considered.

Treatment

If systemic conditions are excluded and potentially 
causative agents discontinued, treatment for vas-
culitis is driven by the severity of symptoms and 
extent of extracutaneous involvement. The majority 
of cases are isolated occurrences and can be managed 
supportively with rest, warming, compression, 
elevation of affected lower extremities, and symp-
tomatic treatment for pain control, inflammation 
(nonsteroidal antiinflammatory drugs [NSAIDs]), 
and pruritus (antihistamines). For recalcitrant dis-
ease or with evidence of systemic involvement, more 
aggressive therapy, including immunosuppressive 
agents, is necessary. Therapeutic decisions are based 
on the experience of the clinician and the details 
of the specific patient. Corticosteroids, cyclophos-
phamide, azathioprine, methotrexate, colchicine, 
dapsone, mycophenolate mofetil, thalidomide, and 
intravenous immunoglobulin (IVIG) have all been 
reported5 and are discussed in further detail below. 
More recently, there have been reports of effective 
treatment with tumor necrosis factor-α (TNF-α) 
inhibitors79,80 and anti-CD20 antibodies.81,82 Newer 

therapies targeted toward neutrophil chemotaxis, 
activation, and adhesion are certain to appear in 
the near future.5

Clinical Mimickers of Cutaneous 
Vasculitis

A variety of conditions are capable of clinically 
simulating cutaneous vasculitis and have been 
termed pseudovasculitides.83 Many of these condi-
tions can be excluded by biopsy, and are typically 
associated with conditions that cause hemorrhage 
or vessel occlusion, and should always be in the 
differential diagnosis for vasculitis. Vessel wall 
dysfunction or incompetence from infiltrative proc-
esses, nutritional deficits such as scurvy,84 infection, 
embolism, vasospasm, and trauma can all present 
with varying degrees of purpura, petechia, ecchy-
moses, ulcers, and necrosis. Likewise, hypercoagu-
lable states such as antiphospholipid syndrome and 
factor V Leiden can lead to similar clinical pictures 
and need to be excluded.9

Classification of Cutaneous 
Vasculitis

Classification of vasculitis in the skin is typically 
based on the size of predominantly affected blood 
vessels and type of inflammatory response, which 
when interpreted with DIF examination and labo-
ratory workup, correlate with disease etiology and 
affect the treatment decisions. Vessels of varying 
sizes are frequently involved, however, as vascu-
litic processes do not always recognize arbitrary 
boundaries of vessel size. Most texts refer to the 
classification schemes outlined by the Chapel Hill 
Consensus Criteria or the American College of 
Rheumatology, although it is often difficult to char-
acterize individual patient variations.85–87

Small blood vessels are ubiquitous in the skin. 
They include arterioles, capillaries, and postcapil-
lary venules. They are typically 50 µm or less 
in dia meter, and may not have a fully developed 
muscular layer. Clinical lesions of cutaneous 
small-vessel vasculitis (CSVV) are most com-
monly nonblanchable and purpuric, and are found in 
dependent areas (buttocks, back, lower extremities). 

Table 19.4. Immunoglobulin A vs. non–immunoglobulin 
A vasculitides.

Immunoglobulin A (IgA) predominance seen on direct immun-
ofluorescence?
 IgA vasculitis
 Henoch-Schönlein purpura
No IgA or IgG/IgM predominance?
 Non-IgA vasculitis
 Cryoglobulinemia II/III
 Hypocomplimentemic urticarial vasculitis syndrome
 Rheumatoid vasculitis
 Connective tissue disease
 Wegener’s granulmatosis
 Churg-Strauss syndrome
 Microscopic polyangiitis
 Behçet’s syndrome



282 S.F. Ibrahim and C.H. Nousari

When urticarial lesions are present, they are less 
pruritic, short-lived (<24 hours), and can occur any-
where on the body. They include Wegener’s granu-
lomatosis, Churg-Strauss syndrome, microscopic 
polyangiitis, Henoch-Schönlein purpura, essential 
cryoglobulinemic vasculitis, and cutaneous leuko-
cytoclastic angiitis.

Medium-sized blood vessels are larger than 
50 µm, have fully developed muscular layers, and 
are located deeper within the dermis or subcutaneous 
fat. Clinically, these processes present with livedo, 
nodules, ulcerations, or digital infarcts. Wedge 
biopsy is typically needed for sufficient diagnostic 
yield, and biopsy of necrotic or ulcerated areas is 
of low yield. Included among this group are polyar-
teritis nodosa and Kawasaki disease. Vasculitis of 
these vessels is commonly referred to as necrotizing 
vasculitis, reflecting the hyalinization, coagulat-
ive necrosis, and degeneration of muscular layers, 
where it is more readily visible. Occasionally nerve 
or muscle biopsy can provide additional diagnostic 
information if histology is inconclusive.

Large-vessel vasculitides rarely have cutaneous 
manifestations and include giant cell (temporal) 
arteritis and Takayasu’s arteritis, and will be 
mentioned only briefly.

Cutaneous Leukocytoclastic Angiitis

As defined by the Chapel Hill Criteria, cutaneous 
leukocytoclastic angiitis (CLA) is the term 
applied to patients with hypersensitivity vascu-
litis. Exogenous chemicals, infectious agents, 
cytokines, and circulating immune entities that do 
not strongly activate complement can cause CLA by 
inducing an inflammatory cascade in endothelium 
of CSVV. Most commonly triggered by infections 
or drugs, the onset is acute with both palpable 
and nonpalpable purpuric and urticarial lesions 
on the lower extremities appearing 5 to 20 days 
after initial exposure, and 2 to 4 days after repeat 
exposures.88 These cases tend to be single episodes, 
and relapsing cycles can result from systemic 
inflammatory conditions, infection, and malig-
nancy. Extracutaneous involvement is rare, with 
the exception of constitutional symptoms caused 
by mediators of inflammation released locally.100 
Serum sickness resulting from the injection of non-
human serum can present with a similar picture, 
but is rarely seen in modern practice.1

Routine laboratory tests are usually normal, as 
extracutaneous disease is rare. The ESR is elevated 
in up to 50% of cases, while complement levels 
and urinalysis are normal. There are no specific 
serologic markers for CLA, making it largely a 
diagnosis of exclusion, and normocomplementemic 
urticarial vasculitis is likely to be a clinical variant 
of this condition.97

On histology, there is a neutrophil predominant 
vasculitis of superficial vessels with varying numbers 
of surrounding eosinophils (Fig. 19.2). Direct 
immunofluorescence is positive in roughly half 
of these biopsies, displaying mild to moderately 
intense granular IgM deposits with weak or 
absent C3. The lack of complement involvement 
may correlate with the relatively benign course of 
this condition and low level of systemic involve-
ment. Although DIF is frequently negative, it is a 
key factor in discriminating CLA from IgA vascu-
litis, which shares the same triggers and clinical 
presentation.96,98

Up to half of the cases of CLA are idiopathic 
and resolve spontaneously. In cases with a known 
trigger, treatment consists of removal of the 
offending agent or resolution of underlying sys-

Fig. 19.2. Acute palpable purpura of cutaneous leuko-
cytoclastic angiitis (hypersensitivity vasculitis)
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temic condition. Immunosuppressive treatment is 
largely unnecessary in CLA, with the exception 
of the most severe cases, and is aimed at reducing 
constitutional symptoms and synovitis. Moderately 
dosed corticosteroids (0.5 mg/kg/day) are a reasonable 
option until symptoms resolve. Recalcitrant cases 
warrant more extensive investigation.

Henoch-Schönlein Purpura

Henoch-Schönlein purpura (HSP) is defined as 
an IgA-mediated syndrome presenting with a 
tetrad of purpura, abdominal pain, arthralgias, and 
hematuria.91 It is most commonly seen in children, 
but there have been increasing reports of HSP in 
adults.94 As with CLA, HSP is often preceded by 
medications or infection—most commonly upper 
respiratory, gastrointestinal (GI), and genitourinary 
(GU). When associated with GI and GU infec-
tions, it can be difficult to discern findings related 
to infection from those caused by the vasculitic 
process itself. Approximately 50% of those affected 
develop systemic involvement such as nephritis, 
neuropathy, and GI symptoms.92 Skin lesions are 
seen in all patients and are typically palpable 
purpura or urticaria of the lower extremities and 
buttocks that turn into purpura with annular con-
figuration (Fig. 19.3). Koebnerization is known to 
occur in HSP. A subset of patients displays only 
urticarial lesions, and lesions above the waist have 
been associated with renal disease, as are elevated 
ESR, fever, and adult onset.137 Women have an 
increased risk for the development of proteinu-
ria or preeclampsia in future pregnancies.138,139 
Ulcerative lesions have been reported in HIV-
positive patients.130

Extracutaneous involvement can appear in any 
organ, with the kidneys, GI tract, and joints being 
most common. Renal failure secondary to glomer-
ulonephritis is the most serious complication of 
HSP, with some degree of renal involvement occur-
ring in up to 40% of adult patients. Patients with 
fibronectin-rich IgA1 complexes or with abnormal 
glycosylation of the hinge region of IgA1 have 
higher rates of renal involvement. Renal disease 
typically manifests within the first 3 months of 
HSP, and 5% of patients progress to chronic renal 
failure. Children with renal involvement have a 
higher incidence of hypertension and renal failure 
as adults, and 15% of children on hemodialysis 

have renal failure secondary to HSP.140 Urinalysis 
is an absolute requirement for the patient with 
suspected HSP, with hematuria providing the most 
sensitive measurement for renal involvement. 
Gastrointestinal involvement can range from pain 
to hemorrhage and necrosis of the bowel from 
mesenteric vasculitis, and pulmonary hemorrhage 

Fig. 19.3. (A,B) Infants with typical lesions of Henoch-
Schönlein purpura (HSP). Lesions above the waistline 
are associated with a worse prognosis. (Courtesy of 
Dr. M. Mercurio.)
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has also been reported.90 Once again, however, it 
is difficult to determine if involvement of these 
organs is the result of a prodromal infection or 
from the vasculitic process itself.

There is mounting evidence that acute hemorrhagic 
edema of infancy (AHEI) is a variant of HSP, 
although in contrast with HSP, extracutaneous 
involvement is rare and IgA deposition is rarely 
seen with DIF.93 AHEI is frequently seen after 
bacterial infection, and lesions appear on the face 
and extremities.

There are no specific serology associations with 
HSP, although up to 40% of adult patients demon-
strate some degree of IgA gammopathy.137 When 
appropriate, additional workup should include 
serum and urine protein electrophoresis (SPEP and 
UPEP), total immunoglobulin quantitation, and 
immunofixation.

Routine H&E staining reveals a neutrophil-rich 
small-vessel vasculitis of the superficial dermis 
with leukocytoclasia and few eosinophils. DIF 
provides the gold standard for diagnosis, with 
IgA deposits in small, superficial vessels found in 
virtually all biopsies. Granular deposits of other Ig 
classes are occasionally seen, with IgA being the 
most prominent.86

As with any of the vasculitides, treatment decisions 
hinge on the degree of involvement and consti-
tutional symptoms. While the cutaneous findings 
are largely refractory to therapy, synovitis and GI 
symptoms are quite responsive to moderate doses 
of oral corticosteroids. Skin lesions frequently 
have an initial response to steroids, followed 
by rapid relapse upon completion of treatment. 
Antimetabolites such as azathioprine and myco-
phenolate mofetil, as well as alkylating agents can 
be effective for treating glomerulonephritis. There 
is growing evidence for a role of TNF-α in patho-
genesis in HSP, and the utility of TNF-α antagonists 
is currently under investigation.79

Urticarial Vasculitis

Urticarial vasculitis presents clinically as urticaria 
of the trunk and proximal extremities, and histo-
logically as vasculitis (Fig. 19.4). It occurs in two 
forms differentiated by serum complement levels. 
The normocomplementemic variant is a subset 
of CLA, while the hypocomplementemic type 
(HUVS) is a subset of systemic lupus erythematosus 

(SLE).95,97 Patients with low levels of C3, C4, and 
total serum hemolytic complement (CH50) have 
dramatically increased rates of complement con-
sumption. CH50 is a more sensitive predictor of 
HUVS since C3 and C4 are acute-phase reactants 
and may be normal in mild disease or early-stage 
disease. Thorough workup of patients with urticarial 
vasculitis should include the quantitation of C3a, 
C5a, and C3bi when available.97,98

Ninety percent of normocomplementemic 
urticarial vasculitis (NUV) are triggered by infec-
tion or medications, and are self-limited without 
indication of systemic involvement.96 The clinical 
differential includes urticarial HSP, neutrophilic 
urticaria, Schnitzler’s syndrome, and urticarial 
cryoglobulinemia II and III.

Neutrophilic urticaria, also known as polymor-
phonuclear predominant urticaria (PPU) is a subset 
of chronic urticaria.103 Lesions are typically pruritic, 
and mild constitutional symptoms can be present. 
Histologic features of PPU can be confused with 
NUV, as perivascular neutrophilic infiltrates can 
be dense, with occasional karyorrhexis; however, 
there is no definite disruption of vasculature and 
DIF is consistently negative in PPU. Chronicity and 
no obvious underlying cause argue against NUV. 
Treatment consists of antihistamines, leukotriene 
antagonists, dapsone, or colchicine. In cases of PPU 
it is important to rule out Schnitzler’s syndrome, 
which is characterized by NUV, fever, lymphaden-
opathy, hepatosplenomegaly, peripheral neuropathy, 
bone pain, and monoclonal IgM gammopathy.99

Fig. 19.4. Urticarial vasculitis. These lesions are difficult 
to distinguish clinically from traditional urticaria and can 
occur on the face and upper extremities. (Courtesy of Dr. 
F. Tausk.)
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In contrast to patients with NUV, the hypocom-
plementemic variant of urticarial vasculitis presents 
as a chronic, relapsing syndrome (HUVS) with 
signs and symptoms typically seen with SLE, 
including fever, arthralgias, and myalgias.95,96 
In contrast to lesions of NUV, HUVS lesions tend 
to have a purpuric component upon careful exami-
nation. Synovitis, GI involvement, scleritis, and 
synovitis are not uncommon associated findings. 
A subset of HUVS patients with more overt symp-
toms of SLE will display angioedema, thought to 
be mediated by a high rate of consumption of C1 
esterase caused by autoantibodies to C1q. In both 
variants of urticarial vasculitis, histology reveals a 
dense neutrophilic infiltrate in and around the walls 
of small vessels that disrupts normal architecture. 
In HUVS, dermal edema and neutrophils extend 
to the dermal-epidermal junction (DEJ), resulting 
in vacuolar changes and clefting of the basement 
membrane zone (BMZ). The only serologic marker 
associated with NUV is an elevation in ESR in up 
to 70% of patients, while essentially all patients 
with HUVS have high ESR and an antinuclear anti-
body (ANA) titer greater than 1:320 at some point 
in their disease course.1

As with CLA, 50% of patients with NUV have 
immune deposition within and around blood vessel 
walls seen with DIF. IgM is seen more frequently 
than IgG, and C3, if present, is weak and patchy. In 
contrast, essentially all patients with HUVS show 
significant IgG and C3 intravascularly and perivas-
culary within superficial dermal vessels extending 
to the BMZ (Fig. 19.5). It has been reported that 

this latter finding resembles the lupus band test, 
further linking HUVS with SLE.98,108

Treatment of NUV is similar to that for CLA—
conservative and directive toward alleviation of 
mild symptoms. HUVS, however, frequently requires 
systemic immunosuppressive therapy such as cor-
ticosteroids, azathioprine (3 to 4 mg/kg/day), or 
mycophenolate mofetil (40 to 50 mg/kg/day); these 
medications are usually sufficient. Antiinflammatory 
agents such as dapsone, colchicine, methotrexate, 
and calcineurin inhibitors are not typically effec-
tive, as they have no effect on the production of 
immune complexes or anti-C1q synthesis.

Cryoglobulinemia

Cryoglobulinemic vasculitis affects both small and 
medium-sized skin blood vessels. Cryoglobulins 
are antibodies that precipitate with cold, and three 
types of cryoglobulinemia exist as defined by the 
type of antibodies present. Type I is a monoclonal 
gammopathy that commonly presents as a hyper-
viscosity syndrome and thrombotic events in the 
context of myeloproliferative disorders, and does 
not represent true vasculitis. Type II is mixed, with 
an IgM monoclonal component (usually an IgM 
rheumatoid factor) in conjunction with polyclonal 
gammopathy. Type III consists of polyclonal cry-
oglobulins. Because types II and III readily form 
immune complexes, they are more likely to cause 
vasculitis, as opposed to the thrombotic vascu-
lopathy seen with type I cryoglobulins.1,104–107 
Cryoglobulinemia type II has antibodies that form 
immune complexes with much higher avidity and 
levels of complement fixation, resulting in more 
significant clinical syndromes. Hepatitis C is by 
far the most common cause of type II cryoglob-
ulinemia, representing essentially all cases previ-
ously labeled as essential mixed cryoglobulinemia 
(Fig. 19.6).104,105 It is felt that the virus stimulates 
the immune system chronically, causing B-cell 
expansion and production of autoantibodies. Other 
associated infections include endocarditis, hepa-
titis B, and HIV. Connective tissue disease, other 
autoimmune conditions, and malignancy have been 
associated with both types II and III cryoglobulinemic 
vasculitis.109

Clinically, skin lesions associated with cry-
oglobulinemia type I are indistinguishable from 

Fig. 19.5. Direct immunofluorescence of biopsy from a 
patient with hypocomplimentemic urticarial vasculitis 
syndrome (HUVS) revealing granular immunoglobulin 
G (IgG) in and around superficial vessels
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those seen with type II, and resemble the palpa-
ble purpura and urticarial findings seen with any 
CSVV. As with most vasculitides other than urti-
carial vasculitis, lesions most commonly appear 
on the lower extremities. Cryoglobulin-associated 
nonpalpable purpura can also present as the cap-
illaritic eruption seen in Schamberg’s disease. 
The benign hypergammaglobulinemic purpura 
seen in Waldenström’s (lymphocytic vasculitis) is 
clinically, serologically, and histologically indis-
tinguishable from that seen with cryoglobulinemia 
type III, and, as such, is generally believed to 
belong to the same spectrum of disease.109 Pigmented 
purpura above the waistline or involving the soles 

of the feet favor cryoglobulinemic vasculitis over 
Schamberg’s, as do lesions seen at different stages 
of evolution, ulcerative lesions, and constitutional 
symptoms. Ulceration signals the involvement of 
medium-sized vessels and can help differentiate 
from other CSVV. As mentioned, medium-sized 
vessels can also be seen with cryoglobulinemia. 
These patients also tend to have systemic symptoms 
such as nephropathy, neuropathy, arthralgias, and 
gastrointestinal involvement.1,110

Serologically, cryoglobulin type II patients dem-
onstrate monoclonal IgM rheumatoid factor (RF) 
and polyclonal IgG. All patients have an RF greater 
than 1:320, and over 90% have decreased C4 but 
essentially normal C3. Therefore, a negative cry-
oglobulin assay and negative RF in the setting of 
low C4 virtually excludes cryoglobulinemia type II, 
whereas a low titer cryoglobulinemia in the absence 
of vasculitis is common after many infections. 
A positive cryoglobulinemia with negative RF activ-
ity likely represents an incidental finding and not 
vasculitis. Cryoglobulinemia type III demonstrates a 
polyclonal gammopathy without any specific mono-
clonal spike, and low levels of both C3 and C4.1

Histology demonstrates findings consistent with 
CSVV or both CSVV and medium-sized vessel 
vasculitis (MSVV), but not MSVV alone. Some 
texts report the deposition of a nonspecific, homo-
geneous intravascular infiltrate associated with 
cryoglobulinemic vasculitis; however, this likely 
represents thrombotic vasculopathy seen with type I 
cryoglobulinemia and not true vasculitis.109

Direct immunofluorescence in cryoglobulinemia 
type II usually reveals significant granular IgM and 
C3 deposition in and around small and medium-
sized vessels, while type III has both IgG and IgM 
in addition to C3. In practice, it is often difficult to 
distinguish between types II and III cryoglobuline-
mia by DIF.

Because types II and III cryoglobulinemias are 
difficult to distinguish histologically and clinically, 
treatment decisions should hinge on the serologic 
workup and be directed toward the underlying 
etiology (e.g., hepatitis C) as well as the vasculitis. 
Treatment of the latter is similar to that of other vas-
culitides and is based on combinations of steroids 
and steroid-sparing agents that are used in an effort 
to target antibody and immune complex–mediated 
inflammation. Differences do exist, however, when 
treating the underlying condition in type II as 

Fig. 19.6. Clinical image of patient with known hepatitis 
C presenting with the CSVV (purpura) and medium-sized 
vessel vasculitis (MSVV) (livedo) lesions associated 
with cryoglobulinemia type II



19. Cutaneous Vasculitis 287

opposed to type III cryoglobulinemia. For instance, 
in the setting of hepatitis C–induced type II cry-
oglobulinemia with high titers of cryoglobulins and 
RF and low complement, antiviral treatment with 
interferon-γ could potentially result in massive 
formation of immune complexes, exacerbation of 
vasculitis, and multiorgan failure.110 This group of 
patients should be treated with immunosuppressive 
agents of low hepatotoxicity for at least 6 months 
prior to antiviral therapy.106

An additional difference in the management of 
type II versus type III cryoglobulinemia is with 
plasmapheresis aimed at removing pathogenic 
immunoglobulins. Because antibodies in type II 
cryoglobulinemia are intravascular as opposed to 
the intra- and extravascular deposition seen in type 
III cryoglobulinemia, plasmapheresis is much more 
effective in the prior condition,  as extravascular 
antibodies are not affected by plasmapheresis.

Antineutrophil Cytoplasmic 
Antibody–Positive Vasculitis

As described earlier, ANCAs are antineutrophil 
cytoplasmic antibodies and are found in varied 
autoimmune disorders. In the setting of vascu-
litis, they are associated with three conditions: 
Wegener’s granulomatosis (WG), microscopic 
polyangiitis (MPA), and Churg-Strauss syndrome 
(CSS). Skin findings of these three conditions are 
those of CSVV or cutaneous medium-vessel vas-
culitis (CMVV), with palpable purpura being most 
common.112,113 Papules and nodules are occasion-
ally seen on extensor surfaces and can be ulcer-
ated or necrotic, occasionally with overhanging 
borders as seen with pyoderma gangrenosum.114,116 
However, primary cutaneous disease in these condi-
tions is essentially nonexistent, as all patients with 
WG, MPA, and CSS have varying degrees of extra-
cutaneous involvement. Wegener’s granulomatosis 
has significant associated extracutaneous involve-
ment including upper and lower respiratory, renal, 
and nervous system manifestations, and almost 
all of these patients are c-ANCA positive. Churg-
Strauss syndrome is hard to distinguish from WG 
except for the presence of significant tissue and 
blood eosinophilia, higher levels of p-ANCA, and 
associated atopy in CSS.117 The diagnosis of CSS 
requires eosinophil predominance in a mixed 

infiltrate. Some patients with CSS describe pru-
ritus as a symptom preceding the development of 
vasculitic lesions, and this is thought to be related 
to the high number of eosinophils. Microscopic 
polyangiitis is the most common cause of vascu-
litis associated with pulmonary-renal syndrome, 
and almost all of these patients are p-ANCA 
positive.100,102

Histologically, lesions from the ANCA-associated 
vasculitides demonstrate classic findings of vasculitis 
or Churg-Strauss (cutaneous extravascular necro-
tizing) granulomas. (CENG).114,118 The latter is a 
misnomer, as the blood vessels in these infiltrates 
demonstrate clear evidence of vasculitis. Originally 
observed in CSS, but later seen in several vascu-
litides, CENG lesions contain four components: 
(1) a central area of degenerated extracellular 
substance surrounded by (2) a palisaded mono-
nuclear infiltrate; (3) variable polymorphonuclear 
interstitial infiltrate; and (4) variable degrees of 
vasculitis or vasculopathy of small or medium-
sized vessels.116,118,119 This fact helps differentiate 
CENG seen in systemic vasculitides from the pali-
saded granulomas of rheumatoid nodules. Both the 
histologic and clinical appearances are similar to 
those of rheumatoid nodules. Oscillating titers of 
pathogenic antibodies cause sustained damage to 
the endothelial lining, leading to slow death and 
degeneration of the extracellular matrix, resulting 
in a palisading inflammatory reaction. Because 
extensor surfaces of the extremities are prone to 
trauma and injury, they tend to be a common site 
for their location. Whether typical vasculitis or 
CENG is present, marked levels of eosinophils 
seen on biopsy (>60%) are pathognomonic for 
CSS. Direct immunofluorescence in all types of 
ANCA vasculitis is positive in approximately 80% 
of cases for IgG and IgM deposition, but not C3. 
Cutaneous extravascular necrotizing granuloma is 
also referred to as CSG, Winkelmann’s granuloma, 
interstitial granuloma, palisaded neutrophilic and 
granulomatous dermatitis of connective tissue disease, 
superficial ulcerating rheumatoid necrobiosis, and 
rheumatoid papule.1,117,118

Because ANCA-associated vasculitis occurs in 
the setting of extracutaneous disease, treatment of 
the primary vasculitis treats the cutaneous findings. 
Standard management involves combinations of 
steroids and steroid-sparing immunosuppressive 
agents.32–34
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Connective Tissue 
Disease–Associated Vasculitis

Essentially any cutaneous vasculitic syndrome can 
be triggered by connective tissue disease (CTD). 
Furthermore, these patients are more prone to 
infections and drug exposure, resulting in higher 
rates of CLA or IgA-mediated vasculitides. Three 
vasculitic entities in particular are associated 
with CTD: CTD-associated vasculitis, HUVS (dis-
cussed above), and lymphocytic vasculitis (LV).120 
Connective tissue disease–associated vasculitis is 
most frequently seen with SLE, but can also happen 
with other CTDs such as Sjögren’s syndrome, 
dermatomyositis, systemic sclerosis, and mixed 
connective tissue disease.120,121

Clinically, these diseases can present as CSVV of 
the lower extremities. Although they may resemble 
the lesions of cryoglobulinemia, CTD vasculitides 
may present as a pure CMVV without small-
 vessel involvement, whereas small vessels will 
always be involved in cryoglobulinemia. Systemic 
involvement is present in essentially all patients, 
with the kidneys being the most affected organ. 
Central and peripheral neuropathies and GI and 
 cardiac involvement can also occur at varying rates.

Serologically, high titers of antinuclear anti-
bodies (ANAs) and low complement are present. 
Different combinations of ANA are commonly seen 
including anti–double-stranded DNA (anti-dsDNA, 
ribonucleoprotein (RNP), Ro, and Sm), further 
increasing the chance for vasculitis.

Histologically, CTD-associated vasculitis shows 
CSVV or CMVV without any distinguishing features. 
Lymphocytic vasculitis is rare and more commonly 
seen in SS and SLE; however, it can occur in 
association with other CTDs as well. Lymphocytic 
vasculitis is also known as benign hypergam-
maglobulinemic purpura (BHP) of Waldenström. 
Most experts believe that both LV and BHP of 
Waldenström are type III cryoglobulins associated 
with CTDs.120,121

As opposed to cryoglobulinemia, however, DIF 
reveals IgG in and around small and medium-sized 
vessels as the predominant immunoglobulin. C3 is 
usually very strongly deposited. Interestingly, in 
vivo ANA is very commonly present. This reflects 
the high titer of ANA, especially RNP in keratino-
cytes and dermal cells in these patients.1

As the development of vasculitis in CTD is often 
associated with an ominous prognosis, aggressive 
treatment of the underlying CTD is mandatory. 
Combinations of corticosteroids, with high doses 
of antimetabolites or alkylating agents and occa-
sionally plasmapheresis, are necessary to control 
the progression of this disease.

Rheumatoid Vasculitis

Rheumatoid vasculitis (RV) is a rare but severe 
complication in patients with advanced, usu-
ally otherwise quiescent seropositive rheumatoid 
arthritis (RA).122 It can affect virtually any sized 
vessel, with palpable purpura being the most 
common presenting sign, but ulcerations, livedo 
reticularis, digital infarcts, or cutaneous nodules 
can also be seen. Isolated, fluctuating periun-
gual splinter hemorrhages, known as Bywater’s 
lesions, are caused by digital small-vessel vascu-
litis. Cutaneous medium-vessel vasculitis involve-
ment typically presents as deep geographic ulcers 
at the malleoli. As with cryoglobulinemia, these 
patients frequently have accompanying monon-
euritis multiplex.108,110

Serologically, high titers of RF often with low 
levels of both C3 and C4 are characteristic of 
RV. This often helps in distinguishing RV from 
cryoglobulinemia since RF is elevated in both, 
and, even in RA patients with higher titers of RF, 
low levels of cryoglobulins are not uncommon. 
Thorough exclusion of other causes of CMVV 
in RA patients with cryoglobulins is mandatory 
(e.g., viral hepatitis, lymphoma, HIV).122–124

Histologic findings in RV are indistinguishable 
from those in other CSVVs and CMVVs.

Direct immunofluorescence is indistinguishable 
from cryoglobulinemia, with heavy granular IgM 
and variable degrees of C3 in and around small and 
medium vessels.122

The aim of therapy in RV is to reduce IgM 
immunocomplexes with combinations of corticos-
teroids with antimetabolites or alkylating agents. 
Methotrexate is effective for the synovitis and 
T-cell–mediated symptoms of RA, but is not effec-
tive for RV. Because of the IgM RF, plasmapheresis 
in combination with steroids and alkylating agents 
is a good choice in patients with life- threatening 
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disease (as with cryoglobulinemia type II).124 
Bywaters lesions alone do not necessitate aggres-
sive systemic therapy.

Polyarteritis Nodosa

Polyarteritis nodosa (PAN) is the prototype 
of a pure medium-sized vessel vasculitis (Fig. 
19.7), often presenting as a systemic illness 
with multiorgan involvement. It is a diagnosis 
of exclusion when other causes of CMVV such 
as RV, ANCA vasculitis, and cryoglobuline-
mia have been ruled out. The most common 
presentation is with painful cutaneous nodules 
and ulcerations with a predilection for the 
malleoli,125 but since PAN is a pure CMVV, 
other lesions can include nodules, ulcers, livedo 
(Fig. 19.8), and digital infarcts (Fig. 19.9), and 
less frequently papulonecrotic lesions on exten-
sor surfaces (CENG).126 Ulcerations heal with 
stellate, atrophic, ivory-colored scars or hyper-
pigmentation, designated as atrophie blanche or 
livedoid vasculitis in the past, or even Degos’ 
like lesions. They are often accompanied by 
neuropathic pain resulting from involvement 
of the vasa nervorum. Focal synovitis and 

arthralgia may be present in the joints close to 
areas of cutaneous involvement, particularly the 
ankle, as opposed to erythema nodosum, where 
generalized arthralgias may be present. Disease 
limited to the skin occurs in less than 10% of 
those affected, and PAN can occur in children 
after streptococcal infection.133

Differential diagnosis for nodular lesions 
includes erythema nodosum, nodular vasculitis, 
and erythema induratum.127–129 The latter two are 
most likely variants of this disorder, with a promi-
nent component of panniculitis present. Infectious 
causes of ulceration, pyoderma gangrenosum, cal-
ciphylaxis, and other causes of medium-sized ves-
sel vasculitis must be included in the differential. 
Patients with nodules limited to around the ankles 
may have cutaneous PAN, and even these patients 
require close and long-term follow-up for progres-
sion to systemic disease.131,132 Systemic disease 
is present in virtually all patients with extensive 

Fig. 19.7. H&E staining of a skin biopsy from patient 
with polyarteritis nodosa (PAN). Note involvement of 
medium-sized vessel

Fig. 19.8. Livedo reticularis in a patient with PAN
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nodulo-ulcerative disease. Synovitis, hypertension, 
and mononeuritis multiplex are the most common 
systemic findings.

Kawasaki’s disease is an equivalent of PAN in 
children with a predilection for the coronary arteries, 
leading to coronary aneurysms and myocardial 
infarction.131–135

Serologic testing may reveal elevated ESR with 
hypocomplementemia. Antineutrophil cytoplasmic 
antibody, ANA, and RF are typically negative, but 
may be present at insignificant titers.

By definition, small-vessel involvement should 
rule out the diagnosis of PAN. Because PAN is 
a pure CMVV, shallow biopsies that do not 
sample deeper skin vessels will lead to frequent 
misdiagnosis. Therefore, multiple, deep biopsies 
are recommended. The diagnostic yield in PAN 
is the following: nodules (90% to 100%), ulcers 
(50% to 80%), livedo (0% to 20%), and digital 
infarcts (0% to 5%). Direct immunofluorescence 
shows granular IgM in and around medium-sized ves-
sels and weak C3 in approximately 60% of cases.1

Corticosteroids alone may be sufficient for 
mild nodular disease, while ulcerative disease 
without significant systemic involvement may 
respond to prednisone in combination with aza-
thioprine. Severe cutaneous disease with digital 
infarcts and systemic involvement should be 
treated with  corticosteroids and alkylating agents. 
Plasmapheresis is not effective in PAN since IgM 
immune complexes and RF do not play a prominent 
role in this disease in contrast to the high titers of 
these factors seen in RV and cryoglobulinemia.126

Cutaneous Large-Vessel Vasculitis

Cutaneous large-vessel vasculitis (CLVV) is rare, 
as there simply are not large vessels found in the 
skin. These disorders typically targeted the great 
vessels of the body such as the aorta and its major 
branches and include giant cell (temporal) arteritis 
and Takayasu’s arteritis. Giant cell arteritis is more 
likely in Caucasian patients over 50 years, with a 
predilection for the extracranial branches of the 
carotid artery, while Takayasu’s arteritis is more 
common in persons of Far Eastern descent under 
age 50, affecting the thoracic aorta and branches 
supplying the upper extremities.2 Involvement of 
large vessels can occasional manifest as lesions of 
the scalp and tongue.136

Conclusion

Vasculitis, or inflammation of the vasculature, 
can be caused by many different mechanisms that 
ultimately result in varying degrees of vessel wall 
destruction, hemorrhage, ischemia, or infarction 
of affected organs. Any sized vessel in any organ 
can be affected and will determine the clinical 
and pathologic findings, with fibrinoid necrosis 
being the pathognomonic feature. The patient with 
vasculitis can present initially to dermatologists, 
rheumatologists, or primary medical service, as 
a wide range of initial presenting signs occur. 
Because even mild cutaneous disease does not rule 
out severe and significant systemic involvement, 
thorough workup including history and physical, 
serology, histology, and immunofluorescence is 
mandatory for these patients.

Fig. 19.9. Digital infarct in a patient with PAN
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Key Points

• As a complex immune organ, the skin plays a 
major part in protecting the body against viruses.

• Innate immunity involves an early response to 
foreign antigens but is not pathogen specific, 
whereas an adaptive response is specific for anti-
gen recognition and develops memory but takes 
longer to activate.

• Viruses have developed methods to evade the 
skin immune response in order to establish infec-
tion or release their progeny.

• Vaccines can protect against viruses by helping 
to produce a rapid immune response, with high 
levels of protective antibodies for their target 
viral antigens.

The skin is the largest organ in the human body 
and constitutes its first line of defense. It is not 
only a great physical barrier, but also has an amaz-
ing cellular army ready to defend the body from 
microorganisms such as viruses. This immune 
capacity was recognized 30 years ago and has 
since become an important topic of research. 
There is a wide spectrum of immune responses 
in the skin, and the mechanisms by which they 
are triggered are not fully understood. Almost 
every single microorganism (including bacte-
ria, viruses, fungi, and parasites) is capable of 
inducing a specific skin response that translates 
into a particular clinical lesion. This interplay of 
responses is seen even within organisms of the 
same family (e.g., human papillomavirus [HPV] 
type I produces different lesions compared with 
HPV type 3). Moreover, the viruses are parti-
cularly difficult to control due to their ability 

to change and adapt to the medium. They have 
developed the capacity to escape the immune 
system and in some cases can coexist with the 
host without being noticed.

Viruses such as the human immunodeficiency 
virus (HIV), the human herpes simplex virus 
(HSV), the varicella-zoster virus (VZV), and 
HPV have high rates of morbidity and mortality, 
and they have an impact not only on the physical 
condition of the patient but also generate an enor-
mous psychological trauma. The majority of the 
populations infected with these viruses are young, 
sexually active people, and as a result, spread 
within the population is favored and the socio-
economic impact within the society is significant. 
Therefore, the development of vaccines against 
these viruses is one of the priorities of any health 
care system. The goal of a vaccine is to decrease 
the rapid and progressive spread of these diseases 
by producing a rapid immune response with high 
levels of protective antibodies for the target viral 
antigen. To achieve this response, the virus’s 
behavior and the immune response it elicits must 
be properly understood.

The Immune System and the Skin

The skin is a vast immune organ (also known as 
skin-associated lymphoid tissue [SALT]), and all 
of its cells are part of an immunologic team (key 
players include keratinocytes, Langerhans cells 
[LCs], and skin tropic T cells, among others).1,2 
These cells carry out specific functions and are 
activated upon infection with certain viruses, 
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and the interplay between them dictates the final 
immunologic outcome for the infecting virus.

The immune system is divided into two com-
ponents: innate and adaptive (Table 20.1). Innate 
immunity is characterized by an early response to 
foreign antigens and is dependent on the particular 
environment present during the initial phase 
of that response.1 It is the first line of defense 
against infection and has a broad spectrum of 
activity (not pathogen specific), including the 
expression of stimulatory molecules by antigen-
presenting cells and the secretion of cytokines 
and other inflammatory cell products with a 
limited repertoire of antigen recognition. This 
initial response does not develop a memory or 
long-lasting protective immunity. Nonetheless, 
it is a rapid response and its effectiveness is 
crucial for the next step (which is more specific 
and involves antibodies and cytotoxic effector 
cells).3,4 The innate immunity detects pathogens 
and clears the majority of microbial assaults. It is 
activated by cell injury or cell death, generating 
inflammation and local vascular responses. The 
key cellular players recruited in this response 
are the parenchymal cells and local phagocytic 
dendritic cells (DCs).1,3,4 Among the local phago-
cytes, macrophages are one of the most important 
cells in this first response. They possess special 
receptors capable of recognizing the pathogen-
associated molecular patterns (PAMPs), known 
as Toll-like receptors (TLRs).4 The TLRs activate 
a variety of signaling pathways involved in anti-
viral, antibacterial, antitumor, and antiinflammatory 
activities.1,5

Some of these TLRs involved in the recogni-
tion of viruses have been identified. An example 
is TLR9, which recognizes HSV DNA on DCs 
and induces antiviral mechanisms that include the 
secretion of type I interferons (IFNs).1,6 The inter-
actions between the TLRs and the virus are neces-
sary to guide, in this case, the anti-herpes immunity 
toward an adaptive (specific) cellular response 
(T-helper-1 [Th1] type, see below).7 Other exam-
ples of TLR interactions and viruses include the 
production of IFN-β and different chemokines 
activated by TLR3 and the induction of phagocy-
tosis and inflammation by TLR4 mediated by the 
secretion of IFN-β.6

The adaptive response is specific for antigen 
recognition, occurs within days of the infection, 
and is the result of the interaction of T and B 
lymphocytes. The immune players are multiple 
and capable of developing a lasting immune 
memory. This response not only aids recovery 
from the primary viral contact but also protects 
against re-infection. T lymphocytes recognize a 
processed antigen (short peptides) bound to the 
major histocompatibility complex (MHC) of the 
antigen-presenting cells (APCs). There are two 
major subsets of T cells: CD4 and CD8. CD4 
cells recognize antigens bound to MHC class 
II (exogenous antigens taken from the extra-
cellular milieu and processed in the endosome 
of the APC), while CD8 cells recognize the 
antigens bound to MHC class I (usually endog-
enous antigens).3 The activation of the CD4 cell 
results in the secretion of a variety of cytokines. 
Depending on the pattern of cytokine expres-
sion, the immune response is characterized as 
either a Th1 or Th2 response. Th1 cells secrete 
IFN-γ, which activates macrophages, natural 
killer cells, and cytotoxic CD8+ T lymphocytes 
(cell-mediated immunity). On the other hand, 
Th2 cells secrete mainly interleukin-4 (IL-4) 
and IL-10, helping the primed B lymphocytes 
to differentiate into plasma cells and secrete 
antibodies (humoral response).3 Also, an addi-
tional type of T cell has been shown to play an 
important role in the immune response against 
viruses. These cells, designated the regulatory T 
(Treg) cells, carry the CD4+ and CD25+  antigens. 
Tregcells recognize self antigens and prevent 
autoimmunity responses, regulate the responses 

Table 20.1. Comparison of innate versus adaptive 
immunity.

Innate Adaptive

• Early response to  • Occurs within days
 foreign antigens  of infection
• Rapid response is the • Antigen specific
 first line of defense • Develops immune memory
•  Broad spectrum •  Aids recovery from viral 
 (not antigen specific)  infection as well as 
• No memory or long-lasting  preventing re-infection
 protective immunity • Key players include T and
•  Key players include  B lymphocytes
 parenchymal cells and
 phagocytic dendritic cells 
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to exogenous antigens, and are involved in the 
chronic and latent phases of viral infections.8,9

Viruses have developed a diversity of mecha-
nisms to evade both the innate and adaptive 
immune response and thus establish an infection 
(or persist at least until a new progeny of viruses 
is released). Some of the cutaneous viruses share 
common evasion mechanisms and others have 
specialized systems to survive and become latent 
until they have a new opportunity to flare. Several 
of these mechanisms are discussed in detail in the 
sections that follow.

Human Herpes Virus

The human herpes simplex virus (HSV) types 1 and 
2 are neurotropic viruses from the α-herpesvirus 
family. These viruses have a large molecular weight 
and harbor double-stranded DNA. The genome 
is in an icosahedral capsid, which is protected by 
a proteinaceous layer (tegument). The capsid is 
surrounded by a lipid bilayer with glycoproteins 
(envelope).10 Herpes simplex virus is distributed 
worldwide, affecting developed and developing 
societies. Animal vectors for human HSV have not 
been described, and humans appear to be the only 
reservoir.11 Usually the first infection is asymp-
tomatic, but this depends on the age and immune 
status of the host,12 the amount of the infective dose, 
and the presence of innate defenses that may abort 
the infection.13 About 80% of the adult popula-
tion in the developed world becomes seropositive 
to HSV-1 and more than 20% are seropositive to 
HSV-2. People who experience a primary infection 
with one or more herpes viruses carry these viruses 
for the rest of their lives (usually in a latent state). 
The virus is retained in specific neural reservoirs and 
may become active with periodic episodes of viral 
replication and shedding.7

Herpes simplex virus infection usually initiates 
in the mucosa. The virus replicates in epithelial 
cells and then enters the nervous system through 
the nerve termini. Control of the acute (and per-
sistent) HSV infection involves the activity of 
natural killer (NK) cells, virus-specific CD4+ 
and CD8+ cells, IFNs, and virus-specific antibod-
ies.14 After entry into the mucosa and skin, HSV 
establishes a lifelong persistence in the neurons of 
the sensory ganglia. Herpes simplex virus persi-

stence and latency have been demonstrated in 
human trigeminal, facial, and vestibular ganglia, 
and reactivations from these locations can cause 
herpes labialis,  vestibular neuritis, and cranial 
nerve  disorders among others.15 The mechanisms 
of viral  reactivation are not fully understood but 
are associated with different events such as ultra-
violet (UV) light, stress, fever, infections, and 
immunosuppression.16 The role of the immune 
system  during the latent phase is crucial to main-
tain the virus under control.17

Immune Response

Once the virus is in contact with host cellular 
receptors, the processes leading to viral infection 
are triggered. Glycoproteins in the lipid bilayer 
allow the viral envelope to fuse with the epithelial 
plasma membrane. Viral proteins are released into 
the cytoplasm and viral DNA enters the nucleus. 
This process triggers three phases of the innate 
response: (1) secretion of immune proteins, such 
as complement and natural antibodies; (2) an 
early-induced response, in which the main media-
tors are IFNs produced by the infected epithelial 
cells and resident DCs; and (3) the activation of 
inflammatory cells, such as neutrophils, macro-
phages, and NK cells.18

At the site of mucosal contact the virus usu-
ally encounters several barriers, including mucus, 
normal bacterial flora, the glycocalyx, comple-
ment proteins, and natural immunoglobulin (IgM) 
 antibodies.1,18 Although these substances act in con-
cert to decrease the number of infected cells, HSV 
usually replicates successfully and triggers the early 
innate immune response. Humans may express dif-
ferent levels of natural antibodies to HSV, which is a 
reflection of their own past exposure experience.7,18 
The early innate immune response has two goals: 
(1) limit viral replication and spread of the virus in 
uninfected cells, and (2) recruit other inflammatory 
cells.18 The viral interaction with the epithelial cells 
may stimulate cell-surface TLR2 (e.g., in the genital 
mucosa).1,18 With the activation of this receptor, the 
epithelial cells activate complement, chemokines, 
and IFN-α and -β soon (between 8 and 12 hours) 
after the infection. Interferon-α and -β are produced 
by most cells types, but the DCs are responsible for 
the majority of their production. Interferon-α 
and -β are known to be two of the most important 
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molecules to control HSV infection at this stage. 
Some studies suggest that resistance or susceptibility to 
HSV infection is directly correlated with the amount 
of IFN-α and -β produced.12

Complement, chemokines, and IFN-α and -β 
activate the endothelial cells that express IL-8, 
tumor necrosis factor-α (TNF–α), IFN-γ, and 
granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF), leading to neutrophil chemotaxis. 
Figure 20.1 illustrates the chemokine regulation of 

leukocyte movement.19 The inflammatory reaction 
alerts the DCs and resident macrophages to the 
presence of the virus and induces a “state of aware-
ness” or “antiviral status” in the uninfected cells.7 
Infected macrophages that are able to survive acute 
HSV infection become a significant source of 
inflammatory chemokines and cytokines including 
TNF-α, IL-1, IL-6, IL-8, IL-12, IL-18, RANTES 
(regulated on activation, normal T-cell expressed 
and secreted; a chemokine that is a chemoattractant 
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for eosinophils, monocytes, and lymphocytes), 
and IFN-α and -β. Subsequently, the immature 
DCs capture viral antigens and transport them to 
the regional lymph node to alert and stimulate the 
adaptive immune response.7

Once the DC exits the mucosa, the late-induced 
innate response begins at the infection site. Initially, 
an influx of neutrophils, monocytes, and NK cells 
is established. These cells traverse the activated 
capillary endothelial cells guided by the chemok-
ines present at the infection site. The neutrophils 
secrete α-defensins that insert into the virion lipid 
envelope and trigger the degradation of phagocy-
tosed virions.20 They also secrete TNF-α, which 
acts synergistically with IFN-α and -β, as well as 
IFN-γ to produce lysis of the infected cells inhibit-
ing viral replication.20 Simultaneously, NK cells 
are activated by the binding of immunoglobulins to 
the viral antigen (through their Fc receptor [CD16] 
located on the cell surface) and are recruited by 
chemokines and cytokines (IFN-α and -β, IL-12, 
IL-15, IL-18) produced by the activated infected 
cells within 2 to 3 days after infection. The NKs 
participate in cytolysis of virus-infected cells by 
perforin/granzyme-mediated processes that result 
in phagocytosis and destruction of infected cells 
and viral particles.18 The accumulation of viral 
antigens is followed by complement activation, 
facilitating the uptake of viral peptides by phago-
cytes.21 These phagocytic cells produce antiviral 
cytokines and defensins such as nitric oxide (NO), 
which enhance the immune response and promote 
phagocytosis and destruction of virus particles and 
infected cells.18

One of the key cells for the innate response 
against HSV is the macrophage. The molecular 
mechanisms of the immune response within mac-
rophages have been extensively studied. Once HSV 
infects macrophages, these cells release a series of 
cell mediators such as TNF-α and IL-12 (which 
subsequently stimulates the production of IFN-α 
and -β). Interferon-α and -β induce the NK and T 
cells to secrete IFN-γ, which eventually controls 
the HSV replication and initiates the adaptive 
response.22,23 At this stage, the site of origin of 
IL-12 production is controversial. The majority 
of investigators suggest that DCs are the main 
producers of IL-12.7,24 However, other authors 
indicate that the main source of this molecule is the 
recruited inflammatory cells.25

The adaptive immune response begins when the 
DCs migrate to the regional lymph nodes. These 
cells mature and display viral peptides coupled with 
MHC molecules, secrete cytokines, and regulate the 
expression of other inflammatory molecules. The 
cytokines produce differentiation of the Th0 cells 
to either Th1 or Th2. For HSV, the Th1 response is 
indispensable for clearance of the infection (particu-
larly for HSV-2).26 Other cells such as NK cells and 
macrophages also stimulate the switch from a Th0 to 
a Th1 response26 (Table 20.2).

One of the most studied T cells during HSV 
infection is the CD8+ T cell. These cells are 
capable of expressing the lymphocyte-associated 
antigen (cutaneous leukocyte antigen [CLA]).27,28 
During recurrent and symptomatic infection, anti-
gen-specific CD4+ T cells and NK cells infiltrate 
the dermis by day 2 of the lesion formation, 
whereas CD8+ dermal infiltration (which implies 
cytotoxic activity resulting in viral clearance) 
occurs a few days later.27,28 Therefore, CD8 cells 
appear to play an important role in containing HSV 
infection. Posaved et al.29 showed that the levels of 
CD8+ cytotoxic T lymphocytes (CTLs) correlate 
inversely with the severity of HSV-2 infection and 
temporally with the local clearance of the virus in 
lesions. The data from the study of Koelle et al.27 
suggest that the expression of the homing receptor 
(CLA) by the CD8+ T cells is programmed at the 
site of the original antigen encounter and promotes 
migration and immune responses in reactivation. 
Additional studies indicate that this specific cell 
has the capacity of T-cell memory and self-renewal 
that is crucial to control the infection and sympto-
matic recurrences.29

Table 20.2. Immune responses to herpes viruses.

• Complement-mediated activation of immune cells
• Antibody mediated activation of immune cells
• Secretion of interferons (IFNs) by the infected epithelial 

cells
• Activation of neutrophils, macrophages, and natural killer 

(NK) cells
• Activation of endothelial cells with secretion of tumor necrosis 

factor-α (TNF-α), interleukin-8 (IL-8), IFN, and granulocyte-
macrophage colony-stimulating factor (GM-CSF)

• Secretion of α-defensins by neutrophils
• Activation of NK cells for cytolysis of virus-infected cells
• Secretion of IL-12 and TNF-α by monocytes
• Differentiation into Th1 and Th2 responses
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Studies in vivo (mouse model) have demon-
strated that CD8+ cells also play a crucial role in 
controlling the virus during the latent state.17,30 
Latent herpes viral infection in humans in the 
trigeminal ganglia is accompanied by a chronic 
inflammatory process that involves elevated lev-
els of cytokine transcripts such as IFN-γ, TNF-α 
(which affects viral replication), and chemokines, 
accompanied by persistent lymphocytic cell infil-
tration (CD8+ T cells, CD68+, and macrophages). 
It has been suggested that this phenomenon could 
be due to a low level of expression of viral genes 
during latency. The CD8+ T cells are capable of 
controlling the virus through cytokines, and this 
mechanism is likely to occur in response to the 
persistence of viruses that are prone to reactivate 
frequently, providing a survival advantage for both 
the host and the virus.17

Immune Evasion Mechanisms

There appears to be a complex and well-balanced 
interaction between host cells and HSV. Success for 
the virus means a delicate balance between infec-
tion and latency. Therefore, evasive strategies must 
be carefully designed to permit viral replication at 
certain stages that could potentially lead to transmis-
sion to other susceptible hosts in order to maintain 
the viral progeny. Humans and the  herpes viruses 
have evolved together in a symbiotic relationship 
that has allowed the adaption of the virus to the host 
and the environment, maintaining a “truce” with 
the immune system without any serious threats to 
human life. Some of the identified mechanisms to 
evade the immune system include the ability of HSV 
to alter the activity of neutrophils, macrophages, 
or NK cells.31 It is known that HSV interferes 
with monocyte function, suppresses chemotaxis 
and phagocytosis, and reduces the secretion of IL-1 
and TNF-α.7,18,31 It has also been reported that HSV 
reduced the activity of NK cells upon contact with 
infected cells, due in part to the interference with 
IFN-α and -β production18,31 (Table 20.3).

Vaccines

A prophylactic HSV vaccine that aims to prevent 
disease and infection is likely to be more effec-
tive at reducing the incidence of genital HSV than 
interventions such as counseling, condom use, or 

even antiviral therapy.32 Several approaches have 
been taken in recent decades to developing an 
effective vaccine with varying results. Two recent 
studies were carried out by Glaxo Smith Kline, 
using a recombinant vaccine preparation containing 
HSV glycoproteins. The first enrolled patients who 
were seronegative for both HSV-1 and HSV-2. The 
second study allowed inclusion of HSV-1–seroposi-
tive patients.33 The studies’ primary end point was 
protection against genital HSV-2 clinical disease and 
the secondary end point was HSV-2 seroconversion. 
The first study did not show any difference in the 
primary end point between the group that received 
vaccine and the group that received a placebo. 
However, when a gender- stratified analysis was 
performed, the vaccine proved protective in females 
only (73%; 95% confidence interval [CI], 19–91%). 
The sex differences found in these studies might be 
explained by innate anatomic differences of the gen-
ital epithelial layers between men and women. The 
epithelial layer of male genitals consists mostly of 
stratum corneum, which is lacking in the genitals of 
women at the vaginal-cervical mucous membrane. 
Additionally, the secretions produced by the vagina 
and the genital mucous membranes contain antibod-
ies and migratory leukocytes. Therefore, women 
appear to have enhanced immune responses medi-
ated by helper T cells exhibiting a Th1 response, 
compared to men.32,34

The above results indicate that the search for the 
ideal vaccine should continue. Perhaps the effec-
tive vaccine will need to stimulate all the important 
(or at least the majority of) cellular effectors of the 
innate and adaptive immune response.

Varicella-Zoster Virus

Varicella-zoster virus (VZV) is also an α-herpesvi-
rus with a genome of ~125,000 base pairs (bp) with 
at least 70 unique open reading frames (ORFs).35,36 

Table 20.3. Mechanisms of immune evasion in herpes 
viruses infection.

• Modulation of the activity of neutrophils, macrophages, or 
natural killer (NK) cells

• Interference with monocyte function
• Suppression of chemotaxis and phagocytosis
• Modulation of the production of IL-1, TNF-α, IFN-α and -β
• Reduced activity of NK cells
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It is characterized by a relatively short reproduc-
tive cycle, rapid cell-to-cell spread, and significant 
ability to establish latent infections (primarily in 
sensory ganglia).36 Humans are the only known 
natural reservoir for VZV. This virus causes two 
different clinical syndromes: varicella (chicken-
pox) and herpes zoster (shingles). Varicella is 
usually a self-limited disease of childhood charac-
terized by a very pruritic rash. The disease has a 
worldwide distribution, and transmission is more 
pronounced in temperate climates (where it is seen 
more frequently in children) than in tropical envi-
ronments.11 Approximately 20% of those who had 
varicella later develop herpes zoster, which usually 
affects adults older than 50 years of age, although 
it can occur at any age.11,37

Immune Response

Initial clinical observations indicate that the pri-
mary site of inoculation is the respiratory tract. A 
rash usually develops after an incubation period of 
10 to 12 days.11,36,37 The entry of the VZV into a 
host cell requires fusion of the viral envelope with 
the host cell plasma membrane. This phenomenon 
is mediated by interactions of viral oligosaccha-
rides with the heparan sulfate proteoglycans (via 
N-linkage) on the host cell surface. The fusion per-
mits the entry of the viral proteins into the host cell 
cytosol and then to the nucleus where the nucleo-
capsid fuses with the outer nuclear membrane, 
releasing the viral DNA genome into the nucleus.38 
The spread of the virus is controlled by the innate 
and adaptive responses. The host cell membrane 
has specific glycoproteins such as gH, gL, gB, 
and gE that permit the fusion process between 
cells. These proteins are used by VZV to quickly 
spread to adjacent epidermal cells by inducing 
the fusion of the infected cells with noninfected 
ones.30 Varicella-zoster virus has a special tropism 
for three major cell types: the peripheral blood 
monocytes cells (PBMCs), skin cells, and sensory 
neurons.30 This virus not only infects these cells, 
but also is capable of replicating inside them. This 
phenomenon of viral replication can be observed in 
intraepidermal vesicular lesions of the skin, which 
are loaded with free virus.11,36,38

The virus infects the immature DCs of the 
respiratory mucosa, and these cells transport the 
virus to the T-cell–draining lymph nodes. From 

these nodes VZV is subsequently transported to 
the reticuloendothelial system and then is capable 
of gaining access to the bloodstream, causing a 
primary viremia. During this first viremic phase, 
VZV is able to reach the reticuloendothelial organs 
where it undergoes a phase of viral amplification. 
It was previously thought that VZV reached the 
skin during a second viremic episode that occurred 
in the late incubation period.38 However, studies of 
viral infection in mouse models now suggest that 
infected T cells from the tonsil area are capable 
of transferring VZV to the skin immediately after 
entering the circulation during the primary viremia 
and that the prolonged interval between exposure 
and the skin rash reflects the time required for 
the virus to become recognized by potent innate 
immune barriers such as IFN-α.35,38

Varicella-zoster virus preferentially infects the 
active memory CD4 T cells that express skin hom-
ing markers such as CLA and the chemokine (C-C 
notif) receptor 4 (CCR4). These T cells are usually 
programmed for immune surveillance and then 
may facilitate the transfer of VZV into the skin.35 It 
appears that VZV does not trigger any early inflam-
matory response that might block the appearance 
of virus-filled vesicles at the skin surface.35,38 
The initial viremia is necessary to ensure that 
enough cutaneous lesions are formed to trans-
mit the virus efficiently to other individuals as a 
viral survival mechanism. The T cells trafficking 
through the skin activate VZV replication at this 
site, and this process permits infection of more 
T cells that will return to the circulation.35

The innate immune response is induced during 
the acute VZV infection. This response involves 
the release of IFN-α and IFN-γ and the secretion 
of cytokines such as IL-6 (by monocytes) via 
TLR2.39 This cell-mediated immune response 
contains VZV replication and prevents the host 
from a systemic disease (including severe com-
promise of organs such as lungs, kidneys, and 
spleen). The adaptive immune response begins 
with the presence of CD4+ T cells and the release 
of IL-2, IL-10, IL-12, and IFN-γ by Th1 and Th2 
cells.40 These cytokines cause the proliferation 
of VZV specific CD4+ and CD8+ T cells, which 
express MHC class I and II molecules and recog-
nize the viral glycoproteins gE, gH, and gI, with
the subsequent killing of the VZV-infected cells.41 
During the presence of rash, many mononuclear 
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infiltrating cells are present. Most of these cells 
express CD4 and CD8, including CD45RO+ mem-
ory cells, skin homing CLA, and CCR4+ T cells. 
During this period, the skin shows expression 
of E-selectin (a cell adhesion molecule and CD 
antigen that mediates neutrophil, monocyte, and 
memory T-cell adhesion to cytokine-activated 
endothelial cells), intercellular adhesion molecule 
1 (ICAM-1, a cell-surface ligand involved in leu-
kocyte adhesion and inflammation), and vascular 
cell adhesion molecule-1 (VCAM-1, a cytokine-
induced cell adhesion molecule present on acti-
vated endothelial cells, tissue macrophages, and 
DCs), allowing the migration of the inflammatory 
cells. The humoral immune response has a reduced 
role in controlling the virus. Immunoglobulin G 
(IgG), IgM and IgA appear to respond to some 
viral proteins. It seems that these antibodies neu-
tralize cell-free virions and contribute in the lysis 
of infected cells35 (Table 20.4).

During the resolution of varicella, VZV estab-
lishes latency in the trigeminal and dorsal root 
ganglia where it remains latent through the lifetime 
of its host. Approximately 20% of infected people 
develop herpes zoster. Figure 20.2 illustrates the 
latent virus in a dorsal root ganglion and reacti-
vated virus causing acute vesicular zoster rash.42 
In this period, the VZV multiplies and spreads 
centrifugally down the sensory nerve, causing 
neuronal necrosis and intense neuritis. Recent 
studies have shown that VZV possesses multiple 
open reading frames (ORFs) that encode proteins 
present in the cytoplasm of neurons during latency 
and are localized in the cell nucleus during reac-
tivation.43 Some of these genes are involved in 
VZV assembly, replication (such as ORF2),44 and 
latency. ORF47 encodes a protein that is part of 
the VZV virion tegument and is essential for VZV 
growth in differentiated skin and T cells. Studies 
of this peptide indicate that the blockage of the 
kinase function of this protein decreases the VZV 
 virulence in the skin, suggesting interference with 
the production of complete VZV virions. This 
peptide has also been implicated as a latency-
 associated protein along with the products of the 
ORF4 and ORF63.45–48 Additionally, the mecha-
nisms of latency appear to be controlled by a group 
of antisense transcripts called latency-associated 
transcripts (LATs). However, the exact mechanisms 
are not well understood.39

Immune Evasion Mechanisms

Varicella-zoster virus utilizes several mecha-
nisms to overcome the immune response. Major 
histocompatibility complex class II expression 
is restricted to APCs and is required to present 
the viral peptides to CD4 T cells. Usually, the 
host immune response to the virus produces the 
release of IFN-γ, which stimulates the expres-
sion of MHC II molecules. To evade the immune 
response and ensure replication, VZV produces a 
protein that interferes with Stat1 (a signal trans-
ducer and activator of transcription that mediates 
cellular responses to interferons). Stat1 interacts 
with P53 tumor suppressor protein and regulates 
expression of genes involved in growth control 
and apoptosis activation and thereby inhibits 
antiviral IFN-γ production in foci of infe-
cted skin cells.35 Inhibition of IFN-γ results in 
decreased MHC II expression, which subsequently 
affects the efficiency of VZV specific immune 
responses. Varicella-zoster virus takes advantage 
of these circumstances, and as a consequence,
the initial formation of VZV lesions in skin (vari-
cella or during the VZV reactivation as zoster) is 
facilitated.35,49,50 Additionally, VZV has mecha-
nisms to delay clearance of virus-infected cells 
by interfering with the expression of MHC class 
I proteins that are necessary for CD4 and CD8 
T-cell recognition.49 This mechanism allows 
VZV to evade CD8 T-cell lysis during the 
viremic phase. The precise molecular event 
is related to the downregulation of MHC I by 
VZV via interference of its transport from the 
Golgi compartment to the plasma membrane35 
(Table 20.5)

Table 20.4. Immune responses to varicella-zoster virus 
(VZV).

Acute VZV infection
• Release of IFN-α and IFN-γ
• Secretion of cytokines such as IL-6 (by monocytes) via Toll-

like receptor 2 (TLR2)
• Release of IL-2, IL-10, IL-12, and IFN-γ by T-helper-1 (Th1) 

and Th2 cells
• Proliferation of VZV specific CD4+ and CD8+ T cells

During skin rash
• Expression of E-selectin, intercellular adhesion molecule 1 

(ICAM-1) and vascular cell adhesion molecule (VCAM-1)
• Migration of inflammatory cells
• Reduced role of humoral response in controlling the virus
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Vaccines

Before the introduction in 1995 of VARIVAX, 
a live attenuated Oka/Merck strain of VZV, mil-
lions of children developed primary varicella 
(chickenpox). VARIVAX is indicated for vaccina-
tion against varicella in individuals 12 months of 

age and older and it is recommended as part of the 
childhood immunization schedule. Its effectiveness 
is greater than 95% for varicella prevention. Herpes 
zoster is the result of the reactivation of latent 
VZV infection residing in sensory ganglia. In the 
United States, herpes zoster affects approximately 
1,000,000 persons annually, with an incidence of 
2.2 cases per 1000 persons of age or older.51,52 
Results from several clinical trials have determined 
that a live, attenuated VZV vaccine using the Oka/
Merck strain (Zostavax) is safe, elevates VZV-
specific cell-mediated immunity, and significantly 
reduces the incidence of herpes zoster and posther-
petic neuralgia in immunocompetent people over 
the age of 60. This vaccine is 14-fold more con-
centrated than VARIVAX, has been approved for 

Ventral ramus
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Latent varicellar-zoster virus
in dorsal-root ganglion

Mononuclear cells Acute vesicular
erythematous
zoster rash
(Shingles)

Fig. 20.2. Latent and reactivated varicella–zoster virus. Shown is a latent virus in a dorsal-root ganglion (white fusi-
form swelling) adjacent to the spinal cord and reactivated virus in a nearby dorsal-root ganglion (orange fusiform 
swelling) with transaxonal spread to the skin. The reactivated virus causes an acute, vesicular, erythematous zoster 
rash. (From Gilden et al.42 Copyright © 2000 Massachusetts Medical Society. All rights reserved.)

Table 20.5. Immune evasion mechanisms in varicella-
zoster virus infection.

• Interference with signal transduction mechanism through Stat 1
• Decreased major histocompatibility complex class II (MHC II) 

expression
• Delay of clearance of virus infected cells through interference 

with MHC expression
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use in the United States, and is expected to reduce 
the risk for herpes zoster by 50%.52 Figure 20.3 
illustrates how the administration of zoster vac-
cine to older persons may prevent VZV-specific T 
cells from dropping below the threshold for zoster 
occurrence.53

Human Papillomavirus

Human papillomaviruses (HPVs) are small 
DNA tumor viruses that have a circular double-
stranded DNA genome of ~8 kb in length. They 
belong to a large group of recognized oncogenic 
viruses.54 Human papillomavirus is a member of 
the Papillomaviridae family that includes over 120 
different genotypes (defined by differences in their 
nucleotide sequence).11,55 The HPV genome is 
composed of three regions: the long control region 
(LCR), the early region (E), and the late region (L). 
The early region consists of genes E1 to E8 (which 
encode nonstructural proteins for transcription, 
plasmid replication, and transformation), while 
the late region codes for the major (L1) and minor 
(L2) proteins that form the viral capsid. The cur-
rent vaccines include the protein L1 as the major 
immunogenic antigen.56

The HPVs are commonly categorized as having 
low or high oncogenic potential. Infections with 

the high-risk types such as HPV-16 and HPV-18 
have been implicated in cervical-anogenital can-
cer and oral squamous cell carcinomas.11,57,58 The 
infection of the genital tract by HPV is one of the 
most frequent sexually transmitted diseases.58,59 
Approximately 75% of sexually active individu-
als are infected by HPV during their lifetime. In 
the United States, it has been calculated that 6.2 
million new cases of high-risk HPV infections 
occur each year, close to 20 million Americans 
are infected, and 1% of sexually active adults have 
genital warts.55,59 It is estimated that >99% of cer-
vical, as well as >70% of anal and vaginal cancers 
are related to HPV infection (cervical cancer is 
the second most frequent cause of death due to 
neoplasia among women worldwide). More spe-
cifically, about 30% to 40% of penile, vulvar, and 
oropharynx cancers are related to the HPV-16 and 
HPV-18.58,60–62

The majority of HPV clinical lesions are located 
in the genital area (70–90%) in sexually active 
adolescents and young women. These lesions usu-
ally show clearance of the infection within 12 to 30 
months.58 Longer duration of infection is frequently 
related to the presence of cervical intraepithelial 
neoplasia (CIN).63 The prevalence and incidence 
of the HPV infection varies with age. The cause for 
this apparent variation is not clear. Many authors 
postulate that some (but not all) infected individuals 
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Fig. 20.3. Host factors in varicella-zoster virus (VZV) latency and reactivation. Varicella is the primary infection 
caused by VZV, and its resolution is associated with the induction of VZV-specific memory T cells (blue line). 
Memory immunity to VZV may be boosted periodically by exposure to varicella or silent reactivation from latency 
(red peaks). VZV-specific memory T cells decline with age. The decline below a threshold (dashed green line) corre-
lates with an increased risk of zoster. The occurrence of zoster, in turn, is associated with an increase in VZV-specific 
T cells. The administration of zoster vaccine to older persons may prevent VZV-specific T cells from dropping below 
the threshold for zoster occurrence (dashed blue line). (From Arvin.53 Copyright © 2005 Massachusetts Medical 
Society. All rights reserved.)
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develop an adaptive immune response against HPV 
that prevents future infections.64

Immune Response

Human papillomavirus has a special tropism for 
the epithelial cells (they are epitheliotropic), infect-
ing keratinocytes at a wide range of body sites 
where they cause aberrant cellular proliferation 
leading to benign warts or cervical cancer.3,54,65 
Initially, the virus infects primitive basal kerati-
nocytes and starts DNA replication and transcrip-
tion of the early genes at very low levels.66 The 
peak of productive synthesis of virions is reached 
once the keratinocyte reaches higher strata of the 
epithelium. Thus, high levels of viral proteins and 
viral assembly occur only at the upper layers of the 
squamous epithelia (stratum spinosum and granu-
losum).11 At this point the cycle of replication and 
patterns of gene transcription are dependent on the 
stage of differentiation of the keratinocyte.66

A significant amount of information regard-
ing the immune response has been gathered from 
observations in animal models. Once the virus has 
reached the skin, it establishes itself at the basal 
cells of the epithelia where it starts replication. At 
this point the replication is minimal but becomes 
greater once the keratinocyte matures toward desq-
uamation.67 At the basal layer, there is practically 
no immune response against the virus (two to sev-
eral months), but once it is detected by the immune 
system, replication increases and results in clini-
cally detectable lesions.68,69 After a few months 
(which varies depending on the host), the infected 
keratinocytes express the late viral genes (encod-
ing proteins L1 and L2) that trigger a full immune 
response.67–69

The keratinocytes are able to secrete cytokines, 
growth factors, and chemokines upon viral stimuli. 
The host immune response dictates the emergence 
and characteristics of clinical lesions.66 Some of 
the cytokines involved are transforming growth 
factor-β (TGF-β), TNF-α, and IFNs. TGF-β has 
been shown to inhibit the growth of nontumori-
genic HPV-16 and HPV-18 immortalized cells, 
and it seems to control the expression of E6 and 
E7 (although some controversy exists on these 
facts).66 In normal cervical cells, TGF-β inhib-
its viral growth, but HPV can evade this control 
mechanism.66 TNF-α, which is another product 

of the keratinocyte, may have an antiproliferative 
effect on the HPV-16–infected cells through cell 
cycle arrest (between the G0 and G1 phases of 
the cell cycle).66,70 It has also been suggested that 
TNF-α acts as a repressor on the expression of E6 
and E7 in the immortalized human keratinocytes.71 
The effects attributed to IFNs may be virus-type 
specific. These molecules also appear to inhibit the 
production of viral proteins.66

The time between HPV infection and the devel-
opment of a clinical lesion could vary from weeks 
to more than 9 months. This is an indication 
that HPV could modulate the immune system as 
 evidenced by the following: (1) HPV infects mainly 
keratinocytes, which are cells programmed to die 
and desquamate in a specific and timely manner 
(apoptosis); and (2) the intracellular location of 
HPV in these cells allows the virus to hide and avoid 
immune surveillance. As a consequence, the apop-
totic keratinocyte infected with HPV does not trig-
ger a significant inflammatory reaction, eventually 
resulting in a persistent chronic infection.68,72

The adaptive immune response involves two 
phases: the recognition of antigen and the response 
to it. This adaptive immune response involves the 
LCs that capture the virus and its antigen for trans-
port to local lymph nodes and presentation to naive 
T cells. The T cells return to the infected epithelial 
tissues via mechanisms that include secretion of 
chemokines and expression of adhesion molecules 
to clear the infection. In the recognition phase, 
the LCs are the major APCs. However, in some 
HPV infections, a depletion of these cells has been 
documented, which is associated with enhanced 
survival of HPV, prolonged courses of infection, 
and possibly malignancy.73–75 At this stage, the 
infected keratinocytes produce IL-1α and TNF, 
which promote LC migration.

If the immune response is appropriate, the regres-
sion of warts usually follows. At this stage, a large 
infiltrate of T cells (CD4+ and CD8+) and macro-
phages is present, and the cytokines involved exhibit 
the Th1 pattern (IL-12, TNF-α, and IFN-γ plus 
the expression of the adhesion molecules for lym-
phocyte trafficking) (Table 20.6). A systemic T-cell 
response to E1 and E6 viral proteins is effective only 
at the peak of wart regression (although activity is 
present during the whole infective cycle).68,69

In summary, HPV is capable of escaping the 
immune response for several months by modulating 
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the inflammatory reaction from the keratinocytes 
after invasion. Nonetheless, in the majority of 
cases, the immune system finally catches up and is 
capable of detecting the virus, (probably when the 
replication turnover is highest) and thus is able to 
resolve the infection.

Viral Oncogenesis

It is now accepted that HPV infection is neces-
sary (but not sufficient) to cause cervical cancer, 
other anogenital neoplasms, and oral squamous 
cell carcinomas. Several viral types (such as 16 
and 18) have been clearly identified as having high 
oncogenic potential. The majority of infections 
with these HPV types seem to clear spontaneously. 
Whether infections clear completely or the virus 
remains latent in basal cells at undetectable levels 
is not yet well understood.55 For high-risk HPV 
types, the proteins E6 and E7 appear to play a very 
important role in oncogenesis since they are able 
to inhibit two well-known oncogenic suppressor 
genes encoding the pRb (product of retinoblastoma 
tumor suppressor gene) and p53 proteins.11 E6 
enhances the degradation of p53 via the ubiqui-
tin-mediated proteolysis machinery (E3 ubiquitin 
ligase, UBE3A) and E7 interacts with the pRb.76

Many studies have shown that the absence of 
mature APCs, CD50, and CD86 and the downregu-
lation of TNF-α represent an inadequate immune 
response to HPV that leads to persistence of the 
viral infection in the CIN lesions. The LCs are also 
decreased in numbers and lack the expression of 
CD11a/18, CD50, CD54, CD58, and CD86. These 
changes alter the antigen- presenting capacity and 
can induce immune tolerance to the viral infec-

tion.77 The immortalization of epithelial cells in 
CIN produced by HPV-16 is related to the lack of 
response to the inhibitory effect of TGF-β and the 
inhibition in keratinocytes of TNF-α by the HPV-
16 E7 protein, resulting in uncontrolled growth of 
the infected cells and escaping of the virus from 
the immune system.66 Figure 20.4 illustrates the 
changes in cervical squamous epithelium caused 
by HPV infection.78

Immune Evasion Mechanisms

The reasons for the failure of the immune system to 
recognize HPV are not well understood. It appears 
that HPV is able to escape detection by the APCs. 
To survive and have enough time to replicate
 without detection, HPV has developed many 
strategies to evade the immune system. The special 
tropism for keratinocytes (as discussed earlier) is 
one the first mechanisms of immune evasion.68

Keratinocytes are powerful immune cells. They 
constitute almost 95% of the cervical and skin epi-
thelium and can express MCH II and co-stimulatory 
signals to T cells (such as ICAM-I) during inflam-
mation.77 If the immune response is activated, the 
HPV-infected keratinocytes release TNF-α, which 
negatively affects the replication of HPV.60,77 TNF-α 
upregulates the expression of ICAM-1 levels, which 
decrease the levels of IFN-γ. In CIN, the keratinoc-
ytes express less TNF-α, decreasing the stimulus to 
the LCs. This alteration also affects the expression 
of MHC II, and as a consequence the presenta-
tion of antigens is altered58,77 and the expression 
of the suppressive cytokine IL-10 is increased.77 
These changes in the immunologic microenvi-
ronment (with inappropriate T-cell presentation) 
may contribute to the persistence and progression 
of the viral infection and development of a CIN 
lesion.74,77,79

Another important mechanism of immune  evasion 
by HPV involves the downregulation of the macro-
phage inflammatory protein-3α (MIP-3α), which 
allows the virus to persist in the epithelial cells 
without being recognized.80 Macrophage inflam-
matory protein-3α is one of the most potent attract-
ants of LC precursors and dermal dendritic cells, 
as well as T cells. It has been shown that infection 
of keratinocytes by HPV-16 expressing the E6 and 
E7 proteins decreases the production of MIP-3α.81 
Similarly, it has also been noted that in most cutaneous 

Table 20.6. Immune responses to human papilloma 
virus.

• Secretion by keratinocytes of cytokines, growth factors, and 
chemokines (TNF-α, transforming growth factor-β [TGF-β], 
and IFNs) upon viral stimuli

• Langerhans cells capture of virus and its antigen
• Transport to local lymph nodes and presentation to naive 

T cells
• Large infiltration of T cells (CD4+ and CD8+) and macro-

phages
• Th1 pattern of cytokines (IL-12, TNF-α, and IFN-γ)
• Expression of the adhesion molecules for lymphocyte 

trafficking
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viral infections the number of epidermal LCs is sig-
nificantly reduced (the decrease in numbers of LCs 
is more marked in lesions of CIN).77,81

Recent studies support the findings that the E5 
protein, found in HPV, downregulates the MHC 
class I molecules, which results in impaired cell 
lysis by the cytotoxic T lymphocytes. The E5 onco-
proteins from multiple types of HPV share similar 
characteristics; they are small hydrophobic peptides 
located in the endomembranous compartments of 
the infected cell that contribute to the activation 
of growth factor receptors and downregulation of 
the MHC I.11,82 The exact mechanisms used by E5 

to downregulate MHC I are not completely clear. 
Two proposed hypotheses include (1) the inhibition 
of acidification of the Golgi apparatus (where the 
MHC is assembled),83 and (2) a direct interaction 
between E5 and the heavy chain of the MHC.84

It has also been shown that the proteins E6 and 
E7 negatively affect the immune system by inhibit-
ing the production of immune mediators.74 Both 
proteins are inversely correlated with the expres-
sion of IL-18, which induces the secretion of IFN-γ 
and IL-8. E6 and E7 also reduce the production of 
chemokines and monocyte chemoattractant proteins 
in the genital mucosa of women66 (Table 20.7).
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Fig. 20.4. Spectrum of changes in cervical squamous epithelium caused by human papillomavirus (HPV) infection. 
The left side of the figure shows normal cervical squamous epithelium. When HPV infection occurs (center), the 
virus exists in the cell nucleus as a circular episome. If the viral genome is intact, new infectious viral particles can 
be produced; their presence in the cell is indicated by perinuclear clearing, or koilocytosis. In cervical cancer (right), 
oncogenic portions of HPV DNA become integrated into the host’s DNA, with disruption of the E2 regulatory region 
and loss of other genes needed to form a complete virus. The cells are undifferentiated and do not show koilocytosis. 
CIN 1, cervical intraepithelial neoplasia grade 1. (From Goodman and Wilbur.78 Copyright © 2003 Massachusetts 
Medical Society. All rights reserved.)



Vaccines

The prophylactic HPV vaccine is based on L1, a 
major capsid protein that is self-assembled into empty 
capsids, called virus–like particles (VLPs). VLPs 
are free of viral DNA and therefore are not infec-
tious, but can provide a source of epitopes that can 
stimulate a neutralizing antibody response.3,56,85,86 
Figure 20.5 illustrates a proposed mechanism of the 
immune response to HPV vaccines.87–90

The vaccines for HPV are very effective. The 
studies carried out by Merck (Gardasil®) and 
Glaxo Smith Kline (Cevarix®) in randomized, 
double-blind, placebo-controlled, multicenter tri-
als conducted in HPV-negative teenage girls and 
young women of ages 15 to 25 years showed that 
the vaccine protected 100% of individuals against 
infection by HPV strains 16 and 18. The follow-up 
study performed in the U.S., Canada, and Brazil 
(776 patients) reported high levels of antibodies 
for a duration of up to 4.5 years after receiving the 
vaccine.56,91 Therefore, the results of these vaccine 
trials are likely to have an enormous impact in the 
HPV-associated pathology in the coming years.

Human Immunodeficiency Virus

The human immunodeficiency virus (HIV) pan-
demic is one of the tragic legacies of the 20th cen-
tury. HIV is currently one of the leading causes of 
mortality in sub-Saharan Africa, where more than 
5.5 million inhabitants are infected with the virus.92 
The total number of estimated HIV–infected per-
sons worldwide in 2005 was between 33.4 and 46.0 
million. Approximately 2.4 to 3.3 million people 
were estimated to have died as a result of AIDS 
in 2005.93

Women are more susceptible to HIV infection 
than are men. It seems that the HIV male-to-

female transmission during sex is about twice that 
of female-to-male transmission.94,95 Among the 
several reasons for this variation is that women are 
exposed to higher concentrations of HIV present 
in semen (compared to vaginal fluid),96 and the 
mucosal area of exposure is greater in women than 
in men.

Immune Response

As a sexually transmitted disease, the usual portal 
of entry of the HIV is the anogenital mucosa. The 
vaginal and anal epithelium is usually moist, and 
secretions are continually passing through the 
intercellular spaces, making it more permeable 
(as opposed to the tight and less easily penetrated 
squamous epithelium of the skin). The cells in the 
mucosal epithelium are connected by discontinu-
ous patches of desmosomes (considered one of the 
weakest forms of intercellular junction).11 In the 
mucosal epithelium, the DCs play an important 
role during HIV infection. These cells are located 
at the sites of viral entrance, such as the rectal and 
vaginal mucosa, and at high viral replication sites, 
such as the lymph nodes.97 The localization of DC 
cells makes them the key regulators of HIV trans-
mission and subsequent viral spread.93,98 The DCs 
are APCs derived from bone marrow progenitors 
that home in on peripheral mucosal sites where they 
become immature DCs. After capturing an antigen 
and under the effects of the process of infection and 
inflammation, these cells turn into mature DCs and 
migrate to the lymph nodes, where the maturation 
process finalizes, making them capable of present-
ing the antigen to T cells.99

To understand the events and mechanisms of HIV 
sexual transmission, the most useful animal model 
has been the rhesus macaque model infected with 
simian immunodeficiency virus (SIV), which is 
closely related to HIV. In macaques, the LCs are DCs 
located within the stratified vaginal squamous epi-
thelia. The LC is the first infected cell after intravagi-
nal exposure to SIV.100 Extrapolating the animal data 
to HIV, upon contact with the mucosa, the HIV fuses 
to the immature DCs through two mechanisms: (1) 
CD4 cell surface receptors and the chemokine recep-
tors (mostly CCR5), and (2) capture of the virus at 
the cell surface by DC-specific ICAM-3 grabbing 
nonintegrin (DC-SIGN) and other C-type lectins.101 
Once inside of the DCs, HIV can replicate and produce 

Table 20.7. Mechanisms of immune evasion in human 
papilloma virus infection.

• Modulation of the immune response in the keratinocytes
• Downregulation of the production of macrophage inflamma-

tory protein-3α (MIP-3α)
• Downregulation of MHC I molecules through the HPV pro-

tein E5
• Reduction of chemokine and interleukin production by the 

HPV proteins E6 and E7
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intact virions. Figure 20.6 illustrates interactions 
between HIV and the cell surface).102 Subsequently, 
the virus exploits the natural trafficking properties of 
the DCs to transfer its virion progeny to its primary 
cellular target, the CD4 cell, located at the draining 
lymph nodes.97,103 This strategy explains the rapid 
and efficient movement of HIV mediated by the 
LCs from mucosal tissues (the normal sites of LC 

activation following antigen exposure) to the lymph 
nodes.101 This phenomenon also explains the fact 
that small amounts of infecting viruses (or relatively 
few infected LCs) could lead to efficient infection of 
large numbers of CD4+ T cells.100

During immune activation, mature LCs and other 
types of mature DCs have the ability to cluster with the 
T cells. The microenvironment in these cell clusters 
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VLPs in
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Naive B cell

Helper T cells Memory B cell Anti-HPV
antibodies

Phagocyte
eliminates virus

Antibody prevents
HPV infection
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Fig. 20.5. A proposed mechanism for the immune response to HPV vaccines. It has been proposed that HPV L1 
virus–like particle (VLP) stimulates an adaptive immune response in humans, resulting in the generation of type-spe-
cific neutralizing anti-HPV antibodies. The introduction of VLPs into the systemic circulation via vaccination (upper 
left) is followed by the ingestion, processing, and display of the VLPs complexed with major histocompatibility 
class II (MHC II) proteins by antigen-presenting cells (APCs). Naive T-helper cells interact with the aforementioned 
complex (upper left). The uptake, processing, and display of the VLPs on the B cells are shown (upper middle), 
which then can interact with T-helper cells that secrete cytokines necessary for B-cell differentiation. Activated B 
cells differentiate into either memory B cells or plasma cells (upper right). Plasma cells secrete anti-HPV antibodies 
with high affinity for the target antigen should the antigen enter the body again (upper right). Neutralizing anti-HPV 
antibodies bind to type-specific neutralizing epitopes on the surface of HPV virus antigens (lower right). The neutral-
izing anti-HPV antibodies can prevent HPV infection of the host epithelial cell (lower middle). The antibody-coated 
viruses are eventually eliminated from the body by phagocytes (bottom left).87–90 (From Merck & Co., Inc. Efficacy 
and Antibody Response to Human Papilloma Virus [HPV] Vaccines. Powerpoint Presentation. Copyright © 2006 
Merck & Co., Inc. All rights reserved.)
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Fig. 20.6. Interactions between HIV and the cell surface. HIV interacts with a cell-surface receptor, primarily CD4, 
and through conformational changes becomes more closely associated with the cell through interactions with other 
cell-surface molecules, such as the chemokine receptors CXCR4 and CCR5 (A). Alternatively, some viruses, such 
as certain strains of HIV-2, could attach to CXCR4 directly.11 The likely steps in HIV infection are as follows. The 
CD4–binding site on HIV-1 gp120 interacts with the CD4 molecule on the cell surface (B). Conformational changes in 
both the viral envelope and the CD4 receptor permit the binding of gp120 to another cell-surface receptor, such as CCR5 

gp41 gp120HIV

Fusion domain CCR5 CD4 CXCR4Cell membrane

CD4



20. Immunodermatology and Viral Skin Infection 313

CD4CCR5

Fusion domain

Fig. 20.6. (continued) (C). This second attachment brings the viral envelope closer to the cell surface, allowing 
interaction between gp41 on the viral envelope and a fusion domain on the cell surface. HIV fuses with the cell (D). 
Subsequently, the viral nucleoid enters into the cell, most likely by means of other cellular events (E). Once this stage 
is achieved, the cycle of viral replication begins. (From Levy.102 Copyright © 1996 Massachusetts Medical Society. All 
rights reserved.)



314 N. Mendoza et al.

Fig. 20.6. (continued)

(DCs with T cells) has been described as an explosive 
site for HIV replication.104–106 While a correlation of 
the DCs and decreased HIV replication at this stage 
has been observed, the exact mechanisms responsi-
ble for this phenomenon are not known.98,107,108 The 
clustering of DCs and T cells could decrease T-cell 
activation and proliferation, thus blocking the spread 
of HIV after sexual exposure to virus. Blocking 
chemotaxis of T cells toward HIV-infected DC using 
chemokine or chemokine receptor antagonists could 
be one of the strategies, while another may involve 
blocking full activation of T cells by HIV-infected 
DCs by addition of antibodies that interfere with co-
stimulatory molecule function.109 Figure 20.7 illus-
trates possible mechanisms of the neutralization of 
HIV at mucosal surfaces by antibodies.110

For HIV replication to occur, cellular activation is 
critical, and some studies suggest that T cells become 
activated and infected through cluster formation 
with infected LC and not by direct contact with free 
viruses produced by infected LCs or T cells.109 The 
study of T cells during viral infection suggests that 
HIV infection of DCs induces expression of chem-
okines in these cells that differentially attract certain 

T-cell subsets. Results from these studies indicate 
that infection of CD4+ T cells is not a random event. 
It seems that expression of the HIV Tat or Nef pro-
teins increases the CXCR4 expression within mono-
cyte-derived DCs, allowing the virus to gain access 
to a wider range of potential target cells.93,111,112

A hypothesis to explain the skin manifestations 
of HIV infection is derived from the study of LCs 
and their role in viral pathogenesis. Nonetheless, 
not all the studies are consistent. Some studies have 
demonstrated a lack of depletion of T cells, LCs, 
and DCs in the skin of infected patients (although 
functionality was not assessed) but an increase 
in CD8 T cells in the perivascular dermis.113 On 
the other hand, studies in macaques have shown 
that during the acute SIV infection, LC density is 
reduced in skin, but increased in the lymph nodes 
(as activated DCs). In later stages of HIV infection 
(AIDS), the migration of DCs is suppressed, sug-
gesting that changes in DC function at different 
stages of viral infection modulate replication, dis-
semination, and persistence of HIV. The depressed 
DC function during advanced HIV disease might 
increase the degree of immunosuppression.114
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Fig. 20.7. Possible mechanisms of the neutralization of HIV at mucosal surfaces. (A) The transudation of passively 
infused immunoglobulin G (IgG) from vessels in the submucosa across the epithelium causes it to encounter virus 
at the mucosal surface. The virus is thus neutralized before it can encounter lymphocytes or M cells associated with 
the epithelium or underlying lamina propria. (B) IgG circulating in the blood or lymphatic system encounters virus 
that has been transported across mucosal surfaces by M cells. Antibodies neutralize the virus before it can spread 
from the site of infection. (From Nabel and Sullivan.110 Copyright © 2000 Massachusetts Medical Society. All rights 
reserved.)

Mucosal epitheliumLymphocyte

IgG

Virus

M cell

A

Lymphocyte

Lymphatic system

Blood vessel

B



316 N. Mendoza et al.

Immune Evasion Mechanisms

A simple and useful way to understand viral 
pathogenesis has been proposed by Hilleman,115 
who categorized viruses in two main groups: 
(1) those viruses that “hit and run” (e.g., cold 
viruses), and (2) those that “hit and stay.” HIV 
belongs to the second group, since it infects 
the host and stays with it until death occurs. 
Nonetheless, to ensure the persistence of its progeny, 
it develops effective mechanisms of spread.115 As 
specified before, the DCs are crucial for the gen-
eration and regulation of the adaptive immunity. 
HIV has developed clever strategies to exploit the 
DCs and carry out its replication cycle. Also, the 
interaction with the DCs allows HIV to dissemi-
nate and evade the antiviral immune response.93 
Since the DCs are the primary producers of IFN-α 
(which is a key antiviral molecule), alterations in 
these cells could be beneficial for viral survival 
and evasion.11 Additionally, HIV is capable of 
downregulating the MHC class I molecules, and 
as a consequence has an effect on natural killer 
cells. HIV reduces the stimulation of NK cells by 
stabilizing surface expression of the nonclassic 
MHC class I molecule human leukocyte antigen 
E (HLA-E), which reduces the susceptibility to 
NK-cell-mediated cytotoxicity.116,117 Similarly, the 
CD8 T lymphocytes (CDL) directed against HIV 
recognize an important number of HIV epitopes. 
Mutation of these epitopes alters or abolishes CDL 
recognition, which results in escape of HIV from 
the immune system118 (Table 20.8).

Vaccines

The search for an effective HIV vaccine began 
more than 15 years ago, and at least 34 different 
HIV candidate vaccines have begun phase I trials; 
some have progressed to phase II trials119 without 
success. The first recombinant HIV vaccines were 

genetically engineered from HIV surface enve-
lope proteins, such as gp120 or gp160.119 Since 
they do not contain a live virus, these vaccines 
do not present a risk of infection. One vaccine 
trial was performed with the recombinant protein 
gp120. This vaccine stimulated antibody produc-
tion but it was not effective in inducing cellular 
immunity.120,121

Another vaccine candidate is a DNA preparation 
that combines three HIV core genes (gag, pol, and 
nef) delivered in an adenovirus vector. This vaccine 
was studied in a phase II multicenter, double-blind, 
randomized, placebo-controlled trial. The vaccine 
was safe and immunogenic, but unfortunately was 
not clinically effective.

Molluscum Contagiosum

Molluscum contagiosum virus (MCV) is a dou-
ble-stranded DNA poxvirus surrounded by a lipid 
envelope. It is the only poxvirus that commonly 
infects humans since the eradication of smallpox. 
The MCV causes benign proliferative lesions of the 
skin, which can last for several months in immuno-
competent and immunocompromised individuals. 
Molluscum contagiosum virus has a worldwide 
distribution but is more prevalent in tropical areas. 
It usually affects children, but it is also seen in 
sexually active adults.122 This virus is the largest 
of all animal viruses and it is easily visualized on 
light microscopy.

Immune Response

Molluscum contagiosum virus transmission is 
through direct skin contact with an infected indi-
vidual. The MCV infections have a particular 
location on the epidermis, which makes the virus 
“safe,” almost beyond the reach of the immune 
system. Lesions in vivo are characterized by a 
lack of inflammatory cell infiltrates. The typical 
T or NK cells are usually not found at the base 
of molluscum lesions. Nonetheless, in the heal-
ing stage a mononuclear cell infiltrate is usually 
observed.11,123

Regarding inflammatory mediators, studies have 
shown that chemokines such as growth regulated 
oncogene alpha (GRO-α) and IL-8 are inside the 
molluscum lesions and are released on clearing 

Table 20.8. Mechanisms of immune evasion in HIV 
skin and mucosal infection.

• Modulation of the immune activity of dendritic cells
• Downregulation of MHC I molecules and reduced stimulation 

of NK cells
• Mutations in viral epitopes recognized by CD8 T lym-

phocytes
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of the virus.124 It is hypothesized that the immune 
response might be blocked by chemokine antago-
nists early in MCV infection, and in later stages of 
the infection the physical barrier (i.e., localization 
of the epidermis) or the formation of molluscum 
bodies may prevent detection by the immune sys-
tem.122 Some studies indicate that the production 
of antibodies does not occur in all patients with 
clinical MCV infection, or the antibody production 
is not stable during the clinical period.125

Immune Evasion Mechanisms

Like many other viruses, MCV uses a variety of 
methods to escape the immune system. An MCV 
ORF (designated mcv148R) encodes a 104-amino-
acid protein with significant homology to β-chem-
okines such as macrophage inflammatory protein 
(MIP)-1β. This homology has led investigators to 
believe that this virally produced chemokine may 
block the chemotactic activity of the host chemok-
ines.122 The MCV is also capable of blocking the 
signal necessary for successful migration of effec-
tor cells to the site of infection. Other MCV gene 
products such as MC53L and MC54L bind IL-18 
with high affinity and prevent IFN-γ production, 
suggesting that these viral proteins antagonize the 
development of an inflammatory response to MCV 
infection in humans.123–125

There are no vaccines available to prevent MCV 
infection, probably because it does not represent an 
important public health threat and the morbidity is 
not significant.

Conclusion

The immune response to a viral infection is a 
complex phenomenon that is specific to each 
microorganism. Through a highly efficient proc-
ess of evolution, the viruses have developed 
several immune evasion mechanisms that allow 
them to overcome the natural barriers of the skin, 
cause infection, and establish latency. The deli-
cate balance between the host immune response 
and viral replication (and dissemination) will 
eventually dictate the clinical outcome. Factors 
influencing the host, such as age, immunocom-
petence, and development of immunity after 

exposure to the virus, all play a key role in alter-
ing this balance.
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Key Points

● The two major glycoprotein subunits on the HIV 
envelope that interact with target cell surface 
receptors are gp120 and gp41.

● CD4, as well as co-receptors, on the target cell 
surface interacts with gp120 to initiate infection.

● The co-receptor used by HIV on T cell targets is 
primarily CXCR4.

● The co-receptor used by HIV on macrophage 
targets is primarily CCR5.

● Mucocutaneous manifestations of HIV can be the 
result of primary infection, but are usually due 
to opportunistic infections, neoplasia, or various 
inflammatory conditions.

● Highly active antiretroviral therapy (HAART) 
includes inhibitors of viral reverse transcriptase, 
protease, and integrase, as well as blockers of 
fusion and co-receptors (e.g., CCR5).

Human immunodeficiency virus (HIV) infection 
continues to be a major pandemic problem, with 
current estimates of 39.5 million people living 
with HIV in 2006, 4.3 million newly infected 
individuals in 2006, and 2.9 million deaths due 
to AIDS in 2006 worldwide.1 The widespread use 
of highly active antiretroviral therapy (HAART), 
however, over the past 10 years in industrialized 
nations has provided hope in the fight against 
HIV disease, in that marked clinical improvement 
with concomitant drops in death rates have been 
observed in the majority of individuals receiving 
this combination drug regimen. The hopes gener-
ated by the success of HAART are tempered by 
the fact that most HIV-infected individuals in the 
world will never have access to these drugs because 

of socioeconomic reasons. Thus, the ultimate 
hope in the war against HIV disease remains a 
universally accepted vaccine, that is, a vaccine 
that is safe, inexpensive, easy to administer, and 
effective. With this goal in mind, understanding 
basic virologic and immunologic mechanisms in 
the pathogenesis of HIV disease continues to be 
of critical importance.

The HIV Life Cycle

Human immunodeficiency virus is a retrovirus. 
This means that the basic genetic material encoded 
by HIV is RNA, and that the virus contains an 
enzyme, reverse transcriptase, which is able to 
convert viral RNA to viral DNA. Double-stranded 
viral RNA is contained within the core of the virus, 
and is immediately surrounded by the viral capsid, 
which is surrounded by the viral envelope. The 
viral envelope, which contains two major glyco-
protein subunits (gp120 and gp41), interacts with 
cell-surface receptors on target cells to initiate 
infection.

The life cycle of HIV begins with viral entry 
into a new target cell and ends with release of new 
virions from the infected cell. The first event 
involves binding of gp120, the major envelope 
protein of HIV, with the molecule CD4 on the 
surface of target cells. CD4 extends from the cell 
membrane, and it is believed that CD4–gp120 
interactions induce conformational changes that 
bring virus close to the cell membrane, and subse-
quently allows for another region of gp120 to 
interact with and bind to an HIV co-receptor 
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embedded in the cell membrane.2 HIV co-receptors 
are seven-transmembrane-domain molecules, 
members of the G-protein–coupled receptor 
family, and normally function as chemokine 
receptors, helping to mediate chemotaxis during 
inflammatory processes. The two major HIV co-
receptors for HIV are CCR53–5 and CXCR4,6 
although several other minor HIV co-receptors 
with similar structure and function have also been 
described.7 Viruses that are predominantly macro-
phage-tropic use CCR5 for entry (labeled R5 
viruses), whereas viruses that are predominantly 
T-cell-tropic use CXCR4 for entry (labeled X4 
viruses). Determination for co-receptor usage 
is dictated by the amino acid sequence in the 
co-receptor binding region of gp120. Binding of 
gp120 to an HIV co-receptor then leads to activa-
tion of gp41, the other major envelope glycopro-
tein, and fusion of the viral envelope with the cell 
membrane.2 Following fusion, viral RNA is 
released into the cytoplasm of the cell. Detailed 
knowledge of these events has been greatly facili-
tated by the recent discoveries of HIV co-receptors 
and by identification of the crystal structures of 
gp41 and gp120.8,9 Importantly, these advances in 
basic research allow for better understanding of 
HIV disease pathogenesis and have led to design 
of new therapeutic strategies aimed at blocking 
viral entry.

Viral RNA is reverse transcribed to DNA in 
the cytoplasm by the viral enzyme reverse tran-
scriptase. Much of the genetic variability and the 
development of drug-resistant HIV strains can be 
attributed to errors introduced into the HIV genome 
during reverse transcription. Proviral DNA is then 
transported to the nucleus, where it becomes incor-
porated into the host genome with the aid of the 
viral enzyme integrase. Host cellular machinery, 
in combination with the viral proteins Tat and 
Rev, drive viral transcription. In cytoplasm, viral 
messenger RNA (mRNA) is then translated into 
viral proteins, and viral capsids form around paired 
strands of viral RNA. Capsids obtain outer enve-
lopes upon budding from cell membranes, which 
are studded with the viral glycoproteins gp120 
and gp41. The viral protease enzyme orches-
trates release of virions from infected cell mem-
branes. Currently available antiretroviral drugs 
were designed to specifically inhibit these various 
steps in the HIV life cycle.

Virologic, Immunologic, and 
Clinical Features of HIV Disease

Early-Stage HIV Disease

Langerhans’ Cells as Initial Targets for HIV 
Following Sexual Exposure to Virus

Langerhans’ cells are antigen-presenting cells found 
within skin and in oral, vaginal, cervical, and anal epi-
thelial layers, and normally function as outposts of the 
immune system within these tissues.10–13 Here, they 
capture surface antigens and emigrate from epithe-
lium to draining lymph nodes via afferent lymphatics. 
Langerhans’ cells then present processed antigenic 
peptides to T cells, thereby leading to antigen-specific 
T-cell activation. Intraepithelial Langerhans cells’ 
have been shown to be the first cells infected follow-
ing vaginal exposure to simian immunodeficiency 
virus (SIV) in a rhesus macaque model of primary 
HIV infection.14 Following infection, Langerhans 
cells’ are believed to migrate from mucosal surfaces 
to draining lymph nodes via afferent lymphatics, 
where they transmit HIV to paracortical activated 
CD4+ T cells, thus establishing infection within the 
lymph node compartment (Fig. 21.1).15,16

In situ, immature Langerhans’ cells express 
CD417,18 and are CCR5+CXCR4−.13,18,19 Epithelial 
cells are CD4− and HIV co-receptor negative, and 
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Fig. 21.1. Schematic illustration showing the location of 
immature Langerhans’ cells (LC) within genital mucosal 
epithelium, their ability to emigrate from tissue to drain-
ing lymph nodes following contact with antigen, and the 
fact that they can interact with and transmit HIV infec-
tion to CD4+ T cells. Expression of surface CCR5, the 
major co-receptor for R5 HIV strains, on Langerhans 
cells may allow selective sexual transmission of R5 (i.e., 
macrophage-tropic) viruses
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are thus not predicted to be infectable with HIV. 
This differential surface expression of CCR5 and 
CXCR4 may explain why macrophage-tropic, or 
R5 type, viruses are the dominant type of HIV to be 
sexually transmitted (90% to 95% of cases).20,21 In 
vitro, human immature Langerhans’ cells are much 
more easily infected by R5 viruses when com-
pared to X4 viruses, and cells can be completely 
protected from infection by blocking CCR5.22–26 
The importance of CCR5 in initiating primary HIV 
infection is underscored by the fact that individuals 
who have homozygous deletion of their CCR5 gene 
are relatively protected from becoming infected by 
HIV despite numerous exposures.27–30

Development of Topical Microbicides 
to Prevent Sexual Transmission of HIV

In the absence of a prophylactic vaccine against HIV, 
health measures designed to limit the numbers of 
new cases of sexually transmitted HIV infection have 
included abstinence and condom use. Unfortunately, 
these methods can be impractical in certain coun-
tries and social situations where women are not 
empowered to influence decisions regarding sexual 
intercourse.31 Thus, additional means to block sexual 
transmission of HIV are urgently needed. The use of 
topical microbicides, drugs or compounds that can 
be applied to genital tissue prior to sexual intercourse 
and potentially block sexual transmission of HIV, is 
being actively investigated.32

Most compounds that have been put forth as 
potential microbicides, including nonoxynol-9, 
BufferGel, cyanovirin, C31G, and cellulose acetate 
phthalate, function in a nonspecific virucidal manner 
when tested in the laboratory. Limitations that hinder 
the clinical usefulness of these compounds include 
their potential toxicity to mucosal epithelial cells 
following sustained use,33,34 and the requirement 
that they need to be present within the vaginal vault 
at the time of HIV exposure. Interestingly, PSC-
RANTES (regulated on activation, normal T-cell 
expressed and secreted), a CCR5 inhibitor, has the 
advantages over nonspecific virucidal compounds in 
that (1) it is not toxic to Langerhans’ cells and other 
cells within epithelial tissue24,35; (2) it can lead to 
rapid down-modulation of CCR5 on cell surfaces for 
up to 24 hours,36 potentially allowing it to be used 
safely many hours before sexual intercourse; and 
(3) it has been shown to completely protect female 

rhesus macaques from SHIV simian-human immu-
nodeficiency virus infection when used topically 
15 minutes prior to intravaginal exposure to virus.35 
Of note, initial microbicide acceptability studies in 
populations of at-risk women have suggested that an 
effective topical microbicide would likely be used 
by women,37,38 potentially making a major impact 
on improving world health. Further testing of PSC-
RANTES as well as other potential topical microbi-
cides to block sexually transmitted HIV infection is 
urgently needed.

Immunologic Features and Cutaneous 
Manifestations of Acute Primary 
HIV Infection

A flu-like illness often develops 2 to 4 weeks follow-
ing exposure to HIV (Table 21.1).39–41 The signs and 
symptoms are often nonspecific. Rash occurs in a 
relatively high percentage of patients (50% to 75%). 
Lesions are described as nonpruritic erythematous 
macules and papules, with a predilection for the 
upper trunk, head, and neck (Fig. 21.2). The cutane-
ous eruption is probably caused by infiltration of 
anti–HIV-specific CD8+ cytotoxic lymphocytes, as 
has been shown in the skin of rhesus macaques dur-
ing acute infection with SIV.42 Painful oral ulcers are 
also common in primary HIV infection. Because of 
the nonspecific nature of these signs and symptoms, 
clinical diagnosis of acute HIV infection requires a 
high index of suspicion. Accordingly, it is now sug-
gested that all individuals with known or suspected 
risk factors for acquiring HIV, who present with 
rash and fever, should be questioned in detail about 
possible HIV exposures and have laboratory tests to 
investigate this possibility.39

Characteristically, HIV plasma viremia is high 
during this acute syndrome, with plasma usually 
containing >100,000 copies of HIV RNA/mL as 
measured by standard viral load assays, whereas rou-

Table 21.1. Signs and symptoms of primary HIV infection.

Common Uncommon

Fever (95%)* Diarrhea (30%)
Lymphadenopathy (75%) Headache (30%)
Pharyngitis (70%) Nausea/vomiting (25%)
Rash/oral ulcers (70%) Hepatosplenomegaly (15%)
Myalgia/arthralgia (55%) Thrush (10%)
  Neurologic symptoms (10%)

*Approximate incidence.
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tine HIV antibody tests are negative (Fig. 21.3).39 The 
combination of a high viral load and no HIV-specific 
antibodies confirms the diagnosis of primary HIV 
infection. Signs and symptoms resolve and plasma 
viremia gradually drops as cellular and humoral 
immune responses are initiated to control initial infec-
tion.39,41 HIV antibody tests usually become positive 
within 3 months following infection, although this 
interval may be prolonged in unusual cases.

Most clinicians and HIV researchers promote 
the widespread use of antiretroviral therapy at the 
earliest possible time point following diagnosis of 

acute HIV infection.43,44 There are several pieces 
of data that support this recommendation. First, 
early use of HAART (often defined as the use of 
zidovudine, a second reverse-transcriptase inhibi-
tor, and a protease inhibitor) most likely decreases 
the “viral set point”45—the level of plasma viremia 
following resolution of acute HIV infection. This 
level of plasma viremia is linked with the ultimate 
prognosis for a given HIV-infected individual.39 
Second, HAART has been shown to preserve both 
number and function of anti–HIV-specific CD4+ 
and CD8+ T cells, believed to be critical in the 
partial, albeit incomplete, control of HIV replica-
tion.45 Third, early HAART likely blunts loss of 
antigen-specific memory T cells,46 which are pref-
erentially lost in early HIV disease. Preservation of 
cellular immunity to common antigens would be 
predicted to prevent opportunistic infections. The 
drawbacks of treatment with HAART in early HIV 
disease include the possible emergence of drug-
resistant strains of HIV, the high cost of medications, 
and drug-related side effects.44,47

Middle-Stage HIV Disease

Virologic and Immunologic Features that 
Determine Progression to AIDS

Following resolution of acute infection, HIV-infected 
individuals often go into a prolonged period without 
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Fig. 21.3. Natural course of HIV disease. Potent highly active antiretroviral therapy (HAART) has a strong influence 
on this course by prolonging life for HIV-infected individuals

Fig. 21.2. Rash of primary HIV infection. Lesions are 
characteristically erythematous macules involving the head, 
neck, and upper trunk. Oral ulcers are also common
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clinical symptoms of HIV disease—the clinical 
latency period. Although plasma viremia is usu-
ally low or undetectable during this asymptomatic 
stage, viral replication continually occurs unabated 
within lymph nodes.48 CD4+ T cell counts during 
this period range between 200 and 500/µL, with a 
slow gradual decline often observed (Fig. 21.3). The 
balance between control of viral replication/pres-
ervation of immune function and increased viral 
replication/loss of immune function is dictated by 
numerous factors.49

The progression to AIDS is often associated 
with viral mutations that enable HIV to more 
efficiently infect CD4+ T cells.50 Specifically, 
mutations typically develop in the viral envelope 
protein gp120 that allow HIV to utilize CXCR4 as 
a co-receptor for cell entry. These viruses, termed 
X4 viruses, are more cytopathic than macrophage-
tropic R5 viruses (i.e., viruses that utilize CCR5 
as an HIV co-receptor). The development of X4 
viruses is linked to progressive loss of CD4+ T cells 
and the development of opportunistic disease.50 
Importantly, the future design of synthetic chem-
okines tailored to block CXCR4 may prevent the 
progression to AIDS in HIV-infected individuals.

Deletions or polymorphisms in genes encoding 
HIV co-receptors (i.e., chemokine receptors) and 
their ligands (i.e., chemokines) have been associ-
ated with delayed HIV disease progression. For 
example, individuals with a particular polymor-
phism in their SDF-1 gene, the gene that encodes 
for the natural chemokine ligand of CXCR4, 
progress to AIDS less quickly than individuals 
without this particular polymorphism.51 Functional 
studies on the two forms of SDF-1 protein sug-
gest that the variant form is degraded less rapidly 
than the wild-type form, and would therefore be 
predicted to have more prolonged binding periods 
with CXCR4. In addition, heterozygous mutations 
of the CCR5 gene or its promoters as well as gene 
duplications in CCR5 ligands prolong the onset 
of AIDS, presumably by limiting infection and 
spread of macrophage-tropic viruses early in HIV 
disease.28,52–54

Cutaneous Manifestations of Middle-Stage 
HIV Disease

Human immunodeficiency virus–infected individu-
als with CD4+ T-cell counts in the 200 to 500/µL 

range are mostly asymptomatic, although this 
certainly is not always true. Signs and symptoms 
that belie underlying HIV infection often mani-
fest as cutaneous diseases during this phase.55 In 
particular, herpes zoster and treatment-resistant 
seborrheic dermatitis in young persons should 
alert clinicians to the possibility of coexisting HIV 
infection and lead to questioning about known HIV 
risk factors. Zoster involving multiple dermatomes, 
zoster involving the head and neck, and prolonged 
healing of lesions are distinct clues to possi-
ble underlying immunosuppression, and thus are 
more common in HIV-infected individuals. Subtle 
loss of antigen-specific cell-mediated immunity is 
believed to be the mechanism by which these dis-
eases occur. Although not limited to patients with 
particular CD4+ T-cell counts, diagnosis of any 
sexual transmitted disease (syphilis, condyloma, 
herpes simplex, etc.) should also prompt question-
ing about possible concomitant HIV infection.

Acute illnesses, such as herpes simplex reac-
tivation and herpes zoster, lead to tissue inflam-
mation, immune activation, and increases in HIV 
plasma viremia.49 The basis for increased plasma 
viremia is most likely multifactorial. Inflammatory 
cytokines released during acute inflammation or 
infection can directly lead to enhanced viral repli-
cation within HIV-infected cells. As well, immune 
activation and cytokine production can stimulate 
HIV infection of previously uninfected CD4+ T cells. 
Thus, there is a strong basis for both preventing 
and aggressively treating all acute infections and 
illnesses in HIV-infected individuals. Of note, 
immunizations, which lead to transient activa-
tion of the immune system, also trigger transient 
increases in HIV plasma viremia.49 The benefits, 
however, of protecting against future illnesses 
accorded by immunizations outweigh any potential 
harm caused by them.

Late-Stage HIV Disease, or AIDS

Virologic and Immunologic Features of AIDS

Viruses of all types (T-cell-tropic, macrophage-
tropic, dual-tropic) can be isolated from most AIDS 
patients.50 Plasma viremia is also usually high in 
untreated patients (Fig. 21.3). In addition, destruc-
tion of lymph node architecture also contributes 
to high viral loads in blood. This occurs because 
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many infectious HIV virions previously trapped by 
follicular dendritic cells are released into blood fol-
lowing breakdown of lymphoid tissue.48 Viral loads 
can drop dramatically in AIDS patients who are 
placed on HAART for the first time,56,57 although it 
can be difficult for AIDS patients to get to the point 
where plasma viremia is undetectable.

Immune defects in advanced-stage HIV dis-
ease are profound.49 CD4+ T-cell counts are less 
than 200/µL by definition, with preferentially 
loss of the memory subset of T cells. B cells are 
activated with consequent hypergammaglobuline-
mia. Macrophages demonstrate numerous defects. 
Surprisingly, most studies show that dendritic 
cell function, including epidermal Langerhans’ cell 
function, remains relatively intact, even in late-
stage AIDS patients.58–61 Peripheral blood mono-
nuclear cells display abnormal cytokine secretion 
profiles upon stimulation.49 Predominantly, there 
is loss of interleukin-2 (IL-2) production, a key 
cytokine involved in normal T-cell function. Thus, 
by numerous mechanisms, immune dysregula-
tion in HIV-infected individuals leads to loss of 
antigen-specific cell-mediated immunity and the 
development of opportunistic infections. HAART 
often leads to increases in CD4+ T-cell counts for 
AIDS patients, although increases do not always 
occur and are usually only partial.62,63

Cutaneous Manifestations of AIDS

Kaposi’s Sarcoma

Kaposi’s sarcoma (KS) is the most common neo-
plasm in HIV-infected individuals.64 Most investiga-
tors now believe KS is not a true malignancy, but 
rather a multicentric proliferative process driven 
by inflammation and immune dysregulation. In a 
landmark study from 1994, the husband-and-wife 
research team of Chang and Moore discovered 
KS-associated herpesvirus (KSHV), also known as 
human herpesvirus 8, within lesions of AIDS-asso-
ciated KS.65 Subsequently, KSHV was identified in 
all cases of KS, regardless of HIV status or tissue 
source.66 In serologic studies, the presence of 
KSHV-specific antibodies was shown to correlate 
with subsequent risk for developing KS. For instance, 
KSHV seroprevalence is high in gay men, central 
Africans, and southern Italians,67,68—all groups of 
people in whom the incidence of KS is relatively 
high regardless of HIV status. Although previous 

infection with KSHV is believed to be absolutely 
required for development of KS, additional factors 
undoubtedly play roles in KS pathogenesis, includ-
ing loss of KSHV-specific cell-mediated immune 
immunity and inflammatory cytokines.69

Interestingly, KSHV infects all KS tumor spin-
dle cells.70 However, only a small number of cells 
(<2%) within tumors are productively infected 
with KSHV, demonstrating virions budding from 
cells upon electron microscopy; the remaining cells 
are latently infected with virus, that is, they contain 
viral DNA within nuclei of infected cells but do 
not produce virions.71 Most likely, viral genes that 
are expressed in latently infected cells contribute 
to the abnormal spindle cell growth observed in 
KS lesions.72–74 The precise mechanisms by which 
KSHV triggers and maintains KS are the current 
focus of many research teams.

The fact that most KS spindle cells are latently, 
and not lytically, infected with KSHV means that 
antiherpesviral therapy is unlikely to be effica-
cious for established KS. All known drugs in 
this class, including acyclovir and its derivatives 
foscarnet, cidofovir, and ganciclovir, act to block 
active viral replication; they specifically do not 
have effects on cells latently infected with herpes-
virus. Alternatively, antiherpesviral therapy may be 
extremely useful in the prevention of KS in KSHV-
infected individuals.69 Specifically, all KSHV+HIV+ 
persons and any KSHV+ individuals undergoing 
organ transplantation would be candidates for pro-
phylactic antiherpesviral therapy, with the hopes 
of aborting KSHV infection within dermis and the 
subsequent development of KS. Incredibly, 30% 
to 40% of AIDS patients have remissions of KS 
when placed on HAART.75,76 This is most likely 
due to improved KSHV-specific immune func-
tion and decreases in HIV-associated inflammatory 
cytokines that directly stimulate KS spindle cell 
growth. Other treatments for KS depend on whether 
disease is localized or widespread, and include local 
destructive therapy, radiation therapy, interferon-α, 
and chemotherapy (e.g., paclitaxel).77

Other Viral Infections

Loss of cell-mediated immunity predisposes to 
viral infections. Infection with herpes simplex virus 
types 1 and 2 or varicella-zoster virus can produce 
slow-healing painful cutaneous ulcerations, as well 
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as chronic verrucous or crusted lesions in AIDS 
patients.55 Treatment and prophylaxis with acyclovir 
or one of its derivatives is indicated, although clini-
cians should be wary of the development of acyclovir-
resistant strains of these viruses in the setting of AIDS. 
Lytic replication of Epstein-Barr virus within lingual 
epithelial cells produces oral hairy leukoplakia.55 This 
manifests as white corrugated adherent plaques on the 
lateral aspects of the tongue. Human papillomavirus 
and molluscum contagiosum virus infections can be 
particularly aggressive and treatment-resistant in indi-
viduals with AIDS.55 Of note, anogenital cancer, like 
cervical cancer, has been linked to human papilloma-
virus infection and occurs more commonly in HIV-
infected persons compared to the general population.78

Cutaneous viral infections, like all other cuta-
neous manifestations of HIV disease, are best 
treated by first ensuring that patients are on proper 
HAART, which completely suppresses HIV plasma 
viremia. Second, specific treatment as dictated by 
the clinical disease, biopsy findings, and culture 
results should be instituted. As learned in the era 
prior to HAART, specific treatment of AIDS-
associated dermatoses is unlikely to be optimally 
effective in face of uncontrolled HIV plasma viremia 
and continued destruction of the immune system.

Fungal Infections

Loss of cell-mediated immunity also predis-
poses to fungal infections. Candidiasis is the 

most common mucocutaneous manifestation of 
AIDS, often presenting as friable nonadherent 
white plaques within oral and vaginal mucosa.55 
Esophageal candidiasis is a particularly painful 
complication and can lead to impaired swallow-
ing. Treatment and prophylaxis with systemic 
antifungals is often indicated. Dermatophytosis 
can also be particularly widespread and difficult 
to treat.55 Although it is not as common now, 
dermatologic involvement has been reported in 
10% to 15% of AIDS patients with systemic 
cryptococcosis or histoplasmosis.79,80 Cutaneous 
cryptococcosis in this setting usually presents as 
papules and nodules with central umbilication 
(i.e., molluscum-like) or necrosis. Histoplasmosis 
can present with acneiform papules pustules, 
which often involve the face. As above, fun-
gal infections are best managed by optimizing 
HAART, making accurate diagnoses, and institut-
ing specific antifungal therapy.

Other Cutaneous Diseases

Eosinophilic folliculitis is an extremely com-
mon cutaneous manifestation of AIDS. Patients 
present with intensely pruritic urticarial papules 
surmounted by tiny central vesicles (Fig. 21.4A).81 
This morphology may not be preserved at the 
time of presentation due to scratching of lesions, 
in which case the lesions appear as excori-
ated papules or small round scars. Lesions are 

Fig. 21.4. (A) Typical urticarial papules of eosinophilic folliculitis. (B) High-power histologic view of an early 
lesion of eosinophilic folliculitis. Demodex mites are characteristically seen within centers of affected hair follicles 
surrounded by sheets of eosinophils. Excoriated or older lesions show a mixed infiltrate and will not demonstrate 
mites



330 A. Blauvelt

distributed on the face, neck, and upper chest and 
back. In early nonexcoriated lesions, Demodex 
mites are observed within hair follicles at the 
center of heavy eosinophilic infiltrates (Fig. 
21.4B).82 In older or excoriated lesions, mites are 
not present and the inflammation is more mixed. 
For these reasons, an aberrant immune response 
directed against Demodex mites is believed to 
trigger eosinophilic folliculitis.83 Chronic once-
daily use of topical permethrin will eventually 
abort new lesion formation,82 whereas pruritus and 
acute eosinophilic inflammation usually respond 
to ultraviolet light therapy or to potent topical or 
low-dose systemic corticosteroids.81,83

Drug reactions, especially induced by trimetho-
prim-sulfamethoxazole, are common in advanced-
stage HIV disease; particularly severe reactions, 
like Stevens-Johnson syndrome and toxic epider-
mal necrosis, also occur with increased frequency 
in these patients.84 Importantly, the antiretro-
viral drug nevirapine has been associated with 
Stevens-Johnson syndrome (Fig. 21.5), occurring 
in up to 8% of patients treated with this drug.85 
Additionally, patients taking protease inhibitors 
may develop a syndrome with clinical features 
resembling Cushing’s disease. These individu-
als have central fat deposition (“buffalo humps,” 
protuberant abdomens, gynecomastia), wasting 
of facial fat and peripheral fat of the arms and 
legs, hypertriglyceridemia, glucose intolerance, 
and increased risk for myocardial infarction (Fig. 
21.6).86–88 Unlike in Cushing’s disease, the pitui-
tary axis is unaffected. Facial wasting may be 

treated by switching drug regimens that have less 
lipodystrophic effects and by injection of filler sub-
stances.89,90 Other HAART-associated cutaneous 
drug reactions have also been reported, including 
abacavir hypersensitivity, zidovudine-associated 
hyperpigmentation of the nails, and retinoid-like 
effects due to protease inhibitors (Table 21.2).91 
The pathogenic basis for all of these drug reactions 
occurring in HIV-infected individuals is unclear.

Fig. 21.6. Protease inhibitor-induced lipodystrophy. 
“Buffalo hump” along with other fat accumulations cen-
trally (i.e., in breast and abdomen) occurs in combination 
with loss of fat on the face and extremities

Fig. 21.5. Nevirapine-induced Stevens-Johnson syn-
drome. This side effect occurs in approximately 8% of 
individuals treated with this drug

Table 21.2. Major cutaneous manifestations of highly 
active antiretroviral therapy (HAART).

Hyperpigmentation due to zidovudine
Hypersensitivity due to abacavir
Stevens-Johnson syndrome due to nevirapine
Lipodystrophy due to indinavir, ritonavir, stavudine, or zidovudine
Retinoid-like effects due to indinavir
Injection site reactions to enfuvirtide
Morbilliform eruptions to most drugs
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Conclusion

Basic science advances in immunology and virology 
have led to key advances in the care and manage-
ment of HIV-infected individuals. For instance, 
knowledge of the structure and function of the 
viral proteins and life cycle of HIV has led to the 
development of novel antiretroviral medications. As 
well, increased understanding of the initial and later 
stages of HIV disease through epidemiologic, clini-
cal, immunologic, and genetic studies has provided 
a solid basis for using these medications in a proper 
manner. As has been consistently demonstrated in 
the past, therapeutic advances to combat HIV dis-
ease in the future are likely to be based on discover-
ies in basic virology, biology, and immunology. As 
evidenced by numerous cutaneous manifestations 
that can occur throughout the course of HIV disease, 
the dermatologist remains an important member of 
the team caring for infected individuals.
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Key Points

● Innate immune responses are directed against 
conserved components of microorganisms called 
pathogen-associated molecular patterns (PAMPs).

● The host cellular receptors that recognize differ-
ent PAMPs are called pattern recognition recep-
tors (PRRs).

● Two major families of human antimicrobial pep-
tides are defensins and cathelicidin.

● Toll-like receptors (TLRs) are important PRRs 
involved in host defense against a variety of 
pathogenic microorganisms.

● Complement plays a key role in killing of 
bacteria.

● Neutrophils, monocytes, and macrophages phago-
cytose opsonized bacteria.

Bacterial skin infections represent a major public 
health problem, resulting in approximately 11.6 
million outpatient/emergency room visits and 
464,000 hospital admissions annually in the 
United States.1 A recent study found that 76% 
of all bacterial skin and soft tissue infections 
presenting to emergency rooms in 11 major 
U.S. cities were due to Staphylococcus aureus, 
and 78% of these infections were due to com-
munity-acquired methicillin-resistant S. aureus 
(CA-MRSA).2 The importance of the immune 
response against bacterial skin infections cannot 
be overemphasized, and many immunocompro-
mised patients are at an increased risk for infec-
tion.3 This chapter focuses on the host defense 
mechanisms against two of the most common 
bacterial skin pathogens, S. aureus and group A 
Streptococcus.

Staphylococcus aureus

Staphylococcus aureus is a gram-positive extracel-
lular bacterial pathogen that is the most common 
cause of skin and soft tissue infections such as 
impetigo, folliculitis, cellulitis, and ecthymas.4–7 
S. aureus infections may become more invasive 
and lead to life-threatening infections such as 
lymphangitis, septic arthritis, osteomyelitis, pneu-
monia, abscesses of various organs, meningitis, bac-
teremia, endocarditis, and sepsis.4–7 Furthermore, 
S. aureus produces exotoxins that result in staphy-
lococcus scalded skin syndrome and toxic-shock 
syndrome.8,9 S. aureus colonization of the anterior 
nares is found in ∼30% of the general population 
and is a major risk factor for infection.10–13 Patients 
with atopic dermatitis, diabetes mellitus, renal 
disease (hemodialysis), HIV infection, a history 
of intravenous drug abuse, and preexisting tissue 
injury or inflammation (e.g., ulcer, surgical wound) 
are particularly predisposed to S. aureus infec-
tions.6,7,10–14 Despite advances in antibiotic therapy, 
the frequencies of both community-acquired and 
hospital-acquired S. aureus infections have steadily 
increased.1,2,7 Furthermore, the treatment of these 
infections is frequently complicated by staphyloco-
ccal strains that are resistant to multiple antibiotics, 
including methicillin (MRSA), gentamicin, and 
even vancomycin.15–20

Clinical Manifestations

Staphylococcus aureus cutaneous infections result in a 
variably pyogenic immune response characterized by 
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purulent lesions with surrounding erythema, 
warmth, and induration.4–7,21 Microscopically, 
these lesions are composed primarily of col-
lections of neutrophils, a hallmark of S. aureus 
infection.6,7,21–23 Superficial S. aureus infections 
result in impetigo, an infection confined to the 
upper layers of the epidermis.7,21 However, S. 
aureus infections can become more invasive and 
involve dermal planes and subcutaneous tissues 
as seen in cellulitis (Fig. 22.1) or deep ulcera-
tive lesions as seen in ecthyma.4,6,7 S. aureus 
also infects individual hair follicles, leading to 
folliculitis, furunculosis, and carbuncle forma-
tion when multiple follicles become involved 
(Fig. 22.2).4,6,7 Lastly, S. aureus can cause 

superinfection of inflammatory skin diseases such 
as atopic dermatitis and intertrigo.7,21,24

Innate Immune Responses Against 
S. aureus

Innate immune responses are directed against con-
served components of microorganisms called path-
ogen-associated molecular patterns (PAMPs).25–30 
The host cellular receptors that recognize differ-
ent PAMPs are called pattern recognition recep-
tors (PRRs).25–30 The PAMPs are predominantly 
expressed by microorganisms and not by host 
cells, thus enabling the host’s immune system to 
recognize the pathogen rather than self. This sec-
tion discusses soluble factors of the innate immune 
system, such as antimicrobial peptides and comple-
ment, and reviews the known PRRs and the role of 
innate immune system cells in host defense against 
S. aureus.

Fig. 22.2. Staphylococcus aureus folliculitis/furuncles 
(boils). Typically, infected hair follicles present as fol-
licularly based erythematous, warm, edematous, and 
pus-filled nodules. (Courtesy of the Victor D. Newcomer 
collection at UCLA and Logical Images, Inc.)

Fig. 22.1. Staphylococcus aureus cellulitis on the lower 
leg. The involved skin characteristically shows signs of 
inflammation, including erythema, warmth, edema, and 
pain. (Courtesy of the Victor D. Newcomer collection at 
UCLA and Logical Images, Inc.)
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Soluble Mediators of Innate Immunity 
Against S. aureus

Antimicrobial Peptides

Antimicrobial peptides are polypeptides that 
have antimicrobial activity at physiologic condi-
tions and are believed to function by disrupting 
bacterial membranes.31–36 Two major families of 
human antimicrobial peptides are defensins (α 
and β) and cathelicidin. α-defensins (also called 
human neutrophil peptides, HNPs) are produced 
by neutrophils, whereas β-defensins are produced 
predominantly by epithelial cells (including kerati-
nocytes), but are also produced by macrophages 
and dendritic cells.31–35 Cathelicidins are produced 
constitutively by neutrophils and can be induced in 
epithelial cells, including keratinocytes.34–36

There are six known human α-defensins (HNP1–6), 
which constitute ∼50% of the peptides within neu-
trophil granules.32,33,37 A recent study demonstrated 
that only HNPs 2 and 5 (and not HNPs 1, 3, 4, and 6) 
have antimicrobial activity against S. aureus in vitro 
(Fig. 22.3).37 Interestingly, S. aureus produces pro-
teins such as staphylokinase and MprF that inhibit 
the activity of α-defensins.38,39 Thus, the antimi-
crobial activity of α-defensins may be biologically 
relevant since S. aureus has developed mechanisms 
to inhibit their activity.

There are four known human β-defensins 
(HBD1–4), which are expressed by various epithelial 

cells, including keratinocytes, as well as by activated 
monocytes/macrophages and dendritic cells. HBDs 
1, 2, and 4 have been shown to have only a weak 
bacteriostatic effect against S. aureus in vitro (Fig. 
22.3).40,41 In contrast, HBD3 has strong in vitro bac-
tericidal activity against S. aureus.42 hCAP-18 is the 
only known member of the human cathelicidin fam-
ily and is the precursor to the active cleaved C-terminal 
peptide LL-37.34–36 Like HBD3, LL-37 has been 
shown to have potent antimicrobial activity against 
S. aureus.43–46 Interestingly, S. aureus secretes a 
protein called aureolysin, which is an extracellular 
metalloproteinase that inhibits LL-37 activity.47–50

Keratinocyte production of HBD2, HBD3, and LL-
37 can be induced by live or heat-killed S. aureus and 
by S. aureus components, including lipopeptides and 
lipoteichoic acid via activation of TLR2.42,51–56 Thus, 
human keratinocytes can upregulate the production 
of HBD2 and HBD3 in response to S. aureus or its 
components, thereby increasing the innate immune 
response in the skin. Interestingly, activation of the 
epidermal growth factor receptor (EGFR) by wound-
ing of human skin in vitro resulted in increased pro-
duction of HBD3 and antimicrobial activity against 
S. aureus.57–59 Thus, wounded skin may resist infec-
tion by S. aureus via production of HBD3. Recently, 
vitamin D has been shown to increase LL-37 produc-
tion by keratinocytes, neutrophils, and monocytes/
macrophages, suggesting that vitamin D also may 
play a role in host defense against S. aureus.60–63

Fig. 22.3. Soluble mediators of the innate immune response against S. aureus. The mechanisms that S. aureus utilizes 
to inhibit these soluble mediators are shown in red. CHIPS, chemotaxis inhibitory protein of staphylococci. Efb, 
extracellular fibrinogen-binding protein; SCIN, staphylococcus complement inhibitor
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Antimicrobial peptides may also be involved in 
the pathogenesis of certain inflammatory skin dis-
eases. HBD2 and HBD3 are expressed at increased 
levels in the hyperproliferative and inflammatory 
skin disease, psoriasis, which has been associated 
with a T-helper-1 (Th1) cytokine profile.40,42,64,65 In 
contrast, HBD2, HBD3, and LL-37 are expressed 
at significantly lower levels in atopic dermatitis, 
another inflammatory skin disease that is associated 
with a Th2 cytokine profile.64,65 These findings 
may explain why S. aureus superinfection is more 
frequently seen in lesions of atopic dermatitis and 
rarely in psoriatic skin lesions.40,42,64–66

Lastly, antimicrobial peptides not only have 
microbicidal activity, but also promote the recruit-
ment of immune system cells to the site of infec-
tion. For example, HNPs promote chemotaxis 
of T cells and immature dendritic cells; HBDs 
promote chemotaxis of immature dendritic cells 
and memory CD4 T cells; and LL-37 promotes 
chemotaxis of neutrophils, monocytes, and T 
cells.67–71 The chemotactic activity of HBDs and 
LL-37 is mediated by the chemokine receptor 
CCR6 and the formyl peptide receptor-like 1, 
respectively.67–71

Complement Activation and Mannose-Binding 
Lectin

The complement system includes a family of serum 
proteins, proteolytic fragments, and cell-surface 
receptors.47,72–74 There are three main functions of 
complement activation: (1) direct killing of bacte-
ria via formation of the membrane attack complex 
(MAC), which perforates bacterial membranes; 
(2) promotion of phagocytosis by opsonizing the 
bacterial surface with complement components 
such as C3b; and (3) recruitment of immune sys-
tem cells to the site of infection by generating the 
complement chemoattractant peptides C3a and 
C5a.47,72–74 There are three pathways of comple-
ment activation: the classical, alternative, and 
lectin pathways. Each pathway requires generation 
of an enzyme complex called the C3 convertase. 
In the classical pathway, generation of the C3 
convertase involves the interaction of complement 
components with natural IgM antibody or antigen-
specific IgG antibody that is bound to antigens of 
the pathogen. In the alternative pathway, there are 
low levels of direct activation of the C3 convertase 

by components of the pathogen.47,72–74 In the lectin 
pathway, the C3 convertase is activated via recog-
nition of carbohydrate groups on the surface of the 
bacteria via mannose-binding lectin (MBL) or via 
H-, L-, or M-ficolin and MBL-associated serine 
proteases (MASP1, 2 and 3).47,75–77

There have been several reports demonstrating 
the key role of complement in host defense against 
S. aureus (Fig. 22.3).78–81 First, in a mouse model 
of S. aureus–induced arthritis and bacteremia, 
depletion of complement components resulted 
in higher mortality and significantly decreased 
neutrophil recruitment and impairment of phago-
cytosis.79 In another study, complement-mediated 
opsonization by C3b as well as activation of 
complement receptor 1 (CD35) (the primary 
receptor for C3b) were more critical in controlling 
S. aureus bacteremia than C5a or generation of 
the MAC.80

Mannose-binding lectin is also important in 
host defense against S. aureus infections (Fig. 
22.3).82–87 For example, individuals with an MBL 
gene mutation who have impaired MBL-dependent 
opsonization suffer from recurrent S. aureus infec-
tions.84 In addition, MBL-deficient mice had only 
a slightly decreased survival, whereas C3–deficient 
mice and mice deficient in both MBL and C3 
had markedly decreased survival compared with 
wild-type mice after an intravenous challenge of 
S. aureus.82,83 Thus, C3 and complement activation 
may play a more important role than MBL in host 
defense against S. aureus. Lastly, MBL can bind 
to S. aureus in vitro, resulting in increased phago-
cytosis.85–87 Taken together, MBL is involved in 
activation of the lectin complement pathway and in 
opsonization of S. aureus.

Staphylococcus aureus has developed several 
mechanisms to counteract complement activity.47–49 
S. aureus produces a protein called staphylococ-
cus complement inhibitor (SCIN), which prevents 
activation of the complement cascade by inhibiting 
the C3 convertase.47–49,88–90 S. aureus also secretes 
a protein called extracellular fibrinogen-binding 
protein (Efb), which binds C3 and blocks C3 
deposition on the bacterial cell surface.91,92 Lastly, 
staphylokinase inhibits opsonization of S. aureus 
and subsequent phagocytosis by converting plas-
minogen into plasmin on the bacterial surface, 
which leads to removal of the antistaphylococcal 
opsonins IgG and C3b.93



22. Bacterial Infections 339

Pattern Recognition Receptors that 
Recognize Components of S. aureus

Toll-Like Receptors

Toll-like receptors (TLRs) are important PRRs 
involved in host defense against a variety of patho-
genic microorganisms, including S. aureus.25–30 
Activation of TLRs initiates several signaling 
cascades including nuclear factor κB (NF-κB) 
activation, ultimately leading to production of 
cytokines, chemokines, antimicrobial peptides, and 
upregulation of co-stimulatory and adhesion mol-
ecules involved in innate and adaptive immune 
responses.25–30

Of all the known human TLRs (TLR1 to 
TLR10), TLR2 has been the most implicated in 
host defense against S. aureus (Fig. 22.4). TLR2 

is expressed on the surface of numerous cell types 
in the skin, including keratinocytes, Langerhans 
cells, monocytes/macrophages, dendritic cells, 
mast cells, endothelial cells, fibroblasts, and adi-
pocytes.94–105 TLR2 can be activated by live or heat-
killed S. aureus as well as the S. aureus components, 
peptidoglycan (PGN), lipoteichoic acid (LTA), and 
lipopeptides.102,106–126 However, there have been 
some conflicting reports regarding the ability of 
S. aureus PGN, LTA, and lipopeptides to activate 
TLR2.123,126

With regard to S. aureus skin infections, 
TLR2–deficient mice develop larger skin lesions 
than wild-type mice after S. aureus skin inocu-
lation.127,128 Human keratinocytes also express 
TLR2 and can be activated by live or heat-killed 
S. aureus and S. aureus components, resulting 

Fig. 22.4. Pattern recognition receptors (PRRs) of host cells involved in recognizing components of S. aureus and 
initiating immune responses. The S. aureus components recognized by these PRRs and the cellular localization of 
these PRRs are shown. LTA, lipoteichoic acid; NF, nuclear factor; PGN, peptidoglycan; TLR, Toll-like receptor; 
TNFR, tumor necrosis factor receptor
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in increased production of cytokines such as 
interleukin-1β (IL-1β), IL-8, tumor necrosis 
factor-α (TNF-α), and production of HBD2 
and HBD3.58,95,96,101–103,129,130 Interestingly, a 
polymorphism in TLR2 has been linked to a 
severe phenotype of atopic dermatitis, which 
is frequently associated with superinfection by 
S. aureus.131–133

Since S. aureus PGN, LTA, and lipopeptides 
have distinctly different biochemical structures, 
it was unclear how one receptor could recognize 
such a broad spectrum of molecules. However, 
TLR2 interacts with other TLRs and additional 
co-receptors, which may enable TLR2 to recog-
nize these different ligands (Fig. 22.4). TLR2 
heterodimerizes with TLR1 or TLR6 to recog-
nize tri-acyl and di-acyl lipopeptides, respec-
tively.134–136 Therefore, the ability of the host to 
recognize certain lipopeptides may depend on 
the formation of TLR2 heterodimers. Several 
in vitro studies have indicated that CD14 may 
act as a TLR co-receptor by interacting with 
S. aureus LTA and PGN and enhancing TLR2 
activation.120,137–147 CD14 is a membrane protein 
that lacks an intracellular signaling domain and 
was initially characterized as a TLR4 co-receptor 
for lipopolysaccharide (LPS) of gram-negative 
bacteria.143,148–151 However, CD14 may not play 
an important host defense role against S. aureus 
in vivo, since CD14–deficient mice and wild-
type mice responded similarly in a model of S. 
aureus sepsis.152 In contrast, using in vitro and in 
vivo skin and systemic models of infection with 
S. aureus, CD36 was found to be a TLR2 co-
receptor involved in the recognition of S. aureus 
LTA (which is diacylated) and in the activation of 
signaling via the TLR2/6 heterodimer.128,153

TLR9 is an intracellular TLR that has been 
shown to recognize hypomethylated CpG (cyto-
sine-phosphate-guanosine) motifs of bacterial 
DNA.154–156 Although TLR9 has not been directly 
implicated in host defense against S. aureus, DNA 
from S. aureus has inflammatory properties that 
may be mediated via TLR9 (Fig. 22.4). For exam-
ple, S. aureus DNA produces inflammation when 
injected into the skin.157 S. aureus DNA has also 
been shown to induce IL-12, TNF-α, interferon-α 
(IFN-α), and IFN-γ.158–160 However, it is possible 
that PRRs other than TLR9 recognize S. aureus 
DNA.161,162

Nucleotide-Binding Oligomerization 
Domain Proteins

In contrast to TLR2, nucleotide-binding oligomer-
ization domain proteins (NOD1 and NOD2) are 
found free in the cytosol and detect breakdown 
products of PGN (instead of the whole mol-
ecule).163–166 NOD1 recognizes the breakdown 
products of gram-negative PGN. In contrast, 
NOD2 recognizes muramyl dipeptide (MDP), 
which is a breakdown product of both gram-
positive and gram-negative PGN, and has been 
shown to recognize MDP-derived from S. aureus 
PGN (Fig. 22.4).163–169 After ligand detection, 
NODs activate a signaling pathway that results 
in NF-κB activation and transcription of host 
genes involved in innate and acquired immune 
responses.163–168 Interestingly, activation of NOD2 
by MDP resulted in increased expression of 
HBD2 by keratinocytes, suggesting that NOD2 
could play a role in host defense against S. aureus 
skin infection.170

The fact that NOD2 is a cytoplasmic receptor 
calls into question whether an intracellular PRR 
could be involved in recognition of a S. aureus 
infection, since S. aureus has classically been 
considered an extracellular pathogen. However, 
several studies have found that S. aureus can invade 
the cytoplasm of various cells, including epithelial 
cells, enterocytes, endothelial cells, osteoblasts, 
and neutrophils.171–177 Once S. aureus enters the 
cytoplasm, host or bacterial enzymes may break 
down S. aureus PGN into MDP that can be rec-
ognized by NOD2.167,168,178–181 Despite the ability 
of NOD2 to recognize MDP from S. aureus PGN, 
evidence demonstrating that NOD2 is an important 
receptor during an in vivo S. aureus infection has 
yet to be reported.

Tumor Necrosis Factor-α Receptor 1

Tumor necrosis factor-α receptor 1 (TNFR1) is a 
receptor for TNF-α that is expressed on many dif-
ferent cell types. Recently, it was discovered that 
S. aureus protein A, which is known to bind the 
Fc portion of antibody, activates TNFR1 and leads 
to production of proinflammatory cytokines and 
chemokines (Fig. 22.4).182,183 However, TNFR1–
deficient mice had no defect in host defense 
compared with wild-type mice after an in vivo 
S. aureus skin infection, suggesting that activation 



22. Bacterial Infections 341

of TNFR1 may not play an major role in host 
defense against S. aureus.127

Peptidoglycan Recognition Proteins

In humans, there are four peptidoglycan recogni-
tion proteins (PGRPs) (-S, -L, -Iα, and -Iβ), and 
all of them are secreted and are not transmembrane 
proteins.167,184–186 The precise function of these 
receptors is unknown, but PGRP-L has amidase 
activity that may be capable of breaking down 
S. aureus PGN (Fig. 22.4).187–189 Despite this 
amidase activity, PGRP-L may not be involved in 
the immune response against S. aureus since there 
was no difference in cytokine production (IL-6 and 
TNF-α) or in susceptibility to infection between 
PGRP-L–deficient mice and wild-type mice after 
systemic challenge with S. aureus.190

Cellular Innate Immune Responses 
Against S. aureus

Neutrophils

Pyogenic abscess formation through neutrophil 
recruitment is a hallmark of S. aureus infection.7,21–23

The importance of neutrophils in host defense 
against S. aureus in humans has been suggested by 
the recurrent S. aureus infections in patients with 
chronic granulomatous disease (CGD), who have 
a defect in neutrophil NADPH oxidase.191,192 The 
critical role of neutrophils in S. aureus infections in 
humans has been supported by studies of S. aureus 
infections in mice. For example, in a mouse model 
of S. aureus skin infection, neutrophil-depleted 
mice had a severe defect in bacterial clearance, 
resulting in nonhealing skin lesions.22

Neutrophils are considered first responders of 
the innate immune system and are recruited to 
sites of S. aureus infection.193–198 Keratinocytes 
and other resident skin cells produce neutrophil 
chemokines such as neutrophil chemotactic factor 
IL-8 (CXCL8), growth-related oncogene-α, -β, -γ 
(GRO-α, -β, -γ), neutrophil-activating peptide-2 
(NAP-2; CXCL7), and epithelial cell-derived neu-
trophil-activating peptide-78 (ENA-78, CXCL5) 
(Fig. 22.5).199–204 All of these contain glutamic 
acid-leucine-arginine (ELR) residues preceding 
the first cysteine and activate the receptors CXCR1 
and CXCR2 on neutrophils to promote chemo-
taxis.199–204 The antimicrobial peptide LL-37 and 

the complement components C3a and C5a are also 
strong neutrophil chemoattractants. In addition, 
neutrophils themselves release leukotrienes, which 
are proinflammatory molecules that are chemoat-
tractant for most leukocytes.199–201 Activation of the 
IL-1R, which utilizes the same signaling pathway 
as TLRs, is critical for recruitment of neutrophils 
to sites of S. aureus infection in the skin (Fig. 
22.5).127

One of the main neutrophil functions is to engulf 
microbes into a phagosome, which eventually fuses 
with a lysosome to form a phagolysosome (Fig. 
22.6).193–198 In the phagosome, reactive oxygen spe-
cies (ROS) are produced such as superoxide (O2

–), 
hydrogen peroxide (H2O2), and hyperchlorous acid 
(HOCl) by the enzymes nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidase, super-
oxide dismutase, and myeloperoxidase (MPO), 
respectively.205–209 These ROSs are toxic to certain 
bacterial pathogens, but S. aureus is somewhat 
resistant to ROS-mediated killing alone.193–198,209 
However, ROS also promote killing of bacteria 
such as S. aureus by producing a charge across 
the phagocytic vacuole membrane, resulting in K+ 
influx and release of proteases and antimicrobial 
peptides from neutrophil granules into the vacuole. 
Some of the components of neutrophil granules 
that are important in bacterial killing include pro-
teinases (e.g., cathepsin G, elastase, and proteinase 
3), α-defensins, lysozyme, acid hydrolases, lactof-
errin (which sequesters iron and copper), transco-
balamin II (which binds cyanocobalamin [vitamin 
B12]), and neutrophil gelatinase-associated lipoca-
lin (NGAL).193–198,210 NGAL is an antimicrobial 
protein that binds to bacterial siderophores, and 
blocks their ability to extract iron needed for 
bacterial growth.

The critical role of neutrophils in host defense 
against S. aureus is further illustrated by the exist-
ence of mechanisms that S. aureus has developed 
to inhibit neutrophil recruitment and function. 
S. aureus secretes a protein called chemotaxis 
inhibitory protein of staphylococci (CHIPS) that 
interacts with the C5aR and the formyl peptide 
receptor to block neutrophil chemotaxis.211,212 
Another S. aureus–secreted protein, called extra-
cellular adherence protein (Eap), binds to intercel-
lular adhesion molecule 1 (ICAM-1) on vascular 
endothelium and prevents neutrophil adhesion and 
extravasation.213–215 S. aureus also produces factors 



Fig. 22.5. Mechanism of neutrophil recruitment to a site of S. aureus infection in the skin. Recognition of S. 
aureus components by pattern recognition receptors (PRRs) and activation of interleukin-1R (IL-1R) signaling leads to 
resident skin cell production of chemokines that activate chemokine receptors CXCR1 and CXCR2 on neutrophils 
and promote neutrophil recruitment

Fig. 22.6. Mechanisms of neutrophil phagocytosis and killing of S. aureus. NGAL, neutrophil gelatinase-associated 
lipocalin; ROS, reactive oxygen species
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that inhibit neutrophil function. For example, the 
yellow carotenoid pigment of S. aureus that is 
responsible for the golden color is an antioxidant 
that blocks ROS-mediated killing of S. aureus.216 
In addition, S. aureus produces two superoxide 
dismutase enzymes that can degrade superoxide 
and impair ROS-mediated killing.47–49,217

Monocytes/Macrophages

Similar to neutrophils, monocytes/macrophages 
are recruited to the site of an S. aureus infection 
and are important in phagocytosing S. aureus.47–49 
Monocytes/macrophages (as well as neutrophils) 
express Fc and complement receptors that facilitate 
phagocytosis by recognizing immunoglobulin or 
complement components opsonized on the bacte-
rial surface. The importance of phagocytosis is 
exemplified by the existence of several mecha-
nisms that S. aureus utilizes to evade this process. 
For example, S. aureus has protein A on its surface 
that binds the Fc portion of immunoglobulin G 
(IgG), resulting in the binding of IgG in an incor-
rect orientation for detection by Fc receptors. In 
addition, fibrinogen binding proteins and clumping 
factor A (ClfA) bind fibrinogen and impair macro-
phage phagocytosis.47–49,218 S. aureus also secretes 
toxins that are pore-forming proteins that damage 
membranes of host cells such as macrophages, 
leading to lysis and the prevention of phagocy-
tosis.47–49,219–221 There are two main families of 
these pore-forming toxins: (1) single-component 
α-hemolysin or α-toxin and (2) biocomponent 
leukotoxins, including γ-toxin or γ-hemolysin, 
Panton-Valentine leukocidin (PVL), leukocidin 
E/D, and leukocidin M/F-PV-like.47–49,219–221 Panton-
Valentine leukocidin has been epidemiologically 
associated with severe and necrotic skin infections 
and has been found in certain strains of commu-
nity-acquired MRSA.222–226

Adaptive Immune Responses 
Against S. aureus

The innate immune system provides the first line 
of defense against microbial pathogens, while 
the cell-mediated and humoral immune responses 
of adaptive immunity are recruited later.74,227–230 
The adaptive immune system can be divided into 

T-cell– and B-cell–mediated immune responses, 
and the role of these adaptive immune responses 
against S. aureus is discussed in this section.

T-Cell Immune Response

A number of different observations have provided 
evidence that T cells play an important role in host 
defense against S. aureus skin infections. First, 
patients with HIV infection are at an increased 
risk for colonization and skin infection with S. 
aureus.231–235 In addition, the low serum CD4+ T 
cell count of HIV patients is a risk factor for 
S. aureus infection.233,235

Second, patients with the inflammatory skin dis-
ease atopic dermatitis, which is associated with a 
Th2 cytokine profile (i.e., IL-4, IL-13, and IL-10), 
have increased colonization and superinfection with 
S. aureus.132,133 Although the reason for the increased 
S. aureus superinfection in atopic dermatitis is likely 
multifactorial (including a defective epidermal bar-
rier and impaired innate immune responses such as 
decreased expression of antimicrobial peptides), Th2 
cytokines have also been implicated. For example, 
IL-4 has been shown to increase the expression of 
fibronectin and fibrinogen receptors on host cells, 
which promotes more efficient binding of S. aureus 
to the stratum corneum.236 In addition, S. aureus via 
the S. aureus–derived factors fibronectin-binding 
protein (fnbp) and clumping factor (Clf, also known 
as fibrinogen-binding protein) more efficiently bound 
to skin from atopic dermatitis patients.237 Also in 
atopic dermatitis, S. aureus produces superantigens 
such as staphylococcal enterotoxins A and B (SEA 
and SEB) and toxic shock syndrome toxin-1 (TSST-1),
which exacerbate the inflammatory response by 
nonspecifically activating T cells.133,238–241 S. aureus 
superantigens also can skew the cutaneous immune 
response toward the Th2 cytokine profile, thereby 
increasing S. aureus superinfection in atopic 
dermatitis.242 Taken together, T cells likely play an 
important role in colonization and superinfection of 
atopic dermatitis lesions by increasing levels of Th2 
cytokines and via nonspecific activation of T cells 
by superantigens.

Interestingly, a recent study demonstrated in 
a mouse model of S. aureus skin infection that 
resident CD4+ T cells in the skin are important 
in producing neutrophil chemokines that promote 
neutrophil recruitment to the site of infection.243 
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Thus, T cells may directly promote neutrophil 
recruitment to a site of S. aureus infection in the 
skin. Additionally, in a preclinical DNA-vaccine 
study against S. aureus, a Th1 immune response 
and vaccine-specific IFN-γ–producing CD8+ T cells 
were associated with enhanced survival against 
S. aureus challenge.244 This finding, together with 
the recent understanding that S. aureus may have 
an important intracellular habitat, suggests that 
combined Th1 and Th2 immune responses may be 
required for effective natural or vaccine-induced 
immunity against S. aureus infections.

B-Cell Immune Response

The B-cell–mediated immune response against 
S. aureus involves the production of antibodies 
directed against specific antigenic components of 
S. aureus. These antibodies play an important role 
in opsonizing S. aureus and facilitating antibody-
mediated phagocytosis by neutrophils and mac-
rophages.47–49 After an acute S. aureus infection 
(including skin infection), antibody levels have 
been shown to rise, including specific antibod-
ies against protein A, teichoic acid, lipase, ClfA, 
extracellular fibrinogen binding protein (Efb), and 
fnbp.245–249 One study demonstrated that the anti-
body repertoires differed in patients with superfi-
cial versus deep-seated S. aureus skin infections.245 
Studies using various animal models of S. aureus 
infection have provided further evidence that anti-
bodies against different S. aureus components can 
provide some level of protection against S. aureus 
infection.250–258

The importance of B cell responses and anti-
bodies in host defense against S. aureus infections 
is exemplified by the existence of protein A, an 
important virulence factor that S. aureus uses 
to counteract antibody-mediated responses.47–49,259 
Protein A of S. aureus binds antibody in the incorrect 
orientation, thus enabling S. aureus to evade anti-
body detection and subsequent antibody-mediated 
phagocytosis.

There have been attempts to develop vaccines 
and passive immunization strategies to promote 
antibody-mediated responses against S. aureus in 
humans. For example, a conjugate vaccine that 
contains S. aureus type 5 and type 8 capsular 
polysaccharide (StaphVAX), a hyperimmune IgG 
preparation containing high titers of antibody 

against ClfA (Veronate), and a humanized mono-
clonal antibody directed against ClfA (tefibazu-
mab) have all been tested in animals and humans 
with varying success rates.259–265 Thus, an effective 
vaccine that promotes protective antibody-mediated 
immunity against S. aureus infections may be possible 
in the future.

Group A Streptococcus

Group A Streptococcus (Streptococcus pyogenes) 
is a gram-positive extracellular bacterial pathogen 
that causes superficial and invasive skin infections 
such as impetigo, erysipelas, cellulitis, scarlet fever, 
and necrotizing fasciitis, and is the most com-
mon cause of bacterial pharyngitis (especially in 
children).266–269 Group A Streptococcus infections 
can cause other severe infections such as strep-
tococcal toxic shock syndrome, septic arthritis,
osteomyelitis, septicemia, pneumonia, and meningi-
tis. Lastly, after a group A Streptococcus infection, 
immunologic-mediated diseases such as guttate pso-
riasis, acute rheumatic fever, and glomerulonephritis 
may ensue. The Centers for Disease Control (CDC) 
estimates that there are approximately 10 million 
cases of noninvasive pharyngitis and superficial 
skin infections caused by group A Streptococcus 
per year in the U.S. In addition, there are 10,000 
cases of invasive group A Streptococcus infections 
per year in the U.S. (including erysipelas, cellulitis, 
and necrotizing fasciitis) that result in 1100 to 1300 
deaths.270,271 Thus, group A Streptococcus continues 
to be a major cause of superficial and invasive skin 
infections in the U.S.

Clinical Manifestations

Group A Streptococcus causes superficial skin 
infections such as impetigo and invasive skin infec-
tions such as erysipelas, an infection of the super-
ficial layers of the skin and cutaneous lymphatics 
(Fig. 22.7), or cellulitis, an infection involving the 
deep dermis and subcutaneous tissue.266–271 Group 
A Streptococcus also causes necrotizing fasciitis, 
which is a severe skin and soft tissue infection that 
results in total destruction of the deep fat and fascia 
and often precedes streptococcal sepsis, shock, and 
multiorgan failure. In addition, scarlet fever, which 
is usually associated with a streptococcal throat 
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infection, is characterized by a morbilliform rash, 
strawberry tongue, and desquamation of skin. This 
constellation of clinical findings in scarlet fever is 
caused by streptococcal pyrogenic exotoxins A, B, 
or C, which act as superantigens.

Innate Immune Responses Against Group 
A Streptococcus

The innate immune response against group A 
Streptococcus is similar to that against S. aureus 
and includes soluble factors such as antimicrobial 
peptides and complement components, PRRs such 
as TLRs and NOD2, and innate immune system 
cells such as neutrophils and monocytes/mac-
rophages. However, there are some important 
differences in the immune response against group 
A Streptococcus, especially with regard to the 
recognition and activity of M protein expressed by 
group A Streptococcus.

Antimicrobial Peptides

Both α- and β-defensins (HBD1–3) have direct anti-
microbial activity against group A Streptococcus
(Fig. 22.8).272–275 In addition, stimulation of kerati-
nocytes with group A Streptococcus increases 
production of HBD2.276. Cathelicidin also has 
direct antimicrobial activity against group A 
Streptococcus infections in mouse models of skin 
infection and in cultures of human keratinocytes or 

mast cells.272–275 Cathelicidin production is upregu-
lated in wounded human or mouse skin, which 
protects the healing wound from infection by 
group A Streptococcus.277 Thus, both defensins and 
cathelicidin have antimicrobial activity and play 
a key role in the innate immune response against 
group A Streptococcus.

The importance of antimicrobial peptides in 
the innate immune response against group A 
Streptococcus is further illustrated by the existence 
of several mechanisms that group A Streptococcus 
utilizes to inhibit their function (Fig. 22.8). For 
example, group A Streptococcus produces strepto-
coccal inhibitor of complement (SIC) that inhibits 
human α-defensin-1, HBDs 1 to 3, LL-37, and 
lysozyme.272,273,275 In addition, extracellular pro-
teases released by group A Streptococcus can 
generate dermatan sulfate from host proteogly-
cans, which subsequently binds to and inactivates 
α-defensins.278

Complement Activation

The importance of complement in the immune 
response against group A Streptococcus is exempli-
fied by the existence of multiple factors produced 
by group A Streptococcus that inhibit complement 
activity (Fig. 22.8). The M protein of group A 
Streptococcus inhibits complement activity by sev-
eral different mechanisms. M protein directly binds 
to and enhances the function of factor H (FH) and 
FH-like protein, host proteins that inhibit comple-
ment activation and prevent C3b-mediated phago-
cytosis.279–287 However, this is controversial since 
one study found FH/FH-like protein-binding activ-
ity is mediated by a fibronectin-binding protein 
(Fba) and not M protein.288 Group A Streptococcus 
M protein also binds to and enhances the func-
tion of C4b-binding protein (C4BP), a host pro-
tein that downregulates complement activation by 
accelerating the decay and preventing formation 
of C3- and C5-convertases.289–299 Furthermore, 
M protein binds fibrinogen, which inhibits com-
plement-mediated phagocytosis by reducing the 
amount of C3 convertase on the surface of group 
A Streptococcus.300,301 In addition to M protein, 
group A Streptococcus also secretes C5a pepti-
dase (ScpA), which cleaves C5a and inhibits 
neutrophil recruitment.302–310 Lastly, the group A 
Streptococcus–derived protein SIC not only inhibits 

Fig. 22.7. Group A Streptococcus erysipelas of the 
face. The involved skin shows a sharply demarcated, 
erythematous, and edematous plaque. (Courtesy of the 
Victor D. Newcomer collection at UCLA and Logical 
Images, Inc.)
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antimicrobial peptides (see above), but also binds 
to C5b-C7 complexes and prevents formation of 
the MAC.275,311,312

Pattern Recognition Receptors that 
Recognize Components of Group A 
Streptococcus

There are only a few reports that have directly 
tested the ability of specific components of group 
A Streptococcus to be recognized by host PRRs. 
However, PGN, LTA, and lipopeptides are highly 
conserved among gram-positive staphylococci and 
streptococci species and are likely recognized 
in a similar fashion by PRRs such as TLRs and 
NODs.25–30,163–166 In support of this, TLR2 has 
been shown to play an important role in host 
defense against group A Streptococcus in a mouse 
model of joint infection.313 Additionally, TLR2 
can be activated by the M protein of group A 
Streptococcus.314 However, the M protein also 
binds to CD46 (membrane cofactor protein) on the 
surface of human keratinocytes, and this interac-
tion facilitates the ability of group A Streptococcus 
to invade these cells.315–318 Thus, M protein may 
contribute to protective immunity in some settings 
and increase pathogenesis in others.

Cellular Innate Immune Responses 
Against Group A Streptococcus

Neutrophils

The importance of neutrophils in host defense 
against group A Streptococcus is demonstrated by 
the existence of several sophisticated strategies 
that group A Streptococcus utilizes to coun-
teract mechanisms of neutrophil recruitment 
and function (Fig. 22.9).193–195,319 With regard to 
neutrophil recruitment, group A Streptococcus 
not only produces the C5a peptidase (see above), 
but also produces another peptidase called ScpC 
that degrades CXC chemokines (including IL-8 in 
humans and KC and macrophage inflammatory 
protein-2 [MIP-2] in mice).320 These chemokines 
are critical for neutrophil recruitment to sites of 
infection. Group A Streptococcus also directly 
induces neutrophil lysis or apoptosis, effectively 
eliminating their antimicrobial activity.321–323

Group A Streptococcus has developed mecha-
nisms to inhibit both complement- and antibody-
mediated phagocytosis (Fig. 22.9). As mentioned 
above, group A Streptococcus prevents comple-
ment-mediated phagocytosis via activity of M pro-
tein and Fba. In addition, group A Streptococcus 
secretes endoglycosidase (EndoS) and streptococcal 

Fig. 22.8. Soluble mediators of the innate immune response against group A Streptococcus. The mechanisms that 
group A Streptococcus utilizes to inhibit these soluble mediators and complement activity are shown in red. SIC, 
streptococcal inhibitor of complement
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pyrogenic exotoxin B (SpeB).324–326 These bacte-
rial factors inhibit antibody-mediated phagocy-
tosis by hydrolyzing N-linked oligosaccharides 
on opsonized IgG molecules and by cleaving 
opsonized IgG molecules into Fab and Fc frag-
ments, respectively. In a mouse skin infection 
model, group A Streptococcus mutant strains 
expressing protease-inactive SpeB caused sig-
nificantly less necrosis and demonstrated less 
efficient systemic dissemination from the initial 
focus of skin inoculation.327 The hyaluronic acid 
capsule of group A Streptococcus also acts as a 
physical barrier that nonspecifically resists phago-
cytosis.328,329 In addition, group A Streptococcus 
also resists antibody-mediated phagocytosis by 
forming large bacterial aggregates via binding 
fibronectin and recruiting collagen fibers.330 
Lastly, group A Streptococcus secretes a protein 
called Mac (a bacterial homologue of the α-subu-
nit of the β2–integrin Mac-1) that binds to CD16 
(FcγRIIIB) on phagocytes, thus inhibiting Fc-
mediated phagocytosis.331 Taken together, group 
A Streptococcus produces several different factors 
that can inhibit both complement- and antibody-
mediated phagocytosis.

There are several mechanisms that group A 
Streptococcus utilizes to inhibit neutrophil func-
tion (Fig. 22.9). In addition to SIC, which inhib-

its antimicrobial peptides (see above), group A 
Streptococcus produces several enzymes that 
inhibit ROS-mediated microbicidal toxicity such 
as glutathione peroxidase, superoxide dismutase, 
alkylhydroperoxidase, and alkylhydroperoxidase 
reductase.332–334

Adaptive Immune Responses Against 
Group A Streptococcus

Both B and T cells play a role in adaptive immune 
responses against group A Streptococcus infec-
tions. In particular, antibodies and T cells that 
recognize antigenic components of M protein 
have been shown to produce protective immune 
responses that prevent colonization and infec-
tion by group A Streptococcus.335–339 Similar to 
S. aureus, group A Streptococcus also produces 
exotoxins such as streptococcal mitogenic exo-
toxins SME (A through J, Z-1 and Z-2), and strepto-
coccal superantigen (SSA).269,340–342 These factors 
act as superantigens and nonspecifically activate
T cells and contribute to the pathogenesis of group 
A Streptococcus infections.269,340–342

The important role of adaptive immunity in host 
defense against group A Streptococcus has led to 
different vaccination strategies to produce protec-
tive antibody responses. Since antibodies against 

Fig. 22.9. Neutrophil recruitment and function (phagocytosis and killing) in host defense against group A 
Streptococcus. The mechanisms that group A Streptococcus utilizes to inhibit these processes are shown in red
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M protein of group A Streptococcus have been 
shown to offer protection against colonization and 
infection, several vaccines have targeted different 
antigenic epitopes of the M protein.335–339 In addi-
tion, other vaccine strategies have been directed 
against the streptococcal immunoglobulin-binding 
protein Sib35, conserved carbohydrates, C5a pepti-
dase, and lipoproteins.343–346 These vaccine strate-
gies have had varying successes, and it is hoped that 
there will be a successful vaccine against group A 
Streptococcus infections in the future.

Conclusion

Recent discoveries involving innate and adaptive 
immune responses against S. aureus and group A 
Streptococcus have greatly improved our under-
standing of these common skin infections. As anti-
microbial resistance increases, strategies to enhance 
the host immune response to infections are becoming 
more critical. The mechanisms of bacterial patho-
genesis and cutaneous host defense will be impor-
tant to consider during the development of novel 
immunotherapies and innovative vaccine strategies 
against these common bacterial skin pathogens.
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Key Points

● Cell-mediated immunoregulation plays the domi-
nant role in resolving Leishmania infections.

● Most promastigotes deposited in the dermis are 
opsonized by serum complement and killed by 
complement-mediated lysis.

● The remaining promastigotes are phagocytosed 
via complement receptors on the macrophage 
membrane, which binds to gp63 and lipophos-
phoglycan.

● Macrophages release chemokines that attract 
more macrophages as well as natural killer (NK) 
cells and dendritic cells.

● Wolbachia bacteria living inside Onchocerca vol-
vulus are the essential target of the host’s inflam-
matory response in onchocerciasis.

● The initial reaction in cercarial dermatitis is acti-
vation of Langerhans’ cells.

Parasitic Infections

Parasitic diseases involving the skin represent an 
important segment of the globe’s emerging disor-
ders that present a threat to the health of millions of 
people worldwide. Host immune responses to these 
diseases are complex and display a wide range of 
variability, involving both the innate and adaptive 
immune systems. Not all the host’s efforts at elimi-
nating the invading parasites are successful, and 
in some cases the host’s immune response causes 
more damage than the parasite itself.

This chapter examines the immune mecha-
nisms in three widely diverse parasitic diseases 

that involve the skin: cutaneous leishmaniasis, 
onchocerciasis, and cercarial dermatitis.

Cutaneous Leishmaniasis

Leishmaniasis, often a debilitating disease of 
humans, is the result of infection with intracel-
lular protozoan parasites belonging to the genus 
Leishmania. It affects more than 12 million people 
worldwide, with an additional 350 million at risk of 
infection. The global yearly incidence of all forms 
is approaching 2 million cases.1 Leishmaniasis 
is found in tropical regions of Africa, Asia, and 
South and Central America; in the southwestern 
part of the United States; in the Middle East; and in 
countries surrounding the Mediterranean Sea.2 The 
number of cases increases dramatically in areas of 
the world undergoing ecologic disruption, associ-
ated with rapid major shifts in population. More 
than 20 species of the genus Leishmania have been 
identified as causative agents of the disease.

The parasites exist in two morphologic forms 
during their life cycle: as elongated flagellated 
promastigotes in the gut of the sand fly vector, 
and as round to oval nonflagellated amastigotes in 
mammalian hosts.

The skin disorders caused by this parasite have 
been divided into three clinical syndromes—cuta-
neous leishmaniasis (CL), diffuse cutaneous 
leishmaniasis (DCL), and mucocutaneous leishma-
niasis (MCL)—each demonstrating a variety of skin 
manifestations, including localized self-healing
skin papules and ulcers, widespread plaques 
resembling lepromatous leprosy, and disfiguring 
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infections of the mouth, nose, and throat. The 
outcome of untreated cases depends on the species 
of Leishmania causing the infection as well as on 
the innate and adaptive immune responses of the 
host.3 Although humoral immune responses can 
be demonstrated during the course of the infection, 
cell-mediated immunoregulation plays the domi-
nant role in resolving the infection. Many of the 
details of the immune response have been derived 
from extensive studies of Leishmania major infec-
tions in two experimental mouse models: the resist-
ant C57BL/6 strain and the susceptible BALB/c 
strain.

Early Events in the Immune Response

In humans, the disease is initiated by the bite of an 
infected female sand fly (of the genus Phlebotomus 
in the Old World and Lutzomyia in the New 
World). During the bite parasites are inoculated 
into the dermis; in most cases less than 100 para-
sites are transmitted by a single bite, although the 
number may reach as high as 1000 or more.4

Because the sand fly is a “pool feeder” (it severs 
capillaries in its hunt for a blood meal) promastig-
otes are deposited in a small pool of blood within 
the dermis. The bite of the sand fly initiates a local 
inflammatory response, with the recruitment of 
neutrophils, natural killer (NK) cells, eosinophils, 
and mast cells. The cellular response is rapid; neu-
trophils are the first cells to arrive at the site of the 
infection; in mice, they have been found collecting 
in the skin within 1 hour of a parasite injection.5

Most of the promastigotes deposited in the der-
mis are opsonized by serum complement and killed 
by complement-mediated lysis. The remaining 
promastigotes are phagocytosed via complement 
receptors expressed on the macrophage membrane, 
which binds to two abundant molecules on the sur-
face of the parasites: gp63, a 63-kd neutral metal-
loproteinase; and LPG, a lipophosphoglycan.6

Macrophages that have engulfed parasites release 
several chemokines, including CCL2, which 
attracts NK cells, dendritic cells (DCs), and addi-
tional macrophages to the site of the infection.7

Components of sand fly saliva also have been 
shown to affect the immune response by exacer-
bating lesion development in resistant strains of 
mice.8,9 When maxadilan, a vasodilatory peptide 
isolated from sand fly saliva, was added to human 

peripheral blood mononuclear cells (PBMCs) the 
secretion of T-helper-1 (Th1) cytokines (interferon 
[IFN] and interleukin-12 [IL-12]) was decreased 
and the secretion of Th2 cytokines enhanced.10 In 
addition salivary gland lysates (SGLs) also have 
been shown to augment the collection of inflam-
matory cells at the site of the bite and when added 
to experimental infections caused by L. major and 
L. braziliensis.11

Once the promastigotes enter the macrophages, 
they transform into replicative amastigotes over 
a period of 2 to 5 days and are carried within 
modified lysosomal compartments known as 
parisitophorous vacuoles (PVs).12 A study of the 
ultrastructure of the vacuoles suggests a significant 
difference in packaging between Old World and 
New World leishmania. Amastigotes of L. major 
were found to be segregated into separate vacuoles 
during replication; in contrast, New World species 
of Leishmania were carried in large vacuoles occu-
pied by many amastigotes.13

Once inside the PVs the parasites produce anti-
oxidant enzymes and are able to resist lysosomal 
hydrolases (the usual mechanism for clearing 
ingested pathogens). Within the cells the amastig-
otes replicate rapidly.

Macrophages that accumulate large numbers of 
replicating amastigotes rupture; the released para-
sites are taken up by neighboring competent cells. 
In especially inflamed skin lesions, most parasites 
are found in extracellular locations. One explana-
tion is that high levels of inflammatory media-
tors interfere with receptors on the macrophages, 
blocking re-internalization of the parasites.14

Antigen Transport and Presentation

At the same time that macrophages are ingesting 
parasites, Langerhans cells (LCs), which normally 
reside in the epidermis and are a potent type of 
antigen-presenting cell (APC), are stimulated. In 
a study of L. major infections in mice, LCs were 
found to be the dominant type of APC migrating 
from the skin to the regional lymph nodes via 
lymph channels.15,16

The ability of LCs (and other APCs) to identify 
the parasites has been attributed to Toll-like recep-
tor 4 (TLR4), a member of a family of transmem-
brane receptors implicated in the recognition of a 
variety of microbial and foreign agents.17 A study 
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of TLR-deficient mice showed they had larger 
parasite burdens and were less efficient in the reso-
lution of cutaneous lesions.18

The extent to which macrophages also transport 
parasites and parasite antigen from the skin to the 
nodes is unresolved, although most studies indicate 
that LCs are the major carriers and shoulder most 
responsibility for antigen presentation to CD4+ 
naive T cells within the lymph nodes.19

The initial stages of the uptake of antigen by 
the LCs is rapid; experiments in mice have dem-
onstrated that LCs can find and engulf parasites 
within 4 hours of exposure (although the migration 
to the lymph nodes may take up to 3 weeks).20 The 
movement by the LCs to the nodes is influenced 
by chemokine expression. Studies have indicated 
that during the migration the level of expres-
sion of chemokine receptor CCR7 on the LCs is 
enhanced, while the level of CCR2 and CCR5 is 
downregulated.21

It is during this stage of the adaptive immune 
response that naive CD4+ T-helper cells (Th0) 
are programmed to develop into either Th1 or 
Th2 cells. Interleukin-12, a cytokine released by 
DCs, has a critical role at this stage in the immune 
response22,23: IL-12, along with IL-1, serves as a 
promotor of the differentiation of Th1 cells in the 
lymph nodes from naive T0 cells. It also enhances 
chemokine gene expression in mice during the first 
3 days of infection with L. major.24

It is now clear that the successful clearing of 
amastigotes from infected macrophages in resistant 
mouse strains is mediated through the predomi-
nance of Th1 cells. The mechanism is through steps 
that link the production of IFN-γ, a major cytokine 
of Th1 cells, to the release of nitric oxide (NO), a 
compound within macrophages harboring amas-
tigotes leading to their destruction. Nitric oxide 
ordinarily is present within an inactive form in the 
macrophages (iNO), which needs to be catalyzed 
by the enzyme NO synthase to become active. 
Interferon along with IL-12 and tumor necrosis 
factor (TNF), two other cytokines released by Th1 
cells, make up the major upregulators of NO syn-
thase, and the production of NO occurs only when 
the Th1 cells become predominant.25

In contrast to the events within the resistant 
mice, in susceptible mouse strains (BALB/c) a 
type 2 response is initiated following infec-
tion with L. major, which tends to interfere with 

the protective activities. Th2 cells that become 
stimulated produce IL-4, IL-5, and IL-10, which 
have the capacity through mediators to inhibit the 
production of IFN-γ, downregulate the expression 
of iNOS (and consequently NO), and thus inhibit 
macrophage function.

Although a great deal is known about the proc-
ess of resistance in mice, much less is known about 
the human immune response to Leishmania. While 
mice can mount either a Th1 or Th2 response, 
Rogers and Titus26 suggested that in humans the 
principal response is predominantly if not exclu-
sively a type 1 response. Using an in vitro system 
they cocultured PBMCs from Leishmania-naive 
donors with L. major parasites and found that 
type 1 cytokines were stimulated, (IFN-γ and IL-
12), and that when PBMCs were cocultured with 
macrophages infected with parasites, augmented 
intracellular killing was observed.26

Antibody Response

Anti-Leishmania antibodies, as measured by 
enzyme-linked immunosorbent assay (ELISA), 
can be found in low titers in individuals recovering 
from CL, but their role in recovery from the acute 
infection and in the prevention of re-infection is 
debated. Polyclonal activation of human B cells 
leads to the production of large amounts of parasite 
specific antibodies, and amastigotes released into 
the dermis from ruptured macrophages appear to 
be coated with antiparasite antibodies.27

In mice, antibody levels do not correlate in 
general with resistance to disease, although their 
effect on the course of the infection may depend 
on genetic factors. For example, passive transfer of 
antibody fractions from immune mice to BALB/c 
mice did not affect their susceptibility to infec-
tion,28 yet ablation of B cells in resistant mice gen-
erated a nonhealing response to L. major.29

Delayed-Type Hypersensitivity 
and the Leishmanin Skin Test

Delayed-type hypersensitivity in leishmaniasis can 
be measured by the leishmanin skin test (LST), in 
which the extent of a skin reaction is measured 48 
to 72 hours after an intradermal injection of 0.2 mL 
of a killed suspension of cultured leishmania pro-
mastigotes in saline. A positive reaction indicates 
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a type 1 CD4+ cell-specific immune response. 
Because it is usually positive in individuals who 
have had CL, it has been used to measure the extent 
of infection among individuals living in endemic 
regions who have no history of overt disease. A 
study of 470 children living in endemic foci of 
L. major infection in Tunisia found that the propor-
tion of asymptomatic infections among this group 
of children was approximately 10%.30 The LST 
also has been used as a predictor of susceptibility 
to subsequent disease, whether or not the individual 
had a history of a previous skin lesion.

Persistence of Parasites

In most cases of human cutaneous leishmania-
sis it had been assumed that in skin lesions that 
had “healed” (either spontaneously or following 
treatment), the parasites had been eliminated by 
effector mechanisms involving IFN-γ and the gen-
eration of NO within the macrophages. It is now 
recognized that viable Leishmania organisms may 
persist in the skin long after the resolution of the 
clinical lesions.31 Persistence has been documented 
in several ways: in biopsy samples from normal 
patients who have recovered from CL, in skin 
lesions of patients who recovered from CL but who 
later contracted HIV infection, and in skin lesions 
of patients who recovered from CL but later devel-
oped leishmania recidivans.

Schubach et al.32 examined skin tissue obtained 
by biopsy at the sites of the scars from two 
patients from Brazil who had been infected with 
Leishmania 8 and 11 years earlier. The tissues from 
both patients grew out viable Leishmania parasites. 
A more recent study analyzed skin biopsies from 
scars of 32 patients with who had CL but who 
had been treated and clinically cured. Leishmania 
specific DNA was detected by polymerase chain 
reaction (PCR) in 30 of the patients, and parasites 
were isolated by culture in three.33

The persistence of parasites in postrecovery 
CL is also evident in patients who later become 
infected with HIV. Studies of skin biopsies from 
such immunocompromised patients often show 
large numbers of amastigotes both within macro-
phages and free in the dermis. Parasites can also 
be seen within keratinocytes surrounding sweat 
ducts, and within the cells of the eccrine glands 
themselves.34 Skin lesions in these patients often 

appear as isolated papules or plaques on exposed 
areas of the skin and are usually indistinguishable 
from similar lesions seen in nonimmunosuppressed 
individuals. Skin lesions in HIV patients may also 
present as diffuse scaling plaques, which on biopsy 
show a high concentration of parasites.35

Leishmaniasis recidivans (LR) is a rare clinical 
form of CL in which skin near the site of a previ-
ously healed acute CL lesion reappears as a dusky-
red granulomatous plaque with active spreading 
borders. The clinical features resemble lupus vul-
garis. Cultures of the skin lesion for Leishmania 
are usually negative, but with perseverance sparse 
parasites can be detected microscopically or by 
PCR. Leishmaniasis recidivans patients usually 
demonstrate high levels of antibodies in the serum 
and a strongly positive LST.36

Vaccine Development

Clinical evidence points to the conclusion that 
recovery from skin infection with Leishmania 
provides lifelong protection against re-infection 
despite ongoing exposure to sand flies, suggesting 
that a vaccine would be of great value in control-
ling the disease.

For more than 100 years residents of endemic 
regions in eastern Asia and the Middle East prac-
ticed a form of vaccination known as leishmaniza-
tion, which consisted of the deliberate inoculation 
of infective material into inconspicuous body areas 
(especially the buttocks) in the hope of providing 
protection from a subsequent infection and disfig-
uring scars on exposed parts of the body. A wide-
scale trial of leishmanization was carried out among 
soldiers in the Iranian army in the 1990s, with more 
than a million individuals vaccinated, in this case 
using live L. major promastigotes obtained from 
cultures. Although the degree of protection initially 
seemed adequate (less than 3% of a cohort of the 
vaccinated group developed a naturally acquired 
infection, compared with 14% of unvaccinated vol-
unteers), there was an unacceptable rate of adverse 
events: 2% to 3% of the subjects developed large 
nonhealing infections at the site of the vaccinations 
that required treatment.37–39

Today vaccine trials use killed or live-
attenuated parasites, genetically modified cells 
from promastigotes, and DNA encoding recom-
binant proteins.40–42
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Other vaccine candidates have included those 
using specific peptides derived from leishmania 
proteins such as amino acids derived from gp63, 
administered with certain adjuvants (such as lipo-
somes or complete Freund’s adjuvant).43 One novel 
idea was that if components of sand fly saliva were 
added to a standard mix of antigens, a more effec-
tive prophylactic vaccine might result.44

Although experimental vaccines to control 
CL have been studied extensively over the past 
two decades, inoculation with live L. major still 
remains the only successful vaccine in humans.45 
Currently, vaccine development is hampered by an 
incomplete understanding of the immune process 
and by concerns about long-term safety.

Onchocerciasis

Onchocerciasis, also known as river blindness, is an 
infection caused by the filarial nematode Onchocerca 
volvulus, with significant cutaneous manifestations, 
including widespread itching, dermatitis, and sub-
cutaneous nodules. It affects more than 18 million 
people living in endemic zones in Africa, Latin 
America (including Mexico, Brazil, Venezuela, and 
Ecuador), Saudi Arabia, and Yemen. It causes sig-
nificant eye damage, in addition to the skin changes, 
and is the second most common cause of prevent-
able blindness in sub-Saharan Africa.

The disease is spread by the bite of black flies of 
the genus Simulium; because the flies breed in fast-
flowing waters, the disease is located near streams 
and rivers in tropical countries in both Africa and 
South America (hence the term river blindness).

Humans appear to be the primary host, although 
the gorilla in the Congo and the spider monkey in 
Mexico may also be naturally infected.46

The disease is initiated when a black fly harboring 
parasites deposits infective larvae in the dermis of the 
human host. After two molts over a 9- to 12-month 
period, the larvae develop into adult worms that become 
encapsulated deep in the dermis and subcutaneous tis-
sues. They may live for 10 to 15 years and are usually 
palpable as firm, nontender nodules especially over the 
bony prominences of the pelvis, or on the scalp.

From these sites, after a prepatent period of 3 
to 18 months, fertilized female worms produce 
thousands of microfilariae daily (millions during 
a lifetime). The microfilariae (mfs), which can 

persist for 6 to 36 months, migrate to the subcu-
taneous and ocular tissues. In the dermis they are 
accessible to re-ingestion by black flies, restarting 
the cycle. Most of the skin signs and symptoms of 
onchocerciasis are related to the body’s reaction to 
dying and degenerating mfs in the dermis.

The clinical features that characterize the dis-
ease include itching, commonly occurring over 
the lower trunk and buttocks, and an eczema-
like eruption, which includes lichenification and 
hyperpigmentation. Individuals who have had the 
disease for many years may develop lymphedema 
and postinflammatory depigmentation, often on 
the anterior tibial surfaces (a sign called “leopard 
skin”). The prominent change seen on biopsy of 
affected skin is dermal fibrosis. In time, destruction 
of elastic tissue occurs, mediated by proteases from 
the parasites. These changes eventually lead to 
marked skin atrophy with redundant folds of skin 
in the inguinal areas, the so-called hanging groin.

Two clinical patterns of reaction are evoked once 
the process is underway: a generalized form, charac-
terized by widespread itching and dermatitis, and a 
hyperactive form (Sowda), in which the skin reaction 
is often intense yet usually localized, often restricted 
to one limb. A resistant form of the disease is also 
found among individuals living in hyperendemic 
areas and who remain unaffected despite being 
chronically exposed to the bites of infected flies.

Decreased visual acuity is the most serious 
complication of the disease. The inflammatory 
reactions within the eye lead to iridocyclitis, 
choroiditis, and eventually optic atrophy.

The Role of Wolbachia Bacteria

Wolbachia bacteria, recently recognized as essen-
tial endosymbionts of O. volvulus living inside 
both adult worms and mfs, are now considered to 
be an essential target of the host’s inflammatory 
response.47,48 Neutrophil recruitment around the 
encysted adult worms (onchocercomas) appears 
to be related to the presence of the bacteria. In 
patients treated with doxycycline to eliminate the 
symbionts, the accumulation of neutrophils adja-
cent to the adult worms was drastically reduced.49 
Antibiotic treatment with doxycycline has also 
been found to improve skin lesions in hyperergic 
forms of the disease, and to interrupt embryogenesis 
of the female adult worms.50
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Immune Responses

Although early in the course of the disease—in 
the prepatent phase—inflammatory cells react to 
protein on the surface of the adult worms, the char-
acteristic cutaneous signs and symptoms of the dis-
ease (dermatitis and itching) do not develop until 
mfs are produced by the gravid female worms.

The mfs represent an ongoing source of antigen; 
up to 3000 are released daily by the adult female 
worm, beginning about 6 to 10 months after infec-
tion.51 It is now argued that the predominant portion 
of the skin reaction in onchocerciasis is a reaction 
not only to the death and degeneration of the mfs 
but to their accompanying Wolbachia as well.

Early in the course of the infection a polyclo-
nal B-cell activation occurs with the production 
of parasite-specific immunoglobulins, including 
IgM, IgG (both IgG1 and IgG4), and IgE. The 
reaction to the mfs in the dermis and subcutane-
ous tissue is initiated by antibodies that attach to 
the surface of the parasites, along with comple-
ment. The immune complexes that are formed 
attract a variety of inflammatory cells, including 
neutrophils, eosinophils, and later macrophages. 
Degranulation of eosinophils appears to play the 
major role in the death of the mfs, but it is likely 
that proteases secreted by the larvae also add to the 
tissue damage.

In addition to the effect on B cells, parasite 
antigens also induce substantial reactions from 
PBMCs. The initial recognition of these antigens, 
both the infective larvae themselves and their 
Wolbachia cargo, is mediated by TLRs. TLR4 
responds to both the larvae of O. volvulus as well 
as to surface protein of the Wolbachia, and initi-
ates a Th2 immune response mediated by IL-4 
and IL-5.52 In addition, TLR2 also responds to 
surface protein isolated from Wolbachia, which 
mediates the release of TNF-α, IL-12, and IL-8 
from PBMCs.53

The evolution and final expression of the type 
of immune reaction that develops (Th1 or Th2) has 
been attributed to the early presence of specific 
cytokines; for example, the initial presence of IL-
12 directs the immune response toward a Th1 reac-
tion, while a rapid induction of IL-4 promotes the 
generation of a dominant Th2-type response.54

In some individuals an activation of a subset 
of CD4+ cells known as T regulatory cells (Tr1) 

occurs, which produce IL-10 and transforming 
growth factor (TGF), and some IFN.55

In the usual generalized, chronic form of the 
disease, where the microfilarial load in the skin 
is high (up to 500 microfilaria per milligram of 
skin), the cutaneous reactions tend to be mild to 
moderate. In this type of onchocerciasis the cellular 
reactions are downregulated, with a suppression 
of Th1 and only a moderate Th2 response.56 High 
levels of IL-10 are produced by CD4+ T-regulatory 
cells (Tr1), which act to inhibit activation of APCs 
and thus suppress proinflammatory functions. This 
type of immune response is thought to protect the 
host from acute skin damage (yet it may also be 
of benefit to the parasites by protecting them from 
some of the host’s lethal immune responses).57

In hyperreactive forms of the disease where 
the concentration of mfs is low (less than 10 per 
mg of skin) and the inflammatory reaction of the 
skin is severe, a strong Th2 response is seen. It 
is suggested that, in this form of onchocerciasis, 
inflammatory cells (eosinophils, neutrophils, and 
macrophages) all combine to kill mfs, under the 
direction of T cells and APCs.56

Up to now HIV infection has been reported to 
play only a minor role in onchocerciasis, with no 
significant association with HIV detected in a large 
case control study.58 No differences were noted in 
the density of mfs,59 although antibody response to 
the parasite was decreased in HIV-infected indi-
viduals, and they tended to lose their reactivity to 
these antigens over time.60

Vaccines

Efforts to conquer onchocerciasis have been 
directed largely through the control of vectors and 
the use of drug therapy; only a few vaccine studies 
have been completed. In one study, three recom-
binant antigens were identified and used to induce 
protective immunity in mice.61 Immunization in 
mice using DNA encoding of selected parasite 
genes has also shown promise.62

Cercarial Dermatitis

Cercarial dermatitis, also know as swimmer’s 
itch, is a water-borne parasitic infection in which 
schistosomal cercaria that normally parasitizes 



23. Parasitic Infections 369

birds or small aquatic mammals penetrates the 
skin of humans. Two of the more common spe-
cies of trematodes implicated in this disease are 
Trichobilharzia and Bilharziella. Due to low spe-
cies specificity of the penetrating cercaria, humans 
can be attacked.

The infective form of the parasite is a tiny schis-
tosome larva (cercaria), that hatches from miricidia 
released by eggs shed into the water by adult 
worms in the gut of their avian or mammalian host. 
Within the intermediate snail host the miricidia 
transform into cercariae, which emerge after a 4- to 
6-week period and seek out a warm-blooded host. 
Swimmer’s itch may be contracted in fresh water 
lakes, brackish inlets, or sea water.

The cercariae attach to the skin by an adhesive 
mucous material, lose their tails (becoming schis-
tosomulae), and penetrate between the keratinized 
cells of the stratum corneum.

Although most parasites generally invade no 
further than the epidermal–dermal basement mem-
brane, a few may migrate beyond the skin.63 There 
is evidence, however, that these schistosomes 
never mature in the human host, and the parasites 
usually die within 6 to 8 days.

The skin changes usually begin within an hour 
after invasion, presenting initially as pruritic ery-
thematous macules. Within a few hours the lesions 
progress to papules, papulovesicles, and pustules. 
Generally the signs of cutaneous schistosomiasis 
last for a week to 10 days, though severe cases may 
last for 2 to 3 weeks.

Based on murine studies, infected percutane-
ously with the human trematode (Schistosoma 
mansoni) the initial reaction in cercarial dermati-
tis is likely the activation of epidermal LCs that 
increase in size and cluster around the schisto-
somulae.64 Within hours an influx of leukocytes 
occurs, including neutrophils, macrophages, mast 
cells, and CD4+ lymphocytes.65

If the infection is a first-time event, the invad-
ing parasites produce a mixed Th1/Th2 cytokine 
response in the skin. During re-infection, however, 
a Th2 response becomes dominant, and an inflam-
matory reaction occurs, consisting of an influx of 
neutrophils, macrophages, CD4+ lymphocytes, and 
mast cells.66

Whether TLRs play a role in cercarial dermatitis 
has not been examined, although in studies of one 
of the schistosome species that cause systemic 

disease in humans (Schistosoma haematobium), 
van der Kleij67 has found that glycolipids, released 
by schistosomulae within the epidermis serve as 
ligands for TLR2.

Conclusion

The immunology of cutaneous parasitic infections 
can be illustrated by leishmaniasis, onchocerciasis, 
and cercarial dermatitis. Cell-mediated immu-
noregulation plays the dominant role in resolving 
Leishmania infections. Most promastigotes depos-
ited in the dermis are opsonized by serum comple-
ment and killed by complement-mediated lysis. 
The remaining promastigotes are phagocytosed via 
complement receptors on the macrophage mem-
brane, which binds to gp63 and lipophosphoglycan. 
Macrophages release chemokines, which attract 
NK cells, dendritic cells, and more macrophages. 
Wolbachia bacteria living inside Onchocerca vol-
vulus are the essential target of the host’s inflam-
matory response in onchocerciasis. The initial 
reaction in cercarial dermatitis is activation of 
Langerhans cells. Understanding these components 
of the immune response to parasitic infections will 
potentially lead to better therapies and possibly to 
vaccines for prevention.
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Key Points

● The clinical relevance of fungal diseases has 
increased due to increased populations of immu-
nocompromised patients.

● Fungal infections are classified according to the 
site of the primary infection: superficial, cutane-
ous, subcutaneous, and deep or systemic.

● Dimorphic fungi assume both yeast and hyphal 
states based on environmental conditions and the 
hosts’ immune response.

● Certain fungi can synthesize capsular compo-
nents, which can affect host immune responses.

● The innate response to fungi serves two purposes: a 
direct antifungal effector activity, and activation and 
induction of the specific adaptive immune responses.

● Understanding the immune responses to fungal 
infections has led to better diagnostic tests and 
therapeutic interventions for fungal diseases.

Fungi comprise many species that are associated 
with a wide spectrum of diseases in humans. The 
clinical relevance of fungal diseases has increased 
markedly, mainly because of an increasing popu-
lation of immunocompromised hosts, including 
individuals infected with HIV, transplant recipients, 
and patients with cancer. Fungal infections are 
classified, according to the primary site of infec-
tion, as superficial, cutaneous, subcutaneous, and 
deep or systemic mycosis. Superficial mycosis is 
limited to the stratum corneum and elicits no or 
slight inflammation. Cutaneous mycosis involves 
the integument and its appendages, including hair 
and nail. Infection of the skin, which is caused by 
the fungal organisms or its products, may involve 

stratum corneum or deep layers of the epidermis. 
Subcutaneous mycosis involves the epidermis and 
subcutaneous tissues. Subcutaneous mycosis usu-
ally follows traumatic inoculation of fungal organ-
isms. The inflammatory response that develops in 
the subcutaneous tissues usually involves the epi-
dermis. Deep or systemic mycosis usually involves 
organs such as lung, central nervous system, bones, 
and abdominal viscera. The portal of entry in deep 
mycosis is the respiratory tract, gastrointestinal 
tract, and blood vessels.

Fungi that cause cutaneous, subcutaneous, or dis-
seminated infection with skin involvement exist in 
a range of morphologic forms that include yeasts 
and molds. Yeasts (e.g., Malassezia) grow as uni-
cellular round- or oval-shaped organisms, whereas 
molds (e.g., dermatophytes) form long tubular struc-
tures termed hyphae that extend into a branch-like 
network known as a mycelium. Dimorphic fungi 
(e.g., Candida albicans, Histoplasma capsulatum, 
Coccidioides immitis, Blastomyces dermatitis, and 
Sporothrix schenckii) assume both yeast or spherules 
and hyphal states of growth based on environmental 
conditions and interactions with the mammalian 
immune system. Yeasts and molds are bound by a 
cell wall composed of polysaccharide polymers (chi-
tin, mannans, and glucans) derived from biosynthetic 
pathways absent in mammalian cells.1–2 In addition, 
certain fungi can synthesize capsular components, 
melanins, and secondary metabolites that include 
toxins, for example, gliotoxin and aflatoxin, many of 
which can affect host immune responses.3–6

This chapter discusses the general innate and 
acquired immune responses against fungi, par-
ticularly the cellular and molecular pathways of 
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immune defense mechanisms that have significantly 
contributed to our present understanding of the 
host response to fungi and have provided a sound 
framework for development of effective strategies of 
immunotherapy against some fungal infections. This 
chapter also discusses host defenses and specific 
immune responses against certain fungal pathogens 
causing cutaneous, subcutaneous, and deep mycosis 
that either begins with cutaneous or subcutaneous 
diseases and then disseminates to become a systemic 
disease that involves also the skin.

Innate Immune Responses 
to Fungal Infection

The host defense mechanisms against fungi are 
numerous, and range from nonspecific, germline-
encoded immunity that presents early in the evolu-
tion of microorganisms, to highly specialized and 
specific adaptive mechanisms that are induced dur-
ing infection and disease. The relative importance 
of specific innate and adaptive defense mechanisms 
differs, depending on the organism and anatomic 
site of infection (skin, mucosal sites, or dissemi-
nated infection). Additionally, the morphotype of 
the fungal pathogen (yeast or hyphae) determines 
the type of host immune response. For example, 
yeasts and spores are often effectively phagocy-
tosed, while the larger size of hyphae prevents 
effective ingestion. Pathogenic fungi have also 
developed mechanisms to subvert host defenses, 
which allow some intracellular fungi to survive 
within phagocytes, avoid fungal killing, and then 
disseminate throughout the host.

The innate response to fungi serves two main 
purposes: (1) a direct antifungal effector activity 
by mediating nonspecific elimination of patho-
gens through either a phagocytic process and 
intracellular killing of internalized pathogens or 
through the secretion of microbicidal compounds 
against undigested fungal molecules; and (2) 
activation and induction of the specific adaptive 
immune responses via the production of proin-
flammatory mediators, including chemokines and 
cytokines, providing co-stimulatory signals to 
naive T cells, as well as antigen uptake and pres-
entation to CD4 and CD8 T cells.7 In addition to 
the above inducible functions of innate response, 
the constitutive mechanisms of innate defense that 

are present in the skin include the barrier function 
of body surfaces. Figure 24.1 illustrates the link
between innate and acquired (cellular and humoral) 
immune responses against fungal infections of the 
skin.

Host innate defenses against fungi are mediated 
by professional phagocytes, including neutrophils, 
mononuclear leukocytes (monocytes and macro-
phages), and dendritic cells (DCs), natural killer 
(NK) cells, and nonhematopoietic cells, such as 
keratinocytes and epithelial and endothelial cells. 
The first step in the innate immunity involves fun-
gal recognition and uptake by germline-encoded 
pattern recognition receptors (PRRs) expressed 
on the surfaces of several innate immune cells.7–10 
Figure 24.2 illustrates the different PRRs expressed 
on phagocytic cells such macrophages and the 
downstream effector functions of interaction of 
fungal antigens with these receptors.

The most important classes of PRR are the Toll-
like receptors (TLRs),9,10 dectin-1,11 the lectin-like 
receptors,12,13 Fc receptors,14 complement recep-
tors,15 the mannose receptor,15 and integrins.16 
The microbial ligands of these receptors are called 
pathogen-associated molecular patterns (PAMPs). 
Fungal structures such as β-1,3/β-1,6 glucans,16 
glucuronoxylomannan, phospholipomannan, and 
galactomannan function as ligands for TLR2, 
TLR4, and TLR6.17,18 The signaling pathway for 
mammalian TLR after ligation of PAMPs involves 
interaction with the adaptor molecule MYD88 
(myeloid differentiation primary response gene 
88) located in the cytosol.19,20 The activation of the 
MYD88 adaptor culminates in the activation and 
nuclear translocation of nuclear factor κB (NF-κB), 
which leads to activation of several cytokine and 
chemokine genes. Recognition of pathogens by 
TLR in a Myd88-dependent, and sometimes in a 
Myd88-independent, manner leads to release of 
proinflammatory cytokines, chemokines, activa-
tion of antibacterial mechanisms, and enhancing 
the T-cell priming ability of professional antigen-
presenting cells (APCs) such as dendritic cells. 
Compared to individual TLRs, Myd88−/− mice had 
higher levels of fungal growth than control ani-
mals.20,21 The more severe phenotype of Myd88−/− 
mice compared with mice deficient in individual 
TLRs probably reflects the broad function of 
Myd88 as an adaptor for multiple TLR-dependent 
responses.
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Fig. 24.1. Possible pathways for immunologic responses stimulated by fungi. (A) Most fungi are detected and destroyed 
within hours by innate nonspecific defense mechanisms mediated by phagocytes such as macrophages, neutrophils, 
immature dendritic cells, and opsonins (antibodies, Ab) through the involvement of distinct pattern-recognition recep-
tors (PRRs). Fungal organisms on the skin surface also release antigens (Ag) that penetrate the skin and are captured by 
an antigen-presenting cell (APC) such as dendritic cells (DCs). Cross-linking of PRR on the surface of immature DCs
by fungal antigen lead to their maturation. In addition, production of inflammatory cytokines such  as IFN-γ and TNF-α 
by other innate cells such as NK cells further enhance activation of microbicidal functions of phagocytic cells as well 
as maturation of DCs. The DCs sampling fungal antigens from the skin and migrating to secondary lymphoid organs 
process and present antigens through class I or class II major histocompatibility complex (MHC) molecules to antigen-
specific naive T cells endowed with the capacity to recognize the peptide epitopes through specific T-cell receptors 
(TCRs). This process lead to activation of different antigen-specific T helper (Th) effector cells, regulatory T (Treg) cells 
and B cells that specifically target the pathogen and induce memory cells. Differentiation of naive CD4+ Th cells in 
the peripheral lymphoid organs into Th1, Th2, or Treg depend on several factors, among which is the cytokine environ-
ment stimulated by different fungal morphotypes. Thus, the production of interleukin-12 (IL-12) by DCs leads to the 
outgrowth of T-helper-1 (Th1) cells that produce IFN-γ, TNF-α, or both. IFN-γ and TNF-α are required for further 
activation of fungistatic and fungicidal activities by phagocytes that results in clearance of infection with most, if not all, 
of these fungal pathogens. The induction of IL-4 (and failure to produce IL-12) by DCs leads to a Th2 response, which 
blunts the generation of protective immunity. 
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Toll-like receptors discriminate between distinct 
fungal morphotypes. For example, TLR4 and CD14 
expressed on human monocytes appear to recognize 
Aspergillus hyphae but not Candida hyphae.22,23 

Similarly, the production of pro-inflammatory and 
Th1 cytokines such as tumor necrosis factor-α 
(TNF-α) and interferon-γ (IFN-γ) by macrophages 
in response to C. albicans phospholipomannan 
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Fig. 24.1. (continued) (B) Progressive disease in immunodeficient or susceptible hosts is associated with a shift in the 
balance between Th1 and Th2, toward the Th2 response. The latter is characterized by upregulation in IL-4, IL-5 and 
IL-10, an increase in tissue eosinophils, antibody isotype switch and production of antigen-specific antibodies includ-
ing IgG and IgE. The IgE antibodies bind to mast cells (MCs) and upon subsequent encounter with allergens, trigger 
degranulation leading to inflammation and clinical features of type I hypersensitivity reactions. IL-10 production by 
mast cells suppresses cell-mediated immune responses in certain cutaneous fungal diseases. Neutralization of IL-4, 
IL-5, and IL-10 in vivo can sometimes restore protective immunity. Thus, the activation of the appropriate Th-cell 
subset is critical in the generation of a successful immune response to fungi. Although IL-4 and IL-10 cytokines block 
the expression of a protective response against fungi, the elaboration of at least some Th2 cytokines also helps to bal-
ance the immune response. Finally, induction of T-regulatory (Treg) cells mediated by IL-10 might serve to dampen the 
excessive inflammatory reactions through cell contact or secretion of immune suppressive cytokines such as IL-10 (B)

expressed on yeast cells depends on TLR2 and 
TLR4 signaling, whereas hyphal cells trigger these 
cytokines in a TLR2-dependent manner only.18,23–25 
In vivo, the role of TLR2 in systemic fungal infec-
tion such as systemic candidiasis is less clear: 
one study reported that TLR2−/− mice are more 
sensitive to primary infection than control mice,26 
while another study reported no difference between 

TLR2−/− and TLR2+/+ mice, regardless of whether 
the animals were inoculated with yeast or hyphal 
forms.27,28 In addition to their function in fungal 
recognition, uptake, and production of proinflam-
matory cytokines, signaling through individual 
TLR signaling can determine the type of acquired 
immune responses against fungi. TLR2 ligation 
by fungal zymosan, and possibly β-glucan, leads 
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Fig. 24.2. Recognition of fungal ligands by different pattern recognition receptors (PRRs) expressed on the surface 
of macrophages: the role of Toll-like receptors (TLRs) and other receptors as activators of innate and adaptive 
immunity to fungi. (A) Innate cells such as macrophages, monocytes, and dendritic cells express several pattern 
recognition receptors (PRRs) that recognize various fungal ligands, promote fungal internalization, activate intra-
cellular fungicidal effector mechanisms, and play a role in the induction of the acquired immune response against 
fungi. Concomitant interaction of antibody and complement-coated fungal cells with Fc receptors (FcRs) and 
complement receptors (CRs) on host phagocytic cell membranes results in prompt ingestion of the fungal cell, 
which can lead to the death of the ingested fungal cell. Furthermore, phagocytic cells express several TLRs that 
bind to specific fungal ligands referred to as pathogen-associated molecular patterns (PAMPs). The signaling 
pathway for mammalian TLRs after ligation of PAMPs involves interaction with the adaptor molecule MyD88 
(myeloid differentiation primary response gene 88) located in the cytosol. The activation of MyD88 results in 
activation and translocation of nuclear transcription factor κB (NF-κB). NF-κB controls the activation of several 
downstream cytokines and chemokine genes; therefore, its activation is usually linked to production of proinflam-
matory and antiinflammatory cytokines and chemokines. Although all TLRs signal through MyD88, ligation of 
certain TLR can result in unique effector functions. For example, TLR2 stimulation leads to production of IL-10, 
which promotes the expansion and function of immunoregulatory T cells. On the other hand, stimulation of TLR4 
or TLR9 leads to the activation of antifungal effector functions in phagocytes, such as respiratory burst and 
degranulation, and production of interleukin-12p70 (IL-12p70) by dendritic cells. This leads to inflammatory and 
protective antifungal T-helper-1 (Th1)-cell responses. However, the differential TLR responses could also function 
by unidentified MyD88–independent pathways (B)
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to the prevalent production of antiinflammatory 
cytokines such as interleukin-10 (IL-10), which 
can suppress macrophage microbicidal functions 
and also derive the induction of Th2 response.27–30

Lectin receptors are other PRR receptors on 
phagocytes that not only play a role in fungal 
recognition but also mediate distinct downstream 
intracellular events related to clearance of fungi. 
Recognition of fungal PAMPs by lectin receptors 
induces rapid and broad host defense responses 
such as opsonization, activation of complement, 
activation of coagulation cascades, phagocytosis, 
inflammation, and direct microbial killing.31,32 
Among several lectin-like families, galectin-3 
binds to β-1,2-linked oligomannan, an uncom-
mon PAMP present on the surface of C. albicans 
but absent on Saccharomyces cerevisiae.33,34 The 
binding of galectin-3 to yeast cell walls of C. 
albicans is inhibited by C. albicans mannans but 

not by S. cerevisiae mannans. More importantly, 
binding of galectin-3 results in opsonization of 
Candida expressing different combinations of 
β-1,2-linked oligomannosides and death of yeast 
cells.34 Other fungal receptors such as complement 
receptors (CRs), mannose receptors (MRs), and 
dectin-1 receptors mediate fungal internalization 
following binding of various fungal ligands such 
as complement-associated products, mannosyle-
fucosyl glycoconjugate ligands, and β-glucans, 
respectively. Internalization through MRs does not 
lead to effective clearance of fungi in the absence 
of opsonins. However, MRs expressed by DCs 
activates specific programs that are relevant to 
the development of antifungal acquired specific 
immune responses as will be discussed later. 
Ligation of CR3 (also known as CD11b/CD18) 
is one of the most efficient means of engulfing 
opsonized fungi, but it also has broad recognition 
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capacity for diverse fungal ligands. Interestingly, 
yeasts such as Histoplasma capsulatum estab-
lish intracellular fungal parasitism within macro-
phages when they enter the cells through the CR3. 
In contrast, a concomitant ligation of both CR3 
and FcγIIIR on macrophages triggers an effective 
phagocytosis and respiratory burst that interferes 
with fungal infectivity and mediates elimination of 
fungal pathogens.35,36

Neutrophils, macrophages, and monocytes consti-
tute the major cellular effectors of innate immunity 
against fungal pathogens.37–40 Following phago-
cytosis, fungi are killed by intracellular microbi-
cidal effector molecules produced by macrophages 
and neutrophils, including oxygen-dependent (i.e., 
nitric oxide, reactive oxygen intermediates, reac-
tive nitrogen intermediates, and peroxynitrite) and 
oxygen-independent (i.e., release of cationic pro-
teins, lysozyme, and antimicrobial peptides such 
as defensins, arachidonic acid, myeloperoxidase, 
and iron sequestration).40–43 Enzymes such as 
the reduced nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase and inducible nitric 
oxide synthase initiate the oxygen-dependent path-
ways known as respiratory burst that produces 
toxic reactive oxygen intermediates (ROIs).41–43 
In retribution, fungi have evolved strategies to 
selectively inhibit the respiratory burst through the 
production of specific scavengers of oxidative kill-
ing by phagocytes, such as catalase, mannitol and 
melanin.

Patients with inherited X-linked chronic granu-
lomatous disease, resulting from a deficiency in 
oxidant formation due to mutations in any of the 
four genes that encode the subunits of NADPH 
oxidase, have increased susceptibility to fungal 
infection, mainly aspergillosis.43 These patients 
could be treated effectively with IFN-γ, which 
increase the nonoxidative as well as the oxidative 
intracellular microbicidal mechanisms mediated 
by phagocytic cells such as macrophages and 
neutrophils. The involvement of neutrophils or 
macrophages in host defense against fungi depends 
on the morphotype of the fungi causing infection. 
For example, neutrophils play a predominant role 
in phagocytosis of filamentous fungi,38–40,43 while 
macrophages play a predominant role in host dense 
against fungal yeast.37,44 In addition to the abil-
ity of macrophages to ingest organisms that have 
been opsonized with antibody, or complement, 

they are also able to phagocytose unopsonized 
fungal elements through recognition receptors such 
as the integrins. Although the main contribution 
of neutrophils and macrophages resides in their 
phagocytic and microbicidal functions, they can 
produce cytokines and chemokines that can modu-
late the protective immune response. Furthermore, 
macrophages function also as an APC that activate 
CD4+ and CD8+ T cells through presentation of 
fungus-derived peptides in the context of major 
histocompatibility complex (MHC) class II and I, 
respectively as well as providing co-stimulatory 
signals as illustrated in Figure 24.3. Nevertheless, 
for some intracellular fungal pathogens, such as 
H. capsulatum, their intracellular location protects 
them from host defenses, and these organisms 
thrive within macrophages.35,36

To overcome the fungal immune evasion mecha-
nism within phagocytic cells, other innate immune 
cells such as NK,44–46 NKT, and γδ T cells44,47,48 play 
a pivotal role in host defense against fungi. These 
cells mediate their antifungal response through 
different mechanisms that include the following: 
(1) early production of cytokines such as IFN-γ 
and TNF-α that are important for full activation of 
macrophages phagocytic and antimicrobial effector 
functions; (2) direct cytotoxic killing of pathogens 
or growth inhibition; (3) activation of dendritic 
cells through either cytokines or cell–cell contact, 
which in turn mediate activation and differentia-
tion of specific CD4 and CD8+ T cells as described 
later. Evidence that supports the protective role 
of NK, NKT, and γδ T cells in immunity against 
fungi stems from studies conducted in knockout 
mice that lack a particular cell subset. These mice 
are susceptible to various fungal infections, mainly 
C. albicans.46,47

Langerhans’ cells (LCs) and immature dermal 
DCs are some of the first cells to encounter fungi 
and play pivotal roles in induction of acquired 
responses against fungi as well as restriction 
of fungal growth.49–51 Immature DCs constantly 
monitor the epidermal microenvironment by tak-
ing up antigen and processing it into fragments 
that can be recognized by cells of the adaptive 
immune response. Because of their unique migra-
tory ability, DCs can transport fungal antigen from 
the epidermis or dermis to regional lymph nodes, 
where they initiate specific immune responses. 
Fungal infection provides danger signals, leading 
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to a local production of proinflammatory cytokines 
that induce local DC maturation.52,53 Maturation 
of DCs is associated with a selective change 
in chemokine receptor profile.54–62 For example, 
immature DCs express a number of chemokine 
receptors for inducible chemokines, such as IL-8 
(CXCL8), RANTES (regulated on activation, nor-
mal T-cell expressed and secreted; CCL5), macro-
phage inflammatory protein 1α (MIP-1α; CCL3), 
or monocyte chemoattractant protein 3 (MCP-3; 
CCL7), by which immature DCs are attracted to 
the site of inflammation (i.e., skin)58–60

Following maturation, DCs downregulate these 
receptors, which may allow them to leave the inflam-

matory site (i.e., the site with the highest chemokine 
concentration). At the same time, maturing DCs 
upregulate receptors for constitutively expressed 
chemokines such as the CXC chemokine receptor 4 
and CCR7.59,60 Interestingly, the CCR7 ligand sec-
ondary lymphoid tissue chemokine (SLC; CCL21) 
is constitutively expressed by stromal cells in T-cell 
zones of lymph nodes and by lymphatic endothelial 
cells in the dermis.58–60 Thus constitutive expression 
of SLC by lymphatic endothelium seems to provide 
the first chemotactic gradient for activated CCR7-
positive DCs, leading to a selective recruitment of 
DCs from the epidermis to the afferent lymphat-
ics.60–62 Once they enter the lymphatics, they are 

Fig. 24.3. Different functions of macrophages in innate and acquired immune responses against fungal infection. 
Macrophages play a pivotal role in innate and acquired immune responses against fungal pathogens. Local activa-
tion of macrophages at early stages of infection by fungal antigens and later by IFN-γ and TNF-α produced by NK 
cells or effector CD4+ Th1 cells results in (1) increased oxygen–dependent and independent fungicidal activities; (2) 
production of proinflammatory cytokines and chemokines that enhance migration of effector immune cells to the 
skin as well as play a role in activation of T cells. In addition, macrophages can also function as professional antigen-
presenting cells (APC) that process fungal antigens and present fungus-derived peptides in the context of MHC class 
II and I to CD4+ and CD8+ T cells, respectively

Microbial activity Modulation of the
immune system

H  O  ,O  -, NO IL-12     —      Th1
IL-10     —      Th2

Oxygen independent

Inflammation and fever Lymphocyte activation

Lysozyme, acid
Acid hydrolases
Cationic proteins

Oxygen dependent

2    2      2

IL-6, TNF-α, IL-1
Complement

Antigen processing

Antigen presentation

Provides T cells with
co-stimulatory signals



24. Fungal Infections 381

likely to be transported passively with the lymph to 
the subcapsular region, where they then encounter 
an additional chemotactic gradient of SLC that 
directs their migration into the paracortical T-cell 
zone of the lymph node where they activate T cells 
specific for the invading fungal pathogen. In the 
draining lymph nodes, these DC-capturing anti-
gens initiate T-cell immune responses by virtue of 
their abilities to present fungal antigens to T cells, 
provide lymphocyte co-stimulatory molecules, and 
secrete cytokines. The DCs use distinct receptors to 
recognize each form of a particular fungus, thereby 
activating different signaling pathways with distinct 
functional consequences.52,62–64

Finally, the noncellular effectors of innate 
immunity comprise complement and natural anti-
bodies.65–68 As described before, these molecules 
mediate opsonization and therefore promote the 
ingestion of fungi by phagocytes. However, the 
fate of opsonized fungi can differ from that of 
unopsonized organisms, because in phagocytes, 
opsonized fungi may traffic through a different 
pathway than do the unopsonized organisms.35,36

Adaptive Immunity

For many fungal pathogens, the effective immune 
response to invasion is a cell-mediated immune 
response. The role of CD4+ T lymphocytes in 
protection against fungal infections is underscored 
by the susceptibility of patients with acquired 
immunodeficiency syndrome (AIDS) caused by 
HIV to fungal infections caused by C. albicans, 
H. capsulatum, Cryptococcus neoformans, and 
Aspergillus fumigatus. For all of the pathogenic 
fungi, a T-helper-1 (Th1) response characterized 
by production of IL-2 and IFN-γ is the dominant 
adaptive protective response. The production of 
IL-12 by DCs leads to expansion and increased 
number of Th1 cells that produce IFN-γ or TNF-
α.53,54,69–71 Interestingly, IL-12 secretion seems to 
be dependent on the morphologic form of the fungi 
where the yeast form of C. albicans stimulates IL-
12 production, while the hyphal form inhibits such 
production.64,71 Interferon-γ production by Th1 cells 
is essential for optimal activation of phagocytes 
(e.g., macrophages, neutrophils, and immature 
DCs) at sites of infection and enhances their fun-
gicidal effector functions.63,70 Therefore, deficiency 

of this cytokine or Th1 response might predispose 
patients to overwhelming fungal infections, and 
also favor fungal persistence. On the other hand, the 
Th2 response characterized by production of Th2 
cytokines (IL-4, IL-13, IL-5, and IL-10) is often 
associated with a subversion of the host response to 
fungi. Increases in the Th2 cytokines are commonly 
observed in progressive disease, and neutralizing 
their activity restores protective immunity.71–75

The role of Th1/Th2 paradigm in outcome of 
fungal disease is exemplified in skin infection with 
Paracoccidioides (PCM) brasiliensis, which stimu-
lates the formation of granulomatous lesions in the 
skin.75,76 Presence of well-formed granuloma and 
local Th1 responses in the skin of PCM patients is 
associated with mild disease, while the presence of 
poorly formed granuloma and local Th2 responses 
is associated with progressive and severe disease. 
These observations suggest that well-organized 
granulomas and cutaneous Th1 response reflect a 
better cellular immune response, while the pres-
ence of Th2 cells expressing Th2 cytokine such as 
IL-4 and IL-5 indicate an ineffective response in 
PCM skin lesions.

Compared to CD4 T cells, the role of CD8+ T 
cells during fungal infection has not been defined 
as clearly.77 CD8+ T cells mediate protection against 
fungal infection mainly via the production of IFN-γ. 
However; the role of CD8 T lymphocytes in mediat-
ing cytotoxic lysis of fungus-infected target cells is 
not well delineated.78 Although CD8+ T cell activity 
against filamentous fungi such as A. fumigatus has 
not been demonstrated in mice, the expansion of 
cytotoxic, class I–restricted, A. fumigatus–specific 
CD8+ T cell clones from human peripheral blood 
suggests that CD8+ T cells might contribute to cell-
mediated defense.78 Interestingly, unlike infection 
with bacteria and virus, the priming of fungus-
specific CD8+ T cells does not appear to require 
CD4+ T-cell help; in fact, CD8 T-cell responses are 
enhanced in CD4-knockout mice. In the absence of 
CD4+ T cells, CD8+ T cells can protect mice from H. 
capsulatum infections by secretion of IFN-γ.79–81

Although Th1-biased responses to fungal infec-
tions are protective, Th2-biased responses are dele-
terious; an excess or unregulated Th1 response may 
also generate unnecessary tissue damage. The Th1 
response can be downregulated by simultaneous 
elaboration of Th2 cytokines or suppression of Th1 
and Th2 responses that usually are associated with 
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either chronic fungal infection or overwhelming 
infection, respectively. Thus, the induction of regu-
latory mechanisms in immunity to fungi is pivotal 
as they ensure that under physiologic conditions, an 
effective protective antifungal immunity is gener-
ated while avoiding immune pathology. One impor-
tant immunoregulatory cytokine is IL-10, which is 
a potent immunosuppressive cytokine, produced in 
non–antigen- specific manner by innate cells such 
as macrophages and DCs or in an antigen (Ag)-
specific manner by regulatory CD4+ T cells.82,83 
Interleukin-10 acts by impairing (1) the antifungal 
effector functions of phagocytes; (2) the secretion 
of proinflammatory cytokines such as TNF-α, IL-1, 
and IL-6; and (3) the production of Th1-promot-
ing cytokines such as IL-12, IFN-γ, and IL-23.82–85 
The IL-10-mediated suppressive functions would 
result in defective protective antifungal cell-medi-
ated immunity. Production of IL-10 at early stages 
of infection suppresses immune responses and 
enhances susceptibility to fungal infection.

Histopathologic and double immunohistochemi-
cal examination of skin lesions from patients 
with severe PCM infection revealed an increased 
number of mast cells expressing IL-10.86,87 Early 
production of IL-10 by mast cells, as part of the 
innate system, could contribute to an ineffective 
response against fungal antigens. It is of interest 
that IL-10 expressing mast cells were detected only 
in skin lesions characterized by loose granuloma 
and local Th2 response, but not in lesions that 
are characterized by compact granuloma and Th1 
response. Other studies have shown that patients 
treated with anti–TNF-α antibodies, which resulted 
in increases in IL-10 production are susceptible to 
fungal pneumonia. On the other hand, production 
of IL-10 at later stages of infection by CD4 T regu-
latory cells is beneficial by contributing to resolu-
tion of excessive inflammatory responses, thus 
avoiding immune-mediated tissue damage.88–91

Role of Antibodies in Protective 
Immunity Against Fungi

Nearly all fungi elicit an antibody response; how-
ever, the role of these antibodies in pathogenesis 
or protective immunity is not completely clear. 
The absence of an association between deficiencies 

in antibodies and susceptibility to infections with 
fungal pathogens and the presence of specific anti-
bodies in patients with progressive fungal infections 
have provided evidence against a protective role of 
antibodies in fungal infections. However, studies 
involving opportunistic fungal diseases, mainly 
candidiasis and aspergilosis, provided evidence that 
supports a role for antibodies in protective immu-
nity against fungal diseases.92–95 Possible targets 
for these protective antibodies included fungal cell-
wall polysaccharides of Candida and Aspergillus 
species, heat shock protein 90, histone like proteins, 
and mannoprotein in C. albicans.92–96

Recently, another fungal cell-wall polysaccharide, 
β-glucan, has been identified as a possible target for 
the induction of protective antibodies.97 The con-
served structure suggested that β-1,3-glucan could 
be part of a universal antifungal vaccine. In the light 
of known inverse relationship between Th1 and Th2 
cytokines and immunregulation of the Th1 and Th2 
responses, a role for antibodies in defense against 
fungal disease might seem to be in conflict with the 
underlying Th1-directed response that is the most 
widely accepted explanation for host-acquired spe-
cific immunity against fungi. However, some studies 
show that Th2-derived antibodies have a protective 
effect by augmenting cell-mediated immunity.

Antibodies can function as opsonins, promoting 
fungal ingestion and even killing by phagocytes, 
and several antibodies are directly fungicidal.98–100 
These kinds of activities are complementary, rather 
than exclusive, to cell-mediated mechanisms. The 
central importance of granulocytes and macrophages 
in innate defense against opportunistic fungal patho-
gens, and of activated neutrophils and macrophages 
against fungi in general, is consistent with an expec-
tation that opsonic antibodies facilitate host defence. 
Antifungal antibodies also contribute to the activa-
tion of the classic complement system and antibody-
mediated cytotoxicity by NK cells.101,102

The question that remains to be answered is 
whether these antibodies that react to specific fun-
gal ligands and provide protective immunity upon 
immunization with whole fungal cells or specific 
fungal antigens such as glucan in mice are truly 
playing a protective role in humans. As discussed 
before, the finding that patients typically have anti-
bodies before and after the disease suggested that 
antibodies play a minor role in protection against 
fungi. However, it is necessary to consider certain 
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factors that are known to influence the protective 
functions of antibodies such as the amount, specifi-
city, isotype, and idiotype of antibodies generated 
in vivo before drawing such a conclusion. Thus, 
the differences in antibody isotype may explain 
the discrepant results between different studies 
on the role of antibodies in host defense. Th1-
derived antibodies are usually of immunoglobulin 
G2 (IgG2) isotype, which are excellent opsonins 
that promote fungal ingestion and even killing by 
phagocytes. In contrast, the association of antibod-
ies with nonprotective response or progressive 
fungal diseases could be due to the possibility that 
these antibodies are of Th2 isotype (usually IgG1), 
which is produced by antigen-specific B cells inter-
acting with antigen specific CD4+ Th2 cells pro-
ducing Th2 cytokines such as IL-4 or IL-10. In that 
case, Th2-derived antibodies are associated with a 
Th2 response that causes suppression of protective 
Th1 and cell-mediated immunity.103,104

Cutaneous Fungal Diseases

Cutaneous Candidiasis

Clinical Manifestations and Pathogenesis 
of the Fungal Disease

Cutaneous candidiasis is an infection of the skin 
that is caused by the yeast C. albicans and can be 
either acute or chronic in nature. Cases of cutane-
ous candidiasis caused by other Candida species 
such as C. parapsilosis or C. tropicalis are some-
times seen, but these are rare. Candida albicans is 
part of the normal flora of the gastrointestinal tract 
rather than of the skin, although it can be found on 
the skin.105–107 This organism can grow as either 
yeast cells or filamentous forms, with mixtures 
of the two phases generally seen in tissue infec-
tions. Acute cutaneous candidiasis may present 
as lesions with intense erythema, edema, creamy 
exudate, and satellite pustules within folds of the 
skin. Other infections may be more chronic, as in 
the feet, where there can be a thick, white layer of 
infected stratum corneum overlaying the epidermis 
of the interdigital spaces. Candida paronychia is 
marked by infections of the periungual skin and 
the nail itself, resulting in the typical swelling and 
redness of this type of candida infection. The viru-
lence of C. albicans has been attributed variously 

to its ability to grow at particular temperatures, its 
ability to produce filamentous forms, its adherence 
capabilities, and the activity of different enzymes. 
In some cases superficial C. albicans infections 
may be particularly severe and refractory to treat-
ment, producing the uncommon disorder known as 
chronic mucocutaneous candidiasis (CMC),108–110 
which consists of persistent and recurrent infec-
tions of the mucous membranes, skin, and nails. 
Oral thrush and Candida vaginitis are fairly com-
mon in patients with CMC. There is often infection 
of the esophagus, although further extension into 
the viscera is unusual. The typical skin lesions 
are generally red, raised, and hyperkeratotic but 
usually are not painful. Epidermal neutrophilic 
microabscesses, which are common in acute cuta-
neous candidiasis, are rare in the lesions of CMC. 
Nail involvement can be severe in this condition, 
producing marked thickening, distortion, and frag-
mentation of the nails, with chronic swelling of the 
distal phalanx.

Immune Responses and Host Defenses 
Against Candida

The initial events in stimulation of both innate 
and acquired immune responses against cutaneous 
Candida infection include recognition of fungal 
ligands and phagocytosis. The immunoreactive 
components of C. albicans are thought to be 
the carbohydrate derivatives found on the yeast 
surface, including glucans, mannans, and chitin. 
The activation of TLRs by these fungal products 
presumably contributes to the inflammatory tissue 
injury seen in mucocutaneous candidiasis by sign-
aling the release of proinflammatory cytokines and 
by directing the recruitment and activation of other 
inflammatory cells.111–116

Recognition of mannan by the mannose recep-
tor on macrophages results in the internalization 
of Candida. Mannan drives TNF-α production by 
murine alveolar macrophages in vitro and increases 
the serum TNF-α level upon intravenous admin-
istration in vivo. Earlier studies of the immune 
response against yeasts have relied heavily on 
the use of zymosan, an insoluble fungal cell wall 
preparation, which contains large amounts of β-
glucan and mannan.21–29 It was shown that TLR6 
and TLR2 formed heterodimers to coordinate the 
macrophage activation by zymosan.29,119 These 
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findings also suggested that immunity against 
C. albicans requires the collaboration between 
receptors responsible for phagocytosis (e.g., man-
nose or complement receptors) and TLRs designed 
to induce proinflammatory cytokines. Recent stud-
ies highlighted the role of Myd88,11–18,117,118 a 
signaling molecule for TLR in the phagocytosis 
of C. albicans.19–21 Macrophages harvested from 
Myd88–deficient mice and challenged with live C. 
albicans showed a diminished capacity to engulf 
and kill the yeast, and produce TNF-α when com-
pared to wild-type cells.21

In contrast to immune mechanisms involved 
in protection against widespread, systemic candi-
diasis, where cells of the innate immune system, 
particularly neutrophils, are crucial,16,36 it has 
long been recognized, based on both clinical and 
experimental data, that in the mucocutaneous form 
of candidiasis, cell-mediated immunity is essential 
for protection. Chronic mucocutaneous candidiasis 
represents a group of syndromes with a variety 
of predisposing or secondary abnormalities in 
host defense function. The most common defi-
ciency appears to be one of cell-mediated immune 
responses against candida antigens, although abnor-
malities in chemotaxis or phagocytic cell function 
have also been reported.108–114 Other host defense 
mechanisms, such as humoral immunity and the 
complement system, have generally been found 
to be normal in these patients.115 Although treat-
ment of this condition with amphotericin B could 
be successful in prompt clearance of the cutane-
ous lesions, relapses usually occurred, presum-
ably because of the underlying immunodeficiency 
state. HIV infection or severe combined immune 
deficiencies affecting cell-mediated immunity pre-
dispose to mucocutaneous candidiasis. Evidence 
of impaired cell-mediated immunity to Candida 
spp. in these patients is represented by negative 
delayed-type hypersensitivity skin tests, absent 
or low T-cell proliferation in vitro, and impaired 
production of leukocyte/macrophage inhibitory 
factor.120

Several human and murine studies suggest that 
impaired clearance of Candida spp. in patients 
with CMC is due to imbalance between Th1 and 
Th2 responses with bias toward the Th2 phenotype. 
Appropriate and timely induction of Th1 responses 
characterized by production of Th1 cytokines such 
as IL-2, IFN-γ, TNF-α,121,122 and IL-12,63,70,123 

which activate and recruit effector cells such as 
macrophages or CD8+ cytotoxic T cells, are of 
major importance for protection and clearance 
of the yeast.120,121 In contrast, induction of Th2 
responses marked by production of Th2 cytokines 
such as IL-4 and IL-10, which are necessary for 
mounting an antibody response but also downregu-
late type 1 cytokine production, had opposite det-
rimental effects.122 Peripheral blood mononuclear 
cells from patients with CMC produce high levels 
of IL-10, but normal levels of IL-4 and IL-5, upon 
in vitro stimulation with carbohydrate and mannan 
fractions of C. albicans. Although Th1 cytokines 
such as IL-12 and IFN are also decreased in CMC 
patients, receptors for IL-12 and IFN are shown to 
be intact.122

Two possibilities can account for the bias toward 
Th2 response in CMC patients. The first possibil-
ity is that altered cytokine environment caused by 
interaction of the yeast or hyphal forms of Candida 
with innate immune cells could inversely influence 
the induction of CD4 Th1 cells producing IFN-γ 
and IL-2. The second possible mechanism could lie 
more upstream, involving the co-stimulatory func-
tions of APCs such as DCs or macrophages.30,123 
In support of the first possibility, recent evidence 
in mice indicates that innate immune cells such as 
neutrophils and macrophages discriminate between 
the hyphal and yeast forms of the fungus through 
binding to different PRRs such as TLR and lectin, 
being able to produce IL-12 in response to C. albi-
cans yeasts, and IL-10 in response to C. albicans 
hyphae.30,63 The production of IL-12 and IL-10 
can thus bias the CD4 Th response to Th1 or Th2 
phenotype, respectively.

Interestingly, in vitro culture of DCs with the 
two forms showed that hyphae escaped the phago-
some and were lying free in the cytoplasm of the 
cells, while the yeast form remained within the 
phagosome. The differences in fungal localization 
within DCs, therefore, may influence the access of 
fungal antigens to MHC class I (cytoplasmic) or II 
(phagosomal) pathways of antigen presentation to 
CD8 and CD4 T cells, respectively, which influ-
ences the ability of each fungal form to stimulate 
CD4 or CD8 T cells. Therefore, DCs, by discrimi-
nating between yeast and hyphal forms of the fun-
gus, through different TLRs and the downstream 
effect of differential TLR ligation on cytokine 
environment, as well as differential fungal localization 
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within DC, can influence the type of specific 
immune response.

Nevertheless, it remains to be identified whether 
the differential immune responses to different phe-
notypes of Candida is due to altered responses of 
immune cells or to expression of different virulent 
genes that allow evasion of host immune response 
and persistence. In support of the latter possibility, 
several studies suggested that phenotypic switching 
represents a pathogenic strategy for the combinato-
rial expression of batteries of genes leading to a vari-
ety of pathologic states. This conclusion was based 
on the findings that the process of phenotype switch-
ing between yeast and hyphal forms, which is char-
acterized by different colony morphology, regulates 
the expression of a number of phase-specific genes, 
including PEP1 (SAP1), SAP3, OP4, CDR3, CDR4, 
NIK1, WH11, and EFG1.124–126 High-frequency 
phenotypic switching has also been demonstrated 
to regulate a number of phenotypic characteristics 
that have been implicated in pathogenesis, including 
antigenicity, sensitivity to neutrophils and oxidants, 
adhesion, and susceptibility to common antifungal 
agents.126,127 Whether similar host-microbial interac-
tion involving putative inherent defects of dendritic 
cells in terms of different dendritic cell subsets or 
receptors on the cells or differential gene expression 
upon phenotype switch exists in CMC patients is 
not yet known.

Dermatophytosis

Clinical Manifestations and Pathogenesis 
of the Fungal Disease

The dermatophytes include a group of fungi (ring-
worm) that under most conditions have the ability 
to infect and survive only on dead keratin, that is, 
the top layer of the skin (stratum corneum or keratin 
layer), the hair, and the nails. Dermatophytes cannot 
survive on mucosal surfaces such as the mouth or 
vagina where the keratin layer does not form. Very 
rarely, dermatophytes undergo deep local invasion 
and multivisceral dissemination in the immunosup-
pressed host. Dermatophytes are responsible for the 
vast majority of skin, nail, and hair fungal infections. 
These types of infections, termed “dermatophy-
toses,” are widespread and increasing in prevalence 
on a global scale.128,129 Reasons for this increase are 
not clear, although it may be due, in part, to an aging 

process. This observation is consistent with the view 
that changes in the immune response that occur 
with advancing age lead to disease susceptibility. 
In keeping with this, fungal nail infections are more 
frequent in immunocompromised patients such as 
those who are HIV positive and those who have 
diabetes.130,131 Alternatively, age-related changes 
in peripheral vasculature may be important in pre-
disposing to infection. In addition to the effects 
of aging, genetic susceptibility has been proposed 
to contribute to infection. Although Trichophyton 
rubrum infection has been reported to show a 
familial pattern of autosomal dominant inheritance, 
more recent epidemiologic findings challenge this 
view.131 Other factors that have been implicated 
include those associated with a modern lifestyle, 
including the use of footwear made from synthetic 
materials and exposure to dermatophytes in com-
munal areas with damp environments that favor 
fungal growth, such as swimming pools and school 
gymnasiums.131–133 Despite the identification of 
multiple predisposing factors, there is no consen-
sus of opinion regarding a single mechanism to 
explain the increased incidence of foot disease that 
has occurred in recent years.

Dermatophytes are classified in several ways. 
The ringworm fungi belong to three genera: 
Microsporum, Trichophyton, and Epidermophyton. 
There are several species of Microsporum and 
Trichophyton, and one species of Epidermophyton. 
The inflammatory response to dermatophytes var-
ies.129–134 In general, zoophilic and geophilic der-
matophytes elicit a brisk inflammatory response 
on skin and in hair follicles. The inflammatory 
response to anthropophilic fungi is usually mild. 
One very characteristic pattern of inflammation is 
the active border of infection. The highest numbers 
of hyphae are located in the active border, and this 
is the best area to obtain a sample for a potassium 
hydroxide examination. Typically the active border 
is scaly, red, and slightly elevated. Vesicles appear 
at the active border when inflammation is intense. 
This pattern is present in all locations except the 
palms and soles. Infections of the feet are particu-
larly troublesome and affect both the skin (athlete’s 
foot) and nails (tinea unguium). Despite the avail-
ability of new systemic antifungal therapies, nail 
infections are difficult to eradicate, with recur-
rence reported in up to 25% to 40% of cases. Since 
lesions vary in presentation and closely resemble 
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other diseases, laboratory confirmation is often 
required.

Innate Immune Responses to Dermatophytes

Interaction of dermatophytes with many dermal 
and epidermal immune cell types including kerati-
nocytes results in a cascade of chemokines and 
proinflammatory and antiinflammatory cytokine 
responses.135–138 Activation of the alternative 
complement pathway by dermatophytes such as 
the case with Trichophyton mentagrophytes also 
results in production of chemotactic factors. These 
chemotactic events and inflammatory responses 
are thus responsible for the observed macroscopic 
changes associated with dermatophyte infections 
including scaling, vesicles, pustules, annular der-
matitis, and severe inflammatory reactions (keri-
ons). Microscopically, the lesions are characterized 
by an accumulation of neutrophils in the infected 
skin of acute infections or a mononuclear cell infil-
trate in the dermis of the more chronic ones.135–138 
The acute inflammatory responses may be mani-
fested as epidermal microabscesses, while chronic 
dermatophyte infection is usually manifested as 
epidermal hyperkeratosis and parakeratosis.131–135

Similar to other cutaneous mycosis, neutrophils 
mediate elimination of dermatophyte infections 
by a variety of microbicidal processes, includ-
ing (1) microbicidal oxidants such as superoxide, 
hydrogen peroxide, hypochlorous acid, and mono-
chloramine; and (2) nonoxidative microbicidal 
granules such as cathepsins, defensins, lactoferrin, 
lysozyme, elastase, azurocidin, and a number of 
other proteins.136 Furthermore, neutrophils inhibit 
the growth of dermatophytes through release of 
large amounts of calcium and zinc-binding protein, 
called calprotectin that has potent microbiologic 
static activity against these fungi. This protein is 
released into inflammatory exudates as neutrophils 
degranulate at sites of infection.136,137

Acquired Immune Responses Against 
Dermatophytes: Immediate and Delayed-Type 
Hypersensitivity Reactions

Several of dermatophyte antigens are cross-reactive
with airborne molds. These antigens stimulate 
IgE production, which mediates immediate hyper-
sensitivity (IH) reaction in infected patients, 
mainly those with chronic dermatophytosis. The IH 

reaction in these patients is mediated by IgE anti-
body, and is characterized by a local wheal and 
flare occurring 5 to 20 minutes after injection of 
antigen into the skin. In this process, binding of 
antigen to IgE antibody (Ab) on the surface of mast 
cells results in cross-linking of IgE Ab, which, in 
turn, triggers the degranulation of mast cells and 
release of histamine and other proinflammatory 
mediators.137,138

The IH skin tests to Trichophyton are associated 
with the presence of serum IgE and IgG Ab to 
Trichophyton antigens. IgG4 Ab is a major com-
ponent of the IgG Ab response.132 Thus, IH reac-
tions to dermatophytes bear the hallmarks of a Th2 
response. In this type of response, IL-4 produced by 
CD4+ Th2 cells induces antibody isotype switching 
to IgG4 and IgE.138,139 A role for fungal antigens 
(Ags) in allergic disease is strongly supported 
by the association between chronic dermatophy-
tosis and allergic respiratory symptoms, and the 
improvement of late-onset asthma after antifungal 
therapy in patients with IH to Trichophyton.

By contrast, Trichophyton antigens are also able 
to induce delayed-type hypersensitivity (DTH) 
response in some patients.129,139 Delayed-type 
hypersensitivity is a form of cell-mediated immu-
nity in which the ultimate effector cell is the 
activated macrophage. In the classic DTH reac-
tion, activation of macrophages is mediated by 
IFN-γ–producing Th1 CD4+ T lymphocytes.138–140 
These T cells recognize and respond to foreign 
antigen presented in the form of peptide complexed 
with MHC class II molecules expressed on the sur-
face of APCs. This cell-mediated response is char-
acterized by induration at the injection site, which 
is maximal at 48 hours. There is considerable 
evidence that DTH is pivotal in the eradication of 
dermatophyte infection. This conclusion is based 
on data showing (1) the development of DTH in 
association with inflammatory responses in pri-
mary infections, (2) the association between acute 
highly inflamed lesions and DTH, and (3) the fail-
ure to develop infection after experimental inocu-
lation when DTH is present. Interestingly, DTH to 
Trichophyton extract is associated with lower titers 
of IgG Ab to Trichophyton antigens and no IgE 
or IgG4.138,140,141 These observations suggest that 
humoral response to Trichophyton is less protec-
tive. A subset of patients also mounts “dual” skin 
test responses in which a DTH response follows the 
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IH reaction. Whether this represents a transitional 
stage in DTH-to-IH conversion (or vice versa) is 
not known.

Several hypotheses have been proposed to 
explain the mechanism of induction or suppres-
sion of protective DTH responses in different 
individuals. One study suggested that development 
of IH suppresses DTH responses in patients with 
chronic dermatophytosis since most IH responses 
occur in the absence of DTH.141,142 Treatment 
of chronic dermatophytosis associated with IH 
responses with the systemic antifungal terbinafine 
can restore DTH responsiveness to intradermal 
trichophytin antigen. Another study proposed that 
prolonged antigen exposure can induce immuno-
logic unresponsiveness, or anergy, by activating 
suppressor T cells, which then downregulate cell-
mediated responses. However, several studies have 
failed to demonstrate diminished T-cell prolifera-
tive responses to dermatophyte antigens in patients 
with IH.139,141,143,144

An alternative hypothesis was that the properties 
of the fungus itself may prevent the development 
of cell-mediated responses. For example, mannans 
derived from T. rubrum have been proposed to 
inhibit DTH by interfering with antigen-processing 
pathways required for T-cell activation. However, 
despite all these data, it is not yet clear whether 
chronic infection results from a lack of DTH or 
from the presence of an IH response. Thus, a 
major question is whether IH is a prerequisite for 
the development of chronic infection and, if so, 
whether it reflects a more broad-based immune 
dysregulation. The answer to this question is 
complicated by the fact that host factors, such as 
integrity of the skin barrier as well as immune sta-
tus of the host, play a central role in determining 
the outcome of dermatophyte infection. Indeed, it 
is well recognized that patients with HIV infection 
or those receiving immunosuppressive therapy are 
predisposed to develop chronic dermatophytosis 
and sometimes an invasive disease. This observa-
tion is consistent with impairment of cell-mediated 
immunity associated with these conditions.

Changes in the balance between Th1 and Th2 
responses with bias toward Th2 response have been 
implicated in the progression of several diseases 
such as HIV infection associated with chronic der-
matophytosis.141 Indeed, this would be consistent 
with the dogma that Th2 polarization contributes 

to disease progression in HIV-infected subjects. 
Similarly, chronic T. rubrum infection associated 
with IH and a markedly elevated total IgE level in 
the serum was proposed to contribute to the devel-
opment of severe measles infection by favoring 
the development of Th2 responses.139–142 However, 
this does not explain the paradoxical association 
between chronic dermatophytosis and Th1-mediated 
diseases such as diabetes. Nevertheless, the asso-
ciation between diabetes and dermatophytosis is 
also complex, as diabetic complications such as 
peripheral vascular disease could contribute to per-
sistent dermatophyte infection.

Although immune mechanisms involved in the 
natural resolution of infection have yet to be 
resolved, recent findings suggest that T cells with 
a defined specificity for Trichophyton antigens or 
epitopes are critical for development of DTH or IH 
responses in different individuals. This conclusion 
was based on comparison of the T-cell repertoire 
in subjects with distinct immune responses to a 
single Ag such as the 29-kd Tri-r-2 derived from 
T. rubrum. Interestingly, the differences in the T-cell 
repertoire between patients with IH and those with 
DTH were independent of human leukocyte antigen 
(HLA) haplotype.139,140,145,147,148 The clinical rel-
evance of different T-cell repertoires remains to be 
determined. However, it is possible that certain anti-
genic peptides derived from Trichophyton antigens 
contain an epitope that specifically promotes the 
development of a DTH response, making progres-
sion to chronic dermatophytosis unlikely.145–147

Malassezia Infection

Clinical Manifestation and Pathogenesis 
of Fungal Diseases

Yeasts of the genus Malassezia undergo asexual 
reproduction by monopolar budding. The yeast 
cell is actually a phialide that has a small collar-
ette at its apex, which gives it an overall bottle-
shaped appearance. Some of the species are able to 
undergo a phase transition from yeasts to hyphae, 
although the factors that control this transition are 
not clearly understood. The genus Malassezia is 
known to include at least seven species of yeast 
(M. furfur, M. pachydermatis, M. sympodialis, M. 
globosa, M. obtusa, M. restricta, and M. slooffiae). 
Except for M. pachydermatis, the species require
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an exogenous source of lipid owing to their inabil-
ity to synthesise C14–C16 saturated fatty acids 
because of a block in the de novo synthesis of myr-
istic acid.148 Although Malassezia can be found on 
normal human skin, it has implicated in a range of 
both cutaneous and systemic diseases such as seb-
orrheic dermatitis, dandruff, folliculitis, atopic der-
matitis (recently renamed atopic eczema/dermatitis 
syndrome [AEDS]), psoriasis, confluent reticulate 
papillomatosis, and seborrheic blepharitis.149–156 
Malassezia is most frequently associated with 
pityriasis (tinea) versicolor (PV), which is one of 
the most common disorders of pigmentation seen 
in dermatologic clinics worldwide.149,150 PV is a 
chronic superficial fungal infection of the skin. The 
Malassezia species that have been isolated from 
patients with PV include M. furfur, M. globosa, 
M. restricta, M. slooffiae, and M. sympodialis, with 
more than one species of Malassezia being present. 
PV most often occurs on the trunk, neck, and 
proximal extremities. It is characterized by scaly 
hypopigmented or hyperpigmented macules and 
patches with minimal pruritic reaction.148–150

Malassezia folliculitis is characterized by follicu-
lar papules and pustules localized to the trunk, upper 
arms, neck, and, less often, the face.154–156 These 
lesions are generally pruritic. Diagnosis is based 
on clinical signs, cytology, and culture in combi-
nation with histopathology. Although it has been 
suggested that follicular occlusion was the primary 
cause of Malassezia folliculitis with a secondary 
overgrowth of Malassezia organisms, colonization 
of normal pilosebaceous units by these yeasts can 
also be extensive. The exact role of Malassezia 
in Malassezia folliculitis, therefore, awaits further 
elucidation. Therapy for Malassezia folliculitis is 
similar to that described for PV. As with PV, recur-
rence tends to be a common problem.

Seborrheic dermatitis and dandruff are other 
diseases caused by Malassezia. Seborrheic derma-
titis is characterized by inflammation and desqua-
mation in areas that are rich in sebaceous glands 
such as the scalp, face, and upper trunk, whereas 
dandruff is a noninflammatory scaling condition 
of the scalp. Dandruff is now generally considered 
the mildest form or a variant of seborrheic derma-
titis.155,156 The decreased severity of these diseases 
upon fungal therapy, the increase in the number of 
Malassezia organisms, and relapse upon discon-
tinuation of therapy support a role of Malassezia 

as the etiologic agents in these two conditions. The 
species that have been isolated from patients with 
seborrheic dermatitis are similar to those causing 
PV, with M. furfur and M. globosa being most 
common. Atopic dermatitis is another chronic, 
multifactorial, inflammatory allergic skin disease 
associated with abnormal immunologic regulation 
and is associated with Malassezia infection.156–158 
Similar to dermatophyte antigens, allergens from 
Malassezia organisms have been implicated in 
its pathogenesis.157–159 For atopic patients with a 
hypersensitivity response to Malassezia spp., anti-
fungal therapy should be included in the treatment 
regime. In addition to the diseases described above, 
Malassezia spp. have also been shown to cause 
more deep-seated infections, including mastitis, 
sinusitis, septic arthritis, malignant otitis externa, 
fungemia, pulmonary vasculitis, peritonitis, and 
meningitis.154–157

Immunology of Malassezia-Associated 
Diseases

There have been large numbers of studies examin-
ing the innate and acquired (cellular and humoral) 
immune responses to Malassezia in patients with 
many Malassezia-associated diseases.160 For many 
of the diseases, the responses reported have varied 
widely. The innate response against Malassezia 
involves several components such as complement, 
phagocytosis, and NK-mediated lysis. Several 
groups have reported the ability of Malassezia to 
activate the complement system, via either the alter-
native pathway or the classic pathway.161–163 The 
extent of activation of the alternative pathway was 
cell concentration and time dependent, reaching a 
plateau after 30 minutes. Although the molecule 
responsible for triggering the alternative pathway is 
not well defined, ß-glucan in the cell wall may be 
involved.163 The ability to activate complement has 
been suggested as a mechanism responsible for the 
inflammation associated with seborrheic dermatitis. 
Phagocytosis and intracellular killing of the yeast, 
mainly by neutrophils, is another important innate 
mechanism by which nonspecific effector cells play 
a role in host defense against Malassezia.164,165

The importance of phagocytosis in protection 
against fungal infections is highlighted by the 
increased susceptibility of neutropenic patients 
to many mycoses. In vitro, neutrophils take up 
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Malassezia in a complement-dependent process. 
On the other hand, the receptors involved in 
phagocyte–yeast cell binding have been character-
ized in a human monocytic cell line as the man-
nose receptor, ß-glucan receptor, and complement 
receptor type 3.166 Recent studies have shown that 
when a monocytic cell line, THP1, was stimulated 
with either live or heat-killed Malassezia, the 
production of IL-8 was increased, while stimula-
tion of a granulocytic cells line, HL-60, resulted 
in increased levels of both IL-8 and IL-1β.167 The 
effects of IL-1β in host defense against cutane-
ous fungal organisms include the activation of 
lymphocytes, chemotaxis, and neutrophils and 
the induction of inflammation.167–169 Interleukin-8 
also induces chemotaxis and activation of neu-
trophils and T cells. Therefore, the interaction of 
Malassezia with phagocytic cells may serve to 
amplify the inflammatory response and encourage 
further recruitment of phagocytic cells.

Opsonized live Malassezia yeast cells are more 
stimulatory than were nonopsonized or heat-killed 
Malassezia yeast cells. However, the ability of 
neutrophils to kill Malassezia seems limited com-
pared to efficient killing of C. albicans yeast cells 
and other fungal genera. The mechanism by which 
Malassezia may resist or prevent phagocytic kill-
ing is not completely clear. In addition to escaping 
phagolysosomal killing, in vitro studies suggested an 
immunosuppressive effect of Malassezia on activa-
tion of different innate effector cells.169,170 M. furfur 
was able to invade human keratinocytes and resist 
phagolysosomal fusion, which allows their survival 
inside host cells. In addition, culture of yeast cells of 
M. furfur with normal human keratinocytes did not 
also stimulate cytokines or chemokines production.

Low levels of monocyte chemotactic protein 
1 (MCP-1), TNF-α, and IL-1β (IL-1β) were 
found, which were associated with overproduc-
tion of immunosuppressive cytokines IL-10 and 
tumor growth factor-β (TGF-β).170 It was further 
postulated that the suppression of proinflamma-
tory cytokines might allow Malassezia to survive 
within host cells without causing an inflammatory 
response. Suppression of IL-1β, IL-6, and TNF-α 
also has been reported when Malassezia was coc-
ultured with peripheral blood mononuclear cells 
(PBMCs), and that the suppression was IL-10 
dependent.170 This correlates with the situation 
seen in normal healthy skin and also with the 

limited inflammation seen in PV, despite the large 
fungal burden seen in the lesions.171,172 It is known 
that the immunosuppressive effects of Malassezia 
on PBMCs can be reversed by removal of the lipid-
rich capsular-like layer around the organism, and it 
will be interesting to determine if this is also the 
case with keratinocytes.173

The role of DC and NK cells in innate and 
acquired immune responses against Malassezia in 
atopic and nonatopic individuals has been exten-
sively studied. Uptake of whole M. furfur yeast 
cells and various allergenic components from the 
yeast, including M. furfur extracts, recombinant 
M. furfur allergen 5 (Mal-f-5), and M. furfur man-
nan by immature monocyte-derived dendritic cells 
(MDDCs) has been demonstrated in vitro.174,175 
The internalization of Malassezia was shown to 
occur via binding to the mannose receptor (other 
receptors may also be involved) or pinocytosis and 
is not influenced by IgE. The presence of M. furfur 
was also shown to induce maturation of immature 
MDDCs by upregulation of CD83 expression, and 
increase in expression of the co-stimulatory mol-
ecules CD80 and CD86.174–176

The uptake of the yeast by the DCs also induced 
a significant production of TNF-α, IL-1β, and 
IL-18, but not IL-10 or IL-12, after 46 hours of 
coculture. Although immature DCs are highly 
phagocytic, mature DCs are excellent at presenting 
antigen-derived peptides on MHC molecules to 
T cells.177 Thus, the DCs that had been exposed to 
Malassezia induced proliferation of autologous 
T lymphocytes in a dose-dependent way.177–179 
The interaction of Malassezia-infected mature 
DCs with NK cells in atopic patients also has been 
examined by comparing the numbers of NK cells 
in the normal skin of healthy controls with those 
in the atopic skin of atopic dermatitis or AEDS 
patients.174,180 These studies showed that there were 
only scanty NK cells in normal skin, but that they 
were numerous in the atopic skin, and they were in 
close apposition with DCs. Dendritic cells that had 
been preincubated with Malassezia for 46 hours 
were less susceptible to NK-mediated lysis, and 
this resistance to NK lysis was mediated by soluble 
factors.180–184

This protection of DCs against NK-mediated 
lysis, if it were to occur in vivo, would allow the 
mature dendritic cells to remain in the epidermis, 
presenting Malassezia antigens to T cells and 
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hence contributing to the maintenance of the 
inflammatory response in AEDS lesions.183,184 
The effect of different forms of Malassezia on the 
responses of DCs has been examined. Similar to 
that described in immunity against C. albicans, the 
yeast phase elicits production of IL-12 and prim-
ing of Th1 cells, while the hyphal phase inhibits 
IL-12 and Th1 priming, and induces production of 
IL-4, a Th2-type cytokine.185–187 Similar to other 
fungi, Th1 T-cell–mediated immunity is important 
in the prevention and recovery from infections. 
A deficiency in cell-mediated Th1 responses could 
therefore predispose the host to overgrowth of 
Malassezia. Atopic patients with specific IgE 
antibodies against M. furfur were shown to have 
increased synthesis of the Th2-related cytokines 
IL-4, IL-5, and IL-10 by Malassezia-stimulated 
PBMCs.185–187

In regard to humoral immune responses 
against Malassezia, it is clear that IgG responses 
to Malassezia yeasts are common in both healthy 
individuals and patients with Malassezia-associated 
diseases. This probably reflects exposure of the 
immune system to antigens produced by commensal 
organisms.188 However, enhanced IgG responses 
can be seen in humans with atopic dermatitis. The 
role of this IgG response in the pathogenesis of 
skin disease is currently unclear. IgG antibodies 
are known to be able to act as opsonins coating 
microorganisms and to activate phagocytes, which 
in turn ingest and destroy extracellular pathogens. 
This could in theory provide protection for the host. 
However, as overgrowth with Malassezia does not 
appear to be a self-resolving condition, it seems 
likely that these antibodies are not protective.189,190 
Alternatively, IgG antibodies could activate the 
complement system, as has been demonstrated with 
Pityrosporum ovale and P. orbiculare, and exacer-
bate the inflammatory response.191 A final possibil-
ity is that IgG responses to the yeast are merely an 
association and neither contributes to nor inhibits 
the ongoing disease process.190 Further studies 
are therefore required to determine the precise role 
played by these antibodies in Malassezia-induced 
skin disease. Using in vitro serologic tests such as 
enzyme-linked immunosorbent assay (ELISA), the 
radioallergosorbent test (RAST), and Western immu-
noblotting, Malassezia-specific IgE has been detected 
in human atopic patients for over a decade.189,190 
Stimulation with Malassezia extracts and IL-4 

led to a dose-dependent increase in IgE synthesis 
from PBMCs only in RAST(+) atopic patients, 
indicating a Th2-type skewed response towards 
Malassezia in these patients.192,193 The Malassezia-
specific IgE antibodies in human atopic patients 
could play a key role in enhancement of immune 
responses.191–193 The allergen-specific IgE antibod-
ies could bind to Langerhans’ cells in the skin, thus 
enhancing their allergen capturing and presentation 
capacity upon a second encounter with the allergen. 
In addition, IgE could mediate mast cell-mediated 
hypersensitivity responses to Malassezia allergens, 
and that may be involved in the pathogenesis, and 
contribute to the clinical signs, in some cases of 
human atopic dermatitis.

Subcutaneous Mycosis

Chromoblastomycosis

Clinical Manifestations and Pathogenesis 
of the Disease

Chromoblastomycosis is a term that designates 
a group of chronic cutaneous and subcutaneous 
mycoses caused by several species of dematia-
ceous (darkly pigmented) fungi. As a member of 
the heterogeneous group of subcutaneous mycoses, 
chromoblastomycosis commonly presents the fol-
lowing typical features: lesions beginning at the 
site of a transcutaneous trauma, chronic evolution 
associated with survival of the fungal agent, and 
fibrotic reaction.194–196 In tissues, all agents form 
thick-walled, dark multiseptate structures—the 
muriform (sclerotic) cells. It is common world-
wide but occurs mostly in tropical and subtropi-
cal areas of Africa, Asia, and South America. 
Chromoblastomycosis is considered an occupa-
tional disease in many tropical and temperate 
countries (Madagascar, northern Venezuela, and 
the Amazon region of Brazil).197–199

The disease is caused by a large number of fungi 
that exist in the soil, plants, flowers, and wood. 
The most common agents are Fonsecaea pedrosoi 
and Cladophialophora carrionii. The latter is con-
sidered to be the most important etiologic agent in 
deserts in South Africa and Australia.197–199 Less 
frequently, the disease is caused by Phialophora 
verrucosa, Rhinocladiella aquaspersa, or Wangiella 
Exophiala dermatitidis. Other etiologic agents that 
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were discovered recently are Exophiala jeanselmei 
and Exophiala spinifera. Fonsecaea compacta has 
also been observed in lesions of chromoblastomy-
cosis. The etiologic agents enter the host through 
cutaneous puncture wounds, usually on a thorn or a 
splinter. Other kinds of trauma such as animal-associ-
ated trauma (insect bite or sting) are identified as the 
portal of entry of the fungus.

A primary lesion is represented by a papule that 
slowly enlarges over time and can ulcerate. The 
primary lesion can progress to polymorphic skin 
lesions, including nodular and verrucous lesions. 
Sometimes the lesions can heal as sclerotic plaques, 
scars, or keloid formations.194–199 The most frequent 
clinical presentation is a cauliflower-like lesion 
that develops at the site of inoculation, and satellite 
lesions gradually arise from scratching autoinocula-
tion and spread via the lymphatic system. Secondary 
lymph edema and pruritus are common findings, but 
the disease remains confined to the subcutaneous 
tissue and does not invade underlying muscles and 
bone, except in immunosuppressed patients such 
as those on high-dose corticosteroids. The lower 
limb is the most common site followed by the upper 
limb, ear pinna, and nose.194–199 The diagnosis can 
be made by detection of multiform cells, referred 
to as sclerotic bodies, from tissue biopsies or from 
fungal culture. Hydrogen peroxide and hematoxylin 
and eosin (H&E) are recommended stains for elu-
cidation of the sclerotic bodies in tissues.199,200 The 
hyphae and budding cells are usually seen in the sur-
face of the lesion, while the muriform cells are often 
seen in the deep part of the lesion. The treatment of 
chromoblastomycosis is difficult due to its limited 
response to oral antifungal therapy.201,202 Medical 
treatment usually includes combined use of anti-
fungal drugs such as itraconazole with terbinafine. 
Other treatment strategies include a combination of 
cryotherapy, fluorocytosine, and amphotericin B. 
Surgical treatment is the ultimate effective therapy, 
which involves surgical removal of lesions, electro-
desiccation, and cryosurgery.

Immunology of Chromoblastomycosis

The host defense mechanism in chromoblastomy-
cosis has not been extensively investigated. Some 
studies have focused on fungus–host interactions, 
showing a predominantly cell-mediated immune 
response, with activated macrophages involved in 

fungus phagocytosis.203–205 The highly organized 
inflammatory reaction and chronic nature of chro-
moblastomycosis is characterized by the presence 
of a granulomatous reaction in association with 
neutrophil-rich purulent abscesses. This granulo-
matous reaction shows extensive phagocytosis of 
brown thick-wall fungal cells, which is considered 
the main factor explaining the chronic and inflam-
matory nature of the disease.199,206

Macrophages (referred to as epithelioid or giant 
cells) are highly activated as marked by higher 
expression of TNF-α and their enhanced in vitro 
antifungal activities marked by H2O2 and NO produc-
tion.207,208 Inhibition of NO synthesis by macrophages 
by fungus-produced melanin has been proposed as 
an immune evasion mechanism that prevents the 
host from clearing F. pedrosoi, leading to a chronic 
disease.209 CD4 Th1 cells and type 1 response is 
important for host defense against causative agents 
of chromoblastomycosis.210 Patients with a mild form 
of the disease have predominant production of IFN-γ, 
low levels of IL-10, and efficient T-cell proliferation, 
consistent with a type 1 response, while patients with 
the severe form of the disease have predominant pro-
duction of IL-10, low levels of IFN-γ, and inefficient 
T-cell proliferation, consistent with an immunosup-
pression rather than Th2 response.210,211

Histopathologic and immunohistochemical stain-
ing of skin tissues from patients with the verrucous 
form of the disease has identified CD4 T lym-
phocytes at the periphery of the granulomas, with 
immunostaining for IL-10. These findings suggest 
that either a Th2 phenotype or immunosuppression 
is linked to severe or verrucous forms. Furthermore, 
patients with chromoblastomycosis produce specific 
IgM, IgG, and IgA antibodies.203 Several cell wall 
and secreted immunoreactive antigens of F. pedrosoi 
have been identified. Antifungal antibodies specific 
to secreted melanin inhibit fungal development, sup-
port fungal internalization, and enhance macrophage 
functions as marked by greater degrees of oxida-
tive burst.212 Sera from infected human patients 
also reacted with secreted melanins, suggesting 
that F. pedrosoi synthesizes melanin in vivo.212 
Antibodies against melanin purified from patients’ 
sera also reacted with sclerotic cells from patients’ 
lesions as well as with sclerotic bodies cultivated in 
vitro—conidia, mycelium, and digested residues.213 
Taken together, these results indicate that melanin 
from F. pedrosoi is an immunologically active 
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fungal structure that activates humoral and cel-
lular responses that could help the control of chro-
moblastomycosis. Glucosylceramide (GlcCer) is 
another immunoreactive conserved lipid component 
in the cell wall of many fungi including dark fungi. 
Antifungal antibodies specific to GalCer directly 
inhibit fungal development, which supported the 
use of monoclonal antibodies to GlcCer as potential 
tools in antifungal immunotherapy.214,215 However, 
unlike the clear correlation between mild disease 
and cell mediated type 1 response, evidence that 
supports a protective role of the humoral immune 
response in host defense in chromoblastomycosis is 
inconclusive.

Mycetoma

Clinical Manifestation and Pathogenesis 
of Fungal Disease

Mycetoma is a chronic granulomatous infection 
caused by fungi (eumycetoma) or actinomycetes 
(actinomycetoma). The first description of a case of 
mycetoma is usually attributed to Dr. John Gill, who 
reported “Madura foot” in a report of the Madras 
Medical Service of the British Army in India in 
1842.216–219 The mycetoma lesion is characterized 
by a subcutaneous mass and multiple sinuses drain-
ing pus, blood, and fungal grains. The morphologic 
characteristics and color of the grains provides 
clues about the species of the agents. The myce-
toma infection has a prolonged and indolent course. 
The mycetoma lesion might ultimately extend 
to deeper tissues and bones, leading to deform-
ity of the affected site and subsequent disability 
for the patient. This disease has been reported in 
many countries including Sudan, Somalia, Senegal, 
Mauritania, Kenya, Niger, Nigeria, Ethiopia, 
Chad, Cameroon, Djibouti, India, Yemen, Mexico, 
Venezuela, Columbia, and Argentina.216–220

Mycetoma infection is not self-curing and, if 
untreated, leads to massive lesions, which in the 
end necessitate surgical amputation. Mycetoma ini-
tially presents as a slowly progressive and painless 
subcutaneous swelling, sometimes in combination 
with a history of preceding trauma.220–222 However, 
the incubation time before classic signs develop is 
not well defined because in many cases the patients 
usually present at later stages of disease when 
most of early clinical symptoms have disappeared. 

The duration of the disease, the type of causative 
organism, the site of the infection, and the immune 
response of the host can all affect the clinical pres-
entation of mycetoma. However, patients with a 
short disease history might present with massive 
lesions and severe destruction of deep tissues and 
even of bones. The subcutaneous swelling is usu-
ally firm and rounded but it can also be soft and 
lobular. It is rarely cystic and is often movable. The 
subcutaneous nodule increases in size, and second-
ary nodules might evolve as well. The nodules 
might suppurate and drain through multiple sinus 
tracts, which can close transiently after discharge 
during the active phase of the disease. The disease 
process involves opening of fresh adjacent sinuses 
while the old ones heal completely. The nodules 
are connected to the skin surface and to each other 
through deep sterile abscesses.

Mycetoma can affect any part of the body. Most 
cases are usually seen in the feet, followed by the 
hands, legs, and knee joints. Rarely, the chest and 
abdominal walls, facial bones, paranasal sinuses, 
eyelid, orbit, scrotum, and old surgical incisions 
might also be affected.219–223 Mycetoma spreads 
locally or through the lymphatic system, and, rarely, 
through the bloodstream. Compared to actinomyc-
etoma where secondary nodules, which represent 
lymphatic metastasis, are common, eumycetoma 
is rarely associated with secondary nodules.224 
Mycetoma is usually painless, and the mycetoma 
lesion has been suggested to produce substances 
that have an anesthetic effect. At a late stage of 
the disease, the absence of pain might be due to 
nerve damage by the tense fibrous tissue reaction 
or endarteritis obliterans, or alternatively, poor vas-
cularization of the nerves. In the final stages of the 
disease, pain might be due to invasion of the bone or 
to secondary bacterial infection. As the mycetoma 
granuloma increases in size, the skin may become 
smooth and shiny, and areas of hypopigmentation 
or hyperpigmentation can develop.221–225

Diagnosis of mycetoma is based on the presence 
of subcutaneous mass, sinuses, and granular dis-
charge in patients from an endemic area. Madurella 
species, the causative agents for eumycetoma, in 
general are slow-growing fungi that produce dark 
colonies composed of a dense, melanized, and 
mostly sterile mycelium. Madurella species are 
well-known agents of black-grain mycetoma. Two 
species are recognized, M. mycetomatis and M. grisea. 
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In different culture media, M. mycetomatis strains 
show various colonies and moderate growth rate. 
The colonies, which are white and woolly at first, 
becoming olivaceous, yellow, or brown, and produce 
a brownish, diffusing pigment. Colonies are mostly 
sterile, composed of dense melanized mycelium. 
No efficient sporulation has ever been seen.226,227 
However, phialides with minute conidia in balls and 
collarettes may be seen. Species-differentiation of 
M. mycetomatis and M. grisea can be made by dif-
ferences in sugar assimilation and optimal growth 
temperature. M. mycetomatis assimilates lactose but 
not sucrose, whereas M. grisea assimilates sucrose 
but not lactose. M. mycetomatis grows well at 37°C, 
while M. grisea does not grow at 37°C (growth is 
seen at 30°C). This finding might also explain the 
observed difference in virulence.

Molecular tests have recently been developed 
and have significantly improved the diagnosis. The 
polymerase chain reaction (PCR) test is useful for 
detection and identification of M. mycetomatis in 
patients.228 The test showed that a wide range of 
agents can actually cause eumycetoma. When dif-
ferent isolates of M. mycetomatis deriving from 
patients originating from endemic areas were genet-
ically compared, they did not show major differ-
ences, despite differences in phenotypes seen when 
cultured.226–228 The diverse clinical presentations 
thus seem to be due to differences in host suscep-
tibility rather than gross genetic differences among 
the fungal strains involved. In addition to culture, 
biochemical, and molecular identification of the 
fungal etiologic agents of mycetoma, other diagnos-
tic tests are important in developing an appropriate 
plan of treatment.229–231 Magnetic resonance imag-
ing has been shown to be valuable in the detection 
and even identification of fungal grains and for the 
assessment of therapeutic success.231 Furthermore, 
radiology helps in clinical diagnostics, especially in 
the follow-up of disease progression, development 
of a surgical strategy, and assessing the clinical 
cure. At the level of the fungus, direct examination 
of grains might be useful in determining the type 
of mycetoma.229,230 The large numbers of causa-
tive organisms and the poor in-vitro differentia-
tion of fungi that cause mycetoma complicate the 
identification process. Histopathologic examina-
tion is generally not useful for differentiation of 
fungi, although some of the pigmented fungi may 
be categorized to a certain extent.232 Fine-needle 

aspiration cytologic methods for mycetoma have 
also been described and are considered to be useful. 
Finally, serodiagnosis also can be helpful in identi-
fication of the etiologic agent.233–237 The common 
serologic tests are immunodiffusion and ELISA; 
however, due to possible cross-reactivity between 
some species, the specificity of these assays is com-
promised.224,233–237

In tissues, M. mycetomatis forms numerous 
black sclerotia (grains). Grains are vegetative 
aggregates of the fungal mycelium embedded in a 
hard brown matrix, which consists of extracellular 
cement that seems to be 1,8-dihydroxynaphthalene 
melanin in combination with host tissue debris. 
This rigid matrix might act as a barrier protecting 
the fungus from the natural immunity of the host 
and antifungal agents. Melanins are thought to be 
protective in cases of host-induced oxidative stress. 
Two types of grains have been identified: filamen-
tous and, less commonly, vesicular. Triple-layered 
tissue reaction zones have been described around 
the grains. An inner neutrophil zone immediately 
around the grain, an intermediate zone containing 
mainly macrophages, and an outer zone consisting 
of lymphocytes and plasma cells mainly can be 
seen under the microscope.229,230,232 The medical 
treatment of eumycetoma is difficult, as the in-
vivo activity of azoles is often poor especially in 
late, advanced cases, but lesions of patients under 
ketoconazole treatment remain localized and well 
encapsulated. Thus, long-term treatment with itra-
conazole seems to be the best therapeutic regimen 
at present. Treatment of advanced cases usually 
implies amputation of the infected limb.

Immune Responses in Mycetoma

In 1964, Mahgoub233 was able to demonstrate 
that eumycetoma patients developed Abs against 
M. mycetomatis. Counterimmunoelectrophoresis, 
immunodiffusion, and ELISA were developed to 
detect Abs raised against different mycetoma causa-
tive agents, using crude culture extracts as Ag.234–236 
This did not identify the type of Abs produced or the 
nature of the Ags involved. It was not until the second 
half of the 1980s that it was experimentally demon-
strated that the cytoplasm, organelles, and, predomi-
nantly, the cell wall of M. mycetomatis were antigenic. 
About the same time it was also determined that 
IgM and IgG were the dominant immunoglobulins 
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resulting from mycetoma. In 1991, the first attempts 
were made to characterize the nature of the epitopes 
present in the crude extracts used for the initial experi-
ments. Cytoplasmic proteins were extracted from sev-
eral eumycetoma agents, and, although the different 
M. mycetomatis isolates had very heterogeneous 
protein profiles by sodium dodecyl sulfate–polyacry-
lamide gel (SDS-PAGE), the antigenic makeup was 
quite similar within the species.237 However, informa-
tion about the individual immunoreactive Ags was 
not examined at this study.234–237

A recent study identified the first immunogenic 
Ag, a protein homologous to the translational con-
trolled tumor protein (TCTP), a well-conserved 
histamine release factor in a range of eukaryotes.238 
The gene for this Ag was demonstrated to be present 
in two variants in M. mycetomatis, with 13% amino 
acid difference between the two proteins encoded. In 
vitro, TCTP was secreted into the culture medium. 
In vivo, this protein was found to be expressed on 
hyphae present in developing stages of the eumyc-
etoma-characteristic black grain. Significant IgG 
and IgM immune responses, against the whole pro-
tein and selected M. mycetomatis–specific peptides, 
were detected. The Ab levels correlated with lesion 
size and disease duration. Overall, the patients with 
the largest lesions had the highest Ab level, which 
lowered with decreasing size of the lesion. Similarly, 
prolonged duration of the disease was associated 
with the highest Ab levels. Whether these TCTP-
specific antibodies are markers of progressive and 
chronic disease or they play a protective role in host 
defenses against M. mycetomatis infection is not yet 
known. Nevertheless, this TCTP is considered to be 
the first well-characterized immunogenic Ag that 
can be used as a monomolecular vaccine candidate 
against M. mycetomatis.

Dimorphic Fungi with Cutaneous 
Involvement

Sporotrichosis

Clinical Manifestations and Pathogenesis 
of the Disease

Sporotrichosis is caused by a thermo-dependent 
dimorphic fungus, Sporothrix schenckii. The hyphal 
form that is present in the normal environment 

consists of both conidia and hyphae, while the 
yeast form develops at 37°C.239 The conidia or 
hyphae enter the body through either traumatic 
implantation or inhalation. However, S. schenckii 
is observed only as the yeast form in biopsies 
or excised specimens. Such conversion from 
hyphal to yeast form seems to occur in both the 
implantation and inhalation sites. Clinical mani-
festations of sporotrichosis are variable.239–243 
The major clinical manifestations occur in the 
skin and present primarily as either fixed cutane-
ous or lymphocutaneous forms. However, cases 
of disseminated cutaneous or visceral forms in 
immunosuppressed patients have been report-
edly increased.

Immune Responses in Cutaneous and Visceral 
Sporotrichosis

Both virulence factors of the individual S. schenckii 
strains and the immunologic status of the host 
determine the clinical manifestations of sporo-
trichosis.244,245 From the host perspective, cell-
mediated immunity to S. schenckii antigen is a 
key immunologic defense mechanism that con-
trols infection with S. schenckii.244,245 Both CD4+ 
Th1 cells producing IFN-γ and macrophages are 
required for the development of granuloma forma-
tion, which is a critical and essential component 
of normal host defense against the pathogens. 
Interferon-γ messenger RNA (mRNA) is detected 
in the granulomatous skin lesions of sporotricho-
sis,246 and immunohistochemical analysis demon-
strated the existence of IFN-γ–producing CD4+ T 
cells in the periphery of such lesions.247 The Th1 
response activates macrophages to kill intracellular 
S. schenckii. Other studies demonstrated a CD83+ 
DC subpopulation in the granulation tissue of 
sporotrichosis, which indicates that activated DCs 
that express co-stimulatory molecules such as 
CD83 may play important roles in the Th1 immune 
response against S. schenckii.248

From the fungal pathogen perspective, infection 
with different strains of S. schenckii possessing 
special virulence factors is a critical factor that 
contributes to different clinical manifestations of 
individual S. schenckii strains (cutaneous versus vis-
ceral strains).249,250 S. schenckii of cutaneous origin 
and yeast forms are more potent at activating DCs 
to induce subsequently stronger Th1-prone immune 
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responses than those of visceral origin as evidenced 
by (1) higher expressions of HLA-DR and co-
stimulatory molecules such as OX40L on DC and 
(2) higher induction of Th1 cytokines (IFN-γ and 
TNF-α). In contrast, S. schenckii of visceral origin 
positively induced a Th2 cytokine environment as 
evidenced by significantly higher IL-4 production 
and the inability to induce strong Th1 immune 
responses. Thus, similar to immune responses gen-
erated against other fungi described in this chapter, 
the Th1/Th2 balance may explain the differential 
clinical manifestations observed in cutaneous versus 
systemic or visceral sporotrichosis.249–252

Although the exact mechanism that accounts for 
differential Th1/Th2 responses following cutane-
ous and visceral sporotrichosis is not known, two 
possibilities are postulated: (1) different efficacies 
for the internalization of individual S. schenckii 
strains may affect the immunostimulatory response 
of DCs; and (2) differential expressions of sur-
face molecules on S. schenckii could contribute 
to differential abilities of these strains to stimu-
late DCs via TLR or other PRRs such as lec-
tin.253–255 Examination of fungal internalization 
reveals no difference between the cutaneous and 
visceral strains. Therefore, the second possibil-
ity involving differential interaction of different 
strains with different PRRs on various APCs is the 
most likely mechanism that accounts for different 
clinical manifestations between the two strains 
of Sporothrix.256–259 The PRRs that recognize 
S. schenckii have not yet been identified; however, 
TLR2 and TLR4 appear to be plausible because 
many fungi such as C. albicans, Aspergillus spp., 
and S. cerevisiae are recognized through TLR2 and 
TLR4. Recognition of fungi via TLR2 and TLR4 
activates several signaling molecules including 
JNK, ERK, p38 MAPK, and NF-κB pathways. 
While TLR induces release of proinflammatory 
cytokines such as IL-6 and TNF-α, TLR2 signals 
mediate antiinflammatory effect by release of IL-10 
that shifts the immune responses toward the Th2 
phenotype. Since IL-10 was not detected in stud-
ies involving interaction of S. schenckii with DCs, 
these studies suggested that TLR4, but not TLR2, 
might be the receptor to recognize S. schenckii of 
cutaneous, but not visceral, origin, which induces 
a strong Th1 immune response. In conclusion, 
S. schenckii of cutaneous, but not visceral, origin 
may be localized to the skin due to stimulation of 

protective Th1- responses.256–260 Nevertheless, the 
immune status of the host might be another con-
tributing factor that accounts for the limited versus 
disseminated disease in cutaneous and visceral 
sporotrichosis, respectively.

Coccidioidomycosis

Clinical Manifestations and Pathogenesis 
of Cutaneous and Systemic Disease

Coccidioidomycosis (San Joaquin Valley fever) is a 
mycotic disease caused by Coccidioides immitis and 
the newly proposed phylogenetic species C. posadasii. 
The fungus propagates in soil in the regions of the 
southwestern United States, Mexico, and Central 
and South America, in a region corresponding to the 
Lower Sonoran Life Zone.261 The saprobic phase is 
characterized by mycelia that give rise to infectious 
arthroconidia, which become aerosolized when the 
soil is disturbed. Humans acquire the infection by 
inhalation of the arthroconidia, which differentiate 
into large, endosporulating spherules once they are 
in the host. The disease presents a diverse clinical 
spectrum that includes inapparent infection, primary 
respiratory disease (usually with uncomplicated 
resolution), stabilized or progressive chronic pul-
monary disease, and extrapulmonary dissemination 
involving skin, which can be acute, chronic, or pro-
gressive. The degree of severity varies considerably 
within each category and depends, in part, on the 
dose of inhaled arthroconidia, the genetic predis-
position of the host, and the host’s immunologic 
status.261–265 Cutaneous infection with Coccidioides 
can also be acquired via a percutaneous route. Most 
infections occur in laboratory workers as a result of 
a hypodermic injection of Coccidioides. Primary 
cutaneous coccidioidomycosis is characterized by 
a painful suppurative lesion at the site of inocula-
tion, often with regional lymphadenopathy. Most of 
the cutaneous coccidioidomycosis acquired via this 
route is self-limited, and most cases have remained 
localized.261–265

Immune Response Against Cutaneous 
and Systemic Coccidioides

Polymorphonuclear leukocytes (PMNLs) com-
prise the earliest cellular influx to arthroconidia. 
Ingestion of the arthroconidia is followed by a 
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respiratory burst. However, fewer than 20% of the 
arthroconidia are killed by this mechanism, and 
some studies suggest that PMNL may promote the 
maturation of arthroconidia into endosporulating 
spherules. Transformation of arthroconidia into 
spherules renders the latter impervious to phago-
cytosis and killing by PMNLs.266,267 Rupture of the 
spherules and release of the endospores triggers an 
influx of PMNLs. Ingestion of the endospores trig-
gers an oxidative burst, and the level of intracellular 
killing is less effective compared to that observed 
in the killing of arthroconidia by PMNLs.266 Both 
arthroconidia and endospores are phagocytosed by 
monocytes/macrophages, but less than 1% of the 
phagocytosed cells are killed. One mechanism that 
Coccidioides might use to survive intracellularly 
is the inhibition of phagosome-lysosome fusion, 
a strategy used by many intracellular pathogens 
to evade the antimicrobial effects of phagocytes. 
Co-incubation of monocytes/macrophages with 
immune T lymphocytes or IFN-γ significantly 
enhanced their anticoccidioidal activity.266–268

Natural killer (NK) cells are a major compo-
nent of innate immunity against Coccidioides. On 
activation, NK cells secrete cytokines, notably 
IFN-γ, and chemokines that induce inflammatory 
responses and control the activation of monocytes 
and granulocytes. Before adaptive immunity has 
fully developed, NK cells are thought to the main 
source of IFN-γ, in response to macrophage-
derived IL-12 and IL-18.269 In addition, some 
studies suggest a direct cytotoxicity of NK cells 
to Coccidioides. Dendritic cells also play a pivotal 
role in innate immunity and adaptive immunity 
against Coccidioides. As described before, DCs 
are sentinel cells that trigger T-cell responses 
against several fungi. A study has shown the 
potential immunotherapeutic use of DCs when 
the anergy demonstrated by peripheral blood lym-
phocytes from patients with disseminated coccidi-
oidomycosis could be reversed by the addition of 
DCs pulsed with coccidioidal antigen.270 Although 
the study was conducted in vitro, additional 
studies of the restoration of immunity by DC 
immunotherapy in animal models could reveal a 
new avenue for adjunctive therapy in severe coccidi-
oidomycosis.275,276

Proinflammatory and Th1 cytokines play a domi-
nant protective role in antifungal host defense. 
It has been reported that heat-killed spherules 

and arthroconidia of Coccidioides induced the 
production of TNF-α by adherent mononuclear 
cells from healthy human donors. TNF-α has 
several biologic functions, including its ability to 
activate neutrophils, enhance the cytolytic activity 
of macrophages, augment NK-cell activity, and 
promote T- and B-cell proliferation. TNF-α has 
also been implicated as a major component in 
host-mediated destruction of host tissue. Similarly, 
IFN-γ production is associated with protection 
against Coccidioides infection and significantly 
lowers levels of IFN-γ, which is detected more fre-
quently in patients with disseminated disease than 
in healthy, skin test–positive persons. Incubation 
of the monocytes with recombinant human IFN-γ 
or recombinant TNF-α augmented the fungicidal 
capabilities of the monocytes via increases in 
phagosome-lysosome fusion.268–272 The mechanism 
by which IFN-γ or TNF-α activates human mono-
cytes to kill Coccidioides is not known, but in studies 
with other intracellular pathogens such as those 
examining responses of human alveolar macro-
phages from tuberculosis patients, IFN-γ and TNF-α
activate the macrophages to generate nitric oxide 
and related reactive nitrogen intermediates via nitric 
oxide synthase, using l-arginine as the substrate.

Different profiles of adaptive immune responses 
in persons with various clinical forms of coc-
cidioidomycosis have been characterized. Persons 
with primary, asymptomatic, or benign disease 
characteristically have strong skin test reactivity 
to coccidioidin (the classic antigen preparation 
that was used in the early skin test and sero-
logic studies), and low or nondemonstrable levels 
of anti-Coccidioides complement fixation (CF) 
antibody.271–273 The converse pattern develops in 
patients who develop severe, chronic, or progres-
sive pulmonary or disseminated disease. Typically, 
these persons, in particular those with disease 
involving two or more organ systems, are hypore-
sponsive or show anergy to coccidioidal skin testing 
but have high levels of anti-Coccidioides IgG to the 
CF antigen. Recovery from active disease, either 
spontaneous or in response to antifungal therapy, 
is in many patients associated with a reacquisition 
of T-cell reactivity to Coccidioides antigens and 
decreased CF antibody titers.271–273

Chronic or progressive coccidioidomycosis is 
associated with a polyclonal B-lymphocyte activa-
tion, as evidenced by elevated levels of IgG, IgA, 
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and IgE in serum. Antibodies reactive with coc-
cidioidal antigens have been demonstrable within 
each of these Ig classes.274–276 Serum IgG levels 
directly correlate with disease involvement, being 
highest in patients with multifocal involvement. The 
serum IgA level is elevated in approximately 20% 
of patients, being manifested most often in patients 
with chronic pulmonary disease. Hyperproduction 
of IgE would be consistent with a Th2 response 
and has been demonstrated in approximately 23% 
of patients with active disease, with the highest 
incidence occurring in patients with disseminated 
disease and, within this group, in patients who have 
disease involving two or more organ systems.272–274

Longitudinal studies of coccidioidomycosis 
patients with excessive IgE levels revealed that, 
in most patients, IgE production diminished to 
normal or near-normal levels after clinical remis-
sion, suggesting that IgE hyperproduction is a 
consequence of the disease.273 This interpretation 
is countered, however, by the report that atopic 
persons are at greater risk of developing sympto-
matic coccidioidomycosis than are persons who are 
nonatopic.277 Circulating immune complexes com-
plement products binding have been detected in 
sera from coccidioidomycosis patients and shown 
to correlate with disease severity. Whereas 33% of 
sera from patients with disease involving a single 
organ system had elevated immune complex lev-
els, 67% of sera from patients with disseminated 
multifocal disease showed circulating immune 
complexes. The role, if any, of immune complexes 
in the immunopathogenesis of coccidioidomycosis 
is not known.

Investigators reported suppression of lym-
phocyte proliferation responses when lymphocytes 
from healthy coccidioidin skin test–positive per-
sons were assayed in the presence of patient sera 
and, conversely, augmentation of the responses 
of patient lymphocytes when assayed in sera 
from healthy subjects (versus autologous serum). 
However, addition of immune complexes formed 
in vitro (by the addition of coccidioidin to a 
serum sample with high levels of anti-Coccidioides 
IgG) to cultured mononuclear cells from healthy, 
coccidioidin skin test–positive persons did not 
suppress their proliferation response to coccidi-
oidin. These results, taken together, argue against 
suppression by immune complexes and raise the 
question of whether the suppression observed with 

patient sera was merely attributable to the neutrali-
zation of coccidioidin in such a manner that it was 
not available to stimulate lymphocytes.275–277

Cutaneous Histoplasmosis

Clinical Manifestations and Pathogenesis 
of Cutaneous and Systemic Histoplasmosis

Histoplasmosis, caused by the dimorphic fun-
gus Histoplasma capsulatum, is a deep mycosis 
endemic to regions in the Western Hemisphere, 
including southern Mexico and some areas of 
the southeastern United States. The infection is 
acquired by the inhalation of spores from soil 
contaminated by bird and bat excreta. Histoplasma 
capsulatum is an opportunistic pathogen residing 
in the macrophage phagolysosome. Histoplasma 
infection commonly results in mild or inapparent 
clinical symptoms in immune-competent individu-
als.278–280 However, in immune-compromised indi-
viduals deficient in CD4+ T-cell function, failure of 
adequate granuloma function formation allows the 
fungus to disseminate systemically and can lead to 
a life-threatening disease. Thus, in endemic areas, 
histoplasmosis affects a susceptible population of 
patients with secondary immune defects due to 
HIV infection, immune suppression after trans-
plantation, or anti–TNF-α immunotherapy

Three forms of histoplasmosis in susceptible 
individuals, including acute pulmonary, chronic 
cavitary, and disseminated histoplasmosis, have 
been described. In the pre-AIDS era, disseminated 
histoplasmosis was rare and the cutaneous mani-
festations were reported infrequently, mainly in 
patients at the extremes of age and in those with 
decreased cell immunity secondary to inborn errors 
of immunity, malignancies, and cytotoxic or ster-
oid therapy. Whether HIV-associated disseminated 
histoplasmosis is a manifestation of progressive 
primary infection or whether it represents reactiva-
tion of old infection, is currently unknown. The 
cutaneous manifestations of histoplasmosis are 
reported to occur in 10% to 25% of AIDS patients 
with disseminated histoplasmosis.281,284 Clinical 
manifestation of cutaneous histoplasmosis varies 
depending on the stage of the disease and immune 
status of the host. The cutaneous lesions usually 
have not only different morphologic appearances 
in different patients but also varying morphology 
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in the same patient. The cutaneous histopatho-
logic spectrum comprises necrotizing tuberculoid 
and nonnecrotizing granulomatous inflammation 
with focal organisms, diffuse dermal histiocytosis 
(DDH), and diffuse dermal karyorrhexis (DDK) 
characterized by the presence of sheets of heavily 
parasitized histiocytes.281–284 Clumps of H. capsu-
latum var. capsulatum, released from disintegrat-
ing macrophages, are identified predominantly 
extracellularly in an interstitial location in DDK, 
while a dense infiltrate of heavily parasitized 
histiocytes is identified in biopsies demonstrating 
DDH. Exfoliative dermatitis and cutaneous vascu-
litis have not been documented in AIDS patients 
with disseminated histoplasmosis. The lesions 
are usually painless unless they ulcerate. The 
skin lesions are widely disseminated, but they are 
common on the trunk, face, and upper limbs. In 
the majority of patients, cutaneous histoplasmosis 
is accompanied by disseminated histoplasmosis 
involving lung, bone marrow, esophagus, duode-
num, and liver.281–284

Since the clinical lesions of histoplasmosis are 
nondiagnostic and the morphologic spectrum is 
shared by a range of infective and noninfective dis-
eases that are common in AIDS patients, the gold 
standard of differentiating disseminated cutaneous 
histoplasmosis (DCH) from other processes is the 
identification and isolation of the infective agent 
in tissue sections and in fungal cultures, respec-
tively.285–289 Cutaneous histoplasmosis entails dis-
ease caused by two morphologically different forms 
of the fungus, H. capsulatum var. capsulatum and 
H. capsulatum var. duboisii. H. capsulatum var. 
duboisii infection causes a relatively indolent form 
of histoplasmosis with skin, bone, and lymph node 
involvement, and rarely fatal disseminated disease, 
while H. capsulatum var. capsulatum causes wide-
spread visceral (including pulmonary) involvement 
that is commonly fatal. However, the cutaneous 
clinical spectrum of H. capsulatum var. capsu-
latum is similar to that caused by H. capsulatum 
var. duboisii infection in some features including 
isolated or disseminated papules, nodules, plaques, 
or large subcutaneous nodules. The most impor-
tant distinguishing feature is the larger size of 
H. capsulatum var. duboisii yeasts (i.e., 8–15 µm) 
and their predominant location within foreign 
body giant cells. H. capsulatum var. capsulatum, 
2–4 µm in diameter, is located predominantly 

within histiocytes and less commonly in giant 
cells. Under special circumstances, H. capsulatum 
var. capsulatum is known to transform to a larger 
size that mimics H. capsulatum var. duboisii. Both 
organisms may be identified extracellularly. Round 
and oval configuration of the yeasts is common to 
both variants.285–289

The yeast forms of B. dermatitidis may resem-
ble H. capsulatum var. capsulatum; however, the 
former forms are multinucleate and demonstrate 
broad-based budding, while H. capsulatum var. 
capsulatum is uninucleate with narrow-necked 
budding. Other fungal pathogens with similar mor-
phology are encapsulated and nonencapsulated 
C. neoformans that stains black or dark brown 
with the Fontana–Masson stain, while H. capsulatum 
var. capsulatum is characteristically negative. 
Intracellular small yeast forms have also been doc-
umented in sporotrichosis. S. schenckii, however, 
grows easily in cultures as dark brown colonies at 
25°C within 5 days.285–289 Furthermore, identifica-
tion of Sporothrix schenckii within microabscesses 
is facilitated when a Splendore–Hoeppli phenom-
enon is present. The presence of pseudohyphae, 
and intercellular location of the yeast cells in tissues 
allow the differentiation of Candida species that 
have a comparable size range to H. capsulatum var. 
capsulatum. Finally, H. capsulatum var. capsulatum 
must be distinguished from Leishmania species, which 
may be difficult on low-power examination, as both 
organisms share a 2- to 4-µm size range, round and 
oval morphology, and intracellular location. High-
power examination, however, demonstrates the 
kinetoplast of Leishmania amastigotes, which on 
Giemsa-stained sections appears red and is not seen 
in H. capsulatum var. capsulatum.289

Immune Response Against Histoplasma 
Capsulatum

Histopathologic examination of skin biopsies from 
HIV patients with disseminated cutaneous histo-
plasmosis demonstrated granulomatous inflamma-
tion with a histiocytic palisade bordering central 
necrosis. Although intracellular organisms were 
identified focally within histiocytes and giant cells, 
they were not numerous as in the biopsies that 
lacked a granulomatous component.290,291 The 
granuloma is a form of delayed-type hypersensitiv-
ity. Localized inflammatory lesions composed of 
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infected macrophages and fused giant cells can sub-
sequently form granulomata with the help of CD4+ 
T lymphocytes. CD4+ T cells are very important 
for initiating and regulating granuloma function, 
but macrophages are the dominant cell type. The 
benefit of granuloma formation for the host is that it 
isolates the inflammation, protects the surrounding 
healthy tissue, controls the growth of pathogens, 
and prevents systemic dissemination. At the same 
time, the microorganism may also benefit from 
localization to the granuloma.

As an isolated microenvironment, granuloma 
presents a special environment for the pathogen in 
the host.290–292 The chronic granulomatous lesion 
may be the reservoir from which surviving patho-
gens emerge to reactivate the infection after a long-
term latency is broken by a compromised immune 
system. Thus, granulomata formed in response to 
macrophages infected by Histoplasma are most 
likely a dominant component of the highly effective 
antifungal immune response. Conversely, the pro-
gressive, disseminated histoplasmosis observed in 
immune-compromised persons arises in large part 
from failures of established granulomas and failure 
to form new inflammatory lesions in response to 
recently infected macrophages. While there is 
growing knowledge about the nature of systemic 
immunity during the course of histoplasmosis, 
there is little known about local immune responses 
within granulomas despite these lesions represent-
ing the main interaction between the fungi and the 
host. A recent study in mice isolated H. capsula-
tum–induced granulomas in order to determine the 
cellular composition and cytokine milieu of granu-
loma-infiltrating cells during the course of dissemi-
nated infection that involves multiple organs.284 
The average granuloma size reaches a maximum 
at day 10 of the infection and subsequently declines. 
Furthermore, this study shows that IL-10 and TGF-β
were elevated in the Histoplasma granuloma, 
mainly at early stages of granuloma formation. 
The main source of TGF-β were macrophages. 
In addition to production of IL-10, the decreased 
granuloma size in this animal model of histoplas-
mosis was postulated to be due to fungal clearance 
leading to decreased antigenic stimuli, inflam-
matory agents, chemoattractants, and attenuated 
cellular recruitment. Although the new granuloma 
formation was detected after clearance of the yeast, 
it is not completely clear whether granulomatous 

protection is completely sterilizing. However, it 
is possible that very low numbers of yeast survive 
within granuloma similar to Mycobacterium tuber-
culosis and serve as a source for reactivation during 
immune deficiency.

Identification of the type of cells infiltrating 
the granuloma indicates that macrophages are the 
dominant cell type in the lesion reaching up to 70% 
of the granuloma. The local expressions of IFN-γ 
and TNF-α in the lesion indicate that most of infil-
trating macrophages are activated. The main cellu-
lar source of IFN-γ in the granulomas is CD4+ and 
CD8+ T cells. Interferon-γ plays a central role in 
the immunity against H. capsulatum as marked by 
findings that IFN-γ–deficient animals are killed by 
H. capsulatum infection.293 Local IFN-γ activates 
macrophage to produce reactive radicals crucial to 
control of the yeast. The primary cellular source of 
TNF-α is the macrophage, and T cells contribute 
little if any to local TNF-α levels. Therapeutic 
anti-TNF-α treatments induced reactivation of 
latent H. capsulatum infection in some patients, 
emphasizing the role of this mediator in control 
of the yeast and preventing dissemination.294 The 
H&E-stained sections suggest that most lesions 
have few, if any, neutrophils, and flow cytometry 
analysis indicates that only a low percentage of 
granuloma-infiltrating cells express a dendritic 
cell phenotype (CD11c+DEC205+).284 The latter 
could be due to the fact that DCs are professional 
APCs that sample antigens from peripheral sites of 
infection, and migrate to lymph nodes where they 
stimulate T cells.

The presence of DCs may provide a local 
reactivation for the recruited effector T cells and 
raises the possibility that they sample granuloma 
Ags and may carry them to draining lymph nodes. 
The idea that Ags in granulomas contained might 
prime systemic T cells needs further investigation. 
Both effector CD25low CD4+ and CD8+ T cells are 
recruited to the lesions. At early stages, there was 
more CD4+ T cells present, but later the ratio was 
close to 1:1. This temporal change in the CD4/CD8 
T-cell ratio likely reflects the somewhat earlier sys-
temic activation of CD4+ T cells relative to activa-
tion of CD8+ T cells. Interestingly, in HIV patients 
with disseminated cutaneous histoplasmosis, a pre-
dominant infiltration of CD8+ T cells was detected 
in biopsy samples from skin lesions.284 Both T cells 
contribute to the cytokine milieu of the granulomas. 
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In contrast to high infiltration with CD4+CD25low 
T cells, CD25highCD4+ T cells, thought to be regu-
latory T cells, are present at much lower levels in 
the granuloma relative to both infected spleen and 
naive spleen, suggesting an exclusion of those cells 
from the local inflammatory site. Thus, the role of 
regulatory T cells in Histoplasma-induced granu-
loma formation warrants more investigation since 
these cells are reported to regulate Leishmania- and 
Schistosoma-induced lesions.

However, due to the limitation of regulatory 
T-cell classification based on CD25 expression 
alone, additional phenotypic and functional char-
acterization will be needed in further studies of 
regulatory T cells in Histoplasma infection. The 
level of γδ T cells was also lower in granulomas 
compared with systemic sites; γδ T cells have been 
reported in granulomas affecting granuloma size 
during the chronic stage of infection. A low level 
of B cells was also present having a conventional 
B cell phenotype (CD5−, Mac-1−) characteristic 
of peripheral blood.284 The local Ab production in 
the granuloma could be potentially important since 
there are reports that Abs can protect against intra-
cellular yeasts. Taken altogether, local granuloma 
responses in histoplasmosis at infection site(s) are 
similar to systemic responses represented by the 
spleen where responses against Histoplasma infec-
tion are dominated by CD4+ Th1 cell responses 
and require IFN-γ and TNF-α for activation of 
macrophages.

Conclusion

Due to the increased populations of immunocom-
promised patients, the clinical relevance of fungal 
infections has risen in the last three decades. 
Fungal diseases are classed according to the site 
of the primary infection: superficial, cutaneous, 
subcutaneous, and deep or systemic. Dimorphic 
fungi assume both yeast and hyphal states based on 
environmental conditions and the hosts’ immune 
response. Certain fungi can synthesize capsu-
lar components, which can affect host immune 
responses. The innate response to fungi serves both 
a direct antifungal effector activity and an activa-
tion and induction of the specific adaptive immune 
responses. Understanding the immune response to 
fungal infections has led to better diagnostic tests 

and therapeutic interventions for fungal diseases. 
In the future, it is hoped that this knowledge will 
lead to vaccines for their prevention.
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Key Points

● Cutaneous T-cell lymphomas are a group of 
extranodal non-Hodgkin’s lymphomas that 
present initially in the skin.

● The incidence of this condition is approximately 
0.52–0.64/100,000 person-years.

● Cutaneous T-cell lymphomas usually present as 
indolent patches and plaques, but may also present 
with more aggressive tumors or erythroderm. The 
survival is highly dependent on the stage of the 
disease.

● The diagnosis is made with clinical findings and 
histology. Staging of this disease is critical, and 
this may include history and physical examina-
tion, blood tests, peripheral blood flow cytom-
etry, and Sézary cell preparations, and scans for 
internal involvement.

● Cell trafficking of malignant T cells into the skin 
and the epidermis is critical in the pathophysiol-
ogy of this disease, and involves chemokines and 
chemokine receptors.

● The immunology of this condition suggests that 
T-helper-2 (Th2) lymphocyte cytokine patterns 
are associated with the malignant cells, and there 
is a progressive loss of cellular immunity with 
advancing disease.

● There are two major categories of treatments 
for this condition: skin-directed therapies or 
systemic therapies. Combination therapies are 
effective and have immunomodulatory effects.

● Bone marrow transplantation is an emerging therapy 
for patients with advanced disease that is refractory 
to skin and systemic therapy.

Cutaneous T-cell lymphomas (CTCLs) are a group 
of extranodal non-Hodgkin’s lymphomas (NHLs) 

that present primarily in the skin. The most com-
mon type of CTCLs, mycosis fungoides (MF) and 
Sézary syndrome (SS), were first described over 
two centuries ago, and since that time, the clinical 
characteristics, pathophysiology, and immunobiol-
ogy have been characterized in detail. Derived from 
skin-homing, mature, effector T cells that usually 
express CLA/CD4/CCR4/CCR10 and lack T-cell 
markers CD7 and CD26, the malignant MF/SS cells 
typically have a T-helper-2 (Th2) phenotype. With 
more advanced disease, Th2 cytokines predominate 
and result in decreased host cell-mediated immunity 
that likely contributes to increased susceptibility 
to infection and disease progression. Early aggres-
sive systemic chemotherapy has not been shown to 
improve overall survival in MF/SS, and over the past 
30 years the therapeutic approach has undergone 
a paradigm shift, such that skin-directed therapies 
(SDTs) and systemic immune-modifying biologics 
play a central role in MF/SS management.1 This 
chapter reviews MF/SS clinical presentation, stag-
ing workup, pathophysiology, and immunobiology, 
and discusses how these factors have shaped current 
treatment strategies. In particular, this chapter high-
lights MF/SS chemokine biology, immune defects, 
and immune-modifying therapies, including the new 
frontier of hematopoietic stem cell transplantation.

Clinical Presentation

Cutaneous T-cell lymphomas are a heterogeneous 
group of extranodal lymphomas, and they were 
recently the subject of a new joint classification 
system by the World Health Organization (WHO) 
and the European Organization for Research and 
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Treatment of Cancer (EORTC) (Table 25.1). 
Mycosis fungoides/Sézary syndrome is relatively 
uncommon, and comprises approximately 1% of all 
NHLs. A recent study of lymphoma incidence pat-
terns in the United States (1992–2001, Surveillance, 
Epidemiology, and End Results [SEER] data), 
demonstrated that the incidence of MF/SS has 
remained unchanged at 0.52 per 100,000 person-
year.3 More recently Criscione and Weinstock 
demonstrated a similar disease incidence of 0.64 
per 100,00 person-year but this was increased over 
the time period studied (1973–2002).3a The cause 
of the vast majority of MF/SS cases is unknown, 
despite numerous environmental and infectious 
etiologies having been investigated as potential 
sources of chronic antigenic stimulation. These 
include human T-cell lymphotrophic virus (HTLV), 
cytomegalovirus (CMV), Borrelia burgdorferi, 
human herpes virus-8 (HHV-8), Staphylococcus 
aureus, Chlamydia species, and chemical exposures 
such as aromatic/halogenated hydrocarbons.4,5

Mycosis fungoides classically presents as scaly 
oval or annular patches/plaques on sun-protected 
areas (“bathing trunk” distribution) such as the 
trunk, buttocks, axillae, groin, proximal extremi-
ties, with or without pruritus (Fig. 25.1A–C). 
Typically, it has indolent behavior and in early 
disease when host immunity is intact, lesions may 
wax and wane spontaneously. Because of this, 
early disease may take years before definitive 
diagnosis is made, and multiple skin biopsies may 
demonstrate nonspecific dermatitis. Lesions may 

also less commonly affect sun-exposed areas such 
as the face and can also result in localized hair loss. 
They may also progress to thicker, more infil-
trated plaques (Fig. 25.1C), ulcerated tumors (Fig. 
25.1D), or coalesce into a confluent erythema on 
>80% of the body surface area (“erythroderma”) 
(Fig. 25.1E). In these cases, the disease can cause 
more symptoms and behave more aggressively.

In addition to the classic presentation, MF has 
myriad other clinical morphologies and histologic 
variants (classic Alibert-Bazin subtype, erythro-
dermic/Sézary syndrome, unilesional, hypopig-
mented, pagetoid reticulosis, follicular/follicular 
mucinosis, syringotropic, granulomatous/slack 
skin, bullous/vesicular, palmoplantar, pigmented 
purpuric dermatosis–like, interstitial, ichthyosi-
form, hyperkeratotic/verrucous, vegetating/papil-
lomatous),6 and has been referred to as one of the 
great clinical imitators, similar to cutaneous syphilis 
and sarcoidosis. Subtypes may be characterized by 
more indolent behavior (hypopigmented MF) vs. 
more aggressive behavior (follicular, granuloma-
tous) depending on their clinical course. Follicular 
MF, even with limited lesions, can be recalcitrant to 
therapy given the depth of the malignant infiltrate.

Sézary syndrome typically has a more aggressive 
course than MF from its onset, and typically presents 
as de novo erythroderma with leukemic peripheral 
blood involvement by the atypical, hyperconvoluted, 
cerebriform, malignant T cells known as Sézary 
cells (also previously referred to as Lutzner cells or 
cells monstreuse). This is in contrast to patients who 
have MF that evolves into erythroderma over time 
(erythrodermic MF). Originally, SS was described 
with the clinical triad of erythroderma, lymphaden-
opathy, and palmoplantar keratoderma (Fig. 25.1F). 
Sézary syndrome patients may also have severe 
pruritus, active scaling/desquamation, prominent 
conjunctival eversion of the eyelids (referred to as 
ectropion), diffuse alopecia, chills, low-grade fevers, 
night sweats, or fatigue.

Mycosis fungoides/Sézary syndrome patients, 
particularly erythrodermic patients, are heavily 
colonized by skin bacteria and are susceptible to 
recurrent infections with Staphylococcus aureus, 
which often are methicillin-resistant (MRSA). 
Patients with ulcerated tumors are also at high risk 
for bacterial sepsis, and in general, infections have 
previously been the leading cause of mortality in 
MF/SS patients.7

Table 25.1. World Health Organization (WHO) and the 
European Organization for Research and Treatment 
of Cancer (EORTC) classification of cutaneous T- and 
natural killer (NK)/T-cell lymphomas, 2005.

Mycosis fungoides and variants/subtypes
Sézary syndrome
Primary cutaneous CD30+ lymphoproliferative disorders
Subcutaneous panniculitis-like T-cell lymphoma
Extranodal NK/T-cell lymphoma, nasal type
Adult T-cell leukemia/lymphoma
Primary cutaneous peripheral T-cell lymphoma, unspecified
• Aggressive epidermotropic CD8+ T-cell lymphoma
• Cutaneous γδ T-cell lymphoma
• PC CD4+ small/medium-sized pleomorphic T-cell lymphoma
• Peripheral T-cell lymphoma, other

Source: Willemze,2 with permission of the American Society 
of Hematology.
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Fig. 25.1. Skin lesions in mycosis fungoides (MF)/Sézary syndrome (SS). Oval patches of MF in typical sun-pro-
tected areas of the buttocks (A) and proximal arms/axillae (B). (C) Raised, annular plaques of MF. (D) MF plaques 
and an ulcerated tumor. SS patient with erythroderma (E) and palmar keratoderma (F)
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Mycosis fungoides/Sézary syndrome patients 
may also present with other concomitant skin 
conditions, such as the chronic, recurrent primary 
cutaneous CD30+ lymphoproliferative disorders 
(LPDs) such as lymphomatoid papulosis (LyP) 
or CD30+ primary cutaneous anaplastic large cell 
lymphoma (ALCL).8 Patients with MF/SS may 
also be at higher risk for having secondary malig-
nancies, such as other skin cancers (nonmelanoma 
and melanoma) as well as secondary lymphomas.9

Diagnosis

Early diagnosis of MF can be elusive, as the clini-
cal and histopathology of early MF lesions can 
mimic benign dermatoses, such as eczematous 
dermatitis, allergic contact dermatitis, psoriasis, 
and parapsoriasis. Traditionally, the diagnosis 
is made when a patient presents clinically with 
typical lesions, and skin biopsy reveals atypical 
lymphocytes (with large, hyperchromatic and 
hyperconvoluted nuclei) within the epidermis, in 
the absence of epidermal spongiosis, and often 
associated with epidermal dendritic cells (DCs) 
to form the pathognomonic “Pautrier’s microab-
scesses.” Currently there are sophisticated labora-
tory tools to aid in diagnosis, which include tissue 
immunohistochemistry and flow cytometry (which 
can demonstrate CD3 expression, CD4 > CD8 
expression of greater than 4:1, as well as charac-
teristic T-cell lineage antigen loss of CD5, CD7, 
CD26, and less often CD3). Molecular detection 
of clonal T-cell receptor (TCR) gene rearrange-
ments (β or γ chains) in more than one skin lesion 
or in skin lesions and another tissue (blood, lymph 
node) can also further strengthen the diagnosis.10 
These days, the standard evaluation of early MF 
often involves assessment of multiple criteria 
(clinical, histopathologic, molecular).11 However, 
it must be noted that T-cell clonality can also be 
detected in benign and autoimmune inflamma-
tory dermatoses and should not be automatically 
equated with neoplasia.12,13

In SS, leukemic blood involvement was tra-
ditionally measured by the Sézary preparation, 
visual examination of a peripheral blood buffy 
coat smear for the atypical Sézary cells (Sézary 
count >5% total lymphocytes was considered sig-
nificant). However, this method was laborious and 

was subject to considerable interobserver variabil-
ity. More sensitive and specific tools to measure 
peripheral blood involvement include anti-TCR 
Vβ-specific monoclonal antibodies, or T-cell sur-
face marker antibodies (CD3, CD4, CD7, CD8, 
CD26) using fluorescence-activated cell-sorting 
(FACS) analysis and flow cytometry. Other mark-
ers recently reported useful in flow cytometric 
analysis include CD158k and vimentin.14 In SS, 
molecular testing for TCR gene rearrangements 
can often detect the identical clonal T-cell popula-
tion in the blood and the skin. In general, T-cell 
monoclonality detectable in several different skin 
lesions or tissues (skin, nodes, blood) in a patient 
over time is suggestive of CTCL.15

Disease Staging

Since 1979, a tumor, node, and metastasis blood 
(TNMB) classification and staging system has 
been used for MF/SS, and TNMB stage has 
proven to be an important prognostic measure 
(Tables 25.2 and 25.3).16 Recent modifications 
have been proposed by the International Society 
for Cutaneous Lymphomas (ISCL) regarding fur-
ther stratifying blood involvement parameters, 
to reflect the newer, more sensitive assays.17,18 
The current B classification proposed by the 
ISCL includes B0, no clinically significant blood 
involvement; B1, clinically significant “minimal” 
blood involvement with Sézary cells <1.0 K/ µL; 
and B2, leukemic blood involvement detectable 
either as (1) Sézary cells > 1.0 K/ µL, (2) CD4/
CD8 ratio >10 and CD4+CD7− population > 40% 
or CD4+CD30− population >30%, (3) lymphocy-
tosis with molecular genetic evidence of a clonal 
T-cell population, or (4) chromosomally abnormal 
T-cell clones. These newer blood involvement 
parameters may affect staging and prognosis of 
patients. Currently the ISCL proposes that in 
patients with erythroderma (T4 skin classifica-
tion), the B2 classification be considered the 
equivalent to nodal involvement (hence T4N0-
1M0B2 would be upgraded from stage III to stage 
IVA). A recent retrospective study by Vonderheid 
et al.18 demonstrated that using modified B cri-
teria improved prognostication in erythrodermic 
patients; prospective studies are needed for fur-
ther validation.
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Once patients have an established diagnosis of 
MF/SS, a typical staging workup includes com-
plete skin and physical examination, complete 
blood count with differential, comprehensive meta-
bolic panel, lactate dehydrogenase (LDH), and 
either peripheral blood flow cytometry or Sézary 
cell prep. Computed tomography (CT) or positron 
emission tomography (PET) scanning is appropriate 
for patients with systemic symptoms, clinically 
palpable lymphadenopathy (>1.5 cm), or more 
advanced T classification (T3/tumors or T4/eryth-
rodermic disease). These tests are useful to assess 
nodal or visceral involvement by MF/SS. The role 

of staging bone marrow biopsy remains controver-
sial.19 In the United States, bone marrow biopsy is 
typically reserved only for patients with advanced 
disease with some evidence of other hematologic 
abnormalities (e.g., other cytopenias).

Overall survival in MF/SS is highly dependent 
on the initial disease stage. Several studies have 
demonstrated that early-stage disease (i.e., skin 
disease only, limited to <10% of the body surface 
area) if treated has overall median survival com-
parable to healthy control populations. However, 
with more advanced disease, overall survival also 
decreases, with stage IV disease having a 27% 5-year 
survival and Sézary syndrome patients having a 
30% 5-year survival.20 In retrospective studies, 
the risk of disease progression ranged from 10% 
(stage IA) to 25% (stages IB or higher) over a 30-year 
period.21,22 Recently a series of MF patients from 
England were demonstrated to have significantly 
improved overall survival over the past 20 years.23 
However, the reasons for this improvement are 
unclear from their data (increased diagnosis of 
early-stage disease patients vs. advent of new 
therapies in MF/SS).

Various clinical prognostic factors have been 
demonstrated including patient age, initial stage, 
T classification, visceral disease, elevated LDH, eosi-
nophilia, and the presence of Sézary cells. Important 
histologic factors that indicate poor prognosis include 
“large cell transformation” (presence of >30% 
large atypical CD30+ T cells in the infiltrate seen 
in the skin or lymph node or blood), folliculotropic 
or granulomatous infiltrate; in contrast, the pres-
ence CD8+ tumor infiltrating cytotoxic lymphocytes 
(TILs) in the infiltrate has been demonstrated to be 
a favorable prognostic marker. T-cell clonality has 
been shown to be useful in MF/SS diagnosis; however, 
its role as an independent prognostic marker remains 
to be fully determined.

Unlike the field of nodal NHLs, validated prog-
nostic indices have not been used in the field of 
MF/SS for risk stratification. Recently, however, 
the CTCL severity index (CTCL-SI) had been 
proposed as a point-based system to assess disease 
severity (based on lesion body surface area, number 
of tumors, nodal/visceral/blood involvement), and 
also to predict 5-year survival.24 If validated, the 
CTCL-SI could supplement the current National 
Cancer Institute (NCI) staging system and be use-
ful as a prognostic index for individual patients and 

Table 25.2. Tumor, node, and metastasis blood (TNMB) 
classification for mycosis fungoides and Sézary syndrome, 
National Cancer Institute (NCI) workshop, 1978.

T (Skin)
T1 Limited patch/plaque (<10% body surface area)
T2 Generalized patch/plaque (≥10% body surface area)
T3 Tumors
T4 Generalized erythroderma
N (Lymph Node)
N0 Clinically uninvolved
N1 Clinically abnormal, histologically uninvolved
N2 Clinically uninvolved, histologically involved
N3 Clinically abnormal, histologically involved
M (Viscera)
M0 No visceral involvement
M2 Visceral involvement
B (Blood)*
B0 No circulating atypical (Sézary) cells
B1 Circulating atypical (Sézary) cells

*See International Society for Cutaneous Lymphomas (ISCL) 
2002 consensus report on the B Classification changing this to 
B0, B1, B2 as discussed in text section Disease Staging
Source: Lamberg and Bunn,16 with permission of the American 
Medical Association.

Table 25.3. Clinical staging system for mycosis 
fungoides and Sézary syndrome, NCI Workshop 1978.

Clinical stages

IA T1 N0 M0
IB  T2 N0 M0
IIA T1–2 N1 M0
IIB T3 N0–1 M0
IIIA T4 N0 M0
IIIB T4 N1 M0
IVA T1–4 N2–3 M0
IVB T1–4 N0–3 M1

Source: Lamberg and Bunn,16 with permission of the American 
Medical Association.
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for making comparisons between different groups 
of patients in clinical trials.

Perhaps the most potentially powerful prog-
nostic tool currently being developed in MF/
SS is complementary DNA (cDNA) microar-
ray analysis. Previously, MF/SS patients were 
shown to have a distinct gene expression pro-
file that was distinguishable from other benign 
inflammatory dermatoses.25 In addition, such pro-
files could also identify high-risk patients with 
<6 months’ survival. The panel of genes identified 
included upregulated GATA3 (involved in Th2 dif-
ferentiation), downregulated STAT4 (involved in 
Th1 differentiation), and CD26 (dipeptidylpepti-
dase IV, which regulates T-cell entry into the 
epidermis; see Chemokines and Their Receptors, 
below). Recently, quantitative real-time polymer-
ase chain reaction (PCR) using a similar panel 
of genes has also been shown to be capable of 
molecularly diagnosing MF/SS patients.26

Pathophysiology

Chemokines and Their Receptors

As mentioned previously, CTCL is a malignancy in 
which tumor cells exhibit an affinity for the skin. 
This affinity is dependent on their expression of 
cell surface trafficking molecules, which mediate 
their migration to the cutaneous microenvironment. 
Chemokines and their receptors are included in 
this family of molecules and play a critical role in 
mediating tissue-specific trafficking of leukocytes 
to the skin.

Chemokines are chemotactic cytokines that 
are produced by a wide array of tissues and 
range from 8 to 17 kd in size. They are divided 
into families in accordance with the positioning 
of cysteine residues in their chemical structure. 
Aside from their role in cell migration, they have 
also been shown to play a role in the mediation of 
inflammatory responses, angiogenesis, and cel-
lular proliferation.27

Chemokine receptors are seven-transmembrane-
spanning G-protein–coupled proteins that are capa-
ble of recognizing more than one chemokine. 
Several chemokines and their receptors have been 
identified to play a critical role in the traffick-
ing of immune cells to the skin, more specifi-

cally, thymus and activation-regulated chemokine 
(TARC), macrophage-derived chemokine (MDC), 
stromal-derived factor-1 (SDF-1), and cutane-
ous T-cell–attracting chemokine (CTACK). These 
chemokines have been shown to be produced by 
multiple cell types (including keratinocytes, fibrob-
lasts, and endothelial cells), and are upregulated at 
sites of cutaneous inflammation. Skin-trafficking 
T cells have been shown to express receptors for 
these chemokines.

Lymphocyte trafficking to the skin requires 
that the cell undergo a sequential series of events 
that begins with an initial tethering interaction 
with the endothelial surface, followed by rolling, 
activation, firm adhesion, and diapedesis into the 
dermal microenvironment. The tethering and roll-
ing events are mediated by interactions between 
cutaneous lymphocyte-associated antigen (CLA) 
and E-selectin;28 CLA is expressed on the sur-
face of skin-trafficking T cells and E-selectin is 
expressed by endothelial cells at sites of cutaneous 
inflammation.

Activation of the arrest stage of lymphocyte 
trafficking is mediated by interactions between 
chemokines and their receptors. Upon engage-
ment of the chemokine receptor, signals are 
transduced that activate downstream events, 
including a change in cellular morphology, such 
that integrins on the surface of the leukocyte are 
sufficiently exposed to contact their ligands on 
the dermal microvasculature (e.g., lymphocyte 
function–associated antigen 1 [LFA-1] binding 
to intercellular adhesion molecule 1 [ICAM-1]). 
This leads to the arrest of the rolling cell, which 
may then migrate into the dermis along a chemo-
tactic gradient generated by chemokines produced 
in the skin.

The malignant cells in CTCL have been shown 
to express skin-trafficking molecules, which 
include CLA and an array of chemokine receptors. 
Although frequently elevated, we and others have 
observed that CLA expression may be more vari-
able among circulating malignant cells,29 whereas 
chemokine receptors involved in skin trafficking 
are more consistently expressed at high levels 
among this population.

It appears somewhat counterintuitive that cells 
expressing skin-trafficking molecules may remain 
confined to the circulation, as is noted among 
patients with advanced disease such as in SS. 
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This confinement of malignant cells to the blood 
compartment may in part be accounted for by 
significantly elevated chemokine levels (such as 
TARC) in the skin and circulation of patients. 
It is plausible that TARC levels in the blood 
may exceed a threshold concentration required 
for effective chemotaxis, and thus abolish a 
skin-derived chemotactic gradient. This idea is 
supported by the work of Poznansky et al.,30 
who reported the potential for T cells to exhibit 
movement away from a chemotactic gradient 
established at concentrations above which normal 
directional migration is detected. This finding, in 
combination with the variable expression levels 
of other skin-trafficking molecules (such as CLA) 
among the malignant population in CTCL may 
provide an explanation for the high percentage 
of neoplastic cells detected in the circulation of 
patients with advanced disease.

Several studies have evaluated the expression 
of chemokine receptors by malignant cells in the 
skin and circulation of CTCL patients. Flow cyto-
metric analysis and immunohistochemical studies 
revealed preferential expression of the chemokine 
receptors CCR4, CXCR3, and CXCR4 among 
MF cells and the surrounding reactive T cells in 
patients with early patch and plaque stage dis-
ease. Interestingly, patients with tumor stage disease 
exhibit a loss of CXCR3 (and rarely, CCR4), while 
expressing high levels of the chemokine receptor, 
CCR7.31 CXCR4 and CCR4 have both been shown 
to play a role in lymphocyte migration to the skin, 
while CCR7 mediates the migration of T cells to 
lymphatic tissue and may account for the nodal 
disease observed among patients with advanced 
disease. CCR7 recognizes secondary lymphoid tis-
sue chemokine (SLC/CCL21) produced within the 
nodal microenvironment. Preferential expression 
of CCR10 has also been reported among tumor 
cells of MF patients. CCR10 is the receptor for the 
cutaneous T-cell attracting chemokine (CTACK/
CCL27) which is constitutively produced by epi-
dermal keratinocytes.32

Similar to the MF cells in tumor-stage disease, 
the malignant cells in patients with peripheral 
blood disease have been shown to express elevated 
levels of CCR4, CCR7, CXCR4, and CCR10.33 In 
addition, the circulating malignant cells are also 
characterized by their loss of the cluster of differ-
entiation markers CD7 and CD26.34 The absence of 

CD26 is believed to contribute to the accumulation 
of malignant cells in the skin of Sézary syndrome 
patients.35

CD26 is a dipeptidyl transferase expressed as 
both a soluble factor in the circulation and as a 
cell-surface protein expressed by lymphocytes. 
CD26 mediates the cleavage of the chemokine 
stromal-derived factor-1 (SDF-1), produced by 
inflamed skin (Fig. 25.2A). SDF-1 is the natural 
ligand for the chemokine receptor CXCR4, which 
is expressed by the malignant population in Sézary 
syndrome. The absence of CD26 leads to elevated 
levels of SDF-1, which in turn contribute to the 
trafficking of malignant cells to skin (Fig. 25.2B).

A CD26-negative population of greater than 30% 
among erythrodermic patients is believed to be suf-
ficient to support a diagnosis of Sézary syndrome, 
and thus differentiate such patients from individuals 
suffering from benign inflammatory dermatoses.36 
We have recently reported a correlation between 
the percentage of circulating CD4+CD26− T cells 
and changes in clinical status among Sézary syn-
drome patients. More specifically, a reduction in 
this population typically heralds improved clinical 
status, whereas an increase frequently precedes 
disease progression characterized by a greater than 
20% increase in affected body surface area, or a 
greater than 10% increase in body surface area 
accompanied by progressive lymphadenopathy or 
hepatosplenomegaly.37

While chemokine receptors are necessary for 
tissue-specific lymphocyte trafficking to the skin, 
expression of their chemokine ligands plays an 
essential role in this process. In the absence of 
chemokines, engagement and activation of the 
chemokine receptor do not occur. The epidermo-
tropism exhibited by neoplastic cells in CTCL has 
been attributed, in part, to the production of chem-
okines by epidermal cells. Whether their production 
arises secondary to the accumulation of malignant 
cells in the skin or precedes the infiltration has not 
been established.

Elevated levels of the chemokine cutaneous 
T-cell–attracting chemokine (CTACK/CCL27) has 
recently been reported in the serum of patients with 
CTCL. The highest levels were detected among 
patients with more advanced disease (tumor stage 
and erythroderma), and improved in response to 
successful treatment.38 CTACK has been shown 
to be produced by epidermal keratinocytes and 
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is presented on the surface of dermal endothelial 
cells.32,39 It is recognized by the chemokine recep-
tor CCR10, which, as mentioned previously, is 
expressed by the malignant population.40

Thymus and activation-regulated chemokine 
(TARC/CCL17), the ligand for CCR4, was shown 
to be elevated in CTCL patients compared to normal 
individuals and patients with psoriasis vulgaris.41 
More specifically, an increase in serum TARC 
levels was shown to correlate with more advanced 
disease, being greatest among tumor-stage patients 
as compared to patch- and plaque-stage patients. 
Immunohistochemistry revealed TARC expression 
by lesional keratinocytes at all stages of disease. 
These findings support a functional role for CCR4 
in the accumulation of malignant cells in the skin 
of CTCL patients.

Preferential expression of messenger RNA 
(mRNA) for the chemokine interferon-γ inducible 
protein 10 (IP-10) has been reported in the epider-
mis of patients with early-stage epidermotropic 
CTCL.42 IP-10 is the ligand for CXCR3, which is 
expressed by MF cells in early patch/plaque-stage 
disease.31 CXCR3 and its ligand, IP-10, are con-
sidered to be Th1-associated molecules given their 
ability to recruit Th1 cells to sites of inflammation. 
Thus, levels of IP-10 and CXCR3 positive cells 
may reflect the host antitumor response. Patients 
with more advanced disease exhibit a depres-
sion in CXCR3 levels, whereas expression of the 
Th2-associated chemokine-receptor CCR4 and its 
ligand (TARC) remains elevated and skews the 
cutaneous cytokine milieu in favor of Th2 cytokine 
production, which likely contributes to the patho-
genesis of disease in CTCL.

Once the malignant T cells have been recruited 
to the skin, their growth appears to be supported 
by the in situ production of cutaneous cytokines. 
Yamanaka and colleagues43 have demonstrated 
that lesional skin of CTCL patients overproduces 

interleukin-7 (IL-7). IL-7 itself clearly exhib-
its pro-proliferative effects on malignant T cells 
derived from CTCL patients.

Chromosomal and Genetic Abnormalities

Mycosis fungoides/Sézary syndrome is not con-
sidered a primary genetic disorder attributable to 
discrete mutation(s); however, with disease pro-
gression, several genetic abnormalities have been 
detected. Cytogenetic studies have demonstrated 
chromosomal deletions (1p, 17p, 10q, 19) and gains 
(4q, 18, 17q).44 Even early MF lesions have been 
shown to have STAT3 constitutively activated or 
defects in their apoptosis pathways (decreased Fas 
expression).45–47 In more advanced disease, such as 
tumor-stage MF or SS, other genetic perturbations 
include p15/16 and p53 defects, microsatellite 
instability, hypermethylation of tumor suppressor 
genes (p14, p15, p16, BCL7a, PTPRG, p73),48,49 
and constitutive activation of nuclear factor κB 
(NF-κB).50 In addition to these, epigenetic factors 
(which affect gene expression through modifica-
tion of histones and other chromatin-associated 
proteins) appear to play a role in CTCL develop-
ment/progression, given the clinical activity of 
histone deacetylase inhibitors (HDIs) in CTCL.51

Mycosis fungoides/Sézary syndrome malignant 
T cells also can variably express the IL-2 receptor 
(IL-2R), which binds the cytokine IL-2. IL-2R is 
composed of three subunits: IL-2Rα (CD25/p55), 
IL-2Rβ (CD122/p75), and IL-2Rγ (CD132/p64). 
IL-2Rα has been viewed as a marker of cell acti-
vation and is significantly expressed in approxi-
mately 20% of MF/SS patients, particularly in 
later-stage disease,52 and soluble IL-2R can be 
detected in the peripheral blood.53 The T cells 
can also express other activation markers such 
as CD45RO or proliferating-cell nuclear antigen 
(PCNA).

Fig. 25.2. (A) CD26 is a bipeptidyl transferase expressed by normal T lymphocytes that induces the cleavage and 
inactivation of the chemokine stromal-derived factor-1 (SDF-1). This cleavage prevents the binding of SDF-1 to its 
receptor, CXCR4, thus interfering with SDF-1/CXCR4-mediated chemotaxis into the skin. CD26+ T cells are resist-
ant to the chemotactic effects of SDF-1 via CD26-mediated inactivation (top). (B) The absence of CD26 is reported 
among circulating malignant cells in Sézary syndrome. In the absence of CD26, SDF-1 may efficiently establish 
a chemotactic gradient that promotes the migration of malignant cells into the skin via engagement of CXCR4. 
Engagement of CXCR4 by SDF-1 in the cutaneous microvasculature and subsequent chemotaxis of the cell into the 
dermal microenvironment are demonstrated (top).
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Immunobiology

Immune Dysregulation in CTCL: Clues 
to Understanding Disease Progression

It has long been known that patients with advanced 
MF/SS typically exhibit abnormalities in a vari-
ety of parameters of cell-mediated immunity. 
Moreover, the malignant T cells have been impli-
cated as the cause of the endogenous immune 
deficiency. Earlier observations by Vowels and 
colleagues54 demonstrated that the malignant CD4+ 
T cells observed in most cases of MF/SS appear 
to exhibit a Th2 phenotype (Fig. 25.3). In vitro 
stimulation of peripheral blood cells derived from 
SS patients routinely results in increased levels 
of measurable IL-4 expression.54 Furthermore, 
Vowels et al. demonstrated levels of IL-4 and IL-
5 mRNA in clinically involved skin, even among 
patients with early patches or plaques, while 
uninvolved skin and the skin of normal volunteers 
did not have detectable levels of Th2 cytokine 
mRNA.55 Increasing levels of IL-10 mRNA in 
parallel with an increasing density of the malignant 
T-cell infiltrate as lesions progressed from patch 
to plaque to tumor has also been demonstrated.56 
cDNA microarray analysis of the malignant T cells 
isolated from patients with SS have shown that 
the Th2 cell–specific transcription factors such 
as GATA-3 and Jun B are highly overexpressed.25 
Thus, despite evidence of a vigorous host response 

in skin lesions in early disease, characterized by 
the presence of interferon-α (IFN-α)–secreting 
CD8+/TiA-1+ T cells,57 the chronic production of 
Th2 cytokines such IL-4, IL-5, and IL-10 by the 
malignant T-cell population likely represents one 
mechanism by which the tumor cells circumvent 
the antitumor immune response.

The host antitumor response, although effete, 
may play a small role in containment of disease 
progression, even among those with advanced 
disease. This is supported by the observation of 
rapid progression of SS associated with the use of 
immunosuppressive agents such as cyclosporine.58 
In addition to enhanced Th2 cytokine production 
during disease progression, patients with circulat-
ing malignant T cells also manifest defects in Th1 
cytokine production. Wysocka et al.59 observed a 
progressive decline in the production of IL-12 and 
IFN-α by peripheral blood cells that correlated 
with an increase in the peripheral blood burden 
of malignant T cells.59 Furthermore, the decline 
in production of these cytokines appeared to be 
linked to a decline in the numbers of peripheral 
blood myeloid and plasmacytoid DCs, respectively. 
Accompanying the decrease in DCs and a defect 
in IL-12 production is a deficit in production of 
other products of myeloid DCs, including IL-15, 
which is an important IFN-α–stimulating agent 
and powerful booster of Th1 responses. In contrast, 
however, Yamanaka et al.60 observed increased 
serum IL-18 and IL-18 mRNA within CTCL skin 
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Decreased cell-mediated
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Fig. 25.3. The malignant T cell in MF/SS expresses CD4/CLA/CCR4/CCR10 and produces the cytokines IL-
4/IL-5/IL-10, which results in Th2 predominance and subsequent multiple abnormalities in cellular immunity. (From 
Kim et al.,5 with permission of the American Society for Clinical Investigation. Copyright 2005.)
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samples, suggesting alternative potential sources 
for this IFN-inducing cytokine. Nevertheless, 
peripheral blood cells of SS patients clearly mani-
fest marked decreases in IFN-α production.54

Intense interest has recently focused on the pos-
sible contributory role of T-regulatory (Treg) cells in 
the endogenous immunosuppression in advanced 
CTCL. Berger and colleagues61 have demonstrated 
that under certain conditions the malignant T cells 
may assume properties of Tregs, including the 
expression of Foxp3 and production of trans-
forming growth factor-β (TGF-β) and IL-10.61 
Similarly, Walsh et al.62 were able to demonstrate 
increased Foxp3 expression among the peripheral 
blood cells of some patients with SS and among 
the circulating cells of all patients with HTLV-
1–associated CTCL. The cells of such patients 
were found to produce increased concentrations of 
TGF-β. Wong et al.63 observed increased expres-
sion of CTLA-4 upon activation of the circulating 
cells of patients with CTCL, indicating that this 
molecule, which is typically associated with Tregs, 
was upregulated and a sign of increased numbers of 
Treg cells. These findings remain controversial, as 
Tiemessen et al.64 observed that the Foxp3-positive 
Tregs of some CTCL patients are dysfunctional and 
exhibit a reduced ability to inhibit the proliferation 
of CD4+/CD25− T cells, while Yamano and col-
leagues65 have made similar observations in regard 
to HTLV-1 infected CD4+ cells. Despite these 
disparate findings, many investigators involved in 
studies of the immunobiology of CTCL feel that 
Tregs likely play some role in the pathogenesis of 
the immune suppression. Thus, as discussed below, 
elimination of Tregs is just one of several new thera-
peutic strategies under investigation.

Other mechanisms that could account for abnor-
malities in DC maturation, and thus for diminished 
IL-12 production, have been highlighted by recent 
studies by French et al.,66 which demonstrated a 
defect in expression of CD40 ligand upon activa-
tion of malignant T cells derived from patients 
with SS. CD40 ligand is not expressed on resting 
T cells but is normally upregulated on the cell 
surface upon engagement of the TCR. By contrast, 
malignant CD4+/CD7− T cells fail to express CD40 
ligand upon engagement of the TCR by anti-CD3. 
Clearly, the absence of CD40 ligand interaction 
with CD40 on antigen-presenting cells (APCs) 
during an immune response can lead to a profound 

reduction in DC activation and cytokine produc-
tion. Through the in vitro addition of recombinant 
hexameric CD40 ligand, French and colleagues 
demonstrated reconstitution of IL-12 and tumor 
necrosis factor (TNF) production by the cells of 
patients with SS. These findings provide obvious 
insights regarding potential strategies for correct-
ing defects in immune dysregulation related to 
diminished numbers and function of DCs associ-
ated with advancing MF/SS.

Derangements in T-cell diversity may also play a 
role in the immune suppression of CTCL. Yawalkar 
et al., using β-variable complementarity-determining 
region 3 spectratyping, determined that patients 
with both early as well as late disease exhibit loss 
of the normal T-cell repertoire.67,68 These findings 
are reminiscent of a chronic retroviral infection, as 
similar observations have been made in HIV infec-
tion. Loss of T-cell repertoire may partially account 
for the failure of advanced-stage CTCL patients to 
respond normally to a variety of antigens.

The result of the diverse abnormalities of DC and 
T-cell function during progressive MF/SS is multi-
ple abnormalities in cellular immunity (Fig. 25.4). 
Marked defects in cellular cytotoxicity occur that 
correlate with the burden of circulating malignant 
T cells.69 Progression from early to more advanced 
MF/SS is typically associated with a marked decline 
in natural killer (NK) cell numbers and activity that 
could partially be due to a decline in myeloid DC 
production of IL-15, which is critical for the nor-
mal growth of these cells. Similarly, a decline in the 
number of peripheral blood CD8+ T cells accompa-
nies an increasing burden of circulating malignant 
T cells. Furthermore, the percentage of these 
cytotoxic cells that express activation markers, 
such as CD69, is also significantly reduced com-
pared to NK and CD8+ T cells from MF patients 
without overt peripheral blood involvement.70 A 
reduction in the number of functioning NK and 
CD8+ T cells is almost certainly associated with a 
deterioration of both host antitumor immunity and 
immune surveillance against microbial organisms. 
Examples of these phenomena include infections 
such as disseminated herpes simplex/zoster or pro-
gressive multifocal leukoencephalopathy among 
SS patients who have never been iatrogenically 
immunosuppressed by chemotherapy or other 
immunosuppressive medications.7,71,72 As men-
tioned earlier, other malignant neoplasms, includ-



422 E.J. Kim et al.

ing melanoma and nonmelanoma skin cancers as 
well as Hodgkin’s lymphoma also appear to be 
more common in MF/SS patients independent of 
the history of previous predisposing therapy (such 
as phototherapy or radiation therapy).9,73,74 These 
findings reflect an overall impairment in immune 
surveillance against cancer.

Other characteristic immunologic findings associ-
ated with the progression of MF/SS include devel-
opment of peripheral eosinophilia and elevated 
levels of serum IgE.54,75 Peripheral eosinophilia has 
been determined to be an independent marker for 
poor prognosis and disease progression.76 In one 
study, peripheral blood cells from patients with SS 
and eosinophilia produced markedly higher levels of 

IL-5 upon stimulation than did the cells of patients 
or normal volunteers without eosinophilia.77 A 
finding of importance in this study indicated that 
culture of the patients’ cells with either recombinant 
IFN-α or IL-12 significantly inhibited the excess 
production of IL-5. These observations suggest that 
these cytokines could be useful therapeutic tools to 
prevent continued proliferation of eosinophils under 
the influence of IL-5, thus possibly preventing at 
least some of the adverse effects associated with 
high eosinophil counts.

It is particularly noteworthy that after successful 
treatment of SS with immunotherapeutic agents, 
with resolution of evidence for skin disease and 
disappearance of the malignant clone from the 
blood, virtually all abnormal immune parameters 
are restored to normalcy (Fig. 25.4).69 One impli-
cation of these observations is that the malignant 
clone is likely responsible for much of the immune 
dysregulation that occurs in SS. Moreover, these 
findings indicate that SS patients who experience 
remission will have their immune system at least 
partially reconstituted. Thus, such patients should 
be less likely to experience severe consequences 
of microbial infection in comparison to those with 
advanced SS.

Treatment

Treatment of MF/SS can be divided into two major 
categories: skin-directed therapies (SDTs) and 
systemic therapies. As listed in Table 25.4, there 
are numerous options. Therapeutic approaches 
can vary widely from center to center, and the 
availability of many newer therapies varies among 
countries. It is useful to divide the discussion of 
therapies into those for early-stage disease and 
those for late-stage disease (Table 25.5).

Early Stage

It has become quite clear during the past several 
decades that traditional systemic chemotherapy has 
not resulted in durable remissions in MF/SS.1 As 
a consequence, emerging therapeutic efforts have 
focused on targeted biologic agents and immune 
modifications using a multimodality approach. 
Numerous arms of the immune system must cooper-
ate to generate a sufficient host antitumor response 

Fig. 25.4. Elimination of the malignant T-cell clone dur-
ing immunotherapy leads to a restoration of a normal 
immune response. Studies of numerous patients with SS 
have demonstrated that induction of complete remission 
with clearing of the malignant T-cell clone during multi-
modality immunotherapy leads to a restoration of normal 
host immune function. (From Kim et al.,5 with permis-
sion of the American Society for Clinical Investigation. 
Copyright 2005.)
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such that the proliferation of the malignant T-cell 
population in MF/SS patients can be controlled 
and, ideally, eradicated (Fig. 25.5).

Patients with patches or plaques limited to less 
than 10% of the skin surface area (stage IA or T1 
disease) tend to exhibit normal cellular immune 
responses. Therefore, use of skin-directed therapies, 
including topical chemotherapy,78,79 superpotent 
topical corticosteroids, topical retinoid application,80 

psoralen plus ultraviolet A phototherapy (PUVA),81,82 
or electron-beam radiation therapy,83 which target 
the tumor burden in the skin by directly inducing 
apoptosis of malignant T cells, is often sufficient to 
induce complete clearing of disease. At this stage, 
the systemic immune response is intact, and it may 
contribute to controlling disease burden from going 
beyond the skin. In the event that clearing is not 
complete, the addition of a single-agent systemic 

Table 25.4. Treatment options in MF/SS.

Therapy Mechanism of action

Skin-directed therapy 
Topical corticosteroids Tumor cell apoptosis, decrease skin LCs
Topical chemotherapy (nitrogen mustard, BCNU) Tumor cell apoptosis
Topical retinoids (bexarotene, tazarotene) Tumor cell apoptosis
Topical imiquimod TLR7 agonist, triggers innate and adaptive 

  antitumor immunity
Phototherapy (UVB, PUVA, excimer laser) Tumor cell apoptosis
  Decrease skin LCs
Electron-beam therapy (EBT) Tumor cell apoptosis
Biologic therapy 
RXR retinoid (bexarotene) Tumor cell apoptosis
  Inhibit tumor cell IL-4 production
RAR retinoid (isotretinoin, all-trans retinoic acid) Tumor cell apoptosis
  Induce interferon-γ
Interferons (alpha, gamma) Enhanced cell-mediated cytotoxicity
  Inhibit tumor cell Th2 cytokine production
GM-CSF Enhanced circulating dendritic cell 

  numbers and function
Extracorporeal photopheresis Circulating tumor cell apoptosis
  Induction of DC differentiation
Fusion protein/toxin (denileukin diftitox) Targets and kills CD25 (IL-2 receptor) 

  expressing tumor cells.
Histone deacetylase inhibitors (vorinostat, romidepsin) Affects tumor cell gene transcription, 

  non-histone effects.

Other systemic therapy 
Cytotoxic chemotherapy (MTX, pegylated doxorubicin,  Cytotoxic agents

gemcitabine, etoposide, pentostatin)
Hematopoietic stem cell transplantation (allogeneic) Cytotoxic agents (induction)
  Graft-vs-tumor effect

Experimental therapy 
Transimmunization ECP Enhances DCs antigen processing of 

  apoptotic tumor cells
Targeted monoclonal antibodies (CD4, CD52,  Targets tumor cells (CD4, CD52, CCR4)

CD40, CCR4)
  Activates dendritic cells (CD40)
Cytokines (IL12, IL2, IL15) Augments cell mediated antitumor immunity
Toll-like receptor agonists (CpG-ODN,  TLR agonists, augment innate and

imidazoquinolones  adaptive antitumor immunity
Tumor vaccines Clonotypic TCR as antigen
  Dendritic cell–based vaccines

Source: Kim et al.,5 with permission of the American Society for Clinical Investigation. Copyright 2005.



immunomodulator, such as recombinant IFN-α or 
the retinoid bexarotene (Targretin), typically leads 
to a better clinical response.

For patients who do not yet manifest overt 
peripheral blood disease but who exhibit more 
extensively infiltrated cutaneous plaques or a 
greater extent of skin surface area involvement, 
multimodality therapeutic approaches appear to 
result in more rapid responses.84–87 Interferon-α, 
produced by plasmacytoid DCs, is a product of the 
innate immune response, and appears to be one 
of the most highly active biologic agents used in 
the therapy of MF/SS.88 It is now well accepted 

that PUVA plus IFN-α administration can pro-
duce higher clinical response rates than the use of 
PUVA alone.87,89,90 Several small studies have also 
suggested that a combination of IFN-α with oral 
retinoids, including bexarotene or 13-cis retinoic 
acid, may induce rapid responses among patients 
with extensive skin lesions.84,91

Mechanistically, IFN-α induces a variety of 
beneficial effects on the host immune response that 
may lead to disease clearing. It directly enhances 
cell-mediated cytotoxicity; both CD8+ T cells and 
CD56+ NK cells exhibit rapid activation as assessed 
by upregulation of CD69, and the cytotoxic effects 

Table 25.5. Treatment of MF/SS by clinical stage.

Stage Initial therapy Subsequent therapy
Therapy for 

refractory disease

IA 
(early stage)

Skin-directed therapies

IB/IIA Topical 
chemotherapy

Phototherapy
Electron-beam 

therapy
(+/− low dose 

biologic agents)

Interferons
Retinoids
Multimodality rx
• Topical chemo + biologic agent
• Phototherapy + biologic agent
• Two biologic agents
Denileukin diftitox
Histone deacetylase inhibitors

Experimental 
therapies

IIB 
(advanced stage)

Few tumors
• Localized EBT
• Intralesional IFN
• Topical chemotherapy 

+ biologic agent
Generalized tumors
• Total skin EBT
• Denileukin diftitox
• Multimodality 

therapies

Multimodality therapy
Denileukin diftitox
Histone deacetylase inhibitors
Single-agent chemotherapy

Experimental 
therapies

IIIA, B PUVA
Retinoids
Interferons
Methotrexate
ECP
Histone deacetylase 

inhibitors
Multimodality 

therapies

Multimodality therapies
Denileukin diftitox
Histone deacetylase inhibitors
Single-agent chemotherapy

Experimental 
therapies

IVA, B Single agent 
systemic therapy

Multimodality 
therapy

(+ skin-directed 
therapy)

Adjuvant palliative local radiation for 
extracutaneous disease

Bone marrow/stem cell transplant
Chemotherapy

Experimental 
therapies

Source: Kim et al.,5 with permission of the American Society for Clinical Investigation. Copyright 2005.
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approach encompasses the activation of multiple arms of the immune response through the use of agents to activate 
DCs, CTLs (CD8+), and NK cells (CD56+). Granulocyte-macrophage colony-stimulating factor (GM-CSF) may 
enhance the numbers of DCs while agents that enhance CD40 expression (IFN-γ) and activation (CD40 ligand; 
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of NK cells are significantly boosted.70 Interferon-α 
also suppresses Th2 cytokine production by malig-
nant T cells, which may lead to abrogation of the 
suppressive effects of IL-4 and IL-10 on antitumor 
immunity

Bexarotene, which recently received Food 
and Drug Administration (FDA) approval, is a 
retinoid X receptor–specific compound that has 
also been determined to have valuable immu-
nomodulatory effects that are of benefit in the 
treatment of MF/SS, particularly when used in 
combination therapy. Bexarotene has the ability 
to induce apoptosis within the malignant popula-
tion of T cells.92,93 This effect may account for 
the nearly 50% response rate of MF/SS patients 
when high-dose, single-agent oral bexarotene is 
administered.94 Nevertheless, Budgin et al.93 have 
demonstrated that although the malignant cells of 
most patients with SS are susceptible to the apop-
totic effects of bexarotene in vitro, purified Sézary 
cells from approximately one third of patients 
demonstrate significant resistance to apoptosis.93 
This finding may account for the failure of a sub-
set of patients to respond clinically to this com-
pound. Furthermore, recent observations suggest 
that chronic bexarotene use may be associated 
with emergence of malignant clones of T cells 
that lack the specific RXR-responsive receptor 
and that exhibit resistance to the apoptotic effects 
of this retinoid.94a In regard to cytokine produc-
tion, bexarotene has the capacity to inhibit IL-4 
production, and possibly other Th2 cytokines, in 
vitro by stimulated peripheral blood cells of SS 
patients. The net effect would be to negate the 
suppressive effects of these cytokines on cellular 
immunity.

In contrast to bexarotene, retinoic acid receptor 
(RAR)-specific retinoids may have modest direct 
immune potentiating properties. Using a number 
of different RAR-specific retinoids, including all-
trans-retinoic acid and 13-cis-retinoic acid, Fox 
et al.95 demonstrated that these compounds exhib-
ited the capacity to induce IL-12–dependent IFN-α 
production.95 Moreover, synergistic production of 
IFN-α occurred when low concentrations of IL-2 
were added to the RAR-specific retinoids. In 
contrast, bexarotene does not induce IFN-α pro-
duction.93 These findings support the use of an 
RAR-specific retinoid as another component of the 
combined therapeutic approach.

Late Stage

Current Therapies

In contrast to patients with early-stage MF, patients 
with late-stage MF/SS exhibit a broad array of 
abnormalities affecting every arm of the immune 
response that participates in antitumor immunity 
(CD8+ T cells, NK cells, and DCs). Thus, more 
aggressive therapy is required to adequately restore 
the host immune response. Accordingly, evidence is 
now emerging that multimodality immunotherapy 
can frequently induce complete clinical responses 
in advanced disease that are both durable and suf-
ficient to eradicate the malignant clone.69,96,97

Central to the strategy for elimination of the 
malignant T-cell population is the use of agents that 
can induce apoptosis of these cells while simul-
taneously enhancing the host’s ability to process 
the apoptotic cells so that a robust cytotoxic T-cell 
response can be generated. For patients with cir-
culating malignant T cells, extracorporeal photo-
pheresis (ECP) can result in massive apoptosis of 
cells within this compartment.98,99 Extracorporeal 
photopheresis is an FDA-approved leukapheresis 
procedure for the treatment of SS in which approxi-
mately 1010 peripheral blood mononuclear cells are 
collected from the patient, treated with 8-methox-
ypsoralen, exposed to 1 to 2 joules of ultraviolet A 
light in the photopheresis machine, and re-infused 
back to the patient. In addition to inducing malig-
nant T-cell apoptosis, ECP also induces monocyte 
differentiation into DCs capable of phagocytosing 
and processing the apoptotic tumor cell antigens.100 
Repeated cycles of ECP for two consecutive days 
every 3 to 4 weeks with readministration of the 
treated cells is occasionally sufficient to induce a 
complete clinical response in SS. One potential 
modification to ECP, called transimmunization, is 
currently being studied and has completed phase 
I clinical trial testing; during ECP, the apoptotic 
malignant T cells and the newly formed DCs are 
co-incubated prior to re-infusion to optimize the 
above antigen processing and more efficient induc-
tion of tumor-targeted immunity.100

Nevertheless, administration of large numbers of 
apoptotic cells as generated by ECP can compro-
mise dendritic cell functions, including cytokine 
production, and therefore, has the potential to exac-
erbate the preexisting immune-depressed state.101 
Such observations support the rationale for the 
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adjunctive use of multiple agents that can enhance 
both the afferent immune response (events related 
to processing of apoptotic malignant cells) as well 
as the efferent response (direct cytolytic attack on 
the tumor cells).

In support of this approach, Richardson and col-
leagues96 have recently demonstrated high response 
rates of SS patients when ECP was combined with 
the administration of multiple immune adjuvants. 
As part of this regimen, IFN-α and bexarotene 
were routinely used in combination with ECP. In 
some cases, granulocyte-macrophage colony-stim-
ulating factor (GM-CSF) was administered follow-
ing each ECP treatment to enhance APC function. 
The monthly administration of 125 µg of GM-CSF 
on two consecutive days resulted in significant 
increases in circulating DC numbers compared to 
DC numbers in ECP-treated SS patients who did 
not received GM-CSF.59 In one patient, admin-
istration of GM-CSF three times per week for 6 
months resulted in the persistent normalization of 
DC numbers, indicating that APC functions might 
be markedly augmented in this patient population 
with the long-term use of GM-CSF.

In addition to IFN-α, additional approaches to 
enhance the effector phase of antitumor immu-
nity are presently being utilized. Although limited 
results have been reported following the admin-
istration of recombinant IFN-γ, recent evidence 
suggests that it has significant potential for the 
treatment of MF/SS and it is clearly well toler-
ated, particularly by the elderly who experience 
frequent cognitive dysfunction and fatigue with 
IFN-α treatment.102–104 In addition to enhancing the 
cytolytic lymphocyte function of patients with MF/
SS, IFN-γ suppresses the excess cytokine produc-
tion, enhances CD40 expression, and primes their 
abnormal DCs for IL-12 and IL-15 production, 
particularly in response to CD40 ligation59 and 
Toll-like receptor agonistic stimulation.105 In our 
Cutaneou s Lymphoma Program at the University 
of Pennsylvania, when possible we are presently 
routinely using IFN-γ for SS patients who appear 
to be refractory to IFN-α. In several cases, addition 
of IFN-γ to a multimodality regimen that included 
photopheresis and bexarotene appeared to be asso-
ciated with the induction of a sustained complete 
clinical response.103,104

Alternative routes exist for the administration 
of IFN-γ. In a small pilot study, Dummer and col-

leagues106 have demonstrated clinical efficacy of 
IFN-γ cDNA administered subcutaneously in an 
adenoviral vector. The local intralesional injection 
resulted in significant responses rates of individual 
lesions in both MF and SS patients. Moreover, 
elevated serum levels of IFN-γ were observed 
and appeared to be associated with regression of 
lesions distant from the injection sites. This study 
further suggests that elevation of IFN-γ levels can 
beneficially alter disease progression.

Removal of the Immunologic Brake: 
Elimination of Treg Activity

As indicated above, increasing evidence exists for 
the role of enhanced CD4+CD25+ Treg function in 
CTCL as a contributory mechanism for depressed 
cellular immunity.61,62 Although strategies for the 
elimination of suppressor activity in MF/SS remain 
untested, several potential approaches are possible. 
Currently, denileukin diftitox (Ontak), a diphtheria 
toxin–IL-2 protein conjugate, is available for target-
ing IL-2 receptor–bearing T cells.107 After binding 
to the IL-2 receptor, it undergoes endocytosis fol-
lowed by release of the diphtheria toxin, which 
results in arrest of protein synthesis and, ultimately, 
apoptosis of T cells. Intravenous administration of 
denileukin diftitox to patients with MF results in 
the regression of plaques and tumors.108 Its major 
mechanism of action is thought to be mediated by 
direct killing of malignant T cells. However, it is 
entirely possible that at least a portion of its activ-
ity is mediated through the elimination of CD25-
bearing Tregs as suggested during recent studies of 
ovarian cancer treatment.109

Because Tregs express CTLA-4, another potential 
approach to their inhibition is through the use of 
anti–CTLA-4 antibody.110 This therapeutic approach, 
although promising for metastatic melanoma,111 
remains untested so far for CTCL. Tregs may also 
suppress immunoreactivity by production of IL-10 
or TGF-β. Antibodies with neutralizing activity for 
these factors could be utilized to reverse their inhibi-
tory effects on the immune response.

Experimental Therapy

Numerous alternative strategies exist for the 
enhancement of antigen-presenting cell function. 
These include the administration of a variety of 
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Toll-like receptor (TLR) agonists, which are pres-
ently in clinical development.112,113 Imiquimod, 
a member of the imidazoquinoline family, which 
is presently FDA approved to treat basal cell 
carcinoma, actinic keratoses, and condyloma, has 
recently been demonstrated to have substantial clin-
ical activity when applied topically to skin lesions 
of MF patients.114,115 Imiquimod potently triggers 
TLR7, expressed on plasmacytoid DCs, which 
results in IFN-α and TNF-α production.116,117 
Imiquimod may also directly induce cells of some 
tumor types to undergo apoptosis.118

Several newer members of the imidazoquinoline 
family have the capacity to trigger TLR8 in addi-
tion to TLR7.119 This would be expected to result 
in a broader activation of both myeloid as well 
as plasmacytoid DCs with the release of a more 
extensive array of immune activating cytokines, 
including IL-12, IL-15, IL-18, and IFN-α. Because 
Tregs also express TLR8, triggering of this receptor 
by the appropriate ligand can lead to inhibition of 
these suppressive cells, the net effect being immune 
augmentation. Thus, such compounds would likely 
broadly activate multiple compartments of the 
immune response and make them highly desir-
able compounds to use as systemic therapeutic 
agents either alone or as part of a multimodality 
approach.

Recent clinical trials have tested the effects of an 
alternative class of DC-activating agents, synthetic 
oligodeoxynucleotides that contain CpG motifs 
(CpG-ODNs). CpG-ODNs have been recognized 
as immune stimulatory agents through their activa-
tion of DCs following binding to TLR9 expressed 
on plasmacytoid DCs.120 The immunostimulatory 
potential of CpG-ODNs has been tested in murine 
tumor models and has been observed to lead to the 
generation of strong antitumor T-cell responses, 
resulting in complete remission of certain estab-
lished solid tumors.121 Thus, there is substantial 
rationale to study the activity of CpG-ODNs in 
human tumor systems. In this regard, in vitro data 
indicate that CpG-ODNs can potently activate 
CTCL patients’ DCs, leading to IFN-α production, 
increased expression of critical immune accessory 
molecules, and enhanced cell-mediated cytotoxic-
ity.70 Moreover, Kim and colleagues122 have shown 
in a phase II clinical trial for refractory advanced 
CTCL that CpG-ODNs administered subcutane-
ously as a single agent demonstrate therapeutic 

efficacy, in some cases inducing complete clinical 
responses in advanced stage patients. Therefore, 
application of CpG-ODNs in a multimodality 
therapeutic approach that uses photopheresis or 
transimmunization might also yield significant 
therapeutic benefit. It is noteworthy that antiviral 
vaccination strategies that incorporate the use 
of CpG-ODNs along with viral antigen appear 
to be markedly superior to those that use antigen 
alone.123 Since ECP represents an immunization 
procedure utilizing apoptotic tumor cells, such find-
ings support the use of CpG-ODNs at the time of 
re-infusion of the treated tumor cells in an effort 
to directly target the tumor antigens to DCs for 
processing.

Other mechanisms for activating the DCs of 
patients with MF/SS that are under preclinical 
investigation include strategies for the engagement 
of CD40. As stressed above, there is substantial 
evidence that a defect in CD40 ligand expres-
sion by malignant T cells plays some role in the 
depressed production of DC-dependent cytokines.66 
Furthermore, coculture of peripheral blood cells 
of SS patients with hexameric recombinant CD40 
ligand resulted in substantial production of IL-12. 
Clinical trials using this approach have yet to be 
undertaken. Another strategy that appears promis-
ing for the treatment of solid tumors but that awaits 
clinical testing for CTCL, involves the use of 
an activating anti-CD40 antibody. Animal models 
using this approach indicate that enhanced genera-
tion of tumor-specific T cells can occur.124,125

Interleukin-12 is a cytokine known to induce IFN-
α release and to enhance cytolytic T cell and NK 
cell activities, and thus has the potential to enhance 
the antitumor immune response of MF/SS patients. 
In a small phase I study followed by a limited 
phase II study, the subcutaneous administration of 
recombinant IL-12 to a total of 32 patients with MF 
resulted in approximately a 50% response rate.126,127 
Since malignant T cells lack the IL-12 β2 receptor128 
and are thus incapable of signaling in response to 
IL-12, it is presumed that the clinical response was 
not due to the direct effects of the cytokine on the 
malignant cells. Indeed, serial biopsies of cutaneous 
plaques during treatment revealed dense infiltrates of 
CD8+ T cells that appeared near the time of initial 
signs of lesional regression.126 Thus, it is believed 
that CD8+ T cells with augmented cytolytic activ-
ity are the predominant “workhorses” activated 
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in response to IL-12. Whether IL-12 administra-
tion has advantages over IFN-α use is presently 
unknown, but it is hoped that in the future, IL-12 
will also find its place in a multimodality therapeu-
tic approach.

Future Strategies for Enhancing the Host 
Immune Response

Tumor Vaccines

Most vaccination strategies for MF/SS utilize the 
clonotypic TCR as a source of tumor-specific anti-
gen. Immunogenic epitopes are found within both 
the variable (V-region) and the constant (C-region) 
regions of the clonotypic TCR-α and TCR-β 
receptor.129,130 In some experiments, immunogenic 
peptides have been directly isolated from the 
major histocompatibility complex (MHC) class I 
molecules on the surface of the malignant clone. 
This confirms that the antigen-processing path-
way for endogenous proteins remains intact in the 
malignant clone, and that the clonotypic TCR is 
subjected to antigen processing and presentation 
by MHC class I. Consequently, the TCR peptide-
MHC complex on the surface of a malignant cell 
can serve as a target for recognition by CD8+ 
CTLs (cytolytic T-cell lymphocyte). This has been 
demonstrated in both normal donors and patients 
with MF/SS, where immunogenic peptides derived 
from the clonotypic TCR induced tumor-specific 
CD8+ T cells that were capable of secreting TNF-
α,129 as well as lysing autologous tumor cells in 
vitro.130

Dendritic-cell–based vaccines have also been 
developed for CTCL.131 Sources of antigen used to 
pulse DCs prior to vaccination may include tumor-
cell lysates, peptides, “mimotopes,” tumor-derived 
DNA or RNA, apoptotic tumor cells and even 
tumor cell–DC fusions. Maier et al.132 reported on 
10 CTCL patients treated with weekly intranodal 
injections of autologous DCs pulsed with tumor 
lysate. In this study, 50% of patients had a clini-
cal response to the vaccine, accompanied by an 
infiltration of CD8+ and TIA-1+ cytotoxic cells at 
the site of regressing lesions as well as molecu-
lar remission in some cases. Of note, clinical 
responses in this study were associated with a low 
tumor burden, which underscores the importance 
of instituting immunotherapy early in the course of 

the disease and prior to the development of signifi-
cant immune dysregulation.

The addition of an immune adjuvant(s) may be 
used in an attempt to enhance the efficacy of the 
vaccine. Cytokines such as IL-12,126,133 IL-15,70,134 
IL-18,135 and IL-21136 can augment the develop-
ment, the effectiveness, and the maintenance of 
antitumor CTL responses. Moreover, these same 
cytokines have also been shown to enhance NK-
cell activity, which may play an important role in 
controlling tumor growth in vivo. Granulocyte-
macrophage colony-stimulating factor is another 
cytokine that has been used as a cancer vaccine 
adjuvant to enhance both the number and function 
of dendritic cells.137,138 As discussed earlier, other 
immune activating agents including TLR agonists 
(i.e., imidazoquinolines, CPG-ODNs), anti-CD40, 
and anti-CTLA-4 could be used in conjunction 
with a tumor vaccine for patients with CTCL.

Monoclonal Antibodies

Monoclonal antibodies and fusion toxins directed 
against a variety of cell-surface markers have 
been tested in patients with SS/MF. In addition to 
denileukin diftitox as described earlier, examples 
of such antibodies include anti-CD4 (zanolimu-
mab, currently in pivotal phase II clinical trials)139 
and anti-CD52 (alemtuzumab).140,141 These two 
agents have direct potent antitumor activity; anti-
CD52 mAb treatment has been associated with 
prolonged immunosuppression and 20% risk of 
opportunistic infections as it also removes DCs, 
monocytes, NK, and B cells.

Chemokine receptors and their ligands may 
serve as potential targets for antitumor therapy 
in MF/SS. Antibody-based therapeutics target-
ing chemokine receptors and compounds with 
the potential to downregulate chemokine receptor 
expression hold great promise as potential therapies. 
A novel humanized-CCR4 monoclonal antibody 
has recently been developed and is currently being 
investigated as a potential therapeutic for the treat-
ment of patients with CCR4+ T-cell leukemia/lym-
phoma.142 The CCR4+ cells in these conditions 
have been shown to exhibit features of regulatory 
T cells with the ability to suppress antitumor 
immune responses. In addition to lysing CCR4+ 
T cells in vitro, this antibody reduced the expres-
sion of Foxp3 mRNA suggesting a possible role in 
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depleting Tregs.143 It is plausible that this antibody 
may potentially serve as a therapeutic modality for 
the treatment of CTCL patients with advanced dis-
ease among which the majority of malignant cells 
express CCR4.

As mentioned earlier, IFN-α can be combined 
with other biologic response modifiers to achieve 
high clinical response rates among SS patients.96 
In addition to its ability to enhance cell-mediated 
cytolytic activity and suppress Th2 cytokine pro-
duction, IFN-α may also significantly increase 
production of the Th1 associated chemokine, 
monokine induced by interferon-γ (Mig), a CXC 
chemokine recognized by CXCR3.144 Aside from 
its expression by MF cells in early-stage disease (as 
discussed earlier), it is also expressed by cytotoxic 
T cells, and thus contributes to the accumulation of 
tumoricidal cytolytic T cells in lesional skin.

In recent work, we have observed the ability of 
the rexinoid bexarotene to preferentially decrease 
CCR4 levels among malignant cells in vitro.145 This 
reduction was associated with a decrease in malig-
nant cell chemotaxis in response to TARC. Our 
findings, may in part, explain the marked clearing 
of cutaneous erythroderma we have noted among 
patients treated with this therapeutic agent,146 and 
suggest a potential role for such compounds in the 
management of inflammatory and neoplastic diseases 
of the skin in the near future.

Histone Deacetylase Inhibitors

Histone deacetylase (HDAC) inhibitors represent 
a novel class of compounds that modulate gene 
expression by shifting the balance toward acetyla-
tion of nucleosomal histones.147 Compounds such 
as suberoylanilide hydroxyamic acid147,148 and 
depsipeptide (FK228/romidepsin)149–151 have been 
shown to induce differentiation or apoptosis of 
malignant lymphocytes. HDAC inhibitors also 
likely affect nonhistone targets that may contrib-
ute to their antitumor effects. Suberoylanilide 
hydroxamic acid (vorinostat/Zolinza) was FDA 
approved in late 2006 for the treatment of refrac-
tory CTCL,152 and romidepsin is currently in phase 
II clinical trials. In addition, recent data indicate 
that HDAC inhibitors may upregulate the expres-
sion of the IL-2 receptor on malignant T cells, 
resulting in enhanced susceptibility to killing by 
denileukin diftitox.150,153 Some evidence exists 

suggesting that HDAC inhibitors may stimulate 
the induction of Tregs, thus leading to heightened 
immune suppression. One manifestation of this 
effect may be the increased frequency of reactiva-
tion of herpes viruses during therapy. However, the 
overall immunologic effects of the HDAC inhibi-
tors remains to be elucidated.

Stem Cell Transplant Therapy

Advanced-stage CTCL patients, with multiple 
tumors, erythroderma, or reticuloendothelial sys-
tem involvement who are refractory to the above 
therapies, are increasingly being considered for 
hematopoietic stem cell transplantation (HSCT). 
Originally, HSCT was conceived as a replace-
ment for a patient’s own diseased hematopoietic 
system, which theoretically had been destroyed by 
a pretransplant regimen of chemoradiation. This 
concept of eliminating the abnormal cells and sup-
porting hematopoiesis with transplanted stem cells 
continues to be the basis for autologous stem cell 
transplants, in which patients’ own reserved stem 
cells are returned after chemoradiation. In fact, 
some authors support high-dose chemotherapy 
with hematopoietic progenitor cell support as a 
more appropriate term for autologous stem cell 
transplant.154

However, allogeneic HSCT has evolved concep-
tually into an immunologic therapy with the obser-
vation that donor transplanted T cells can elicit a 
graft-versus-tumor effect against the host’s tumor 
cells.155 The immunologic basis of the disorder 
graft-versus-host disease (GVHD), which causes 
a significant amount of transplant-related morbidity 
and mortality, also supports the concept that the 
engrafted immune system, even when human leu-
kocyte antigen (HLA) matched, is active against 
host tissue.154 Based on this model, investigators 
have employed strategies of pre- and posttrans-
plant immunosuppression that are less toxic to the 
host’s other organ systems and have had success 
with nonmyeloablative conditioning regimens for 
allogeneic stem cell transplants.156 A truly nonmy-
eloablative conditioning regimen results in mixed 
chimerism of both donor and host hematopoiesis 
posttransplant, and it allows for transplantation in 
elderly patients and those with comorbidities that 
may not survive the pancytopenia and organ toxici-
ties that accompany a myeloablative transplant.
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Stem cell transplants have achieved long-term 
complete responses in many types of hematologic 
malignancies, and there are reports of autologous 
and allogeneic, as well as myeloablative and non-
myeloablative, stem cell transplants for advanced 
CTCL. In the two largest series of advanced MF/SS 
patients undergoing autologous stem cell trans-
plant, almost all patients did achieve a complete 
response. However, out of 13 reported patients 
with a complete response, 12 relapsed, with the 
longest time to relapse being 14 months, and the 
median time to relapse in the larger study being 7 
months.157,158 Several other case reports of autolo-
gous stem cell transplant for advanced CTCL have 
been published, and although patients do achieve a 
safe and complete response overall, more than half 
of reported cases have relapsed within 6 months.154 
Active disease was present in all reported patients 
at the time of conditioning and transplant. Further 
studies are needed to elucidate if there might 
be a role for autologous stem cell transplant in 
advanced CTCL, but these early reports indicate 
relapse may be a significant problem limiting their 
use for this disease.

There have been 17 reported cases of alloge-
neic bone marrow transplant in advanced CTCL, 
and the small amount of data gathered so far 
indicates that if the patient and the graft are 
able to survive the transplant period, complete 
responses can be achieved and sustained.159–164 
All of these cases represented patients with MF 
or SS, with one exceptional case of an advanced 
cutaneous CD30− large T-cell lymphoma.164 All 
of the patients had active disease at the time 
of conditioning and transplantation and had 
been heavily pretreated, in many instances with 
multiple courses of cytotoxic chemotherapy. 
Of these reported cases, three patients died due 
to infections, similar to the reported mortality 
rate of 15% to 40% for other types of patients 
undergoing allogeneic stem cell transplant.154 
However, of 14 patients who have survived, 
complete responses have been maintained for as 
many as 9 years, and the single patient who was 
reported to have relapsed had her disease brought 
under good control after donor lymphocyte infu-
sion.162,163 These responses are evidence of a 
graft versus tumor effect, which in most cases is 
accompanied by some degree of GVHD. In all 
allogeneic stem cell transplant patients, a bal-

ance between disease relapse and GVHD must 
be achieved using some degree of posttrans-
plant immunosuppression. In the reported cases 
discussed here, 16 patients developed at least 
grade II acute GVHD. Information was available 
regarding chronic GVHD, which occurred in 11 
cases, while two had no chronic GVHD and six 
had limited GVHD.160,161,163,164 In some cases, 
patients have been able to discontinue immuno-
suppression entirely, without evidence of recur-
rent CTCL or GVHD.163 More extensive studies 
are needed to assess the safety and efficacy of 
these promising therapies.

Conclusion

Cutaneous T-cell lymphoma is a skin-homing 
extranodal non-Hodgkin’s lymphoma. It is a slowly 
progressive disease, in which cellular immunity 
gradually declines. The pathogenesis of the disease 
includes skin-homing malignant lymphocytes that 
become progressively more resistant to programmed 
cell death. Current therapies involve skin-directed 
treatments, systemic treatments, and immune adju-
vants. Experimental treatments include dendritic 
cell–based immunization strategies against the 
TCR derived from malignant clones, as well as 
cytokine therapies such as IL-12.
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Key Points

• Over 15,000 patients per year are treated with 
allogeneic stem cell transplantation as an inter-
vention for cancer, primary immunodeficiency, 
and other serious heritable and acquired disease 
states.

• Graft-versus-host disease (GVHD) is a poten-
tially life-threatening complication of allogeneic 
transplantation, with risk factors stem cell related 
to human leukocyte antigen (HLA) compatibility, 
the age and sex of the donor and recipient, the 
conditioning regimen used to prepare the graft 
and the donor, as well as the T-cell composition 
of the graft.

• The frequency of acute GVHD, even in haplo-
identical transplants can be as high as 30%; 
chronic GVHD may occur in 30% to 80% of 
transplant recipients.

• Acute graft-versus-host disease is a syndrome 
of skin, liver, and gastrointestinal dysfunction, 
which is a result of donor T lymphocyte activa-
tion by host antigen-presenting cells, resulting in 
an immune-mediated inflammatory response.

• There are a variety of morphologic changes that 
can occur in the skin in the setting of chronic 
GVHD, ranging from erythema, to lichenoid 
lesions, to fibrotic conditions and fasciitis.

• Systemic treatments such as glucocorticos-
teroids, calcineurin inhibitors extracorporeal 
photo pheresis, and biologic therapies have been 
applied with varying success to ameliorate the 
signs and symptoms of cutaneous and systemic 
disease.

Hematopoietic Stem Cell 
Transplantation

Allogeneic hematopoietic stem cell transplantation 
(HSCT) is a potentially curative intervention for 
more than 15,000 patients each year suffering from 
cancer, primary immunodeficiency, and other seri-
ous heritable and acquired disorders (Table 26.1). 
However, allogeneic HSCT may lead to graft-ver-
sus-host disease (GVHD), a complex multiorgan 
disease that is a major cause of posttransplant non-
relapse morbidity and mortality. Although it occurs 
most frequently in association with allogeneic 
HSCT, GVHD may also result from autologous 
HSCT, allogeneic liver transplantation, or blood 
transfusion. Practically every organ system may be 
affected by GVHD, but the skin is the most com-
mon site of involvement, and chronic cutaneous 
GVHD is perhaps most remarkable for its variable 
cutaneous manifestations.

The first step in allogeneic HSCT is the identi-
fication of a suitable stem cell donor. The donor is 
selected based on the similarity of his/her histocom-
patibility antigen (human leukocyte antigen [HLA]) 
profile to that of the recipient. There are three major 
class I HLA antigens, HLA-A, -B, and –C, and three 
major class II HLA antigens, HLA-DP, -DQ, and 
–DR. Because the alleles in each HLA class tend to 
be inherited together, there is approximately a 25% 
chance that a sibling donor will be a 6/6 HLA-identical 
match. If no related donor is available, a bone marrow 
registry is utilized to search for an unrelated donor. 
International registries now contain over 9 million 
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potential donors and identify an unrelated donor for 
approximately 50% of patients.1 The risk of GVHD 
is directly proportional to the degree of mismatch 

in major HLA alleles between donor and recipient. 
In addition, mismatch of minor HLA antigens is 
more likely to occur in the setting of unrelated-donor 
HSCT, which also contributes to the development of 
GVHD. Once a suitable donor is identified, the stem 
cells are collected from the donor’s bone marrow, or 
colony-stimulating factor (CSF) is administered to 
the donor in order to mobilize stem cells from the 
marrow prior to pheresis from the peripheral blood. 
Umbilical cord blood is also used for stem cell trans-
plantation but currently accounts for a small percen-
tage of transplants performed worldwide. The source 
of the stem cell graft is an important factor in the 
development of GVHD, as peripheral blood grafts 
may be associated with a higher risk of GVHD than 
bone marrow–derived grafts.2 After harvesting, donor 
stem cells are selected by physical and immunologic 
sorting methods. Specific T-cell depletion of the graft 
may be performed in order to decrease the risk of 
GVHD [prior to transfusion].

Pretreatment of the recipient’s marrow before 
transplantation is necessary in order to allow 
engraftment of the donor stem cells. Traditional 
myeloablative regimens utilize a combination 
of total-body irradiation and chemotherapeu-
tic agents such as cyclophosphamide to permit 
engraftment. These regimens create an immu-
nosuppressed state, preventing the host from 
rejecting the foreign stem cells. Myeloablative 
preparative regimens may reduce tumor burden 
through a direct effect on the cancer; however, 
they are associated with a high rate of toxicity.3 
Over the last several years, reduced-intensity 
(nonmyeloablative) preparative regimens have 
resulted in less acute toxicity and have expanded 
the use of allogeneic transplantation to higher 
risk groups including older patients or those with 
significant organ dysfunction. Reduced-intensity 
regimens rely primarily on the transplanted graft 
for antileukemic activity rather than the direct 
cytotoxicity of the preparative regimen.1

Autologous stem cell transplantation, which utilize 
the patient’s own stem cells following ablation of the 
hematopoietic system, is an important treatment for 
certain malignancies such as non-Hodgkin’s lym-
phoma and multiple myeloma. More than 30,000 
autologous procedures are performed worldwide each 
year. Although the risk of GVHD and overall nonre-
lapse mortality are greatly reduced following autolo-
gous transplantation when compared with allogeneic 

Table 26.1. Conditions treated with allogeneic hemat-
opoietic stem cell transplantation (HSCT).

Autoimmune disorders
Autoimmune lymphoproliferative syndrome (ALPS)
Immune dysregulation, polyendocrinopathy, X-linked

syndrome (IPEX)

Hematologic malignancy
Acute myeloid leukemia
Acute lymphoblastic leukemia
Chronic lymphocytic leukemia
Chronic myeloid leukemia
Hodgkin’s lymphoma
Multiple myeloma
Non-Hodgkin’s lymphoma

Bone marrow failure
Aplastic anemia
Diamond-Blackfan syndrome
Fanconi anemia
Dyskeratosis congenita/Hoyeraal-Hreidarsson syndrome
Myelodysplastic syndrome
Shwachman-Diamond syndrome

Immunodefi ciency
Ataxia-telangiectasia
Chediak-Higashi syndrome
Chronic granulomatous disease
Complete interferon-γ receptor 1 deficiency
DiGeorge syndrome
Familial hemophagocytic lymphohistiocytosis
Griscelli’s syndrome
Hyper-IgM syndrome
Kostmann syndrome
Leukocyte adhesion deficiency
Severe combined immunodeficiency
Wiskott-Aldrich syndrome
X-linked proliferation syndrome

Metabolic disorders
Fucosidosis
Gaucher’s disease
Mucopolysaccharidoses
Osteopetrosis

Other disorders
Congenital erythropoietic porphyria (Günther’s disease)
Essential thrombocytopenia
Histiocytoses
Idiopathic hypereosinophilic syndrome
Myelofibrosis
Polycythemia vera
Paroxysmal nocturnal hemoglobinuria
Sickle cell disease
Thalassemia
Waldenström’s macroglobulinemia
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transplantation, autologous procedures are associated 
with an increased rate of malignancy relapse.4

Acute Versus Chronic 
Graft-Versus-Host Disease

Traditionally, acute and chronic GVHD are desig-
nations based on the timing of the onset of GVHD 
symptoms; the onset of acute GVHD occurs on or 
before the 100th day following transplantation, 
and the onset of chronic GVHD occurs after the 
100th day. However, this temporal distinction 
is somewhat arbitrary, as patients may manifest 
classic signs of acute GVHD even after day 100, 
and chronic manifestations may occur before 100 
days posttransplantation. Whereas acute cutane-
ous GVHD typically presents as an exanthe-
matous skin eruption with gastrointestinal and 
hepatic involvement, chronic cutaneous GVHD 
is remarkable for its protean skin presentation, 
and it is associated with variable but potentially 
widespread organ dysfunction and immunodsyr-
egulation. Changes in transplant protocols have 
also impacted the onset of acute and chronic 
symptoms. Nonmyeloablative conditioning regi-
mens commonly delay the onset of manifestations 
of acute GVHD until after 100 days following 
transplantation.5 Similarly, the use of donor lym-
phocyte infusions (DLI), wherein additional stem 
cells are administered weeks or months following 
transplantation to augment the graft-versus-tumor 
response, may induce symptoms of acute GVHD 
after the 100-day period.

Clinical Manifestations 
of Graft-Versus-Host Disease

Acute Graft-Versus-Host Disease

Acute GVHD is a potentially life-threatening com-
plication of allogeneic transplantation. The risk of 
developing acute GVHD depends on a number of 
factors, including HLA compatibility, the age and 
sex of the donor and recipient, the prophylactic 
regimen used, and the T-cell composition of the 
graft. Without prophylactic immunosuppression, 
acute GVHD develops in nearly every allogeneic 
HSCT recipient. Therefore, a calcineurin inhibitor 

(cyclosporine or tacrolimus) is commonly used in 
combination with methotrexate in the first several 
weeks to months following transplantation, during 
which time the risk of acute GVHD is greatest.

Despite prophylactic immunosuppressive therapy, 
nearly 30% of HLA-identical related transplant 
procedures result in significant acute GVHD.6 
This risk is significantly higher in HLA-matched 
unrelated and mismatched transplants. Because 
the skin is often the earliest clinical sign of acute 
GVHD and long-term survival from acute GVHD 
is directly related to the severity of skin, liver, and 
gut involvement, a quick and accurate diagnosis of 
GVHD is helpful to guide important management 
decisions. The 1994 Consensus Conference grading 
for acute GVHD is listed in Table 26.2.7

Acute GVHD primarily involves the skin, liver, 
and gastrointestinal tract, although other organ 
systems may be affected less frequently. Skin 
involvement most often occurs within 2 to 4 weeks 
after transplantation and is usually the first mani-
festation of acute GVHD. Cutaneous involvement 
may range in severity from an asymptomatic macu-
lopapular erythematous eruption to widespread 
necrolysis, but most commonly presents with an 
exanthem-like eruption that preferentially involves 
the head, ears, palms, and soles (Fig. 26.1). In 
early GVHD, there may be involvement of the hair 
follicle, creating a folliculocentric appearance.8 

Table 26.2. Staging and grading of acute graft-versus-
host disease (GVHD).

Stage Skin Liver Gut

1 Rash <25% 
BSA

Bilirubin 
2 mg/dL to 
<3 mg/dL

Diarrhea 500–
1000 mL/day 
or persistent 
nausea

2 Rash 25–50% 
BSA

Bilirubin 
3–6 mg/dL

Diarrhea >1000–
1500 mL/day

3 Rash >50% 
BSA

Bilirubin 
6–15 mg/dL

Diarrhea 
>1500 mL/day

4 Erythroderma 
w/ bullae 
formation

Bilirubin 
>15 mg/dL

Severe abdominal 
pain with or 
without ileus

Grade
I Stage 1–2 None None
II Stage 3 or Stage 1 or Stage 1
III Stege 2–3 or Stage 2–4
IV Stage 4 or Stage 4

BSA, body surface area.
Adapted from Przepiorka et al.7



When severe, diffuse erythroderma or bullae with 
epidermal necrolysis may occur (Fig. 26.2).

Histologically, acute GVHD is character-
ized by widespread keratinocyte necrosis with 
a dermal lymphocytic infiltrate and basal cell 
hydropic degeneration (Fig. 26.3). Histologic 
changes mimicking GVHD may be found 
following high-dose chemo/radiotherapy, in the 
setting of drug hypersensitivity, and with the 
eruption of lymphocyte recovery.9 In cases in 
which the clinical and histologic diagnosis of 
acute skin GVHD is nondiagnostic, the pres-
ence of hyperbilirubinemia or symptoms of nau-
sea, vomiting, diarrhea, or abdominal pain are

important indicators of hepatic and gastrointesti-
nal involvement. Even in the setting of equivocal 
cutaneous and histologic findings, the mortality 
associated with severe acute GVHD necessitates 
a low threshold for initiating empiric corticos-
teroid therapy.

Chronic Graft-Versus-Host Disease

Chronic GVHD occurs in 30% to 80% of allogeneic 
HSCT recipients and is the leading cause of nonre-
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Fig. 26.1. Acute graft-versus-host disease (GVHD) of the palms

Fig. 26.2. Acute GVHD with necrolysis

Fig. 26.3. Scattered necrotic epidermal keratinocytes 
with vacuolization of the basal cell layer and lym-
phocytic infiltration in the papillary dermis in a patient 
with acute GVHD (hematoxylin and eosin, 20×)
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lapse mortality in survivors more than 2 years after 
transplantation.10 Skin involvement may progress 
directly from acute disease, may occur following 
a period of disease quiescence, or occur de novo 
without a history of previous acute involvement. 
The greatest predictor of chronic GVHD is a his-
tory of prior acute GVHD.11 Other risk factors 
include older patient age, a female donor for a 
male patient, a mismatched or unrelated donor, a 
peripheral blood graft, a T-cell replete graft, and 
use of donor lymphocyte infusions. A flare of 
chronic cutaneous GVHD may be triggered by a 
number of factors, most commonly tapering of 
immunosuppression, but may also occur following 
a drug eruption or sunburn, or in the setting of a 
systemic viral or bacterial infection.

One of the greatest hurdles to improving survival 
in patients who develop chronic GVHD stems from 
the clinical and immunologic complexity of the 

disorder. In an effort to facilitate clinical research in 
the field of chronic GVHD, the National Institutes 
of Health Chronic GVHD Consensus Project pub-
lished a series of articles providing a standardized 
approach for diagnosis and staging,12 histopa-
thology,13 disease biomarkers,14 response crite-
ria,15 supportive care,16 and clinical trial design.17 
Traditionally, chronic cutaneous GVHD has been 
described as either “lichenoid” or “sclerodermoid” 
involvement. However, these terms do not accu-
rately portray the variability in the currently recog-
nized cutaneous manifestations of chronic GVHD.18 
The Consensus Project diagnosis and staging guide-
lines provide a classification system of the clinical 
manifestations of chronic cutaneous GVHD (Table 
26.3). Poikiloderma, lichen- planus–like lesions, 
and sclerotic skin changes including fasciitis are 
considered diagnostic features of chronic  cutaneous 
GVHD when they occur in the setting of allogeneic 

Dermatologic and mucosal features
Skin Alopecia

 Angiomatous papules
 Bullae
 Erythema
 Hypo- or hyperpigmentation
 Ichthyosis-like
 Keratosis-pilaris-like
Lichen-planus-like*

 Lichen-sclerosus-like*

 Maculopapular
 Morphea-like*

 Poikiloderma*

 Scleroderma-like*

 Sweat impairment
 Ulceration

Nails Brittleness
 Longitudinal ridging or splitting
 Onycholysis
 Pterygium unguis

Subcutaneous tissue Fasciitis*

 Panniculitis
Oral mucosa Erythema

 Gingivitis
 Hyperkeratotic plaques*

 Lichen-planus–like*

 Mucocele
 Mucosal atrophy
 Mucositis
 Pseudomembrane
 Restriction of oral opening from 

 sclerosis*

 Ulcer
 Xerostomia

Genital mucosa Lichen-planus–like*

 Vulvar erosions/fissures
 Vaginal scarring/stenosis*

Other organ system involvement in chronic 
GVHD
Cardiovascular Pericardial effusion
Ophthalmologic Cicatricial conjunctivitis

 Sicca symptoms
 Confluent punctuate keratopathy
 Photophobia
 Blepharitis

Gastrointestinal Esophageal web
 Esophageal stricture/stenosis

Hematopoietic Thrombocytopenia
 Eosinophilia
 Lymphopenia
 Hypo- or hypergammaglobulinemia
 Autoantibodies

Hepatic Elevated total bilirubin
 Elevated alkaline phosphatase
 Elevated transaminases

Musculoskeletal Myositis or polymyositis
 Edema
 Myalgia
 Arthralgia, arthritis

Neurologic Peripheral neuropathy
 Myasthenia gravis

Pulmonary Bronchiolitis obliterans +/− organizing
  pneumonia

 Pleural effusion

Table 26.3. Clinical manifestations of chronic GVHD.

*Diagnostic feature; other signs and symptoms listed are not considered sufficient to establish a diagnosis of chronic GVHD without 
further testing or other organ involvement.



HSCT. Other cutaneous features, such as ichthyo-
sis, dyspigmentation, and alopecia are also well-
recognized manifestations but are not considered 
diagnostic of skin involvement.12

Given the variety of epidermal changes associated 
with GVHD, the term lichenoid is better reserved 
for use as a histologic descriptor of GVHD rather 
than as a clinical disease classification. Discrete 
lichen-planus–like violaceous papules are relatively 
uncommon in chronic GVHD, but may be seen most 
commonly on the palms and soles (Fig. 26.4). In the 
past, the term lichenoid has been used most com-
monly to describe cutaneous GVHD which mani-
fests as poorly defined interconnecting erythematous 
papules and plaques with overlying scale. This 
eruption may localize to sites of previous ultraviolet 
(UV) exposure, such as the posterior and  lateral 
neck, and may spare UV-protected areas such as the 
buttocks. Underlying sclerotic changes resembling 
lichen sclerosus or morphea may also be present. 
Resolution of this manifestation of chronic GVHD 
results in a distinct reticulate  pattern of hyper-
pigmentation, reflecting the pigment incontinence 
induced by the epidermal- dermal interface reaction.

Sclerotic changes associated with chronic GVHD 
may develop at any layer of the dermal and subcu-
taneous tissue. Chosidow et al.19 estimated the inci-
dence of sclerodermatous GVHD to be 3.6% based 
on a review of 196 HSCT patients. However, the 

true frequency of sclerotic changes associated with 
GVHD may be higher if all forms of sclerosis are 
included. Sclerosis may be present on multiple lev-
els in a single patient, and the changes may or may 
not occur in the presence of overlying epidermal 
involvement. The most superficial level of sclerotic 
changes resembles lichen sclerosus and consists 
of atrophic gray patches with epidermal atrophy, 
often distributed  symmetrically on the upper back. 
Morpheaform GVHD represents the next deeper 
level of sclerosis and mimics morphea with patchy 
areas of prominent dermal sclerosis, often with 
overlying pigmentation. Dermal sclerosis results in 
a decreased ability to pinch the skin. Morpheaform 
GVHD often occurs preferentially at sites of skin 
friction or pressure such as the waistband area (Fig. 
26.5). Scleroderma-like GVHD represents full-
thickness sclerosis with the complete inability to 
pinch skin and a hidebound appearance. Involvement 
over joints may significantly limit range of motion 
of the affected joint. In contrast to scleroderma, 
scleroderma-like GVHD does not begin with sym-
metric distal hand  involvement and proceed proxi-
mally, and Raynaud’s phenomenon is uncommon. 
Chronic sclerosis may be complicated by bullae for-
mation as well as spontaneous erosions and ulcera
tion (Fig. 26.6). Benign angiomatous papules and 
nodules may develop in patients with chronic dis-
ease (Fig. 26.7).20

Fig. 26.4. Chronic GVHD; scaling violaceous papules and plaques on the hands
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The histologic of “lichenoid” chronic GVHD 
resembles that of lichen planus with a bandlike 
lymphoplasmacytic infiltrate. Sclerotic GVHD 
resembles scleroderma with homogenization 
of collagen and loss of adnexal structures. The 
level and degree of fibrosis observed histo-
logically reflects the clinical type of sclerosis. 
In patients with primary rippling to the skin 
consistent with subcutaneous disease, sclerosis 
and inflammation will be seen primarily at the 
interface between the reticular dermis and the 
subcutaneous fat.

Chronic Graft-Versus-Host Disease–Related 
Fasciitis

Graft-versus-host disease–related panniculitis and 
fasciitis represent sclerosis of the deep subcutane-
ous tissue and fascia. Although GVHD-related fas-
ciitis is thought to be an uncommon presentation, it 
may present in an insidious manner and may result 
in marked functional limitations. Patients with 
GVHD-related fasciitis often manifest overlapping 
features of both  panniculitis and fasciitis, and the 
histologic  diagnosis may depend on the depth and 
extent of the tissue biopsy. Patients may complain 
of muscle pain or weakness,21 or may demonstrate 
limited range of motion at affected joints at the 
time of presentation. Graft-versus-host disease–
associated fasciitis shares many similarities with 
eosinophilic fasciitis, an uncommon disorder of 
unknown etiology first described by Shulman22 in 
1974. Graft-versus-host disease–associated fasciitis 
presents with prominent induration and rippling of 

Fig. 26.7 Numerous angiomatous papules and nodules in 
a patient with chronic sclerotic GVHD of the legs

Fig. 26.5. Tan sclerotic plaques with koebnerization at site 
of waistband in patient morpheaform chronic GVHD

Fig. 26.6. Hidebound sclerosis with skin ulceration in a 
patient with scleroderma-like chronic GVHD
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tissue, visible grooves demarcating fascial bundles 
or underlying superficial veins, and decreased range 
of motion (Fig. 26.8). The first indications of subcu-
taneous involvement may be edema of the affected 
limb. Magnetic resonance imaging may facilitate 
the diagnosis of subcutaneous involvement.23

Genital Graft-Versus-Host Disease

Assessment of genital involvement is important 
in the management of GVHD patients. Genital 
involvement is most commonly associated with 
sclerotic cutaneous disease, but may occur with 
other forms of cutaneous involvement, or in the 
absence of other cutaneous involvement. Genital 
tract involvement may be present in as many as 
49% of female patients 2 years posttransplan-
tation and may seriously impact the quality of life 
of affected individuals.24 Manifestations include 
burning and irritation, discharge,  erosions and fis-
sures, or vaginal stricture (Fig. 26.9). Involvement 
of the male genitalia may result in phimosis.25

Oral Graft-Versus-Host Disease

The second most common organ system involved 
with chronic GVHD after the skin is the mouth. 
Chronic oral GVHD may affect the oral mucosa and 
salivary glands. Lichen-planus–like oral involve-
ment is common, and manifests as erythema, 
hyperkeratotic plaques, and erosions. Sclerosis of 

the skin surrounding the mouth or the frenulum can 
cause difficulty opening the mouth or protruding 
the tongue, respectively. Persistent erosions and 
fissures cause burning pain, particularly upon con-
tact with acidic foods. Salivary gland involvement 
from chronic GVHD results in decreased saliva 
production and sicca symptoms. Loss of taste is 
also commonly reported by patients.

Immunology of Graft-Versus-Host 
Disease

Acute Graft-Versus-Host Disease

Acute GVHD is a reaction of immunocompetent 
donor cells against the cells and organs of the host. 
Billingham26 described three features necessary for 

Fig. 26.8. Subcutaneous sclerosis from chronic GVHD; 
there is prominent rippling and nodularity of the subcuta-
neous tissue appreciable by deep palpation. The overly-
ing skin is normal in texture and color

Fig. 26.9. Chronic vulvar GVHD; resorption of labia 
minora; pallor and sclerosis of vulvar vestibule; fissuring 
of the interlabial sulcus
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the development of GVHD: (1) the transplanted graft 
must be immunologically competent, (2) the recipient 
must not be capable of rejecting the graft, and (3) the 
recipient must express antigens that are recognized as 
foreign by the graft. Grafted cells recognize the host 
as foreign through differences between the donor and 
host in major and minor HLA expression.

Proinflammatory Environment

Ferrara and Reddy27 proposed a three-step model 
for the immunopathophysiology of acute GVHD. 
The first phase occurs prior to transplantation 
of the graft, during which time chemoradio-
therapy, the underlying disease state, and other 
factors activate host antigen-presenting cells 
(APCs). Total body irradiation in particular 
plays an important role in priming the immune 
response by inducing epithelial cell damage 
in the gastrointestinal tract, which leads to 
host secretion of inflammatory cytokines (tumor 
necrosis factor-α [TNF-α], interleukin-1 [IL-
1]) and exposure to microbial products such as 
lipopolysaccharide.

In the second phase of acute GVHD, host 
APCs expressing major histocompatibility com-
plex (MHC) class I and II molecules are rec-
ognized as foreign by donor T cells. In murine 
studies, host dendritic cells are sufficient to 
activate donor T cells.28 Differences in minor his-
tocompatibility antigens (mHags), such as those 
encoded on the Y chromosome, may also play 
an important role in propagating acute GVHD, 
particularly in the setting of HLA-identical trans-
plantation. Activation of natural killer (NK) cells, 
which eliminate APCs, abrogates the develop-
ment of GVHD, suggesting a crucial role for 
host APCs in the propagation of acute GVHD.29 
The three major organ systems involved in acute 
GVHD—the skin, liver, and gut—contain large 
numbers of APCs, which may in part be responsi-
ble for the localization of tissue damage to these 
organ systems.30

In the final effector phase, inflammatory media-
tors and cell-mediated killing work together to 
induce the clinical manifestations typical of acute 
GVHD. CD8+ cytotoxic T lymphocytes (CTLs) 
utilize perforin/granzyme–mediated cytolysis, 
whereas CD4+ T cells utilize Fas/FasL signaling, 
which may be particularly important for inducing 

hepatic damage.27 Tumor necrosis factor-α and 
IL-1 signaling play a prominent role in cellular 
damage in acute gastrointestinal GVHD. Cytokine 
gene polymorphisms may influence the expression 
of GVHD. A polymorphism in the TNF-α gene has 
been associated with an increased risk of severe 
acute GHVD,31 whereas polymorphisms in IL-10, 
a potent suppressor of TNF-α, IL-1, and other 
inflammatory cytokines, has been associated with 
a decreased incidence of acute GVHD.32

Regulatory T Cells

Acute GVHD is mediated by donor T cells that 
expand following transplantation in response to 
the recipient environment. Regulatory T (Treg) cells 
constitute a subset of the T-cell population that 
exerts control over the allogeneic T-cell response 
against the host. Tregs express FOXP3, a key tran-
scription factor for Treg function, as well as CD25, 
the IL-2 receptor α-chain that is also expressed by 
activated T cells. Donor grafts with a low percent-
age of CD4+Foxp3+ Tregs are associated with an 
increased risk of acute GVHD. In addition, the 
ratio of CD4+FOXP3+ cells to CD4+FOXP3−CD25+ 
in patients after transplant is significantly reduced 
in patients with acute GVHD, suggesting an impor-
tant role for Tregs in control of effector function.33 
Manipulation of specific T-cell subsets in donor 
grafts may allow for modulation of the GVHD and 
graft-versus-leukemia response.

Chronic Graft-Versus-Host Disease

In contrast to acute disease, our understanding of the 
pathogenesis of chronic GVHD is somewhat incom-
plete. Chronic GVHD demonstrates a complex 
interplay of immunologic processes with features 
of alloimmunity, autoimmunity, and immunodefi-
ciency. The heterogeneity of clinical manifestations 
and disease course in chronic GVHD makes human 
studies more challenging than studies of acute dis-
ease. In addition, correlations between murine models 
of GVHD and human chronic GVHD are difficult 
because marked differences in immune reactions 
are observed by the intensity of the conditioning 
regimen, disparity between strains, donor graft com-
position, and endogenous microbes of the animals.34 
The best characterized murine model of GVHD is 
the parent-into-F1 mouse. In this model, parental 
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lymphocytes are injected into the F1 recipient 
offspring. Because the parental lymphocytes are 
genetically related to the recipient, they are not 
recognized as foreign. However, the donor lym-
phocytes recognize the F1 mouse as foreign, induc-
ing a GVHD reaction. The parent-into-F1 model 
has several limitations as a model for GVHD, 
including the absence of a conditioning regimen, 
which is known to significantly impact the patho-
genesis of GVHD.

In chronic GVHD, autoreactive T cells are thought 
to arise from impairment of the negative selection 
process in the thymus due to thymic damage 
incurred from chemotherapy, acute GVHD, or age-
related atrophy.35 The clinical similarity of chronic 
GVHD to autoimmune diseases such as Sjögren’s 
syndrome and scleroderma and the reported benefit 
of treatment of chronic GVHD with anti-CD20 
monoclonal antibody36 also suggest an important 
role for B cells in chronic GVHD. Circulating 
autoantibodies were described in one of the first 
series describing the clinical features of chronic 
GVHD in 198037; however, the relevance of anti-
body formation to disease activity remains unclear. 
In a prospective study of autoantibody formation 
following transplantation, the cumulative incidence 
of antinuclear antibodies (ANAs) in patients with 
extensive chronic GVHD was 94% after a median 
follow-up of 26 months.38 The presence of ANA 
with a nucleolar pattern and the detection of other 
antibodies in association with ANA are associated 
with an increased risk of extensive chronic GVHD, 
but the presence and titer of specific autoantibodies 
does not predict the type of organ involvement.38 
Antibodies targeting minor HLA antibodies on the 
Y chromosome in male recipients of stem cell grafts 
from female donors correlate with the presence of 
chronic GVHD, suggesting a potentially important 
 interplay between T and B cells in the pathogenesis 
of chronic GVHD.39

Cytokine Dysregulation

Chronic GVHD is associated with elevated  levels 
of IL-1(β), IL-6, transforming growth factor-
β (TGF-β), TNF-α, and interferon-γ (IFN-γ), 
and decreased levels of IL-10.40,41 Transforming 
growth factor-β is the cytokine that has been most 
strongly implicated in GVHD-related fibrosis. 
Tissue fibrosis is a common manifestation in sev-

eral organ systems involved with chronic GVHD, 
including the liver and pulmonary system (bronchi-
olitis obliterans) as well as the skin. Transforming 
growth factor-β is a pleiotropic cytokine that in 
the acute posttransplant period regulates donor 
engraftment and graft-versus-leukemia effect.42 
In the chronic period, TGF-β appears to the major 
driving force for collagen synthesis and the devel-
opment of fibrosis. In the murine sclerodermatous 
GVH model, treatment with anti–TGF-β antibody 
prevents lung and skin fibrosis.43

Platelet-Derived Growth Factor

In scleroderma, platelet-derived growth factor 
(PDGF) appears to play a key role in the increased 
proliferative capacity of fibroblasts, an effect that 
is enhanced by the presence of TGF-β.44 Increased 
gene expression of PGDF has been also detected 
in the skin in the murine sclerodermatous GVHD 
model.45 Recently, Baroni et al.46 reported stimula-
tory autoantibodies to the platelet-derived growth 
factor receptor (PDGFR) in a group of 46 patients 
with systemic sclerosis. Ten additional patients 
with scleroderma-like GVHD were also reported 
to have agonistic antibodies (this group was not 
further described in the paper). In this study, 
production of reactive oxygen species (ROS) and 
tyrosine phosphorylation was reversed with the use 
of PDGFR tyrosine kinase inhibitors, suggesting 
that agents such as imatinib with activity against 
the PDGFR may have potential utility for targeting 
this signaling pathway in the setting of scleroderma 
and sclerotic GVHD. In addition, bronchiolitis 
obliterans, a fibrosing pulmonary complication 
that may occur in patients with chronic GVHD, 
has also been associated with PDGF expression47 
and has been reported to respond to treatment 
with  imatinib.48 Activation of angiogenic cytokine 
signaling through PDGF or vascular endothelial 
growth factor (VEGF) has been proposed as the 
mechanism for the development of angiomatous 
skin lesions that have been described in patients 
with chronic GVHD (Fig. 26.7).20

Donor Lymphocyte Infusion
and Graft-Versus-Tumor Effect

An important barrier to the effective control of 
acute and chronic GVHD is the risk of inhibiting 



the activity of the stem cell graft against the donor’s 
primary malignancy (graft vs. leukemia effect). 
Numerous studies have demonstrated that the risk of 
tumor relapse is lower in patients with GVHD than 
in those who do not develop GVHD.49 Similarly, 
T-cell depletion of the donor graft and aggressive 
multiagent GVHD prophylaxis reduces the risk of 
developing GVHD, but does so at the expense of the 
antileukemic effect, resulting in an increased relapse 
rate.50 Donor lymphocyte infusions (DLIs) have 
been utilized to augment the antitumor response of 
the graft, but are also associated with an increased 
rate of GVHD.51 Ideally, our understanding of 
chronic GVHD will progress to the point where 
separation of the graft versus host and graft versus 
leukemia (tumor) effect would be possible. In real-
ity, it is a constant struggle to balance these compet-
ing forces in the management of these patients.

Treatment of Cutaneous 
Graft-Versus-Host Disease

Acute Graft-Versus-Host Disease

Acute GVHD is treated with systemic steroids, 
resulting in a 40% to 50% response rate. There 
is no consensus as to the appropriate second-
line agent in those patients who do not respond 
adequately to corticosteroid therapy. A variety of 
salvage therapies have been utilized in patients 
with steroid refractory GVHD, but no single agent 
has proven to be a superior option (Table 26.4).52 
The major limitation of most acute GVHD thera-
pies arises from the use of systemic immunosup-
pression and attendant risk of infection. Newer 
biologic agents, such as those targeting TNF-α, 
have shown some benefit in acute GVHD; how-
ever, these agents have also been linked to invasive 
fungal infections.53

Topical agents play a limited role in the manage-
ment of acute cutaneous GVHD. However, high-
potency topical corticosteroids may be of benefit 
in patients with limited skin involvement. Proper 
skin hygiene and surveillance for the development 
of cutaneous infections is needed.

For patients manifesting primarily cutaneous 
involvement, phototherapy is a potential treatment 
option in lieu of additional systemic immuno-
suppression. Psoralen in combination with UVA 

(PUVA) resulted in a disease response in 15 of 20 
patients treated for acute skin GVHD.54 Wetzig 
et al.55 reported improvement with UVA1 in five of 
seven patients with acute skin GVHD. Narrowband 
UVB administered five times weekly resulted in 
complete response in seven of 10 patients and a 
partial response in the remaining three patients 
after 3 to 5 weeks.56

Extracorporeal Photopheresis

Extracorporeal photopheresis (ECP) is a leuko-
pheresis procedure that is approved by the U.S. 
Food and Drug Administration for the treatment 
of cutaneous T-cell lymphoma. Following leuko-
pheresis, the mononuclear cell sample is mixed 
with 8-methoxypsoralen and exposed to a UVA 
light source before re-infusion into the patient. 
This procedure spares the patient the risk of seri-
ous infection associated with systemic immuno-
suppression and is particularly effective for skin 
GVHD.57 Greinix et al.57 reported a 65% complete 
response rate for acute skin GVHD after 3 months 
of treatment. Similarly, Messina et al.58 reported a 
76% response rate for acute skin involvement in 33 
pediatric patients. The optimal frequency and dura-
tion of ECP for GVHD is unclear. Apoptosis of 
alloreactive T cells is the presumed mechanism for 
the efficacy of ECP in GVHD, despite the fact that 
only a small percentage of circulating lymphocytes 
are treated at each ECP session.59 Extracorporeal 
photopheresis requires a large, double-lumen pher-
esis catheter and is not available at all medical cent-
ers. In addition, very small children are not able to 
undergo this procedure because of the fluid volume 
extracted for the procedure. However, modifica-
tions in the pheresis process may soon allow this 
therapy utilizing smaller fluid volumes.

Chronic Graft-Versus-Host Disease

Skin-Directed Versus Systemic Therapy

Infection is the leading cause of death in patients 
with chronic GVHD. Patients are immunosup-
pressed from their disease state as well as from the 
immunosuppressive regimens required to treat their 
disorder. Treatment recommendations for chronic 
cutaneous GVHD must include a consideration 
of the type and extent of skin involvement, the 
potential for long-term morbidity (e.g., sclerotic 
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disease), and the presence of other organ system 
involvement. Other important factors include the 
presence of high-risk features such as thrombocy-
topenia and progressive onset of disease, risk of 
infection, and the status of the underlying disease 
state/malignancy.

Limited cutaneous involvement in the absence 
of high-risk features or other systemic involve-

ment may be addressed with topical measures. 
Nonsclerotic disease may respond well to mid- to 
ultra-high potency topical steroids (triamcinolone 
0.1%–clobetasol 0.05% cream/ointment), but 
care should be taken to avoid skin atrophy with 
prolonged use.16 Topical emollients and antipru-
ritic agents may provide additional symptomatic 
relief. Choi and Nghiem60 reported improvement 

Table 26.4. Treatment for acute and chronic mucocutaneous GVHD.

  Type of GVHD

Treatment Acute Chronic (L/Sc/Oral)

Antithymocyte globulin Remberger et al.84 –
Azathioprine – Penas et al.85(Sc) 
   Epstein et al.82(Oral)
Basiliximab Funke et al.86 –
Clofazimine – Lee et al.87(L/Sc)
Corticosteroids (systemic) Doney et al.88 Goerner et al.90*

  Ruutu et al.89 
Cyclosporine Aschan91 Goerner et al.90*

   Epstein and Reece81(Oral)
Daclizumab Bordigoni et al.92 Teachey et al.93*

Denileukin diftitox Shaughnessey et al.94 
Etanercept Uberti et al.95 Chiang et al.96*

Etretinate – Marcellus et al.78(Sc)
Extracorporeal photopheresis Greinix et al.57 Couriel et al.67(L/Sc)97

  Messina et al.58 Seaton97 (L/Sc)
Hydroxychloroquine – Gilman et al.98(L)+
Infliximab Patricarca et al.99 –
  Couriel et al.100 
Mycophenolate mofetil Basara et al.101 Basara101*

  Baudard et al.102 Baudard et al.102(L/Sc)
Pentostatin Bolanos-Meade et al.103 Goldberg et al.104(L/Sc)
Pimecrolimus (topical) – Schmoook62(L)
PUVA Wiesmann et al.54 Leiter et al.74(L/Sc)#
   Vogelsang et al.105(L/Sc)
Rapamycin (sirolimus) Benito et al.106 Johnston et al.107(L/Sc)
Rituximab Kamble et al.108 Cutler et al.36(L/Sc)
Tacrolimus [systemic] Furlong et al.109 Carnevale-Schianca110(L/Sc)
Tacrolimus [topical] – Choi and Ngheim60(L)
   Elad et al.61(L/Sc)
   Eckardt et al. (Oral)63

Thalidomide – Kulkarni et al.111*

   Browne et al.112*

UVA1: Wetzig et al.55 Calzavara Pinton et al.77(L/Sc)
   Stander et al.113(Sc)
UVB: Grundmann- Enk et al.114(L/Sc)
  Kollmann et al.56† 

L, lichenoid or erythematous skin involvement; Sc, sclerotic skin involvement.
* Type of chronic cutaneous GVHD not specified.
+ In this study, both lichenoid and sclerotic-type cutaneous GVHD were treated; however, none of the 
sclerotic patients responded to therapy.
#Bath PUVA.
† Narrowband UVB.
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in pruritus and erythema in 18 patients treated 
with tacrolimus 0.1% ointment. However, all 
patients eventually required systemic therapy 
or phototherapy to control their skin disease. 
Subsequent reports have also described a modest 
benefit from tacrolimus ointment 0.1%/0.03% 
as well as pimecrolimus 1% cream.61,62 These 
agents have some limited utility for the treatment 
of superficial involvement, particularly in areas 
at high risk of skin atrophy with topical steroids. 
A response to topical tacrolimus 0.01% has also 
been reported for oral GVHD.63 However, treat-
ment of oral GVHD with tacrolimus 0.1% oint-
ment markedly elevated the serum drug level in 
a patient taking systemic tacrolimus.64 Systemic 
toxicity after three applications of topical tac-
rolimus has also been reported in a pediatric 
patient with acute GVHD who was not on sys-
temic tacrolimus therapy.65 The risk of cutaneous 
malignancy following long-term treatment with 
topical calcineurin inhibitors in the setting of 
chronic GVHD is unknown.

Preventative strategies, including sun avoid-
ance and the use of sunblock and protective 
clothing, decrease the risk of a UV-radiation 
associated flare in symptoms. Surveillance 
should be done at regular intervals, looking for 
signs of cutaneous malignancy, and skin biopsy 
should be performed as appropriate. Diffuse or 
patchy postinflammatory pigmentation is a fre-
quent sequela of chronic GVHD, particularly in 
darkly pigmented individuals. Following resolu-
tion of GVHD activity, this pigmentation fades 
gradually. Topical hydroquinone with or without 
retinoids or corticosteroid-containing compounds 
offer very limited benefit.16

Treatment of eroded tissue and skin ulcera-
tions in the setting of skin sclerosis is challenging. 
Aggressive wound management utilizing protec-
tive films, dressings, and wound healing products 
such as becaplermin may be beneficial.16 Regular 
supervision in a dedicated wound care clinic may 
maximize the likelihood of achieving wound heal-
ing. As patients may be relatively immunosup-
pressed by the presence of GVHD or by therapies 
aimed at controlling GVHD, it is important to rule 
out an infectious source. Bacterial, viral, mycobac-
terial, and fungal cultures should be performed as 
indicated. Similarly, consideration should be given to 
other noninfectious source of skin breakdown other 

than GVHD, including vasculitis, bullous drug 
reaction, neuropathy, primary cutaneous malig-
nancy, and metastatic disease.

Systemic treatment of chronic GVHD utilizes 
many of the same systemic modalities as for acute 
GVHD (Table 26.4). Unfortunately, interpreta-
tion of therapeutic responses in clinical trials is 
hampered by the lack of standardized evaluative 
indices for skin involvement. In addition, responses 
to epidermal (lichenoid) and sclerotic skin disease 
are frequently reported together without the use 
of response criteria specific for the different skin 
manifestations.66

Extracorporeal Photopheresis

In a retrospective review of 71 patients with 
chronic GVHD treated with ECP, 59% of patients 
with cutaneous involvement responded to therapy, 
including 67% of those patients categorized as 
having “scleroderma.”67 The precise mechanism 
by which ECP treatment affects chronic GHVD 
is still unclear, but ECP causes an increase in the 
plasmacytoid DC2 dendritic cell population and a 
corresponding decrease in the monocytoid DC1 
population, which may result in a shift from a 
primarily T-helper-1 (Th1) to a Th2 cytokine pro-
file.68 Increased production of IL-10, in particular, 
may play an important role in the mitigation of 
the GVHD response, through inhibition of antigen 
presentation and promotion of regulatory T-cell 
differentiation.69,70 Although GVHD-related fas-
ciitis resembles eosinophilic fasciitis, in contrast 
to eosinophilic fasciitis, it does not respond well 
to steroid therapy and may result in significant 
long-term functional disability. Extracorporeal 
photopheresis has been used successfully for the 
treatment of eosinophilic fasciitis,71 and appears to 
be an attractive treatment option for GVHD-related 
fasciitis.72

Phototherapy

As with acute GVHD, chronic GVHD may respond 
to PUVA therapy. “Lichenoid” chronic GVHD 
has been reported to respond to PUVA therapy 
in several small series.73 Improvement in both 
lichenoid and sclerotic chronic GVHD has also 
been reported in a small series following treat-
ment with PUVA bath therapy.74 It must be kept 
in mind, however, that chronic GVHD results in 
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immunodeficiency that is often further com-
pounded by iatrogenic immunosuppression and 
may result in an increased risk of skin neoplasia. 
Multiple squamous cell carcinomas have been 
reported following PUVA treatment for chronic 
GVHD.75 The risk of melanoma in patients fol-
lowing HSCT is also significantly elevated.76 
UVA1 therapy has been used in small numbers 
of patients with lichenoid and sclerotic disease; 
however, relapse after therapy was seen in both 
types of cutaneous involvement.77

Systemic Retinoids

Marcellus et al.78 describe the Johns Hopkins 
GVHD group’s experience with etretinate for 
treatment-refractory sclerotic GVHD. Twenty of 
27 evaluable patients had a subjective response. 
Six patients could not tolerate the medication due 
to scaling or skin breakdown. Further prospective 
studies are needed to determine the utility of sys-
temic retinoids for superficial disease.

Treatment of Genital Graft-Versus-Host 
Disease

As mentioned earlier, genital involvement should 
be assessed by history and physical examina-
tion in the dermatologic evaluation of all female 
patients. Standard recommendations in all female 
patients regardless of the presence of GVHD 
include the use of a vaginal topical estrogen to 
decrease atrophy of mucosal tissue, discussion of 
the risks/benefits of systemic hormonal therapies, 
education regarding self-examination, and regu-
lar gynecologic symptom review, pelvic exami-
nation, and cervical cytology. External genital 
involvement may be treated with high-potency 
topical glucocorticoids (betamethasone dipro-
pionate cream 0.05% gel or ointment) applied 
once or twice daily for up to 12 weeks.16 Topical 
calcineurin inhibitors (cyclosporine, tacrolimus) 
are also beneficial in mild-moderate disease.16,79 
The presence of vulvar disease or symptoms of 
vaginal involvement should prompt consultation 
with a gynecologist experienced in the evaluation 
and management of genital GVHD for a com-
prehensive internal examination. Hydrocortisone 
acetate 10% rectal foam for 4 to 6 weeks may 
be used for intravaginal application.24 Severe 
vaginal stenosis may result in hematocolpos and 

requires the use of aggressive topical steroids 
and vaginal dilator insertion. Surgical lysis of 
extensive vaginal synechiae may be necessary in 
severe cases.16 Transplant patients may also be at 
higher risk for cervical dysplasia and require close 
surveillance for the presence of vulvar human pap-
illomavirus (HPV) infection along with regular 
cervical cytology.80

Treatment of Oral Graft-Versus-Host Disease

Localized oral disease should be treated with 
alcohol-based high-potency corticosteroid gels. 
Tacrolimus ointment is preferable for lip involve-
ment due to the risk of atrophy with topical steroid 
use. Widespread oral disease may be treated with 
dexamethasone rinse formulation (0.5 mg/mL) four 
to six times a day. Cyclosporine81 and azathio-
prine82 rinses have been used in steroid-resistant 
cases. Oral phototherapy (PUVA, UVB, narrow-
band UVB) may be effective, but the specialized 
equipment required for oral phototherapy is not 
readily available.16 Patients with oral sicca symp-
toms are treated with salivary stimulants (e.g., 
sugar-free gum), saliva substitutes, and frequent 
sipping of water.16 Patients with oral dryness are 
at increased risk of tooth decay, and meticulous 
oral hygiene is advised as well as surveillance for 
candidal infection. An increased incidence of squa-
mous cell carcinoma of the oral cavity has been 
reported in patients with chronic GVHD following 
HSCT,83 and therefore a high degree of suspicion is 
required for oral lesions that do not respond appro-
priately to therapy.

Conclusion

Graft-versus-host disease is a serious complica-
tion stem cell of allogeneic transplantation cells. 
The skin is a frequently involved target organ in a 
systemic inflammatory response that is triggered 
by donor T cells recognition of host alloantigens 
on host antigen-presenting cells. A wide variety 
of dermatologic manifestations may occur in the 
acute and chronic phases of this disease. Further 
study is needed to determine the optimum treat-
ment strategy for the various cutaneous features of 
chronic GVHD.
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Key Points

• Urticaria can be acute or chronic, and may 
be allergic (mediated by immunoglobulin E) 
or nonallergic (mediated by pharmacologic 
effects of drugs such as aspirin or an acute-phase 
response).

• There are variants of urticaria that are caused by 
physical factors such as exposure of the skin to 
pressure, vibration, cold, or even water (aqua-
genic urticaria).

• Urticarial lesions are produced in the skin by the 
degranulation of mast cells. Urticaria can be a 
presenting sign of urticarial vasculitis.

• Chronic urticaria is the common presentation 
of this condition, and in most instances it is not 
possible to identify an etiology (idiopathic urti-
caria).

• There are a multitude of causes of urti-
caria, including food or medication allergies, 
infections, as well as in association with 
autoimmune diseases such as thyroid dis-
ease. Histamine-releasing autoantibodies are 
thought to be one of the possible causes of 
urticaria.

• Treatment is based on identifying a trigger 
factor. If this is not possible, short courses 
of glucocorticosteroids are warranted. 
Antihistamines are a cornerstone of treatment. 
For more severe cases, immune modulating 
drugs such as cyclosporine may be necessary 
to control signs and symptoms of this process. 
Biologic agents such as rituximab and omali-
zumab are promising.

Acute and Chronic Urticaria

Urticaria, commonly known as hives, is characterized 
by the episodic appearance of pruritic, erythema-
tous papules or plaques with superficial swelling 
of the dermis (Fig. 27.1). Acute urticaria entails a 
symptom duration of less than 6 weeks, and chronic 
urticaria entails a symptom duration of 6 weeks or 
longer. Acute urticaria occurs in an estimated 15% 
to 23% of the population, although cases are likely 
to be underreported due to the short-lived nature 
of the disease.1 The prevalence of acute urticaria 
increases to 50% in individuals with allergic rhini-
tis, asthma, or atopic dermatitis.2 Chronic urticaria 
can be further defined as physical or chronic 
idiopathic urticaria (CIU). Physical urticarias 
comprise many subtypes in which a specific trigger 
can quickly induce hives, while CIU lacks a known 
trigger.3 The prevalence of physical urticarias is 
not well established, but it is thought to account 
for 20% to 35% of all chronic urticarias.4,5 Chronic 
idiopathic urticaria occurs in approximately 0.1% 
to 3% of the population and has a female predomi-
nance, as do many forms of chronic urticaria.1,6,7

Clinical and Cellular Features of Urticaria

Clinically, urticarial lesions are intensely pruritic 
and can appear anywhere on the body, typically 
appearing quickly and typically lasting 1 to 24 
hours.8 Unlike other pruritic skin diseases such as 
atopic dermatitis, patients with urticaria find relief 
from rubbing the skin versus scratching, making 
excoriated skin an unusual finding in CIU.6 Lesions 

27
Allergic Urticaria
Laura M. Gober and Sarbjit S. Saini



460 L.M. Gober and S.S. Saini

can vary in size and can be confluent (Fig. 27.1). 
The swelling observed with urticaria results from 
the movement of plasma from small blood vessels 
into adjacent connective tissue.5 Angioedema, or 
deeper, swelling of the dermis, subcutaneous, and 
submucosal tissues, often coexists with urticaria but 
has a slower resolution time, typically longer than 
24 hours, although large areas of swelling may take 
even longer to resolve (Fig. 27.2).6 Angioedema 
is described as painful or burning in quality, and 
not pruritic; this is likely due to the presence of 
fewer mast cells and sensory nerve endings in the 
lower dermis and subcutis.9 It frequently involves 
mucous membranes, with common locations being 
the face, lips, tongue, pharynx, and extremities 
(Fig. 27.2).6 In contrast, urticaria, both acute and 
chronic, rarely involves mucosal surfaces with the 

exception of cold urticaria, which may involve the 
tongue or palate.6

The classic wheal observed in both acute and 
chronic urticaria represents dermal edema with 
dilatation of postcapillary venules and lymphatic 
vessels (Fig. 27.3A,B).10 In biopsies, the leuko-
cyte infiltrate is characteristically perivascular and 
classically consists of neutrophils, macrophages, 
lymphocytes, and occasionally eosinophils (Fig. 
27.3A,B).11,12 By immunohistochemistry, tumor 
necrosis factor-α (TNF-α) and interleukin-3 
(IL-3) protein expression are increased in acute and 
chronic urticarial lesions.13 Tumor necrosis factor-
α is a cytokine made by epithelial cells, leukocytes, 
and mast cells.14,15 It can induce mast cell mediator 
release and increase endothelial adhesion molecule 
expression, and thus an increase of this cytokine in 
urticaria may contribute to the leukocyte infiltrate 
observed.15–17 Interleukin-3 is a cytokine produced 
by mast cells, T cells, monocytes, and granulo-
cytes, and can increase expression of the endothe-
lial adhesion molecule P-selectin.18–21 P-selectin 
expression is elevated in both the skin and serum of 
chronic urticaria patients.22 Two endothelial adhe-
sion molecules, integrins endothelial leukocyte 
adhesion molecule 1 (ELAM-1) and intercellular 
adhesion molecule 1 (ICAM-1), were upregulated 
in acute and chronic urticarial lesions.11 The per-
sistent expression of ELAM-1 and ICAM-1 in 
lesions older than 6 hours may help to explain the 
long duration of urticarial wheals.11

History and Physical Exam

In diagnosing either acute or chronic urticaria, a 
good history is the most important element (Fig. 
27.4). It is important to assess the time of onset 
of hives, as some patients may experience diurnal 
variation, as well as the days affected in association 
with certain environmental exposures or stressors. 
Patients should provide a description of lesions 
including elements such as shape, size, distribu-
tion, color, pigmentation, and the quality of pain 
or itch. Urticarial lesions are typically pruritic and 
usually demonstrate complete resolution without 
skin pigment changes. A clinician also must deter-
mine the presence of angioedema in association 
with urticaria. In patients with isolated angioedema 
without urticaria, family history is critical to deter-
mine the presence of hereditary angioedema, an 

Fig. 27.1. Urticarial lesions. (Courtesy of Carrie McCann, 
RN, Dermatlas; http://www.dermatlas.org.)

Fig. 27.2. Angioedema. (Courtesy of Kosman S. Zikry, 
MD, Dermatlas; http://www.dermatlas.org.)
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autosomal dominant trait involving a defect in C1 
esterase inhibitor function. Atopic history is use-
ful, especially for acute urticaria, since (1) atopic 
individuals have a higher prevalence of acute urti-
caria, and (2) this may uncover a possible trigger. 
The most important role of history-taking is to 
identify the inducing agent of the patient’s urticaria 
or angioedema. This involves questions regarding 
recent use of medications, including antibiotics, 
nonsteroidal antiinflammatory agents, and aspirin. 
A history of food ingested shortly prior to symp-
tom occurrence, possible insect stings, or changes 
in environment should also be sought. Additional 
questions should include recent infections, thyroid 
disease symptoms, surgical history of implantable 
devices, and, for females, the relationship of hives 
to their menstrual cycle or pregnancy. Further 
evaluation of life stressors, including patient’s 
work and a history of tobacco smoking, may assist 

in understanding the timing or exacerbation of 
lesions. It is also important to evaluate how the 
patient is coping and what therapeutics, including 
nonprescription medications and dietary regimens, 
are being used and if they are providing any relief.

Along with the detailed history, the physical 
exam in a patient with urticaria can be helpful in 
excluding other disorders. It is important to do a 
complete exam as well as determine the presence 
of dermatographism (Fig. 27.5). Physical urticarias 
may require additional maneuvers in the physical 
exam, such as an ice-cube test to evaluate cold urti-
caria, and should be tailored to the suspected type 
of urticaria (Fig. 27.6 and Table 27.1).1 The size, 
distribution, and color of lesions should be noted. 
Wheals are characteristically pink or red due to 
histamine-induced dilatation of vessels in the skin, 
while vasculitic lesions have a darker red or purple 
appearance resulting from vascular damage and 

Fig. 27.3. Biopsy of urticarial lesion. (A) Representative of acute urticaria with dermal edema and a perivascular 
mononuclear infiltrate. (B) Chronic urticaria may also have infiltration of neutrophils or eosinophils without evidence 
of vasculitis. (C) Urticarial vasculitis is shown with a large perivascular infiltration of neutrophils, and even some 
neutrophilic damage. (From Fireman, Savin. Atlas of Allergies, 2nd ed. 1996, Elsevier Publisher.)
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leakage (see Fig. 27.1).23 Urticarial lesions can be 
easily blanched. The physician should also inspect 
mucous membranes for the presence of angioedema 
(see Fig. 27.2).4 Patients should also be evaluated for 
thyroid gland abnormalities on physical exam. No 
specific laboratory testing is needed for all patients 
with urticaria; the testing to be done depends on the 

subtype (e.g., acute, chronic idiopathic, or physical) 
of urticaria as indicated below.

Fig. 27.5. Dermatographism. (Courtesy of Bernard 
Cohen, MD, Dermatlas; http://www.dermatlas.org.)

Fig. 27.6. Ice-cube test for cold urticaria. (From Greaves,3 
with permission of Allergy.)

Fig. 27.4. Diagnosis algorithm for urticaria. ACE, angiotensin-converting enzyme.
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Acute Urticaria

Acute urticaria is classified as hives of less than 6 
weeks’ duration and accounts for up to two thirds 
of cases of urticaria.24 Lesions are short-lived, 
lasting less than 24 hours, but they can return.25 
Clinically, acute urticaria cannot be distinguished 
from chronic urticaria by physical exam alone. No 
routine laboratory testing should be done except to 
identify the trigger, such as in suspected food or 
drug reactions.

Acute urticaria can be classified as an aller-
gic or immunoglobulin E (IgE)-mediated allergic 
response, such as observed in food, insect, and 
drug allergies; a non–IgE-mediated response to 
a “pseudoallergen” such as aspirin; or an immu-
nologic response as seen with blood transfusions 
and febrile illnesses.26 Urticaria related to food 
allergy should occur within 30 minutes to 2 hours 
following exposure. Testing for food allergies is 
appropriate in acute urticaria if the patient history 
reveals urticaria associated with other symptoms 
such as nausea or vomiting, but food allergies are 
not a common cause in adults. One prospective 
study of adults with acute urticaria demonstrated 
that 63% suspected a food as the causative agent, 
but only one of 109 had confirmation of a food 
allergy.2 In children, food allergy plays a larger 
role in acute urticaria, such as with milk, egg, soy, 
peanuts, and wheat.27,28 Some beverages and foods 
containing vasoactive amines (e.g., wine, beer, and 
cheese) and pseudoallergens (e.g., food additives) 
have been implicated in acute urticaria, although 
IgE-mediated food hypersensitivity is more com-
mon.29 Drugs can also be responsible for acute 
urticaria, acting as either allergens or pseudoal-
lergens. Penicillin is an example of an allergen, 
IgE-mediated, that can elicit urticaria, while acetyl 
salicylic acid (aspirin) is a frequent non–IgE-medi-
ated stimulus for histamine release.8 Angiotensin-
converting enzyme (ACE) inhibitors have also 
been implicated as triggers for angioedema through 
effects on the bradykinin pathway.30 Viral infec-
tions are the most common reason for acute urti-
caria, with hive onset occurring a few days after the 
start of viral symptoms, with coexistence of acute 
urticaria and upper respiratory infections reported 
in 28% to 62% of cases.2,27,28,31,32 Surprisingly, no 
identifiable trigger is found in more than 50% of 
cases of acute urticaria.26

Chronic Urticaria

Chronic urticaria by definition is wheals occurring 
at least 2 days per week of at least 6 weeks’ dura-
tion.3 In chronic urticaria, IgE-mediated allergic 
reactions are unlikely causes of symptoms.29,33 
Studies assessing the role of non–IgE-mediated 
reactions, such as seen with salicylates in foods, 
demonstrated inconclusive results.8 One study 
showed a decrease in symptoms in 30% of patients 
after 2 weeks on an elimination diet, but the 
patients had not received a prior workup and only 
15% had complete resolution of symptoms.29

Chronic urticaria can be divided into two sub-
types: chronic idiopathic urticaria (65% to 35%) 
and physical urticaria (20% to 35%).4,5 Chronic idi-
opathic urticaria (CIU) usually lacks an identifiable 
and consistent trigger and is a disease that waxes 
and wanes. In contrast, physical urticaria is cat-
egorized into subtypes by specific triggers that can 
elicit hives within minutes with a life span limited 
to a few hours.6 In contrast, CIU lesions typically 
are present for at least 6 to 8 hours without clear 
trigger factors.3,5 Some crossover exists between 
CIU and physical urticarias, with 40% of CIU 
patients displaying dermatographism.34

Physical Urticaria

Physical urticaria is defined by the ability of a 
physical stimulus to reproducibly elicit urticarial 
lesions. Physical urticaria can be further divided 
into many subtypes depending on the physical 
stimulus (Table 27.1), and more than one subtype 
can exist simultaneously in one individual.3 Unlike 
CIU, in which lesions may last up to 1 day, hives 
in physical urticaria are short-lived.35 Features 
of physical urticarias can be common in the gen-
eral population, with dermatographism reported in 
approximately 45% of patients with no history of 
chronic urticaria.36

Evaluation of physical urticaria is strongly 
guided by the patient’s history and provocative 
testing. Mechanical shearing forces, such as rub-
bing or scratching the skin, are the catalyst for 
dermatographic urticaria, the most frequent type 
of physical urticaria, in which lesions arise a few 
minutes following application of the trigger.8,26 
Delayed pressure urticaria and angioedema result 
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after vertical pressure is applied to the skin, with 
lesions, often painful, appearing several hours after 
application and persisting for up to 48 hours; this 
subtype of urticaria predominantly affects the 
palms, soles, buttocks, and back and has a male 
predominance.8,26 Vibratory urticaria is instigated 
by vibratory forces, is quite rare, and can be 
described as familial with autosomal dominant 
inheritance or sporadic.9 Familial cold urticaria is 
an autosomal dominant disease mainly affecting 
young adults and is due to gene alteration CIAS1 
at chromosome 1q.44, which is also the gene locus 
involved in Muckle-Wells syndrome and autosomal 
dominant periodic fever syndrome, both diseases 
that demonstrate cold-sensitivity.9,37,38

Cold contact urticaria, which occurs after direct 
contact of skin to a cold object or air, also occurs 
predominantly in young adults, women, and cold 
climates and can be idiopathic, or incited by bacte-
rial or viral infections (see Fig. 27.6).8 Heat contact 
urticaria results after the skin directly comes in con-
tact with a warm object or air and is rare.9 Ultraviolet 
(UV) light is the trigger for solar urticaria, an IgE-
dependent subtype that occurs at wavelengths of 280 
to 760 nm and more commonly affects females and 
young adults.8 Cholinergic urticaria is aggravated 
by a rise in body temperature and thus is triggered 
by exercise, bathing, and emotions, and less by 
alcohol or spicy food consumption.9 Cholinergic 
urticaria typically involves adolescents and young 
adults, with a prevalence of 11% reported in those 
ages 15 to 35 years and is characterized by small, 
pin-sized wheals (1- to 5-mm diameter), sometimes 
with a white halo, or “fried egg” appearance, that 
last for less than an hour and can be mild so that an 
estimated 80% of people with this urticarial sub-
type do not seek medical advice.8,26,39 Adrenergic 
urticaria is also described as pin-sized wheals, but, 
unlike cholinergic urticaria, it is elicited by stress 
and can by treated with propranolol.8 Aquagenic 
urticaria, which is elicited by any exposure to water 
regardless of its temperature, mimics cholinergic 
urticaria in the appearance of its lesions but has a 
female predominance and affects young adults.8 
Contact urticaria can be IgE-mediated, with the 
inciting triggers being plants such as grass, foods 
(e.g., peanuts), drugs, cosmetics, chemicals, and 
textiles, and it is of short duration as with the cholin-
ergic and adrenergic urticarial subtypes, occurring 
within minutes of exposure with resolution within 

a few hours.5,8 Systemic symptoms can be present 
with contact urticaria, especially if IgE-mediated.8

Chronic Idiopathic Urticaria

Chronic idiopathic urticaria accounts for approximately 
80% of all chronic urticaria.4 It is episodic and 
persistent in nature, with a typical disease duration 
of 3 to 5 years.40 One prospective study of CIU dem-
onstrated that 94% of patients were still active at 6 
months, 75% at 12 months, 52% at 24 months, 43% 
at 36 months, and 14% at 5 years.4 Disease duration 
was directly correlated to the presence of severe 
disease, angioedema, and autoimmune features, 
such as a positive autologous serum skin test (see 
below) and the presence of antithyroid antibodies.4 
Angioedema coexists with urticaria in approximately 
40% to 50% of people affected with CIU.40,41 The 
most common and disturbing symptom for patients 
with CIU is pruritus, which usually adversely affects 
their sleep, and while fatigue and gastrointestinal 
symptoms have been previously described with exac-
erbations, respiratory and arthralgic complaints are 
rare.6,42 Chronic idiopathic urticaria can be a socially 
and financially disabling disease, with an impact 
on quality of life comparable to that of coronary 
heart disease.43 One study of 170 chronic urticaria 
patients reported a moderate quality of life impair-
ment in those suffering from CIU alone using the 
Dermatology Life Quality Index (DLQI), while those 
with CIU and a history of angioedema and delayed 
pressure features had a significantly greater quality 
of life impairment leading to disability in the realms 
of work and study, emotional well-being, and social 
or leisure activities.44 Compared to other debilitating 
dermatologic diseases, the quality of life impair-
ment in chronic urticaria is similar to that in patients 
with severe atopic dermatitis and greater than that in 
patients with psoriasis, acne, and vitiligo.44 Part of the 
frustration in treating urticaria is the lack of an iden-
tifiable trigger for urticarial exacerbations, leading to 
an unpredictable disease. Chronic idiopathic urticaria 
also entails an economic burden for patients, with 
multiple medications, medical evaluations, work 
absence, and use of the emergency department.45

Aspirin and nonsteroidal antiinflammatory drugs 
(NSAIDs) can aggravate urticaria and angioedema 
via inhibition of prostaglandin synthesis. Selective 
cyclooxygenase-2 (COX-2) inhibitors lead to fewer 
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symptoms when compared to aspirin and traditional 
NSAIDs and provide a choice for analgesics in 
these patients.46 One study of chronic urticaria 
patients undergoing aspirin challenge demon-
strated that approximately 20% of CIU patients 
had a positive challenge while those with physical 
urticaria were left unaffected.47 A patient history 
of suspected aspirin sensitivity correlates very 
well, with 92% of cases confirmed by positive 
aspirin challenge in one study.48 Patients need to 
be advised of this potential exacerbating factor and 
be knowledgeable that salicylates may be an occult 
ingredient in medications, supplements, or foods, 
including fruits, vegetables, herbs, and spices.49

Thyroid disease coexists with CIU at a higher 
incidence than in the general population, with a 
higher presence of thyroid antibodies, specifically 
antimicrosomal and antithyroglobulin antibod-
ies. Hashimoto’s thyroiditis and, less commonly, 
Graves’ disease are the only reported systemic 
diseases with a correlation to CIU.50–53 A reported 
27% of CIU patients have thyroid autoantibod-
ies, nearly twice the rate observed in the normal 
population, and typically, the majority are euthyroid, 
although some can be hypothyroid and rarely 
hyperthyroid.52,54,55 Currently, these autoantibodies 
are not thought to be pathogenic in urticaria but 
may support an autoimmune cause to CIU.56 
Studies of thyroid hormone replacement in patients 
with coexistent CIU and thyroid autoantibodies 
have yielded mixed results.51,57,58 The current 
recommendation is to screen patients for under-
lying thyroid disease and to treat any underlying 
thyroid disease, but at this time no clear evidence 
exists for the use of thyroid hormone in euthyroid 
patients with thyroid autoantibodies present.

Histology

Histologically, CIU shares lesional features with 
acute urticaria consisting of a lymphocytic-pre-
dominant perivascular infiltrate. The lymphocytes 
present mainly express human leukocyte antigen 
(HLA) DR or DQ.59 Occasionally, neutrophils 
are seen within capillary or postcapillary venules’ 
walls, but unlike the neutrophilic infiltrate seen in 
urticarial vasculitis, there is no evidence of vascu-
lar damage, nuclear debris, or red cell extravasation 
(see Fig. 27.3B,C).1 The presence of intradermal 
CD3+, CD4+, CD8+ and CD25+ T-cells, as well as 

eosinophils, neutrophils, basophils, and macrophages, 
is significantly higher in CIU skin as compared to 
normal skin.60 Although this cellular infiltrate of 
CIU resembles that seen in allergen-induced late-
phase skin biopsies, the cytokine profile in CIU is 
T-helper-1 (Th1) and Th2 with higher expression 
of interferon-γ (IFN-γ) as well as IL-4 and IL-5.60

Pathophysiology of Urticaria

Whereas the pathophysiology of allergic urticaria 
supports allergen interacting with IgE bound on 
skin mast cells, the pathophysiology of physical 
urticaria is unknown. Although mast cell degranu-
lation is a clear component in some subtypes of 
physical urticaria, such as dermatographic, cholin-
ergic, cold, and solar urticaria, a serum immu-
noglobulin may also play a role as demonstrated by 
passive transfer experiments.5,8,55 An acute rise in 
serum histamine levels has been observed in cold 
urticaria following cold exposure.61 In CIU, there is 
also evidence for mast cell degranulation observed 
on skin biopsies. Mast cell number appears to be 
similar in nonlesional and lesional CIU skin and 
normal skin, using tryptase and chymase staining.62 
Although mast cell number is not altered, increased 
mast cell releasability has been demonstrated in 
patients with CIU with active disease, which 
resolves when in disease remission, suggesting 
that the mast cell alteration is reversible.63 Unlike 
acute urticaria, chronic urticarias do not appear to 
involve IgE binding to allergen.5

More recently, there has been evidence that 
basophils play a role in CIU. Basophils have been 
reported in both lesional and nonlesional CIU skin 
using Basogranulin antibody (BB1) staining.60,64 
Also, basopenia is a feature of active CIU disease, 
and the reduction in basophil number correlates 
inversely with disease severity.65,66 Also, as is seen 
with allergen late-phase reactions, basophils that 
have migrated to the skin may play a role in the dura-
tion as well as the magnitude of urticarial lesions.67

Select basophil surface markers correlate with 
basophil activation and have been measured in 
CIU, in particular CD63, CD69, and CD203c.68–71 
CD63 is a member of the transmembrane-4 super-
family and is rapidly mobilized onto the basophil 
surface by IL-3, allergen, anti-IgE, and other 
stimuli of degranulation, while CD69 is slowly 
induced following IL-3 stimulation.68,72 CD203c, 
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also known as ectonucleotide pyrophosphatase, is 
unique to basophils, mast cells, and their progeni-
tors, and is mobilized by allergen and anti-IgE.73–77 
One study showed that CIU patients demonstrated 
enhanced basophil surface expression of CD63 
and CD69 when compared to nonallergic controls, 
while no difference was noted in CD203c expres-
sion between groups.71

Furthermore, CIU basophils demonstrated a 
decreased functional response to IgE receptor 
stimulation but not to other stimuli.78–80 One study 
showed that histamine release mediated via the 
basophil high-affinity IgE receptor FcεRI was 
diminished in patients with CIU versus controls.78 
This finding is paradoxical since antihistamines 
are used to treat CIU, and pruritus, the predomi-
nant symptom in CIU, is histamine-dependent. 
A recent study has shown that basophils in CIU 
have altered FcεRI-mediated histamine release and 
have found two patterns of histamine release in 
patients with active CIU disease.79 Approximately 
50% of patients with CIU tested were found to be 
“responders,” releasing greater than 10% of com-
plete histamine when triggered with a polyclonal 
anti-IgE stimulus, and 50% were “nonresponders,” 
releasing less than 10% of total histamine.79 Also, 
these basophil phenotypes appear to be stable over 
time as patients maintain active disease, but this 
altered basophil function changes with disease 
remission.78,79,81

Autoimmune Urticaria

In a subset of CIU referred to as autoimmune 
urticaria, histamine-releasing autoantibodies have 
been reported and hypothesized to be pathogenic, 
although this remains controversial.56,82–86 The 
autoantibodies are thought to activate mast cells 
and basophils via complement and act by C5a to 
potentiate histamine release. These autoantibod-
ies are detected in 30% to 40% of patients with 
CIU, and the majority of these autoantibodies are 
directed against the α-subunit of the high-affin-
ity receptor, FcεRI, while the remainder target 
IgE.42,84 In favor of autoimmune mechanisms is an 
increased incidence in CIU of thyroid autoantibod-
ies, specifically antimicrosomal and antithyroglob-
ulin, as well as the report that certain HLA class II 
alleles (DR4, DQ8) occurred at higher frequen-
cies in CIU patients with autoantibodies.50–52,54,59 

Also in support of the autoantibody theory is that 
autologous serum injected into a CIU patient’s skin 
may result in a wheal-and-flare response.87,88 This 
autologous serum skin test (ASST) is reduced by 
pretreatment with antihistamines or 48/80, a mast 
cell degranulating compound.89 However, a recent 
study demonstrated the presence of an ASST in 
healthy controls and patients with allergic rhinitis 
as well as in those with CIU, causing doubt about 
the usefulness of the ASST in the diagnosis of 
urticaria.90 Also, the presence of an ASST response 
alone does not prove that autoantibodies are present, 
thus further studies were done and demonstrated 
that sera from ASST-positive CIU patients also had 
histamine-releasing activity (HRA) from healthy 
donor basophils.84,91 A large study found that 40% 
of CIU patients’ sera exhibit HRA when performed 
in vitro on donor basophils.83 Although HRA is 
reported to indicate the presence of autoantibodies, 
the presence of HRA is inconsistent with the pres-
ence of autoantibodies by Western blotting in CIU 
patients.79,92,93 The presence of serum HRA had no 
effect on the character of the leukocyte infiltrates 
of new (<4 hours) or established (>12 hours) skin 
lesions, even though autoantibody presence has 
been previously linked to increased disease sever-
ity.60,93,94 In addition, serum HRA has been demon-
strated in normal sera, and there is no correlation 
between HRA and CIU basophil FcεRI function.79 
Another problem with the autoantibody hypothesis 
is that anti-FcεRIα autoantibodies are also found at 
a similar frequency in other autoimmune diseases 
such as systemic lupus and dermatomyositis as 
well as in normal subjects.95 Also, anaphylaxis is 
rarely seen in CIU, which is a skin-limited dis-
ease, but would be expected to occur more often if 
autoantibodies directed against basophils and mast 
cells are present.

Evaluation

In most cases of urticaria, a history and physical 
are sufficient for diagnosis.1,96 A thorough history 
may identify potential triggers such as medications. 
Patients with chronic urticaria and disease resistant 
to conventional therapies or uncharacteristic lesions 
may need further evaluation to exclude secondary 
causes of hives. The laboratory testing should eval-
uate general health with a complete blood count 
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with differential, complete metabolic panel, and 
urinalysis and screen for autoimmune or inflamma-
tory disorders, such as a vasculitis, with an eryth-
rocyte sedimentation rate (ESR) and antinuclear 
antibody (ANA) test.97 Patients with significant 
angioedema without urticaria should have comple-
ment levels checked along with C1 inhibitor testing 
to screen for hereditary and acquired angioedema 
due to C1 esterase inhibitor deficiency, which 
would result in low complement C4 levels. Patients 
who have symptoms or a family history of thyroid 
disease also warrant thyroid screening by measuring 
thyroid-stimulating hormone and possibly thyroid 
autoantibodies. Atypical lesions also should have 
complement screening.

Infections have been implicated in urticaria. As 
previously mentioned, viral infections, especially 
viral upper respiratory infections, are a common 
cause of acute urticaria. A study in a Japan, which 
has a high prevalence of hepatitis C, demonstrated 
that this infection may manifest with chronic urti-
carial lesions, but further work in areas with lower 
prevalence has not supported this finding.98,99 It 
is recommended that individuals with risk factors 
for infectious hepatitis should have the appropri-
ate testing. Bacterial cultures are rarely necessary, 
as bacterial infections are not a common cause of 
urticaria.100 In recent years, Helicobacter pylori, 
linked closely to gastritis and gastroesophageal 
reflux disease (GERD), has been implicated in CIU 
and may trigger autoantibody production and hives 
via molecular mimicry, but controlled studies have 
not been able to establish this link.101–104 Patients 
with symptoms of GERD or gastritis may benefit 
from H. pylori serology or may be tested via endos-
copy if this procedure is otherwise medically rel-
evant.29,105,106 The complete blood count also serves 
to check for peripheral eosinophilia, which may 
result from a parasitic infection. These infections 
are a rare cause of urticaria that should be inves-
tigated by stool examination for ova and parasites. 
Fungal testing should not be routinely performed, 
as this is not a common cause of urticaria.

Radioallergosorbent tests (RASTs) or skin testing 
may be beneficial in if a type I hypersensitivity reac-
tion or allergic urticaria is suspected. Skin testing 
is difficult to perform in chronic urticaria patients 
due to the high prevalence of dermatographism and 
delayed pressure features in this group as well as 
their dependence on antihistamines. Another skin 

test used in the past to define autoimmune urticaria 
is ASST. Since the presence or absence of autoan-
tibodies does not alter treatment options in patients, 
the ASST should not be used as a diagnostic tool for 
chronic urticaria.26 Also, recent study demonstrated 
an ASST sensitivity of 53% to 55% and specificity 
of 28% to 31% in CIU when compared to healthy 
controls or patients with allergic rhinitis.90 Newer 
basophil-based assays that check for serum his-
tamine-releasing activity also lack specificity and 
validation for clinical use.107,108

For physical urticarias, patients are unlikely to 
benefit from further laboratory testing.34,109,110 The 
physical exam can assist substantially in defining 
the type of physical urticaria that is present based 
on provocative tests (see Table 27.1). There are 
other diseases associated with urticarial lesions, 
and patients presenting with appropriate symptoms 
should be evaluated for these disorders. Urticarial 
vasculitis must be excluded in patients with chronic 
urticaria unresponsive to conventional therapy. The 
duration of urticarial vasculitis lesions is characteris-
tically greater than 24 hours and they may be painful 
and purpuric, leaving residual skin changes.1 These 
patients may also complain of systemic symptoms 
and have laboratory findings consistent with an 
inflammatory process, such as an elevated ESR or 
C-reactive protein or low complement levels.1 To 
rule out urticarial vasculitis, the definitive test is 
a skin biopsy. The features of urticarial vasculitis 
on biopsy are leukocytoclasia, extravasation of red 
blood cells, fibrin deposition, leukocyte invasion of 
the vascular endothelium, and endothelial edema, of 
which the latter three features may also be observed 
in chronic urticaria.1 Also, urticarial pigmentosa, 
a subtype of mastocytosis, may mimic urticarial 
lesions, except that these are pigmented and typi-
cally longer-lasting lesions than those in urticaria. 
Schnitzler’s syndrome is associated with recurrent 
urticarial lesions, arthralgia, fever, and a high ESR 
and IgM monoclonal gammopathy, and should 
be considered in the differential and evaluated by 
serum protein electrophoresis as indicated.111

Treatment

For acute urticaria the most important step is to 
eliminate the trigger, if one is identified. Also, avoid-
ance of certain potential triggers such as aspirin, 
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NSAIDs, ACE inhibitors, and codeine-containing 
products that can directly stimulate skin mast cells 
is recommended.5,26 Patients can use antihistamines 
to help with symptom alleviation until resolution of 
the episode. Typically, nonsedating H1-blockers are 
utilized, although H2-blockers and classic sedating 
H1-blockers, such as diphenhydramine or hydrox-
yzine, may be used. Approximately 44% to 91% of 
all urticaria patients treated with H1-blockers found 
a benefit.112,113 Similarly, the treatment of physi-
cal urticaria involves nonsedating H1-blockers and 
avoidance of triggers. Nonsedating H1-blockers can 
be used to cover daytime symptoms, while sedating 
H1-blockers, such as hydroxyzine, may be beneficial 
to assist with sleep at night. The major risk associated 
with administration of H1-blockers is somnolence. 
Some past studies in CIU patients demonstrated 
an improvement in dermatographism and pruritus 
with the simultaneous use of an H1-blocker and H2-
blocker versus and H1-blocker alone, although this 
may be a result of the H2-blocker’s increasing the 
serum concentration of the H1-blocker.114–119

For severe cases of acute urticaria, a short course 
of systemic corticosteroids may provide quicker 
control.8 One study reported that acute urticaria 
exacerbations lasted only 3 days in approximately 
94% of studied patients compared to only 66% of 
patients not receiving steroids.2 Topical steroids 
play no role in the treatment of urticaria since 
application would involve a large area of skin with 
minimal benefit, with the exception of reported 
benefit in localized delayed pressure urticaria.26,120

The treatment of CIU is a greater challenge than 
that of acute and physical urticarias. The physician 
should explain to the patient the natural history of 
CIU and the lack of a cause, as this may lessen 
patient frustration. Patients should avoid triggers, 
but these are rarely identified in CIU. H1-blockers 
as well as H2-blockers are used to control the 
intense pruritus associated with the disease. One 
study reported that 94% of patients with urticaria 
had some itch relief with use of H1-blockers, 
with the majority of the sedating type.121 Different 
H1-blockers can be tried since one may work bet-
ter in one patient than another, and many patients 
are on multiple H1-blockers simultaneously. H1-
blocker dosing is variable with supratherapeutic 
dosing of these medications currently under inves-
tigation.56,122 Doxepin, a tricyclic antidepressant 
with some H1- and H2-receptor antagonist properties, 

may be useful for nighttime itch, as well as help-
ing with disease-associated depression, and has 
been shown to be more effective than diphenhy-
dramine in the treatment of CIU.123 Drugs such as 
cimetidine, macrolides, and some antifungals may 
be less effective when used with doxepin, and the 
drug should not be used with monoamine oxidase 
(MAO) inhibitors due to a risk for prolonged QT 
syndrome.26

Evidence of leukotriene receptor antagonist use 
in CIU, although conflicting, has been reported 
for CIU and physical urticaria of the cold-induced 
and delayed pressure types, as well as aspirin-
sensitive or food-induced acute urticaria.124–126 
Various randomized, placebo-controlled stud-
ies reported that montelukast provided symp-
tom alleviation in CIU patients when used as a 
monotherapy or in conjunction with cetirizine 
or desloratadine, but another placebo-controlled 
study demonstrated that montelukast plus deslora-
tidine was equal to desloratidine alone, while 
montelukast monotherapy offered no benefit over 
placebo.124,127–129 Another leukotriene receptor 
antagonist, zafiruklast, failed to show benefit over 
placebo in CIU.130 Some studies have only shown 
a benefit with leukotriene receptor antagonists in a 
subset of CIU patients with a positive ASST.131,132 
Overall, leukotriene receptor antagonists may be 
added to antihistamines in urticaria patients as a 
limited trial and have a side effect profile similar 
to placebo.

As in acute urticaria, systemic corticosteroids 
also have a role in severe, antihistamine-resistant 
CIU when rapid control is warranted or with epi-
sodes of significant angioedema. The mechanism 
for disease alleviation with corticosteroids is not 
known, but they can lower tissue mast cell number, 
possibly changing mast cell migration to tissues, 
although this is controversial in skin.133 Also, cor-
ticosteroids are known to (1) significantly decrease 
peripheral basophil counts due to apoptosis as well 
as demargination, and (2) diminish the basophil 
response to an IgE-dependent stimulus with no 
effect on a non–IgE-dependent pathway.133,134 
Chronic idiopathic urticaria patients treated with 
steroids have a transient rise in peripheral basophil 
counts, perhaps suggesting decreased recruitment 
of basophils to the skin.66 The use of systemic cor-
ticosteroids should be sparse due to the side-effect 
profile with prolonged use, including a greater risk 
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of osteoporosis, peptic ulcer disease, diabetes, and 
hypertension, to name a few.

More recently, immunomodulators have been 
used for the treatment of antihistamine-unrespon-
sive and steroid-dependent CIU. Cyclosporine 
has shown some success in CIU patients.135–

137 Cyclosporine reduces the Th1 lymphocyte 
response, inhibits antibody formation, and inhibits 
basophil and mast cell anti-IgE–induced histamine 
release.135,138 One of the studies reported that 
cyclosporine treatment did not change the pres-
ence of the ASST in patients who entered drug 
remission.137 In various case reports, sulfasalazine 
has also shown some benefits in CIU as well as in 
delayed pressure urticaria.139–141 One recent study 
of patients with antihistamine unresponsive CIU 
reported that 74% of patients treated with sul-
fasalazine had significant improvement in disease, 
with an additional 21% showing minimal improve-
ment, and all patients treated either discontinued or 
decreased their steroid use.142 Although the mecha-
nism of action is unknown, it is hypothesized that 
sulfasalazine may alter IgE-mediated mast cell 
histamine release, with one study demonstrating 
reduced release in mast cells and two prior studies 
demonstrating enhanced release in mast cells as 
well as basophils.143–145

Dapsone, which exhibits antiinflammatory 
properties and inhibits neutrophil function, 
showed promising results in one open-label study 
and may be beneficial for patients with neutrophil-
predominant infiltrates on skin biopsy.146,147 Small 
case reports of cyclophosphamide and methotrex-
ate have also shown a potential role for immu-
nomodulating drugs in CIU.148,149 Colchicine and 
hydroxychloroquine have also been suggested as 
therapeutics.150,151 Plasmapheresis has been used 
with the intended purpose of removing autoanti-
bodies with temporary effects on disease activ-
ity.6 One study in HRA-positive CIU patients 
demonstrated a reduction in ASST in treated 
patients but a positive ASST response with use 
of preinfusion autologous serum.152 Intravenous 
immunoglobulin infusions was studied in patients 
with reported functional anti-FcεRI or anti-IgE 
autoantibodies and had a reported benefit, but a 
subsequent study demonstrated that the improve-
ment with intravenous immunoglobulin (IVIG) 
was temporary and that IVIG is likely not an 
effective therapy for CIU.153–155

Other therapies, although less studied, have also 
been used in CIU. A 3-week pseudoallergen-free 
diet has been studied with limited success.8 Psoralen 
UVA (PUVA) or UVB phototherapy has no proven 
beneficial use in CIU, although PUVA is known to 
reduce skin mast cell number.96,156–159 Zileuton, a 
5-lipoxygenase inhibitor, inhibits leukotriene B4 and 
C4 production and has shown success in a small case 
study of chronic urticaria patients.160,161 Warfarin 
therapy was studied due its ability to alter proteases 
of the complement, kinin, clotting, or fibrinolytic 
systems, which may be activated in vivo and lead to 
vasoactive mediator release in CIU, but further work 
needs to be done to assess the benefit as well as the 
mechanism of action.162 Some other therapeutics 
that have been mentioned are interferon, mycophe-
nolate mofetil, and danazol.163–166

Unfortunately, with all of the therapeutics so 
far mentioned, some patients still have active dis-
ease; thus, novel therapies are needed. Rituximab, 
a monoclonal anti-CD20, has had success in the 
treatment of SLE, and due to CD20’s role in B-cell 
development, it may decrease autoantibodies, thus 
making it a potential therapeutic for CIU.166,167 
The TNF-α antagonists, which have known anti-
inflammatory properties, are currently used for 
autoimmune diseases such as rheumatoid arthritis, 
as well as inflammatory skin diseases such as 
psoriasis, and they may be a potential therapeutic 
for CIU.168,169 Another potential therapeutic that is 
Food and Drug Administration (FDA) approved 
for allergic asthma is omalizumab, a monoclonal 
anti-IgE. A few case reports in chronic urticaria 
have demonstrated significant improvement in 
disease activity.170–172 Omalizumab is known to 
alter mast cell and basophil anti-IgE induced his-
tamine release and is known to decrease free IgE 
and FcεRI expression on mast cells and basophils, 
which decreases the potential targets of anti-FcεRI 
and anti-IgE autoantibodies.173

Urticaria, especially chronic urticaria, takes a 
large toll on patient quality of life, and presents a 
medical and financial burden, with the high cost 
of multiple medical visits, specialists, lab testing, 
and medications. The current available therapies 
for urticaria fall short, especially for patients with 
chronic urticaria, which only increases patient 
frustration. A greater understanding of the disease 
mechanism is necessary for both acute and chronic 
urticaria, which may lead to new therapeutics.
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Conclusion

Urticaria is produced by the degranulation of mast 
cells in the skin, and has immunologic (IgE-medi-
ated) and nonimmunologic mechanisms. Chronic 
urticaria is a troublesome condition that can 
adversely affect the quality of life of an afflicted 
individual. Evaluations to identify and remove 
trigger factors are critical to the management of 
this condition. If this is not possible, glucocorticos-
teroids, antihistamines, immunosuppressive drugs, 
and biologics can be used to treat severe cases.

References

 1. Greaves MW. Chronic urticaria. N Engl J Med 
1995;332:1767–72.

 2. Zuberbier T, Ifflander J, Semmler C, et al. Acute 
urticaria: clinical aspects and therapeutic responsive-
ness. Acta Derm Venereol 1996;76:295–7.

 3. Greaves MW. Chronic urticaria in childhood. Allergy 
2000;55:309–20.

 4. Toubi E, Kessel A, Avshovich N, et al. Clinical and 
laboratory parameters in predicting chronic urticaria 
duration: a prospective study of 139 patients. Allergy 
2004;59:869–73.

 5. Grattan CE, Sabroe RA, Greaves MW. Chronic urti-
caria. J Am Acad Dermatol 2002;46:645–57.

 6. Greaves M. Chronic urticaria. J Allergy Clin Immunol 
2000;105:664–72.

 7. Sibbald RG, Cheema AS, Lozinski A, et al. Chronic 
urticaria. Evaluation of the role of physical, immuno-
logic, and other contributory factors. Int J Dermatol 
1991;30:381–6.

 8. Zuberbier T. Urticaria. Allergy 2003;58:1224–34.
 9. Kaplan AP. Urticaria and angioedema. In: Adkinson, 

NF, Yunginger JW, Busse WW, et al, eds. Middleton’s 
Allergy: Principles and Practice, 6th ed. Philadelphia: 
Mosby, 2003:1537–58.

10. Haas N, Toppe E, Henz BM. Microscopic morphol-
ogy of different types of urticaria. Arch Dermatol 
1998;134:41–6.

11. Haas N, Schadendorf D, Henz BM. Differential 
endothelial adhesion molecule expression in early 
and late whealing reactions. Int Arch Allergy 
Immunol 1998;115:210–4.

12. Haas N, Motel K, Czarnetzki BM. Comparative 
immunoreactivity of the eosinophil constituents 
MBP and ECP in different types of urticaria. Arch 
Dermatol Res 1995;287:180–5.

13. Hermes B, Prochazka AK, Haas N, et al. Upregulation 
of TNF-alpha and IL-3 expression in lesional and 
uninvolved skin in different types of urticaria. J 
Allergy Clin Immunol 1999;103:307–14.

14. Luger TA, Beissert S, Schwarz T. The epidermal 
cytokine network. In: Bos JD, ed. Skin Immune 
System, 2nd ed. Boca Raton, FL: CRC Press, 
1997:271–310.

15. Galli SJ, Nakae S, Tsai M. Mast cells in the develop-
ment of adaptive immune responses. Nat Immunol 
2005;6:135–42.

16. Van Overveld FJ, Jorens PG, Rampart M, et al. 
Tumour necrosis factor stimulates human skin mast 
cells to release histamine and tryptase. Clin Exp 
Allergy 1991;21:711–4.

17. Walsh LJ, Trinchieri G, Waldorf HA, et al. Human 
dermal mast cells contain and release tumor necrosis 
factor alpha, which induces endothelial leukocyte 
adhesion molecule 1. Proc Natl Acad Sci USA 
1991;88:4220–4.

18. Moller A, Henz BM, Grutzkau A, et al. Comparative 
cytokine gene expression: regulation and release by 
human mast cells. Immunology 1998;93:289–95.

19. Schrader JW. The panspecific hemopoietin of acti-
vated T lymphocytes (interleukin-3). Annu Rev 
Immunol 1986;4:205–30.

20. Kita H, Ohnishi T, Okubo Y, et al. Granulocyte/mac-
rophage colony-stimulating factor and interleukin 3 
release from human peripheral blood eosinophils and 
neutrophils. J Exp Med 1991;174:745–8.

21. Khew-Goodall Y, Butcher CM, Litwin MS, et al. 
Chronic expression of P-selectin on endothelial cells 
stimulated by the T-cell cytokine, interleukin-3. 
Blood 1996;87:1432–8.

22. Zuberbier T, Schadendorf D, Haas N, et al. Enhanced 
P-selectin expression in chronic and dermographic 
urticaria. Int Arch Allergy Immunol 1997;114:86–9.

23. Zuberbier T, Bindslev-Jensen C, Canonica W, et al. 
EAACI/GA2LEN/EDF guideline: definition, classi-
fication and diagnosis of urticaria. Allergy 2006;61:
316–20.

24. Bingham CO. Diagnostic evaluation of urticaria. 
UpToDate in Medicine (CD-ROM). Wellesley: 
UpToDate Inc., 2004.

25. Greaves MW, Sabroe RA. Histamine: the quintes-
sential mediator. J Dermatol 1996;23:735–40.

26. Kozel MM, Sabroe RA. Chronic urticaria: aetiol-
ogy, management and current and future treatment 
options. Drugs 2004;64:2515–36.

27. Legrain V, Taieb A, Sage T, et al. Urticaria in 
infants: a study of forty patients. Pediatr Dermatol 
1990;7:101–7.

28. Kauppinen K, Juntunen K, Lanki H. Urticaria in 
children. Retrospective evaluation and follow-up. 
Allergy 1984;39:469–72.

29. Zuberbier T, Chantraine-Hess S, Hartmann K, et al. 
Pseudoallergen-free diet in the treatment of chronic 
urticaria. A prospective study. Acta Derm Venereol 
1995;75:484–7.



27. Allergic Urticaria 473

30. Sabroe RA, Black AK. Angiotensin-converting 
enzyme (ACE) inhibitors and angio-oedema. Br J 
Dermatol 1997;136:153–8.

31. Simons FE. Prevention of acute urticaria in young 
children with atopic dermatitis. J Allergy Clin 
Immunol 2001;107:703–6.

32. Aoki T, Kojima M, Horiko T. Acute urticaria: his-
tory and natural course of 50 cases. J Dermatol 
1994;21:73–7.

33. Juhlin L. Recurrent urticaria: clinical investigation of 
330 patients. Br J Dermatol 1981;104:369–81.

34. Barlow RJ, Warburton F, Watson K, et al. Diagnosis 
and incidence of delayed pressure urticaria in 
patients with chronic urticaria. J Am Acad Dermatol 
1993;29:954–8.

35. Kaplan AP. Chronic urticaria: pathogenesis and treat-
ment. J Allergy Clin Immunol 2004;114:465–74.

36. Henz BM, Jeep S, Ziegert FS, et al. Dermal and 
bronchial hyperreactivity in urticarial dermogra-
phism and urticaria factitia. Allergy 1996;51:171–5.

37. Hoffman HM, Wanderer AA, Broide DH. Familial 
cold autoinflammatory syndrome: phenotype and 
genotype of an autosomal dominant periodic fever. J 
Allergy Clin Immunol 2001;108:615–20.

38. Hoffman HM, Mueller JL, Broide DH, et al. Mutation 
of a new gene encoding a putative pyrin-like protein 
causes familial cold autoinflammatory syndrome and 
Muckle-Wells syndrome. Nat Genet 2001;29:301–5.

39. Zuberbier T, Althaus C, Chantraine-Hess S, et al. 
Prevalence of cholinergic urticaria in young adults. J 
Am Acad Dermatol 1994;31:978–81.

40. Champion RH, Roberts SO, Carpenter RG, et al. 
Urticaria and angio-oedema. A review of 554 
patients. Br J Dermatol 1969;81:588–97.

41. Charlesworth EN. Urticaria and angioedema. Allergy 
Asthma Proc 2002;23:341–5.

42. Sabroe RA, Seed PT, Francis DM, et al. Chronic idi-
opathic urticaria: comparison of the clinical features 
of patients with and without anti-FcεRI or anti-IgE 
autoantibodies. J Am Acad Dermatol 1999;40:443–50.

43. O’Donnell BF, Lawlor F, Simpson J, et al. The 
impact of chronic urticaria on the quality of life. Br J 
Dermatol 1997;136:197–201.

44. Poon E, Seed PT, Greaves MW, et al. The extent and 
nature of disability in different urticarial conditions. 
Br J Dermatol 1999;140:667–71.

45. DeLong LK, Saini S, Beck LA, Chen SC. Annual 
direct and indirect healthcare costs in patients with 
chronic idiopathic urticaria: a cost analysis. J Am 
Acad Dermatol 2007;56:AB103.

46. Grattan CE. Aspirin sensitivity and urticaria. Clin 
Exp Dermatol 2003;28:123–7.

47. Moore-Robinson M, Warin RP. Effect of salicylates 
in urticaria. Br Med J 1967;4:262–4.

48. Grzelewska-Rzymowska I, Szmidt M, Rozniecki J. 
Aspirin-induced urticaria—a clinical study. J Invest 
Allergol Clin Immunol 1992;2:39–42.

49. Swain AR, Dutton SP, Truswell AS. Salicylates in 
foods. J Am Diet Assoc 1985;85:950–60.

50. Leznoff A, Josse RG, Denburg J, et al. Association 
of chronic urticaria and angioedema with thyroid 
autoimmunity. Arch Dermatol 1983;119:636–40.

51. Leznoff A, Sussman GL. Syndrome of idiopathic 
chronic urticaria and angioedema with thyroid 
autoimmunity: a study of 90 patients. J Allergy Clin 
Immunol 1989;84:66–71.

52. Kaplan AP, Finn A. Autoimmunity and the etiology 
of chronic urticaria. Can J Allergy Clin Immunol 
1999;4:286–92.

53. Verneuil L, Leconte C, Ballet JJ, et al. Association 
between chronic urticaria and thyroid autoimmu-
nity: a prospective study involving 99 patients. 
Dermatology 2004;208:98–103.

54. Kikuchi Y, Fann T, Kaplan AP. Antithyroid antibod-
ies in chronic urticaria and angioedema. J Allergy 
Clin Immunol 2003;112:218.

55. Gruber BL, Baeza ML, Marchese MJ, et al. Prevalence 
and functional role of anti-IgE autoantibodies in urti-
carial syndromes. J Invest Dermatol 1988;90:213–7.

56. Kaplan AP. Clinical practice. Chronic urticaria and 
angioedema. N Engl J Med 2002;346:175–9.

57. Gaig P, Garcia-Ortega P, Enrique E, et al. Successful 
treatment of chronic idiopathic urticaria associated 
with thyroid autoimmunity. J Invest Allergol Clin 
Immunol 2000;10:342–5.

58. Rumbyrt JS, Katz JL, Schocket AL. Resolution of 
chronic urticaria in patients with thyroid autoimmu-
nity. J Allergy Clin Immunol 1995;96:901–5.

59. O’Donnell BF, O’Neill CM, Francis DM, et al. Human 
leucocyte antigen class II associations in chronic idi-
opathic urticaria. Br J Dermatol 1999;140:853–8.

60. Ying S, Kikuchi Y, Meng Q, et al. TH1/TH2 
cytokines and inflammatory cells in skin biopsy 
specimens from patients with chronic idiopathic 
urticaria: comparison with the allergen-induced late-
phase cutaneous reaction. J Allergy Clin Immunol 
2002;109:694–700.

61. Ormerod AD, Kobza Black A, Dawes J, et al. 
Prostaglandin D2 and histamine release in cold urti-
caria unaccompanied by evidence of platelet activa-
tion. J Allergy Clin Immunol 1988;82:586–9.

62. Smith CH, Kepley C, Schwartz LB, et al. Mast cell 
number and phenotype in chronic idiopathic urti-
caria. J Allergy Clin Immunol 1995;96:360–4.

63. Jacques P, Lavoie A, Bedard PM, et al. Chronic idi-
opathic urticaria: profiles of skin mast cell histamine 
release during active disease and remission. J Allergy 
Clin Immunol 1992;89:1139–43.



474 L.M. Gober and S.S. Saini

64. Caproni M, Giomi B, Volpi W, et al. Chronic 
idiopathic urticaria: infiltrating cells and related 
cytokines in autologous serum-induced wheals. Clin 
Immunol 2005;114:284–92.

65. Grattan CE. Basophils in chronic urticaria. J Invest 
Dermatol Symp Proc 2001;6:139–40.

66. Grattan CE, Dawn G, Gibbs S, et al. Blood basophil 
numbers in chronic ordinary urticaria and healthy 
controls: diurnal variation, influence of loratadine 
and prednisolone and relationship to disease activity. 
Clin Exp Allergy 2003;33:337–41.

67. Charlesworth EN, Hood AF, Soter NA, et al. 
Cutaneous late-phase response to allergen. Mediator 
release and inflammatory cell infiltration. J Clin 
Invest 1989;83:1519–26.

68. Knol EF, Mul FP, Jansen H, et al. Monitoring human 
basophil activation via CD63 monoclonal antibody 
435. J Allergy Clin Immunol 1991;88:328–38.

69. Bochner BS. Systemic activation of basophils and 
eosinophils: markers and consequences. J Allergy 
Clin Immunol 2000;106:S292–302.

70. Ebo DG, Hagendorens MM, Bridts CH, et al. In vitro 
allergy diagnosis: should we follow the flow? Clin 
Exp Allergy 2004;34:332–9.

71. Vasagar K, Vonakis BM, Gober LM, et al. Evidence 
of in vivo basophil activation in chronic idiopathic 
urticaria. Clin Exp Allergy 2006;36:770–6.

72. Yoshimura C, Yamaguchi M, Iikura M, et al. 
Activation markers of human basophils: CD69 
expression is strongly and preferentially induced by 
IL-3. J Allergy Clin Immunol 2002;109:817–23.

73. Buehring HJ, Seiffert M, Giesert C, et al. The 
basophil activation marker defined by antibody 97A6 
is identical to the ectonucleotide pyrophosphatase/
phosphodiesterase 3. Blood 2001;97:3303–5.

74. Boumiza R, Monneret G, Forissier MF, et al. Marked 
improvement of the basophil activation test by 
detecting CD203c instead of CD63. Clin Exp Allergy 
2003;33:259–65.

75. Hauswirth AW, Natter S, Ghannadan M, et al. 
Recombinant allergens promote expression of 
CD203c on basophils in sensitized individuals. J 
Allergy Clin Immunol 2002;110:102–9.

76. Binder M, Fierlbeck G, King T, et al. Individual 
hymenoptera venom compounds induce upregula-
tion of the basophil activation marker ectonucleotide 
pyrophosphatase/phosphodiesterase 3 (CD203c) 
in sensitized patients. Int Arch Allergy Immunol 
2002;129:160–8.

77. Buehring H-J, Simmons PJ, Pudney M, et al. The 
monoclonal antibody 97A6 defines a novel sur-
face antigen expressed on human basophils and 
their multipotent and unipotent progenitors. Blood 
1999;94:2343–2356.

78. Kern F, Lichtenstein LM. Defective histamine release 
in chronic urticaria. J Clin Invest 1976;57:1369–77.

79. Vonakis BM, Vasagar K, Gibbons SP Jr, et al. 
Basophil FcεRI histamine release parallels expres-
sion of Src-homology 2–containing inositol phos-
phatases in chronic idiopathic urticaria. J Allergy 
Clin Immunol 2007;119:441–8.

80. Sabroe RA, Francis DM, Barr RM, et al. Anti-Fcε)RI 
auto antibodies and basophil histamine releasabil-
ity in chronic idiopathic urticaria. J Allergy Clin 
Immunol 1998;102:651–8.

81. Gober LM, Sterba PM, Baker R, et al. Longitudinal 
examination of basophil functional phenotypes and 
disease activity in chronic idiopathic urticaria (CIU). 
J Allergy Clin Immunol 2007;119:S312.

82. Fiebiger E, Maurer D, Holub H, et al. Serum IgG 
autoantibodies directed against the alpha chain of Fc 
epsilon RI: a selective marker and pathogenetic fac-
tor for a distinct subset of chronic urticaria patients? 
J Clin Invest 1995;96:2606–12.

83. Ferrer M, Kinet JP, Kaplan AP. Comparative studies 
of functional and binding assays for IgG anti-FcεRIα 
(α-subunit) in chronic urticaria. J Allergy Clin 
Immunol 1998;101:672–6.

84. Hide M, Francis DM, Grattan CE, et al. Autoantibodies 
against the high-affinity IgE receptor as a cause of 
histamine release in chronic urticaria. N Engl J Med 
1993;328:1599–604.

85. Niimi N, Francis DM, Kermani F, et al. Dermal mast 
cell activation by autoantibodies against the high 
affinity IgE receptor in chronic urticaria. J Invest 
Dermatol 1996;106:1001–6.

86. Sheikh J. Autoantibodies to the high-affinity IgE 
receptor in chronic urticaria: how important are they? 
Curr Opin Allergy Clin Immunol 2005;5:403–7.

87. Sabroe RA, Grattan CE, Francis DM, et al. The 
autologous serum skin test: a screening test for 
autoantibodies in chronic idiopathic urticaria. Br J 
Dermatol 1999;140:446–52.

88. Grattan CE, Wallington TB, Warin RP, et al. A sero-
logical mediator in chronic idiopathic urticaria—a 
clinical, immunological and histological evaluation. 
Br J Dermatol 1986;114:583–90.

89. Grattan CEH, Francis DM. Autoimmune urticaria. 
Adv Dermatol 1999;15:311–40.

90. Guttman-Yassky E, Bergman R, Maor C, et al. The 
autologous serum skin test in a cohort of chronic 
idiopathic urticaria patients compared to respiratory 
allergy patients and healthy individuals. J Eur Acad 
Dermatol Venereol 2007;21:35–9.

91. Grattan CE, Francis DM, Hide M, et al. Detection of 
circulating histamine releasing autoantibodies with 
functional properties of anti-IgE in chronic urticaria. 
Clin Exp Allergy 1991;21:695–704.



27. Allergic Urticaria 475

 92. Kikuchi Y, Kaplan AP. Mechanisms of autoim-
mune activation of basophils in chronic urticaria. J 
Allergy Clin Immunol 2001;107:1056–62.

 93. Sabroe RA, Fiebiger E, Francis DM, et al. 
Classification of anti-FcεRI and anti-IgE autoanti-
bodies in chronic idiopathic urticaria and correla-
tion with disease severity. J Allergy Clin Immunol 
2002;110:492–9.

 94. Sabroe RA, Poon E, Orchard GE, et al. Cutaneous 
inflammatory cell infiltrate in chronic idiopathic 
urticaria: comparison of patients with and without 
anti-FcεRI or anti-IgE autoantibodies. J Allergy 
Clin Immunol 1999;103:484–93.

 95. Fiebiger E, Hammerschmid F, Stingl G, et al. Anti-
FcεRIα autoantibodies in autoimmune-mediated 
disorders. Identification of a structure-function 
relationship. J Clin Invest 1998;101:243–51.

 96. Grattan C, Powell S, Humphreys F. Management 
and diagnostic guidelines for urticaria and angio-
oedema. Br J Dermatol 2001;144:708–14.

 97. Buss YA, Garrelfs UC, Sticherling M. Chronic 
urticaria—which clinical parameters are patho-
genetically relevant? A retrospective investiga-
tion of 339 patients. J Dtsch Dermatol Ges 2007;
5:22–7.

 98. Kanazawa K, Yaoita H, Tsuda F, et al. Hepatitis C 
virus infection in patients with urticaria. J Am Acad 
Dermatol 1996;35:195–8.

 99. Cribier B. Urticaria and hepatitis. Clin Rev Allergy 
Immunol 2006;30:25–9.

100. Champion RH. Urticaria: then and now. Br J 
Dermatol 1988;119:427–36.

101. Greaves MW. Chronic idiopathic urticaria (CIU) 
and Helicobacter pylori—not directly causative, 
but could there be a link? Allergy Clin Immunol Int 
2001;13:23–6.

102. Schnyder B, Helbling A, Pichler WJ. Chronic idi-
opathic urticaria: natural course and association 
with Helicobacter pylori infection. Int Arch Allergy 
Immunol 1999;119:60–3.

103. Hook-Nikanne J, Varjonen E, Harvima RJ, et al. 
Is Helicobacter pylori infection associated with 
chronic urticaria? Acta Derm Venereol 2000;
80:425–6.

104. Valsecchi R, Pigatto P. Chronic urticaria and 
Helicobacter pylori. Acta Derm Venereol 
1998;78:440–2.

105. Wedi B, Kapp A. Helicobacter pylori infection 
in skin diseases: a critical appraisal. Am J Clin 
Dermatol 2002;3:273–82.

106. Gaig P, Garcia-Ortega P, Enrique E, et al. Efficacy 
of the eradication of Helicobacter pylori infection 
in patients with chronic urticaria. A placebo-con-
trolled double blind study. Allergol Immunopathol 
2002;30:255–8.

107. Yasnowsky KM, Dreskin SC, Efaw B, et al. Chronic 
urticaria sera increase basophil CD203c expression. 
J Allergy Clin Immunol 2006;117:1430–4.

108. Altrich ML, Halsey JF, Altman LC. Evaluation 
of a functional assay for the diagnosis of autoim-
mune chronic urticaria. J Allergy Clin Immunol 
2007;119:S199.

109. Breathnach SM, Allen R, Ward AM, et al. 
Symptomatic dermographism: natural history, clini-
cal features laboratory investigations and response 
to therapy. Clin Exp Dermatol 1983;8:463–76.

110. Commens CA, Greaves MW. Tests to establish the 
diagnosis in cholinergic urticaria. Br J Dermatol 
1978;98:47–51.

111. Venzor J, Lee WL, Huston DP. Urticarial vasculitis. 
Clin Rev Allergy Immunol 2002;23:201–16.

112. Humphreys F, Hunter JA. The characteristics of 
urticaria in 390 patients. Br J Dermatol 1998;138:
635–8.

113. Nettis E, Pannofino A, D’Aprile C, et al. Clinical 
and aetiological aspects in urticaria and angio-
oedema. Br J Dermatol 2003;148:501–6.

114. Bleehen SS, Thomas SE, Greaves MW, et al. 
Cimetidine and chlorpheniramine in the treat-
ment of chronic idiopathic urticaria: a multi-centre 
randomized double-blind study. Br J Dermatol 
1987;117:81–8.

115. Harvey RP, Wegs J, Schocket AL. A controlled 
trial of therapy in chronic urticaria. J Allergy Clin 
Immunol 1981;68:262–6.

116. Mansfield LE, Smith JA, Nelson HS. Greater inhi-
bition of dermographia with a combination of H1 
and H2 antagonists. Ann Allergy 1983;50:264–5.

117. Kaur S, Greaves M, Eftekhari N. Factitious urti-
caria (dermographism): treatment by cimetidine 
and chlorpheniramine in a randomized double-blind 
study. Br J Dermatol 1981;104:185–90.

118. Paul E, Bodeker RH. Treatment of chronic urticaria 
with terfenadine and ranitidine. A randomized dou-
ble-blind study in 45 patients. Eur J Clin Pharmacol 
1986;31:277–80.

119. Simons FE, Sussman GL, Simons KJ. Effect of the 
H2-antagonist cimetidine on the pharmacokinet-
ics and pharmacodynamics of the H1-antagonists 
hydroxyzine and cetirizine in patients with chronic 
urticaria. J Allergy Clin Immunol 1995;95:685–93.

120. Vena GA, Cassano N, D’Argento V, et al. Clobetasol 
propionate 0.05% in a novel foam formulation is 
safe and effective in the short-term treatment of 
patients with delayed pressure urticaria: a rand-
omized, double-blind, placebo-controlled trial. Br J 
Dermatol 2006;154:353–6.

121. Yosipovitch G, Ansari N, Goon A, et al. Clinical 
characteristics of pruritus in chronic idiopathic urti-
caria. Br J Dermatol 2002;147:32–6.



476 L.M. Gober and S.S. Saini

122. Asero R. Chronic unremitting urticaria: is the use 
of antihistamines above the licensed dose effec-
tive? A preliminary study of cetirizine at licensed 
and above-licensed doses. Clin Exp Dermatol 
2007;32:34–8.

123. Greene SL, Reed CE, Schroeter AL. Double-blind 
crossover study comparing doxepin with diphenhy-
dramine for the treatment of chronic urticaria. J Am 
Acad Dermatol 1985;12:669–75.

124. Pacor ML, Di Lorenzo G, Corrocher R. Efficacy 
of leukotriene receptor antagonist in chronic urti-
caria. A double-blind, placebo-controlled compari-
son of treatment with montelukast and cetirizine in 
patients with chronic urticaria with intolerance to 
food additive and/or acetylsalicylic acid. Clin Exp 
Allergy 2001;31:1607–14.

125. Bonadonna P, Lombardi C, Senna G, et al. 
Treatment of acquired cold urticaria with ceti-
rizine and zafirlukast in combination. J Am Acad 
Dermatol 2003;49:714–6.

126. Berkun Y, Shalit M. Successful treatment of delayed 
pressure urticaria with montelukast. Allergy 
2000;55:203–4.

127. Nettis E, Colanardi MC, Paradiso MT, et al. 
Desloratadine in combination with montelukast in 
the treatment of chronic urticaria: a randomized, 
double-blind, placebo-controlled study. Clin Exp 
Allergy 2004;34:1401–7.

128. Erbagci Z. The leukotriene receptor antagonist 
montelukast in the treatment of chronic idiopathic 
urticaria: a single-blind, placebo-controlled, 
crossover clinical study. J Allergy Clin Immunol 
2002;110:484–8.

129. Di Lorenzo G, Pacor ML, Mansueto P, et al. 
Randomized placebo-controlled trial comparing 
desloratadine and montelukast in monotherapy and 
desloratadine plus montelukast in combined ther-
apy for chronic idiopathic urticaria. J Allergy Clin 
Immunol 2004;114:619–25.

130. Reimers A, Pichler C, Helbling A, et al. Zafirlukast 
has no beneficial effects in the treatment of chronic 
urticaria. Clin Exp Allergy 2002;32:1763–8.

131. Bagenstose SE, Levin L, Bernstein JA. The addi-
tion of zafirlukast to cetirizine improves the treat-
ment of chronic urticaria in patients with positive 
autologous serum skin test results. J Allergy Clin 
Immunol 2004;113:134–40.

132. Nettis E, Dambra P, D’Oronzio L, et al. Comparison 
of montelukast and fexofenadine for chronic idio-
pathic urticaria. Arch Dermatol 2001;137:99–100.

133. Schleimer RP, Spahn JD, Covar R, et al. 
Glucocorticoids. In: Adkinson, NF, Yunginger 
JW, Busse WW, et al, eds. Middleton’s Allergy: 
Principles and Practice, 6th ed. Philadelphia: 
Mosby, 2003:870–904.

134. Schleimer RP, MacGlashan DW Jr, Gillespie E, et 
al. Inhibition of basophil histamine release by anti-
inflammatory steroids. II. Studies on the mechanism 
of action. J Immunol 1982;129:1632–6.

135. Grattan CE, O’Donnell BF, Francis DM, et al. 
Randomized double-blind study of cyclosporin 
in chronic “idiopathic” urticaria. Br J Dermatol 
2000;143:365–72.

136. Fradin MS, Ellis CN, Goldfarb MT, et al. Oral 
cyclosporine for severe chronic idiopathic urti-
caria and angioedema. J Am Acad Dermatol 
1991;251065–7.

137. Toubi E, Blant A, Kessel A, et al. Low-dose 
cyclosporin A in the treatment of severe chronic 
idiopathic urticaria. Allergy 1997;52:312–6.

138. Stellato C, de Paulis A, Ciccarelli A, et al. Anti-
inflammatory effect of cyclosporin A on human 
skin mast cells. J Invest Dermatol 1992;98:
800–4.

139. Jaffer AM. Sulfasalazine in the treatment of corti-
costeroid-dependent chronic idiopathic urticaria. J 
Allergy Clin Immunol 1991;88:964–5.

140. Engler RJ, Squire E, Benson P. Chronic sulfasala-
zine therapy in the treatment of delayed pressure 
urticaria and angioedema. Ann Allergy Asthma 
Immunol 1995;74:155–9.

141. Hartmann K, Hani N, Hinrichs R, et al. Successful 
sulfasalazine treatment of severe chronic idiopathic 
urticaria associated with pressure urticaria. Acta 
Derm Venereol 2001;81:71.

142. McGirt LY, Vasagar K, Gober LM, et al. Successful 
treatment of recalcitrant chronic idiopathic urti-
caria with sulfasalazine. Arch Dermatol 2006;142:
1337–42.

143. Lee EH, Kim HM. Inhibition of anaphylaxis by sul-
fasalazine in rats. Pharmacology 1998;56:223–9.

144. Fox CC, Moore WC, Lichtenstein LM. Modulation 
of mediator release from human intestinal mast 
cells by sulfasalazine and 5-aminosalicylic acid. 
Dig Dis Sci 1991;36:179–84.

145. Barrett KE, Tashof TL, Metcalfe DD. Inhibition 
of IgE-mediated mast cell degranulation by sul-
phasalazine. Eur J Pharmacol 1985;107:279–81.

146. Cassano N, D’Argento V, Filotico R, et al. Low-
dose dapsone in chronic idiopathic urticaria: pre-
liminary results of an open study. Acta Derm 
Venereol 2005;85:254–5.

147. Boehm I, Bauer R, Bieber T. Urticaria treated with 
dapsone. Allergy 1999;54:765–6.

148. Gach JE, Sabroe RA, Greaves MW, et al. 
Methotrexate-responsive chronic idiopathic 
urticaria: a report of two cases. Br J Dermatol 
2001;145:340–3.

149. Bernstein JA, Garramone SM, Lower EG. Successful 
treatment of autoimmune chronic idiopathic urti-



27. Allergic Urticaria 477

caria with intravenous cyclophosphamide. Ann 
Allergy Asthma Immunol 2002;89:212–4.

150. Reeves GE, Boyle MJ, Bonfield J, et al. Impact of 
hydroxychloroquine therapy on chronic urticaria: 
chronic autoimmune urticaria study and evaluation. 
Intern Med J 2004;34:182–6.

151. Lawlor F, Black AK, Ward AM, et al. Delayed 
pressure urticaria, objective evaluation of a variable 
disease using a dermographometer and assess-
ment of treatment using colchicine. Br J Dermatol 
1989;120:403–8.

152. Grattan CE, Francis DM, Slater NG, et al. 
Plasmapheresis for severe, unremitting, chronic 
urticaria. Lancet 1992;339:1078–80.

153. O’Donnell BF, Barr RM, Black AK, et al. Intravenous 
immunoglobulin in autoimmune chronic urticaria. 
Br J Dermatol 1998;138:101–6.

154. Asero R. Are IVIG for chronic unremitting urticaria 
effective? Allergy 2000;55:1099–101.

155. Asero R, Tedeschi A. Emerging drugs for chronic 
urticaria. Expert Opin Emerg Drugs 2006;11:
265–74.

156. Sharma JK, Miller R, Murray S. Chronic urti-
caria: a Canadian perspective on patterns and 
practical management strategies. J Cutan Med Surg 
2000;4:89–93.

157. Berroeta L, Clark C, Ibbotson SH, et al. Narrow-
band (TL-01) ultraviolet B phototherapy for chronic 
urticaria. Clin Exp Dermatol 2004;29:97–8.

158. Hannuksela M, Kokkonen EL. Ultraviolet light 
therapy in chronic urticaria. Acta Derm Venereol 
1985;65:449–50.

159. Olafsson JH, Larko O, Roupe G, et al. Treatment 
of chronic urticaria with PUVA or UVA plus pla-
cebo: a double-blind study. Arch Dermatol Res 
1986;278:228–31.

160. Ellis MH. Successful treatment of chronic urti-
caria with leukotriene antagonists. J Allergy Clin 
Immunol 1998;102:876–7.

161. Spector S, Tan RA. Antileukotrienes in chronic 
urticaria. J Allergy Clin Immunol 1998;101:572.

162. Parslew R, Pryce D, Ashworth J, et al. Warfarin 
treatment of chronic idiopathic urticaria and angio-
oedema. Clin Exp Allergy 2000;30:1161–5.

163. Czarnetzki BM, Algermissen B, Jeep S, et al. 
Interferon treatment of patients with chronic urti-
caria and mastocytosis. J Am Acad Dermatol 
1994;30:500–1.

164. Parsad D, Pandhi R, Juneja A. Stanozolol in chronic 
urticaria: a double blind, placebo controlled trial. 
J Dermatol 2001;28:299–302.

165. Shahar E, Bergman R, Guttman-Yassky E, et al. 
Treatment of severe chronic idiopathic urticaria 
with oral mycophenolate mofetil in patients not 
responding to antihistamines and/or corticosteroids. 
Int J Dermatol 2006;45:1224–7.

166. Frieling U, Luger TA. Mycophenolate mofetil and 
leflunomide: promising compounds for the treatment 
of skin diseases. Clin Exp Derm 2002;27:562–70.

167. Isenberg DA. B cell targeted therapies in autoim-
mune diseases. J Rheumatol Suppl 2006;77:24–8.

168. Williams JD, Griffiths CE. Cytokine blocking agents 
in dermatology. Clin Exp Dermatol 2002;27:585–
90.

169. Magerl M, Philipp S, Manasterski M, et al. Successful 
treatment of delayed pressure urticaria with anti-TNF-
alpha. J Allergy Clin Immunol 2007;119:752–4.

170. Boyce JA. Successful treatment of cold-induced 
urticaria/anaphylaxis with anti-IgE. J Allergy Clin 
Immunol 2006;117:1415–8.

171. Shapiro CA, Kapetanos NS, Sarmiento E. 
Successful treatment of chronic idiopathic urti-
caria and angioedema, with Xolair. J Allergy Clin 
Immunol 2007;119:S274.

172. Rafi A, Do L, Mangat R, et al. Efficacy of 
omalizumab for the treatment of allergic urti-
caria and angioedema. J Allergy Clin Immunol 
2007;119:312.

173. Beck LA, Marcotte GV, MacGlashan D, et al. 
Omalizumab-induced reductions in mast cell Fce 
psilon RI expression and function. J Allergy Clin 
Immunol 2004;114:527–30.



Section III
Immunopharmacology



481

Key Points

• Biologics are approved for the therapy of psoria-
sis and psoriatic arthritis as well as a number of 
nondermatologic indications.

• Biologics include cell adhesion molecule antago-
nists (alefacept and efalizumab) and cytokine 
antagonists (etanercept, infliximab, and adalimu-
mab).

• Biologics appear relatively safe, but clinical and 
laboratory monitoring of safety is recommended.

• Cytokine (i.e., tumor necrosis factor) antagonists 
have other potential uses in dermatology, includ-
ing pyoderma gangrenosum, hidrandenitis sup-
purativa, and sarcoidosis.

• Future biologics will include interleukin-12/inter-
leukin-23–targeted therapies.

Biologic therapies, or biologics, are substances cre-
ated by scientists from living cells for the treatment 
or prevention of human diseases.1 To treat disease, 
biologics can add back missing proteins such as 
enzymes or hormones, or they can neutralize or 
combat pathogenic organisms, cells, or immune 
mediators.1 In inflammatory diseases such as pso-
riasis and psoriatic arthritis (PsA), biologics are 
recombinant proteins that alter a patient’s immune 
system to interfere with a specific step along the 
pathogenesis of either disease at the level of cells 
or cytokines in the skin, joints, or blood.2 Biologics 
currently used to treat psoriasis and PsA include 
monoclonal antibodies and fusion proteins.

An antibody, or immunoglobulin (Ig), is a solu-
ble protein made by and released from plasma 
B-cell lymphocytes as part of an organism’s 
acquired immunity.3 An antibody is composed of 

two light chains as well as two heavy chains, and 
it can be divided both into an Fc fragment joined 
at a hinge to two Fab fragments as well as into a 
constant region merged with a variable region (Fig. 
28.1). The Fc fragment (crystallizable fragment) 
facilitates the biologic functions of an antibody 
such as the lysis, opsonization, and degranulation 
of cells by binding to either complement or differ-
ent cell receptors. The two Fab fragments (fragment 
 antigen binding) facilitate the binding of antigen, as 
the antigen binding sites are at their tips. The vari-
able region of an antibody is made from parts of 
the light and heavy chains, and it binds specifically 
to an antigen. The constant region is also made up 
of light and heavy chains, where the latter chains 
are common to one class of antibody (e.g., IgG, 
IgA, IgM, IgE, or IgD). In the laboratory, scientists 
can produce several kinds of antibodies, including 
chimeric, humanized, or human sequence anti-
bodies that differ from each other by how much 
of their structure is made from mouse vs. human 
proteins.2 Chimeric antibodies combine mouse and 
human proteins such that mouse protein makes up 
the variable region and human protein makes up 
the constant region.1 Humanized antibodies have 
mouse and human proteins interspersed in the vari-
able region, which is attached to a human protein 
constant region.1 Human sequence antibodies, or 
fully human antibodies, are entirely human pro-
teins made inside genetically engineered mice.2

As its name implies, a fusion protein is made by 
combining two genes together to create a single 
new protein coded for by information from each 
of the two genes. Fusion proteins usually combine 
a receptor domain (to attach to a specific target, as 
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would a receptor to a ligand or co-receptor), and 
the constant region sequences of human IgG (for 
the fusion protein to be soluble in plasma, as is 
human IgG).2

The World Health Organization (WHO) main-
tains an organized schematic for naming biologic 
therapies and biotechnologic substances includ-
ing antibodies and fusion proteins.1 The names of 
monoclonal antibodies have a common stem of 
“-mab” with different sub-stems added before the 
common stem, depending on both the disease/tar-
get of therapy as well as the animal(s) of origin 
of the protein. For example, antibodies that are 
immunomodulators such as those that treat psoria-
sis and PsA have the sub-stem “-li(m)-,” followed 
by an additional sub-stem to indicate if the source 
of the antibody is mouse, human, or both. Fusion 
proteins all end in “-cept,” where a specific “infix” 
may specify its target. For example, in this sche-
matic, a fusion protein targeted against lymphocyte 
function–associated antigen 3 (LFA-3) has the infix 
“-lefa-” followed by the pre-stem “-cept,” whereas 

a fusion protein targeted against tumor necrosis 
factor (TNF) has the common stem “-nercept” 
(Table 28.1).

Traditional Therapies for Psoriasis 
and Psoriatic Arthritis and the Need 
for Biologic Therapies

As demonstrated both by animal models4–12 and 
by human clinical research,13–23 psoriasis vul-
garis is a type 1 immune disease of the skin that 
is mediated by subsets of T cells, dendritic cells 
(DCs), and cytokines (including TNF-α, interferon-γ 
[IFN-γ], and interleukin-12 [IL-12]/IL-23). Clinical 
research showed that T cells, DCs, and cytokines 
are similarly important in the immunopathogenesis 
of PsA,24–27 a potentially debilitating seronegative 
inflammatory arthritis that affects patients with 
all degrees of severity of psoriasis.28 According to 
recent estimates, PsA occurs in approximately 11% 

Antigen binding site

Increase affinity of
antigen binding site
   Impede tumour
   penetration
   Indirectly
   improve ADCC
   Affect cellular
   internalisation

Increase affinity of
Fc receptor binding
   Modify
   pharmakinetics (FcRn)
   Improve ADCC (FcγRII)

Variable
light
chain

Variable
heavy
chain

Constant
light
chain

Constant
heavy
chain

Fab

Fc

Fig. 28.1. Antibody structure. An antibody is composed of two light chains and two heavy chains. It is divided both 
into an Fc fragment joined at a hinge to two Fab fragments as well as into a constant region merged with a variable 
region. 
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to one third29 of psoriasis patients, but it can be as 
common as 55% in psoriasis patients who present 
to the clinic with joint pain.30 Psoriasis patients 
report persistent joint pain or stiffness even before 
the diagnosis of PsA,31 which develops approxi-
mately 10 years after the development of skin 
disease in most patients.32,33 Thus, the timeline for 
the development of PsA allows dermatologists the 
unique opportunity to interfere with the progres-
sion to PsA and the development of disability.32,34

Typically, phototherapy and systemic agents 
are used to treat moderate-severe psoriasis, which 
afflicts one third of psoriasis patients.32 These ther-
apies include ultraviolet B (UVB) phototherapy, 
psoralen plus UVA irradiation (PUVA), acitretin, 
methotrexate (MTX), and cyclosporine, all of 
which must be used as repeated courses of short-
term therapy, for they are inconvenient and globally 
toxic to a patient’s system. When psoriasis patients 
were asked about their level of satisfaction with 
common conventional systemic therapies, they 
indicated that these agents do not completely meet 
their needs or provide great treatment satisfac-
tion.35 Thus, the risk-to-benefit ratio of traditional 
treatments is high. Therapies traditionally used to 
treat PsA are nonsteroidal antiinflammatory drugs 
(NSAIDs) and disease-modifying antirheumatic 
drugs (DMARDs), which include the off-label 
use of cyclosporine, MTX, and leflunomide.36 
Although DMARDs may be dual-purpose agents 
that can treat symptoms associated with both pso-
riasis and PsA, they do not slow the development/
progression of joint disease. A most important 
potential function of biologic therapies is thus to 
provide a more convenient and less toxic mainte-
nance therapy for sustained skin clearance in pso-
riasis; relief from pain and prevention of disability 
in PsA; and improved quality of life for patients 
with skin or joint disease.32

Clinical trials of the biologic agents most often 
include patients with moderate and more severe 
disease based on quality of life and physical param-
eters.37 More severe psoriasis typically involves 
a Psoriasis Area and Severity Index (PASI), per-
cent of affected body surface area (BSA), and a 
Dermatology Life Quality Index (DLQI) score 
greater than 1038 (see Appendix). Accordingly, 
physicians frequently employ biologics to treat 
patients with moderate-severe psoriasis or PsA 
who are candidates for systemic therapy.34 Such 

patients have often failed or have a contraindica-
tion to traditional systemic therapies.38 In addition, 
biologics are an emerging treatment modality for 
patients with less common forms of psoriasis, 
as demonstrated by their off-label use to treat 
patients with palmoplantar psoriasis,39–44 eryth-
rodermic psoriasis,39,45 and generalized pustular 
psoriasis.46–50

Discovering Therapeutic Targets: 
Targeting the T-Cell

By studying skin biopsies of psoriasis patients, 
scientists discovered that there are many activated 
T cells in the dermal infiltrate of psoriasis lesions.51 
Scientists knew that drugs that interfere with T-cell 
activation such as cyclosporine improve psoriasis 
but also affect other cells such as keratinocytes 
(epidermal skin cells).32 Thus, for years there had 
been an association between psoriasis and T cells, 
but there was no definitive proof that the T cell was 
mainly responsible for skin lesions. The T-cell–tar-
geted drug denileukin diftitox/DAB389IL-2 is a 
fusion protein specific to activated T cells that is 
made from portions of diphtheria toxin and the 
T-cell–activating cytokine IL-2.15 It attaches to the 
IL-2 receptor expressed on activated T cells and 
ultimately leads to the toxin-mediated destruction 
of these cells, the histologic improvement of pso-
riasis lesions, and the clinical clearance of psoriasis 
plaques.15 Its use determined that T cells were cen-
tral to the pathogenesis of psoriasis, and thus was 
born a new era for treating psoriasis and PsA with 
such targeted biologic therapies.2,32 Such therapies 
aim to halt T-cell and DC activation and neutralize 
inflammatory cytokines.32 They fall into one of two 
main therapeutic classes: (1) cell adhesion mol-
ecule antagonists or (2) cytokine antagonists.

Cell Adhesion Molecule 
Antagonists

Normal T-cell activation requires two main steps.32 
First, the T-cell receptor (TCR) interacts with a 
peptide antigen attached to a human leukocyte 
antigen (HLA) protein that is either a class I or 
class II major histocompatibility complex (MHC 
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I or MHC II) on an antigen-presenting cell (APC) 
such as a Langerhans’ cell or a dermal DC. Second, 
co-stimulation occurs where pairs of molecules 
on the surface of the T cell and the APC interact. 
The interaction between LFA-1 on the T cell and 
intercellular adhesion molecule 1 (ICAM-1) on the 
APC anchor the two cells together for cellular acti-
vation to occur. The interactions between molecule 
pairs, including CD2 on the T cell with LFA-3 
on the APC, and CD28 on the T cell with B7.1 
(CD80) and B7.2 (CD86) on the APC lead to cel-
lular activation. When activation is complete, there 
are signals for cellular downregulation including 

the interaction of cytotoxic T-lymphocyte antigen 
4 (CTLA4) on the T cell with B7 on the APC32 
(Fig. 28.2).

In psoriasis plaques, there is increased expres-
sion of HLA molecules capable of presenting anti-
gen to T cells and contributing to their activation, 
and there are increased numbers of Langerhans’ 
cell APCs.51 Similarly, DCs bearing the matura-
tion markers CD11c and CD83 are upregulated 
in psoriatic skin and contribute substantially, in 
addition to T cells, to the inflammation character-
istic of psoriasis lesions.19,22 Scientists believe that 
APCs react to an unknown self antigen in the skin 

Adalimumab

Etanercept

Infliximab

Cytokine
receptor

Cytokine

ICAM-1

CD40

CD86

CD80

LFA-3

MHC

Infliximab

Adalimumab

Etanercept

LFA1

CD40L

CD28

CTLA4

CD2

TCR

CD3

CD4/8

Antigen
presenting
cell

T cell

Efalizumab

CTLA41g

IDEC-114

Alefacept

Ag

Fig. 28.2. Known sites of action of psoriasis therapies. Interactions between antigen-presenting cells (such as den-
dritic cells) and T cells have a key role in the pathogenesis of psoriasis. Several biologic therapies target molecules 
expressed on the surface of these cells, as shown here. Alefacept is a fusion protein that binds to CD2; efalizumab 
is a monoclonal antibody that binds to lymphocyte function–associated antigen 1 (LFA-1); cytotoxic T-lymphocyte 
antigen immunoglobulin (CTLAIg) is a fusion protein that binds to CD86 and CD80; and IDEC-114 is a monoclonal 
antibody that binds to CD80. These four therapies target T-cell co-stimulation or antigen-presenting cell–T-cell inter-
actions. Infliximab and adalimumab are monoclonal antibodies that target the inflammatory cytokine tumor necrosis 
factor-α (TNF-α), which is also the target of etanercept, a fusion protein. Ag, antigen; ICAM-1, intercellular adhesion 
molecule 1; MHC, major histocompatibility complex; TCR, T-cell antigen receptor. 
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of hereditarily predisposed patients and then move 
to lymph nodes to activate T cells to differentiate 
and proliferate.2,32 T cells then return to the skin 
for reactivation and production of inflammatory 
lesions. As a result of activation, mature T cells 
produce cytokines such as IL-2 that proliferate, 
and mature DCs make chemokines and cytokines 
such as IL-12 and IL-23. IL-12 influences T-cell 
differentiation into type 1 (T1) cells, which will in 
turn manufacture and secrete cytokines including 
TNF-α, IFN-γ, and granulocyte-monocyte colony-
stimulating factor (GM-CSF).2 In the T1 cytokine 
milieu, keratinocytes become activated, and they 
release chemokines to attract inflammatory cells, 
cytokines, and growth factors to encourage skin 
cell proliferation and angiogenesis. T-cell matura-
tion also influences the upregulation of adhesion 
molecules on T cells (i.e., common leukocyte ani-
gen [CLA], LFA-1, very late antigen 4 [VLA-4]), 
on blood vessel endothelial cells (i.e., selectins and 
integrins such as ICAM-1 and vascular cell adhe-
sion molecule 1 [VCAM-1]), and on epidermal 
keratinocytes (i.e., ICAM-1) to allow for T-cell 
return to the skin from the lymph nodes and blood.2 
Ultimately, psoriasis is a chronic disease in which 
T cells and DCs are in a cycle of ongoing mutual 
activation32 (Fig. 28.3). There may be a similar 
set of steps leading to the development of joint 
involvement. The exact complex processes causing 
psoriasis have not yet been determined.

Cytotoxic T-Lymphocyte Antigen 
4Ig and IDEC-114

Cytotoxic T-lymphocyte antigen 4Ig (CTLA4Ig), 
or abatacept, is a fusion protein combining the 
peripheral portion of CTLA4 and the Fc portion 
of human IgG, and it is approved by the Food and 
Drug Administration (FDA) to treat rheumatoid 
arthritis (RA).52 Its structure allows the molecule to 
bind B7 (both CD80 and CD86) on APCs to prevent 
the CD28-B7 interaction that is required for T-cell 
activation32 (see Fig. 28.2). In a phase I investiga-
tion for the treatment of psoriasis, intravenous (IV) 
infusions of CTLA4Ig resulted in dose-related 
clinical improvement in psoriasis patients and 
histologic changes in psoriatic lesions including 
decreases in skin thickness, T-cell number,16,17 DC 
activation and number, and vascular adhesion mol-
ecules.17 This use of CTLA4Ig pointed to the role 

of CD28-B7 co-stimulation in the immunopatho-
genesis and maintenance of psoriasis lesions.

Similarly, IDEC-114, or galiximab, an anti-B7.1 
monoclonal antibody, enacted clinical improve-
ment and histologic changes in psoriatic lesions in 
a phase I/II study, further solidifying the importance 
of the CD28-B7 co-stimulatory interaction,18,53 The 
understanding of co-stimulation paved the way for 
the development of alefacept, the first biologic 
therapy approved by the FDA for the treatment of 
moderate-severe plaque-type psoriasis.

Alefacept

Alefacept, or Amevive® (Astellas Pharma US, Inc., 
Deerfield, IL), is a recombinant dimeric fusion pro-
tein expressed from Chinese hamster ovary (CHO) 
cells that incorporates the extracellular region of 
LFA-3 with the Fc fragment of human IgG1.

54 Its 
structure allows alefacept to engage CD2 on T cells 
to disrupt co-stimulation (see Fig. 28.2). Thus, the 
agent is also known as LFA-3TIP (LFA-3 T-cell 
inhibitory protein).55 The skin lesions of respond-
ing patients treated with alefacept exhibit decreased 
numbers of T cells and activated “mature” DCs 
(i.e., DCs expressing CD83+ and CD11c+ surface 
markers). There is also decreased gene expression 
for inflammatory cytokines (IL-23 and inducible 
nitric oxide synthase [iNOS]) and chemokines 
(monokine induced by IFN-γ [MIG] and IL-8). 
For more information about the actions of these 
cytokines and chemokines, see the discussion in 
the sections on efalizumab and etanercept, below.

Alefacept preferentially binds to T cells, which 
are thus its direct cellular target in psoriatic 
lesions.55 Alefacept depletes activated CD45RO+ 
memory T cells both in vitro and in vivo through 
apoptosis, which it enacts by serving as an effec-
tor molecule.56 Its Fc portion connects to natural 
killer (NK) cells’ Fc receptor (FcγR) to serve as 
the link between the T cell and the NK cell, which 
subsequently kills the T cell by lysing it with toxic 
molecules such as granzyme and perforin.56,57 
Although alefacept exerts a number of effects 
to counteract psoriatic pathology, exactly how 
these effects improve psoriasis is not known.32,55 
Although clinical improvement correlates with 
the depletion of T cells in skin lesions,58,59 clinical 
improvement may60–63 or may not58 correlate as 
well with the depletion of CD4+ and CD8+ memory 
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Fig. 28.3. Immunopathogenesis of psoriasis: a selected view. Some key cell types thought to be involved in the patho-
genesis of psoriasis are shown, together with important molecules expressed on the surface of these cells. After a 
stimulus, dendritic cells and T cells become activated through the formation of an immunologic synapse. T-cell and den-
dritic-cell activation result in nuclear factor-κB (NF-κB) activation, and the release of cytokines, such as tumor necrosis 
factor-α, chemokines, proteases, and other inflammatory mediators, which induce a wound-healing–like phenotype in 
the epidermis that is characterized by keratinocyte proliferation. A key event is the migration of T cells into the epi-
dermis, which involves interactions between T cells and endothelial cells (for example, mediated by lymphocyte func-
tion–associated antigen 1 [LFA-1] on T cells and intercellular adhesion molecule 1 [ICAM-1] on endothelial cells) and 
between T cells and basement membrane constituents (for example, very late antigen 1 [VLA-1] on T cells interacting 
with collagen type 4 in basement membranes). In a chronic psoriatic plaque, as shown in the top right, it is thought that 
there is a cycle of continuous T-cell and dendritic-cell activation. CTLA4, cytotoxic T-lymphocyte antigen 4; CXCR2, 
CXC chemokine receptor 2; HLA-DR, human leukocyte antigen DR; IL, interleukin; MHC, major histocompatibility 
complex; TCR, T-cell antigen receptor; VCAM, vascular cell adhesion molecule. 
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T cells in the peripheral blood. The latter asso-
ciation does not foretell clinical improvement.32,63 
Patients may have reduced T-lymphocyte counts 
from treatment, which are mainly on account of 
reversible reductions in memory T cell subsets, 
but overall serum lymphocyte values tend to stay 
above the lower limit of normal.61,62 As a precau-
tion, a baseline CD4+ cell count is measured, and 
a CD4+ cell count is obtained every 2 weeks while 
on therapy54 (Table 28.2). A CD4+ cell count below 
250 cells/µL requires that dosing be held until the 
CD4+ cell count returns to normal during weekly 
blood counts.

Although alefacept interferes with cells that are 
involved in protective immunity, the agent does 
not appear to cause global immunosuppression. 
In a randomized trial, patients receiving treatment 
demonstrated intact immune responses to initial 
vaccination with a new antigenic bacteriophage as 
well as to a tetanus booster vaccine.64

When originally studied, alefacept was admin-
istered IV, but it is now available only as an 
intramuscular (IM) injection, given for 12 weeks 
at 15 mg per week (QW) followed by a 12-week 
period of observation.54 Clinical trials demon-
strated that improvement in psoriasis occurs gradu-
ally and continues even after a full 12-week course 
is administered63,65 (Table 28.3). In practice, it may 
take a couple of months until patients experience 
significant clinical effects. This delay in clinical 
response may be accounted for by a late onset of 
T-cell apoptosis some 16 to 22 weeks after the 
administration of alefacept.66

Alefacept is a remittive therapy, which means 
that it induces significant remission in patients that 
allows them to experience a period of continuous 
disease clearance without having to take continu-
ous therapy.65,67 In a study that aimed to assess the 
remission period following one IV course of the 
agent, investigators noted a median of 10 months 
before patients needed further treatment for their 
psoriasis.67 In clinical trials, patients did not expe-
rience tachyphylaxis; thus upon relapse, successive 
courses of alefacept could be administered success-
fully after the 12-week observation period.65,68,69 
And, for patients who did not respond to a first 
course of therapy, an additional course provided 
them with relief from psoriasis symptoms.70

An analysis of 13 clinical trials assessed the 
long-term safety of therapy for up to 5 years.71 This 

study collected data from nearly 2000 patients who 
received up to nine courses of treatment. The most 
common adverse events from alefacept treatment 
were headache, upper respiratory tract infection, 
and pruritus. Less that 1% of treated patients expe-
rienced any serious infection, and infections did 
not correlate with reductions in CD4+ cell counts. 
Notably, alefacept therapy was well tolerated and 
efficacious in certain high-risk treatment popula-
tions including elderly patients, obese patients, 
and patients with diabetes.72 In addition, there are 
case reports supporting its use for the treatment of 
psoriasis patients who have active hepatitis C virus 
(HCV) infection, patients who are especially sensi-
tive to immune modulation.73

Initial investigation of alefacept for the treatment 
of PsA found that it improved signs and symptoms 
of arthritis and decreased inflammation in the PsA 
synovium, resulting in decreased T-cell and mac-
rophage infiltration.74 A phase II study combining 
alefacept with MTX for the treatment of PsA found 
that the addition of IM alefacept enacted significant 
clinical improvement in arthritis and in skin dis-
ease as compared with the addition of a placebo75 
(Table 28.3). More data are needed to determine if 
alefacept can halt the progression of psoriatic joint 
disease.

Efalizumab

Efalizumab, or Raptiva® (Genentech, Inc., San 
Francisco, CA) is a recombinant humanized mono-
clonal antibody expressed from CHO cells that is 
directed against the CD11a subunit of the LFA-1 
adhesion molecule (see Fig. 28.2).76 By binding to 
CD11a on leukocytes, it interferes with the interac-
tion between LFA-1 and ICAM-1 and thus has the 
ability to act at the level of the leukocyte, the blood, 
and the skin.2,76,77 Antigen-presenting cells display 
ICAM, thus efalizumab would disrupt the process 
of T-cell activation.76,77 Endothelial cells express 
ICAM, thus efalizumab would interfere with T-cell 
movement through vasculature, and epithelial cells 
have ICAM, thus efalizumab would interfere with 
T-cell exocytosis and travel into the skin. Indeed, 
scientists have shown that the agent prevents 
T cells,23 specifically memory CD8+ T cells from 
entering the skin.78 This action causes a peripheral 
lymphocytosis with an increase mostly in CD3+ 
cells, where CD8+ memory T cells are the most 
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affected.78 Thus, as opposed to other agents that 
target co-stimulation including alefacept, efalizu-
mab does not deplete T cells in the blood.32,77

When scientists first explored the agent’s effects 
on psoriatic pathology, they discovered that one 
dose of IV efalizumab could completely block 
CD11a in the blood and skin, and it effected 
changes in psoriasis plaques including decreases in 
skin thickness, reduced T-cell numbers, and down-
regulation of ICAM-1 on keratinocytes and blood 
vessels.23 Similar improvements were achieved 
from multiple doses of IV efalizumab.79 The 
agent displayed a dose-response effect in which 
increasing doses had greater ability to block and 
downregulate CD11a. These pharmacodynamic 
effects correlated with both clinical and histologic 
responses. In addition, investigators observed a 
notable decrease in the expression of K16, a pro-
tein expressed by keratinocytes in response to dam-
age/inflammation that indicates disordered skin 
cell differentiation and hyperplasia. In a separate 
study, a 12-week course of subcutaneous (SC) 
efalizumab decreased the expression of CD11a 
in addition to other co-stimulatory molecules on 
circulating T cells including LFA-1 (both CD11a 
and CD18 subunits) and B7.78 Scientists have since 
discovered that improvements in skin disease fol-
lowing efalizumab therapy also correlated with 
decreased numbers of activated inflammatory DCs 
(i.e., DCs expressing CD83+ and CD11c+ surface 
markers),22,80 in addition to decreased expression 
of messenger RNA (mRNA) for iNOS in the skin.80 
Inducible NOS is an enzyme that is expressed from 
DCs and produces the molecule nitric oxide (NO) 
to mediate cell damage and small blood vessel dila-
tion.19 Thus, in psoriasis, iNOS results in abnormal 
differentiation of skin cells, lesion erythema, and 
inflammation.19,35

Among the biologics, efalizumab is frequently 
used for treating patients in whom TNF blockade 
is contraindicated38 (see Table 28.2). Efalizumab 
is administered by weight as an SC injection.76 
Administration starts with a conditioning dose 
of 0.7 mg/kg to allay the flu-like symptoms that 
patients could experience in the first 1 to 2 days after 
receiving the initial few treatments.81 Treatment 
continues as weekly SC self-injections of 1 mg/kg,76 
which is the maintenance dose that most effectively 
blocked and downregulated CD11a molecules in 
clinical studies. During  conditioning and mainte-

nance, the maximum amount of efalizumab that 
should be administered in one dose is 200 mg.76 
In phase III clinical trials, 12 weeks of efalizumab 
therapy at 1 mg/kg/wk resulted in a PASI-75 (75% 
improvement in PASI score) response in 22% to 
39% of patients (see Table 28.3). A retrospective 
analysis of phase III trials noted that the efficacy 
and safety of efalizumab were similar in patients 
who weighed more than 100 kg as compared 
with leaner patients.82 Efalizumab can also benefit 
high-need patients who cannot be on an alternate 
systemic therapy.83,84 In a phase III trial of efali-
zumab for the treatment of psoriasis, 526 of 793 
patients were high-need patients who had either 
failed or had a contraindication or intolerance to 
two or more systemic therapies. After 12 weeks 
of efalizumab therapy, these patients experienced 
significant improvements in skin disease83 and in 
quality of life measures.84

Efalizumab is a continuous therapy.85 An open-
label trial investigated the use of efalizumab 
in patients on continuous therapy for up to 36 
months.86 The agent maintained efficacy after 3 
years, and some patients continued to improve 
over time.87 Whereas at 3 months of treatment 
a PASI-75 response was achieved in 41% of all 
patients (n = 339), at 27 months of treatment a 
PASI-75 response was achieved in 56% of patients 
who continued to receive maintenance therapy 
(n = 290).86 In this study and in other phase III 
trials, continuation of therapy was well tolerated 
without new adverse events or an increase in the 
number of adverse events.88–90 In the event that 
patients are discontinued from therapy, they can 
be re-treated because the agent is not associated 
with tachyphylaxis.91 Patients who completed vari-
ous clinical trials and were without the agent for 
1 month or longer were retreated with efalizumab 
and still experienced a good clinical response.

In phase III trials, the most common adverse 
event associated with the use of efalizumab was a 
flu-like syndrome (see Table 28.3). Other adverse 
events of concern were worsening of psoriasis and 
reversible changes in CBC values including tran-
sient thrombocytopenia and reversible increases in 
white blood count (WBC), red blood count (RBC), 
and lymphocyte counts (see Table 28.3). Flu-like 
symptoms included headache, chills, fever, nausea 
and vomiting, and myalgia.83,88–90,92 Because plate-
let counts decreased with treatment in some patients 
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treated with efalizumab,76,93 a baseline blood count 
is performed, and platelet counts are monitored 
monthly at first and then about every 3 months 
during maintenance therapy76 (see Table 28.2). The 
thrombocytopenia associated with treatment likely 
has an immune-mediated pathogenesis.93 There can 
be psoriasis-adverse events, or a worsening of skin 
disease during therapy.85 There can also be worsening 
of skin disease after discontinuing treatment.

An analysis of several clinical trials found that 
3.2% of patients experienced an “event” during 
therapy (vs. 1.4% of placebo-treated patients), 
where an event was either a localized mild break-
through of psoriasis papules in areas not covered 
by psoriasis plaques or a generalized inflammatory 
flare (GIF) of skin disease.85 The same analysis 
found that after discontinuing treatment, up to 86% 
of patients experienced relapse (i.e., lost ≥50% of 
the improvement in PASI score achieved during 
treatment) in a median time period of just over 2 
months. Additionally, 14% of patients experienced 
disease rebound (i.e., developed erythrodermic 
psoriasis, inflammatory psoriasis, generalized pus-
tular psoriasis, or disease worsening such that the 
PASI score was ≥125% of the baseline PASI score 
within 3 months of discontinuing therapy). The 
majority of patients experiencing GIF or rebound 
were nonresponders, that is, they did not achieve a 
meaningful improvement in their psoriasis during 
efalizumab therapy. Thus, providers may choose to 
switch patients to a different therapy to treat pso-
riasis if no response is noted after about 3 months 
of efalizumab treatment. The exact mechanism for 
disease worsening is unknown, but a flare does not 
appear to be caused by an allergic hypersensitivity 
reaction or neutralizing antibodies.94

The use of efalizumab to treat psoriasis in patients 
with PsA is controversial. In a phase II clinical trial 
investigating the use of efalizumab for the treatment 
of PsA in which all subjects were on a concomitant 
systemic therapy, efalizumab failed to enact a sig-
nificant 20% improvement in the American College 
of Rheumatology score of inflammatory arthritis 
response (ACR-20) when compared with placebo.95 
However, the study may not have been sufficiently 
powered to detect a meaningful difference between 
these groups.95 Of note, when compared with pla-
cebo patients, patients treated with efalizumab did 
not experience more flares of PsA or psoriasis either 
during therapy or after withdrawal of treatment. 

A pooled analysis of safety data from phase II, III, 
and IV studies of efalizumab found no significant 
increase in arthropathy (i.e., arthritis and joint pain) 
associated with efalizumab therapy versus placebo 
administration during initial dosing or extended 
treatment for up to 3 years.96 A different analysis of 
phase III trials and their extension studies included 
data from more than 3000 patients and also reached 
the conclusion that arthropathy adverse events were 
not more common in patients treated with efalizu-
mab versus placebo.97 Arthropathy was most com-
mon in patients who had a history of joint disease 
and in patients whose skin disease did not improve 
on efalizumab therapy. However, there are cases in 
which new-onset PsA occurred during treatment 
with efalizumab.97a In general, caution should be 
exercised when administering efalizumab for the 
treatment of psoriasis in patients with joint disease.76 
Periodic questioning regarding joint symptoms and a 
careful joint exam are necessary during therapy, and 
the agent is a relative contraindication especially in 
patients who have more severe PsA.

Cytokine Antagonists

In a normal immune response, at the immunologic 
synapse in lymphoid tissue,32 DCs present T cells 
with antigen that the APCs detected during their 
innate immune function of immune surveillance.98 
Antigen presentation then activates adaptive immu-
nity. Thus, DCs bridge a gap between the innate 
and the adaptive immune systems. Accordingly, in 
psoriasis and PsA, DCs in the lymphoid tissue and 
the target organs (i.e., skin and joints) may link 
adaptive immunity as targeted by the cell adhesion 
molecule antagonists alefacept and efalizumab and 
innate immunity as targeted by cytokine antago-
nists.32 Cytokine antagonists aim to neutralize or 
reduce production of inflammatory cytokines in 
part by targeting the mature DC. Cytokine antago-
nists approved by the FDA for the treatment of pso-
riasis or PsA target TNF-α, and those in advanced 
stages of drug development target the p40 subunit 
of the cytokines IL-12 and IL-23.

Tumor Necrosis Factor Blockade

Tumor necrosis factor-α is the proinflammatory 
cytokine that contributes to multiple disease states 
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such as septic shock99 and inflammatory disorders 
such as psoriasis, PsA, RA, ankylosing spondyli-
tis (AS), and inflammatory bowel disease (IBD), 
including Crohn’s disease (CD) and ulcerative coli-
tis (UC).100 Tumor necrosis factor-α is released by 
immune cells including activated T cells100 as well 
as stimulated keratinocytes.101 It binds to either its 
p55 or p75 receptor.32 It then acts through nuclear 
transcription factor κB (NF-κB)100 to promote the 
expression of inflammatory mediators including 
IL-1, IL-8, IL-6,32,100 and iNOS32 as well as to 
upregulate adhesion molecules on inflammatory 
cells.32 TNF-α,20, NF-κB,102 and the inflamma-
tory mediators named above are all upregulated in 
lesions of psoriasis.32,100 Similarly, TNF-α and NF-
κB have been detected in the joints of patients with 
PsA.103 The ability of TNF-blocking agents to enact 
significant and sustainable clinical improvement in 
patients with psoriasis and PsA reinforces the fact 
that TNF-α is a main orchestrater of the immun-
opathogeneses of these disease states.25–27,104–114 
Two TNF-blocking agents are approved by the 
FDA and the European Medicines Agency (EMEA) 
for the treatment of psoriasis and PsA, including 
the fusion protein etanercept (Enbrel®, Amgen and 
Wyeth Pharmaceuticals, Immunex Corp., Thousand 
Oaks, CA),115 and the chimeric monoclonal antibody 
infliximab (Remicade®, Centocor, Inc., Malvern, 
PA).116 In addition, the human monoclonal antibody 
adalimumab (Humira®, Abbott Laboratories, North 
Chicago, IL) is approved to treat PsA.117 A novel 
anti-TNF agent, certolizumab pegol (Cimzia™, 
UCB, Brussels, Belgium) is in development.118 
Certolizumab is the PEGylated Fab’ fragment of a 
humanized monoclonal antibody directed against 
TNF-α. In a phase II clinical trial, investigators 
administered certolizumab SC as a loading dose of 
400 mg followed by either 200- or 400-mg mainte-
nance doses every other week (QoW) for 12 weeks. 
At 12 weeks, a PASI-75 response was achieved by 
74.6% of patients in the 200 mg QoW treatment 
group and 82.8% of patients in the 400 mg QoW 
treatment group as compared with 6.8% of placebo-
treated patients (p <.001).

Etanercept

Etanercept is a dimeric fusion protein expressed by 
CHO cells that combines the extracellular domain 
of the p75 TNF receptor with the Fc fragment of 

human IgG1 to form a soluble receptor that can 
attach to and neutralize two molecules of TNF-α or 
TNF-β/lymphotoxin115 (see Fig. 28.2). Etanercept 
is FDA approved to treat moderate-severe plaque-
type psoriasis in candidates for systemic therapy 
and to reduce signs and symptoms, improve physical 
function, and inhibit disease progression of PsA 
with or without the use of MTX. It is also approved 
to treat DMARD-resistant, polyarticular juvenile 
rheumatoid arthritis (JRA); to decrease signs and 
symptoms, inhibit radiographic progression, and 
improve functioning in RA; and to improve signs 
and symptoms of AS.

In a study that advanced the understanding 
of how TNF-blocking agents help improve skin 
disease, ten psoriasis patients were followed with 
repeated biopsy of lesional skin during 6 months on 
etanercept therapy.19 Researchers recorded changes 
in histology, inflammatory gene expression, and cel-
lular infiltration in plaques and found a rapid and 
complete reduction of IL-1 and IL-8 (immediate/
early genes), followed by progressive reductions 
in many other inflammation-related genes, and 
finally somewhat slower reductions in infiltrat-
ing myeloid cells (CD11c+ cells) and T cells. The 
observed decreases in the expression of mRNA 
for chemokines such as IL-8, IFN-γ–inducible 
protein-10 (CXCL10), and macrophage inflamma-
tory protein 3α (MIP-3α; CCL20) may account for 
decreased infiltration of neutrophils, T cells, and 
DCs, respectively. Dendritic cells may be less acti-
vated with therapy, as suggested by decreased IL-
23 mRNA and decreased iNOS mRNA and protein. 
Thus, a reduction in DC-mediated T-cell activation 
may account for decreases in T-cell numbers and 
decreases in T-cell expression of inflammatory 
genes such as IFN-γ, STAT1, and granzyme B. 
In this way, etanercept-induced TNF-α/lympho-
toxin blockade may break the potentially self-
sustaining cycle of DC activation and maturation, 
subsequent T-cell activation, and cytokine, growth 
factor, and chemokine production by multiple cell 
types including lymphocytes, neutrophils, DCs, 
and keratinocytes. Tumor necrosis factor inhibition 
then results in reversal of the epidermal hyperplasia 
and cutaneous inflammation that is characteris-
tic of psoriatic plaques. In a separate analysis of 
skin samples from these 10 patients, etanercept 
caused downregulation of NF-κB activity in kerati-
nocytes that correlated with clinical and histologic 
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improvements, such as decreased epidermal 
thickness and decreased K16 expression.102 Most 
recently, researchers found that by 1 month of 
therapy, even before maximal histologic changes 
and clinical responses were experienced by these 
patients, etanercept caused apoptosis of dermal 
DCs without affecting apoptosis of T cells in the 
blood or skin in patients subsequently achiev-
ing a PASI-75 response.119 Taken together, these 
results reinforce the finding that TNF and DCs are 
essential to the immunopathogenesis of psoriasis 
and that they are important disease targets for drug 
development.

Among the biologic agents, etanercept is fre-
quently used in psoriasis patients with stable 
disease who have elected to begin TNF blockade 
as well as in patients who have significant, uncon-
trolled psoriatic arthritis.38 It is an SC injection that 
can be self-administered.115 The indicated dosing 
for psoriasis is 50 mg twice a week (BIW) for 3 
months followed by 25 mg BIW (or 50 mg QW), 
and the indicated dosing for PsA is 50 mg weekly 
as 25 mg BIW (or 50 mg QW).

Etanercept effects a major clinical improvement 
in psoriasis signs and symptoms (see Table 28.3). In 
phase III clinical trials, significant improvements 
in PASI scores were noted as early as 2 weeks into 
6 months of etanercept therapy, and 49% of patients 
receiving 50 mg BIW etanercept therapy achieved 
a PASI-75 response during their initial 3 months of 
treatment.104,105 Although many patients achieved 
a clinical response after a short time on etaner-
cept therapy, approximately half of the patients 
who lacked a clinical response after 6 months 
on etanercept (i.e., failed to achieve at least 50% 
improvement in PASI score) were able to experi-
ence significant clinical improvement with an 
extended course of open-label etanercept therapy 
after a phase III trial.120 An additional phase III trial 
demonstrated that etanercept improved skin disease 
as well as physical and emotional symptoms.107 
The agent relieved symptoms of fatigue associated 
with psoriasis from early in the course of treatment 
and reduced symptoms of documented depression 
in psoriasis patients. The fact that inflammatory 
cytokines such as TNF-α are activated in patients 
with major depressive disorder and that TNF block-
ade helps improve symptoms of fatigue and depres-
sion implies that depressive symptoms in psoriasis 
patients are mediated by TNF-α and reaffirms the 

importance of TNF blockade for improving quality 
of life in psoriasis patients.32,107

Etanercept therapy is not associated with disease 
rebound, the typical time to relapse after discon-
tinuation of therapy is 3 months, and patients can 
be re-treated after relapse without experiencing 
tachyphylaxis.121 Although etanercept could thus 
be used as an intermittent therapy,32 the current 
package labeling in the United States,115 as well as 
clinical data,122 support continuous administration 
of the agent. In a 24-week study of 2546 psoriasis 
patients, treatment with etanercept 50 mg SC BIW 
for 12 weeks was followed by either etanercept 
as continuous therapy at 50 mg SC QW for an 
additional 12 weeks or etanercept as intermittent 
therapy, readministered at 50 mg SC QW upon 
relapse of skin lesions through week 24. Although 
both the continuous and intermittent therapy groups 
responded with improvements in their psoriasis, the 
patients who were treated continuously had a sig-
nificantly greater rate of response than the patients 
who were treated intermittently. An open-label 
extension study following phase III clinical trials 
speaks to the safety of continuous administration.123 
This study followed 591 patients with psoriasis on 
continuous 50 mg BIW etanercept therapy, a high 
dose that is more than the recommended stepdown 
to 25 mg BIW (or 50 mg QW) after 3 months of 
therapy. Etanercept maintained efficacy without an 
increase in the rate of exposure-adjusted adverse 
events and infections over a total of 96 weeks.

Clinical trials indicate that etanercept is an effec-
tive treatment for PsA (see Table 28.3). In a phase 
III trial in which patients were able to continue 
their regular doses of MTX, low-dose prednisone, 
or NSAIDs, an ACR-20 response was achieved at 
3 months by 59% of patients given 25 mg BIW 
etanercept therapy.25 As measured by the change in 
Sharp score (a measurement of radiographic pro-
gression of joint disease), radiographic progression 
was slowed significantly in patients who received 
etanercept therapy for 1 year as compared with 
patients who initially received placebo. Continued 
follow-up found that after 2 years of etaner-
cept therapy, radiographic progression remained 
inhibited.124 In an observational study, etanercept 
enacted clinical improvement in signs and symp-
toms of PsA in patients who failed to respond 
to at least one DMARD (MTX, sulfasalazine, or 
cyclosporine).125
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Experience with treating psoriasis and PsA with 
etanercept in the community nearly mirrors the 
success of etanercept in clinical trials.33 A phase 
IV, open-label study collected clinical data from 
1122 patients with PsA being treated with etaner-
cept (50 mg SC QW) for 24 weeks. Patients were 
followed in dermatology clinics, the majority of 
which were in the community versus academic 
institutions. The Physician Global Assessment 
(PGA) of psoriasis was improved to where the 
skin was clear or almost clear in 41% of patients 
at 12 weeks and in 57% of patients at 24 weeks. 
These improvements are comparable to the PGA 
responses seen in phase III clinical trials25,104,105 
(see Table 28.3). Regarding the benefit from 
etanercept for PsA, patients reported improve-
ment in symptoms such as joint pain and morning 
stiffness, and investigators observed improvement 
in clinical signs such as tender and swollen joint 
counts.33 During the study, there was a decrease 
in the use of concomitant MTX and systemic cor-
ticosteroids. Etanercept was well tolerated, there 
were no deaths, and serious adverse events (SAEs) 
including serious infections were rare.

Regarding the short-term safety of etanercept, 
a multistudy database pooled the results from the 
first 3 months of three phase II or III clinical trials 
in which 1347 patients were treated with etaner-
cept.126 Adverse events were not dose-dependent, 
and the most common side effect seen more often 
in etanercept-treated patients (14%) as compared 
with patients receiving placebo (6%) was a mild 
to moderate injection-site reaction (ISR) char-
acterized by erythema, pruritus, or edema that 
decreased in frequency over time. Evaluation of 
skin biopsies from patients receiving etanercept 
treatment who had ISRs found that the ISR is likely 
a T-cell–mediated, delayed-type hypersensitivity 
reaction.127 In the pivotal phase III trials, other 
than ISR, the most frequently experienced adverse 
events (seen in at least 5% of either etanercept- or 
placebo-treated patients) were headache, injection-
site bruising, upper respiratory infection (URI), 
flu-like symptoms, and accidental injury104,105 (see 
Table 28.3). There were no opportunistic infec-
tions, tuberculosis, or apparent increases in the 
frequency of cancers in etanercept-treated patients 
as compared with patients who received placebo. 
Although a small number of patients developed 
antibodies against etanercept, antibodies were not 

neutralizing (i.e., they did not bind to the drug to 
render it ineffective).

Given that etanercept deactivates immune cells 
and decreases the production of immune mediators, 
there is the concern that it could prevent a patient 
from mounting a proper immune response against 
harmful antigens.128 A report in the literature 
describes a man with psoriasis who was on etaner-
cept therapy (25 mg SC BIW) for 5 months and 
developed acute contact dermatitis to poison ivy, 
suggesting that this aspect of type IV immunity 
may be intact during etanercept therapy. In a ran-
domized trial, investigators studied the antibody 
response to the 23-valent pneumococcal vaccine 
in patients with PsA on etanercept therapy.129 The 
PsA patients treated with etanercept 25 mg SC 
BIW were as likely as placebo-treated patients to 
mount an expected humoral immune response to 
the pneumococcal vaccine.

More study is needed to examine the safety and 
efficacy of etanercept for the treatment of psoriasis 
and PsA in high-risk patients such as children, the 
elderly, the obese, and hepatitis C patients, but cur-
rent data are promising. Etanercept is approved for 
the treatment of DMARD-resistant polyarticular 
JRA in children over 4 years, but it is otherwise 
not approved to treat inflammatory diseases in the 
pediatric population.115 Currently, a phase III trial 
is underway to examine the safety and efficacy of 
etanercept for the treatment of psoriasis in pediatric 
patients.130 An analysis of two phase III clinical 
trials showed that elderly patients (age >65) were 
as likely as younger patients to experience clinical 
benefit as demonstrated by PASI responses and 
quality of life improvements, with no increase in 
ISRs and an increase only in SAEs that were not 
related to treatment.131 There are case reports in 
the literature that suggest that etanercept could help 
improve psoriasis and PsA without having deleteri-
ous effects on transaminase levels in patients with 
HCV infection.132–134 Psoriasis is not uncommon in 
this population, as the treatments for HCV infection 
can worsen or invoke psoriasis or PsA, and more 
safe options for therapy of skin/joint disease in this 
population are needed because traditional systemic 
therapies for psoriasis/PsA can be toxic to the liver 
or immune system. In theory, overweight or obese 
patients are at a disadvantage as far as the degree 
of clinical improvement they can experience on 
etanercept therapy because the agent is not dosed 
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by weight and TNF-α can be made by fat cells. 
Clinical trial data suggest that patients with a high 
body mass index (BMI) respond to etanercept 
treatment.135 However, patients with a higher BMI 
demonstrated a smaller clinical response compared 
with leaner patients over 48 weeks of therapy with 
50 mg BIW etanercept.

Infliximab

Infliximab is a recombinant chimeric monoclonal 
IgG1 antibody directed against TNF-α that binds 
specifically to TNF-α (both soluble and transmem-
brane types) to prevent receptor-binding116 (see 
Fig. 28.2). Infliximab is able to induce the lysis of 
cells that display TNF-α on their surface, including 
activated T cells, via complement-mediated or via 
antibody-dependent/cell-mediated toxicity.32,116 As 
of September 2006, in addition to EMEA approval, 
infliximab gained FDA approval for the treatment 
of adults with chronic and severe plaque-type pso-
riasis in whom other systemic treatments are not 
appropriate and who are closely monitored with 
routine follow-up by their physicians.116 Among 
the biologics, it is an excellent agent for the imme-
diate relief of skin disease “in clinical circum-
stances requiring rapid disease control,” that is, in 
very severe, unstable, erythrodermic, or pustular 
psoriasis.38 In addition to its psoriasis indication, 
infliximab is FDA approved to reduce signs and 
symptoms, inhibit radiographic progression, and 
improve physical functioning in adults with PsA 
(with or without MTX) and adults with RA (in 
combination with MTX); to reduce signs and 
symptoms of AS; and as an induction and main-
tenance therapy for resistant IBD including CD in 
adults and children, fistulizing CD in adults, and 
UC in adults.116

For psoriasis and PsA, treatment is administered 
as IV infusions that last approximately 2 to 3 hours 
each.116 Induction therapy of 5 mg/kg IV infusions 
is given at weeks 0, 2, and 6, and maintenance 
therapy of 5 mg/kg IV infusions is given every 
8 weeks thereafter. In the phase II and III rand-
omized clinical trials that led to the approval of 
infliximab for the treatment of psoriasis, 75% to 
88% of patients achieved a PASI-75 response after 
induction therapy at 5 mg/kg.111–113 Maintenance 
therapy is best administered on a continuous 
basis.113 In a phase III trial that compared continuous 

versus intermittent (PRN) maintenance therapy 
for 1 year following the typical induction regimen, 
patients treated with continuous maintenance 
therapy every 8 weeks at 5 mg/kg best maintained 
PASI-75 responses113 (see Table 28.3). In clinical 
trials investigating infliximab for the treatment of 
PsA (Infliximab Multinational Psoriatic Arthritis 
Controlled Trials [IMPACT] I and II), infliximab 
enacted significant ACR-20 responses, inhibition 
in radiographic progression, and improvement in 
dactylitis, enthesopathy, and physical functioning 
in patients resistant to therapy with one or more 
DMARD(s)26, 27,136 (see Table 28.3).

Researchers are discovering more and more 
about how infliximab clears psoriasis, thus pro-
viding new insight into how TNF-α produces the 
psoriatic phenotype. In a pharmacodynamic and 
pharmacokinetic study of infliximab, the first infu-
sion induced swift decreases in CD3+ T cells and in 
the thickness of the epidermis in psoriasis plaques 
even before the occurrence of skin clearance.109 
Subsequent PASI-75 responses and improvements 
in PGA scores correlated with changes in the skin 
such as decreased T-cell number in the epidermis, 
decreased epidermal thickness, normalization of 
K16, and downregulation of ICAM-1 on kerati-
nocytes. In a separate study, improvements in 
PASI scores correlated with the apoptosis-like 
programmed cell death of keratinocytes in pso-
riasis plaques of patients receiving infliximab.137 
Similarly, researchers administered infliximab 
induction therapy and linked subsequent improve-
ments in joint disease and reductions in PASI scores 
to parallel decreases in the protein survivin, an 
inhibitor of apoptosis-like protein present in pso-
riasis lesions around blood vessels in the dermis and 
basal cells in the epidermis.138 One of the functions 
of survivin is to inhibit apoptosis of keratinocytes 
and endothelial cells to support the keratinocyte 
hyperplasia and new blood vessel formation that 
is characteristic of psoriasis. Infliximab induction 
therapy disturbed angiogenesis in a study that 
linked clinical and histologic improvements to 
changes in skin biopsies including decreased vas-
cularity, decreased endothelial cell activation, and 
decreased mRNA or protein expression of growth 
factors for angiogenesis (i.e., vascular endothelial 
growth factor [VEGF], angiopoietin 1 and 2, and 
the angiopoietin receptor Tie 2).139 The above find-
ings indicate that infliximab works directly (i.e., on 
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T cells) or indirectly (i.e., on DCs, keratinocytes, 
and endothelial cells) to quickly improve psoriatic 
skin and joint disease,109,137–139 typically by the 
third infusion or earlier in clinical trials.26,27,112 
These results reinforce the idea that psoriasis 
results from the functions of multiple cell types 
working in concert.

Regarding adverse effects, treatment is sometimes 
associated with loss of efficacy over time112,113 (see 
Table 28.3). In addition, patients may experience 
one or more infusion reaction (IR), defined as 
any event that occurs within 1 hour of an infu-
sion.116 An immediate IR can be a hypersensitivity 
reaction or a non–immune-mediated reaction. A 
delayed reaction can also occur in the form of a 
delayed hypersensitivity/serum sickness-like reaction 
within 2 weeks of an infusion. Loss of efficacy 
and IRs are in part the result of human antichi-
meric antibodies that patients may raise against 
infliximab, which is nearly one fifth mouse pro-
tein.112,113,116 Across indications, about 10% of inf-
liximab-treated patients in clinical trials developed 
antibodies to the drug during typical induction and 
maintenance therapy for 1 to 2 years.116 In psoriasis 
trials, the incidence of anti-infliximab antibodies 
was somewhat higher than this average, ranging 
from approximately 27% to 36% in patients treated 
with 5 mg/kg induction and maintenance therapy 
every 8 weeks.112,113 These higher percentages 
were probably because of a lack of concomitant 
MTX treatment. As compared with patients who 
were antibody-negative, a smaller percentage of 
patients who were antibody-positive experienced a 
PASI-75 response or sustained a PASI-75 response 
throughout the course of these studies. Consistent 
with trials studying infliximab therapy for other 
inflammatory diseases,116 there was an increased 
incidence of IRs in patients on infliximab treatment 
who were antibody-positive.111,113 Patients should 
be monitored closely during infusions and may 
benefit from a slow infusion rate in addition to pre-
medication with antihistamines, acetaminophen, or 
corticosteroids,116 although corticosteroids are the 
least attractive option because of the potential for 
psoriasis to flare upon their cessation. As noted by 
the manufacturer in Remicade’s package insert, the 
frequency of antibodies to infliximab can be atten-
uated if a patient takes a concomitant immunosup-
pressive therapy (i.e., MTX or AZA). In addition, 
antibody formation was lowest in patients with the 

most consistent exposure to infliximab.113 Because 
not all patients who raise antibodies against the drug 
experience adverse effects on efficacy or IRs, more 
research is needed to elucidate the mechanisms of 
these events.

Additional adverse events of concern include 
elevations in aminotransferase levels and a possibly 
increased risk for cancer. In two phase III clinical 
trials investigating the use of infliximab for the 
treatment of psoriasis, 8% of patients experienced 
aminotransferase elevations to over three times 
the upper limit of normal (versus <1% of placebo 
patients), and 3% of patients experienced eleva-
tions to over five times the upper limit of normal 
(versus 0% of placebo patients).116 The develop-
ment of jaundice or alanine aminotransferase (ALT) 
elevations to over five times the upper limit of 
normal in any patient requires discontinuation of 
the agent and warrants further investigation (see 
Table 28.2). Regarding the risk of cancer associated 
with infliximab therapy, in clinical trials for the 
agent’s multiple indications more patients treated 
with infliximab developed cancer as compared with 
patients given placebo treatment. Cancers of the 
lung, head, and neck are of greatest concern, and 
adult patients with chronic obstructive pulmonary 
disease (COPD) may be at greatest risk, as shown in 
an exploratory trial that evaluated infliximab for the 
treatment of moderate-severe COPD. In addition, 
the treatment of adolescents with CD on concomi-
tant immunosuppressive therapy with azathioprine 
(AZA) or 6-MP (6-mercaptopurine) resulted in six 
cases of the uncommon but highly life-threatening 
cancer hepatosplenic T-cell lymphoma.

Adalimumab

Adalimumab is a fully human recombinant mono-
clonal IgG1 antibody directed exclusively against 
TNF-α117 (see Fig. 28.2). It thus prevents TNF-α 
from binding to its receptors, and it binds TNF 
bound to cells to cause complement-mediated cell 
lysis. In addition, it causes the downregulation of 
selected adhesion molecules. In addition to hav-
ing EMEA approval, it is FDA approved for use 
as monotherapy or as combination therapy with 
DMARDs such as MTX for the treatment of PsA 
or RA to inhibit progression and reduce signs, 
symptoms, and physical limitations. It is also 
approved to reduce signs and symptoms of AS. For 
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the treatment of PsA, adalimumab is administered 
as a 40 mg SC injection QoW that patients can 
self-inject. Adalimumab was studied for the treat-
ment of PsA in the Adalimumab Effectiveness in 
Psoriatic Arthritis Trial (ADEPT).114 Adalimumab 
was administered by SC injection QoW for 24 
weeks, and patients were allowed to continue MTX 
(<30 mg per week) or prednisone (<10 mg per day) 
during treatment. Significant ACR-20 responses 
were reached by patients treated with adalimumab 
versus placebo by 2 weeks of therapy, and after 
12 weeks of treatment 58% of patients treated 
with adalimumab achieved an ACR-20 response. 
At 24 weeks, there was significant inhibition of 
joint destruction (as measured by change in Sharp 
score) in the patients treated with adalimumab 
(see Table 28.3). An open-label extension study 
followed patients from ADEPT for up to 48 weeks 
on adalimumab treatment and found that patients 
maintained improvements in PsA signs, symp-
toms, and radiographic progression.140 Over 48 
weeks of therapy, adverse events were similar to 
placebo.114,140

Adalimumab is currently in phase III study to 
investigate its efficacy and safety for the treatment 
of moderate-severe psoriasis (go to ClinicalTrials.
gov, ID NCT00237887, ID NCT00235820, ID 
NCT00195676). Fifty-nine percent of the 69 
patients assessed for improvement of psoriasis in 
the ADEPT trial demonstrated a significant PASI-
75 response at the week 24 assessment and main-
tained this response through 48 weeks114 (see Table 
28.3). A phase II trial investigated adalimumab for 
the treatment of psoriasis over 60 weeks.141 The first 
12 weeks of treatment was a randomized control-
led trial comparing high-dose adalimumab (40 mg 
SC QW) versus low-dose adalimumab (40 mg SC 
QoW) versus placebo. During weeks 13 to 24 high-
dose versus low-dose adalimumab was studied, and 
placebo patients were crossed over to receive low-
dose adalimumab. Weeks 25 to 60 were an open 
label extension study in which patients continued 
to receive their respective dose of adalimumab, and 
patients on low-dose therapy with less than a PASI-
50 response became eligible for dose escalation to 
QW therapy. At the week 12 assessment, 53% of 
low-dose patients and 80% of high-dose patients 
achieved a PASI-75 response, whereas only 4% 
of placebo patients achieved a PASI-75 response 
(p <.001). Impressive clinical responses ensued 

for the remainder of the trial; however, at the 24 
week assessment of the high-dose group and the 
36 week assessment of the low-dose group, a lower 
percentage of patients achieved a PASI-75 response 
as compared with the percentage of patients with a 
PASI-75 response only 12 weeks earlier for each 
treatment group (see Table 28.3). This apparent 
loss of efficacy with adalimumab therapy may 
be in part a result of antibodies raised against 
the drug, so-called human antihuman antibodies 
(HAHAs) that developed in about 5% of patients with 
RA treated with adalimumab in clinical trials (1% 
of patients on concomitant MTX versus 12% of 
patients on adalimumab monotherapy).117 Even 
though the product is entirely human and therefore 
it is not expected to be immunogenic (i.e., elicit 
an antibody response), the presence of HAHAs 
is believed to account at least in part for the loss 
of efficacy or lack of response to adalimumab 
that was experienced by some RA patients being 
treated with this agent.142

How adalimumab helps to control plaque-type 
psoriasis is not fully understood. Whereas untreated 
skin has a characteristically low number of epider-
mal Langerhans’ cells, the skin of patients treated 
with adalimumab demonstrates a rapid increase 
in the number of Langerhans’ cells present in the 
psoriatic epidermis within 7 days of therapy.143 
This finding demonstrates that TNF-α could cause 
the initial decreased number of Langerhans’ cells, 
the absence of which may contribute to psoriasis 
pathogenesis because the Langerhans’ cell might 
be antiinflammatory or help regulate keratinocyte 
differentiation.

Regarding the agent’s safety when administered 
to psoriasis patients, in the phase II trial cited 
above,141 the most common adverse events seen 
more frequently in adalimumab-treated patients 
as compared with placebo-treated patients were 
dyspepsia, nausea, and mildly elevated triglyc-
erides. In addition, mild to moderate transient 
pain with injection was experienced by twice as 
many patients in the high-dose group (12%) as 
in the low-dose group (6.7%) or placebo group 
(5.8%). Although there was no evidence of lupus 
or demyelinating diseases in this trial, there were 
two instances of cancer, including one malignant 
melanoma (MM) and one squamous cell carcinoma 
(SCC) that were likely preexistent, two instances of 
serious infection including one case of TB and one 
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case of coccidioidomycosis, and two instances of 
reversible liver function test (LFT) elevation to 3 to 
3.5 times the upper limit of normal. The most com-
mon side effect observed in clinical trials for any of 
adalimumab’s indications was a mild ISR consisting 
of redness, pruritus, bleeding, pain, or swelling at 
the injection site.117 Patients may also experience 
URI, headache, or nausea (see Table 28.2).

Contraindications to and Long-Term 
Safety of Tumor Necrosis Factor 
Blockade

In general, TNF-blocking therapy is contraindicated 
in patients with serious active infections including 
TB, moderate to severe congestive heart failure 
(CHF) (New York Heart Association class III or 
IV), multiple sclerosis (MS) or similar demyeli-
nating disease, and lupus.38,115–117 There are no 
prospective clinical trials investigating therapy 
in patients with active cancer or in patients during 
pregnancy.32 Although animal models (the agents 
are pregnancy category B),115–117 safety database 
information,144 and case reports145–147 of women 
treated for IBD or RA during pregnancy speak to 
the overall lack of teratogenicity of TNF-blocking 
agents, there are no data that specifically address 
the immune system integrity in children born to 
women using TNF blockade during pregnancy.

Given the distinctive benefits of therapy, long-term 
safety is of concern to patients and to the medical 
community. Safety concerns with the TNF-blocking 
agents include autoimmunity, cancer (especially 
lymphoma and skin cancer), and serious infections.

There are numerous reports in the literature of 
patients on TNF blockade for various indications 
who developed drug-induced systemic lupus ery-
thematosus (SLE) or lupus-like syndromes,148–159 
discoid lupus,160,161 or cutaneous lupus.162,163 In 
clinical trials of infliximab (for CD, RA, psoriasis, 
and PsA), drug-induced lupus-like syndromes and 
full-blown lupus (with central nervous system 
[CNS] and renal manifestations) were quite rare, 
even though about 50% of patients on active 
therapy (versus 20% of placebo-treated patients) 
converted from antinuclear antibody (ANA)-
negative at baseline to ANA-positive in the course 
of therapy, and about 20% of patients (versus 0% 
of placebo patients) converted from antinuclear 
double-stranded DNA (anti-dsDNA)-negative at 

baseline to anti-dsDNA-positive in the course of 
therapy.116 Of the available TNF inhibitors, infliximab 
carries the highest risk for development of autoan-
tibodies. In clinical trials of adalimumab therapy, 
one of 2334 patients had drug-induced lupus and 
no patients had renal manifestations suggestive of 
SLE despite 12% of adalimumab-treated patients 
(versus 7% of placebo-treated patients) converting 
from ANA-negative at baseline to ANA-positive in 
the course of therapy.164 Among patients with RA 
who were treated with etanercept, there were few 
reports of lupus-like syndromes, whereas ANA 
seroconversion occurred in 11% of etanercept-treated 
patients (versus 5% of placebo-treated patients).115 
It is prudent to check the ANA titer prior to beginning 
treatment, to monitor titers periodically during 
therapy, and to monitor for signs and symptoms of 
lupus while a patient is on TNF-blocking therapy.

Etanercept, infliximab, and adalimumab carry 
FDA-mandated warnings of infection and malignancy 
on their labelings.115–117 A meta-analysis of nine 
clinical trials involving nearly 3500 patients with 
RA treated for at least 12 weeks with an anti-TNF 
antibody provides some data regarding the risk of 
serious infections and cancer associated with adali-
mumab and infliximab.165 Data demonstrated that 
therapy with anti-TNF antibodies put patients at an 
increased risk for acquiring a serious infection (126 
of 3493 patients on active treatment versus 26 of 
1512 patients taking placebo, odds ratio versus pla-
cebo = 2.0) and at an increased risk for developing can-
cer (24 of 3493 patients on active treatment versus 
2 of 1512 of patients on placebo, odds ratio versus 
placebo= 3.3). The latter relationship was related 
to the dose of the agent administered. These results 
represent the pooling of data from a few of the trials 
performed in RA patients, and data do not reflect 
adjustment for duration of drug exposure to account 
for time spent in open-label extensions without 
placebo control. Patients included in this meta-
analysis were clinically heterogeneous, meaning 
that their disease ranged in chronicity and severity, 
and patients may have received immunosuppressive 
therapies that could affect their risk for infection 
or malignancy. Patients with chronic inflammatory 
diseases such as RA and psoriasis are at high risk for 
developing certain cancers at baseline. Rheumatoid 
arthritis patients have at least twice the risk of 
acquiring lymphoma when compared with people in 
the general population, with higher degrees of risk 
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based on increasing disease severity.166 Similarly, 
psoriasis patients are at an increased risk of develop-
ing lymphoma as compared with the general popu-
lation.167 This baseline risk cannot be discounted 
when considering the safety of TNF blockade.

Regarding the safety of etanercept therapy, 
Amgen and Wyeth Pharmaceuticals reported that 
etanercept-treated and placebo-treated patients 
were at a similar risk (1%) for developing serious 
infections in clinical trials.115 There have been nine 
cases of lymphoma and 67 other cancers out of 
nearly 4500 patients with RA treated with etanercept 
in clinical trials. Patients were observed for an 
average of 27 months and up to 5 years without 
an increase in the rate of cancers during this time. 
Lymphomas occurred at a rate three times that in 
the general population but similar to that in RA 
patients, and other cancers were common cancers 
(e.g., colon, breast, lung, prostate) and occurred at 
a rate likely to be seen in the general population. 
An FDA-requested meta-analysis of clinical trials 
investigating etanercept therapy demonstrated a 
relative risk for malignancy of 0.86 (95% confi-
dence interval [CI], 0.56–1.31) for patients treated 
with etanercept versus patients who received con-
trol treatment.168 In clinical experience with RA 
patients on etanercept therapy for up to 8.2 years, 
infections and cancer rates did not increase with 
time on therapy.169 Similarly, in psoriasis patients, 
there does not appear to be an increased risk of 
SAEs such as serious infections or malignancy 
with prolonged use of etanercept at BIW or QW 
dosing, as demonstrated in an open-label extension 
study of etanercept administration for up to 2.5 
years, in which 591 of 912 patients were on etanercept 
50 mg SC BIW.170

Researchers have separately investigated the 
relationship between TNF-α inhibitors and the 
development of nonmelanoma skin cancer (NMSC) 
in RA patients.171 The RA patients have a greater 
risk of developing NMSC as compared to patients 
with osteoarthritis. This risk is further elevated by 
therapy with TNF blockade and even further elevated 
by therapy with MTX in addition to a TNF-α 
inhibitor (but not by MTX as monotherapy).

As a precaution, physicians should monitor for 
infection and cancer while a patient is on a TNF-
blocking agent. Patients require screening for TB 
(as indicated in the package inserts for adalimumab 
and infliximab and as standard of care for etanercept 

even though there is no explicit recommendation in 
the package insert). Patients require initiation of 
treatment for a positive TB screening test indicat-
ing latent TB before they can be treated with a 
TNF-blocking agent. In addition, patients should 
be screened for hepatitis B virus (HBV) status 
prior to starting treatment.115–117 As indicated by 
the manufacturers, caution should be exercised 
when administering these agents to patients who 
are HBV carriers, and TNF blockade should not be 
administered in patients with active HBV infection. 
In general, patients should not receive live vaccines 
during treatment. To monitor for infection and 
malignancy, physicians can check complete blood 
count (CBC) values, LFT values, and perform 
periodic skin checks as part of a complete physical 
exam (see Table 28.2).

Emerging Dermatologic Uses for Tumor 
Necrosis Factor Blockade

Tumor necrosis factor blockers are increasingly 
being used off-label to treat dermatologic conditions 
including but not limited to pyoderma gangrenosum, 
hidradenitis suppurativa, and sarcoidosis, especially 
in patients with disease that is severe or resistant to 
traditional therapies.

Patients with pyoderma gangrenosum (PG) have 
experienced benefit from treatment with adalimu-
mab,172 as well as with etanercept.173,174 There are 
numerous case reports in the literature in which 
patients with PG who had active IBD, inactive 
IBD, or no history of IBD experienced improve-
ment in skin disease from infliximab therapy.175–178 
These reports prefaced a multicenter, randomized, 
double-blind, placebo-controlled trial that inves-
tigated the treatment of PG with infliximab infu-
sion in 30 patients including patients with and 
without IBD.179 Infliximab demonstrated signifi-
cant improvement in 46% (six of 13) of patients 
after one 5 mg/kg infusion versus 6% (one of 17) 
of placebo patients at the week 2 assessment of 
disease activity (p = .025), and a second infusion 
provided relief in the majority of patients who did 
not demonstrate an adequate response at the week 
2 assessment. In total, 69% (20 of 29) of patients 
who received at least one infliximab infusion expe-
rienced a benefit from therapy.

For the treatment of hidradenitis suppurativa 
(HS), etanercept was associated with improvements 



28. Biologic Therapies for Inflammatory Disease 517

in self-reported disease activity and DLQI scores in 
patients with severe, recalcitrant HS who took part 
in a small open-label study of 25 mg BIW therapy 
for 12 to 24 weeks.180 Infliximab benefited patients 
with HS who were evaluated as part of a retrospective 
chart review.181 Similarly, several case reports of 
patients with HS describe beneficial effects of inf-
liximab therapy.182–186 Case reports support a similar 
benefit from treatment with adalimumab.187,188

Patients with various manifestations of cutaneous 
sarcoidosis who were previously resistant to treat-
ment have experienced improvement in disease with 
infliximab therapy,189–191 adalimumab therapy,192,193 
and etanercept therapy.194,195 The successful treat-
ment of these skin (and systemic) diseases points 
out the role that TNF and the immune system have 
in their pathogeneses and opens the door for an 
emerging area of research.

Interleukin-12/Interleukin-23 
p40-Targeted Therapies

The p40 subunit of the type 1 cytokines IL-12 and 
IL-23 is emerging as a pathogenic target for inflam-
matory disease therapy. Improvement of psoriasis 
lesions in patients on traditional therapies has been 
accompanied by downregulation of type 1 inflamma-
tory cytokine expression in psoriatic skin. For exam-
ple, expression of IFN-γ–inducing cytokines such as 
IL-12, IL-23, and IL-18 was found to be decreased 
along with decreases in PASI scores in the skin of 
psoriasis patients after UVB light box therapy,196 and 
IL-12 expression was found to be reduced after sys-
temic therapy with cyclosporin A.197 Interleukin-23 
is made up of two subunits, its own p19 subunit and 
a p40 subunit that is has in common with IL-12.198 
Investigators have found that the IL-12 p40 subunit 
is significantly overexpressed in psoriasis lesions 
as opposed to unaffected skin of psoriasis patients 
and normal skin.199 It was determined that IL-23 as 
opposed to just IL-12 contributes greatly to inflam-
mation in psoriasis when investigators found that 
both the p40 and p19 subunits were upregulated in 
the skin of psoriasis patients, whereas the p35 subu-
nit that is unique to IL-12 was not.198 Investigators 
subsequently found that IL-23 was produced at an 
accelerated pace in psoriatic skin by keratinocytes 
and APCs including epidermal Langerhans’ cells, 
dermal DCs, and macrophages.200 Here, it augments 
memory T-cell synthesis/secretion of IFN-γ and thus 

plays an important role in maintaining the robust 
inflammatory response of psoriasis. Overexpression 
of type 1 cytokines including the p40 subunit may 
have a genetic basis.201

A phase I clinical study has evaluated the use of 
CNTO-1275 (Centocor, Inc., Malvern, PA), a fully 
human IgG1 monoclonal antibody directed against 
IL-12/IL-23 p40.21 This agent thus engages the 
p40 subunit to prohibit the cytokines from bind-
ing to their shared receptor IL-12Rβ1, and it thus 
decreases the activation of T cells and NK cells. 
One IV infusion produced significant improve-
ments in patients with moderate-severe plaque-type 
psoriasis. Patients were dosed at 0.1 mg/kg, 0.3 mg/
kg, 1.0 mg/kg, or 5.0 mg/kg, and 67% of patients 
(12 of 18) experienced a PASI-75 response and 
maintained this response over the 16-week evalua-
tion period. Adverse events were mostly mild and 
included decreased T-cell counts, headache, and 
URI symptoms, and only one SAE was reported 
and was not related to exposure to CNTO-1275. 
The rate and extent of clinical response but not 
of adverse events were related to the concentra-
tion of CNTO-1275 administered. CNTO-1275 
was similarly tolerated and demonstrated efficacy 
at four different SC dosing regimens in a phase 
II study that further investigated this agent for 
the treatment of psoriasis in 320 patients who 
received one of five treatments: (1) one 50 mg SC 
injection, (2) one 100 mg SC injection, (3) four 
weekly 50-mg injections, (4) four weekly 100 mg 
SC injections, or (5) placebo.202 At the week 12 
evaluation, 52% (treatment 1), 59% (treatment 
2), 67% (treatment 3), 81% (treatment 4), and 2% 
(placebo) of patients achieved a PASI-75 response 
(p <.001 vs. placebo). CNTO-1275 is currently 
in phase III trials for psoriasis (ClinicalTrials.
gov, ID NCT00267969, ID NCT00307437) and 
phase II study for PsA (ClinicalTrials.gov, ID 
NCT00267956). Another subcutaneous IL-12 
monoclonal antibody, ABT-874 (Abbott, Abbott 
Park, IL), is in phase II study for psoriasis 
(ClinicalTrials.gov, ID NCT00292396).

Conclusion

Biologics, or biologic therapies, are substances cre-
ated by scientists from living cells for the treatment 
or prevention of human diseases. Biologics are 
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approved for the therapy of psoriasis and psoriatic 
arthritis as well as a number of nondermatologic 
indications. Biologics include cell adhesion mol-
ecule antagonists (alefacept and efalizumab) and 
cytokine antagonists (etanercept, infliximab and 
adalimumab). Biologics appear relatively safe, 
but clinical and laboratory monitoring of safety 
is recommended at regular intervals, depending 
on the patient’s age, comorbidities, exposures, 
and other factors. Cytokine (i.e., tumor necrosis 
factor) antagonists have other potential uses in 
dermatology, including pyoderma gangrenosum, 
hidrandenitis suppurativa, and sarcoidosis. Other 
classes of biologics will be available in the near 
future. Phase II and III trials are currently ongoing 
for IL-12/IL-23 targeted therapies.
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Appendix: Commonly Applied 
Clinical Trial Endpoints 
for Psoriasis and PsA202

Improvement in psoriasis and PsA can be measured 
using several clinical scoring systems.

The most commonly used scoring system for 
skin disease is the Psoriasis Area and Severity 
Index (PASI). The legs, arms, trunk, and head are 
each graded for erythema (from 0 to 4), induration 
(from 0 to 4), and scaliness (from 0 to 4) of lesions, 
and then the scores are weighted by the amount 
of body surface area covered by psoriasis on each 
body part to reach a final PASI score.202 Total score 
ranges from 0 to 72. In clinical trials, a responder 
is someone who achieves a greater than or equal 
to 75% improvement in PASI score, or a PASI-75 
response.1

The Physician Global Assessment (PGA) is 
either a static assessment that estimates global skin 
disease activity at one point in time or a dynamic 
assessment of disease activity that considers a 
patient’s improvement from baseline.2 The static 
PGA (sPGA or PSGA) is measured on a scale of 
0 to 6, where a score of 0 means that a patient is 
clear of skin disease.2 The equivalent of a PASI-75 
response is a score of 0 (clear) or 1 (almost clear).1 
There is a similar system for subjects to rate their 
Patient Global Assessment of disease activity.

Common tools used to measure quality of life 
improvements include the Dermatology Life 
Quality Index (DLQI) and Medical Outcome 
Survey Short Form 36 (SF-36).2 The DLQI is 
specific to assessing the effects of skin diseases, 

and it asks 10 questions regarding symptoms and 
feelings, daily activities, leisure, work and school, 
personal relationships, and psoriasis treatments, 
where each question is graded from 0 to 3 for a 
total score of 0 to 30.2 The SF-36 is a general qual-
ity of life measurement that is also used in patients 
with systemic diseases.2

In clinical trials, patients with active PsA gener-
ally have three or more swollen and tender joints. 
The American College of Rheumatology (ACR) 
criteria originally assessed improvement of joint 
disease in RA patients and have been extended to 
assess improvement in PsA.202 The ACR criteria 
take into account tender joint count (78 joints), 
swollen joint count (76 joints), patient pain assess-
ment, patient self-assessed disability, patient glo-
bal assessment, physician global assessment, and 
acute-phase reactant level in the serum (erythrocyte 
sedimentation rate [ESR] or C-reactive protein 
[CRP]).3 A significant clinical response is ≥20% 
improvement in the ACR,1,3 also known as an 
ACR-20 response, where there is a 20% improve-
ment in tender and swollen joint count as well as in 
three of the five other components of the criteria.3

The Disease Activity Score (DAS) calculates 
disease activity based on a composite of Ritchie 
Articular Index (a measurement of joint tender-
ness), swollen joint count, ESR value, general 
health, and visual analogue scale (VAS) of joint 
discomfort.3 The DAS-28 applies the DAS assess-
ment to 28 joints.3 Investigators can calculate the 
mean improvement in disease activity based on this 
assessment.

The Health Assessment Questionnaire (HAQ) 
assesses a patient’s degree of pain and disability, 
which is assessed on eight subscales.3

The Psoriatic Arthritis Response Criteria 
(PsARC) measure disease improvement based on 
a composite of swollen/tender joint counts and 
assessments of global disease activity.3

A medication’s effect on radiographic progres-
sion of joint disease can be assessed using methods 
created for rheumatoid arthritis (RA) patients.3 
Investigators examine plain radiographs of the 
hands (the Sharp method) and the feet (the Van der 
Heijde modified Sharp method) to grade the joints 
from 0 to 4 based on abnormalities such as joint 
space narrowing and bone erosion. The change in 
these scores over time is a useful measure of dis-
ease progression.
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Key Points

• The topical immune response modifier imiqui-
mod is a low molecular weight heterocycline 
imidazoquinoline amine.

• Imiquimod stimulates both the innate and the 
acquired arms of the immune system via induc-
tion of T-helper-1 cytokines

• Imiquimod is Food and Drug Administration 
approved for the treatment of anogenital warts, 
but is widely used to treat other warts and mol-
luscum contagiosum.

• Nonantiviral uses of imiquimod include actinic 
keratoses and superficial basal cell carcinomas.

Imiquimod (Aldara™, Graceway Pharmaceuticals), 
a low-molecular-weight heterocyclic imidazoquino-
line amine, is a topical immune modulator that stim-
ulates both the innate and the acquired arms of the 
immune system. Initially discovered during screen-
ing of medications for antiherpes virus activity,1 
imiquimod is Food and Drug Administration (FDA) 
approved for the treatment of external anogenital 
warts, superficial basal cell carcinoma, and actinic 
keratoses. Various case reports and preliminary stud-
ies have also suggested imiquimod may be effective 
in the treatment of a wide range of other infectious, 
inflammatory, and malignant skin conditions.

Imiquimod offers a noninvasive and tissue-sparing 
alternative to treatments commonly used for warts 
or cutaneous tumors such as cryotherapy, electro-
cautery, surgical excision, laser ablation, trichloro-
acetic acid, and podofilox. For those individuals 
who are poor surgical candidates or refuse surgery, 
or whose anatomic site is not amenable, imiquimod 

is an effective option. As compared to destructive 
techniques, imiquimod offers an improved safety 
profile, as local cytokine production decreases the 
potential for systemic adverse events. Additionally, 
imiquimod is less damaging to tissue, resulting in 
a superior cosmetic outcome. This is especially 
desirable in treatment of lesions situated in cos-
metically sensitive sites including the face, as well 
as in patients in whom healing from surgical sites 
is of particular concern. Furthermore, the ease of 
topical application allows patients to self-treat, 
which may result in decreased cost and avoidance 
of multiple clinic visits.

Mechanism of Action

Imiquimod enhances the patient’s immune response, 
stimulating both the innate immune response and 
the cellular arm of acquired immunity, with result-
ant antiviral and antitumoral effects.

The innate immune response is stimulated via 
activation of antigen-presenting cells (APCs) 
including monocytes, macrophages, and dendritic 
cells, and the subsequent release of cytokines 
and chemokines. Imiquimod produces an innate 
immune response via its action as a Toll-like recep-
tor (TLR) agonist. Toll-like receptors are a family 
of pattern recognition receptors found on the cell 
surface of APCs. Specifically, imiquimod binds to 
TLR-72 and TLR-8.3

TLR-7 activation by imiquimod triggers a 
MyD88-dependent signaling cascade.2 MyD88, a 
protein that associates with TLRs, acts to recruit 
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protein kinases and transcription factors, result-
ing in activation of nuclear factor κB (NF-κB). 
Nuclear factor κB is a transcription factor that, 
upon activation, migrates to the nucleus and 
upregulates the production of local proinflamma-
tory cytokines, particularly interferons (IFNs) α, 
β, and γ, tumor necrosis factor-α (TNF-α), and 
interleukin-12.4

The IFN-α produced by APCs induces CD4+ T 
cells to produce the IL-12β2 receptor. The bind-
ing of IL-12 to the IL-12β2 receptor induces the 
secretion of IFN-γ from naive T cells, resulting in 
a T-helper-1 (Th1) immune response. Conversely, 
imiquimod suppresses a Th2 immune response by 
inhibiting IL-4 and IL-5.5

Studies have described the effects of imiqui-
mod on Langerhans’ cells, the major APCs of 
the skin.6 Imiquimod enhances the migration of 
Langerhans’ cells from the skin to regional lymph 
nodes, potentially enhancing viral and tumoral 
antigen presentation to naive CD4+ T cells. This 
results in differentiation of naive T cells into 
memory and activated T cells. Upon return to 
the dermis, the activated T cells produce the 
Th1 cytokines IFN-α, IFN-γ, and TNF-α. These 
cytokines are responsible for imiquimod’s antivi-
ral and antitumoral effects.

Additionally, imiquimod has been shown to 
produce apoptosis via circumnavigating mecha-
nisms developed by malignant cells to resist apop-
tosis signals. One way imiquimod activates apoptosis 
is via activation of membrane-bound death recep-
tors. For example, imiquimod induces Fas (CD95) 
receptor (FasR)-mediated apoptosis in basal cell 
carcinoma cells.7 Fas, a member of the tumor 
necrosis receptor family, is a death receptor that 
mediates apoptosis via CD95 receptor–CD95 
ligand (Fas-L) interaction. FasR expression is 
normally absent on basal cell carcinoma (BCC) 
cells, allowing tumors to avoid apoptotic signaling. 
The IFN-α produced by imiquimod induces BCC 
cells to express FasR.

Another way in which imiquimod induces 
tumor-selective apoptosis is via the mitochondrial 
pathway of apoptosis. Imiquimod induces a Bcl-2
–dependent translocation of cytochrome c from 
the mitochondria to the cytosol.8,9 This, in turn, 
leads to activation of caspase-9 and caspase-3 and 
a subsequent proteolytic cascade, resulting in cell 
death.

Dosage and Administration

Imiquimod, an off-white, fine crystalline solid, 
is chemically known as 1-(2-methylpropyl)-1H-
imidazo[4,5-c]quinolin-4-amine (C14H16N4). The 
molecular weight of imiquimod is 240.3. Each 
gram of cream contains 50 mg of imiquimod in 
an off-white, oil-in-water vanishing base consist-
ing of isostearic acid, cetyl alcohol, stearyl alco-
hol, white petrolatum, polysorbate 60, sorbitan 
monostearate, glycerin, xantham gum, purified 
water, benzyl alcohol, methylparaben, and pro-
pylparaben.

Imiquimod cream 5% is supplied in individual 
250-mg sachets. One sachet can evenly cover an 
area of skin up to 386 cm.2,10 Imiquimod should 
be applied in a thin layer extending 1 cm beyond 
the affected area. Imiquimod should be left on the 
affected area for approximately 8 hours. The 
frequency of application and duration of therapy 
depend on the condition being treated.

Safety

Imiquimod is contraindicated in those individu-
als with hypersensitivity to any of its ingredients. 
Additionally, it should not be applied in areas of 
dermatitis, as it has been known to exacerbate 
inflammatory conditions such as pemphigus, pso-
riasis, and aphthous ulcers.

Despite case reports of imiquimod use during 
pregnancy without adverse effects on the fetus, at 
this time there is insufficient data on the safety of 
imiquimod in pregnancy to make definitive con-
clusions.11 Imiquimod is pregnancy category C. It 
is unknown if imiquimod is excreted in the breast 
milk of lactating women.

Application site reactions (erythema, dryness, 
edema, crusting, weeping, erosion, ulceration, burn-
ing, pruritus, and pain) may occur after application 
of imiquimod cream. Local skin reactions, well 
tolerated by most patients, are considered a normal 
and expected part of treatment with imiquimod. 
The intensity of these reactions tends to increase 
as dosing frequency increases, and rest periods 
may be required for some patients. Systemic signs 
and symptoms such as malaise, nausea, myalgias, 
fever, and rigors may accompany local inflammatory 
reactions.
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Approved Clinical Uses

External Genital Warts

Anogenital warts, or condyloma acuminata, are 
a clinical manifestation of human papillomavirus 
(HPV) infection. The HPV, a nonenveloped double-
stranded DNA virus, is classified into more than 
100 types, reflecting different oncogenic properties 
as well as tissue tropism. Anogenital warts are often 
difficult to eradicate, and most therapies involve 
lesional destruction. Although lesional destruction 
results in immediate elimination, these procedures 
are painful, and recurrence is common, necessitating 
repeated treatment. Imiquimod, a nondestructive, 
patient-applied alternative, is unique in that it may 
be applied by the patient at home, decreasing the 
number of office visits. More importantly, imiquimod 
reduces the viral load, thereby decreasing the rate 
of recurrence.4

Imiquimod is FDA approved for the treatment 
of external anogenital warts in immunocompetent 
patients over the age of 12 years old. Imiquimod is 
applied once a day on alternate days (three times 
per week) until resolution of warts or for up to 16 
weeks. Frequency of application may be adjusted 
according to the local irritation experienced by 
patients.12 Those experiencing minimal local irrita-
tion may increase the efficacy by increasing the 
frequency of application, while those experiencing 
uncomfortable irritation may decrease the fre-
quency of application.

In the treatment of warts, the efficacy of imiquimod 
is related to reduction of HPV. In a randomized, 
controlled, molecular study in which tissues were 
analyzed for HPV DNA and messenger RNA 
(mRNA) of several cytokines, both a local increase 
in interferon and a significant reduction in viral load 
were observed in skin biopsies taken from patients 
during and following imiquimod treatment.4 The 
increased cell-mediated immunity provided by 
imiquimod results not only in control or reduction 
of HPV infection, but also in long-term protection 
from recurrence and reinfection.4

Several studies have demonstrated the safety 
and effectiveness of imiquimod 5% cream for 
the treatment of external anogenital warts. In a 
double-blind, placebo-controlled, parallel design 
study evaluating the safety and efficacy of imiqui-
mod used three times per week for up to 8 weeks, 

complete clearance of lesions was observed in 37% 
of imiquimod-treated subjects.13

In another double-blind, placebo-controlled 
study using imiquimod three times per week for 
a maximum of 16 weeks, 50% of patients who 
received imiquimod 5% cream achieved eradica-
tion of all treated baseline warts.14 Of note, 72% 
of females and 33% of males had complete clear-
ance of warts. The recurrence rate at a 3-month 
follow-up assessment was determined to be 13%, 
comparing favorably to physician-administered 
treatments such as cryotherapy, trichloroacetic 
acid, and podophyllin.

Similarly, in an international phase III, open-
label study evaluating imiquimod 5% cream three 
times per week for 16 weeks with an additional 
16-week period if required, a clearance rate of 
53.3% was observed.15 Of patients who experi-
enced partial clearance in the initial 16-week treat-
ment period, 27.2% reached complete clearance 
following an additional 16 weeks of treatment. 
Additionally, patients with recurrence of warts 
after the initial treatment period achieved a 58.5% 
clearance rate following reapplication for up to 
16 weeks. Again a gender-dependent disparity in 
results was noted, with 65.4% of women compared 
to 44.1% of men experiencing complete clearance. 
This difference was attributed to a higher degree 
of keratinization of penile skin compared to vulvar 
skin, the most common sites for genital warts in 
men and women. Recurrence rates at the end of 
3- and 6-month follow-up periods were found to 
be 8.8% and 23.0%.

Actinic Keratoses

Actinic keratoses (AKs) are precancerous skin lesions 
frequently occurring on sun-exposed areas of fair-
skinned individuals, becoming more prevalent with 
advanced age. They are precursors to squamous cell 
carcinoma. Topical therapies are useful alternatives 
to cryotherapy and excisional surgery for treating 
areas of diffuse AKs. Furthermore, unlike surgical or 
ablative treatments, imiquimod possesses the unique 
capacity to uncover and treat subclinical lesions. 
Imiquimod is FDA approved for the treatment of 
facial and scalp AKs in immunocompetent adults. 
Imiquimod is applied twice weekly for 16 weeks.

Several clinical studies have been performed 
evaluating the safety and efficacy of imiquimod 
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5% cream for the treatment of AKs. Persaud and 
Lebwohl16 reported the use of topical imiquimod 
5% cream for the treatment of AKs on the scalp 
of three individuals. One subject was treated three 
times weekly for 4 weeks with nearly complete 
resolution of AKs accompanied by a marked 
inflammatory response. Two other subjects treated 
one half of their scalp with imiquimod, using the 
other half as comparison. After 8 weeks of two 
to three times weekly application with frequent 
rest periods to avoid inflammation, marked reduc-
tions in AKs were noted. These patients then 
continued to use imiquimod cream on both sides 
of the scalp two times per week for an additional 
9 months. Treatment was well tolerated and subse-
quent reduction in lesions was noted.

Persaud et al.17 conducted another study in which 
22 subjects with at least six bilateral actinic kera-
toses applied imiquimod or placebo three times a 
week for 8 weeks. If necessary, a 3-week rest period 
was allowed, followed by a subsequent reduction in 
dose frequency. Upon evaluation 8 weeks following 
treatment, average AK counts were significantly 
decreased in subjects treated with imiquimod com-
pared to placebo-treated subjects. Of note, 53% of 
the subjects required rest periods with 18% of the 
subjects requiring two rest periods.

A randomized, double-blind, vehicle-controlled 
study was performed in which 25 subjects with 
AKs on the scalp, forehead, arms, and hands 
applied imiquimod or placebo three times weekly 
for 12 weeks.18 Due to local skin reactions, 48% of 
the subjects reduced application to twice weekly at 
week 4 of the study. Clinical and histologic evalua-
tion 2 weeks following the last application showed 
total resolution of AKs in 84% of those treated 
with imiquimod. Partial clearance of AKs was seen 
in 8% of patients treated with imiquimod, while no 
response was observed in the placebo group. Local 
skin reactions were tolerated with only one patient 
requesting a rest period. At a 2-year follow-up 
evaluation, 20% of subjects in the imiquimod treat-
ment group developed new AKs.19

Trials have been performed to identify treatment 
regimens that optimize efficacy while reducing 
local skin reactions. An open-label pilot study by 
Salasche et al.20 examined imiquimod used in a 
cycle regimen for the treatment of AKs. Discrete 
areas containing five to 20 AKs were selected for 
treatment. Twenty-five patients with 33 treatment 

areas participated. Imiquimod was applied to the 
entire treatment area three times a week for 4 
weeks followed by a rest period of 4 weeks. If 
AKs in the treatment area were still present, this 
cycle was repeated up to three times. Of the 22 
patients with 30 treatment areas that completed 
the study, total clearance of AKs was seen in 46% 
of the treatment areas after the first cycle and in 
an additional 36% of the treatment areas after the 
second cycle. Four patients required rest periods 
prior to the scheduled 4-week rest period. Of note, 
AKs continued to clear during the rest periods 
suggesting that cycle therapy may minimize local 
reactions while retaining efficacy.

A phase III, randomized, double-blind, paral-
lel group, vehicle-controlled trial involving 286 
subjects examined the efficacy and safety of imi-
quimod versus placebo when applied three times 
weekly for 16 weeks.21 Results demonstrated com-
plete clearance in 57.1% of subjects treated with 
imiquimod as compared to 2.2% of subjects who 
received vehicle. Partial clearance was seen in 
72.1% and 4.3% of subjects in the imiquimod and 
vehicle groups, respectively.

The results of two other phase III, randomized, 
double-blind, parallel group, vehicle-controlled tri-
als examined the safety and efficacy of imiquimod 
applied three times weekly for 16 weeks in the 
treatment of AKs.22 Partial and complete clearance 
rates in subjects in the imiquimod treatment groups 
were 48.3% and 64.0% as compared to 7.2% and 
13.6% in the placebo group.

In comparison to the above studies, which used 
imiquimod three times weekly, two randomized, 
double-blind, parallel group, phase III trials involv-
ing 436 subjects were conducted evaluating the 
efficacy and safety of imiquimod applied twice 
weekly for a duration of 16 weeks in the treat-
ment of facial and scalp AKs.23 Those treated with 
imiquimod experienced complete clearance rates 
of 45.1% compared to 3.2% in the placebo group. 
Eight weeks posttreatment, the median reduction 
in baseline lesions was 83%. Furthermore, twice 
weekly dosing versus three times weekly dosing 
was associated with fewer local skin reactions, 
fewer rest periods, and fewer subjects discontinuing 
treatment due to local skin reactions.

Studies have also demonstrated that imiquimod 
treatment results in low recurrence rates. One and 
a half years following the completion of four phase 
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III studies in which patients applied imiquimod 
either two or three times weekly for 16 weeks, 
recurrence rates of approximately 25% (twice 
weekly application) and 43% (three times weekly 
application) were noted.24

In contrast to other topical treatments for AKs, 
imiquimod has been shown to be more effective 
and produce a less severe local skin reaction than 
5-fluorouracil (5-FU). A meta-analysis comparing 
the efficacy of 5-FU and imiquimod in the treat-
ment of AK was performed involving ten studies.25 
Results demonstrated average efficacy rates of 52% 
for 5-FU and 70% for imiquimod.

Superficial Basal Cell Carcinoma

Arising from the basal layer of the epidermis, 
BCC is the most common malignancy among 
Caucasians worldwide.26 The three most common 
subtypes are nodular, superficial (sBCC), and 
morpheaform. Although metastases are rare, BCCs 
are locally invasive, aggressive, and destructive 
to the skin and surrounding structures. Treatment 
is predominantly surgical, consisting of excision, 
cryosurgery, curettage and electrodesiccation, and 
Mohs’ micrographic surgery. Although surgery 
offers a high cure rate, imiquimod is an effective 
alternative and should be considered in cases where 
patients are poor surgical candidates or cosmetic 
outcome is a concern.

Imiquimod is FDA approved for the treatment 
of biopsy-confirmed superficial BCC in immuno-
competent adults when surgical methods are less 
appropriate and when patients may be reliably 
monitored. Imiquimod is applied five times per 
week for 6 weeks. Studies have shown that occlu-
sion does not yield a statistically significant effect 
on the efficacy of imiquimod against BCCs.27

Numerous trials evaluating the safety and effi-
cacy of imiquimod 5% cream for the treatment of 
sBCCs have been performed. A randomized, dou-
ble-blind pilot study by Beutner et al.28 involving 
35 patients demonstrated the safety and efficacy 
of imiquimod for the treatment of BCC. The study 
examined five different treatment regimens, each 
lasting up to 16 weeks. Outcomes were evaluated 
clinically and histologically. Of the subjects receiv-
ing imiquimod, 83% experienced complete clearing 
of their lesions. Of note, once-daily dosing was more 
effective than less frequent dosing. Resolution was 

seen in 60% of those treated twice weekly, in 50% 
of those treated once weekly, and in 9% of those 
treated with placebo.

A phase II, open-label, randomized trial involv-
ing 99 patients reported a clinical and histologic 
clearance rate of 88% in subjects with superficial 
BCCs treated with once-daily imiquimod for 6 
weeks.29 Clearance rates for twice-weekly treat-
ment and three-times-weekly treatment were 73% 
and 70%, respectively. Although patients in a 
twice-daily regimen arm achieved 100% resolu-
tion, the local skin reactions were unacceptable.

Another phase II randomized, double-blind, 
vehicle-controlled study involving 128 subjects 
with sBCC examined longer treatment regimens.30 
Subjects received imiquimod or placebo in one of 
four dosing regimens lasting 12 weeks: twice daily, 
once daily, five times per week, or three times per 
week. Clearance rates of 87.1% and 80.8% were 
observed in those subjects who used imiquimod 
once daily and five times per week, respectively. 
Those who treated their tumors three times a 
week experienced 51.7% clearance, while those 
in the placebo group displayed a clearance rate of 
18.8%. Due to severe local skin reactions in those 
who used imiquimod twice daily, the safety profile 
of this regimen was not considered acceptable. 
Histologic clearance rates for 12 weeks of treat-
ment compared to the clearance rates seen follow-
ing 6 weeks of treatment in previous studies proved 
to be similar, suggesting that an additional 6 weeks 
of treatment may be unnecessary.

Two phase III double-blinded, placebo-controlled 
studies involving 724 patients with primary sBCC 
were performed.31 Subjects with one sBCC were 
treated with placebo or imiquimod 5% cream once 
daily either five or seven times per week for 6 
weeks. Upon evaluation at 12 weeks posttreatment, 
75% of those using imiquimod five times weekly 
and 73% of those using imiquimod seven times 
weekly experienced both histologic and clinical 
clearance compared to 2% to 3% of subjects treated 
with placebo. As the difference of clearance rates 
between the two imiquimod dosing regimens was 
not clinically significant, the authors recommended 
the five times per week dosing regimen.

Recurrence of sBCCs was evaluated in a follow-up 
study as part of the above trial in which subjects 
with no clinical evidence of sBCC following 
treatment participated. At the 12-week posttreatment 
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assessment, 90% of subjects had no clinical 
evidence of recurrence. At the 2-year posttreat-
ment assessment, 76% of subjects had no clinical 
evidence of recurrence.32

A long-term open-label study evaluating the 
clinical recurrence of sBCC after treatment with 
imiquimod daily for 6 weeks is currently underway.33 
Subjects initially demonstrated a clearance rate of 
94%. At 2 years following treatment, 82.0% of 
the subjects remained clinically clear. In a similar 
long-term study performed in Europe, subjects 
used imiquimod once daily five times per week for 
6 weeks for the treatment of sBCC. Initial clearance 
rates were reported to be 90% at 12 weeks post-
treatment. Two years following treatment, 79.4% 
of the subjects remained clinically clear.34

Imiquimod has also been found to be beneficial 
as an adjunct to the surgical removal of BCCs. Use 
of imiquimod five days per week for 2 to 6 weeks 
before Mohs’ excision of BCC has been reported to 
significantly reduce the size of the tumor, thereby 
resulting in a smaller cosmetic defect from the 
surgery.35 In addition, a preliminary study in which 
imiquimod cream was used once daily for 1 month 
following curettage and electrodesiccation (C&D) 
of BCC resulted in a reduced frequency of residual 
tumor as well as an improved cosmetic outcome 
when compared to C&D alone.36

Off-Label Uses

Infectious Conditions

Molluscum Contagiosum

Molluscum contagiosum is a common cutaneous 
tumor caused by the double-stranded DNA pox 
virus. Although this infection is often self-limited 
in immunocompetent patients, patients commonly 
choose to treat this condition as lesions may be 
numerous. Current treatment modalities include 
cryotherapy, curettage, electrodesiccation, and 
application of trichloroacetic acid or cantharidin. 
Imiquimod’s antiviral and antitumoral properties 
may offer an effective alternative. Anecdotally, 
some patients have experienced success with imiq-
uimod, and others have not.

Several case reports have been published demon-
strating eradication of molluscum contagiosum in both 
pediatric and adult populations.37 In an open-label 

study involving 15 subjects, imiquimod 5% cream 
was applied once daily five times per week for 16 
weeks. Results demonstrated complete clearance in 
80% of the subjects.38 Furthermore, there are reports 
of immunosuppressed individuals with molluscum 
contagiosum responding to imiquimod treatment.39

Herpes Simplex Virus 2

Genital herpes is a chronic sexually transmitted 
infection of the herpes simplex virus 2 (HSV-2). 
Imiquimod has been reported to be a successful 
alternative treatment in resistant cases. However, 
these reports are anecdotal, and there are insuf-
ficient data to recommend use of imiquimod for 
HSV infection.

A case of a 34-year-old, HIV-positive man 
with herpes simplex II virus infection resistant to 
acyclovir, famciclovir, and valacyclovir has been 
reported in which imiquimod 5% cream was used 
three times in 1 week.40 Following imiquimod 
application, the lesions improved with no recur-
rence at 1 month posttreatment.

Martinez et al.41 reported the case of a 37-year-
old, HIV-positive man with a recurrent anogenital 
HSV-2 infection despite daily suppressive therapy 
with acyclovir or valacyclovir. He was treated with 
imiquimod 5% cream three times the first week and 
then two times the following week. Two weeks 
later, the skin lesions improved and HSV-2 detec-
tion by culture and polymerase chain reaction 
(PCR) remained negative. Twelve months post-
treatment, during which time the patient did not use 
suppressive therapy, no recurrence was observed.

Cutaneous Warts

Common warts, caused by HPV types 2, 4, and 
7, also appear to respond to imiquimod treatment, 
but all successful studies until now have been 
unblinded. An open-label study using imiquimod 
5% cream once daily five days per week for up 
to 16 weeks for the treatment of common warts 
resulted in complete clearance in 56% of the 
subjects.38 After approximately 9 weeks of treat-
ment, wart size was found to be reduced greater 
than 50%. At a 32-week follow-up evaluation, no 
recurrence of treated warts was observed.

An open-label trial evaluating the efficacy of imi-
quimod in the treatment of recalcitrant subungual 
and periungual warts has been conducted.42 Salicylic 
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acid was initially applied to the lesions to reduce 
hyperkeratosis and optimize imiquimod penetration. 
Imiquimod 5% cream was then applied once per day 
five times per week for 16 weeks. Results showed that 
80% (12/15) of the subjects experienced complete 
resolution after an average of 3 weeks of treatment.

Further double-blinded, placebo-controlled tri-
als should be done if convincing efficacy is to be 
established for imiquimod in the treatment of com-
mon warts.

Leishmaniasis

Leishmaniasis is a parasitic infection seen in 
developing countries. It is transmitted to humans 
through the bite of infected sandflies. Cutaneous 
leishmaniasis, the most common form of the dis-
ease, manifests as skin lesions at the infection site, 
which may last for months to years. In animal stud-
ies, imiquimod was observed to stimulate leishm-
anicidal activity in macrophages.43 Imiquimod has 
also been found to be effective in the treatment of 
cutaneous leishmaniasis when used in conjunction 
with meglumine antimonate in patients who have 
failed to respond to meglumine monotherapy.44

Cutaneous Malignancies

Nodular Basal Cell Carcinoma

Compared to sBCC, nodular BCC (nBCC) tends 
to extend deeper into the dermis. Two multicenter, 
randomized, dose-response studies were performed 
evaluating four different dosing regimens for either 
6 or 12 weeks.45 Subjects in the 6-week open-label 
study were randomized to apply imiquimod once daily 
for 3 or 7 days per week or twice daily for 3 or 7 days 
per week. Those in the 12-week placebo-controlled 
study were randomized to apply imiquimod or vehicle 
once daily for 3, 5, or 7 days per week or twice daily 
for 7 days per week. Results demonstrated that 
dosing once daily 7 days per week resulted in the 
highest clearance rates: 71% in the 6 week study and 
76% in the 12 week study. These results, although 
statistically significant, do not approach the clearance 
rates seen in the treatment of sBCC. The difference 
may be attributable to the fact that nodular tumors 
tend to be denser and extend deeper into the dermis 
as compared to superficial tumors.

A more recent open-label study in which 15 
subjects with nBCC were treated with imiquimod 

three times per week for 12 weeks yielded com-
plete clearance in 100% of the subjects.46

Basal Cell Nevus Syndrome

Basal cell nevus syndrome is an autosomal domi-
nant disorder that, in addition to various systemic 
abnormalities, manifests with multiple BCCs. The 
successful treatment of nevoid basal cell syndrome 
with imiquimod has been documented. A report of 
two nonfacial BCCs in a subject with basal nevus 
syndrome treated with imiquimod 5% cream once 
daily for 18 weeks resulted in complete clinical and 
histologic resolution.47

Lentigo Maligna and Malignant Melanoma

We consider lentigo maligna an in situ form of 
malignant melanoma. If left untreated, it may 
progress to invasive melanoma. An open-label 
study involving 30 patients with lentigo maligna 
was conducted in which imiquimod was applied 
once daily for 3 months. One month following 
treatment, 93% of subjects experienced complete 
histologic and clinical clearance.48 Before imiq-
uimod is routinely used for this condition, longer 
term follow-up is essential. Our preference is to 
use imiquimod as an adjunctive therapy following 
excision of lentigo maligna.

Cases of disseminated metastatic melanoma suc-
cessfully treated with imiquimod 5% cream have also 
been reported. A subject with a history of melanoma 
involving the right knee presented with metastasis 
to the right lower leg.49 After the metastases were 
treated with carbon dioxide laser ablation, new 
lesions appeared and were subsequently treated with 
imiquimod 5% cream three times per week. Clinical 
and histologic clearance was seen after 4 months, 
and no recurrence was observed after 15 months. 
However, we are aware of other cases in which recur-
rence appeared after successful treatment.

Bowen’s Disease (Squamous Cell 
Carcinoma in Situ) and Invasive Squamous 
Cell Carcinoma

In a phase II, open-label study, imiquimod was 
applied once daily for 16 weeks for the treatment 
of Bowen’s disease on the legs and shoulders of 15 
subjects.50 Sixteen weeks posttreatment, clearance 
rates of 93% were observed.
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Another randomized, double-blind, placebo-
controlled trial involving 31 subjects, revealed that 
those receiving imiquimod 5% cream daily for 16 
weeks resulted in 73% resolution of cutaneous 
SCC in situ with no relapse during a 9-month 
follow-up period.51

Furthermore, a recent study examined the use of 
imiquimod 5% cream once daily five times per week 
for a maximum of 16 weeks in subjects who were 
unsuitable surgical candidates.52 Following 8 to 12 
weeks of treatment, complete clinical and histologic 
resolution was observed in four of five Bowen’s dis-
ease lesions and five of seven invasive SCCs.

Cutaneous T-Cell Lymphoma

Cutaneous T-cell lymphoma manifests as patches or 
plaques in early stages to tumors and erythroderma 
in advanced stages. A preliminary open-label pilot 
study involving six subjects was performed to evalu-
ate the use of imiquimod in the treatment of patch and 
plaque stage mycosis fungoides when applied three 
times per week for 12 weeks.53 Results demonstrated 
a histologic and clinical response rate of 50%.

Human Immunodeficiency Virus–Related 
Kaposi’s Sarcoma

A case report describes resolution of HIV-related 
Kaposi’s sarcoma following daily application of 
imiquimod 5% cream for 4 months.54

Other Dermatologic Conditions

Keloids and Hypertrophic Scars

Keloids are hypertrophic scars that grow outside 
of the original borders of an injury. They represent 
an exaggerated, proliferative healing response. 
Current treatment includes intralesional corticos-
teroids, laser therapy, and cryosurgery.

Reports have shown that 24 weeks following 
the application of postoperative imiquimod 5% 
cream nightly for 8 weeks to the areas where 13 
keloids were excised surgically from 12 patients, 
none recurred.55 Another study evaluated the use 
of imiquimod 5% cream in the prevention of 
hypertrophic scarring following breast surgery. In 
this double-blind, randomized, placebo-controlled 
trial involving 15 subjects, imiquimod was applied 
over the scar once every 3 to 4 days for 8 weeks. 
Twenty-four weeks after the surgery, the imiquimod 

treated scars were noted to have improved color 
and elevation when compared to placebo.56

Porokeratosis of Mibelli

Porokeratosis of Mibelli is a disorder of epidermal 
keratinization with potential for malignant trans-
formation. A case of a 77-year old-woman with 
porokeratosis of Mibelli involving the left shin has 
been reported.57 Following application of imiquimod 
5% cream to the lesion once a day three times per 
week for 6 weeks, clinical resolution was observed 
at a 6-week posttreatment follow-up visit, and no 
recurrence was seen at a 2-year follow-up visit.

In another case report, a 12-year-old girl with 
porokeratosis of Mibelli involving her left axilla 
was treated with imiquimod 5% cream three times 
per week for 6 weeks.58 Treatment was well toler-
ated, and no recurrence was observed 2 years fol-
lowing cessation of treatment.

Infantile Hemangioma

Infantile hemangiomas are benign vascular tumors 
that present within the first year of life and sponta-
neously regress over a period of years. Case reports 
have illustrated success using imiquimod for infan-
tile hemangioma with resolution of lesions after 3 
to 5 months.59

Granuloma Annulare

Granuloma annulare is a self-limited dermatosis 
manifesting as confluent papules in an annular 
configuration often involving the extremities. A 
case of a 12-year-old girl with granuloma annu-
lare involving the right foot has been reported.60 
After failing to respond to topical superpotent 
steroids, the lesion was treated with imiquimod 
5% cream nightly for 6 weeks. Following 6 weeks 
of treatment with imiquimod, the lesion had clini-
cally resolved.

The successful use of imiquimod 5% cream in 
the treatment of granuloma annulare was also doc-
umented by Badavanis et al.61 Four subjects were 
treated with imiquimod 5% cream once daily from 
three to seven times per week for up to 12 weeks 
of treatment. One subject experienced relapse and 
was treated for an additional 6 weeks with sub-
sequent resolution. All patients remained free of 
recurrence at 18 months posttreatment.
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Conclusion

Imiquimod 5% cream, an immune response modi-
fier, offers a safe and effective alternative to abla-
tive and surgical treatments for external genital 
warts, actinic keratoses, and superficial basal cell 
carcinomas. Although surgical excision may be 
more efficacious in the treatment of skin cancers, 
imiquimod may serve as a tissue-sparing, cosmeti-
cally appealing, and cost-effective option to those 
patients who are poor surgical candidates, who 
refuse surgery, or whose anatomic site is not ame-
nable to surgery. As a stimulator of both innate and 
acquired immune responses with resultant antiviral 
and antitumoral effects, imiquimod demonstrates 
potential in the treatment of several other virus-
associated and oncologic cutaneous conditions.
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Key Points

• New antiinflammatory therapies against atopic 
dermatitis and other inflammatory skin diseases 
have become available in recent years.

• Topical calcineurin inhibitors include tacrolimus 
and pimecrolimus.

• Topical calcineurin inhibitors exert a potent anti-
inflammatory activity with a low immunosup-
pressive potential.

In recent years, major findings such as blockade of 
the calcineurin pathway in T lymphocytes led to 
the identification of novel targets for the treatment 
of inflammatory skin diseases. The first systemic 
specific calcineurin inhibitor (CI) for the treatment 
of inflammatory skin diseases was cyclosporin A 
(CsA), which demonstrated efficacy both in psoria-
sis and atopic dermatitis. Because of its systemic 
adverse effects and the inability to generate a topical 
CsA compound, there still exists a need for better 
immunomodulatory agents.

Later, the calcineurin inhibitor tacrolimus (FK 
506) was successfully approved as an efficient topi-
cal drug.1 Recently, another calcineurin inhibitor 
(pimecrolimus, ASM 981) has been developed and 
approved for the topical treatment of atopic dermati-
tis. Both CIs have been shown to function as effective 
inhibitors of inflammatory responses in the skin. Both 
appear to target not only T cells but also other inflam-
matory cells such as mast cells, for example.2 Since 
recent reviews have demonstrated the efficacy of 
modern topical glucocorticoids, this chapter focuses 
on topical CI, and briefly discusses recent promising 
developments of topical antiinflammatory agents.3–12

Besides CIs, glucocorticoids are widely used 
topical antiinflammatory agents in dermatology. 
In recent years, their effects as well as the adverse 
events have become apparent.13–17 Because the use 
of glucocorticosteroids is discussed in Chapter 32, 
this chapter focuses on the impact of CIs as antiin-
flammatory agents in dermatology.

Mechanism of Calcineurin 
Inhibition by Tacrolimus 
and Pimecrolimus

Tacrolimus and pimecrolimus are ascomycin macro-
lactam derivatives produced by bacteria. While 
tacrolimus is a product of Streptomyces tsukubaensis, 
pimecrolimus was generated from Streptomyces 
hygroscopicus var. ascomycetus. Both bind, albeit 
with different affinity, to a cytosolic immunophilin 
receptor, defined as FK-binding protein-12 (macrophi-
lin-12).9 After binding, the macrophilin complex asso-
ciated with either tacrolimus or pimecrolimus inhibits 
a calcium-dependent serine-threonine phosphatase, 
defined as calcineurin. Thereby, dephosphorylation 
and nuclear translocation of a cytosolic transcrip-
tion factor, the nuclear factor of activated T-cell 
protein (NF-ATp) is inhibited.6,18 Therefore, both 
tacrolimus and pimecrolimus can be defined as CIs.

In Vitro Effects

Tacrolimus and pimecrolimus inhibit the production 
of T1 and T2 cytokines such as interleukin-2 (IL-2), 
IL-4, IL-8, tumor necrosis factor-α (TNF-α), and 
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interferon-γ (IFN-γ) in vitro, and the generation of 
granulocyte-macrophage colony-stimulating factor 
(GM-CSF) can be blocked by these compounds. 
Pimecrolimus is also capable of supporting anti-
inflammatory effects on T-helper-2 (Th2) cells by 
downregulating IL-5 and IL-13 in CD4+ as well 
as in CD8+ T cells,19 diminishing the number of 
CD1+ inflammatory dendritic cells from the epi-
dermis,19,20 and stimulating apoptosis in skin T 
cells but not in Langerhans’ cells.20 In mast cells, 
pimecrolimus inhibits the release of mast cell media-
tors such as histamine.1,18,21 In contrast to GC, the 
topical application of pimecrolimus does not affect 
the density of epidermal Langerhans’ cells,22 and 
does not alter the function of dendritic cells with 
respect to co-stimulatory molecule expression or 
T-cell proliferation.23 In keratinocytes or endothelial 
cells, pimecrolimus does not affect cell adhesion 
molecule expression.

In contrast to pimecrolimus, tacrolimus modu-
lates certain effects of inflammatory dendritic 
epidermal cells (IDECs) such as the expression of 
the high-affinity receptor for IgE (FcεRI).21,24,25 
Tacrolimus also inhibits apoptosis of keratinocytes 
and T cells, thereby suppressing chemokine secre-
tion by eosinophils and release of inflammatory 
mediators from mast cells.20 In contrast to corti-
costeroids, neither tacrolimus nor pimecrolimus 
affects fibroblast functions such as collagen 
synthesis and therefore do not cause skin atrophy. 
In contrast to GC, pimecrolimus does not impair 
epidermal barrier function. This may explain why 
tachyphylaxis has not been observed upon treatment 
with topical CI.

In Vivo Effects

The in vivo antiinflammatory capacities of tac-
rolimus and pimecrolimus have been investigated 
in several animal models of contact dermatitis. 
Both compounds block the elicitation phase of 
contact dermatitis, thereby diminishing the inflam-
matory activity. The in vitro evidence of a sig-
nificantly lower immunosuppressive potential of 
pimecrolimus in comparison to tacrolimus has 
been supported by in vivo animal studies. Here, 
pimecrolimus, in contrast to tacrolimus, had no 
effect on the sensitization phase of allergic contact 
dermatitis and thus apparently does not impair the 
primary immune response. This has been further 

supported by a variety of other animal models of 
immune-mediated diseases. Using a localized rat 
model of graft-versus-host reaction, pimecrolimus 
was significantly less effective than tacrolimus. In 
another rat model of kidney transplantation, pime-
crolimus again was less effective in preventing 
graft rejection when compared to tacrolimus or 
cyclosporin A. Moreover, upon investigation of 
the effect on T-helper-cell–assisted B-cell acti-
vation in rats, pimecrolimus turned out to be 
significantly weaker when compared to that of 
tacrolimus.24,26,27

Pharmacokinetic Studies

The question of potential systemic exposure is 
one major concern in the development of a novel 
compound for topical application. Therefore, the 
capacity of pimecrolimus to penetrate into the skin 
and to permeate through the skin was investigated 
in vitro using human cadaver skin in comparison 
to corticosteroids or tacrolimus. Accordingly, the 
amount of pimecrolimus penetrating into the skin 
was similar to that of corticosteroids or tacrolimus. 
However, pimecrolimus was observed to perme-
ate significantly less through skin in comparison 
to corticosteroids or tacrolimus.28 Therefore, one 
may suggest that following the topical application 
of pimecrolimus, the risk of systemic exposure is 
low and the ultimate possibility of systemic side 
effects is most unlikely.27 This has been supported 
by several pharmacokinetic studies, which proved 
that after topical use of pimecrolimus in patients 
with atopic dermatitis, serum concentrations were 
equally low regardless of the age, severity of disease, 
and body area treated. In 99% of the samples 
tested, concentrations were below 2 ng/mL, which 
is far below the level of 10 to 15 ng/mL, which is 
required for a systemic antiinflammatory effect.29 
In contrast to tacrolimus, serum concentrations of 
pimecrolimus in this range did not cause systemic 
adverse events as has been shown in several 
clinical trials.30,31

Although the metabolism of pimecrolimus in 
the skin has not yet been carefully investigated, it 
might be assumed that it is removed by desqua-
mation. In contrast, serum tacrolimus levels after 
topical application were detected more frequently 
following topical application in patients with atopic 
dermatitis. However, usually these levels were low 
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and transient because circulating tacrolimus was 
no longer detectable upon improvement of skin 
barrier function after short-term treatment.32 The 
reason for the observed differences between 
tacrolimus and pimecrolimus, however, is not com-
pletely understood. One possible explanation may 
be the different structure, lipophilicity, as well as 
content of lipophilic groups of these compounds. 
Moreover, pimecrolimus in contrast to tacrolimus 
has a high affinity for epithelial structures such as 
the skin but a low affinity for lymphoid organs.27 
Pharmacokinetic long-term studies over 1 year 
have further demonstrated33 that the blood concen-
trations of pimecrolimus cream were rather low; 
moreover, no accumulation was observed and only 
a minimal increase was detected with increasing 
body surface area (BSA) during treatment.33,34 
These results suggest that pimecrolimus does not 
cause any detectable systemic effects during long-
term studies.35,36

Clinical Studies on Efficacy and 
Safety of Calcineurin Inhibitors

Both CIs have been developed for the topical treat-
ment of atopic dermatitis and are approved for this 
indication in many countries around the world. 
Tacrolimus can be obtained as 0.03% and 0.1% 
ointment (Protopic®), whereas pimecrolimus is 
available as a 1% cream (Elidel®). While tacrolimus 
is approved for the treatment of moderate and severe 
atopic dermatitis in adults and children ≥2 years old, 
pimecrolimus cream (1%) is available and approved 
for mild and moderate cases of atopic dermatitis in 
adults and children ≥2 years old. In some countries, 
pimecrolimus has been approved for the therapy of 
atopic dermatitis regardless of age and severity of 
the disease.37–39 For both CIs, several clinical trials 
verified both compounds to be highly effective for 
the treatment of atopic dermatitis.9,24,40

Meanwhile, topical CIs have been established 
or reported as alternative therapeutic strategies for 
skin diseases other than atopic dermatitis. Both 
tacrolimus ointment and pimecrolimus cream have 
been documented as successful treatment modali-
ties for rosacea, lichen planus, psoriasis, lichen 
sclerosus et atrophicans, lupus erythematosus, and 
many others (reviewed elsewhere39).

From an economic point of view, in the long 
run CIa have been shown to be cost-effective,41 
although at the moment they are more expensive 
than glucocorticoids.42 However, as already 
mentioned, one has to consider age (infants, 
children, elderly people with skin atrophy), local-
ization (face, groin inframammary area), and 
severity (large proportions of the skin), for in 
these cases CIs are superior and safer therapeutic 
modalities. Thus, a fair calculation between CIs 
and other drugs such as glucocorticoids (GCs) 
may be difficult.41,43,44 More studies are needed to 
further calculate costs of GC versus CI therapy.

In the first clinical trial of adults with atopic der-
matitis, tacrolimus ointment significantly reduced 
skin lesions and pruritus within 3 weeks of treat-
ment.45 Subsequently, randomized double-blind 
controlled studies further defined the efficacy, toler-
ability, and safety of tacrolimus.44,46 In adults, 0.1% 
tacrolimus ointment was as effective as hydrocorti-
sone butyrate 0.1% ointment.44,47 In children (2 to 
15 years), 0.03% ointment was more effective as 
compared to 1% hydrocortisone acetate ointment,48 
and more effective than a mild topical glucocor-
ticoid ointment.44 Subsequently, tacrolimus was 
compared to various topical glucocorticoids. In a 
meta-analysis of 25 randomized controlled trials, 
tacrolimus 0.1% ointment was superior to hydro-
cortisone acetate (1%), hydrocortisone valerate, and 
hydrocortisone butyrate (0.1%), whereas tacrolimus 
(0.03%) ointment was as effective as hydrocorti-
sone acetate (1%), but less effective than hydro-
cortisone butyrate.

After these successful short-term studies 
revealing efficacy of topical tacrolimus, a multi-
center, open-label, noncomparative trial was per-
formed.49 Within the first week of treatment, 
most of these patients experienced a significant 
amelioration of eczema and pruritus. Of note, an 
increasing improvement was observed until month 
3 after treatment. After 12 months, an excellent 
improvement (≥90%) or clearance of the symptoms 
was reported in 68.2% of patients. An improve-
ment (≥50%) was noted in 90.9% of the cases.50 
Laboratory parameters did not change significantly 
during the study period. A burning sensation (47%) 
usually terminated upon initiation of treatment, 
and only occasionally caused burning or itching.50 
Importantly, no tachyphylaxis was observed in 
these patients. The excellent long-term efficacy 
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of tacrolimus ointment for the treatment of atopic 
dermatitis in children as well as adults was verified 
in several clinical studies.51

By measuring tacrolimus plasma levels in patients 
treated with tacrolimus ointment it was revealed 
that in 67.1% of patients tacrolimus plasma levels 
remained below the level of detection. High levels 
were found only in 0.4% (≥5 ng/mL) of patients.52 
In patients with Netherton’s syndrome, blood 
concentrations over 20 ng/ml could be detected.53 
Despite these rare cases, systemic exposure after 
topical application of tacrolimus is very low. In sum-
mary, there is no evidence for systemic accumulation 
resulting in adverse side effects following the 
long-term treatment with tacrolimus ointment.54

The efficacy of pimecrolimus 1% cream for the 
treatment of atopic dermatitis in adults, children, and 
infants was verified in several clinical trials.4,24,39,55–58 
Importantly, no significant drug-related adverse 
events were observed in these studies when applied 
twice daily. In comparison to both corticosteroids 
and tacrolimus, the capacity of pimecrolimus to 
permeate through the skin was significantly lower, 
indicating a very low risk of systemic exposure 
following the topical application of pimecrolimus 
cream.27 This is also supported by studies with 
patients suffering from Netherton syndrome.59,60 
Therefore, long-term studies indicate a very low 
potential of systemic toxicity, immunosuppression, 
and local or systemic infections for pimecrolimus 
1% cream.61–63

In children (2 to 17 years) and infants (3 to 
23 months) with mild, moderate, or even severe 
atopic dermatitis, several multicenter clinical tri-
als have further demonstrated,64 that pimecrolimus 
1% cream is highly effective within 8 days for 
treating both the eczema and the pruritus. No side 
effects including viral or bacterial infections were 
reported.56,65,66 Thus pimecrolimus 1% cream is 
a safe and effective therapeutic option in chil-
dren and infants with atopic dermatitis. Of note, 
significantly more patients in the pimecrolimus 
group were maintained without glucocorticoid 
therapy.65,67

Due to its efficiency and low profile of adverse 
events, it is recommended to begin a topical CI 
therapy at an early stage of atopic dermatitis 
and probably for other inflammatory skin dis-
eases.40,68 Under these circumstances, when the 
disease develops during CI therapy, an intermittent 

use of other antiinflammatory compounds such 
as GC will be beneficial.69 Tacrolimus ointment 
and pimecrolimus cream may even have a pro-
phylactic effect when used intermittently after 
an episode of atopic dermatitis when patients 
still suffer from pruritus (every second to third 
day). In two clinical trials the efficiency of pime-
crolimus was compared to that of glucocorticoids. In 
a short-term study pimecrolimus was less effec-
tive after 3 weeks than betamethasone valerate, 
although the maximal efficacy of pimecrolimus 
was not studied in detail. Moreover, in a long-
term, double-blind, randomized multicenter 
clinical trial, the efficacy of pimecrolimus was 
compared to that of triamcinolone-acetonide 1% 
cream or 1% hydrocortisone. Although in both 
groups a significant improvement was observed, 
less severe side effects were observed in the 
pimecrolimus group.70–73

Effects of Calcineurin Inhibitors on 
Innate Immunity and Host Defense

The safety and tolerability of tacrolimus ointment 
has been demonstrated in children and adults with 
atopic dermatitis. The most common local adverse 
event was a sensation of burning (in 29.9% of 
children and 46.8% of adults). Transient itching 
was noted in some children (23.1%) and adults 
(25.8%), which was most likely due not to infec-
tion but to neuronal activation.74 The local adverse 
events were only noted during the first few days of 
treatment and were mild to moderate.51 Concerning 
side effects on skin appendages, the risk of devel-
oping folliculitis or acne was increased in a few 
young adults.50

An increased rate of bacterial skin infections 
could not be observed,50 and a decreased coloni-
zation with Staphylococcus aureus in the ecze-
matous skin lesions was observed,75 which may 
be due to a normalization of cutaneous innate 
immunity after restoration of skin integrity. Atopic 
dermatitis patients exert an impaired capacity to 
produce antimicrobial peptides such as defensins 
and cathelicidins.76–82 This effect may be due to 
a predominant T2 immune response in atopic 
individuals. Moreover, IL-4 and IL-13, which are 
increased in atopic dermatitis, inhibit the produc-
tion of antimicrobial peptides.82
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A slight, nonstatistically significant, increase 
of local viral infections such as herpes simplex 
was reported.11 However, none of these cases 
caused a therapeutic problem.83 The idea that 
pimecrolimus exerts long-term preventive effects 
in atopic dermatitis was verified by studies show-
ing no relation between pimecrolimus treatment 
and the occurrence of eczema herpeticatum.84,85 
Moreover, clinical investigations verified that 
pimecrolimus 1% cream was not associated with a 
significantly increased risk of the development of 
fungal, bacterial, or viral skin infections.61–63

By using recall antigen tests, no impaired cellular 
immune response was observed in the skin even after 
long-term application of tacrolimus 0.1% ointment.50 
Thus, tacrolimus-associated infections may not be 
regarded as a major risk factor in atopic dermatitis. 
Moreover, there is no evidence that the capacity to 
respond to vaccination with an appropriate antibody 
production is affected after topical pimecrolimus 
therapy. It does not alter the migratory capacity 
of antigen-presenting dendritic cells and does not 
impair the primary immune response.

Despite these studies and reports, cessation of 
topical application with CI is recommended until 
total clearance of a viral infection. Surprisingly, the 
incidence of bacterial infections was found to be 
decreased during the application of pimecrolimus 
or tacrolimus. This was most likely due to a nor-
malization of innate defense mechanisms.82

Effects of Calcineurin Inhibitors 
on Pruritus

Calcineurin inhibitors play an important role in the 
treatment of atopic-induced pruritus.86 Of note, a 
significant improvement of pruritus was observed 
within a few days of treatment using pimecrolimus 
cream,63 which has a beneficial effect on the quality 
of life in patients with atopic dermatitis.62 Within 
1 week of treatment pruritus was significantly 
decreased in these patients.87 Thus, pimecrolimus 
1% cream is effective for the treatment of mild, mod-
erate, and severe atopic dermatitis in adults as well 
as children and infants. In randomized multicenter, 
double-blind studies it was further demonstrated that 
significantly fewer infants treated with pimecrolimus 
developed severe flares as compared to controls.61,63 
Itchy lesions that are often resistant to therapy, 

such as on the face and neck, also responded well 
to pimecrolimus therapy.65 The same adverse events 
were also observed with tacrolimus in patients with 
atopic dermatitis, namely burning and a feeling of 
warmth. These sensations were regarded as mild and 
transient, lasting only 1 to 3 days.61–63 This seems 
to be dependent on a transient release of preformed 
neuromediators such as substance P (SP) and calci-
tonin gene–related peptide (CGRP) from primary 
afferent nerve endings.74,86,88

Effects of Calcineurin Inhibitors 
on Atrophy

The effect of tacrolimus on fibroblast collagen 
formation was also determined in a double-blind 
study. Tacrolimus (0.03% and 0.1%), betametha-
sone valerate, and a vehicle control were compared 
after 1 week of application for skin thickness and 
procollagen peptide concentration in suction blis-
ter fluids. In contrast to betamethasone valerate, 
tacrolimus had no effect on procollagen propeptide 
production and caused no reduction of skin thick-
ness.89 Thus, the absence of skin atrophy is a major 
advantage in the treatment of CI.1,7 In summary, 
it is well documented that pimecrolimus does 
not affect collagen synthesis and therefore does not 
cause skin atrophy in mice or humans.90

Risk of Pimecrolimus by Ultraviolet 
Exposure and in Skin Cancer

The use of systemic immunosuppressants such as 
cyclosporin A is well known to be associated with 
an increased risk for the development of ultraviolet 
(UV)-induced skin cancer such as basal cell car-
cinoma and squamous cell carcinoma, as well as 
of the development of actinic keratosis.91,92 The 
long-term experience with topical corticosteroids 
indicates that they might not be applicable for local 
treatment with immunomodulators. Therefore, it 
was necessary to analyze the incidence of develop-
ing skin cancer after treatment with tacrolimus. 
The incidence of skin cancer following the use of 
tacrolimus ointment has remained very low.93

In contrast, it is well documented from animal 
studies that tacrolimus inhibits the development 
of phorbol ester-(TPA)-induced skin tumors.94 
Tacrolimus also suppresses transforming growth 
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factor-β1 receptor (TGFβ1R) activation,95 and pre-
vents keratinocyte apoptosis.96

Importantly, various animal studies have demon-
strated that the topical application of pimecrolimus 
cream and additional UV-irradiation were not asso-
ciated with an increased incidence of epidermal or 
melanocytic skin tumors.10 Moreover, topical treat-
ment with tacrolimus and pimecrolimus prevents 
the UV-mediated formation of dimethyl-thymidine 
dimers, suggesting a protective effect of these 
compounds against UV exposure. However, future 
controlled studies are required to further eluci-
date the role of CI in UV-mediated skin damage. 
Meanwhile, a preventive strategy using appropriate 
sunscreens with topical CI treatment is recom-
mended.10,11,97,98

The question of tumor formation following 
long-term treatment with topical tacrolimus can-
not be definitively answered at present. Therefore, 
concomitant UV therapy should be avoided and the 
patients should be instructed to use UV-protective 
measures.10,99

Comparison of Topical Calcineurin 
Inhibitors

In a multicenter, randomized study, it was shown 
that tacrolimus 1% ointment was more effective 
than pimecrolimus 1% cream in adults and children 
with moderate/severe atopic dermatitis (AD) and at 
week 1 with mild AD. Tacrolimus was also supe-
rior with respect to itch scores and onset of action 
while no differences were observed concerning 
adverse side effects.100 In summary, the first clini-
cal trials already provided evidence for tacrolimus 
and pimecrolimus as safe and effective topical 
compounds for the treatment of AD in adults and 
children, with improvement both in pruritus as 
well as eczematous lesions.46 A recent clinical 
investigator-blinded trial compared pimecrolimus 
1% cream and tacrolimus 0.03% ointment in 
children. The efficacy of pimecrolimus 1% cream 
was comparable to that of tacrolimus 0.03% oint-
ment. Pimecrolimus cream was better tolerated, 
and lesions in the face and neck healed faster after 
treatment with pimecrolimus cream.101–103

However, one has to consider that the vehicle of 
tacrolimus and pimecrolimus is different: while tac-
rolimus is approved as an ointment, pimecrolimus 

is a cream. Therefore, patients with dry skin show 
a better tolerability of the ointment (tacrolimus), 
while the cream is predominantly preferred by 
patients with acute, erosive lesions.

Conclusion

Topical CIs have established a novel, broad, effec-
tive, and safe treatment modality for mild to 
severe subtypes of atopic dermatitis and other 
inflammatory skin diseases. During the usage of 
topical tacrolimus or pimecrolimus, respectively, 
adverse side effects are rare. Topical CIs are the 
first antiinflammatory compounds that are suitable 
for effective, long-term treatment of inflammatory 
skin diseases. Moreover, they also may be used as 
an early local therapy when the first signs of itch-
ing and eczema appear. Perhaps early and effec-
tive local therapy using these novel compounds in 
infants and children may even have a preventive 
effect.5,11 Therefore, early therapeutic intervention 
is recommended when lesions or pruritus occur. 
However, clinical studies are still required to inves-
tigate the course of the chronic skin disease treated 
with CIs with respect to the frequency and severity 
of the skin lesion. There is evidence that the qual-
ity of life in these patients and their relatives has 
significantly improved.5,11

The availability of tacrolimus ointment and 
pimecrolimus cream as two different formulations 
is useful because the different vehicle formulations 
vary regarding skin dryness, patient age, and sever-
ity of the disease. Because of its profile and vehicle 
pimecrolimus 1% cream can be recommended in 
infants and children.27,104

Thus far, successful treatment with topical CI has 
been described in atopic dermatitis,7,10,68,69,72,105,106 
seborrheic eczema,107 steroid-induced perioral der-
matitis, steroid-induced rosacea,108 erythrotelangiec-
tatic as well as papulopustular and edematous 
rosacea,109 perianal dermatitis, chronic actinic der-
matitis,110 disseminated granuloma annulare,111,112 
lichen planus,113 hand eczema, mucous lesions of 
lichen planus,114 lichen sclerosus et atrophicans, 
pyoderma gangrenosum, lupus erythematosus, der-
matomyositis, bullous autoimmune diseases, lichen 
amyloidosus, lichen aureus and chronic actinic 
dermatitis,5,11,104,111,115–118 chronic graft-versus-host 
disease,119,120 asteatotic eczema,121 and vitiligo,122 
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although UV light may be additionally manda-
tory.123,124 In contrast, treatment of alopecia areata 
in humans with CI was not effective.123

The introduction of topical CI as antiinflamma-
tory agents to combat inflammatory skin diseases 
has already changed our position about the optimal 
treatment of inflammatory and autoimmune skin 
diseases. However, the future position of topical 
CI for the treatment of atopic dermatitis and other 
inflammatory skin diseases depends on further 
well-controlled clinical trials.

In the last few years, a huge improvement has 
been observed for the development of new anti-
inflammatory therapies against atopic dermatitis 
and other inflammatory skin diseases by immu-
nomodulatory agents. As new topical compounds, 
calcineurin-inhibitors or glucocorticoids with less 
severe adverse events have to be mentioned. Topical 
CIs such as tacrolimus or pimecrolimus exert a 
potent antiinflammatory activity with a low immu-
nosuppressive potential. In many controlled clinical 
trials, tacrolimus ointment as well as pimecrolimus 
cream have been shown to be highly effective and 
safe. They are also well tolerated and do not induce 
skin atrophy in long-term studies. One of the major 
adverse events observed with CIs is a transient 
sensation of burning, which ceases within days. 
UV-protective modalities are recommended during 
the treatment of topical CI, although side effects 
such as skin cancer and systemic immunosuppres-
sion have not been observed as of yet in controlled 
clinical studies. In addition to atopic dermatitis 
topical CI are effective agents for the treatment of 
many inflammatory skin diseases including perioral 
dermatitis, seborrheic eczema, and lichen sclerosus 
et atrophicus. Future studies will have to determine 
whether early and perhaps prophylactic application 
of topical CI may prolong or prevent the onset of 
inflammatory responses in various skin diseases. 
In recent years, our knowledge about potent topi-
cal GCs with fewer side effects has also greatly 
improved. Long-term studies revealed a low poten-
tial of topical GC to induce atrophy as compared to 
classic GC. Thus, modern topical treatments with 
topical CI and GC have established an improvement 
for the treatment of atopic dermatitis. However, 
other novel specific antiinflammatory therapies are 
still needed for rapid and safe long-term treatments 
for atopic dermatitis and other inflammatory or 
autoimmune skin diseases.
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Key Points

• Traditional immune modulating drugs include 
calcineurin inhibitors, antimetabolites, and 
alkylating agents.

• Antimetabolites include purine analogues 
(e.g., azathioprine and mycophenolate mofetil), 
and folate antagonists (e.g., methotrexate and 
dapsone).

• The most widely used systemic calcineurin 
inhibitor is cyclosporine.

• The most commonly used alkylating agent is 
cyclophosphamide.

The subject of traditional immune modulating drugs 
is potentially vast. However, only a small number 
of these drugs are commonly used by dermatolo-
gists. This chapter addresses the key mechanisms 
of how the majority of inflammatory skin diseases 
are treated, and discusses six systemic drugs 
from four drugs groups: (1) calcineurin inhibi-
tors: cyclosporine; (2) antimetabolites/purine ana-
logues: azathioprine and mycophenolate mofetil; 
(3) antimetabolites/folate antagonists: methotrexate 
and dapsone; and (4) alkylating agents: cyclophos-
phamide (Table 31.1). This classification scheme is 
a reasonable way to categorize the drugs, although 
it should be noted that several of these drugs have 
mechanisms of action that differ from the above 
categories. Furthermore, it is not realistic to discuss 
all available immune-modulating drugs; several 
notable drug groups not covered in this chapter 
include retinoids, antimalarials, and interferons.

The emphasis here is on the primary mecha-
nisms of action, particularly as these mechanisms 

relate to common indications, significant adverse 
effects, and drug interactions. The discussion 
of these indications, adverse effects, and drug 
interactions is brief, emphasizing those with 
the greatest clinical relevance for the practicing 
dermatologist. Chapters and reviews the provide 
greater detail are cited.

In the past I have divided the above drugs 
into two broad groups: immunosuppressive and 
antiinflammatory. But many drugs overlap the 
categories; methotrexate, for example, has both 
immunosuppressive and antiinflammatory mecha-
nisms. Thus, considering the drugs discussed as 
“immune modulating” in a broad sense is a very 
reasonable approach.

Cyclosporine

Mechanisms of Action1

The most established role of CsA in psoriasis 
and other immune-mediated dermatoses is its 
effect on T lymphocytes.2 Calcineurin is a cal-
cium- and calmodulin-dependent enzyme that is 
of central importance to the T-cell amplification 
of the immune response, in particular inducing 
increased levels of interleukin-2 (IL-2) (Fig. 31.1). 
Cyclosporine inhibits calcineurin, which leads to 
reduced activity of the transcription factor, nuclear 
factor of activated T cells 1 (NFAT-1).3 This 
 transcription factor is important in regulating tran-
scription of a number of cytokine genes, the most 
significant being IL-2. Because IL-2 causes the 
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proliferation of activated helper T cells (CD4) and 
cytotoxic T cells (CD8), impaired IL-2 production 
leads to a decline in the number of activated CD4 
and CD8 cells in the epidermis and dermis.

In addition, cyclosporin A (CsA) inhibits the 
production of interferon-γ, which in turn downreg-
ulates intercellular adhesion molecule 1 (ICAM-1) 
production. ICAM-1 is expressed on the surface 
of various cells such as keratinocytes and dermal 

capillary endothelium, playing an important role 
in the immune process by affecting trafficking of 
various inflammatory cells. Finally it is important 
to note that cyclosporine is a cytochrome P-450 
(CYP) 3A4 substrate and inhibitor, explaining 
many of the numerous potential drug interactions 
involving cyclosporine.

Clinical Applications of Cyclosporine 
Mechanisms1

Common Indications

 1. Psoriasis, atopic dermatitis, refractory urti-
caria; T-cell inhibition through cyclosporine 
inhibition of calcineurin and resultant reduced 
NFAT-1 production.

 2. Pyoderma gangrenosum, immunobullous 
dermatoses (pemphigus and pemphigoid), 
autoimmune connective tissue diseases (der-
matomyositis), and many others; additional 
dermatoses in which the T cell has a key role 
in the pathogenesis.

Significant Adverse Effects

 1. Renal disease and resultant hypertension; kidney 
has relatively high levels of calcineurin.

Table 31.1. Traditional immune-modulating drugs.

  Specific enzyme(s) 
Category Drug name inhibited

Calcineurin  Cyclosporine Calcineurin
inhibitors

Antimetabolites/  Azathioprine None
purine 
analogues

  Mycophenolate  Inosine monophosphate
  mofetil  dehydrogenase

Antimetabolites/  Methotrexate Dihydrofolate reductase
folate 
antagonists

   Thymidylate synthetase
  Dapsone Dihydropteroate 

   synthetase
   Myeloperoxidase
Alkylating agents Cyclophos- None 

 phamide

Fig. 31.1. Cyclosporine inhibition of calcineurin. * IL, interleukin; MHC, major histocompatibility complex
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 2. Neurologic adverse effects (such as tremors, 
headache, paresthesias); various neurologic 
cell types likewise with relatively high levels 
of calcineurin.

Drug Interactions

 1. Macrolides (erythromycin > clarithromycin), 
azole antifungals (ketoconazole > itracona-
zole); cyclosporine toxicity due to these CYP 
3A4 inhibitors.

 2. Rifampin (and other “enzyme inducers”); loss of 
cyclosporine efficacy due to CYP 3A4 inducers.

 3. “Statins” such as simvastatin, atorvastatin, 
lovastatin > rosuvastatin, fluvastatin (best 
choice pravastatin with no CYP metabolism); 
cyclosporine CYP 3A4 inhibition increasing 
the risk of rhabdomyolysis from these statins.

4. Numerous other CYP-based drug interactions 
(see pertinent table in Lee and Koo1).

Azathioprine

Mechanisms of Action4

Azathioprine’s active metabolites are 6-thioguanine 
(6-TG) monophosphate and other 6-TG metabo-
lites; these metabolites are structurally very similar 
to the endogenous purines adenine and guanine. 

This structural similarity to the endogenous purines 
allows these 6-TG metabolites to be incorporated 
into DNA and RNA, inhibiting purine metabolism 
and cell division.5,6 T-cell–mediated function is 
depressed, and antibody production is diminished in 
the B cell.7 Azathioprine also decreases the number of 
Langerhans’ cells (and the ability to present antigens) 
and other antigen-presenting cells in the skin.8

Azathioprine is a prodrug which is rapidly con-
verted to 6-mercaptopurine (6-MP) upon absorp-
tion. There are three metabolic pathways which 
subsequently metabolize 6-MP: (1) hypoxanthine-
guanine phosphoribosyltransferase (HGPRT), 
which leads to formation of the active 6-TG metab-
olites; (2) thiopurine methyltransferase (TPMT), 
which leads to inactive metabolites; and (3) xan-
thine oxidase (XO), which also leads to inactive 
metabolites (Fig. 31.2).

The degradative pathways TPMT and XO may 
indirectly alter the levels of 6-TG metabolites in 
different ways. The TPMT activity is reduced or 
absent in certain patients with a genetic polymor-
phism, while XO can be inhibited by drug interac-
tions with azathioprine involving allopurinol.9,10 
The net effect of these clinical scenarios is the risk 
of significant myelosuppression due to increased 
6-TG metabolites. In contrast, patients with high 
levels of TPMT have relatively low levels of the 
active 6-TG metabolites and may be therapeuti-
cally underdosed with azathioprine.11,12

Fig. 31.2. Azathioprine metabolic pathways *
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It is important to note that significant variation of 
TPMT activity is present when comparing different 
ethnic groups. Genetic testing (genotype) for TPMT 
is readily available, and can generally at least verify 
that the patient is a homozygote for high activity 
(TPMT 1*/1*) or a heterozygote for high activ-
ity (TPMT 1*/other allele). Functional assays of 
thiopurine methyltransferase red blood cell (RBC) 
activity are also available and widely utilized.11

Clinical Applications of Azathioprine 
Mechanisms4

Common Indications

 1. Pemphigus and pemphigoid spectrums; aza-
thioprine inhibition of antibody production.

 2. Cutaneous vasculitis (refractory), pyoderma 
gangrenosum, severe atopic dermatitis, chronic 
actinic dermatitis, sarcoidosis; inhibition of 
T-cell function.

Significant Adverse Effects

 1. Carcinogenicity including non-Hodgkin’s B-
cell lymphomas (this does not appear to be a 
significant risk with dermatologic conditions 
with immunologic etiologies; no doubt is a 
risk with organ transplantation patients), due 
to altered immune surveillance resulting from 
azathioprine immunosuppressive properties.

 2. Myelosuppression, especially with geneti-
cally decreased TPMT levels, shunting 6-MP 
increasingly to HGPRT pathway, resulting in 
increased 6-TG metabolites.

 3. Opportunistic infections (theoretically; in reality 
opportunistic infections are very uncommon 
with azathioprine use for dermatologic indi-
cations), due to altered immune surveillance 
resulting from T-cell and B-cell effects of aza-
thioprine.

 4. Gastrointestinal (GI) adverse effects, such as 
rapidly dividing cells given that azathioprine a 
cell-cycle–specific antimetabolite.

Drug Interactions

Allopurinol; XO inhibition by allopurinol shunts 
increased amounts 6-MP through the HGPRT path-
way, leading to increased 6-TG metabolites.

Mycophenolate Mofetil

Mechanisms of Action13

Mycophenolate mofetil is rapidly converted to 
mycophenolic acid (MPA). On systemic absorp-
tion, MPA is inactivated by glucuronidation in the 
liver, and subsequently converted back to its active 
form by β-glucuronidase within the epidermis and 
gastrointestinal tract.

Mycophenolic acid has a key role in immune-
mediated skin diseases by inhibiting de novo 
purine synthesis. It is a noncompetitive inhibitor of 
inosine monophosphate dehydrogenase (Fig. 31.3). 
Cells relying on de novo purine synthesis, rather 
than the purine salvage pathway, are preferentially 
affected. Therefore, the proliferative responses of 
T lymphocytes and B lymphocytes, which lack the 
purine salvage pathway, are blocked.14,15 Virtually 
all other cell lines in the body can utilize the 
purine salvage pathway, which lessens the nega-
tive effects of this drug on nonimmunologic cells. 
Mycophenolic acid also leads to decreased levels 
of immunoglobulins and decreased delayed-type 
hypersensitivity responses.16

Clinical Applications of Mycophenolate 
Mofetil Mechanisms13

Common Indications

1. Pyoderma gangrenosum, psoriasis; relatively 
selective T-cell inhibition by mycophenolate 
mofetil.

2. Immunobullous dermatoses (including cicatricial 
pemphigoid, pemphigus vulgaris, others); rela-
tively selective B-cell inhibition by this drug.

Significant Adverse Effects

1. Gastrointestinal adverse effects; antimetabolite, 
cell-cycle specific effects on rapidly divid-
ing cells theoretically; however, these cells in 
the GI tract largely have salvage pathway for 
purine metabolism.

2. Relatively small number of serious adverse 
effects; probably the result of the selectivity 
for the mechanism, with effects primarily on 
lymphocyte subsets.
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Drug Interactions

Azathioprine, methotrexate, tumor necrosis factor 
(TNF) inhibitors; pharmacodynamic interaction 
with potential for increased myelosuppression or 
opportunistic infections

Methotrexate

Mechanisms of Action17

Methotrexate competitively and reversibly binds 
to dihydrofolate reductase, which prevents the 
conversion of dihydrofolate to tetrahydrofolate 
(Fig. 31.4). Tetrahydrofolate is a necessary 
cofactor in the synthesis of thymidylate and 
purine nucleotides needed for DNA and RNA 
synthesis. A partially reversible, competitive 
inhibition of thymidylate synthetase also occurs 
within 24 hours after administration of meth-
otrexate. Methotrexate is an antimetabolite 
specific for the S phase (synthesis, including 
DNA synthesis) of cell division, with the great-
est impact on rapidly dividing cells. Cells of 
the GI tract and various hematologic cells are 
rapidly dividing groups of cells that are particu-
larly sensitive to methotrexate inhibition of cell 
division.

Immunosuppression probably occurs because 
of inhibition of DNA synthesis in immuno-
logically competent cells. The drug can sup-
press primary and secondary antibody responses 
as well.18,19 There is no significant effect on 
delayed-type hypersensitivity. An additional 
effect of MTX is to block migration of acti-
vated T cells into various tissues through 
alteration of various adhesion molecules.20 The 
drug’s antiinflammatory effects are likely pre-
dominantly mediated by local increases in 
adenosine concentration, which has inherent 
antiinflammatory properties. This increased 
adenosine production is the result of complex 
interactions with aminoimidazole carboxam-
ide ribonucleotide (AICAR) transformylase and 
ecto-5′-nucleotidase.21

Clinical Applications of Methotrexate 
Mechanisms17

Common Indications

 1. Psoriasis, related to methotrexate T-cell inhibi-
tory effects.

 2. Atopic dermatitis; perhaps T-cell and antiin-
flammatory effects as well, at least in part due 
to locally increased adenosine levels.

Fig. 31.3. Mycophenolate mofetil inhibition of de novo purine synthesis *
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 3. Bullous dermatoses (pemphigus and pem-
phigoid spectrums), autoimmune connective 
tissue diseases (dermatomyositis, morphea), 
sarcoidosis; methotrexate has a backup role as 
steroid-sparing agent due to the drug’s immu-
nosuppressive effects.

Significant Adverse Effects

 1. Hepatotoxicity; nonimmunologic etiology in 
the great majority of cases, with methotrex-
ate inducing fatty liver changes (risk further 
increases with conditions that induce fatty 
liver such as obesity, diabetes mellitus, excess 
alcohol).

 2. Carcinogenicity; theoretically related to metho-
trexate immunosuppressive properties (this risk is 
primarily an issue in rheumatoid arthritis patients; 
minimal risk if any in psoriasis patients).

 3. Gastrointestinal adverse effects such as nausea, 
related to cell-cycle specific properties as an 
antimetabolite; this risk is largely reduced by 
folic acid (folate) supplementation as a com-
petitive antagonist of dihydrofolate reductase 
(DHFR).

 4. Cytopenias such as pancytopenia, agranulocyto-
sis, related to cell-cycle specific properties as an 
antimetabolite; also largely reduced risk by folic 
acid (folate) supplementation.

Drug Interactions

 1. Trimethoprim, like methotrexate, is a DHFR 
inhibitor, thus amplifying the effect on this 
important folate metabolism enzyme.

 2. Sulfonamides, dapsone (a sulfone); these drugs 
are dihydropteroate synthetase inhibitors, 
magnifying the folate pathway effects of the 
DHFR inhibitor methotrexate.

 3. Alcohol and systemic retinoids, the pharmaco-
dynamic effect being drugs with a risk of liver 
toxicity as well.

Dapsone

Mechanisms of Action22

The antimicrobial activity of dapsone in the 
treatment of leprosy is the result of inhibition 
of the folate metabolic pathway, specifically 
by the inhibition of dihydropteroate synthetase 
(Fig. 31.4).23

In contrast, dapsone inhibits the myeloperoxi-
dase-peroxide-halide–mediated cytotoxic system 
as a central component of neutrophil respiratory 
burst (Fig. 31.5). This inhibition likely plays a key 
role in controlling the degree of neutrophil-induced 
destruction in cutaneous lesions.24 The lack of neu-
trophils in the skin of patients being treated with 
dapsone suggests that this drug may also affect 
the chemotaxis of neutrophils. Dapsone inhib-
its chemotaxis to the chemoattractant N-formyl-
methionyl-leucyl-phenylalanine (F-met-leu-phe).25 
The net result of these two effects on neutrophils 
is the decreased presence of neutrophils (inhibition 
of chemotaxis) and decreased destructive capacity 
of neutrophils (inhibition of myeloperoxidase and 
the resultant respiratory burst) in a wide variety of 
dermatologic conditions.

Fig. 31.4. Methotrexate and folate metabolism *
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The enzyme inhibited by dapsone, myeloperoxi-
dase, is also present in eosinophils and monocytes, 
with a probable role in respiratory burst-mediated 
microbial destruction in these cells as well.

Clinical Applications of Dapsone 
Mechanisms22

Common Indications

 1. Dermatitis herpetiformis and related conditions 
such as linear immunoglobulin A (IgA) bul-
lous dermatosis; dapsone effects on neutrophil 
chemotaxis and respiratory burst mechanism 
due to myeloperoxidase inhibition.

 2. Bullous lupus erythematosus, pyoderma gan-
grenosum, pemphigoid (bullous, cicatricial), 
urticarial vasculitis, aphthous stomatitis; also 
dermatoses with a central role of neutrophils in 
the disease process; chemotaxis and respiratory 
burst effects of dapsone.

 3. Eosinophilic cellulitis, granuloma faciale; der-
matoses with a central role of eosinophils; dapsone 
myeloperoxidase inhibition in eosinophils as well.

 4. Granuloma annulare, granulomatous rosacea; 
dermatoses with a central role of monocytes 
and granuloma formation; dapsone myeloper-
oxidase inhibition in monocytes as well.

 5. Infectious diseases such as leprosy, malaria; 
largely due to dihydropteroate synthetase 
inhibition.

Significant Adverse Effects

 1. Agranulocytosis, mechanism uncertain; how-
ever, selectivity for neutrophils (over plate-
lets, red blood cells [RBCs]) likely due at 
least in part to neutrophil myeloperoxidase 
inhibition.

 2. Hemolysis, not immunologically mediated; 
instead is related to RBC oxidative stress.

 3. Dapsone hypersensitivity syndrome, immu-
nologically mediated, but not directly related 
to the two primary enzymes dapsone inhib-
its (myeloperoxidase and dihydropteroate 
synthetase).

Drug Interactions

 1. Trimethoprim, methotrexate; inhibition of 
dihydrofolate reductase, thus amplifying folate 
metabolism at two different steps (given dap-
sone dihydropteroate synthetase inhibition)

 2. Sulfonamides; inhibition of dihydropteroate 
synthetase, theoretically amplifying the effects 
of dapsone on this enzyme.

Fig. 31.5. Dapsone and myeloperoxidase oxidative system. * NADPH, reduced nicotinamide adenine dinucleotide 
phosphate; PMN, polymorphonuclear lymphocytes

A

Oxygen

Superoxide radical

Superoxide dismutase

Hydrogen peroxide

Myeloperoxidase (PMN)

Hypochlorite

Chloride Dapsone

Other strong oxidants

(Activated PMN)
NADPH oxidase

X

B

C
D



558 S.E. Wolverton

Cyclophosphamide

Mechanisms of Action13

Systemic cytotoxic agents from the alkylating 
agents group include cyclophosphamide and chlo-
rambucil. This section discusses the more potent 
immunosuppressive agent cyclophosphamide. In 
contrast with the antimetabolites previously dis-
cussed, cyclophosphamide is cell-cycle nonspecific. 
Thus, all cell types can be susceptible to the benefits 
and adverse effects of this drug. Alkylating agents 
alter the chemical properties and structure of DNA, 
regardless of timing in the cell cycle. The highly 
reactive ethyleneimine intermediate for cyclophos-
phamide is formed and covalently binds with vari-
ous nucleophilic centers within DNA. Through their 
effect on protein synthesis, the alkylating drugs 
interfere with the production of cytokines, growth 
factors, adhesion molecules, and other substances 
required for cell growth and differentiation. As a 
result, these drugs are often mutagenic.26

Cyclophosphamide depresses B-cell function 
more than T-cell function. The effect on T-cell 
activity is variable, with greater activity when the 
drug is given before antigen presentation. In addi-
tion, suppressor T cells (CD8) appear to be signifi-
cantly more affected than helper T cells (CD4).27

Three broad primary effects result from alkyla-
tion: (1) DNA may cross-link with another nucle-
ophilic residue, (2) there is an abnormal base 
pairing with thymine, and (3) depurination may 
occur with resultant chain scission by several dif-
ferent mechanisms. If these mutations overwhelm 
the DNA repair system, the result is either cell 
death or mutagenesis and carcinogenesis.27,28

Hemorrhagic cystitis and resultant increased risk 
of bladder carcinoma due to cyclophosphamide 
are believed to be largely due to local increased 
concentrations of acrolein metabolites of cyclo-
phosphamide.29

Clinical Applications of 
Cyclophosphamide Drug Mechanisms13

Common Indications

 1. Cicatricial pemphigoid (sight-threatening), 
severe pemphigus vulgaris; of the drugs dis-
cussed in this chapter, cyclophosphamide is 

probably the most potent immunosuppressant, 
and thus can be a definitive treatment of the 
most serious dermatoses.

 2. Systemic vasculitis syndromes (such as 
Wegener’s granulomatosis); similar reasoning 
as above, although these vasculitis subsets are 
seldom managed by dermatologists alone.

Significant Adverse Effects

 1. Myelogenous leukemias; not an issue with other 
immunosuppressive agents; probably an issue 
with cyclophosphamide and other alkylating 
agents due to the structural alterations of DNA.

 2. Bladder carcinoma (typically preceded by hem-
orrhagic cystitis), due largely to the acrolein 
metabolites of cyclophosphamide.

 3. Myelosuppression; cyclophosphamide is a cell-
cycle nonspecific drug, yet still has its greatest 
effect on rapidly dividing cells.

Drug Interactions

Chlorambucil, methotrexate, azathioprine-induced 
myelosuppression; pharmacodynamic effect with 
negatively synergistic impact on myelogenous cell 
precursors.

Conclusion

Most traditional immune-modulating drugs used 
by dermatologists fall into four groups: calcineurin 
inhibitors, antimetabolites/purine analogues, 
antimetabolites/folate antagonists, and alkylating 
agents. The systemic calcineurin inhibitor most 
commonly used by dermatologists is cyclosporine. 
Purine analogues are represented by azathioprine 
and mycophenolate mofetil. Methotrexate and 
dapsone are commonly used folate antagonists. 
Alkylating agents are represented by cyclophos-
phamide. All of these drugs have uses in dermatol-
ogy, but they also have significant side effects and 
the potential for drug interactions.
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Key Points

● Glucocorticosteroids (GCSs) have antiinflamma-
tory, antiproliferative, and immunosuppressive 
effects.

● Glucocorticosteroids exert their effects by binding 
to glucocorticoid receptors (GR) and by modifi-
cation of transcription of corticosteroid-responsive 
genes.

● Glucocorticosteroids induce neutrophilia, lympho-
penia, eosinopenia, and monocytopenia as well as 
reduce access of inflammatory cells at the site of 
active infection.

● To improve the benefit-risk ratio of GCSs, new 
interventions have been developed, including 
liposomal GCS, GR agonists, and nitroso-gluco-
corticoids.

● Drugs that induce the hepatic cytochrome P-450 
system accelerate the clearance of GCSs, while 
other drugs inhibit this system.

● The side effects of GCSs are strictly dose-
dependent.

● The vehicle in which the topical steroid is formulated 
influences the absorption and potency of the drug.

Since Marion Sulzberger introduced glucocorti-
costeroids (GCSs) in 1951, they have revolution-
ized clinical medicine.1 This chapter provides 
an updated overview of their mode of action, 
their use in dermatology, and their adverse-effect 
profile. While systemic GCSs have a long list 
of indications, topical corticosteroids represent 
the mainstay for treating inflammatory diseases 
of the skin. Adverse effects depend on the dose, 
the duration of treatment, and the preexisting 
medical conditions. For topical application, the 

nature of the drug, the vehicle, and the site of appli-
cation determine the side-effect profile. The most 
frequent cutaneous adverse effects include atrophy, 
striae, rosacea, perioral dermatitis, acne, and 
purpura. With lower frequency, hypertrichosis, 
pigmentation changes, delayed wound healing, 
and skin infections as well as contact sensitiza-
tion are observed. Important systemic adverse 
effects include musculoskeletal, ophthalmologic, 
nervous system, metabolic, and cardiovascular 
manifestations. The main characteristics of GCSs 
are potent antiinflammatory, antiproliferative, and 
immunosuppressive effects, which give them a 
long list of potential indications in medicine. In 
particular, GCSs are extremely effective in the 
treatment of many autoimmune and inflammatory 
diseases.

Synthesis of Glucocorticosteroids

Glucocorticosteroids are produced in the adrenal 
cortex, which secretes cortisol as well as the weak 
androgens androstenedione and dehydroepiandros-
terone. Normally, cortisol secretion is regulated by 
hormonal interactions within the hypothalamic-
pituitary-adrenal (HPA) axis upon pulse secretion of 
the hypothalamic corticotropin-releasing hormone 
(CRH). This prompts the secretion of adrenocor-
ticotropic hormone (ACTH) from the anterior 
pituitary, which then causes the secretion of cortisol 
from the adrenal cortex at a daily dose of 20 mg; 
however, cortisol output may increase by 10 times 
upon stress.

32
Topical Corticosteroids
Ulrich R. Hengge
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Pharmacology

The family of steroids, including GCSs, is based 
on the four-ring structure of cholesterol, with 
3-hexane rings and one pentane ring (Fig. 32.1).2 
Modifications of the basic GCS structure result in 
agents with variant potency, mineralocorticoid activ-
ity, metabolism, and duration of action (Table 32.1). 
Important for the therapy of patients with hepatic 
insufficiency is the fact that the ketone group at the 
11 position of cortisone must undergo hepatic conver-
sion to a hydroxyl group to produce the active agent 
hydrocortisone (cortisol). Likewise, prednisone must 
undergo the same activation by 11-hydroxylation 
to become the active prednisolone. Therefore, for 
patients with liver problems, the use of prednisolone 
is recommended instead of prednisone.

Glucocorticosteroids are absorbed in the jejunum with 
peak plasma levels occurring within 1 hour. Of note, 
administration with food does not decrease peak 
plasma concentrations, but may delay its absorption.

Molecular Mechanism of Action

Glucocorticosteroids exert their effect by binding 
to glucocorticoid receptors (GRs) and by modifi-
cation of transcription of corticosteroid-responsive 
genes. Free GCSs readily diffuse through the 
plasma membrane to bind to GRs in the cyto-
plasm, which leads to release of the heat-shock 
protein (hsp) 90. Upon release of hsp90, two 
nuclear localization signals are exposed, which 
allow the nuclear accumulation of the GR complex. 
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Fig. 32.1. Chemical structure of cortisol. Note the four-ring structure and the hydroxyl group at position 11

Table 32.1. Glucocorticosteroid agents.

 Equivalent glucocortico- Mineralocorticoid Duration of
Compound steroid dose (mg) potency (relative) activity (h)

Short acting   
Cortisone 25 2 +  8–12
Hydrocortisone 20 2 +  8–12

Intermediate acting   
Prednisone 5 1 + 24–36
Prednisolone 5 1 + 24–36
Methylprednisolone 4 0 24–36
Triamcinolone 4 0 24–36

Long acting   
Dexamethasone 0.60 0 36–54
Betamethasone 0.75 0 36–54
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The GR forms a dimer that binds to glucocorticoid 
response elements within the promoter region of 
steroid-responsive genes. From this interaction, 
transrepression or transactivation of regulatory 
proteins may occur. It has become increasingly 
clear that many adverse effects of GCS are pre-
dominantly caused by transactivation (e.g., diabetes 
and glaucoma, osteoporosis, skin atrophy, growth 
retardation, and Cushing syndrome).3 By contrast, 
antiinflammatory effects are mostly mediated by 
transrepression of proinflammatory cytokines or 
cyclooxygenase-2 (COX-2).3,4

The discovery that activation and repression of 
the GR are genetically separable has fueled intense 
research on more selective receptor ligands.5 The 
precise confirmation that the receptor assumes 
after ligand binding is determined by the struc-
ture of the given binding partner. Upon binding, 
structural alterations occur that allow interactions 
of the DNA-binding surface with specific gluco-
corticoid response elements such as the forma-
tion of homodimers and the binding of different 
co-activators and co-repressors at the ligand-
binding domain that induce either activation or 
repression of gene transcription.6 In particular, 
transcriptional repression activity is sensitive to 
the glucocorticoid-mediated antiinflammatory and 
antiproliferative effects.7 Several mechanisms of 
transcriptional repression such as interactions of 
the GR with DNA or with nonreceptor protein–
protein complexes have been described.6 Recently, 
a number of more selective GR ligands have been 
discovered; they are called selective GR agonists 
(SEGRAs) or dissociating GCSs.6 The SEGRAs 
predominantly induce the desired transrepression 
effects, whereas transactivation properties are 
significantly reduced.3 While some of these com-
pounds have an encouraging side-effect profile, 
equivalent antiinflammatory efficacy as compared 
with prednisone and dexamethasone still has to be 
demonstrated for compounds such as deflazacort.8

Effects on Inflammatory Cells

Glucocorticosteroids induce neutrophilia, lymphopenia, 
eosinopenia, and monocytopenia. They also reduce 
access of inflammatory cells at the sites of active 
inflammation. However, important neutrophil functions 
such as phagocytosis and bactericidal activity 

remain largely unaffected by pharmacologic doses 
of GCSs. Transient lymphopenia occurs through 
redistribution of T lymphocytes to other lymphoid 
compartments, possibly through a change in adhe-
sion molecule expression.

Potential Indications 
and Contraindications

The list of potential indications for use of GCS in 
dermatology is long (Table 32.2). Primary indica-
tions are severe forms of eczema and autoimmune 
diseases, including bullous and collagen vascular 
diseases. In addition, GCSs are extremely useful 
drugs in the treatment of graft-versus-host disease.9 
Moreover, a number of cancers such as certain lym-
phomas and leukemias (e.g., multiple myeloma) 
respond well to combination therapy that includes 
GCSs. In these diseases, cancer cells are killed 
through GCS-mediated induction of apoptosis.

Contraindications include herpesvirus kerati-
tis, active viral infections, invasive mycosis, and 
allergy to GCSs as well as administration follow-
ing vaccination. Relative contraindications include 
hypertension, cardiac insufficiency, peptic ulcers, 
psychosis, tuberculosis, diabetes, osteoporosis, 
glaucoma, cataracts, and pregnancy.

Dosing and Administration

Dermatologists most often prescribe GCSs for 
short periods of time to treat acute dermatoses such 
as contact dermatitis or different kinds of eczema. 
The therapeutic principle is to start at a high dose 
and to reduce the dose upon effect to maintenance 
dosing below the Cushing equivalent. Many corti-
coid-sensitive conditions are treated by oral burst 
therapy followed by a 2- to 3-week tapering course 
with a drug of intermediate duration of action such 
as prednisone; typically initial doses are in the 
range of 40 to 60 mg per day. From a pharmacoeco-
nomic standpoint, GCSs have a very high cost-
effectiveness ratio; however, this is hampered by 
the costs of management of side effects. For exam-
ple, prednisone is convenient as it is inexpensive 
and available in many dosages. The drug is usually 
given as a single dose in the morning rather than 
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dosing being divided over the course of the day in 
order to minimize HPA axis suppression.

Severe and life-threatening dermatoses such as 
pemphigus vulgaris or severe drug reaction require 
higher doses of GCSs to suppress and control the 
disease. Especially for high-dose treatment, the doses 
can be separated by 4 to 6 hours to achieve better 
early control. The next step is to consolidate the 
drug to a single morning dose, prior to tapering. 
Alternatively, every-other-day administration may 

also be used as it has been shown to minimize 
suppression of the HPA axis. The addition of a 
steroid-sparing agent (e.g., mycophenolate mofetil 
or azathioprine) is often necessary for long-term 
GCS treatment such as for pemphigus vulgaris 
prior to tapering. Typical tapering is accomplished 
by 20-mg steps when the initial dose was more 
than 60 mg per day. Smaller tapers are used for 
lower initial doses until the physiologic dose range 
of 7.5 mg per day of prednisone is reached.

Intravenous pulse therapy is used for life-
threatening dermatoses using methylprednisolone 
in doses of 0.5 to 1 g per day for 5 days with a 
subsequent change to oral therapy. Cardiac condi-
tions due to acute electrolyte shifts and arrhythmias 
are the most significant complications of a high-dose 
regimen. Due to the mineralocorticoid activity, 
potassium substitution may also be necessary.

To minimize corticosteroid side effects associated 
with GCS use, local application (e.g., inhalation) or 
fine-tuned dosing regimens have been developed 
to improve the benefit-risk ratio. One additional 
progress report includes the development of lipo-
somal GCSs, which selectively accumulate at the 
site of inflammation.10 Another current approach 
to optimize therapy with conventional GCS is 
to change the timing of glucocorticoid delivery 
(timed-release capsules) and the combination with 
11β-hydroxysteroid dehydrogenase that increases 
the level and action of endogenous GCSs. For an 
additional improvement, new drugs such as selective 
GR agonists or nitroso-glucocorticoids (nitros-
teroids) are in development. The nitrosteroids are 
characterized by an aliphatic or aromatic molecule, 
which links a conventional GCS derivative with 
nitric oxide (NO). Representatives of this class are 
NO-prednisolone and NO-hydrocortisone, which 
slowly release NO, exerting antiinflammatory 
effects.11 The NO effect is synergistic to the effect 
of prednisolone, leading to an up to 10-fold more 
potent antiinflammatory response than those of 
prednisolone alone.12

Modes of Application

Glucocorticosteroids can be applied as topical and 
systemic treatment, but may also be administered 
locally to the nasal mucosa or be inhaled for the 
treatment of asthma. Recent studies suggest that 

Table 32.2. Major indications for systemic GCS use in 
dermatology.

Inflammatory dermatoses and allergies
 Contact dermatitis (various)
 Atopic dermatitis
 Photodermatitis
 Exfoliative dermatitis
 Erythrodermas
 Urticaria
 Erythema exudativum multiforme
 Stevens-Johnson syndrome
 Erythema nodosum
 Sweet syndrome
Bullous dermatoses
 Pemphigus (all forms)
 Bullous pemphigoid
 Cicatricial pemphigoid
 Linear immunoglobulin A bullous dermatosis
 Epidermolysis bullosa acquisita
 Herpes gestationis
 Erythema multiforme (major/minor)
 Toxic epidermal necrosis
Vasculitis
 Cutaneous (various types)
 Systemic (various types)
Collagen vascular diseases
 Lupus erythematosus (all subsets)
 Dermatomyositis
 Systemic sclerosis
 Mixed connective tissue disease syndrome
 Eosinophilic fasciitis
 Relapsing polychondritis
Neutrophilic dermatoses
 Pyoderma gangrenosum
 Acute febrile neutrophilic dermatosis
 Behçet’s disease
Miscellaneous dermatoses
 Sarcoidosis
 Lichen planus
 Polyarteriitis nodosa
 Panniculitis (some types)
 Urticaria/angioedema
 Arthropod bites/stings
 Hemangiomas
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inhaled steroids may also exhibit comparable side 
effects, including growth retardation in children13 
and reduction of bone markers in adolescents.14 
Local injections of triamcinolone are frequently 
being used to treat keloids. In addition, intraarticular 
injection represents a local application against 
rheumatic diseases.

Drug Interactions

As several drugs, such as rifampin, phenytoin, 
and phenobarbital, induce the hepatic cytochrome 
P-450 system, the clearance of GCSs may be 
accelerated in patients taking these medications. 
Dose-lowering adjustments may be necessary with 
enzyme inhibitors such as ketoconazole. Estrogens 
also potentiate the effect of GCS, because the two 
agents are metabolized similarly and have similar 
protein-binding characteristics.15

The dose of GCS needs to be adjusted in patients 
with chronic active hepatitis and reduced renal 
function.16 Conversely, in patients with hyper-
thyroidism, the biologic effect of prednisolone is 
reduced and may require higher doses.

Side Effects

The side effects of GCS are strictly dose-dependent. 
In addition, some side effects are known to depend 
on age and sex. In general, the side effects of 
GCS therapy show different degrees of severity. 
Table 32.3 contains a list of relevant side effects 
of GCS.

Musculoskeletal

Osteoporosis

Osteoporosis is the most prevalent of the extremely 
important and severe musculoskeletal effects 
of long-term GCS therapy, but can be reduced 
or prevented with early physician intervention. 
Osteoporosis develops in 30% to 50% of patients 
treated with long-term GCS therapy.17 The typical 
patients suffer from chronic diseases such as rheu-
matoid arthritis, chronic destructive pulmonary 
disease, and asthma, or have had an organ trans-
plantation. Postmenopausal women are especially 

at a significantly increased risk of fractures.18 
Importantly, the rate of bone loss is highest in 
the first 6 months of therapy; thereafter, the rate 
of bone loss is diminished. Upon discontinuation 
of steroid therapy, patients partly regain bone tis-
sue. Glucocorticosteroid-induced bone loss affects 
trabecular bone and the cortical rim of verte-
brae to a significantly higher degree than cortical 
bones (“long bones”). This is due to the much 
higher metabolic turnover rate of trabecular bone. 
Glucocorticosteroids cause this side effect by 
reducing intestinal absorption and renal tubular 
resorption of calcium. The reduced calcium serum 
concentration causes increased parathormone 
release that further promotes bone loss (second-
ary hyperparathyroidism). In addition, GCS can 
induce decreased gonadal function in both sexes. 

Table 32.3. Important side effects of glucocorticosteroid 
therapy.

Musculoskeletal effects
 Osteoporosis
 Osteonecrosis
 Growth retardation
 Myopathy
Ophthalmologic effects
 Cataract
 Glaucoma
 Ocular bacterial, fungal, and viral infections
Nervous system effects
 Euphoria
 Psychosis
 Neuropsychiatric changes (anxiety, insomnia, and emotional 

lability)
 Pseudotumor cerebri
Metabolic effects
 Hyperglycemia
 Hyperlipidemia
 Weight gain
Cardiovascular effects
 Hypertension
 Atherosclerosis
Infection
Obstetric and gynecologic effects
 Pregnancy and lactation
 Amenorrhea
Gastrointestinal effects
 Nausea and vomiting
 Peptic ulcer disease
Cutaneous effects
 Striae, purpura, telangiectasias, and atrophy
 Cushing syndrome
 Impaired wound healing
Hypothalamic-pituitary-adrenal axis suppression
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The most sensitive technique to diagnose osteoporosis 
is dual-energy x-ray absorptiometry (DEXA).19 
Bone density studies should be performed every 
12 months in patients with long-term corticoster-
oid therapy. Besides the use of bisphosphonates 
(alendronate and risedronate) as effective drugs 
preventing and treating GCS-induced osteoporosis,20 
progress in treating GCS-associated side effects 
has been limited. There are additional data to 
support the effectiveness of calcium and vitamin 
D supplementation in preserving bone mass in 
patients receiving long-term GCS therapy.21

Osteonecrosis

Osteonecrosis (aseptic necrosis) can also result 
from GCS therapy. It most commonly occurs on 
the proximal femur or the humeral head. In con-
trast to osteoporosis, osteonecrosis more frequently 
affects active patients and is particularly common 
in men.22,23

Growth Retardation

Growth suppression from GCS usually occurs 
with systemic therapy and may only occasionally 
be a consequence of extensive treatment with 
topical or inhaled potent GCS. When GCSs are 
given under the age of 2 or at puberty,24 the risk 
of growth retardation is especially significant. 
The studied patients were significantly shorter in 
height, had a significantly greater body mass index, 
and a higher prevalence of obesity than did the 
controls.24 On average, they had received 23 g of 
GCS for the treatment of nephrotic syndrome. The 
causes are multifaceted: interference with nitrogen 
and mineral retention, bone formation, inhibition 
of mitosis, and collagen synthesis.25 Treatment 
of GCS-mediated growth inhibition with growth 
hormone shows some promise.26

Myopathy

There are two forms of myopathy induced by GCS. 
One form is an acute myopathy seen almost exclu-
sively in patients treated with high-dose intrave-
nous GCS for status asthmaticus. The second form 
of myopathy is relevant to dermatology and is char-
acterized by progressive symmetric proximal mus-
cle weakness, which is usually painless and begins 
on the lower extremities after several months of 

therapy.27 While the particular mechanism of GCS’s 
effect on muscle mass has not been determined, 
hypogonadism (e.g., estrogen and testosterone) is 
likely to be involved, as it is present in many GCS 
patients. Diagnosis of GCS myopathy may be difficult 
in some patients, as muscle biopsies usually show 
nonspecific findings, and electromyographic studies 
are usually normal in this condition.

Ophthalmologic Effects

Cataract formation upon extended periods of GCS 
treatment has been described.28 To detect initial 
changes, routine eye examinations twice yearly are 
recommended for all patients treated with long-
term systemic GCS.

Open-angle glaucoma may also occur upon GCS 
treatment, especially in patients with a history of 
rheumatoid arthritis, type 1 diabetes, or a positive 
family history for glaucoma.29 The detection of 
elevated intraocular pressure is important, as this 
condition is usually reversible within 1 to 4 weeks, 
when detected early.

Nervous System Effects

Affective disorders (anxiety, insomnia, euphoria, 
and emotional lability) are more frequent than 
confusional or psychotic states. The onset of symp-
toms is usually within 1 or 2 weeks after starting 
therapy, especially in patients with a prior history 
of psychiatric diseases.27 Importantly, patients with 
systemic lupus erythematosus, who may suffer 
from lupus and encephalopathy may be difficult 
to differentiate from patients with steroid-induced 
psychosis. Discontinuation of GCS is usually the 
treatment of choice, rather than starting neuroleptic 
or antidepressive therapy.

Pseudotumor cerebri, presenting with headache, 
nausea, vomiting, and papillary edema, is a rare 
complication of long-term GCS administration and 
occurs predominantly in boys. It usually occurs 
when steroids are rapidly tapered or stopped.27

Metabolic Effects

The manifestation of hyperglycemia and secondary 
diabetes is a typical complication of GCS therapy.30 
Relative insulin resistance is produced by decreasing 
the insulin affinity of cellular receptors and possibly 
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by diminishing postreceptor effects of insulin.31,32 
In addition, GCSs effect insulin-mediated increases 
in blood flow to muscles and increases in glucose 
output by increasing the rate-limiting enzyme of 
gluconeogenesis (i.e., phosphoenolpyruvate car-
boxy kinase). Therefore, following patients’ regu-
lar blood glucose levels during continued GCS 
therapy is important.33 If needed, insulin is the 
therapy of choice, as oral antidiabetics often take 
weeks before the onset of effects.

Hyperlipidemia may be worsened by GCS, 
especially in patients with diabetes mellitus, obesity, 
hypothyroidism, or family history of lipid disorders.

Weight gain may occur as a consequence of 
increased appetite and fluid retention with GCS 
therapy. Facial, supraclavicular, and posterior 
cervical fat depots are particularly sensitive to GCS, 
resulting in the moon face and buffalo humps that 
are characteristic of long-term GCS treatment. These 
symptoms severely impact on patients’ well-being 
by negatively affecting their appearance and by 
predisposing them to obesity-related health issues.

Cardiovascular Effects

Excess GCSs can lead to increased blood pressure 
as they affect several points of blood pressure 
regulation. Hypertension may develop as a conse-
quence of the mineralocorticoid activity of exog-
enous GCS. Usually, the kidney is protected from 
the effects of excess cortisol through the oxidizing 
effect of 11β-hydroxysteroid dehydrogenase-2, 
a tissue-specific enzyme capable of converting 
cortisol to cortisone. However, aldosterone as well 
as synthetic steroids with modifications and dif-
ferent positions are not susceptible to this activity 
and exert a major effect directly on the kidney 
through both mineralocorticoid receptors and GR, 
leading to transepithelial sodium transport and 
sodium reabsorption in the proximal tubule.34 A 
similar mode of action may be present in brain, 
where the 11β-hydroxysteroid dehydrogenase-2 is 
expressed along with mineralocorticoid receptors 
in selected areas that are involved in central regu-
lation of salt, water balance, and blood pressure.35 
These processes trigger intravascular and extracel-
lular volume expansion. In addition, a decrease in 
vasodilatory prostaglandins and prostacyclins has 
been detected upon GCS therapy,36 which contributes 
to hypertension.

Infection

Patients on GCS therapy are at an increased risk for 
infections, including bacterial, fungal, viral, and 
protozoal infectious agents. Making the diagnosis 
is sometimes difficult, as fever and many other 
signs of inflammation may be masked. Although 
neutrophilia is induced by GCS, the presence of 
greater than 6% band forms suggests a coexist-
ent infection.37 Opportunistic infections such as 
Pneumocystis carinii and Toxoplasma gondii may 
occur in patients on chronic GCS therapy who are 
not HIV-positive. In addition, reactivation of tuber-
culosis remains a concern in this patient popula-
tion.38 Concomitant isoniazid has been advocated 
in patients with a positive tuberculin skin test 
undergoing long-term GCS therapy.

Inhibition of Wound Repair

The inhibition of wound repair results from inhib-
iting the natural and critical process of inflamma-
tion as part of the normal wound-healing process 
to remove debris and bacteria.39 Moreover, GCSs 
inhibit collagen synthesis and collagen cross-linking, 
and thereby affect structural components of a healing 
wound.40

Obstetric and Gynecologic Effects

Clinical experience in several trials has shown 
minimal adverse effects in pregnant and lactating 
women during GCS therapy.41,42 The American 
Academy of Pediatrics has determined prednisone 
to be compatible with breast-feeding, even though 
there is an excretion in breast milk.43

Despite the fact that systemic GCS can cross 
the placenta to various degrees, there is no proof 
of the detrimental effect on the developing human 
brain or on vascular disease such as hypertension 
and atherosclerosis.44,45 However, pregnant or lac-
tating women should be monitored for complica-
tions such as osteoporosis and glucose intolerance 
(gestational diabetes).

Gastrointestinal Effects

Nausea and vomiting may occur with oral GCS ther-
apy. These side effects can be minimized if the GCS 
is taken with food. The association of GCS therapy 
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and peptic ulcer disease remains controversial.46 In 
particular, the simultaneous intake of GCSs with 
nonsteroidal antiinflammatory drugs as well as smok-
ing and alcohol use have to be considered. Concurrent 
therapy with proton pump blockers is advised in 
patients with a history of peptic ulcer disease.

Cutaneous Effects

Cutaneous side effects consist of atrophy of the 
dermis and subcutaneous tissue, striae, rarefaction of 
elastic tissue (frequently causing corticoid purpura 
and steroid acne), telangiectasias, and hirsutism. 
These and other cutaneous side effects are discussed 
in the section on topical GCS below.

Hypothalamic-Pituitary-Adrenal 
Axis Suppression

The onset of HPA axis suppression is usually 
evident within 5 days of high-dose prednisolone 
therapy, suppressing ACTH and cortisol secretion. 
With longer treatment duration, clinically impor-
tant adrenal suppression becomes a concern. Full 
recovery of adrenals may require up to 1 year in 
certain cases.38 In addition, patients with chronic 
adrenal suppression, including HIV patients, may 
need GCS supplementation in critical conditions 
such as perioperative stress or sepsis.

A more common clinical problem than adrenal 
crisis is the steroid withdrawal syndrome. Patients’ 
symptoms generally include arthralgias, mood 
swings, headache, lethargy, nausea, and vomiting, 
and are most frequently noted on rapidly tapering 
of GCS after extended periods of treatment.47

Topical Corticosteroids

Topical corticosteroids (TCSs) have a particular 
adverse-effect profile, primarily directed at the 
treated skin area, that occurs regularly with pro-
longed treatment. The severity depends on the 
potency of the drug, the vehicle, and the location 
of its application (Table 32.4). The most frequent 
adverse effects include atrophy, striae, rosacea, 
perioral dermatitis, acne, and purpura (Table 32.5). 
With lower frequency, hypertrichosis, pigmentation 
changes, delayed wound healing, and exacerbation of 
skin infections are observed. Of particular interest 
is the rate of contact sensitization against corticos-

teroids, which is considerably higher than gener-
ally believed. Systemic reactions following topical 
application such as hyperglycemia, glaucoma, and 
adrenal insufficiency have also been reported, 
especially in children.

Selection and Characteristics 
of Topical Glucocorticosteroids

Low- to medium-potency agents are generally used 
for treating thin, acute, inflammatory skin lesions 
(e.g., face, intertriginous areas), whereas highly or 
superpotent agents are often required for treating 
chronic, hyperkeratotic, or lichenified lesions (e.g., 
palms and soles) (Table 32.4). Most preparations 
are applied once or twice daily. More frequent 
application may be necessary on the palms or soles 
due to the thick stratum corneum. Every-other-day 
or weekend-only application may be effective for 
treating several chronic conditions. Low-potency 
agents are preferentially used in infants and the 
elderly. Infants have a high body surface to weight 
ratio; elderly patients have thin, fragile skin.

The vehicle in which the topical corticosteroid is 
formulated influences the absorption and potency 
of the drug.48 Ointment bases enhance penetration 
of the drug by their occlusive effect and increase 
the hydration of the stratum corneum. Creams are 
preferred for acute and subacute dermatoses; they 
may be used on moist skin or intertriginous areas.

Marked regional variation in the extent of transcu-
taneous penetration has been documented.49 While 
absorption on the forearm (1%) is poor, the scalp 
absorbs around 4% and the scrotum up to 35% 
of applied drug. Consequently, the groin, axillae, 
neck, and face are more likely to develop local side 
effects.50,51 The reasons for this difference in absorp-
tion are due to the thickness of the stratum corneum 
and its lipid composition.49 For these reasons, the 
skin of delicate sites such as the eyelids is much 
more likely to develop side effects of TCS therapy.

Pharmacologic Characteristics 
of Topical Glucocorticosteroids

Chemical substitution at certain key positions is 
able to modify the potency of GCS (see Tables 
32.1 and 32.4). For example, halogenation at the 



32. Topical Corticosteroids 569

Table 32.4. Potency of selected topical corticosteroid preparations.

Class 1 (superpotent) Betamethasone dipropionate ointment, cream 0.05% (Diprolene, 
Diprosone)

Clobetasol propionate ointment, cream 0.05% (Temovate, 
Dermoxin)

Diflorasone diacetate ointment 0.05% (Florone, Psorcon)
Halobetasol propionate ointment, cream 0.05% (Ultravate)

Class 2 (potent) Amcinonide ointment 0.1% (Cyclocort)
Desoximetasone ointment, cream, gel 0.25% (Topicort, Ibaril)
Diflorasone diacetate ointment 0.05% (Florone, Maxiflor)
Fluocinonide ointment, cream, gel 0.05% (Lidex)
Halcinonide cream 0.1% (Halog)
Mometasone furoate ointment 0.1% (Elocon, Ecural)
Triamcinolone acetonide ointment 0.5% (Kenalog)

Class 3 (less potent) Amcinonide cream, lotion 0.1% (Cyclocort)
Betamethasone valerate ointment 0.01% (Valisone)
Diflorasone diacetate cream 0.05% (Florone, Maxiflor)
Fluticasone propionate ointment 0.005% (Cutivate)
Fluocortolone 0.25% cream (Ultralan)
Fluocinonide cream 0.05% (Lidex E cream, Topsyn)
Halcinonide ointment 0.1% (Halog)
Triamcinolone acetonide ointment 0.1% (Aristocort A)
Triamcinolone acetonide cream 0.5% (Aristocort-HP)

Class 4 (mid-strength) Betamethasone valerate lotion 0.01% (Valisone, Luxiq)
Desoximetasone cream, gel 0.05% (Topicort-LP)
Fluocinolone acetonide cream 0.2% (Synalar-HP)
Fluocinolone acetonide ointment 0.025% (Synalar)
Flurandrenolide ointment 0.05% (Cordran)
Halcinonide cream 0.025% (Halog)
Hydrocortisone valerate ointment 0.2% (Westcort)
Mometasone furoate cream 0.1% (Elocon, Ecural)
Triamcinolone acetonide ointment 0.1% (Kenalog)

Class 5 (less mid-strength) Betamethasone dipropionate lotion 0.05% (Diprosone)
Betamethasone valerate cream 0.01% (Valisone)
Fluocinolone acetonide cream 0.025% (Synalar)
Fluocinolone acetonide oil 0.01% (Derma-Smoothe/FS)
Flurandrenolide cream 0.05% (Cordran)
Fluticasone propionate cream 0.05% (Cutivate)
Hydrocortisone butyrate cream 0.1% (Locoid)
Hydrocortisone valerate cream 0.2% (Westcort)
Triamcinolone acetonide lotion 0.1% (Kenalog)

Class 6 (mild) Alclometasone dipropionate ointment, cream 0.05% (Aclovate)
Betamethasone valerate lotion 0.05% (Valisone)
Desonide cream 0.05% (Desowen, Tridesilon)
Fluocinolone acetonide cream, solution 0.01% (Synalar)
Prednicarbate 0.1% cream (Dermatop)
Triamcinolone acetonide cream 0.1% (Aristocort)

Class 7 (least potent) Dexamethasone cream 0.1% (Decadron phosphate)
Hydrocortisone 0.5%, 1%, 2.5% (Hytone, others)
Methylprednisolone 1% (Medrol)
Topical preparations with flumethasone, prednisolone
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9-α position enhances the potency by improv-
ing activity within the target cell and decreasing 
breakdown into inactive metabolites.52 Along the 
same lines, masking or removing the hydrophilic 
17-dihydroxyacetone side chain or the 16-α-
hydroxy group increases the molecule’s lipophilic-
ity, thus enhancing penetration through the stratum 
corneum.52

The strength of TCS has been classified accord-
ing to the vasoconstrictor assay, which is based 
on the extent to which the compound induces 
cutaneous vasoconstriction (“blanching effect”) 
in normal human subjects (Table 32.4).53 The vaso-
constriction test has been established in 1962 
as a rough estimate of the efficacy of TCS.54,55 
It represents a nonspecific and simple in vivo 
test, since the phenomenon of vasoconstriction 
is not linked to the receptor-mediated activity of 
steroids. However, the exact cause of this vaso-
constriction remains unknown.56 Alternatively, 
the ultraviolet (UV) erythema test measures the 
inhibitory effects of TCS on an experimentally 
elicited erythema.57 The atrophy test is an impor-
tant addition to the antiinflammatory tests, since 
it can be used to determine those TCSs that have 
only a slight antiproliferative effect (atrophogenic 
potential). Using the Duhring chamber, the corti-
costeroid to be tested is applied to the same skin 
area for 3 weeks under occlusion.58 At this point, the 

resulting atrophy and the extent of telangiectasias 
are evaluated by a defined score.

Under normal conditions, up to 99% of TCSs 
applied to human skin are removed by rubbing, 
washing off, and exfoliation, and only about 1% is 
therapeutically active.59 However, only this 1% of 
percutaneously absorbed TCSs can exert systemic 
adverse effects, while cutaneous adverse effects 
may also result from the transient presence of 
TCSs.60

Adverse Effects of Topical 
Glucocorticosteroids

A number of possible adverse effects of TCSs 
have been reported (see Table 32.5). Principally, 
systemic GCS can cause the same cutaneous mani-
festation as TCS.

Atrophy

All TCSs have been shown to cause skin atrophy, 
albeit to a variable degree.61,62 Signs of atrophy 
include telangiectasias (an abnormal dilatation of 
capillary vessels and arterioles), increased trans-
parency and shininess of the skin, as well as the 
appearance of striae.50,63 The factors that influence 
the degree of skin atrophy include age, body site, 

Table 32.5. Adverse effects of topical corticosteroids 
steroid rebound. steroid, addition, Tachyphylaxis.

Most frequent cutaneous changes
 Steroid atrophy
 Teleangiectasia
 Striae
 Purpura
 Stellate pseudoscars
 Ulceration
 Easy bruising
Less frequent cutaneous changes
 Steroid acne
 Perioral dermatitis
 Steroid rosacea
 Hirsutism
 Hyperpigmentation
 Hypopigmentation
 Masked microbial infections (tinea incognito)
 Aggravation of cutaneous candidiasis, herpes, or Demodex
 Reactivation of Kaposi’s sarcoma
 Granuloma gluteale infantum
Miscellaneous
 Steroid rebound, Steroid, addiction, Tachyphylaxis

Fig. 32.2. Thickened lichenified skin, severe epidermal 
atrophy, and erythema following inappropriate use of 
high-potency corticosteroids on the face and eyelids. 
Telangiectasias were also present
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potency of TCS, and the presence of occlusion. 
Atrophy has now been recognized as the most com-
mon adverse effect of topical corticosteroid therapy 
(Fig. 32.2).64 Topical application of corticosteroids 
can cause atrophy, not only because of the sup-
pressive action on cell proliferation, but also due 
to inhibition of collagen synthesis.65 In addition 
to epidermal and dermal thinning,  corticosteroids 
stimulate human dermal microvascular endothelial 
cells, leading to the occurrence of telangiectasias.66

Striae

Striae (rubrae distensae) are visible linear scars that 
form in areas of dermal damage, presumably upon 
mechanical stress (Fig. 32.3).67 They develop as an 
initial inflammation and edema in the dermis, 
followed by the deposition of dermal collagen 
along the lines of mechanical stress.

Steroid Rosacea

Facial dermatoses are usually steroid-sensitive and 
do not require potent formulations. The classical 
history of steroid rosacea begins in a middle-aged 
woman with intermittent papules and pustules that 
are initially controlled by steroids of low potency 
(Fig. 32.4). Subsequently, the lesions reappear, 
leading to tachyphylaxis and steroid addiction.68

Acne

Topical steroids can rapidly induce acneiform 
eruptions.69–71 These studies attributed the acne-
genic effect to the degradation of the follicular 
epithelium, resulting in extrusion of the follicular 
content (Fig. 32.5).

Perioral Dermatitis

Steroid-induced perioral dermatitis was described 
as a facial eruption in females that was composed of 
follicular papules and pustules on an  erythematous 

Fig. 32.3. Striae distensae rubrae as a sign of topical 
corticosteroid (TCS) abuse from treating eczema on the 
left axilla in a nonobese 27-year-old man

Fig. 32.4. Long-term inadvertent use of TCS for treat-
ment of perioral and cheek dermatitis. Note the promi-
nent telangiectasias
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background beginning in a perioral distribution with 
prominent sparing of the skin adjacent to the ver-
milion border.72

Steroid Addiction and Tachyphylaxis

Corticosteroid addiction has been described as an 
ongoing inadvertent use of potent topical corticos-
teroids used mostly for inflammatory diseases of 
the face.68

Tachyphylaxis is characterized by decreasing 
effects of corticosteroids upon continued treatment 
as revealed by the vasoconstrictor and proliferation 
inhibition assays. Due to the tissue becoming less 
sensitive (tachyphylaxis), more potent preparations 
are frequently being used to achieve comparable 
effects,73 yielding more severe side effects.

Hypertrichosis

Steroids promote the growth of vellus hair by an 
unknown mechanism.74 Variable degrees of hyper-
trichosis remain a more common manifestation of 
systemic corticosteroid use. The darker hair may 
persist for months after withdrawal of steroids.

Hypopigmentation

Decreased pigmentation after topical use is quite 
common, though frequently unnoticed. Americans 
of sub-Saharan African lineage are particularly 
affected. Most likely, steroids interfere with the 
synthesis of melanin, leading to patchy areas 
of hypopigmentation. The lesions are generally 
reversible upon discontinuation of steroid therapy.

Purpura and Stellate Pseudoscars

Purpura occurs due to severe dermal atrophy and 
loss of intercellular substance, and blood vessels 
lose their support and rupture. The resulting fragility 
of dermal tissue leads to hypopigmented, depressed 
scars.75 These stellate pseudoscars develop most 
frequently over the extremities mostly on severely 
atrophic, telangiectatic purpuric skin (see Fig. 32.2).

Aggravation of Cutaneous Infections

Mucocutaneous (e.g., skin, nails, mucous mem-
branes) fungal infections are common during treat-
ment with corticosteroids and often occur early in 
therapy.76,77 The incidence of skin infections varies, 
but is probably between 16% and 43%.76 Infections 
include tinea versicolor, onychomycosis due to 
Trichophyton and Candida species, and dermato-
phytosis (Fig. 32.6).76 The term tinea incognito 
serves to describe dermatophyte infections that 
became unrecognizable because of suppression of 
inflammation and fungal proliferation.78

Granuloma gluteale is a persistent reddish-purple, 
granulomatous papulonodular eruption occurring 
on the buttocks, thighs, or inguinal folds in children. 
It is a well-known consequence of diaper dermatitis 
that is being treated with corticosteroids.79

Delayed Wound Healing

The effects of TCS and systemic GCS on wound 
healing include keratinocytes (epidermal atrophy, 

Fig. 32.5. Steroid acne in the face characterized by 
pustules, erythema, and several open and closed come-
dones on the forehead. Note the free margins around the 
vermilion border
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delayed reepithelization), fibroblasts (reduced col-
lagen and ground substance resulting in dermal 
atrophy and striae), vascular connective tissue sup-
port (telangiectasias, purpura, easy bruising), and 
impaired angiogenesis (delayed granulation tissue 
formation).38

Contact Sensitization

Several multicenter studies have been performed 
addressing contact hypersensitivity to TCS, yield-
ing a prevalence of 0.2% to 6%.80–83 It seems that 
nonfluorinated corticosteroids (e.g., hydrocortisone, 
hydrocortisone-17-butyrate, and budesonide) result 
in a higher prevalence of corticosteroid allergy in 
comparison with fluorinated compounds.84

Systemic Adverse Effects 
with Topical Administration

Systemic adverse effects from TCS are relatively 
infrequent, but may occur. In particular, glaucoma 
following the use of TCS around the eye has been 
recognized as a rare but serious problem.85,86 This 
is not surprising, if one considers that the penetra-
tion of TCS is up to 300 times greater through the 
eyelid than on other body sites.49 Topical corticos-
teroid and systemic GCS therapy have been asso-
ciated with cataract formation, but systemic GCSs 
are most often responsible for this complication.87

In addition, short-term enhancement of plasma 
cortisol levels has been detected upon topical 
application of hydrocortisone.88 All effective TCSs 
possess the potential to suppress the HPA axis.89 
Increasing steroid penetration has been shown to 
increase the potential for HPA suppression espe-
cially in children with atopic dermatitis.90–92 The 
advent of superpotent derivatives such as clobeta-
sol propionate, betamethasone dipropionate, and 
diflorasone diacetate have an increased ability to 
suppress adrenal function. As little as 2 g per day 
of clobetasol propionate 0.05% cream can cause 
a decreased morning cortisol after only a few 
days.93,94 A recent open-label trial has addressed the 
potential suppression of the HPA axis using 0.1% 
fluocinonide cream in pediatric patients with atopic 
dermatitis with regard to adrenal suppression.95 
In this multicenter, multidosing, open-label trial, 
0.1% fluocinonide cream was applied to patients 
in four different age cohorts, from 3 months to 18 
years of age, who suffered from moderate to severe 
atopic dermatitis in excess of 20% body surface 
area involvement. No suppression of the HPA axis 
was observed in any patient treated once daily or 
in patients younger than 6 years of age. One of 15 
(7%) and two of 16 (13%) patients from 3 months 
to 2 years and 2 to 6 years, respectively, developed 
HPA axis suppression when receiving twice daily 
0.1% fluocinonide treatment to more than 20% of 
body surface area.95

With the majority of patients with HPA sup-
pression demonstrating exclusive laboratory test 
abnormalities, several cases of severely impaired 
stress responses have been reported, especially in 
children following treatment with high potency 
TCS.96–98 Recovery from steroid-induced adrenal 
insufficiency is time-dependent and occurs spon-
taneously. The administration of TCS has also led 
to iatrogenic Cushing’s syndrome.99,100 In addition, 
there is a possibility of retarded growth in children 
exposed to long-term potent and superpotent topical 
TCS formulations.96 For prevention, it has been 
suggested that less than 50 g per week of potent 
corticosteroids should be used.101

Prevention of Adverse Effects

Guidelines regarding the use of TCS and sugges-
tions were provided to prevent their misuse.62,102,103 
Possible measures to prevent side effects include 

Fig. 32.6. Tinea incognito of the leg. This patient was 
treated with corticosteroids masking the diagnosis of 
tinea
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the use of lower potency steroids, the application 
only in the morning, and alternate-day treatment 
(reducing tachyphylaxis and avoidance of occlusion) 
(Table 32.6).104

Conclusion

Glucocorticosteroids have antiinflammatory, anti-
proliferative, and immunosuppressive effects. 
These effects are exerted by GCS binding to 
glucocorticoid receptors (GRs) and by modification 
of transcription of corticosteroid-responsive genes. 
Neutrophilia, lymphopenia, and eosinopenia are 
induced by GCSs, which also reduce access of 
inflammatory cells at the site of active infection. 
To improve the benefit-risk ratio of GCSs, new 
interventions have been developed, such as liposomal 
GCSs, GR agonists, and nitroso-glucocorticosteroids. 
Some drugs inhibit the P-450 system, reducing 
clearance of GCSs, while other drugs induce the 
system, accelerating clearance. The side effects of 
GCSs are strictly dose-dependent, but the vehicle in 
which topical steroids are formulated influence the 
absorption and potency of the drug.
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Key Points

● Vaccination is ranked as the greatest public health 
achievement in the last century.

● Universal childhood immunization in the United 
States has led to a significant decrease in the inci-
dence of several diseases.

● Vaccines may cause adverse reactions but most 
are mild and well tolerated.

● Many more vaccines are currently in develop-
ment, and continuing vaccine research provides 
a promising outlook for prevention of more dis-
eases in the near future

● The future of vaccines includes live-agent vac-
cines as vectors of other antigens, sequential 
immunization, and immunization with DNA.

Four criteria are needed for the success of a vaccine-
based eradication program: the infection must be 
limited to humans (no animal reservoir); with viral 
infections there must be only one or a few strains 
of the virus, and these strains must have constant 
antigenic properties; the virus must not persist in 
the infected host; and the vaccine should be effec-
tive.1 Vaccination as the route to prevention is the 
best option for controlling the spread of infectious 
diseases. Immunization can prevent or modify the 
severity of illness in the individual and interrupt or 
reduce the transmission of the pathogens to other 
susceptible people. Through these mechanisms, vac-
cines against smallpox, polio, measles, and hepatitis 
B have had an enormous impact on world health 
over the last 50 years. Vaccination is ranked as the 
greatest public health achievement in the last century, 
contributing the most to decreased global morbidity 
and mortality.2,3

There is a still great need for vaccines for many 
organisms since an inadequate number of antimi-
crobial drugs are available for the multiple microbes 
that exist. There are many reasons why it is difficult 
to produce the many necessary vaccines, including 
that all microorganisms deploy evasion methods 
that interfere with effective immune responses; 
further, for many organisms, it is still unclear which 
immune responses provide effective protection, par-
ticularly in developing vaccines against agents that 
cause persistent or chronic infections. Persistent or 
chronic infection, which includes notably the human 
immunodeficiency virus (HIV), is subject to signifi-
cant antigenic variation. Most current vaccines are 
directed against acute infections, when a sublethal 
dose of the agent is controlled and rapidly cleared 
by the immune system (Table 33.1).

Control of Infection

Extracellular Infection

Cytokines secreted by CD4+ T-helper-1 (Th1) T 
cells aid in activating phagocytic cells such as 
macrophages and thus help in the destruction of 
the foreign agent in this fashion or complexed with 
an antibody.

Intracellular Infection

With intracellular infections with viruses, cytotoxic 
T lymphocytes (CTLs) play a dominant role in 
controlling and clearing the infection. In addition 
to its active role in killing infected cells, cytotoxic 

33
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Table 33.1. Current U.S. vaccines.

Vaccine Name Manufacturer Type Route

Anthrax BioThrax BioPort Inactivated bacterial SC
DTaP Daptacel Sanofi Inactivated bacterial IM

Infanrix GSK Inactivated bacterial IM
Tripedia Sanofi Inactivated bacterial IM

DT Generic Sanofi Inactivated bacterial toxoids IM
DTaP/HiB TriHIBit Sanofi Inactivated bacterial IM
DTaP/IPV/HiB Pediarix GSK Inactivated bacterial and viral IM
Haemophilus 

influenzae type 
b (Hib)

HibTITER Wyeth Inactivated bacterial IM

PedvaxHIB Merck Inactivated bacterial IM
ActHIB Sanofi Inactivated bacterial IM

Hepatitis A Havrix GSK Inactivated viral IM
Vaqta Merck Inactivated viral IM

Hepatitis B Engerix-B GSK Inactivated viral (recombinant) IM
Recombivax HB Merck Inactivated viral (recombinant) IM

HepA/HepB Twinrix GSK Inactivated viral IM
HPV Gardasil Merck Inactivated viral (recombinant) IM
HepB/Hib Comvax Merck Inactivated bacterial and viral IM
Influenza Fluarix GSK Inactivated viral IM

Fluvirin Chiron Inactivated viral IM
Fluzone Sanofi Inactivated viral IM
FluMist Medimmune Live attenuated viral Intranasal

Japanese encephalitis JE-Vax Sanofi Inactivated viral SC
MMR M-M-R II Merck Live attenuated viral SC
MMRV ProQuad Merck Live attenuated viral SC
Measles Attenuvax Merck Live attenuated viral SC
Mumps Mumpsvax Merck Live attenuated viral SC
Rubella Meruvax II Merck Live attenuated viral SC
Meningococcal Menomune Sanofi Inactivated bacterial SC

Menactra Sanofi Inactivated bacterial IM
Pneumococcal Pneumovax 23 Merck Inactivated bacterial SC or IM

Prevnar Wyeth Inactivated bacterial IM
Polio Ipol Sanofi Inactivated viral SC or IM
Rabies BioRab BioPort Inactivated Viral IM

Imovax Rabies Sanofi Inactivated Viral IM
RabAvert Chiron Inactivated Viral IM

Rotavirus RotaTeq Merck Live viral Oral
Td (tetanus & diphtheria) Decavac Sanofi Inactivated bacterial toxoids IM

(Generic) Massachusetts 
Biological Labs

Inactivated bacterial toxoids IM

Tdap (tetanus & 
diphtheria
toxoids/pertussis vaccine

Boostrix GSK Inactivated bacterial IM

Adacel Sanofi Inactivated bacterial IM
TT (tetanus toxoid) (Generic) Sanofi Inactivated bacterial toxoid IM
Typhoid Typhim Vi Sanofi Inactivated bacterial IM

Vivotif Berna Sanofi Live bacterial IM
Varicella Varivax Merck Live viral SC
Vaccinia (smallpox) Dryvax Wyeth Live viral Percutaneous
Yellow fever YF-Vax Sanofi Live viral SC
Zoster (shingles) Zostavax Merck Live viral SC
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T cells secrete potent cytokines with antiviral 
and macrophage-activating capabilities, such as 
interferon-γ (IFN-γ) and tumor necrosis factor-α 
(TNF-α).1 With intracellular bacterial infections, 
the immune response is not as straightforward. 
Both CD4+ Th1 and CD8+ T cells have an impor-
tant role in reducing, controlling, and clearing the 
infection.4-7

Regional Immunity

The mucosal surfaces of the human body are far 
greater in area in comparison to the skin and are 
well endowed with draining lymphoid tissues, with 
the exception of the vagina. The main routes of 
infection are the gut, the rectum, the genitourinary 
tract, the respiratory tract, and the eye. There is a 
common mucosal system, so that immunization at 
one site can result in protection at that and other 
mucosal areas. For instance, the adenovirus vaccine 
is administered orally but offers protection against a 
respiratory infection.8 In addition, since the female 
genital tract is devoid of lymph tissue, systemic 
immunization is necessary to confer protection. 
Specifically, immunization through the respiratory 
tract was shown to be superior to other routes in 
inducing protection in the female genital tract.7,9–11

The formation and secretion of secretory immu-
noglobulin A (sIgA), is the first line of defense 
in the mucosal immune system; sIgA binds to 
antigens and their toxins and subsequently aids 
in prevention of attachment and penetration of 
the mucosal surface. Cytotoxic T cells have also 
been shown in the cytobrush specimens from the 
cervix of HIV-infected women.12 Thus, protection 
in mucosal immunity is likely mediated through 
humoral and cell-mediated mechanisms.

Immunologic Memory

Most organisms are detected and destroyed within 
hours by defense mechanisms that are not antigen-
specific and do not require any prolonged period of 
induction. This illustrates the mechanism of innate 
immunity. Only when a pathogen or antigen is able 
to break this early line of defense will an adaptive 
immune response ensue, including the produc-
tion of antigen-specific effector cells,  secretion 
of  antibodies by B cells, direct cytotoxic  activity 

(CTLs), or via the secretion of immunologic 
mediators and effector molecules such as cytokines 
and chemokines. Most of the effector cells will die 
within 10 to 14 days after infection, but some cells 
survive as highly reactive plasma cells (B cells) or 
memory cells (B and T cells) to combat subsequent 
infection. The goal in preventative vaccination is 
to stimulate the adaptive response in the body with 
formation of long-lasting antibodies against a spe-
cific pathogen and induction of memory cells. The 
mechanism of how it should be achieved through 
immunization is less certain, but significant infor-
mation has been elucidated about immunologic 
memory thus far.13–15

B-Cell Memory

A memory B-cell is one that has undergone immu-
noglobulin isotype switching and somatic hyper-
mutation.16 This differentiation process starts late 
in the primary immune response and takes place 
in the germinal centers of lymph nodes. Upon 
reencountering the same pathogen (or antigen in a 
booster vaccine), the memory cells start dividing at 
a high rate and differentiate into antibody-secret-
ing plasma cells. Further, memory cells produce 
antibody of higher average affinity than unprimed 
B cells; the affinity of that antibody persists to 
increase during the ongoing secondary and subse-
quent antibody responses.

T-Cell Memory

After immunization, the number of T cells reactive 
to a given antigen increases markedly as the major-
ity become effector T cells; then the number falls 
back to continue at a level significantly (100– to 
1000–fold) above the initial frequency. These cells 
carry cell-surface proteins more characteristic of 
effector cells than of naive T cells. Both CD4+ and 
CD8+ T cells can differentiate into two types of 
memory cells. One type is called effector memory 
cells because they can quickly mature into effec-
tor T cells and secrete large amounts of cytokines 
such as IFN-γ, interleukin-4 (IL-4), and IL-5 early 
after re-stimulation. They probably develop from 
effector T cells and are relatively short-lived.17 The 
other type is called central memory cells, and they 
are long-lived in the absence of antigen and are 
able to deal with systemic pathogenic infections.
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Routes of Vaccination

Most vaccines are currently given by injection, 
which has two main disadvantages. The first is 
that injections are painful and expensive, requir-
ing needles, syringes, and a trained injector. Mass 
vaccination can be arduous through this route. The 
disadvantage from an immunologic standpoint is 
that the injection may not be the most effective way 
of stimulating an appropriate immune response 
since it is not imitating the route of the majority of 
the pathogens.

Although the presentation of soluble protein 
antigens by the oral route often results in toler-
ance, which is necessary with the large load of 
food-borne and airborne antigens presented to 
the gut and respiratory tract, many pathogens that 
cause significant morbidity and mortality across 
the world infect mucosal surfaces or enter the body 
through mucous surfaces. For this reason, several 
vaccines targeting the mucosal immune response 
have been and are currently being studied. For 
instance, there is the Sabin trivalent oral poliovirus 
vaccine (OPV). Unfortunately due to one case of 
paralysis, the Centers for Disease Control (CDC) 
and the American Academy of Pediatrics have 
recommended that only inactivated polio vaccine 
(IPV) be used after January 1, 2000.18 Oral polio 
vaccines are still being used in areas outside the 
United States where polio in endemic.19 In addi-
tion, a safe and effective intranasal influenza vac-
cine has been available for several years.

Due to the significant advances in the technol-
ogy of immunization, other routes of delivery are 
being considered. For instance, viral and bacte-
rial antigens have been produced in transgenic 
plants.20,21 Plant-based vaccines offer a means to 
deliver large quantities of a designated antigen in 
an encapsulated form. This encapsulation appears 
to protect against rapid and complete degradation 
of orally administered recombinant proteins. Thus, 
there is the potential for antigen to be gradually 
released into the gastrointestinal tract as host tis-
sue is digested. This should theoretically permit 
an increased proportion of orally administered 
antigens to reach the effector sites, such as Peyer’s 
patches lining the gastrointestinal tract.22 A few 
human vaccine candidates have entered phase I 
clinical trials. These include diarrheal vaccine 
candidates targeting enterotoxigenic Escherichia 

coli23,24 and Norwalk virus25 and candidates against 
hepatitis B and rabies.26,27

Another route being considered is epicutaneous 
immunization. In the past few years, it has been 
elucidated that application of antigen onto bare skin 
induces potent systemic and mucosal immunity in 
an antigen-specific manner via Langerhans’ and 
dendritic cells.28–30 Coadministration of nonspe-
cific adjuvants, such as cholera toxin, is necessary 
to induce good immune responses. It has recently 
been demonstrated that a natural adjuvant effect 
can be achieved by disrupting the stratum cor-
neum prior to topical antigen application; this act 
stimulates the Langerhans’ cells.28 Epicutaneous 
immunization also generates active antigen-spe-
cific immunity in the gut and particularly augments 
Th2 responses subsequent to oral antigen31 and 
inhalation of antigen.32 The search for methods of 
vaccine delivery not requiring a needle and syringe 
has been influenced by concerns of pandemic 
disease, bioterrorism, and disease eradication cam-
paigns.33 Early testing of skin-patch tests is begin-
ning, and past data with epicutaneous influenza 
vaccine showed that the vaccine was well tolerated 
by human volunteers.34

Vaccine Development

Live-Attenuated Vaccines

Viruses

Live-attenuated viral vaccines are composed of 
viruses that are traditionally grown in cultured 
cells. Viruses are typically selected for preferential 
growth in nonhuman cells, and, in the course of 
selection, become less capable of growth in human 
cells. Since these attenuated strains do not replicate 
well in human hosts, they induce immunity but not 
disease when given to individuals. There may be 
a slight possibility that the pathogenic virus can 
reemerge by a further series of mutations even 
though attenuated virus strains contain multiple 
mutations in their genome. Further, attenuated 
viral vaccines can cause significant damage by 
inducing viral opportunistic infections in those that 
are immunodeficient.35 Live-attenuated viral vac-
cines are currently in use for smallpox, measles, 
mumps, rubella, varicella, herpes zoster, polio, 
influenza (intranasal), yellow fever, and rotavirus. 
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The vaccines targeting diseases that cause cutane-
ous manifestations are discussed in this section and 
throughout the chapter.

Smallpox

Edward Jenner, in 1796, was the first to demon-
strate that inoculation of cowpox virus into human 
skin could lead to protection from subsequent 
smallpox infection.36 Jenner named the inoculation 
substance vaccine, based on the Latin word vacca, 
meaning “cow.” The vaccines used for smallpox 
vaccination are derived from vaccinia virus, a 
species similar to cowpox. The virus that causes 
smallpox is the variola virus, which belongs to 
the Poxviridae family and Orthopoxvirus genus, 
which also includes the vaccinia, cowpox, and 
monkeypox viruses. The smallpox vaccine, con-
sisting of several types of strains of the live attenu-
ated vaccinia virus, has served as the prototype of 
success of a viral vaccine; it was employed in the 
eradication of the disease. Prior to immunization, 
smallpox infection killed hundreds of millions of 
people unremittingly. The eradication of smallpox 
has been viewed as one of the greatest achieve-
ments in medicine.

Approximately two decades ago, after the com-
plete elimination of smallpox, vaccine production 
ceased.37 However, due to the recent concerns 
about biologic warfare and the use of smallpox 
as an agent, the danger of this disease has not 
been eliminated. Thus, renewed interest has been 
developed in production of the smallpox vaccines. 
Dryvax (Wyeth) is the currently licensed vaccine 
used for immunization against smallpox in public 
health, health-care-response teams, and laboratory 
workers involved with vaccinia virus research.

Contraindications to the use of this vaccine in 
the absence of circulating smallpox include aller-
gies to polymyxin B sulfate, streptomycin sulfate, 
chlortetracycline hydrochloride, and neomycin sul-
fate. The vaccine should be administered concur-
rently with antihistamines or glucocorticoids to 
individuals who have allergic symptoms to the 
above compounds and have contact with individu-
als with smallpox. Further, the smallpox vaccine is 
contraindicated in persons with a history of eczema 
or atopic dermatitis; in persons who have acute, 
chronic, or exfoliative skin conditions; in persons 
who have conditions associated with immunosup-
pression such as persons infected with human 

immunodeficiency virus (HIV); in persons who 
are using topical ocular steroid medications; in 
persons who are younger than 18 years of age; and 
in women who are pregnant or intend to become 
pregnant during the next 4 weeks or who are 
breast-feeding.38

Measles, Mumps, and Rubella

Vaccination for the three classic childhood diseases 
of measles, mumps, and rubella (MMR) includes 
live attenuated viruses, and was introduced in the 
1960s. The annual reported cases of these infections 
have declined by more than 98% in the United States 
and Europe.39 This decrease in incidence is largely 
due to the recommendation that all states require a 
two-dose MMR vaccination prior to children enter-
ing school. The two-dose MMR vaccine is advo-
cated to induce immunity in the small percentage 
of individuals who do not respond to one or more 
components of the first dose. The most updated 
recommendations from the CDC are vaccination 
with the first MMR dose at 12 to 15 months and the 
second dose at 4 to 6 years of age.40 Table 33.2 sum-
marizes the childhood immunization schedule for 
MMR, as well as other vaccines described in this 
chapter.41 Immunization evokes a mild subclinical 
infection that is noncommunicable.

Since the vaccines are composed of live attenu-
ated viruses, they are not recommended for pregnant 
women or those planning to become pregnant within 
the next 3 months. The primary concern with preg-
nant women has been the risk of eliciting the con-
genital rubella syndrome (CRS). However, a study 
of 321 women who received the vaccine 3 months 
prior to or after conception demonstrated no con-
genital malformations compatible with congenital 
rubella infection.42 Another contraindication is a his-
tory of anaphylactic hypersensitivity to neomycin. 
Persons with asymptomatic HIV infection or with 
mild immunosuppression can get vaccinated with 
MMR. Further, healthy persons with minor illnesses 
with or without fever, and those with an allergy to 
eggs can receive the vaccine as well. The risk of 
severe anaphylactic shock reaction is exceedingly 
low in individuals with a history of allergy to eggs.40 
The recommendation is to observe these patients for 
up to 90 minutes after immunization.43 Also, despite 
suggestions that the MMR vaccine has a reported 
association to autism, studies have proved strong 
evidence against that hypothesis.44–46
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Measles

The measles virus is very efficient in transmission, 
and has been noted to be the most infectious disease 
of humankind in regard to the minimal number of 
virions required to elicit infection.47 Since humans 
are the only reservoirs for the measles virus, global 
eradication is a realistic goal. In the U.S., measles 
is no longer considered an indigenous disease 
due to universal childhood immunization,48 and 
the reported incidence of measles has decreased 
by >99% since the measles vaccine has become 
available.

Subsequent to receiving two doses of the vac-
cine, 95% to 99% of individuals develop serologic 
evidence of immunity to measles.49,50 Immunity is 
viewed as lifelong, and comparable to an acquired 
infection with the wild-type virus.51 Rare cases of 
measles infection have been reported in patients 
with previously documented postimmunization 
seroconversion.52,53

Adverse effects after measles vaccination are 
usually mild, and include fever (5% to 15%),54 
transient viral exanthems,39 and less commonly 
encephalitis or encephalopathy (less than one per 
one million vaccinees).55 Further, a small number 
of cases have been described of the occurrence 

of subacute sclerosing panencephalitis (SSPE) in 
individuals with a history of vaccination but no 
known history of infection.56–58 A more detailed 
review of these cases demonstrated that some cases 
had unrecognized natural measles infection prior to 
vaccination, and the SSPE was directly correlated 
to the infection.40 Widespread measles immuniza-
tion has practically eliminated SSPE in the U.S., 
and the live measles vaccine does not increase the 
risk of this adverse event.40

Mumps

A live attenuated mumps vaccine (Jeryl-Lynn 
strain) was introduced in 1967 and is prepared in 
a chick embryo cell culture. Immunization evokes 
a mild subclinical infection that is noncommunica-
ble. Early clinical efficacy studies have shown that 
97% of children and 93% of adults develop sero-
logic evidence of immunity after vaccination59–61 
and serologic and epidemiologic evidence suggests 
that immunity persists for at least 30 years after 
immunization.62–65

Adverse reactions are usually mild and rare 
after vaccination, and include low-grade fever, 
mild parotitis, and viral exanthem. Serious adverse 
reactions, namely neurologic events are extremely 

Table 33.2. Childhood immunization schedule for diseases with cutaneous manifestations.

Dose Vaccine Dose 1 Dose 2 Dose 3 Dose 4 Dose 5 Boostert

Hepatitis B Birth
1–2 months 

of age 6–18 months X X X

Hib 2 months 4 months 12–15 months X X X
MMR 12–15 months 4–6 years X X X X
Pneumococcal (PCV) 2 months 4 months 6 months 12–15 months 24–59 monthsa X
Varicella 12–15 months 4–6 years X X X X
Meningococcal Single doseb X X X X X
Hepatitis A 2 doses between 

12–23 monthsc

X X X X

Human papillomavirus Total of 3 dosesd

Hib, Haemophilus influenzae type B; MMR, measles, mumps, rubella.
aThis last dose is only needed in high-risk groups. Pneumococcal polysaccharide vaccine (PPV) can be administered to children 
>24 months of age who are in the high-risk groups.
bMPSV4 should be given to patients ages 2 to 10 who have terminal complement deficiency, asplenia, and to other certain high-
risk groups. Patients over age 10 can receive either MPSV4 or MCV4. Strongly suggest meningococcal vaccine administration 
before start of high school or before freshman year of college.
cTwo doses between 12 and 23 months of age should be given 6 months apart.
dIn females, a three dose regimen can be initiated starting at age 9. The second dose should occur 2 months after the first dose 
with the third dose to follow 6 months later.
Source: Adapted from Department of Health and Human Services Centers for Disease Control and Prevention: 2007 
Recommended Immunization Schedules for Children in the United States.
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rare and have not been causally associated with the 
mumps vaccine.66

Rubella

The RA 27/3 (rubella abortus 27, explant 3) rubella 
vaccine is grown in human diploid fibroblast cell 
culture. It induces a response in more than 97% of 
recipients.60,67 Immunity in vaccinated individuals 
is believed to be lifelong and has been demon-
strated to persist for at least 16 years.68,69

Adverse events following rubella vaccination 
include fever, lymphadenopathy, and viral exan-
themas, usually between 5 to 12 days after vac-
cination.66,70 Arthralgias and arthritis occur more 
frequently with adult vaccinees, especially women, 
ranging from 25% to 40% in this population.71–73 
Although no longer common, failure to develop 
50% to 60% of immunity to rubella by vaccina-
tion leaves women of childbearing age susceptible 
to developing rubella infection during pregnancy. 
This causes congenital rubella in children born of 
mothers who contract rubella during early preg-
nancy.

Varicella-Zoster Virus

Prior to the prevalent use of varicella vaccine, 
annual U.S. figures for varicella infection included 
an estimate of 4 million cases, 11,000 hospitaliza-
tions, and 100 deaths.74 The annual incidence of 
varicella has decreased significantly since the use 
of this vaccine. The vaccine, Varivax, developed by 
Takahashi in 1974 and approved in 1995, is a live 
attenuated Oka strain vaccine that has been shown 
to be very safe and effective.75–77 In May 2006 the 
Food and Drug Administration (FDA) approved a 
vaccine 14 times more concentrated than the vari-
cella vaccine against herpes zoster in individuals 60 
years age and older.78 Cell-mediated immunity is 
increased following vaccination in immunocompe-
tent older adults, and the incidence and severity of 
herpes zoster79–83 is reduced. The vaccine lessened 
the overall incidence of herpes zoster by 51.3% and 
notably reduced the pain and discomfort by 66.5% 
among subjects in whom herpes zoster developed. 
The zoster vaccine had low rates of serious adverse 
events, which were similar to the placebo vaccine.

Long-term follow-up data of the varicella vac-
cine depicted protection against chickenpox for 
at least 17 to 19 years, and, furthermore, all of 

the subjects vaccinated continue to have persist-
ent antibodies and delayed-type skin reaction to 
the varicella-zoster antigen.84 In a double-blind, 
placebo-controlled study of the Oka vaccine in 914 
U.S. children, the varicella vaccine demonstrated 
an efficacy of 100% at 9 months.85 Following 7 
years of vaccination, 95% of the subjects remained 
without chickenpox clinically.86 Additional studies 
in the U.S. have demonstrated that the Oka vaccine 
induces humoral and cell-mediated immunity in 
healthy children,87–89 with protection for at least 8 
years, while other data have suggested effective-
ness decreases markedly after 1 year postvaccina-
tion.90 Further, cases series depict that vaccinated 
individuals have less severe varicella (<50 lesions, 
no fever, and shorter duration of illness) than those 
who are unvaccinated.91,92

The vaccine is recommended as part of the child-
hood immunization schedule, and all susceptible 
children from 12 months of age to 18 years of 
age should receive the varicella vaccine. The first 
dose of the Oka vaccine should be administered 
at 12 to 15 months and the second dose should 
be given at 4 to 6 years of age.78 Those over the 
age of 13 years should receive two doses, 4 to 8 
weeks apart, to generate seroconversion rates and 
antibody responses comparable to those attained in 
healthy children.75–77 It is uncertain what the dura-
tion of protection is at this time, and the necessity 
of a booster immunization is unknown. The vac-
cine is also recommended for susceptible adults, 
notably those in high-risk situations (e.g., health 
care personnel); children who have no prior his-
tory of chickenpox and are required to be present 
in school; and immunosuppressed subjects, par-
ticularly those with acute lymphocytic leukemia 
(ALL).93–95 The varicella-zoster virus (VZV) vac-
cination is safe for all patients with lymphocyte 
counts >700/mm3. Further, recent data suggest that 
varicella vaccine is >95% effective for prevention 
of disease and 100% for prevention of moderate or 
severe disease in susceptible contacts when given 
within 36 hours of exposure.96

A combination vaccine with the live attenuated 
viruses of MMR and VARIVAX is also available 
(ProQuad; Merck) and it is administered to individ-
uals 12 months to 12 years of age. Post- licensing 
studies have shown the combination vaccine to be 
as effective as separate injections of MMR and 
Varivax.97
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Varicella transmission is approximately one-
fourth the rate of natural varicella (20% to 25% 
vs. 87%)98 if a rash develops in the immunized 
individual. In children, the incidence of primary 
varicella is between 18 and 77 per 1 million per-
son years of follow-up.99 Herpes zoster can later 
develop from this vaccine type virus or from natu-
ral wild-type varicella-zoster virus.100,101 Although 
there are reports of herpes zoster in healthy chil-
dren vaccinees, the incidence is less than that seen 
in children with prior chickenpox, suggesting the 
vaccinated children may have a decreased risk for 
herpes zoster.92

The most common side effects from the vaccine 
include mild tenderness, erythema, induration at 
the injection site (19.3% to 24.4%), fever (10.2% 
to 14.7%), and a localized or generalized varicella-
like rash (3.8% to 5.5%). The transmission rate 
of the varicella vaccine virus from a healthy vac-
cinated individual is low, but may be more likely 
if a rash appears subsequent to vaccination, par-
ticularly in those who are immunocompromised. 
Vaccinated individuals should avoid close contact 
with susceptible high-risk individuals for up to 6 
weeks. The vaccine is contraindicated in pregnant 
women or any woman planning to become preg-
nant within 3 months since the vaccine uses a live 
attenuated virus and natural varicella can cause 
fetal harm.102

Yellow Fever Virus

A live attenuated vaccine produced from the 17D 
strain of yellow fever virus is available for sub-
cutaneous administration. It is recommended for 
travelers to areas where yellow fever is endemic or 
enzootic, such as tropical parts of South America 
and Africa. Booster immunizations are required 
every 10 years. This vaccine is contraindicated 
in persons allergic to eggs, in pregnant women, 
in immunocompromised persons, and in children 
younger than 4 months of age.

Bacteria

The only currently used live-attenuated bacterial 
vaccine in the U.S. is against the causative agent 
of typhoid fever, Salmonella typhi. This vaccine, 
given orally, was first developed through chemi-
cal mutagenesis in vitro. Protection is conferred 
by mucosal and serum antibodies as well as cell-

mediated immunity.103 The induction of mucosal 
antibodies offers protection against infection and 
disease.104

Inactivated Vaccines

Both inactivated viral and bacterial vaccines consist 
of viruses and bacteria, respectively, treated so that 
they are unable to replicate. They are less potent 
in the effector response than the live-attenuated 
vaccines, and consist of vaccines currently in use 
against hepatitis A and B, Haemophilus influenzae 
type b (Hib), influenza (intramuscular), Japanese 
encephalitis, meningococcus, pneumococcus, polio 
(subcutaneous or intramuscular), rabies, tetanus/
diphtheria toxoids, and typhoid fever (intramus-
cular). Again, in this section, the focus is on the 
vaccines targeting diseases that cause cutaneous 
manifestations.

Viruses

Hepatitis A

Both the inactivated and attenuated forms of hepa-
titis A vaccines have been developed and studied, 
although only the inactivated vaccine is licensed 
and available in the U.S. (Havrix and Vaqta). 
These vaccines are propagated in human diploid 
fibroblast culture and inactivated by formalin. 
Immunization typically involves two doses given 6 
to 12 months apart in adults and in children aged 
1 year and older. Studies of both available vac-
cines depict excellent safety profiles in addition 
to comparable immunogenicity and efficacy rates. 
Overall, 97% to 99% of those vaccinated develop 
protective levels of antibodies 1 month after the 
first dose, and 99% to 100% are protected 1 month 
after second dose.105–110 Long-term data are lim-
ited, but one recent study showed that protection 
following primary hepatitis A vaccination persists 
for more than 10 years.111

The hepatitis A vaccine is recommended for 
individuals at least 1 year of age living in or 
traveling to high endemic areas for hepatitis A. 
Further, individuals with chronic liver disease due 
to causes other than hepatitis A, persons engaging 
in high-risk sexual activity, residents of a commu-
nity experiencing an outbreak of hepatitis A, and 
users of illicit injectable drugs are strongly advised 
to receive hepatitis A vaccination. In addition, in 
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some states and regions, the hepatitis A vaccine is 
recommended for routine pediatric use.

Adverse effects with hepatitis A vaccination are 
typically mild, and no serious adverse side effects 
have been credited to the vaccine in clinical tri-
als.112 Side effects include soreness at the injection 
site, headache (14%) and malaise (7%) in adults, 
and feeding problems (8%) and headache (4%) in 
children.

Bacteria

Anthrax

Pasteur in 1881 demonstrated the protective effi-
cacy of the first anthrax vaccine when he injected 
sheep with heat-attenuated Bacillus anthracis. In 
the 1930s, wide use of vaccine composed of attenu-
ated strains markedly decreased the incidence of 
anthrax in domesticated animals in industrialized 
countries. The licensed human vaccine, anthrax 
vaccine adsorbed (AVA), also known as BioThrax 
since 2002, is a culture supernatant of a toxigenic, 
nonencapsulated B. anthracis strain, V770–NP1–R, 
derived from the Sterne strain.113 A vaccine similar 
to AVA is used in the United Kingdom, produced 
from culture supernatant-derived human vaccine 
(PL 1511/0058).114

Anthrax vaccinations are recommended for indi-
viduals working in the production of B. anthracis 
cultures, those engaged in activities with a high 
risk of aerosol exposure, individuals in the mili-
tary, and other groups of persons with a calcula-
ble risk.115 Preexposure vaccinations are currently 
not recommended for emergency first responders, 
medical practitioners, and civilians. However, due 
to the bioterrorist attacks in 2001 and limited sup-
ply of anthrax vaccine, supplemental recommenda-
tions of the Advisory Committee on Immunization 
Practices endorse the anthrax vaccine in combina-
tion with antimicrobial postexposure prophylaxis 
(PEP) for unvaccinated persons at risk for inhala-
tional anthrax.116

Anthrax vaccine adsorbed has numerous limi-
tations despite being relatively efficacious and 
safe.117 The schedule of AVA administration, which 
consists of subcutaneous injections at 0, 2, and 
4 weeks and boosters at 6, 12, and 18 months 
(with recommended annual boosters to maintain 
immunity), is probably suboptimal. The enduring 
protective efficacy in humans is unknown. AVA 

contains other cellular elements that aid in the 
fairly high rate of local and systemic adverse reac-
tions,117 including injection-site hypersensitivity, 
edema, pain, headache, arthralgia, asthenia, and 
pruritus. Approximately 20% of vaccinees develop 
mild cutaneous reactions such as erythema, edema, 
and induration. In <1% of recipients, systemic side 
effects of fever, chills, nausea, and body aches 
occurred.118

Conjugate Vaccines (Fig. 33.1)1,119

Many bacteria, including Neisseria meningitidis 
and Haemophilus species, have an outer capsule 
composed of polysaccharides that are species 
and type specific for particular strains of the 
bacterium. The goal of vaccination is to gener-
ate antibodies against the polysaccharide capsule 
of the bacteria since the most effective defense 
against these organisms is opsonization of the 
polysaccharide coat with antibody. However, chil-
dren under 2 years of age do not mount a good 
response against capsular polysaccharide, which 
is a T-cell– independent antigen. An effective way 
to overcome this problem is to conjugate bacterial 
polysaccharide (chemically) to protein carriers, 
which offer peptides that can be recognized by 
antigen-specific T cells. Thus, a T-independent 
response is converted into a T-cell–dependent 
antipolysaccharide response.1,35

Haemophilus Influenzae

In the second generation of Hib vaccines, the 
polyribosylribitol phosphate (PRP) vaccine has 
been covalently conjugated with various protein 
molecules to form the Hib conjugate vaccine. This 
has resulted in a vaccine that is able to stimulate 
the immunologic system to produce a T-dependent 
response, for use in infants.120 Four different types 
of the Hib conjugate vaccine have been licensed 
for use: PRP conjugated to the diphtheria toxoid 
(PRP-D), PRP conjugated to the outer membrane 
protein of Neisseria meningitidis group B (PRP-
OMP), PRP conjugated to tetanus toxoid (PRP-T), 
and PRP oligosaccharides conjugated to mutant 
diphtheria toxin CRM (HbOC).121 Recommended 
immunization involves three doses of the Hib vac-
cine given at 2 months, 4 months, and 12 months 
of age.41



Fig. 33.1. Antibody responses to polysaccharide antigens and polysaccharide–protein conjugates. (A) A polysac-
charide antigen binds to an immunoglobulin M (IgM) receptor on the surface of a B cell in lymphoid tissues. Once B 
cells are activated, they produce and then secrete IgM antibody molecules. The individual Fab segments of the IgM 
molecule have only a moderate affinity, but because there are 10 such segments, an IgM molecule has a high avidity. 
(B) In contrast, some polysaccharide–protein conjugates are taken up by dendritic cells, which present peptides from the 
protein portion of the conjugate to type 2 helper T (Th2) cells. Other conjugate molecules bind to B cells that have IgM 
receptors specific for the carbohydrate moiety and will undergo endocytosis and be processed by the B cell; the resulting 
peptides will be expressed with major histocompatibility complex (MHC) class II molecules on the surface of the B cell. 
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Neisseria Meningitidis

Bacterial meningitis remains a severe threat to 
global health, with an estimated 500,000 cases 
worldwide with at least 50,000 deaths and as many 
cases of neurological damage.122 Neisseria menin-
gitidis is responsible for 60% to 65% of cases of 
bacterial meningitis, and it is the only bacterium 
that is able to generate epidemics of meningitis.123 
It is also associated with a petechial eruption or 
more severe hemorrhagic lesions on the trunk and 
lower extremities.

The significant determinant of virulence in N. 
meningitidis is the polysaccharide capsule. Among 
the 13 distinct N. meningitidis serogroups that have 
been defined on the immunohistochemistry of their 
polysaccharide group, groups A, B, C, W135, and 
Y account for over 90% of severe meningitis and 
septicemia. Two meningococcal vaccines, each 
containing antigens to serogroups A, C, Y, and 
W-135, are licensed in the U.S. There is currently 
no vaccine that provides immunity against sero-
group B, which accounts for an estimated one third 
of cases of meningococcal disease.

Over 30 years ago, the first meningococcal 
polysaccharide vaccine (MPSV4 or Menomune, 
Sanofi Pasteur), was developed against serogroups 
A and C among U.S. military recruits.124–126 It 
is approved for all ages in which meningococcal 
vaccine is currently recommended. Further, the 
vaccine is safe and bestows protection to 90% to 
95% of people. However, there are limitations to 
the vaccine. First, the vaccine offers a short dura-
tion of immunity: 1 to 3 years in children younger 
than 5 years of age121,127 and 3 to 5 years in adoles-
cents and adults. Second, like other polysaccharide 
vaccines, this vaccine could not elicit memory T 
cells, and even after repeated injections, booster 
responses are low.128,129 In addition, like other 
polysaccharide vaccines, this vaccine does not pre-
vent mucosal colonization and hence does not offer 
herd immunity by breaking up the transmission 

of N. meningitidis.130,131 For a limited amount of 
time, this vaccine is a logical option for individuals 
requiring protection.

The second vaccine, meningococcal conjugate 
vaccine A, C, Y, and W135 (MCV4 or Menactra, 
Sanofi Pasteur), was approved in January 2005 
for use in individuals 11 to 55 years of age. This 
conjugate vaccine contains the same antigen as 
that found in the meningococcal polysaccharide 
vaccine, but it is conjugated to 48 µg of diphtheria 
toxoid.132 What is different regarding this vaccine 
is that immunity is more durable, and revaccination 
can generate a rise in antibody level. Although not 
yet proved, it is suggested that, like other conjugate 
vaccines, it is likely that this vaccine will offer 
more durable protection than the polysaccharide 
vaccine alone and will further reduce nasopharyn-
geal carriage, allowing herd immunity to occur.

The serogroups A and C vaccines have demon-
strated estimated clinical efficacies of >85% among 
school-aged children and adults and are useful in 
controlling outbreaks. Serogroups Y and W-135 
polysaccharides are safe and immunogenic among 
adults and children aged >2 years. The advantages 
of the meningococcal conjugate vaccine have 
led the Advisory Committee on Immunization 
Practices (ACIP) of the CDC to extensively widen 
the recommendations for immunization.132 If these 
recommendations are fully effective, the immuni-
zation of all children 11 to 19 years of age would 
be accomplished by 2008.133

Both vaccines are currently recommended for use 
in control of outbreaks as a result of N. meningitidis 
serogroups A, C, Y, and W-135.132 However, due to 
its enhanced booster effect, the conjugate vaccine is 
favored when revaccination is indicated for individu-
als who have received the meningococcal polysac-
charide vaccine before and who remain at higher risk. 
Long-term follow-up studies are still needed for those 
that have been immunized with the meningococcal 
conjugate vaccine to establish if boosters are needed.

Fig. 33.1. (continued) This complex is recognized by the activated Th2 cell, which then secretes interleukin-4 (IL-4), 
IL-5, and IL-6. These cause the B cell to differentiate and express IgG molecules with polysaccharide specificity. 
These cells mature in the lymphoid follicles; only cells that express very high affinity IgG molecules become plasma 
cells and secrete high-affinity IgG that binds strongly to the encapsulated bacteria and mediates opsonic activity 
and complement-mediated bactericidal activities.1 A study suggests that the formation of memory B cells is a criti-
cal component of protective immunity against infection with Haemophilus influenzae type b.119 (Copyright © 2001 
Massachusetts Medical Society. All rights reserved.)
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Adjuvants

Purified antigens are not typically immunogenic 
on their own, and thus most acellular vaccines 
require adjuvants to enhance their immunogenic-
ity. Alum, the adjuvant most often used, delays the 
release of an antigen and enhances the generation 
of antibodies. Most adjuvants are thought to act on 
antigen-presenting cells, particularly on dendritic 
cells. Adjuvants manipulate the immune system 
into reacting as though there were an active infec-
tion, and just as different classes of infectious 
agents elicit different types of immune response, 
different adjuvants may stimulate different types 
of response.

Recombinant Subunit Vaccines

Another route to vaccine development is the iden-
tification of the T-cell peptide epitopes that stimu-
late protective T-cell–mediated immunity. T cells 
recognize their target antigens as small protein 
fragments or peptides presented by major histo-
compatibility complex (MHC) molecules at the 
cell surface, and thus these peptide epitopes, once 
identified, can then be tried as vaccines. Using pep-
tides has many advantages and some drawbacks.1 
Advantages include that the peptide is chemically 
defined, stable, and safe and contains only impor-
tant B-cell and T-cell epitopes. Drawbacks include 
the complexity in mimicking the conformation of 
antigen polymers found with many viruses, that 
B-cell epitopes recognized by neutralizing anti-
bodies are sometimes discontinuous sequences, 
and the vulnerability of peptides to proteolysis. 
Several administrations, likely with an adjuvant, 
may be required. Since 1990, over 100 chemically 
synthesized short peptide vaccines have been initi-
ated into phase I clinical trials, less than 20 have 
advanced into phase II, and none has entered phase 
III clinical trials.134

Subunit vaccines have often made use of recom-
binant-DNA technology. Immunogenicity can be 
improved and the immune response aimed at induc-
tion of both cell-mediated and humoral responses 
through the formation of aggregates such as immu-
nostimulating complexes, virus-like particles, anti-
gen-coated beads, or lipid-encapsulated antigens 
under many conditions. Linked peptides are also 
being tested in the field of subunit vaccines; for 

instance, aggregates of linked peptides from group 
A streptococcus as a vaccine against rheumatic 
fever have demonstrated promising results in ani-
mal models.135,136

Viruses

Human Papillomavirus

Globally, cervical cancer is the second most com-
mon cause of death in women from cancer, after 
breast cancer, and it is the cause of death of 
approximately 273,000 women per year.137 Almost 
half a million new cases of invasive cervical 
cancer develop each year, and in the U.S. it was 
estimated to afflict over 9700 women in 2006.138 
Epidemiologic studies have proved that persistent 
HPV infection is the main cause of almost all cer-
vical carcinogenesis.139–141

Approximately 40 of the 100 HPV genotypes 
have an affinity for infecting the mucosal epithe-
lium and subsequently causing genital infection. 
The major types associated with malignancy (16, 
18, 31, 33, 45, 52, and 58) and condyloma (6 
and 11) are relatively few in number, which has 
allowed for more focused strategies for immuniza-
tion against these specific types.102

Papillomaviruses are nonenveloped double-
stranded DNA viruses with the genome comprised 
of three regions: the long control region (LCR), the 
early region (E), and the late region (L). The early 
region consists of genes E1 to E8, which encode 
nonstructural proteins. The late regions code for the 
major (L1) and minor (L2) proteins that compose 
the viral capsid. The advancement in producing 
the prophylactic HPV vaccine came from findings 
that L1 self-assembles into empty capsids, named 
virus-like particles (VLPs), when it is expressed 
from eukaryotic vectors such as recombinant vac-
cinia, baculovirus, and yeast.142,143 The VLPs do 
not contain viral DNA and are noninfectious; their 
similarity to virions offers a neutralizing epitope 
that subsequently produces an antibody response.

Gardasil® (Merck) is a quadrivalent vaccine that 
targets HPV types 16, 18, 6, and 11. It is a yeast-
expressed vaccine, which was approved by the 
FDA in 2006 for use in girls and young women of 
ages 9 to 26 years, and is marketed as a vaccine for 
prevention of cervical cancer, precancerous genital 
lesions, and genital warts due to HPV types 6, 11, 
16, and 18. Provisional recommendations from 
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ACIP include giving the second and third dose 
of the vaccine at months 2 and 6, respectively.144 
In one study involving greater than 12,167 ado-
lescents and women of ages 16 to 23, Gardasil 
prevented 100% (n = 5301) of cases of cervical 
intraepithelial neoplasia (CIN) grades 2 and 3 
linked with HPV types 16 and 18 compared to 21 
cases in the placebo group (n = 5258). All subjects 
elicited 100% antibody responses to the HPV 
strains 6, 11, and 16, and 99.1% developed strain 
18 antibodies. Protection has been observed for at 
least 36 months following vaccination. Males were 
also studied in the Gardasil trials, and although 
99% antibody response was elicited in this patient 
population, vaccine efficacy is difficult to study 
since anogenital cancer is very rare in U.S. males, 
with the exception of HIV-positive homosexuals. 
The trial is being extended for several years to 
investigate if the vaccine is protective in this popu-
lation.145,146

Gardasil has been shown to be generally safe, 
and well tolerated, with pain, swelling, and ery-
thema at the site of injection being the primary side 
effects. Females who have an equivocal or abnor-
mal Pap test can receive the quadrivalent vaccine, 
but data from clinical trials do not suggest that 
the vaccine will have a therapeutic effect on exist-
ing Pap test abnormalities; it would only provide 
protection against other HPV types not already 
acquired. Females who are immunocompromised 
can be vaccinated; however, the immune response 
may be less than in those who are immunocompe-
tent. Further, those with moderate or severe illness 
should not be vaccinated until after the illness 
improves. Provisional contraindications to Gardasil 
include those with immediate hypersensitivity to 
yeast or another vaccine component. The Merck 
vaccine is not recommended for use in pregnancy 
since data for vaccination during pregnancy is 
limited, and lactating women cannot receive the 
vaccine either.144

Hepatitis B

The annual incidence of individuals infected with 
hepatitis B virus (HBV) in the U.S. was estimated 
to be 200,000 to 300,000 prior to the development 
of the hepatitis B vaccine.147 In 1981, a plasma-
derived hepatitis B vaccine was licensed in the 
U.S.; the vaccine was highly effective in inducing 

immunity, but was associated with several  limitations. 
Large-scale production was not  feasible because of 
the insufficient supply of suitable carrier plasma. 
Further, despite the chemical treatment of plasma 
products for safety, there was a small concern 
regarding the risk of HIV transmission. Both of 
these issues were resolved with the licensure of the 
recombinant yeast hepatitis B vaccine (Merck).148

This vaccine was the first licensed recombinant 
viral vaccine prototype as well as the first effective 
viral vaccine for a sexually transmitted disease. 
Clinical studies in high-risk homosexual men illus-
trated three-dose vaccine efficacy of 82% to 93% in 
preventing acute hepatitis B.149,150 Approximately 
95% of immunocompetent adults develop signifi-
cant antibody titers following a three-dose hepatitis 
B vaccination. An estimated 99% of children151 
respond to the vaccination, while only 50% to 
70% of those over age 60 develop immunity.152,153 
Factors linked with lower likelihood of serocon-
version include immunosuppression, renal failure, 
prematurity with low birth weight, age older than 
40 years, obesity, and smoking.154–156 In these indi-
viduals, annual antibody testing should be com-
pleted, and a booster dose administered for those 
with antibody levels <10 mIU/mL.

Long-term efficacy is expected from the  duration 
of immunity afforded by the hepatitis B vaccine, 
although few studies are available on this topic.156 
Antibodies levels decline rapidly in the first year 
following vaccination, and then decline at a slower 
pace in the following years.157 The loss of detect-
able antibodies years after hepatitis B vaccination 
does not necessarily signify a lack of immunity. 
Most of the persons vaccinated are protected by 
immunologic memory in B lymphocytes, which 
mount an anamnestic response to natural infec-
tion.158 It should be noted, however, that rare cases 
of hepatitis B infection have been reported in previ-
ously vaccinated patients.159,160 These individuals 
usually have subclinical disease, and none has 
developed chronic infection or serious complica-
tions.156

The immunization regimen includes three doses, 
given at months 0, 1, and 6. Hepatitis B vac-
cination is recommended for individuals living 
in or traveling to areas of high endemicity for 
hepatitis B, health care personnel, morticians, 
persons engaging in high-risk sexual activity, per-
sons with chronic liver disease due to causes other 
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than hepatitis B,  prisoners, users of illicit inject-
able drugs, police and fire department personnel 
who participate in first aid, and all children 0 to 
18 years of age. Due to the widespread use of 
the vaccine in children, a thimerosal-free vaccine 
was recently approved by the FDA (Merck and 
GlaxoSmithKline). Thimerosal is a preservative 
that contains mercury, which has driven the limita-
tion of its use in children.161

Adverse effects after hepatitis B vaccination are 
usually mild and well tolerated. The most common 
side effects include fatigue (15%), headache (9%), 
and fever (1% to 9%).162,163 A postmarketing clini-
cal surveillance of 4.5 million doses of hepatitis B 
vaccine over 5 years depicted no serious or severe 
reactions attributable to the vaccine. Reports of 
a causal relationship between hepatitis B vaccine 
and a variety of autoimmune diseases have been 
disproven, and furthermore this vaccine does not 
increase the risk of multiple sclerosis,164 nor does it 
cause a relapse of underlying multiple sclerosis.165

In 2001 the FDA licensed a new combination 
vaccine that protects individuals at least 18 years 
of age against hepatitis A virus and hepatitis B 
virus. This vaccine, Twinrix (GlaxoSmithKline), 
combines two already approved vaccines, Havrix, 
and Engerix-B, in order for persons at high risk for 
exposure to both viruses to be immunized against 
both at the same time and reduce the number of 
injections needed. This vaccine is administered 
at months 0, 1, and 6. Data from 11 clinical trials 
indicate that 99.9% of vaccinees develop serocon-
version against hepatitis A virus and 98.5% against 
hepatitis B surface antigen, with persistence up to 
4 years (GlaxoSmithKline Biologics, unpublished 
data, 2001).

Lyme Disease

Lyme disease is the most common vector-borne 
human disease in the U.S., with 23,763 cases 
reported to the CDC in 2002.166 Since 1982, the 
annual incidence of Lyme disease has increased 
more than 25-fold.167

Although a recombinant vaccine, Lymerix, for 
prevention of Lyme disease was approved in 1998, 
for many reasons including cost, need for frequent 
revaccinations, and a highly publicized but theo-
retical risk of precipitating autoimmune arthritis, 
sales of Lymerix declined rapidly after its initial 

introduction, and its manufacturer removed the 
vaccine from the market in 2002.168,169 As a result, 
there has been renewed interest in developing new 
strategies for the reduction of Lyme disease, for 
instance, the use of oral delivery of an OspA vac-
cine to reduce carriage of Borrelia burgdorferi in 
its reservoir hosts.168

Investigational Vaccines

Live-Agent Vaccines as Vectors of Other 
Vaccine Antigens

Wide interest exists in the use of vaccines com-
posed of attenuated viruses or bacteria as carriers 
(vectors) of other antigens. More than 20 different 
RNA and DNA viruses as well as bacteria are used 
experimentally as vectors, including poxviruses. 
All of these strains infect but do not replicate in 
human cells.170,171 Since approximately 10% of 
the large poxvirus genome can be replaced by 
foreign DNA, genes encoding protective antigens 
from several different organisms could be placed 
in a single vaccine strain. This approach allows 
immunization against several different pathogens 
at one time, but such a vaccine could not be used 
twice since the vaccinia vector itself elicits long-
lasting immunity that would neutralize its effec-
tiveness on a second dose. Further, live-attenuated 
strains of Salmonella have been used as vectors of 
tetanus toxoid, Listeria monocytogenes, Bacillus 
anthracis, Leishmania major, Yersinia pestis, and 
Schistosoma mansion to provide mucosal response 
due its oral administration.1,35

Immunization with DNA

Vaccination with DNA is one of the most promis-
ing novel immunization techniques against patho-
gens in which conventional vaccination regimens 
have failed. A DNA plasmid encoding a desired 
protein is injected into the muscle or skin of an 
animal, where it subsequently enters host cells 
and directs the synthesis of its polypeptide anti-
gen. Once the plasmid antigen is processed and 
presented by transected host cells, a cellular and 
humoral immune response against the antigen 
is elicited. The DNA vector is bacterial-derived 
and outfitted with eukaryotic or viral promoter/
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enhancer  transcription elements that direct the 
high-efficiency transcription of the plasmid-anti-
gen within the nucleus of the host cell. The most 
common way of administering DNA vaccines has 
been parenterally, but noninvasive routes of deliv-
ery involving the topical application of pure DNA 
plasmid to skin or mucosa have been illustrated 
(Fig. 33.2).1,172

This approach has many potential advantages, 
including low cost, stability, and inability to return 
into virulence. A possible disadvantage would be 
integration of the DNA into the genome of the 
host cell, leading to transformation or tumorigenic 

events, but such occurrences have not yet been 
observed.1

Sequential Immunization

There are also a group of pathogens that do not 
respond to the vaccine approaches described thus 
far. These pathogens include HIV, Mycobacterium 
tuberculosis, and the malaria parasite, all which 
traditionally evade the humoral response elicited 
by traditional vaccines.173 Thus, over the past few 
years there has been a drive to generate vaccines 
targeting the cell-mediated immune system for 
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Fig. 33.2. Activation of helper T cells after the application of antigen-coated beads with the aid of a “gene gun” 
or the application of soluble antigen to the skin as an alternative to vaccination with a needle. A gene gun is used 
ballistically to accelerate the transdermal passage of microscopic gold beads coated with DNA plasmids (about 600 
copies per bead) through the stratum corneum into the epidermis, where some are taken up by resident dendritic 
(Langerhans’) cells. Alternatively, a soluble antigen together with an adjuvant, usually cholera toxin, is applied to 
the skin (transcutaneous immunization). Some antigen reaches the epidermis and also undergoes endocytosis by 
Langerhans’ cells. During migration to the draining lymph node through the afferent lymphatics, these cells mature 
and express receptors for chemokines. The foreign DNA is expressed, and the antigens are degraded, some of which 
bind to MHC antigens. These activated T cells can interact with an activated B cell to induce a humoral response.1 
(Copyright © 2001 Massachusetts Medical Society. All rights reserved.)
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these and related pathogens. With the advent of 
vaccines, repeated administration with the same vac-
cine (homologous boosting) has proven to be very 
effective for boosting humoral response. However, 
this approach is not effective at boosting cellular 
immunity since prior immunity to the vector appears 
to impair robust antigen presentation and the gen-
eration of appropriate inflammatory signals. One 
approach to evade this problem has been to sequen-
tially administrate vaccine, usually weeks apart, 
using different antigen-delivery systems (heterolo-

gous boosting). This method is referred to as prime-
boosting, and is very effective at generating high 
levels of T-cell memory (Fig. 33.3).174 Although 
many of the initial studies were to develop a vaccine 
to control malaria, this method of vaccine develop-
ment was applied to a variety of other pathogens.175

Much advancement has been made in vector 
design and progress, and several vectors have 
proven to be effective, which include replication-
defective adenoviruses, fowlpox viruses, vaccinia 
virus, influenza virus, Sendai virus, and naked 
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Fig. 33.3. Prime–boost vaccination strategies synergistically amplify T-cell immunity to specific antigens. Priming 
with the first vaccine results in the presentation of both the target antigen (red triangles) and vector antigens (blue 
triangles) on antigen-presenting cells (APCs). The APCs then stimulate naive T cells in the lymph nodes and drive 
the expansion of both target-specific T cells (red cells, high-avidity cells are indicated by the darker red) and vector-
specific T cells (blue cells). Subsequent boosting with a second vaccine results in the re-presentation of the target 
antigen (red triangles) and antigens from the second vector (green triangles) on APCs. These APCs then drive the 
expansion of target-specific memory T cells (red cells) and vector-specific naive T cells (green cells). This results in 
both a synergistic expansion of the T cell specific for the target antigen and selection of T cells that have greater avid-
ity for the antigen. The situation with priming and boosting vectors that induce strong T-cell responses to themselves, 
as well as the target antigens, is shown. However, it should be noted that many vectors, such as DNA and some of the 
popular replication-defective viral vectors, induce little or no response to the vectors themselves. This is probably a 
key issue underlying their efficacy. (From Woodland DL. Jump-starting the immune system: prime–boosting comes 
of age. Trends Immunol 2004;5:98–104. Copyright 2004, with permission from Elsevier.)
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Fig. 33.4. Approaches to HIV-vaccine development. The mechanism of normal HIV infection is shown (A), along 
with the mechanisms of three types of potential vaccines: a subunit vaccine containing a synthetic protein from the 
CD4–binding site on the envelope of the virus (B), a naked DNA vaccine, and a recombinant vaccine with a bacterial 
or viral vector (C).185 (Copyright © 2005 Massachusetts Medical Society. All rights reserved.)
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DNA.174,176–180 Vaccination strategies where a DNA 
prime is boosted with a poxvirus vector are par-
ticularly effective and have surfaced as the major 
approach for generating protective CD8+ T-cell 
immunity. DNA, for unclear reasons, appears to 
be more effective at priming immune responses 
versus as a boosting agent.181 The general efficacy 
of prime-boost vaccination in humans is still not 
yet determined; the initial results of clinical trials 
in progress have been promising.182,183

Currently over 4 million people suffer from HIV/
AIDS, which is the primary cause of death in sub-
Saharan Africa and ranks as the fourth major cause 
of death in the world. Approximately 14,000 peo-
ple/day (5 million persons/year, including 600,000 
children less than 15 years of age) become infected 
with HIV, with more than 95% of them residing in 
nonindustrialized countries.184 The production of a 
safe, effective, easily administered and affordable 
AIDS vaccine is greatly needed. Figure 33.4185 

illustrates three approaches currently being studied 
in the development of an AIDS vaccine.

All of the vaccines used up to the 20th century 
were used primarily for prevention. In recent years, 
several new candidate vaccines have undergone tri-
als and are being developed for infections that are 
already acquired.

Conclusion

Vaccines are one of the leading tools for main-
tenance of public health, and they have made a 
tremendous contribution to reducing the incidence 
of numerous diseases. While there has been much 
success with immunization, there are still many 
diseases uncontrolled by vaccination, and there are 
still challenges regarding implementing vaccine 
programs and dispelling fears about immuniza-
tion side effects. Most associations between vac-
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cines and adverse events are not demonstrated to 
be causal. Nevertheless, suspected relationships 
between vaccines and adverse events need to be 
reported to the Vaccine Adverse Event Reporting 
System (telephone 800–822–7967) in order to 
maintain an excellent safety record of vaccines.

Approximately 200 years of research have allowed 
us to direct the immune system for the gain of the 
people, and to have a clearer comprehension of 
microbial pathogenesis and host responses. From the 
continual presence of experimental and clinical tri-
als, we can expect to see safe and effective vaccines 
for numerous infectious diseases in the future.
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Intravenous Immunoglobulins
Doerte Bittner and Alexander Enk

Key Points

● Intravenous immunoglobulin (IVIG) is a blood 
product derivative that is derived from purified 
human plasma, of which the final product is poly-
clonal immunoglobulin G, with trace amounts of 
other immunoglobulins and albumin.

● The mechanism of action of IVIG is complex and 
has not been fully elucidated.

● Intravenous immunoglobulin has been used suc-
cessfully to treat a number of dermatologic 
conditions, such as pemphigus vulgaris, bullous 
pemphigoid, dermatomyositis, vasculitis toxic 
epidermal necrolysis, and epidermolysis bullosa 
acquisita.

● This drug is expensive, and has not been thor-
oughly studied in controlled clinical trials. Most 
of the clinical evidence for the use of IVIG is 
predominantly anecdotal.

Intravenous immunoglobulins (IVIGs) have been 
used for more than 25 years in diseases with pri-
mary or secondary immunodeficiencies, autoim-
mune disorders, and certain infectious states, and 
is still offering new hope for the treatment of 
many severe dermatologic diseases. The ability 
of IVIG to treat immunologically diverse disor-
ders effectively, coupled with its excellent safety 
profile, has led clinicians to use the drug more 
liberally. Thus, even in diseases for which clinical 
data are insufficient and not evidence-based, and 
in patients with coexisting conditions, IVIG has 
become a viable option.

Between 3000 and 10,000 donors contribute to 
each batch of IVIG blood product derivative; IVIG 

is manufactured from the sterilized, purified human 
plasma. The final IVIG preparation is primarily 
composed of polyclonal immunoglobulin G (IgG), 
with trace amounts of IgA, IgM, and albumin. 
There is, however, a significant variation between 
each batch, related to the concentration of a par-
ticular antibody.1 The half-life on infused IVIG 
is approximately 3 weeks. For antibody deficien-
cies, IVIG is used at a replacement dose of 200 
to 400 mg/kg body weight three times a week. In 
contrast, high-dose IVIG, given most frequently 
at 2 g/kg body weight/month, is used as a immu-
nomodulatory agent.2

Intravenous immunoglobulin’s mechanism of 
therapeutic action is complex and has not been 
fully elucidated.

Reduction of circulating antibodies via anti-
idiotype antibodies,3 neutralization of toxins that 
trigger autoantibody production,4 modulation 
of serum levels of proinflammatory cytokines,5 
functional blockade of the Fc receptors,6 induc-
tion of leucocyte apoptosis,7,8 and an array of 
antiapoptotic effects, are just some of its many 
biologic effects. In addition to inactivation of 
lytically active Fas ligand (Fas-L) in patients 
serum, IVIG has also been shown to protect 
target cells from apoptosis by upregulating Bcl-2 
expressions, to interfere with the tumor necro-
sis factor-α (TNF-α) and interferon signaling 
pathways,9 to attenuate T-cell and dendritic-cell 
stimulation10,11 with reduced T-cell adhesion to 
extracellular matrix,12 and to increase sensitivity 
to corticosteroid action by increasing glucocorti-
coid affinity.13
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Safety

Adverse reactions caused by immunoglobulin ther-
apy occur in up to 15% of infusions. The most com-
mon side effects occur within 30 to 60 minutes into 
the infusion and include headache, flushing, malaise, 
chest tightness, fever, chills, myalgia, fatigue, dys-
pnea, back pain, nausea, vomiting, diarrhea, blood 
pressure changes, and tachycardia. These are caused 
by activation of the complement cascade by aggrega-
tion of immunoglobulin. The symptoms are usually 
mild and self-limiting and can easily be managed 
by slowing or temporarily discontinuing the infu-
sion. If symptoms are anticipated, the patient may 
be premedicated with antihistamines, analgesics, or 
even low-dose intravenous steroids.

To avoid these side effects, stabilizing agents, 
such as sucrose, maltose, dextrose, and glycine, 
are used in conjunction with immunoglobulin. 
Erythema, pain, phlebitis, and eczematous derma-
titis may also occur at the infusion site.14

One of the most serious and potentially lethal 
toxicities of IVIG therapy is acute renal failure. Of 
reported renal adverse events in the United States, 
69% have been associated with products contain-
ing the highest concentrations of sucrose.15,16 The 
mechanism thought to underlie the development 
of renal failure (osmotic nephrosis) with sucrose 
results from proximal convoluted tubular cell 
swelling causing tubular luminal swelling.17 More 
than half of patients who develop acute renal fail-
ure following IVIG administration are older than 
65 years, or have preexisting renal insufficiency, 
diabetes mellitus, volume depletion, or parapro-
teinemia, or use nephrotoxic drugs.18

Other serious and potentially fatal side effects 
are stroke, myocardial infarction (MI), and other 
thrombotic complications. Risk of acute MI seems 
to increase with the use of high-dose IVIG and 
in older individuals, especially those with at least 
one cardiovascular risk factor, such as ischemic 
heart disease, hypertension, or hypercholestero-
lemia. Risk of stroke is associated with preexisting 
thrombogenic risk factors. Stroke and MI occur 
during the IVIG infusion, although they were 
also observed within 1 to 8 days following IVIG 
 infusion.19 Arterial thrombosis seems to occur 
early after IVIG administration (49% within 4 
hours, 77% within 24 hours) and is associated with 
advanced age and atherosclerotic vascular disease; 

venous thrombosis seems to occur later (in 54% 
more than 24 hours after IVIG administration), and 
is associated with factors contributing to venous 
stasis such as obesity and immobility.20

Anaphylaxis has been reported in IgA-deficient 
patients with anti-IgA antibodies. As most IVIG 
preparations contain trace amounts of IgA, admin-
istration of IVIG may result in antigen-antibody 
complex formation.

Aseptic meningitis, often presenting with 
headache and only photophobia, has also been 
described as a rare complication.21 It occurs 
mainly in  children [especially children with idio-
pathic thrombogenic purpura (ITP)] 48 to 72 hours 
after the IVIG infusion and can be prevented with 
nonsteroidal antirheumatic drugs. The symptoms 
resolve completely and do not return with subse-
quent infusions. More common in patients with a 
history of migraines, aseptic meningitis may last 
several days.

Other late and infrequent adverse effects include 
neutropenia, autoimmune hemolytic anemia, and, 
uncommonly, arthritis. Pseudohyponatremia fol-
lowing IVIG is important to be recognized.

To prevent side effects, high-risk patients have 
to be identified. Thus, it is vitally important that 
a thorough and comprehensive medical evaluation 
be performed on every patient who is being evalu-
ated for potential IVIG therapy. The clinician 
should consider other nephrotoxic medications, 
preexisting renal function, advanced age, diabetes 
mellitus, hypertension and hyperviscosity, previ-
ous thromboembolic diseases, being bedridden, 
diabetes mellitus, hypertension, dyslipidemia, and 
dehydration. The evaluation should include a 
hematologic screen including complete blood cell 
counts and liver function and renal function stud-
ies prior to starting IVIG therapy. Immunoglobulin 
levels are measured to exclude IgA deficiency. In 
the absence of IgA, or in the presence of low IgA, 
anti-IgA titers are ordered to minimize the risk of 
anaphylaxis. Screening for rheumatoid factor and 
cryoglobulins is recommended as these patients 
are at an increased risk of acute renal failure. For 
medicolegal reasons, baseline testing for hepatitis 
B and C and the human immunodeficiency virus 
is advisable.

In patients at risk of renal failure, thromboem-
bolic events, or aseptic meningitis, administration 
of a non–sucrose-containing IVIG product after 



accomplishing hydration, in a low concentration 
and a slow infusion rate while supervising urine 
output and kidney function, is recommended.22,23 
Patients with a background of IgA deficiency 
should ideally be treated with a preparation con-
taining low levels of IgA.

In general, patients should be monitored closely 
for these types of adverse events during the whole 
period of IVIG therapy, as thrombotic manifes-
tations occurred in patients who had received 
multiple IVIG infusions without exhibiting com-
plications.24

Clinical Use in Dermatologic 
Diseases

Because the diseases treated with IVIG are rare, 
most support for use of this drug is provided by 
case reports or small clinical trials; there are few 
controlled randomized trials. Regardless, IVIG 
has proven to be extremely efficacious, and thus 
has become the standard of care for a wide variety 
of clinical syndromes, even outside the realm of 
immunology.

Autoimmune Mucocutaneous 
Blistering Diseases

Autoimmune mucocutaneous blistering diseases 
are a group of rare, potentially fatal, diseases that 
affect the mucous membranes and the skin. The 
clinical presentation, the course, and the prognosis 
are significantly variable. The immunopathology is 
well characterized, and the target antigens to which 
the autoantibodies are directed have been studied 
by various investigators. A significant majority of 
the patients respond to conventional therapy, which 
consists of high-dose long-term systemic corticos-
teroids and immunosuppressive agents.

In pemphigus vulgaris where loss of the normal 
cell-to-cell adhesion within the stratified epithelium 
(acantholysis) occurs as a result of circulating IgG 
autoantibodies to desmoglein 3, IVIG is an effective 
treatment (Figs. 34.1 and 34.2). Severe  pemphigus 
is conventionally treated with high-dose oral pred-
nisone, usually in combination with an immu-
nosuppressive agent. Some patients experience 
significant side effects, which are sometimes fatal, 

from prolonged immunosuppression. Intravenous 
immunoglobulin seems to be an effective treatment 
alternative by selectively decreasing circulating 
concentrations of pathogenic pemphigus antibodies. 
Serum concentrations of the specific antibodies have 
been reported to decrease by more than half within 
1 to 2 weeks of initiation of IVIG.25 The autoan-
tibody titers to desmoglein 3 and 1, as measured 
by enzyme-linked immunosorbent assay (ELISA), 
can be used to monitor the serologic response to 
treatment in pemphigus vulgaris26 and pemphigus 

Fig. 34.1. Pemphigus vulgaris. Flaccid, easily rupured 
vesicles and bullae on normal-appearing skin

Fig. 34.2. Pemphigus vulgaris. Direct immunofluores-
cence staining reveals IgG and often C3 deposits in 
lesional and paralesional skin
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foliaceus patients.27 The autoantibody titers to com-
ponents of the basement membrane zone (Ag1 and 
Ag2) are used to monitor the response in bullous 
pemphigoid.28

As a monotherapy, IVIG rapidly controls disease 
activity in many patients suffering of pemphigus 
vulgaris, pemphigus foliaceus, or bullous pemphi-
goid within 1 to 2 weeks. This even holds true in 
cases previously unresponsive to high doses of sys-
temic steroids.3,29 In cases of childhood and juvenile 
pemphigus, IVIG can delay the need for administra-
tion of immunosuppressive drugs with the potential 
of serious adverse effects.30 Despite that, IVIG can-
not be recommended as a monotherapy.

Studies have shown IVIG to be a powerful adjuvant 
steroid-sparing medication in  pemphigus vulgaris31 
and pemphigus foliaceus.32 As a  disease-modifying 
drug, IVIG supports the effects of  cytotoxic drugs, 
such as cyclophosphamide, azathioprine, myco-
phenolate, or rituximab, and vice versa.25,33,34 An 
 associated aggressive topical therapy can be sup-
portive in all these treatment strategies.

According to most studies, the currently recom-
mended dose of immunoglobulins is 2 g/kg body 
weight per cycle, infused over 2 to 5 days.35 However, 
clinical improvement has been noted with lower 
doses.36 As the half-life of IVIG ranges from 3 to 5 
weeks, the infusions are given monthly until there 
is effective disease control. Although results are 
usually seen within weeks, sometimes more cycles 
have to be given until the first improvement appears. 
If there is no improvement after more than six cycles, 
IVIG therapy can be stopped. With attained disease 
remission, it is possible in many cases to reduce 
the cycle frequency by increasing the intervals 
between infusions from 4 to 6, 8, and 10 weeks36; it 
is  questionable if the interval can be extended to 12, 
14, and 16 weeks. If the patient is on multiple drugs, 
the drugs should be tapered one at a time. Because 
of the correlation between serum intercellular anti-
body concentrations and disease activity, tapering 
should proceed more slowly if the concentration of 
these antibodies does not continue to fall. As IVIG 
produces a lasting and long-term clinical remission, 
rather than a temporary arrest of the disease, the 
IVIG infusions can finally be discontinued after 12 
cycles. Long-term therapy is not required.

The current recommended guidelines for IVIG 
are as follows: for failure of conventional therapy, 
prescribe prednisolone 2 g/kg body weight/day 

plus azathioprine or mycophenolate mofetil or 
cyclophosphamide. For uncontrolled, rapid debili-
tating disease, relative or absolute contraindica-
tions to the use of high-dose long-term systemic 
corticosteroid therapy include osteoporosis, aseptic 
hip necrosis, or infections, and significant adverse 
effects are possible from conventional therapy.

A number of case series or anecdotal evidence 
have found IVIG also effective in the treatment of 
mucous membrane pemphigoid, herpes gestations, 
and epidermolysis bullosa acquisita.

Dermatomyositis

Dermatomyositis is characterized by muscle  weakness 
and muscle inflammatory infiltrates (Fig. 34.3). High-
dose corticotherapy (1 mg/kg/day of  prednisone) 
constitutes the first-line treatment and is active in 
more that 70% of dermatomyositis. In the case of 
primary or secondary resistance to,  intolerance of, or 
dependence on corticosteroids (or other immunosup-
pressants) and in children, IVIGs are an  established 
treatment modality. The IVIGs improve skin and 

Fig. 34.3. Dermatomyositis. Heliotrop erythema of upper 
eyelids and edema of the lower eyelids, with erythema 
extending to the scalp and the entire face
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muscle manifestations of ( corticoresistant) dermato-
myositis, with the first results occurring after 2 to 8 
weeks.37,38 In the complement-dependent microangi-
opathy of  dermatomyositis, IVIG works by inactivat-
ing immune complexes and selectively attenuating 
complement amplification.39 The data justify the use 
of IVIG early in the course of the disease, regardless 
of the type (idiopathic, paraneoplastic, or juvenile). 
In serious cases, IVIG can even be used as a first-line 
treatment; however, a long-term IVIG monotherapy 
has not been shown to be effective.

As in bullous autoimmune diseases, IVIGs are 
given monthly at doses of 2 g/kg body weight/cycle 
on 2 to 5 consecutive days, initially every 4 weeks for 
3 to 6 months. If no improvement is seen 6 months 
into the treatment, the infusions can be stopped. 
With good response to the treatment, the intervals 
can be stretched to 6 weeks. After 12 cycles a treat-
ment pause can be attempted. Unlike the pemphigus 
group, antibodies and creatinine kinase are not cor-
relating with disease activity and therefore are not 
helpful in managing the disease. In some cases the 
serum concentration of soluble interleukin-2 (IL-2) 
receptors or C-reactive protein (CRP) gives hints 
of the inflammatory activity. Magnetic resonance 
imaging (MRI) scans are  helpful but costly tools 
in evaluation of disease activity. For these reasons, 
the clinical picture is essential in evaluating the 
treatment success; under IVIG and simultaneous, 
careful reduction of steroids, the erythema and 
Gottron’s papules should fade.

Vasculitis

Vasculitis is characterized by a systemic inflam-
mation of blood vessels in the skin and in internal 
organs. Frequently presenting symptoms include 
diffuse arthralgias, myalgias, fever, malaise, and 
weight loss, but also signs of multiorgan damage 
(such as proteinuria, chest pain, abdominal pain, 
or neurologic complaints) accompany the course 
of the disease. Clinically, skin involvement is 
characteristic, manifested by erythema, purpura, 
ulcerations, and necrosis. Typical lab findings 
include increased sedimentation rate, anemia, and 
decreased albumin. In about 50% of primary 
vasculitis, specific autoantibodies, antineutrophil 
cytoplasmic antibodies (ANCAs), are seen. These 
cytoplasmic and perinuclear ANCAs not only are 
serologic markers for vasculitic disorders, but also 

are thought to be directly involved in the pathogen-
esis of necrotizing vascular injury. In vitro, both 
perinuclear and cytoplasmic ANCAs are capable 
of causing cytokine-primed neutrophils to undergo 
degranulation and respiratory burst, releasing toxic 
oxygen species and lytic enzymes. A massive 
release of cytokines such as IL-1, tumor necrosis 
factor-α (TNF-α), and interferon-γ (INF-γ) leads to 
upregulation of adhesion molecules endothelial leu-
kocyte adhesion molecule (ELAM-1) and intercel-
lular adhesion molecule 1 (ICAM-1), a first step in 
the endothelial inflammation cascade. Antiidiotype 
antibodies, which inhibit ANCAs in vitro, are 
found in pooled human gammaglobulin prepara-
tions. Intravenous immunoglobulin infusions in 
vivo have produced dramatic improvements in the 
necrotizing vascular injury produced by ANCAs, 
and a rapid reduction in these autoantibody levels 
is seen postintravenous immunoglobulin infusion 
in most patients. Intravenous immunoglobulin was 
also found to inhibit the TNF-α– and IL-1–induced 
proliferation of endothelial cells and to impede 
their expression of adhesion molecules, chemok-
ines, and proinflammatory molecules.

When the mainstay of treatment fails (high-dose 
glucocorticoids and adjuvant immunosuppressants 
such as cyclophosphamide or azathioprine, given 
over weeks to months), IVIG is a potential alterna-
tive or adjunctive treatment for ANCA-associated 
systemic vasculitis, with less toxicity than the con-
ventional immunosuppressive agents. Intravenous 
immunoglobulin treatment was found beneficial 
in several vasculitic disorders including systemic 
and organ-specific diseases.40–43 Its use early in 
the course of the disease may help effectively 
stop apoptotic cell death and limit the degree of 
 damage, especially in serious forms like hemor-
rhagic-necrotizing vasculitis or in massive necrosis 
of Wegener’s disease. Therefore, the use of IVIG 
may be justified as a first-line agent in systemic 
vasculitis.44 Repeated courses of IVIG in 4-week 
intervals are necessary before the success of ther-
apy can be completely evaluated. As mentioned 
earlier, the intervals may be stretched if clinical 
responses justify it.

Kawasaki’s disease is an acute febrile, systemic 
vasculitic syndrome of an unknown etiology that 
primarily occurs in children younger than 5 years 
of age. It is one of the most common causes of 
acquired coronary artery disease in the developed 
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world. An IVIG dose of 2 g/kg body weight is 
already an established treatment that is given as a 
single-dose treatment within 10 days of the onset 
of symptoms. There are recent studies suggesting 
that doses of only 1 mg/kg body weight might work 
just as well.45

Toxic Epidermal Necrolysis

Toxic epidermal necrolysis (TEN) is another acute 
dermatologic disease, the presentation of which 
may constitute a true life-threatening emergency. 
The disorder is characterized by separation of 
the epidermis from the dermis with involvement 
of more than 30% of the cutaneous surface. 
Commonly, the mucous membranes are also 
involved. The transcutaneous fluid loss is large and 
is associated with electrolyte abnormalities that 
require intensive care treatment. Bacterial coloni-
zation is common and associated with sepsis. No 
specific treatment exists to date and the mortality 
rate for TEN approaches 40%.

Toxic epidermal necrolysis is mediated by over-
expression of Fas-ligand, which induces apopto-
sis in foreign antigens expressing keratinocytes 
and extensive dermal/epidermal separation. This 
 Fas-mediated keratinocyte apoptosis can be inhib-
ited in vitro by antagonistic monoclonal antibod-
ies to Fas and by IVIGs, which have been shown 
to contain natural anti-Fas antibodies. Over the 
last 6 years, numerous retrospective reviews, 
case reports, and noncontrolled clinical studies 
have analyzed the therapeutic effect of IVIG 
in TEN and Stevens-Johnson syndrome. Most 
studies report improvement in arresting disease 
progression and reduction in time to skin healing. 
Because of variations among studies, the find-
ings cannot be optimally compared. In general, 
mortality varied from 0% to 12% in the many 
studies that supported the use of IVIG,46–48 and 
25% to 41.7% in those that did not demonstrate 
a beneficial effect.49 In the latter, doses of 2 g/kg 
were used and most deaths occurred in elderly 
patients who had preexisting renal insufficiency. 
Taken together, the evidence suggests a potential 
benefit from a single cycle of 2 g/kg of IVIG 
with the possibility of some further improvement 
at higher doses on subgroup analysis.50 Also 
mortality seems to be reduced when using doses 
of 3 g/kg body weight/cycle in the treatment of 

TEN.51 Importantly, also children with severe 
cutaneous drug reactions can be safely and effec-
tively treated with IVIG.52 In studies, the dosing 
 regimen for these very young patients was 0.5 g/
kg per day, the average total dose was 2.2 g/kg 
over 3 to 4 consecutive days.

Given the potentially fatal nature of TEN and the 
ethical issues involved, a randomized controlled 
trial will most likely never be performed.

Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is a multi-
system autoimmune disease with diverse manifes-
tations. Several case reports and series support a 
beneficial role of IVIG in SLE, both as salvage 
immunotherapy and in control of disease activ-
ity in general or amelioration of classic disease 
 manifestations.53–56 The response rate to IVIG 
therapy ranges from 33% to 100%. A broad spec-
trum of clinical manifestations, such as refractory 
thrombocytopenia, pancytopenia, central nervous 
system involvement, and secondary antiphosphol-
ipid syndrome were reported to be successfully 
controlled by IVIG. The beneficial effects of IVIG 
on overall disease activity are usually prompt, with 
marked improvement within a few days, but they 
are often of limited duration. Clinical response 
can be maintained by continuous monthly IVIG 
infusions.

Lupus nephritis is one of the most serious 
manifestations of SLE that usually arises within 5 
years of diagnosis. Pathogenic immune complexes 
initiate an inflammatory response by activating 
the complement cascade and recruiting inflamma-
tory cells. Morbidity is related to the renal disease 
itself, as well as to immunosuppressive treatment-
related complications and comorbidities. There 
are encouraging reports on the efficacy of IVIG in 
lupus nephritis resistant to conventional therapy. In 
most cases proteinuria, nephrotic syndrome, and 
values of creatinine clearance were improved,57 
but the exact success rate and clinical indications 
remain undetermined.

Although some studies showed no change in 
antinuclear antibody (ANA) titers and complement 
levels under IVIG infusions,58 in most studies IVIG 
therapy led to decreased ANA levels and immune 
complexes and increased hemoglobin and C3/C4 
levels.59 One study suggested a tendency toward a 
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better response of patients with abnormal baseline 
levels of complement and SS-A/SS-B antibodies 
before the IVIG courses.59

At present, IVIG in SLE is indicated either in 
severe cases nonresponsive to other therapeutic 
modalities, or when SLE can be controlled only 
with high-dose steroids. In such patients, IVIG 
becomes a useful steroid-sparing agent. However, 
this needs to be confirmed in double-blind, placebo-
controlled studies.

Atopic Dermatitis

Atopic dermatitis generally responds to topi-
cal therapy; however, small numbers of patients 
have severe resistant disease despite second-line 
therapies. High-dose IVIG is inhibiting T-cell–
 mediated, Fas-induced keratinocyte apoptosis,60 
and has been suggested to be of benefit in a small 
number of uncontrolled trials and case reports,50 
although some trials did not find a clinically 
significant improvement. If the trials are taken 
together, an improvement was observed in 61% 
of atopic dermatitis patients treated with IVIG. 
Adults appeared less likely to respond than chil-
dren, and the duration of response was also 
more prolonged in children. Adjunctive therapy 
in adults was more effective than monotherapy, 
whereas monotherapy was effective in 90% of 
children. The indications for IVIG in atopic der-
matitis should be further assessed using double-
blind placebo-controlled trials.

There are only a few case reports or trials of 
the use of IVIG (2 g/kg body weight) in therapy-
resistant systemic sclerosis,61 mixed connective 
tissue disease,62 scleromyxedema,63,64 psoriasis,65 
psoriasis arthritis,66 pyoderma gangrenosum,67 
and chronic urticaria.68 Although results sound 
 promising, the current data are insufficient to 
recommend the routine administration of IVIG in 
these patients.

Conclusion

Off-label uses for high-dose IVIG are becoming 
increasingly common in dermatology.69 Intravenous 
immunoglobulins are extremely well tolerated, but 
their use must be carefully weighed in light of 
their human biologic origin, the logistic problems 

associated with their administration, and their 
high cost of at least $10,000 per treatment cycle. 
Although IVIG is a very expensive drug, stud-
ies have shown that the mean total cost of IVIG 
therapy is statistically significantly less than that 
of conventional therapy during the entire course 
of the disease and on an annual basis. Normally 
none of the IVIG-treated patients require addi-
tional physician visits, laboratory tests, or hospi-
talizations specifically related to IVIG therapy.35 
Intravenous immunoglobulin also helps prevent 
long-term side effects of immunosuppressant drugs 
such as osteoporosis, diabetes mellitus, infections, 
and alveolitis. On the other hand, IVIG causes side 
effects such as meningitis, thrombotic events, and 
kidney failure.

Controlled, double-blind, long-term clinical 
trials and a better understanding of the com-
plex immunomodulating mechanism of IVIG are 
required to ultimately optimize dose, frequency, 
duration, and mode of IVIG administration as well 
as efficacy, pharmacoeconomics, and adjunctive 
therapies. However, the use of expensive IVIG 
should be based not only on clinical data, but 
also, and especially, on the biologic rationale for 
its use.

Intravenous immunoglobulin is finding increas-
ing use in dermatology to treat a variety of inflam-
matory conditions, many, but not all, of which are 
autoantibody mediated. In general, this treatment is 
safe and well tolerated. Its mechanisms of actions 
are complex, and not fully understood. It involves 
antiidiotype antibodies, catabolism of autoanti-
bodies, blockade of Fc receptors, and inactivation 
of Fas ligand. Because of the expense and risks 
of using this agent, it should be used judiciously 
under very specific circumstances. This treat-
ment frequently plays an important role in the 
management of severe, recalcitrant skin diseases, 
frequently in the setting of combination treatment 
with other immunosuppressive or immune modu-
lating agents.
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35
Novel Approach to the Evaluation 
of Primary Immunodeficiencies
Clemens Esche and Bernard A. Cohen

Key Points

● Primary immunodeficiency diseases usually mani-
fest early in infancy and childhood, but some 
manifest later in life.

● The skin and the gastrointestinal (GI) and sinop-
ulmonary tracts are major sites of involvement, 
since they interface with the environment.

● These diseases are a result of heritable genetic 
defects that are usually recessive conditions, and 
frequently located on the X chromosome, hence 
a male predominance.

● Clinical manifestations are recurrent and severe 
deep infections in the skin or GI or sinopulmo-
nary tract that require intravenous antibiotics, as 
well as infections with opportunistic organisms 
(for example, Giardia lamblia).

● The major causes of the primary immunodefi-
ciency diseases include B-lymphocyte disorders, 
T-lymphocyte disorders, combined B- and T-cell 
disorders, as well as unconventional disorders 
such as interleukin-1 receptor–associated kinase 4 
(IRAK-4) deficiency and warts, hypogammaglob-
ulinemia, immunodeficiency, and myelokathexis 
(WHIM) syndrome (CXCR4 deficiency).

● Early diagnosis is critical to effectively manage 
these conditions in the afflicted patients and to 
identify disease gene carriers for genetic coun-
seling.

Although most primary immunodeficiencies (PIDs) 
manifest early in infancy and childhood, some may 
escape detection until later in life. It has been esti-
mated that there are over 500,000 affected patients 
in the United States, and more than 120 different 

PIDs have been discovered.1 Moreover, 20 new 
disorders have been described in the last 4 years 
since the most recent update by the International 
Union of Immunological Societies Committee.2

This chapter outlines a practical approach to 
clinical diagnosis, and discusses state-of-the-art 
genetic markers, diagnostic tools, and treatment of 
primary immunodeficiency disorders.

Recognizing Immune Deficiencies

The genetic defect in many of these conditions has 
been identified. Most are recessive and located on 
the X chromosome. As a consequence, the majority
of PIDs are diagnosed in infancy. There is a 5:1 
predominance of males to females. In contrast, there 
is a slight female predominance in those patients 
diagnosed as adults.

The diagnosis of PID may be delayed when the 
practitioner fails to recognize early clinical mark-
ers. The gastrointestinal (GI) tract, sinopulmonary 
tract, and the skin are the principal sites of environ-
ment–host interactions, and these organs systems 
are associated with many of the initial presenting 
symptoms. A list of warning signs has been devel-
oped by the Jeffrey Model Foundation and the 
Immune Deficiency Foundation and is available at 
http://www.info4pi.org/patienttopatient/index.cfm
?section=patienttopatient&content=warningsigns. 
The list includes the following signs (Table 35.1): 
eight or more otitis media infections per year, two or 
more serious sinus infections per year, two or more 
pneumonias per year, recurrent deep infections or 
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infections in unusual areas (e.g., muscle, liver), 
the need for intravenous antibiotics to clear infec-
tions, infections with an opportunistic organism 
(e.g., Pneumocystis carinii, Giardia), and persist-
ent thrush in patients older than 1 year of age.

Classification of Primary 
Immunodeficiencies

Classically, PIDs are classified into B-lymphocyte 
(constituting 70% of all PIDs), T-lymphocyte 
(20%), combined B-cell and T-cell (less than 1%), 
natural killer (NK)-cell (less than 1%), phagocyte 
(9%), and complement deficiencies (less than 
1%). However, many PIDs affect multiple cell 
lineages (e.g., severe combined immunodeficien-
cies [SCIDs] and Wiskott-Aldrich syndrome). In 
addition, some immune defects affect multiple 
functional component of the immune system (e.g., 
the hyperimmunoglobulin E syndrome combines 
susceptibility to infections and atopy).

A new classification based on clinical findings 
at the bedside, such as specific infections, allergies, 
and autoimmune phenomena, rather than labora-
tory-based immunologic parameters, was recently 
proposed.2 The authors suggested the addition of 
a group of unconventional disorders defined by 
susceptibility to specific infections in otherwise 
healthy individuals (Table 35.2). Examples of this 
concept include interleukin-1 (IL-1) receptor–asso-
ciated kinase 4 (IRAK-4) deficiency, which causes 
susceptibility to pneumococcal infections, and 
the warts, hypogammaglobulinemia, immunode-
ficiency, and myelokathesis (WHIM) syndrome, 
which is caused by mutations in the CXCR4 gene 
that induce susceptibility to herpes viruses.

Primarily Antibody Production 
(B-Cell) Deficiencies

Defects in B-cell function resulting in antibody 
deficiency represent the most common (70%) 
type of PIDs in humans. Often symptoms do 
not appear until the latter part of the first year 
of life when passively acquired immunoglobulin 
G (IgG) from the mother drops below protec-
tive levels. Encapsulated bacteria (Haemophilus, 
Pneumococcus, Streptococcus), parasites (Giardia), 
and enteroviruses along with papillomaviruses 
pose the most serious risk of infection. Children 
often present with poor growth, recurrent sinop-
ulmonary infections, and GI malabsorption resul-
ting from chronic and recurrent GI infections.3 
Autoimmunity (hemolytic anemia, thrombocy-
topenia, neutropenia) may be caused by the 
inappropriate production of self-reactive immu-
noglobulins. Infections with fungal pathogens do 
not usually occur.

Evaluation of a patient with a suspected humoral 
defect should include quantitative immunoglobulin 
levels (IgA, IgE, IgM, IgG). However, normal 
results do not rule out a B-cell defect. Assessment 
of protective vaccine titers (tetanus, diphtheria, 
pneumococcal) can be used after the primary 
immunization series has been completed (6 months 
to 6 years). Patients with low titers should be revac-
cinated and tested for vaccine titer levels 3 to 4 
weeks later. Selective use of antibiotics and regu-
lar intravenous immunoglobulin (IVIG) infusions 
decrease the risk of acute and chronic infections 
and facilitate normal growth.

Table 35.1. Ten warning signs of primary immunode-
ficiency.

 1. Eight or more ear infections within 1 year
 2. Two or more serious sinus infections within 1 year
 3. Two or more months on antibiotics with little effect
 4. Two or more pneumonias within 1 year
 5. Failure of an infant to gain weight or grow normally
 6. Recurrent, deep skin or organ abscesses
 7. Persistent thrush in mouth or elsewhere on skin, after age 1
 8. Need for intravenous antibiotics to clear infections
 9. Two or more deep-seated infections
10. A family history of primary immunodeficiency

Table 35.2. Clinical syndromes of mucocutaneous candi-
diasis.

Chronic oral candidiasis
 Iron deficiency
 HIV infection
 Denture stomatitis
 Inhaled corticosteroid use
Familial chronic mucocutaneous candidiasis
Autoimmune polyendocrinopathy-candidiasis-ectodermal dys-

trophy
Chronic localized candidiasis
Chronic mucocutaneous candidiasis with thymoma
Candidiasis with chronic keratitis
Candidiasis with the hyper-IgE syndrome
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X-linked (Bruton) Agammaglobulinemia

The most common defect in early B-cell develop-
ment is X-linked agammaglobulinemia (XLA), 
also known as congenital agammaglobulinemia.4 
First described by Bruton, XLA is considered a 
prototype PID because the clinical and labora-
tory findings are distinctive. It originates from a 
block in B-cell differentiation, resulting in severely 
decreased numbers of B lymphocytes and an almost 
complete lack of plasma cells as well as negligible 
or very low immunoglobulin levels of all isotypes. 
Cellular immunity remains unaffected.

Carrier Testing

Only about 50% of patients with XLA have a family
history of immunodeficiency. If a mutation has been 
identified in a particular family, mutation analysis 
is the most reliable option.5 X-linked agamma-
globulinemia–causing mutations are available in a 
database at http://bioinf.uta.fi/BTKbase. When a mut-
ation in the Bruton tyrosine kinase (Btk) encoding 
gene has been identified in a male with sporadic 
XLA, the mother is a carrier of that mutation 80% 
to 85% of the time, while the maternal grandmother 
is a carrier < 20% of the time. Female carriers 
are healthy but display nonrandom X-chromosome 
inactivation in their B cells. Therefore, when a muta-
tion in Btk has not been identified, or when critical 
family members are not available for linkage stud-
ies, X-chromosome–inactivation analysis can be 
used to provide carrier detection for females at risk 
of being carriers.

Prenatal Diagnosis

Male infants can be diagnosed when the mother 
has been recognized as a carrier. Chorionic villus 
sampling (CVS) can be performed early in preg-
nancy, and DNA analysis can be used when the 
exact mutation has been determined for the family. 
Amniocentesis can be performed later in gestation. 
Collection of fetal lymphocytes through in utero 
umbilical cord sampling can be used to enumerate 
CD19+ B cells and mature T cells by fluorescence-
activated cell sorting (FACS), but this procedure 
poses some risk to the fetus (ranging from <1% 
to 5%). At birth, cord blood can be sent for FACS 
analysis of lymphocyte populations. Quantitative 
IgG levels are not useful; cord and fetal levels 

largely measure maternal IgG transported across 
the placenta.

Key Features

Patients are generally healthy in the newborn 
period due to transplacentally acquired maternal 
IgG. Recurrent infections due to encapsulated 
bacteria including Streptococcus pneumonia, 
Staphylococcus aureus, Haemophilus influen-
zae, and Neisseria meningitides typically start to 
develop in the second half of the first year of life, 
particularly sinopulmonary tract infections (60% 
of patients), gastroenteritis (35%), pyoderma 
(25%), arthritis (20%), meningitis-encephalitis 
(16%), conjunctivitis (8%), septicemia (10%), and 
osteomyelitis (3%). The most reliable finding on 
physical examination is the paucity of lymphoid 
tissue (adenoids, lymph nodes, spleen). In patients 
without a family history of immunodeficiency, 
the mean age at diagnosis is 3 years. Because 
cellular immunity is intact, patients do not appear 
to have an unusual susceptibility to most viral, 
fungal, and mycobacterial infections. Specifically, 
varicella, cytomegalovirus (CMV), respiratory 
syncytial virus (RSV), parainfluenza, and rota-
virus are rarely a problem. Exceptions to this 
include viral hepatitis and chronic enteroviral 
encephalitis. Patients typically do not have failure 
to thrive unless they develop bronchiectasis or 
persistent enteroviral disease.

Differential Diagnosis

The differential diagnosis includes acrodermatitis 
enteropathica, ataxia teleangiectasia, atopic derma-
titis, avitaminosis A, and SCID.

Workup

The most specific and most reliable laboratory 
finding is the profound decrease in B-cell num-
bers in the circulation. In the normal individual, 
5% to 20% of the peripheral blood lymphocytes 
express CD19, while in patients with XLA the 
mean percentage of B cells is 0.1%. The diagnosis 
of XLA should be considered in any patient who 
has hypogammaglobulinemia and < 2% CD19+ B 
cells in the circulation, particularly if the onset of 
recurrent infections occurred in the first few years 
of life.
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Management

Symptoms usually improve or even resolve with 
antibiotics and immunoglobulin replacement 
(IVIG) therapy.

Prognosis

In the 1950s and 1960s, the majority of patients 
died of infections in early childhood. In the 1970s, 
a significant proportion of patients died of chronic 
enteroviral infections or progressive pulmonary 
disease before they reached adulthood. Today, the 
majority of patients pass into adulthood with few 
significant problems. Chronic sinopulmonary bac-
terial infections and enteroviral GI infections pose 
the greatest threats to survival, particularly when 
the diagnosed is delayed.

Selective IgA Immunodeficiency

Patients are usually diagnosed based on the labo-
ratory measurement of serum IgA concentration. 
The clinical presentation is not necessarily taken 
into consideration. The consensus of the Pan-
American Group for Immunodeficiency (PAGID) 
and the European Society for Immunodeficiency 
(ESID) is that a definitive diagnosis of selective 
IgA deficiency can be made in a male or female 
patient more than 4 years of age who has a serum 
IgA of less than 7 mg/dL (0.07 g/L), but normal 
serum IgG and IgM, in whom other causes of 
hypogammaglobulinemia have been excluded. By 
their definition, these patients have a normal IgG 
antibody response to vaccination.6

Management

Most patients can be managed with prophylactic 
or periodic antibiotics, but a few may benefit from 
immunoglobulin therapy, regardless of whether an 
associated IgG functional defect can be demon-
strated.

Common Variable Immunodeficiency

Common variable immunodeficiency (CVID), also 
called acquired hypogammaglobulinemia, adult-
onset hypogammaglobulinemia, or dysgamma-
globulinemia, is the most prevalent human PID 
requiring medical attention. It is characterized by 

generalized defective antibody production and 
recurrent sinopulmonary bacterial infections. The 
word variable in CVID denotes variability in the 
age of presentation (it occurs in early childhood, 
adolescence, or young adulthood) and variability in 
the degree and type of hypogammaglobulinemia.

Rather than a distinct disease, CVID represents 
a group of disorders with disturbances of the adap-
tive as well as innate immune system.7 Patients 
present with heterogeneous clinical features and 
myriad immunologic abnormalities that most com-
monly affect them during the second and third 
decade. Patients are predisposed to malignancy, 
especially lymphoma, as well as various autoim-
mune diseases.

The underlying molecular mechanisms that lead 
to CVID remain elusive in 90% of cases.7 However, 
in the last 2 years, the first genetic defects underly-
ing common variable immunodeficiency, including 
ICOS, TACI, BAFF-R and CD19, have been identi-
fied. An analysis of dendritic cells has demonstrated 
alterations in a majority of patients in addition to 
the disturbed T and B-cell function.7 Investigators 
have also suggested that several changes in the 
adaptive immune system might be secondary to 
chronic inflammation resulting in HHV8 infection 
in a subgroup of CVID patients with granuloma-
tous disease, autoimmune phenomena, and T-cell 
dysfunction.

Prevalence

The prevalence is 1 in 25,000 newborns.

Key Features

Recurrent infections and deficiencies of IgA and 
IgG are present in most patients, and IgM defi-
ciency is present in half. A quarter of patients 
develop autoimmune disorders, and a quarter have 
chronic gastrointestinal disturbances. There is also 
an increased risk of malignancy.

Management

Prophylactic intravenous or subcutaneous immu-
noglobulin replacement provides effective treat-
ment for most patients. Minimum trough serum 
levels of over 5 to 7 g/L are recommended. In a 
small study of 24 patients, a trough level of 6 g/L 
helped reduce the rate of bacterial infections and 
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prevent progression of chronic pulmonary disease 
measured by pulmonary function test and HRCT7 
in most patients.

Prognosis

The occurrence of granulomatous inflammation 
is associated with a worse prognosis compared 
with common variable immunodeficiency patients 
without granuloma. CVID patients with hepatitis C 
have a very poor prognosis.

Primarily Cellular (T Cell) 
Deficiencies

Cellular deficiency disorders account for 5% to 
10% of primary immunodeficiencies. Genetic 
defects in T-cell function lead to susceptibility to 
infections by certain organisms (Mycobacterium, 
Pneumocystis, Candida, Epstein-Barr virus [EBV], 
CMV, varicella-zoster virus) and a num-ber of 
other clinical disorders with life-threatening
complications. T-cell–deficient infants are occa-
sionally born with graft-versus-host disease 
resulting from incidental transfer of competent 
maternal T lymphocytes in utero by placental–
fetal bleeds.

Although it is tempting to classify primarily 
cellular deficiencies as isolated T-cell disorders, 
B-cell function and antibody production are also 
often impaired when T-cell function is severely 
impaired. For clinical purposes, cellular PIDs are 
usually defined based on defective T-cell or NK-
cell function with intact or largely intact humoral 
immunity. The PIDs resulting from defects in 
phagocyte dysfunction are reviewed separately.

Most of these disorders can be diagnosed by 
screening for lymphopenia or for T-cell deficiency 
in cord blood at birth. Clinical evaluation should 
include a complete blood count with differential, 
lymphocyte subsets obtained by flow cytom-
etry, vaccine titers (tetanus, diphtheria, pneumo
coccal),quantitative immunoglobulin levels (IgA, 
IgE, IgM, IgG), and T-cell proliferation assays. 
Skin testing (Candida, purified protein derivative 
[PPD]) allows determination of the ability of 
T cells to respond to foreign antigen. Therapeutic 
options are limited; bone marrow transplantation 
is the treatment of choice.8

DiGeorge Syndrome

DiGeorge syndrome (DGS), also known as 
Di-George sequence, velocardiofacial syndrome, 
conotruncal anomalies face syndrome, Cayler 
syndrome, Sedlackova syndrome, and 22q11 
deletion syndrome, is caused by a microdele-
tion of chromosome 22 at the q11.2 band. These 
various terms applied to patients with 22q11.2 
deletions merely represent nosologic differences 
rather than different diagnoses. In an effort to 
unify the rapidly expanding number of condi-
tions found to be caused by chromosome 22q11 
deletions, Wilson et al.9 proposed the acronym 
CATCH22 for conotruncal heart defect, abnor-
mal face, T-cell deficiency, clefting, and hypo-
calcemia).

Deletion 22q11.2 is among the most clini-
cally variable syndromes, with a phenotypic 
spectrum of more than 180 features (see Table I 
in Robin and Shprintzen10). Newborns are diag-
nosed when they present with a major malforma-
tion or medical complication such as congenital 
heart disease, hypocalcemia, and occasionally 
overt cleft palate.

Inheritance

Most cases are sporadic, but a few familial cases 
suggest possible autosomal-dominant inheritance.

Prevalence

The prevalence is 1 in 2000 newborns.

Key Features

The key features include a conotruncal cardiac 
defect (74%), hypoparathyroidism (50–60%), a 
thymic defect (77%), velopharyngeal dysfunc-
tion with or without cleft palate, dysmorphic 
face including low-set ears, telecanthus with 
short palpebral fissures, a square nasal tip, a 
short philtrum and a relatively small mouth with 
thin lips, impaired development, and immun-
odeficiency resulting from thymic hypoplasia. 
Infections are not a common presenting manifes-
tation. Dermatologic features include abundant 
scalp hair and thin-appearing skin (venous patterns 
easily visible). Patients with complete Di George 
syndrome (less than 1% of patients) demonstrate 
an extrinsic defect resulting in a lack of T cells 
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because of impaired thymic development. They 
display a clinical syndrome resembling that of 
patients with SCID, who lack T cells because of an 
intrinsic defect.

Workup

Fluorescence in-situ hybridization (FISH) has 
been instrumental in identifying patients who 
are deleted at 22q11.2. Since FISH has become 
available, the number of patients diagnosed has 
increased dramatically.10

Management

An early diagnosis of complete DGS is important 
to ensure the best treatment. The results of thymus 
and hematopoietic stem cell transplantations are 
currently being evaluated.

Prognosis

The prognosis is variable, ranging from neonatal 
death to a normal life span.

Wiskott-Aldrich Syndrome

The Wiskott-Aldrich syndrome (WAS) is char-
acterized by immune dysregulation and micro-
thrombocytopenia. In its less severe form, known 
as X-linked thrombocytopenia (XLT), mutations 
in the same gene produce the characteristic plate-
let abnormality but minimal immunologic distur-
bance. However, the natural history of XLT is less 
well defined than for WAS, and for some patients 
immune dysregulation may develop over time. 
Many patients with XLT are also probably undi-
agnosed, or misdiagnosed as chronic idiopathic 
thrombocytopenia (ITP).11

Inheritance

The inheritance is X-linked recessive.

Carrier Testing

If the specific WAS gene mutation is identified in 
an affected child, that child’s mother can then be 
tested to confirm that she carries the gene. Other 
members of the mother’s family may also want to 
consider testing to find out if they carry the same 
mutation.

Prenatal Diagnosis

In families where there has been one child born 
with WAS, prenatal testing should be offered in 
subsequent pregnancies. There is a 50% chance with 
each subsequent pregnancy that the mother, who is a 
carrier, will transmit the abnormal copy of the gene 
to her baby. The key is to first identify the particular 
WAS gene mutation in the child with WAS. Then, 
early in a pregnancy, cells can be obtained from the 
developing fetus by chorionic villus sampling or 
amniocentesis, and checked for the same mutation.

Key Features

The classic triad is eczema, thrombocytopenia, and 
draining ears (recurrent infection). Because of the 
wide spectrum of findings, the diagnosis should 
be considered in any boy presenting with unu-
sual bleeding or bruises, congenital or early-onset 
thrombocytopenia, and small platelets. Patients 
also exhibit increased susceptibility to autoimmune 
disorders and cancer.

Differential Diagnosis

The differential diagnosis includes atopic der-
matitis, SCID, hyper-IgE-syndrome, and chronic 
granulomatous disease.

Workup

The workup entals a complete blood count (CBC) 
with differential, platelets, and mean platelet volume.

Management

Supportive treatment includes platelet transfusions, 
intravenous gammaglobulin, and antibiotic prophy-
laxis to prevent otitis media or pneumonia and 
sometimes splenectomy for severe thrombocyto-
penia. Curative therapy with bone marrow or stem 
cell transplantation is the treatment of choice.

The first clinical trial is underway to assess the 
safety and efficacy of transplanting autologous 
WASP-reconstituted (WASP = Wiskott Aldrich 
associated protein) hematopoietic stem cells.12

Prognosis

The prognosis has improved due to antibiotic 
therapy, IVIG, and bone marrow transplantation. 
However, because T-cell function declines over 
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time, WAS is considered a progressive disorder and 
without bone marrow transplantation males usually 
die in their early 20s from an overwhelming infec-
tion or a malignancy.

Ataxia-Telangiectasia (Louis-Bar 
Syndrome)

Ataxia-telangiectasia (AT) is a systemic auto-
somal recessive condition caused by mutations 
in the ataxia-teleangiectasia mutated (ATM) gene 
on 11q22–23. Immunodeficiency causes frequent 
sinopulmonary infections that, combined with 
recurrent aspiration, lead to chronic lung disease.13 
The incidence of infections is variable, with some 
individuals having no higher incidence than unaf-
fected siblings, whereas others succumb to progres-
sive respiratory infection, usually because of severe 
defects in both humoral and cellular immunity. 
Epidemiologic and molecular studies have finally 
provided conclusive evidence that ATM mutations 
that cause ataxia-telangiectasia are breast cancer 
susceptibility alleles.

Inheritance

The inheritance is autosomal recessive.

Prevalence

The prevalence is 1 in 40,000 to 1 in 50,000 new-
borns.

Carrier Testing

Testing entails doing a mutation analysis.

Prenatal Diagnosis

Diagnosis entails doing a mutation analysis.

Key Features

There is clinical heterogeneity within the disorder 
ranging from the classic form with onset in infancy 
and steady progression of symptoms, to milder 
forms where progression may be slower or onset 
may be later.14 Most patients develop ataxia by age 
2, and involvement of both upper and lower limbs 
results in the need for a wheelchair for mobil-
ity by adolescence. Speech and eye movement 
are also affected. Other features include t(7;14) 

translocations, immunodeficiency, a high serum 
α-fetoprotein concentration, growth retardation, 
telangiectasia (most noticeably on the bulbar con-
junctiva), and a high risk of developing a lymphoid 
tumor. Patients also show an increased sensitivity to 
ionizing radiation. Dermatologic features include 
café-au-lait macules and a progeric facies with 
decreased subcutaneous fat.

Differential Diagnosis

The differential diagnosis includes Hartnup dis-
ease, Cockayne syndrome, De Sanctis-Cacchione 
syndrome, Friedreich ataxia, Rendu-Osler-Weber 
disease, and Bloom syndrome.

Workup

T-suppressor cells are increased while T-helper 
cells are decreased. α-Fetoprotein is elevated, and 
IgA, IgG2, and IgE are decreased or absent.

Diagnosis

Diagnosis is suspected in young children who show 
signs of cerebellar ataxia, oculomotor apraxia, 
and telangiectasias of the conjunctivae. Magnetic 
resonance imaging (MRI) examination shows cer-
ebellum atrophy. Other tests that may support the 
diagnosis include elevated serum α-fetoprotein 
(above 10 ng/mL in more than 90% of patients), 
cytogenetic analysis (7:14 translocation (t[7;14] 
[q11;q32]) in 5% to 15% of affected individuals), 
and colony in vitro assay (irradiation of colony 
formation of lymphoblastoid cells). The colony in 
vitro assay is a very sensitive test, but takes approx-
imately 3 months for results, and is available only 
in specialized centers.

The diagnosis of AT can be confirmed by iden-
tification of both ATM mutations. In practice, the 
size of the ATM coding sequence and the absence 
of common mutations can make this a lengthy and 
sometimes uncertain procedure. In contrast, the 
presence of increased chromosomal radiosensi-
tivity can be established quickly as can the total 
absence (in most cases) or the greatly reduced 
expression of the ATM protein in a lymphoblast-
oid cell line made from the patient’s lymphocytes. 
Finally, the kinase activity of any residual ATM 
protein can be assayed in cases where an unusual 
presentation is seen.
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Management

Management is supportive. Sun avoidance and sun-
screen may help prevent progeric changes.

Prognosis

Most patients are confined to a wheelchair by 10 
years of age. Premature death is secondary to lym-
phoreticular malignancy or infection in the second 
decade of life. Support groups are available at 
http://www.atcp.org/, http://www.ataxia.org/, and 
http://www.rarediseases.org/.

Combined Antibody 
(B Cell) and Cellular (T Cell) 
Immunodeficiencies

These conditions account for 20% to 25% of primary 
immune deficiencies. Combined immunodeficiencies 
can be further divided into combined immunodefi-
ciencies (CIDs) and severe combined immunode-
ficiencies (SCIDs); patients with the latter develop 
severe life-threatening complications. Lymphopenia 
in neonates and infants should prompt a laboratory 
evaluation for this group of disorders.15 It is criti-
cal to make the diagnosis before patients acquire a 
severe infection or receive live attenuated viral vac-
cines (measles, mumps, rubella, varicella, bacillus 
Calmette-Guérin [BCG]), which could be lethal.

Severe Combined Immunodeficiency

Severe combined immunodeficiencies represent 
an expanding group of PIDs many with known 
molecular defects. As the name suggests, SCIDs 
display the most severe cellular immune dysfunc-
tion, sometimes with complete absence of func-
tional lymphocytes since it is combined with severe 
humoral defects, too.

Inheritance

The inheritance is X-linked recessive (most com-
mon); γ-chain IL-r receptor gene, autosomal reces-
sive; adenosine deaminase gene (20% of cases), 
autosomal recessive; or Janus kinase 3 gene.

Mutations in nine different genes have been 
found to cause SCID in humans. The products of 
three of the genes—IL-2RG, Jak3, and IL-7Rα—are 

components of cytokine receptors, and the prod-
ucts of three more—RAG1, RAG2, and Artemis—
are essential for effecting antigen receptor gene rear-
rangement. Additionally, a deficiency of CD3δ, a 
component of the T-cell antigen receptor, results 
in a near absence of circulating mature CD3+ T 
cells and a complete lack of γ/δ T cells. Adenosine 
deaminase deficiency results in toxic accumula-
tions of metabolites that cause T-cell apoptosis. 
Finally, a deficiency of CD45, a critical regula-
tor of signaling thresholds in immune cells, also 
causes SCID.

Severe combined immunodeficiency can result 
from mutations in multiple genes that encode 
components of the immune system. Three such 
components are cytokine receptor chains or signal-
ing molecules; five are needed for antigen recep-
tor development; one is adenosine deaminase—a 
purine salvage pathway enzyme; and the last is a 
phosphatase, CD45.

Prenatal Diagnosis

Diagnosis entails DNA analysis if gene defect 
known, or adenine deaminase (ADA) assay in cul-
tured amniocytes (in ADA deficiency only).

Key Features

Affected infants begin to have problems with oral 
moniliasis, diarrhea, and failure to thrive in the 
first few months of life.16 Although the diagnosis 
of SCID can be made much earlier, it is frequently 
not made until serious infections develop, with the 
average age at referral for immune testing being 
approximately 6 months. Persistent infections 
with opportunistic organisms, such as Candida 
albicans, P. carinii, varicella, adenovirus, RSV, 
parainfluenza 3, CMV, EBV, and BCG, lead to 
death. These infants also lack the ability to reject 
allografts, leaving them at risk for fatal graft versus 
host disease. This condition is uniformly fatal in 
the first 2 years of life unless immune reconstitu-
tion can be accomplished. Recognition of the char-
acteristic lymphopenia can result in early diagnosis 
sometimes at birth.

Differential Diagnosis

The differential diagnosis includes AIDS, hyper-IgE- 
syndrome, histiocytosis, and Omenn’s syndrome.
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Workup

Nearly all cases could be diagnosed at birth if 
routine blood counts and manual differentials were 
done and flow cytometry and T-cell function studies 
were performed when lymphocyte counts are below 
the newborn normal range (2000–11,000/mm3).

Management

Severe combined immunodeficiency is a pediatric 
emergency. If the diagnosis is made at birth or 
shortly thereafter, definitive therapy in the form 
of human leukocyte antigen (HLA)-identical or 
haploidentical allogeneic bone marrow stem cell 
transplantation can result in a survival rate as high 
as 97%, regardless of the molecular type of SCID. 
However, if the diagnosis is made later, seri-
ous infections develop for which antibiotics are 
minimally effective, and the survival rate is much 
lower. Unfortunately, allogeneic stem cell trans-
plantation is not without risk in these children, 
because many recipients experience incomplete 
B-cell or NK-cell immune reconstitution. Gene 
therapy, which has been successfully performed 
in a few patients,16 results in more complete 
immune reconstitution. However, gene therapy 
cannot be performed unless the abnormal gene for 
a specific patient is known.

Prognosis

The disorder is fatal in infants who are untreated. 
Bone marrow transplantation is successful in at 
least 75%. If infants are treated in the first month, 
before the onset of severe infections, survival 
may be 97%.

Griscelli Syndrome

Griscelli syndrome (GS) is characterized by pig-
mentary dilution of the skin and the hair (silver 
hair), the presence of large clumps of pigment in 
hair shafts, and an accumulation of melanosomes 
in melanocytes. The associated immunodeficiency 
often involves impaired NK-cell activity, absent 
delayed-type hypersensitivity, and a poor cell pro-
liferation response to antigenic challenge.

Inheritance

The inheritance is autosomal recessive.

Prevalence

The prevalence is rare, as less than 60 cases have 
been reported.

Prenatal Diagnosis

Prenatal diagnosis can be performed by light 
microscopic examination of hair from fetal scalp 
biopsy specimens, or by molecular genetic studies 
of fetal DNA, if the mutation is known.

Key Features

Key features include pigmentary dilution of skin, 
pyogenic skin infections, silver-gray hair, neutro-
penia, and thrombocytopenia.

Patients with GS type 1 have silvery gray hair, light-
colored skin, early-onset severe psychomotor retarda-
tion, and normal immune status. Type 1 is caused by a 
mutation in the myosin Va (MYO5A) gene located on 
chromosome 15q21, which regulates organelle trans-
port in both melanocytes and neuronal cells.17

Patients with GS type 2 (originally described 
as partial albinism with immunodeficiency) have 
silvery gray hair, frequent pyogenic infections of 
skin and internal organs, hemophagocytic lympho-
histiocytosis with accelerated phases, and variable 
neurologic defects in the absence of primary neu-
rologic disease. Type 2 is caused by mutation in the 
Rab27a (RAB27A) gene located on chromosome 
15q21, less than 1.6 cM from the MYO5A gene.17

Patients with GS type 3, which entails restricted 
expression of the disease, have hypopigmentation in 
the hair and skin. The nervous and immune systems 
do not show any abnormality. Two cases of this type 
have been reported. In the first case, a mutation was 
found in the gene located on chromosome 2q37.3 
that encodes melanophilin, which is a member of 
the Rab effector family. The second case was caused 
by an F-exon deletion in the MYO5A gene.17

Differential Diagnosis

The differential diagnosis includes Chediak-Higashi 
syndrome, Elejalde syndrome, chronic granuloma-
tous disease, and oculocutaneous albinism type II.

Workup

Workup involves examination of the hair, which 
shows uneven clumps of melanin in the medulla 
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of the hair shaft on light microscopy, and a CBC, 
which shows absent cytoplasmic inclusion bodies 
in neutrophils.

Management

In patients with GS type 1, there is no definitive 
cure, and the outcome is guarded as it depends 
on the severity of neurologic manifestations.17 
Patients should receive supportive care for pri-
mary neurologic symptoms such as hypotonia 
and developmental delay, and seizures should 
be controlled adequately when present. Patients 
with GS type 2 have a grave prognosis, as type 2 
proves fatal unless bone marrow transplantation 
is carried out as early as possible. High-dose 
systemic steroids and other immunosuppressives 
can delay the hyperactivation of lymphocytes 
and macrophages, and reduce symptoms attrib-
utable to organ infiltration. These drugs can be 
used as a palliative therapy or to induce remis-
sion until bone marrow transplantation is carried 
out. Patients with GS type 3, which does not 
pose a threat to those affected, need no active 
intervention.

Prognosis

Accelerated phases of uncontrolled lymphocyte 
and macrophage activation with lymphohistiocytic 
infiltration of the central nervous system lead to 
death, unless early bone marrow transplantation 
can be performed.

Bloom Syndrome

Bloom syndrome is a condition of intrauterine 
and postnatal growth failure, facial erythema, 
immunodeficiency, male sterility, and early malig-
nancies. It displays one of the strongest known 
correlations between chromosomal instability and 
an increased risk of malignancy at an early age, 
specifically leukemia and lymphoma. Carcinomas 
of the larynx, lung, esophagus, colon, cervix, and 
breast develop in adults. Approximately one-third 
of individuals with Bloom syndrome are of Jewish 
descent.

Inheritance

The inheritance is autosomal recessive.

Carrier Testing

A carrier screening requires a sample of blood. The 
tests can determine whether or not a gene change is 
present in the gene for Bloom syndrome. It is pos-
sible to detect the specific gene change that is seen 
in Ashkenazi Jews with Bloom syndrome. The test 
is not as accurate for individuals who are from 
other ethnic background.

Prenatal Diagnosis

Chorionic villus sampling or amniocentesis can be 
performed early in the pregnancy.

Key Features

Key features include proportional dwarfism, imm-
une deficiency, and a greatly enhanced risk for most 
cancers. The elevated cancer risk is manifested by 
increased and early appearance of leukemias, lym-
phomas, rare tumors, and carcinomas, with a mean 
age of onset of 25 years. Skin features include 
photodistributed erythema with telangiectasias in 
butterfly distribution on nose and cheeks, cheilitis, 
and café-au-lait macules.

Differential Diagnosis

The differential diagnosis includes Cockayne syn-
drome, Rothmund-Thomson syndrome, lupus ery-
thematosus, and erythropoietic protoporphyria.

Workup

The workup entails doing a DNA analysis, chro-
mosome analysis, and immunoglobulin levels.

Management

Management includes carcinoma surveillance, 
short stature management, sun protection, and 
antibiotics.

Prognosis

There is an increased risk of premature death in the 
second to third decade due to malignancy.

Additional information on Bloom syndrome 
is available at the Bloom’s Syndrome Registry 
(contact James L. German III, MD, Professor, 
Departments of Pediatrics and Microbiology, 
Cornell University Medical College, 1300 York 
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Avenue, New York, NY 10021; telephone: 212-
746-3956).

Defective Phagocyte Function

Neutrophils and monocytes are part of the 
innate immune system and are critical in initiat-
ing immune responses to bacterial infections. 
Therefore, patients with neutrophil defects present 
with a history of recurrent abscesses, abscesses in 
unusual areas (liver, muscle, abdominal cavity), 
recurrent oral ulcers, pneumonias, poor wound 
healing, or delayed umbilical cord separation.15 
The initial evaluation of patients suspected of 
having a neutrophil defect is the CBC with a man-
ual differential. Although the presence of a normal 
absolute neutrophil count is encouraging, it does 
not rule out a functional defect. Kostmann’s syn-
drome is a rare congenital disorder of neutrophil 
production due to impairment of myeloid differ-
entiation in the bone marrow, with the neutrophil 
count being characteristically less than 500 × 103

cells/L. Severe persistent neutropenia results in an 
increased susceptibility to frequent bacterial infec-
tions. The condition can be treated with recom-
binant human granulocyte colony-stimulating
factor (G-CSF).

Chronic Granulomatous Disease

Chronic granulomatous disease (CGD) is a primary 
immunodeficiency disorder caused by inherited 
defects in the reduced nicotinamide adenine dinu-
cleotide phosphate (NADPH) oxidase complex. 
This enzyme complex is used by phagocytic 
cells to generate microbicidal superoxide and its 
metabolites hydrogen peroxide, hydroxyl anion, 
and hypohalous acid. As a consequence, patients 
are susceptible to recurrent life-threatening pyo-
genic infections, particularly those caused by 
catalase-positive bacteria and fungi. In addition, 
CGD patients often have poor wound healing 
and chronic inflammation, leading to granuloma 
formation.

Inheritance

The inheritance is X-linked recessive in 70%, and 
autosomal recessive in 30%.

Carrier Testing

The nitroblue tetrazolium (NBT) test is useful in 
identifying carrier female relatives of male CGD 
patients in whom peripheral leukocytes consist of 
two cell populations, only one of which reduces 
NBT. The proportion of NBT-positive leukocytes 
varies among individual female carriers, consistent 
with random inactivation of the X chromosome.

Prenatal Diagnosis

Prenatal diagnosis can be done by analysis of 
neonatal neutrophil oxidant production from 
umbilical vein samples obtained by fetoscopy. 
This can be performed well only into the second 
trimester, which puts the fetus at substantial 
fetal. Oxidant production from amniocytes is 
unreliable. Alternatively, DNA can be analyzed 
from amniocytes or chorionic villus samples. 
Intrageneic restriction fragment length poly-
morphisms (RFLPs) have been identified in the 
gp91phox and p67phox genes. Recently, investi-
gators identified highly polymorphic (CA/GT)n 
repeats at two locations in the gp91phox gene 
that are promising tools for prenatal diagnosis. 
When specific mutations within a family are 
known, direct sequencing of fetal DNA should 
be performed.18

Key Features

Pneumonia is the most common infection (79% of 
patients, most commonly Aspergillus), followed 
by suppurative adenitis (53% of patients, most 
commonly Staphylococcus), subcutaneous abscess 
(42% of patients, most commonly Staphylococcus), 
liver abscess (27% of patients, most commonly 
Staphylococcus), osteomyelitis (25% of patients, 
most commonly Serratia), and sepsis (18% of 
patients, most commonly Salmonella).19

Differential Diagnosis

The differential diagnosis includes hyper-IgE syn-
drome, SCID, and Chediak-Higashi syndrome.

Workup

The workup entails NBT reduction assay, immuno-
blot of defective NADPH enzymes, immunoglobulin 
levels, and CBC.
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Management

Outpatient management relies on the use of pro-
phylactic antibiotics and interferon-γ. When infec-
tion is suspected, aggressive effort to obtain cul-
ture material is required. Treatment of infections 
involves prolonged use of systemic antibiotics, 
surgical debridement when feasible, and, in severe 
infections, use of granulocyte transfusions. Gene 
therapy holds great promise as an alternative treat-
ment for patients without suitable marrow donors 
or where bone marrow transplantation is not a 
viable option.

Prognosis

There is a variable life span depending on control 
of infections. Most patients have a normal life span 
but a poor quality of life.

Chediak-Higashi Syndrome

Chediak–Higashi syndrome (CHS) is characterized 
by oculocutaneous albinism, recurrent infections, 
microscopic finding of large granules in hemat-
opoietic and other cells, bleeding diathesis, and 
neurologic abnormalities. Pathologic mutations in 
the lysosomal trafficking regulator gene localized 
to human chromosome 1q42–q43 are responsible 
for development of CHS.

Inheritance

The inheritance is autosomal recessive.

Key Features

Chediak–Higashi syndrome is characterized 
by partial oculocutaneous albinism, frequent 
pyogenic infections, the presence of abnormal 
granules in the granulocytes of blood and bone 
marrow, and an accelerated lymphohistiocytic 
phase. The condition is typically detected around 
the age of 5 years, and the patients are affected 
by frequent and severe pyogenic infections of 
the skin, lung, and respiratory tract, secondary 
to abnormal neutrophil function. Approximately 
80% of patients undergo an accelerated phase, 
which is characterized by a lymphohistioc-
ytic lymphoma-like infiltration of multiple 
organs, associated with anemia, bleeding disor-

ders, hepatosplenomegaly, fever, jaundice, and 
neurologic changes leading to death.

Differential Diagnosis

The differential diagnosis includes oculocutane-
ous albinism type II, Hermansky-Pudlak syn-
drome, chronic granulomatous disease, Griscelli 
syndrome, and Elejalde syndrome.

Workup

The hallmark of this disorder is the occurrence of 
giant granules in the granulocytes and their precur-
sors and can be easily diagnosed by examining the 
peripheral blood smear.

Management

Management is interdisciplinary, and entails bone 
marrow transplant, chemotherapy, high-dose ascor-
bic acid, antibiotics, and sun protection.

Prognosis

The few patients who live to adulthood develop 
progressive neurologic dysfunction.

Support Group

Support groups are available at http://www.chediak-
higashi.org/ and http://www.ipopi.org/.

Complement Deficiency

Defects in the complement system account for less 
than 2% of the known patients who have PIDs. 
Genetic defects have been described for almost 
all complement components. Defects in the early 
components of the classic pathway manifest pri-
marily as immune-complex disease. Defects in 
the early components of the alternative pathway 
or in the membrane attack components lead to 
increased susceptibility to infections with pyogenic 
bacteria and Neisseria. Screening for most com-
plement defects is accomplished by performing a 
total hemolytic complement (CH50) assay. C3 and 
C4 should also be measured if the CH50 assay is 
abnormal, because levels of these proteins can help 
define the pathway in which the complement defect 
is located.
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Defects of Unknown Origin

Hyper-IgE (Job’s) Syndrome

Based on the biblical character Job, who was 
afflicted with extensive furuncles, the original 
report of this condition described two patients 
with staphylococcal skin abscesses that failed to 
demonstrate normal erythema and warmth, and 
hence were called “cold abscesses.” The clinical 
triad of high serum levels of IgE (>2000 IU/mL), 
recurring staphylococcal skin abscesses, and pneu-
monia with pneumatocele formation occurs in 77% 
of patients.

Inheritance

The inheritance in most cases is sporadic. 
Autosomal-dominant and autosomal-recessive 
inheritance have been reported.

Key Features

The immune phenotype of hyper-IgE syndrome is 
characterized by recurrent staphylococcal infec-
tions of the skin and lungs, pneumatocele for-
mation, eczema, candidiasis, eosinophilia, and 
elevated levels of IgE. Nonimmunologic features 
include, in decreasing frequency, characteristic 
facial appearance, scoliosis, retained primary den-
tition, joint hyperextensibility, recurrent bone frac-
tures after minimal trauma, and craniosynostosis.

Differential Diagnosis

The differential diagnosis includes atopic dermati-
tis and eosinophilic pustular folliculitis.

Workup

The workup shows extreme elevation of serum 
IgE (>2000 IU/mL), and serum eosinophil counts 
are more than two standard deviations above the 
normal range.

Management

Because the primary defect is unknown, no defini-
tive therapy is available. The most successful regi-
men is lifelong prophylactic antistaphylococcal and 
antifungal therapy. Immunoglobulin substitution is 
not indicated unless an impaired antibody response 

is observed. Surgical drainage of abscesses may be 
indicated.

Prognosis

If the condition is recognized early in life and the 
patient is kept on chronic antistaphylococcal anti-
biotic therapy, the prognosis is good.

Support Group

Support groups are available at http://www.ipopi.
org/ and http://www.primaryimmune.org/.

Chronic Mucocutaneous Candidiasis

This is a spectrum of disorders in which patients 
have persistent or recurrent infections of the skin, 
nails, and mucous membranes caused by C. albi-
cans.20 Several clinical syndromes have been 
defined (Table 35.2).

Inheritance

The majority of childhood cases have an autosomal 
recessive mode of inheritance, but autosomal domi-
nant inheritance is also recognized, and some cases 
are sporadic.

Key Features

Childhood chronic mucocutaneous candidiasis 
(CMC) usually starts early, presenting with per-
sistent Candida infection of the diaper area and 
mouth. The infection usually spreads to involve the 
nails, scalp, extremities, and other areas of the skin. 
Most of these patients go on to develop autoim-
mune endocrinopathies as part of the autoimmune 
polyendocrinopathy syndrome type 1 (APS1),21 
recently coined autoimmune polyendocrinopathy 
candidiasis ectodermal dystrophy (APECED). This 
is characterized by hypoparathyroidism, adrenal 
or gonadal failure, and, less frequently, insulin-
dependent diabetes mellitus or hypothyroidism. 
Malabsorption, gastric cell atrophy, or autoim-
mune hepatitis is seen in about a third of these 
patients. Dental enamel dysplasia, keratopathy, 
alopecia, or vitiligo is often present. Another form 
of childhood-onset CMC has been recognized for 
years, although it was only recently proposed as a 
distinct syndrome. These patients typically have 
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an autosomal dominant mode of inheritance and 
present with or without isolated hypothyroidism 
but are spared other endocrinopathies. It is not clear 
whether this may be a subtype of APS1/APECED 
or a separate disease entity.

Differential Diagnosis

The differential diagnosis includes DiGeorge syn-
drome and SCID.

Workup

Because CMC often takes several years to develop, 
the diagnosis can be difficult initially, especially 
when only one of the typical APS1 manifestations 
is present. Increased awareness of the condition 
combined with analysis of specific autoantibodies, 
particularly neutralization antibodies against type I 
interferons, and follow-up by mutational analysis 
of the AIRE gene, should help diagnose this rare 
condition earlier.

Management

Management entails systemic antifungals; most 
patients relapse upon cessation of therapy.

Prognosis

The prognosis is good.

Support Group

Support groups are available at http://www.ipopi.
org/ and http://www.primaryimmune.org/.

Nonconventional Primary 
Immunodeficiencies

Inborn defects in Toll-like receptor signaling are 
recently described primary immunodeficiencies 
that predispose affected children to life-threatening
infections. Patients with interleukin-1 receptor-asso-
ciated kinase-4 deficiency are prone to invasive 
pneumococcal disease, and patients with UNC-
93B deficiency are prone to herpes simplex virus 
encephalitis. These genetic disorders are underdiag-
nosed, partly because diagnosis currently requires 
expensive and time-consuming techniques available 
at only a few specialized centers worldwide.

Interleukin-1 Receptor-Associated 
Kinase-4 Deficiency

Picard et al.22 described three unrelated children 
with recurrent infections and poor inflammatory 
response in whom extracellular, pyogenic bacte-
ria were the only microorganisms responsible for 
infection. Gram-positive Streptococcus pneumo-
niae and Staphylococcus aureus were the most 
frequently found and were the only pathogens 
identified in two patients. Infections began early 
in life but became less frequent with age, and the 
patients were well with no treatment at ages 6, 11, 
and 7 years. All known primary immunodeficien-
cies were excluded. In particular, the patients had 
normal serum antibody titers against protein and 
polysaccharide antigens, including those from S. 
pneumoniae. In a follow-up of the patients reported 
by Picard et al., Day et al.23 found that two con-
tinued to do well, but one, an 8-year-old girl, was 
unable to sustain antibody responses to polysac-
charide or protein antigens or to a neoantigen-
bacteriophage. She continued to have recurring 
bacterial and fungal infections, eventually requir-
ing IVIG therapy. They recommended testing 
for IRAK-4 deficiency in patients with recurrent 
bacterial and fungal infections without sustained 
antibody response to immunization.

UNC-93B Deficiency

The recent observation of human UNC-93B defi-
ciency in two children with sporadic herpes simplex 
encephalitis indicates that the presence of mono-
genic disorders may predispose patients specifically 
to a single infectious agent without affecting host 
defense against many other pathogens.24 Peripheral 
blood mononuclear cells from these patients pro-
duced reduced amounts of type I and type II inter-
ferons in response to herpes simples virus type 1 
stimulation but not in response to ten other viruses, 
thus highlighting the presence of specific susceptibil-
ity defects. The specificity of defects, such as UNC-
93B, for a single pathogen that manifests as sporadic 
events in otherwise healthy individuals makes their 
identification highly challenging. Whereas studies 
such as these have several important therapeutic 
implications, further studies are needed to confirm 
the validity of these markers as prognostic indicators 
for oncolytic viral therapy.
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Conclusion

Early recognition and diagnosis is vital since it 
alters the course of many primary immunodefi-
ciencies. As a consequence it is critical that the 
primary care provider consider these disorders 
when a patient presents with increased numbers 
of cutaneous and sinopulmonary infections, infec-
tions caused by unusual organisms, or persistence 
of difficult-to-treat infections.

References

 1. Notarangelo L, Casanova JL, Fischer A, et al. Primary 
immunodeficiency diseases: an update. J Allergy Clin 
Immunol 2004;114(3):677–87.

 2. Casanova JL, Fieschi C, Bustamante J, et al. From 
idiopathic infectious diseases to novel primary 
immunodeficiencies. J Allergy Clin Immunol 2005;
116:426–30.

 3. Ballow M. Primary immunodeficiency disorders: antibody 
deficiency. J Allergy Clin Immunol 2002;109:581–91.

 4. Conley ME, Rohrer J, Minegishi Y. X-linked 
Agammaglobulinemia. Clin Rev Allergy Immunol 
2000;19(2):183–204.

 5. Valiaho J, Smith CIE, Vihinen M. BTKbase: the 
mutation database for X-linked agammaglobuline-
mia. Hum Mutat 2006;27(12):1209–17.

 6. Latiff AHA, Kerr MA. The clinical significance of 
immunoglobulin A deficiency. Ann Clin Biochem 
2007;44:131–139.

 7. Goldacker S, Warnatz K. Tackling the heterogene-
ity of CVID. Curr Opin Allergy Clin Immunol 
2005;5(6):504–9.

 8. Kumar A, Teuber SS, Gershwin ME. Current per-
spectives on primary immunodeficiency diseases. 
Clin Dev Immunol 2006;13(2–4):223–259.

 9. Wilson DI, Burn J, Scambler P, Goodship J. 
DiGeorge syndrome: part of CATCH22. J Med 
Genet 1993;30(10):852–6.

10. Robin NH, Shprintzen. Defining the clinical spectrum 
of deletion 22q11.2. J Pediatr 2005;147(1):90–6.

11. Thrasher AJ, Kinnon C. The Wiskott-Aldrich syn-
drome. Clin Exp Immunol 2000;120(1):2–9.

12. Boztug K, Dewey RA, Klein C. Development of hemat-
opoietic stem cell gene therapy for Wiskott-Aldrich 
syndrome. Curr Opin Mol Ther 2006;8(5):390–5.

13. Lefton-Greif MA, Crawford TO, Winkelstein JA, et al. 
Oropharyngeal dysphagia and aspiration in patients with 
ataxia-teleangiectasia. J Pediatr 2000;136:225–31.

14. Nowak-Wegrzyn A, Crawford TO, Winkelstein JA, 
et al. Immunodeficiency and infections in ataxia-tel-
angiectasia. J Pediatr 2004;144(4):505–11.

15. Verbsky JW, Grossman WJ. Cellular and genetic 
basis of primary immune deficiencies. Pediatr Clin 
North Am 2006;53:649–684.

16. Fischer A. Severe combined immunodeficiencies 
(SCID). Clin Exp Immunol 2000;122(2):143–9.

17. Malhotra AK, Bhaskar G, Nanda M, et al. Griscelli 
syndrome. J Am Acad Dermatol 2006;55(2):
337–40.

18. Segal BH, Leto TL, Gallin JI, Malech HL, Holland 
SM. Genetic, biochemical, and clinical features of 
chronic granulomatous disease. Medicine (Baltimore) 
2000;79(3):170–200.

19. Winkelstein JA, Marino MC, Lederman HM, et al. 
Chronic granulomatous disease. Report on a national 
registry of 368 patients. Medicine (Baltimore) 
2006;85(4):193–202.

20. Kirkpatrick CH. Chronic Mucocutaneous Candidiasis.
Pediatr Infect Dis J 2001;20:197–206.

21. Betterle C, Greggio NA, Volpato M. Clinical review 
93: Autoimmune polyglandular syndrome type 1. J 
Clin Endocrinol Metab 1998;83(4):1049–55.

22. Picard C, Puel A, Bonnet M, et al. Pyogenic bacte-
rial infections in humans with IRAK-4 deficiency. 
Science 2003;299(5615):2076–9.

23. Day N, Tangsinmankong N, Ochs H, et al. 
Interleukin receptor-associated kinase (IRAK-4) 
deficiency associated with bacterial infections and 
failure to sustain antibody responses. J Pediatr 2004;
144(4):524–6.

24. Casrouge A, Zhang SY, Eidenschenk C, et al. Herpes 
simplex virus encephalitis in human UNC-93B defi-
ciency. Science 2006;314(5797):308–12.



633

36
Iatrogenic Immunodeficiency and Skin 
Disease
Brenda L. Bartlett and Jennifer Z. Cooper

Key Points

● The number of living organ transplant recipients 
(OTRs) continues to grow due to an increased 
number of transplants performed and a longer 
patient and graft survival time, thereby increasing 
the number of patients on immunosuppression.

● The immunosuppression required to maintain 
allografts leads to a significantly increased rate 
of both internal and cutaneous malignancies, with 
skin cancer being the most common.

● The skin cancer seen in immunosuppressed 
patients, primarily nonmelanoma skin cancer 
(NMSC), occurs earlier and behaves more aggres-
sively than does NMSC in the general popula-
tion.

● Of the various types of skin cancers seen in OTR, 
squamous cell carcinoma (SCC) is the leading 
cause of mortality.

● It is important to be aware of the associated risk 
factors so that OTRs who are at increased risk can 
be identified and followed even more closely by 
dermatologists and the transplant physicians.

● Immunosuppressive drugs accelerate the devel-
opment of skin cancer by being directly carci-
nogenic and by creating a state of compromised 
immune surveillance.

● Human papillomavirus infection has been rec-
ognized as a putative risk factor in NMSC of 
OTR.

As the number of organ transplant recipients 
(OTRs) continues to increase, so too, does the 
need for a thorough understanding of these patients 
and the complications they are likely to encounter. 
The number of living OTRs continues to grow due 

to an increased number of transplants performed 
and a longer patient and graft survival time. As 
of 2004, there are an estimated 168,000 living 
OTRs in the United States. The number of organ 
transplants grows annually, with approximately 
26,500 performed in 2004, nearly 6% more than 
2003.1 Kidney transplants account for the major-
ity of these, followed by liver transplants. Heart 
and lung are the next two most commonly trans-
planted organs.2 The immunosuppression required 
to maintain these allografts leads to a significantly 
increased rate of both internal and cutaneous 
malignancies, with skin cancer being the most 
common.3 It is therefore likely that dermatologists 
will be caring for an increasing number of organ 
transplant recipients.

Types of Skin Cancer

Skin cancer is the most common malignancy for 
which OTRs are at risk.4 They are at particu-
larly increased risk of nonmelanoma skin cancers 
(NMSCs) with a rate of 50 times that in the general 
population.5 Compared to immunocompetent indi-
viduals, transplant recipients are 15 years younger 
at the time of NMSC diagnosis.6 Comparable 
results from various studies show that NMSC is 
diagnosed in 15% to 43% of OTRs 10 years post-
transplantation.7 These NMSCs occur earlier and 
behave more aggressively compared to NMSCs in 
the general population. The lesions are frequently 
multiple, have a more rapid rate of growth, and 
have an increased rate of recurrence and metastasis 
than seen in nontransplant patients.8
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In the general population, basal cell carcinomas 
(BCCs) occur approximately four times more fre-
quently than squamous cell carcinomas (SCCs), 
but this ratio of BCC to SCC is reversed in OTRs.8 
In addition to increased rates of NMSCs, studies 
have also found an increased risk of malignant 
melanoma, particularly in the pediatric popula-
tion.9 The Kaposi’s sarcoma incidence is increased 
by 84-fold in transplant recipients compared to 
the general population.10 Merkel cell carcinoma, 
a rare neuroendocrine skin cancer, has also been 
found more commonly in OTRs and is more 
aggressive than in the general population.11 Of 
the various types of skin cancers seen in OTRs, 
SCC is the leading cause of mortality. Data from 
the Cincinnati Tumor Registry shows that 63% of 
deaths of OTRs who died from skin malignancies 
were due to SCC.12

Risk Factors

Several risk factors have been identified to help 
determine which patients are most likely to develop 
skin cancer posttransplantation. One clear con-
tributor to the development of NMSCs in both the 
general population and OTRs is ultraviolet radia-
tion (UVR).13 This is supported by the tendency of 
lesions to develop in sun-exposed areas and by the 
increased risk of NMSC in OTRs reported in parts 
of the world with high levels of sun exposure.14 
The role of UVR as a risk factor is also supported 
by the fact that recipients with Fitzpatrick skin 
types I, II, or III have been shown to be at increased 
risk, which is true of the nontransplant population 
as well.15,16 Additionally, older patients are more 
likely to develop skin cancer, which is in part 
attributed to greater cumulative sun exposure prior 
to transplantation.17,18

Ultraviolet radiation acts as both an initiator and 
a promoter of skin cancer. It is directly mutagenic 
to epidermal keratinocytes but also has local immu-
nosuppressive effects by reducing the number of 
Langerhans’ cells, thus impairing antigen presenta-
tion and recognition.19,20

Another well-recognized important risk factor 
for NMSC is immunosuppression. An increasing 
number of patients are on long-term immunosup-
pression due to the increased number of organ 
transplants and the increasing survival of both the 

organs and their recipients. The duration and intensity 
of immunosuppression are directly related to the 
degree of cancer risk.21 It is thought that immuno-
suppressive drugs accelerate the development of 
skin cancer by being directly carcinogenic and by 
creating a state of compromised immune surveil-
lance.22–25 Cutaneous tumors tend to appear 3 to 7 
years after the onset of chronic immunosuppressive 
therapy.26 The various immunosuppressive agents 
have different mechanisms of action, which will be 
discussed later in this chapter.

Differences in skin cancer incidence have also 
been reported depending on the type of organ 
transplantation, with heart transplantation having 
a greater risk than kidney transplantation.27 Liver 
transplant recipients have a less significant risk 
than kidney recipients.26 The relative differences in 
risk may be due to a varying level of immunosup-
pression required to maintain each organ type.28 In 
kidney transplant recipients, an effect of pretrans-
plant end-organ disease has been identified. The 
incidence of NMSC was increased in patients who 
received a transplant for polycystic kidney disease 
and decreased in patients with diabetic nephropa-
thy as the primary cause of renal failure. This is 
hypothesized to be due to the poor immunosup-
pressive drug absorption seen in diabetics due to 
gastroparesis and autonomic neuropathy.29

It is important to be aware of these risk factors so 
that OTRs who are at increased risk can be identi-
fied and followed even more closely by dermatolo-
gists and the transplant physicians. Knowledge and 
identification of these risk factors both before and 
after transplantation is vital to determining the 
appropriate level of follow-up. In addition, discus-
sion of these risk factors with the patients may 
encourage them to practice safer sun-exposure 
habits and contact a physician earlier should they 
have a lesion of concern.

Human Papillomavirus and Its 
Role in Skin Cancer in Organ 
Transplant Recipients

It is known that OTRs have an increased incidence 
of both viral warts and NMSCs posttransplan-
tation.30 Identification of human papillomavirus 
(HPV) within these lesions suggests that HPV 
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is pathogenic to the development of skin cancer 
in transplant recipients. Up to 90% of transplant 
recipients have HPV-induced warts. Although con-
sidered benign lesions in immunocompetent indi-
viduals, warts in transplant patients have been 
shown both clinically and histologically to progress 
into dysplastic lesions and invasive SCC.31 This 
implies that warts may be of different prognostic 
significance for OTRs.32

An increasing number of HPV viral types are 
being identified in skin lesions of OTRs. This 
is mostly attributed to the improved methods of 
detection of the virus using polymerase chain 
reaction (PCR) with degenerate primers instead of 
consensus primers.32,33

Studies show that among the numerous HPV 
types that have been isolated from SCC of OTRs, 
there is a predominance of HPV types 5 and 8.32 Of 
note, these two types were also found to predominate 
in SCCs of patients with epidermodysplasia verruci-
formis (EV), which is a rare inherited disorder char-
acterized by widespread warts and associated with 
a deficiency of cellular immunity. Approximately 
30% of EV patients develop skin cancers. A diverse 
range of HPV types have been identified in these 
lesions, which is now referred to as the EV-HPV 
type supergroup and includes types 5 and 8.33

Studies have detected HPV DNA more frequently 
in SCCs of OTRs compared with SCCs of nonim-
munosuppressed individuals. In contrast, OTRs 
and nonimmunosuppressed individuals had similar 
rates of detection of HPV DNA in BCCs.32,34 The 
prevalence of HPV in BCCs of OTRs and immu-
nocompetent individuals has varied in several 
studies,35,36 whereas it was a common finding of 
all related studies that among immunosuppressed 
patients, HPV DNA was more frequently detected 
in SCC than BCC. This indicates that HPV infec-
tion is more closely associated with SCC rather 
than BCC development.

The extent to which HPV plays a role in NMSC 
development in transplant patients is still unclear. 
In addition to SCCs, HPV viral DNA has also been 
identified in benign tumors, in the normal skin of 
immunocompetent individuals, and in the normal 
skin of OTRs.37 Immunosuppression may lead to a 
chronic state of HPV infection in these patients but 
is not alone sufficient to cause tumorigenesis. It is 
thought that a cofactor such as UVR may be neces-
sary for induction of dysplastic change.38,39

One factor that might argue against the theory of 
HPV infection as a direct risk factor is the relatively 
low viral load found in skin cancers. Although a 
slightly higher amount of viral DNA was found in 
skin cancers of OTRs compared to immunocom-
petent individuals, the level of viral DNA was still 
far lower than that seen in genital and cutaneous 
warts.32 Additionally, long-standing warts in trans-
plant recipients do not inevitably progress to skin 
cancers. Despite the strong association between the 
number of HPV-induced warts and the develop-
ment of skin cancer, studies have shown an equally 
high prevalence of EV-HPV DNA in keratotic 
skin lesions in transplant recipients both with and 
without cancer. The detection rate and spectrum of 
HPV infection between these same two groups in 
hyperkeratotic papillomas, actinic keratoses, and 
SCCs was similar.39

Human papillomavirus and its role in cervical 
cancer has been well established.40 It is generally 
accepted that integration of the viral genome into 
the host genome confers increased aggressive-
ness.41 One study analyzed 181 specimens ranging 
in severity from condyloma to invasive cervical 
carcinoma. Only 3% of biopsy specimens of cer-
vical intraepithelial neoplasia showed integrated 
HPV DNA. In contrast, 81% of cervical carci-
nomas (p <.001) showed integrated HPV DNA. 
All HPV-18–containing carcinomas had integrated 
HPV DNA, which may be related to its greater 
transforming efficiency in vitro and its reported 
clinical association with more aggressive cervical 
cancers.42 Studies have also shown that HPV-16 
DNA is not always present in the integrated form 
in tumors, suggesting that integration and subse-
quent inactivation of the transcriptional regulator 
E2 are not essential steps for the development of 
HPV-16–associated carcinoma.43 Further studies 
specifically addressing the relative risk of episo-
mal versus integrated viral DNA in the cutaneous 
malignancies of OTRs would be of interest.

The recognition of HPV infection as a putative 
risk factor in NMSCs of OTRs has led to the inves-
tigation of synthetic immune response modifiers 
such as imiquimod as possible treatment of these 
lesions. A randomized, blinded, placebo-control-
led study that looked at the safety and efficacy 
of 5% imiquimod cream showed it to be a safe 
treatment in OTRs on skin areas up to 60 cm2. 
The study showed imiquimod 5% cream may 
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decrease cutaneous dysplasia and the frequency of 
squamous tumors developing in high-risk patients. 
Of significance, renal graft function, assessed via 
serum creatinine measurement, was unaffected. 
Despite the promising effects of this drug, larger 
confirmatory studies are still necessary.44,45

Immunosuppressive Agents Used 
in Organ Transplant Recipients

The use of systemic immunosuppressive agents 
in organ transplant recipients is a well-established 
risk factor for the development of NMSC. Multiple 
immunosuppressive agents exist and more are 
continuing to be developed. The impact of each 
agent in the development of NMSC is difficult to 
discern since more than one agent is usually used 
in each OTR. Intervening factors such as UVR 
exposure, skin type, and HPV burden, among 
others, exist, which further cloud the situation. 
The various immunosuppressive agents may con-
tribute to NMSC development by two mecha-
nisms: impairment of immune surveillance and 
direct carcinogenesis.22–25 Studies show conflicting 
results indicating which agents seem to carry the 
greatest risk. However, there is a consensus that 
the dose and duration of immunosuppression are 
more important as risk factors than any one agent 
in particular.21 This is supported by the fact that 
increased incidence of NMSC is seen in patients 
on normal-dose immunosuppression compared 
to low-dose immunosuppression.46 Additionally, 
patients receiving a triple regimen are at higher risk 
of NMSC development than those on double regi-
mens.47 Finally, reduction of immunosuppressant 
doses has been shown to be a reasonable adjuvant 
therapeutic strategy in OTRs with multiple or high-
risk skin malignancies.48

Various trends in the use of the different immu-
nosuppressants have developed over time. The 
Organ Procurement and Transplantation Network 
and Scientific Registry of Transplant Recipients 
Annual Report (OPTN/SRTR) has divided the use 
of immunosuppressants into several “eras” (Table 
36.1).49 During the experimental era (1954–1962) 
prednisone was the only available agent and the 
only routine transplants performed were those 
of kidneys of identical twins. The azathioprine 
era (1962–1983) began with the development 
of azathioprine (AZA) as an adjunct to pred-
nisone and allowed for cadaveric renal trans-
plants. The Food and Drug Administration (FDA) 
approval of cyclosporin A (CsA) in 1983 led to the 
cyclosporine era lasting until the early 1990s. The 
use of CsA led to increased graft survival and rou-
tine extrarenal organ transplantation. The modern 
era (1990s to present) has seen the development of 
new immunosuppressive agents with even greater 
survival rates.

Immunosuppressive agents can be divided 
into induction agents and maintenance agents. 
Induction agents are antibodies given periopera-
tively to induce tolerance to the graft by depleting 
host T-cell activity. Newer agents, basiliximab 
and daclizumab, rabbit antithymocyte globulin 
and anti–interleukin-2 receptor antibodies, respec-
tively, are used in the majority of inductions.50 
Maintenance immunosuppressives can be classi-
fied as antimetabolites, calcineurin inhibitors, and 
rapamycin, each of which has different mecha-
nisms of action, allowing for synergistic effects 
when used in combination.

Azathioprine acts as an antimetabolite. It is a 
purine analogue that blocks B- and T-cell prolif-
eration through the inhibition of purine synthesis 
and metabolism. Adverse effects of AZA such as 
bone marrow suppression and hepatitis result from 

Table 36.1. Immunosuppressants and organ transplantation.

Immunosuppressant era Time period Agent(s) used Organs transplanted

Experimental era 1954–1962 Prednisone alone Kidneys of identical twins
Azathioprine era 1962–1983 Prednisone and azathioprine Cadaveric kidneys
Cyclosporine era 1983–1990 Cyclosporine Extrarenal transplants
Modern era 1990–present Tacrolimus and sirolimus Extrarenal transplants with 

    increased organ survival

Source: Helderman et al.49
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its broad inhibition of purine synthesis.50 Another 
antimetabolite, mycophenolate mofetil (MMF), 
is a prodrug that is metabolized into the active 
compound mycophenolic acid, which inhibits de 
novo purine biosynthesis. Mycophenolate mofetil, 
approved in 1995 for use in renal transplant recipi-
ents, is now being used widely in place of AZA.51 
In addition to bone marrow suppression, MMF 
also causes gastrointestinal distress. Improved gas-
trointestinal tolerability has been shown with the 
use of an enteric-coated formulation in stable renal 
transplant recipients.52

Cyclosporin A, a calcineurin inhibitor, blocks 
activation of T cells by preventing the expres-
sion of cytokine interleukin-2 (IL-2). It binds to 
cytoplasmic nuclear factor of activated T cells 
(NFAT), a family of transcription factors, thereby 
preventing transcription of growth factors such as 
IL-2.50 Cyclosporin A is also known to enhance the 
expression of transforming growth factor-β (TGF-
β), which is also known to inhibit IL-2–stimulated 
T-cell proliferation and generation of cytotoxic T 
lymphocytes.51 The carcinogenic effect of CsA has 
been shown in a study where patients treated with 
corticosteroids, AZA, and CsA had a threefold 
increase in the risk of skin cancer when compared 
to patients on corticosteroids and AZA alone.10 
Other studies have found that lesions occur earlier 
in CsA-treated patients.10,47 Cyclosporin A may 
have a direct cellular effect that promotes the pro-
gression of cancer independently from its effects 
on host immune cells. An ex vivo study showed 
that CsA-treated adenocarcinoma cells transformed 
noninvasive cells to invasive cells with pseudopo-
dia and increased cell motility.22 These changes 
were dose-dependent and reversible. Monoclonal 
antibodies directed against TGF-β prevented these 
changes, indicating that CsA-induced TGF-β pro-
duction as a mechanism.

Tacrolimus (TAC), another calcineurin inhibitor, 
binds the cytoplasmic protein, FK-binding protein 
(FKBP), and prevents production of IL-2 by inhib-
iting phosphatase activity of calcineurin. TAC is 
100 times more potent than CsA,53 and, in addition 
to nephrotoxicity, its side effects include glucose 
intolerance and reversible alopecia.51 Tacrolimus 
has been shown in vitro to promote tumor growth 
in human hepatoma cells.54 It has been suggested 
that tacrolimus may be less oncogenic than CsA 
based on a lower prevalence of enhanced TGF-β 
transcription.55

Sirolimus, also known as rapamycin, is a rela-
tively new antitumor agent, which shows promise 
in decreasing the risk of NMSC in OTRs. The 
cellular target of sirolimus, mTOR or mammalian 
target of rapamycin, is considered a member of 
the phosphatidylinositol-3-kinase (PI3K) family.56 
Sirolimus binds the intracellular protein FK-bind-
ing protein-12 (FKBP12), forming a high-affinity 
complex that in turn binds mTOR. The binding 
of mTOR, also called FRAP (FKBP-rapamycin 
associated protein), ultimately results in cell cycle 
arrest at the G1/S phase through the dephosphor-
ylation and inactivation of p70 ribosomal protein 
S6 kinase.57 Consequently, this leads to the inhibi-
tion of interleukin-stimulated lymphocyte divi-
sion and antibody production.51 More specifically, 
sirolimus inhibits the response to interleukin-2 (IL-
2), thereby blocking activation of T and B cells.52

Sirolimus has been shown to have antineoplastic 
properties in both in vitro and in vivo studies.58,59 
Studies have shown a decrease in metastatic area 
in mice treated with rapamycin and an increase 
in tumoral area in mice treated with CsA. The 
decrease in tumor growth in mice treated with 
rapamycin is attributed to a decrease in neovascu-
larization, whereas the increase in tumor growth 
in CsA-treated mice was associated with extensive 
neovascularization. Sirolimus has been shown to 
inhibit vascular endothelial growth factor (VEGF) 
both in vitro and in vivo.59 Another study using 
a human renal cell cancer pulmonary metastasis 
model showed sirolimus reduced, whereas CsA 
increased, the number of pulmonary metastases. 
Circulating levels of VEGF and TGF-β were found 
to be lower in rapamycin-treated mice than in con-
trols or CsA-treated mice.60

Despite the relatively recent introduction of 
sirolimus, its use as an immunosuppressive agent 
in OTRs has been studied. The incidence of skin 
cancer in sirolimus-treated OTRs was assessed at 
2 years posttransplantation and comprised 1981 
patients from five multicenter studies. All patients 
received CsA and corticosteroids and had varying 
combinations of sirolimus (SRL), AZA, or pla-
cebo.61 The study showed that patients receiving 
SRL immunotherapy without CsA have a lower 
incidence of malignancy than patients receiv-
ing both SRL and CsA. However the patients on 
combination therapy showed significantly lower 
incidence of skin cancer compared to CsA and 
placebo. The study also found that use of SRL 
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concentration-controlled immunotherapy and early 
elimination of CsA resulted in significantly lower 
rates of malignancy.

Sirolimus is well tolerated and has the advantage 
of less nephrotoxicity and hypertension compared 
to calcineurin inhibitors. Side effects of sirolimus 
include hyperlipidemia, thrombocytopenia, leu-
copenia, and anemia.62 Although sirolimus, as 
well as preliminary data of its derivative CCI-779 
(everolimus) look promising, it is important to rec-
ognize that further studies are needed to assess its 
effects due to the relatively new development of the 
drug and the latency of onset of NMSC in OTRs.

Human Leukocyte Antigen Subtypes 
and Nonmelanoma Skin Cancer

Recipient human leukocyte antigen (HLA) type has 
been suggested as a possible risk factor for NMSC 
in OTRs. Several theories on how HLA type may 
play a role in increasing the risk of NMSC exist. 
Several studies investigating HLA types and the 
risk of NMSC in OTRs have been done, with con-
flicting results.63 Two of the largest studies have 
found HLA-A11 to increase the posttransplant risk 
of NMSC.63,64 Of these two studies, one was able 
to successfully identify a subset of Caucasian renal 
transplant recipients in a northern climate who 
were at increased risk at both short- and long-term 
follow-up after transplantation. This increased 
risk associated with HLA-A11 is only conferred 
in patients with lighter, sun-sensitive skin.63 This 
study suggests a role for more aggressive monitor-
ing in patients with HLA-A11 type. Further studies 
need to be conducted to confirm these findings and 
perhaps identify other HLA types that may have 
significance to OTRs and their risk of NMSC.

Treatment and Follow-Up 
Recommendations of 
Nonmelanoma Skin Cancer 
in Organ Transplant Recipients

Management of OTRs is challenging for derma-
tologists due to the chronic immunosuppression 
and progressively increasing risk of NMSC. 

The American Society of Transplantation (AST) 
recommends that patients perform monthly skin 
self-examinations and have their skin examined by 
a physician annually.65 A survey that weighed the 
advantages and disadvantages of various clinical 
settings of OTRs concluded that regardless of the 
clinical design, certain principles are key to provid-
ing the best care.66 The survey stressed the impor-
tance of close communication with the transplant 
team, education of other care providers regarding 
OTRs’ unique dermatologic concerns, patient edu-
cation as a key to prevention, and close follow-up 
determined by the risk of skin cancer.

The International Transplant-Skin Cancer 
Collaborative (ITSCC) has combined data from 
many studies to develop useful clinical guide-
lines for the treatment of skin cancer in OTRs.67 
Precancerous lesions such as warts and actinic 
keratoses should be recognized and treated early to 
reduce the viral burden and the extent of intraepi-
thelial neoplasia (Figs. 36.1 to 36.3). Treatment of 
precancerous lesions includes cryosurgery, topical 
5-fluorouracil, topical imiquimod, and curettage 
with electrodesiccation (ED&C). Topical and sys-
temic retinoids may be used as chemoprevention of 
skin cancer but are only effective while the retinoid 
is being used.68,69

Less aggressive SCC can be managed with 
destructive modalities such as ED&C or cryosur-
gery, or they can be excised with Mohs’ micro-

Fig. 36.1. A 58-year-old heart transplant patient who was 
previously treated with radiation to the circumoral area 
for multiple cutaneous squamous cell carcinomas. This 
is a recurrent moderately differentiated squamous cell 
carcinoma within the radiation field
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graphic surgery or excision with postoperative 
margin assessment (Table 36.2).

Aggressive SCC should be removed completely 
using excisional techniques including Mohs, exci-
sion with intraoperative frozen section control, or 
excision with postoperative margin assessment. 
Additional modalities may be useful in some 
instances. Radiation therapy may be considered 
as adjunctive therapy or as a primary modality for 
inoperable tumors (Fig. 36.1). Although not rou-
tinely used, small studies are beginning to support 
the role of sentinel lymph node biopsy (SLNB) in 
the evaluation of high-risk NMSC.70

Chemoprophylaxis with oral retinoids such as 
acitretin has been shown to be effective in reducing 
the rate of development of premalignant and malig-

nant lesions in OTR.69,71 This effect is only exhib-
ited while the patient is actively taking the retinoid. 
After cessation of the drug, the rate of development 
of lesions returns to baseline or may even exceed 
the prior rate of development. Retinoids have 
several side effects that are often very difficult for 
patients to tolerate on a long-term basis. These 
side effects include dry skin, dry lips, significant 
hair loss, pruritus, and arthralgias.69 Areas of mul-
tiple SCC, such as the dorsum of the hand, have 
been successfully treated with excision and split-
thickness skin grafting. Although the grafted area 
remains lesion-free for an extended period, this 
procedure has significant morbidity and requires an 
extensive recovery.72,73 In cases of life-threatening 

Fig. 36.2. A 58-year-old heart transplant patient with 
multiple actinic keratoses of the dorsal hands

Fig. 36.3. A 58-year-old heart transplant patient with 
multiple actinic keratoses of the forehead and a lesion on 
the left nasal sidewall that was biopsied to reveal well-
differentiated squamous cell carcinoma

Table 36.2. Cutaneous squamous cell carcinomas in organ transplant recipients.

Characteristic Less aggressive SCC More aggressive SCC

Size:  
Mask areas of face,* genitals, hands, feet < 0.6 cm ≥ 0.6 cm
Cheeks, forehead, neck, scalp < 1.0 cm ≥ 1.0 cm
Trunk and extremities < 2.0 cm ≥ 2.0 cm
Rate of growth Static or slow-growing Rapid
Ulceration No Yes
Clinical margins Distinct, well defined Indistinct
Satellite lesions No Yes
Neurotropism Absent Present

Histology:  
Invasiveness In situ/invasion limited to  Deep extension into

  papillary dermis  subcutaneous fat
Perivascular or intravascular invasion No Yes
Differentiation Well-differentiated Poorly differentiated

* Mask area includes central face, eyelids, eyebrows, periorbital, nose, lips, chin, mandible, pre- and postauricular areas, temple, ear.
Source: Christenson et al.66
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skin cancers, reduction of immunosuppression may 
be considered. Studies have shown that renal trans-
plant recipients with very aggressive SCC have 
an improved prognosis following dose reduction 
compared to those whose immunosuppression was 
left unchanged.74 It has also been shown that graft 
function may continue despite reduction of immu-
nosuppression.75,76 It is important when considering 
reduction of immunosuppressive therapy that it is 
done in consultation with the transplant physician. 
If the need to reduce the level of immunosuppres-
sion is warranted, transplant physicians often prefer 
to lower the dose of AZA first, as CsA confers bet-
ter allograft survival.77

Conclusion

Skin cancer in OTRs is a continuing problem as the 
number of living OTRs grows due to an increas-
ing number of transplants performed and longer 
patient and graft survival time. This, in turn, has 
led to a growing number of patients on chronic 
immunosuppression. Chronic immunosuppression, 
along with other risk factors, places these patients 
at higher risk of developing malignancies, the most 
common being cutaneous malignancies. It is hoped 
that further investigation of these risk factors and 
the identification of others will lead to improved 
prevention, management, and treatment of these 
patients. In addition, it is hoped that further investi-
gation of current immunosuppressive regimens and 
the development of new immunosuppressive agents 
will lead to decreased morbidity and mortality, par-
ticularly from cutaneous malignancies.

Management of these patients requires a multi-
faceted approach involving the transplant team, der-
matologists, other care providers and the patients. 
It is important as dermatologists to make all those 
involved in the care of these patients aware of their 
unique dermatologic concerns. Treatment and fol-
low-up may then be determined on an individual 
basis based on the patient’s risk factors and the 
relative risk of the skin cancer.
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Key Points

• Interferon-g (IFN-g) is a critical cytokine in for-
mation of multinucleated giant cells (MGCs).

• Macrophage fusion receptor (MFR) and its ligand 
CD47 have been implicated in facilitating cell 
fusion and cell-to-cell recognition in specialized 
multinucleated giant cells, for example, osteo-
clasts and foreign body giant cells.

• There appear to be genetic susceptibility factors 
for development of sarcoidosis.

• The involved cytokines in granuloma formation 
are of the T-helper-1 (Th1) phenotype.

• Sarcoidosis patients have a high number of 
T-regulatory cells.

• Polymorphisms of CARD15/NOD2 have been 
associated with Crohn’s disease.

• Citrullination, a posttranslation modification proc-
ess, has been demonstrated to increase peptide 
and major histocompatibility complex (MHC) 
affinity, suggesting it can modulate immune 
responses.

The disease entities in the group of granulomatous 
disorders share some histologic commonalities; 
however, the etiology of most remains largely 
unknown. In Clinical Immunodermatology, the 
forerunner of this book, Mark Dahl1 offered a sche-
matic by which to classify granulomatous inflam-
mation based on appearance, precipitating factors, 
and degree of lymphocytic infiltration (nonimmu-
nologic vs. immunologic) but warned that the dis-
tinctions are more apparent than real. More than a 
decade later, the caveat holds true. Granulomatosus 
represents a distinctive reactive process in the spec-
trum of inflammation where the histiocyte is the 

key involved cell. A granuloma is a focal collection 
of activated and modified histiocytes, sometimes 
epithelioid in appearance, usually surrounded by a 
rim of leukocytes.2 While histiocytes are now firmly 
established as monocyte/macrophage-derived cells 
based on surface immunohistochemical markers, 
past reliance solely on cell morphology has led to 
confusion, as numerous diverse, reactive, and neo-
plastic cell populations can aggregate in the cuta-
neous microenvironment resembling histiocytes, 
commonly referred as histiocytoid.

Conceptually, the etiology of granulomatosus is 
thought of as an immune defense and reactive proc-
ess. This is exemplified by various prototypic dis-
eases such as tuberculosis and leprosy, representing 
infectious granulomas, and common conditions 
such as ruptured keratin cysts and suture granu-
lomas, representing endogenous and exogenous 
foreign-body reactions, respectively. Either undis-
covered or undetectable by current investigative 
modalities, several granulomatous entities, such as 
sarcoidosis and the group of necrobiotic granulo-
mas, do not consistently demonstrate the presence 
of either infectious or foreign-body material.

Another classification categorized granulomas 
distinguishes as immunologic or nonimmuno-
logic.1 While both classifications involve macro-
phage activation admixed with leukocytes at the 
initiation of granuloma formation, the persistence 
of lymphocytes within the lesion are features of 
immunologic granulomas. In general, nonimmu-
nologic granulomas involve the introduction of 
large amounts of insoluble material while immu-
nologic granulomas may result from introduction 
of a small amount of substances (Fig. 37.1). These 
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substances range from pathogenic stimuli, such as 
bacteria, fungi, mycobacteria, and certain virus and 
molds, to chemical initiators. Still, even within the 

immunologic scheme, sarcoidosis and the necrobi-
otic granulomas cannot be neatly classified.

Role of Monocytes and Macrophages

Some insight into the clinical spectrum of granu-
lomatous diseases may be gained by examining 
the characteristics and function of the histiocyte or 
monocytes/macrophages (Mo/Macs). Mo/Macs are 
often regarded as the primary phagocytic population 
of the innate immune system with some antigen-pre-
senting capabilities. However, they express several 
classes of receptors and are able to produce a cadre 
of enzymatic and metabolic mediators, suggesting a 
broader ro le than microbial surveillance.3

In its innate immunity role the Mo/Macs bear 
multiple cell-surface molecules that mediate 
diverse pathogen recognition and processing as 
well as those that mediate recruitment and traffick-
ing of inflammatory cells to the site of infection, 
such as toll-like receptors (TLRs) and chemokine 
receptors, respectively.4,5 A cornerstone feature 
of the Mo/Macs is their dynamic modification in 
response to acute inflammation or infection. They 
display high cellular plasticity and are driven by 
local microanatomic and systemic environmental 
factors.6,7 Resting monocytes comprise 2% to 10% 
of peripheral blood leukocytes and can be margin-
ated in response to chemotactic factors released as 
a result of systemic events. The cells can infiltrate 
most tissue where they transform into activated 
macrophages. Additionally, various organs have 
resident tissue-specific differentiated Mo/Macs, 
mostly myeloid in origin, comprising a network 
called the mononuclear phagocyte system.8

Mo/Macs also occupy a unique niche in the 
inflammatory response. One bystander effect of 
inflammation is apoptosis, requiring swift and effi-
cient engulfment without inciting further inflamma-
tion or allowing leakage of potentially immunogenic 
material.9 It has recently been shown that macro-
phages use distinct processes to clear apoptotic cells 
vs. necrotic cells by a “zipper-like” phagocytosis vs. 
macropinocytosis, respectively.10 Mo/Macs express 
and utilize various receptors including scavenger 
receptors, complement receptors, and integrins to 
recognize apoptotic bodies and mediate removal to 
control potential inflammatory responses.11 Hence, 
Mo/Macs are slowly being recognized as having a 
more sophisticated role in inflammation.

Fig. 37.1. Local hypersensitivity reaction to tattoo pigment. 
(A) Plaque and nodular reaction to decorative blue tattoo. 
(B) Scanning magnification shows a dense deep infiltrate of 
predominantly mononuclear cells with scattered giant cell 
throughout all levels of dermis. (C) High-power magnifica-
tion shows presence of fine blue/green pigment (Courtesy 
of A. Gilliam, MD, and M. Smith, MD.)
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Multinucleated Giant Cells

In the face of infection, the presence of Mo/Macs 
may signal both a reactive, protective process, 
and a homeostatic, restorative process. As fusion 
and aggregation ensue, macrophages and mono-
cytes form histologically striking structures such 
as multinucleated giant cells (MGCs) and granu-
lomas, respectively (Fig. 37.2).12 The process 
resulting in formation of these structures remains 
poorly understood. Mo/Macs can be stimulated 
to generate MGCs in vitro by the addition 
of various cytokines and conditioned medias.13 
Interferon-g (IFN-g) has been identified as a criti-
cal cytokine in MGC formation.14 In specialized 

MGCs such as osteoclasts and foreign body giant 
cells, the macrophage fusion receptor (MFR) and 
its ligand CD47 have been implicated to facilitate 
cell fusion and cell-to-cell recognition.15 The lat-
ter is important for cell-cell reciprocity, allowing 
multinucleation rather than activation of intracel-
lular degradative processes in the newly fused 
cell. Recently, a molecule called DC specific 
transmembrane protein (DC-STAMP) was shown 
to be required for fusion of Mo/Macs into giant 
cells.16 The ligand for DC-STAMP is currently 
unknown. However, its structural similarity to 
chemokine receptors suggests the possibility 
that the ligand may be a soluble chemokine. 
Chemokines such as CCL2 have already been 

Fig. 37.2. Schematic for granuloma formation. Monocyte/macrophage (Mo/Mac) interaction with an antigen pro-
vokes an inflammatory response. Under influence of various cytokines and chemokines, some Mo/Macs undergo cell 
fusion to form multinucleated giant cells (MGCs). Once formed, MGCs secrete steady-state chemokines, attracting 
more Mo/Macs. Other activated Mo/Macs enlarge and differentiate into epithelioid histiocytes. Aggregation results 
in granulomas. Activation by tumor necrosis factor-a (TNF-a) and interferon-g (IFN-g) is important in granuloma 
formation and maintenance
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shown to play a role in foreign body giant cell 
formation.17

Recently, it was demonstrated that during cell 
differentiation into MGCs, high amounts of chem-
okines were induced in Mo/Macs.18 However, once 
the MGC was fully differentiated, the expression of 
the chemokines such CCL2 and CXCL10 became 
constitutive and could not be further upregulated 
by exposure to Mycobacterium tuberculosis. This 
suggests two distinct phases in MGC formation. 
First, in acute infection, the development of MGCs 
induces rapid recruitment of Mo/Macs via chem-
okine release. Second, the differentiated MGC 
stimulates a steady influx of Mo/Macs, presum-
ably toward the development of granulomas, via a 
steady state of chemokine gradient. The connection 
between granulomatous infection and chemokines 
is supported by reports showing high amounts of 
chemokines in lung specimens of patients with 
tuberculosis.19,20

Granuloma Formation

Functionally, the presence of granulomas may 
represent an intact immune protective process, 
possibly an exaggerated reactive process and an 
attempt at restoring homeostasis. The experimental 
model of granuloma formation traditionally relies 
on a murine model of persistent infection, usually 
with Mycobacterium species, to examine the inter-
action of pathogen with Mo/Macs. Research aimed 
at unraveling the inciting signals has implicated a 
role for TLRs, the proinflammatory cytokine tumor 
necrosis factor-a (TNF-a), and T-helper 1 (Th1) 
cytokines interleukin-2 (IL-2) and IFN-g.21,22

The elicitation of the host’s Mo/Mac TLR 
response in the M. tuberculosis model is complex 
because both proinflammatory and antiinflam-
matory cytokines have been reported following 
M. tuberculosis exposure.23 It is unclear if this 
dichotomy represents an immune evasion strat-
egy employed by the pathogen or a balancing act 
by the host in an attempt to control inflamma-
tory responses. Surprisingly, the susceptibility to 
M. tuberculosis was low in numerous TLR knock-
out (TLR2, TLR4, and TLR6) mouse models. 
However, the myeloid differentiation factor 88 
(MyD88) knockout mice displayed high suscepti-
bility to disease,24,25 thus demonstrating the impor-
tance of TLRs in host defense against mycobacteria 

since MyD88 functions as an adaptor molecule 
used by many TLRs following ligand activation. 
Studies using mycobacteria and other pathogens 
have demonstrated the importance of MyD88 in 
granuloma formation via IFN-g induction.26,27

More than a decade earlier, Flynn and colleagues 
reported that IFN-g knockout mice infected with 
M. tuberculosis develop disseminated tuberculo-
sis. They demonstrated that disease susceptibility 
followed granuloma necrosis due to lack of mac-
rophage activating signals needed for granuloma 
maintenance.28,29 It is now known that intact Th1 
adaptive responses are important in the produc-
tion of cytokines to form adequate granulomatous 
immune responses. Th1 cells play a role in both 
the formation and maintenance of granulomas 
by inducing and sustaining Mo/Mac recruitment. 
Similarly, mice deficient in TNF-a succumb to 
disseminated tuberculosis infection. In the absence 
of TNF-a, the granulomas formed are structurally 
disorganized, leading to eventual necrosis.30,31

Matrix metalloproteinase (MMP), specifically 
MMP-12, also known as macrophage metal-
loelastase, has recently been reported to be 
abundantly expressed in granulomas.32 Although 
not directly related to granuloma formation via 
macrophage activation but rather macrophage 
migration, MMP-12 has been shown in vivo 
to be important in macrophage penetration of 
basement membrane via digestion of a vari-
ety of stromal substrates.33,34 Furthermore, sur-
veys of several different human granulomatous 
skin disorders, including sarcoidosis, necro-
biosis lipoidica diabeticorum, and granuloma 
annulare, demonstrate that MMP-12 is abun-
dantly expressed in colocalization with CD68+ 
macrophages.35

While the murine model provides a useful mam-
malian in vivo experimental tool, there are limita-
tions. For example, cross-strain murine infection 
with Mycobacterium tuberculosis produces multi-
bacillary noncaseating granulomas, contrasting the 
usual course in human disease.36 Furthermore, 
study of early events in granuloma formation, 
namely Mo/Mac recruitment, modification, and 
aggregation, is limited by static ex vivo histologic 
examination of tissue in this model.

Recent development of nonmammalian 
granuloma models have helped broadened our 
understanding of granuloma formation. This is 
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possible through examination of host interac-
tion with Mycobacterium marinum in species 
phylogenetically distinct from humans such as 
Dictyostelium, Drosophila, and zebrafish.37 While 
extrapolation into human disease pathogenesis 
may not be immediately apparent, the observations 
suggest that pathogen recognition via pathogen-
associated molecule patterns (PAMPs) and macro-
phage aggregation may be evolutionary conserved 
processes. The Dictyostelium is a single-cell ameba 
that has similarities to the phagocytic histiocyte. 
Drosophila is an already-known model of innate 
immunity. Taking advantage of the physical trans-
parency of zebrafish embryos, researchers have 
directly visualized migration and aggregation of 
macrophages, hallmarks of granulomas, following 
infection with M. marinum.38 Furthermore, at the 
embryonic stage, zebrafish lack circulating lym-
phocytes, which suggests that granuloma forma-
tion can be initiated in the absence of an adaptive 
immune contribution.

Granulomatous Disease

Except for infectious and foreign body granulo-
matosus, the factors determining the noninfec-
tious granulomatous diseases are largely unknown. 
Granulomas formed by foreign body reactions may 
not be a diagnostic dilemma in the appropriate 
clinical setting. For noninfectious granulomatosus, 
recognition of the reaction patterns and the cellular 
mediators is useful for classifying the clinical enti-
ties that ultimately may provide a better understand-
ing the etiopathogenesis (Fig. 37.3). While the group 
of diseases involves infiltration and aggregation of 
immune cells, this does not necessitate that the 
disorder be immunologically mediated. Histiocytic 
aggregation may be seen in reactive processes.

Sarcoidosis is slowly being unraveled. It is the 
most studied nontuberculid granulomatous disease 
because of its affect on multiple organ systems and 
associated mortality and morbidity. Understanding 
the underlying molecular and cellular processes 

Fig. 37.3. An approach to the histologic diagnosis of granulomas
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of this prototypic granulomatous disease may 
help elucidate pathogenesis of other noninfectious 
granulomatous disorders.

Other diseases include cutaneous Crohn’s, which 
is a spectrum of cutaneous manifestations associated 
with the inflammatory gastrointestinal disease, not 
all of which are granulomatous. The group of necro-
biotic granulomas, including granuloma annulare, 
necrobiosis lipoidica, and rheumatoid nodule, share 
some common histologic features but no consistent 
correlations with a single underlying systemic dis-
ease. Except for vasculitis and potential ulceration in 
the latter entity, the cutaneous conditions are largely 
benign. Annular elastolytic giant cell granuloma is a 
rare disease that is considered by some to be a vari-
ant of granuloma annulare, but with histologically 
distinct features. Similarly, it has a fairly benign 
course and may be self-limiting.

Noninfectious Epithelioid Granulomas

Sarcoidosis

Clinical Manifestations

Sarcoidosis is a multisystem disease character-
ized by noncaseating granulomas of unknown 
etiology.39 The organ mainly affected is the lung. 
Involvement of the skin is seen in up to one third 
of patients and usually occurs at the onset of dis-
ease; however, skin lesions can occur at any stage. 
Other organs affected include the liver, spleen, 
eyes, kidneys, glands, and, less commonly, the 
central nervous system, heart, and musculoskeletal 
system. Several syndromes have been described 
in sarcoidosis depending on the constellation of 
symptoms and involved organs, which include 
Heerfordt-Waldenström syndrome (fever, parotid 
gland enlargement, anterior uveitis, facial nerve 
palsy); Mikulicz’s syndrome (parotid, submandibular, 
lacrimal, and sublingual glands)40; and Lofgren 
syndrome (erythema nodosum, periarticular ankle 
inflammation, bilateral hilar adenopathy, or right 
paratracheal lymphadenopathy). The latter is asso-
ciated with a benign self-remitting course.41 In gen-
eral, while the mortality rate associated with severe 
pulmonary disease is low in sarcoidosis, 10% to 30% 
of patients develop chronic debilitating disease.

Sarcoidosis affects all races worldwide with 
varying incidence. In the United States, African 
Americans have a 3.8-fold increased risk compared 

to whites, affecting women more than men.42 The 
cutaneous manifestation of sarcoidosis is diverse. 
Several studies have established that the skin 
disease does not correlate with prognosis or the 
extent of visceral involvement.42,43 However, there 
is correlation of erythema nodosum, usually a self-
limiting condition seen most frequently in young 
women on initial presentation, with acute disease, 
and large plaques with chronic disease.42,44,45 A 
recent retrospective analysis of a small cohort of 
patients with the subcutaneous form of sarcoidosis 
suggests that this variant may be a subset associ-
ated with systemic disease.46

Skin manifestations include nonpainful reddish-
brown papules and plaques often symmetrically 
involving the face, lips, neck, trunk, or upper extremi-
ties.47 Other cutaneous manifestations of sarcoidosis 
include nodules usually on the trunk and extremities. 
Lesions may have an ichthyosiform, annular, angio-
lupoid (large telangiectatic), or psoriasiform appear-
ance. Atrophy can be seen in plaque lesions. Scalp 
lesions have varying amounts of scale and may result 
in alopecia. Various nonspecific nail and mucosal 
changes can been seen in sarcoidosis patients.

Another manifestation of sarcoidosis is lupus 
pernio, which presents as indurated violaceous 
papules and plaques on the nose, cheeks, and 
ears.48 Ulceration can be seen in these lesions and 
is associated with involvement of underlying bone 
structures as well as other skeletal radiographic 
findings. Nasal alar lesions can extend into the 
nasal vestibule and nasal floor and is associated 
with granulomas in the upper respiratory tract and 
lungs in the majority of patients.49,50 The digits and 
toes may be similarly affected, leading to sausage-
shaped swelling, and is associated with underlying 
cystic lesions of the phalanges.51

Histopathology

Histologically, granulomas seen in sarcoidosis 
have the characteristic appearance of focal col-
lections of epithelioid histiocytes associated with 
absent or sparse ring of lymphocytes composed of 
T and B lymphocytes (Fig. 37.4). The term naked 
tubercle refers to a common observation of a 
granuloma devoid of lymphocytes. Multinucleated 
giant cells may be present, usually of the Langhans 
type. Although not specific, there may be asteroid 
and Schaumann bodies. There is typically no 
central caseation; however, there may be changes 
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secondary to deposition of immunoglobulins, com-
plement, and fibrinogen. The presence of caseation 
should prompt a search for infectious causes.

Both TNF-a and IFN-g have been associated with 
granuloma formation.52,53 It is known that prolonged 
activation by these cytokines usually leads to apop-
tosis. However, the characteristic granulomas in 
sarcoidosis patients are noncaseating. It is unclear 
why there is the absence of apoptosis in the sarcoid 
granulomas. Studies have found upregulated expres-
sion of an IFN-g–induced antiapoptotic molecule 
p21Waf1, a cdk inhibitor, in sarcoidosis patients.54

Pathogenesis

Numerous hypotheses have been put forth on 
the etiology of sarcoidosis, including infectious, 
autoimmune, and environmental. The etiology 
and pathogenesis of sarcoidosis is complicated by 
highly varied disease presentation ranging from 
single-organ to multisystem involvement, the lack 
of specific symptomatology, and the waxing and 
waning nature of the disease. Both the clinical and 
tissue diagnosis of the disease require exclusion 
of other conditions such as mycobacterial or deep 
fungal infections, Wegener’s granulomatosus, can-
cer, and environmental exposures.

A historic test for the diagnosis of sarcoidosis is 
the Kveim-Siltzbach skin test,55–57 which was per-
formed by injecting a suspension of sarcoid spleen 
material intradermally into the skin of a suspected 
sarcoid patient. The formation of a noncaseating 

granuloma observed histologically 4 weeks later 
at the site of injection indicates a positive test. 
Studies of T cells at the Kveim-Siltzbach reaction 
sites have demonstrated an oligoclonal population 
of ab+ CD4+ T cells, which argues for sarcoidosis 
as an antigen-driven disease.58 This is supported by 
findings of similar oligoclonality, with a dominant 
V beta bias, in sarcoid lung T cells.59

Infectious Etiology. Despite investigations of viral 
and mycobacterial causes of sarcoidosis, no consist-
ency has been found. Human herpesvirus 8 (HHV-8) 
was postulated to be associated with sarcoidosis but 
has been met with many reports of negative findings 
in sarcoidosis patients worldwide.60–63 Mycobacterial 
DNA sequences have been found in various tissues 
in some sarcoidosis patients, while others report 
negative findings.64–67 However, to date no myco-
bacteria have been successfully cultured.68

Recent reports identified mycobacterial catalase-
peroxidase (mKatG) as a potential pathogenic anti-
gen in sarcoidosis.58 Additionally, IgG antibodies 
to mKatG could be detected in the sera in half the 
sarcoidosis patients examined. However, the stud-
ies were conducted in a small cohort of patients.

Environmental Exposure. Evidence of the role 
of environmental exposure in the pathogenesis of 
sarcoidosis comes from reports of a higher inci-
dence of disease in certain occupations, such 
as firefighters and aircraft carrier personnel.69,70 
Additionally, disease clusters indirectly implicate 

Fig. 37.4. Histology of sarcoidosis. Scanning magnification shows noncaseating granulomas with sparse inflam-
matory infiltrates in the upper and middle reticular dermis. The higher power magnification is of sarcoid tubercle. 
(Courtesy of A. Gilliam, MD.)
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an environmental etiology.71 In a recent multicenter 
case-control study, researchers did not find a single 
proximate cause. However they reported positive 
associations with insecticides, an agricultural envi-
ronment, and microbial bioaerosols such as mold 
and mildew.72 Interestingly, a negative association 
with cigarette smoking was found in the study, 
consistent with previous reports.73,74

Genetic Susceptibility. Numerous searches for genetic 
susceptibility factors have not yielded consistent 
results. Several reports have reported disease sus-
ceptibility with human leukocyte antigen (HLA) 1, 
B8, DRB1, and DRB3 alleles.75 A recent compre-
hensive review by Ianuzzi and Rybicki75 discusses 
the evidence for candidate genes including comple-
ment receptor-1 (CR1), heat shock protein A1L 
(HSPA1L), and genome scans in the genetics of 
sarcoidosis.

CARD15/NOD2 has been linked to Blau syn-
drome, a granulomatous disease affecting the eyes, 
joints, and skin.76 CARD15, expressed by mononu-
clear phagocytes, encodes NOD2, which recognizes 
a component of bacterial peptidoglycan.77 The gene 
has also been associated with inflammatory bowel 
disease.78 One report found an association of muta-
tions in CARD15/NOD2 with early-onset childhood 
sarcoidosis, a distinct type of sarcoidosis in children 
younger than 4 years of age characterized by eye, 
joint, and skin involvement.79 However, attempts to 
find an association of CARD15/NOD2 in adult sar-
coidosis have demonstrated no relationship.75

Despite several proposals of correlative serum 
markers, including serum amyloid A and C-reac-
tive protein, no consistent correlations have been 
demonstrated. Even serum angiotensin-converting 
enzyme (ACE), initially promising, has not been 
a consistent marker of disease activity.80,81 Other 
markers currently being examined include macro-
phage inflammatory protein 1 (MIP-1) and vascu-
lar endothelial growth factor (VEGF).82,83

There are reports of sibling discordance, but 
also reports finding increased disease relative risk 
in families.84,85 No definitive HLA genes have 
been uniquely established in African-American 
sarcoidosis patients, a group identified to have a 
3.8 times increased annual incidence in the United 
States. However, recent linkage studies suggest that 
more than one gene may be involved in disease 
susceptibility in African Americans.86

Immune Regulation. There are numerous lines of 
research indicating that the involved lymphocytes 
are of the Th1 phenotype, producing cytokines such 
as IL-2, IFN-g, and enhanced TNF-a.87,88 Findings 
of hypergammaglobulinemia in sarcoidosis patients 
led to the question of B-cell involvement in disease 
pathogenesis. It is now believed that the hypergam-
maglobulinemia is secondary to IL-2 and IFN-g 
stimulation of B cells.89,90 However, adding to the 
puzzle of sarcoidosis is that despite activation of 
networks of proinflammatory cytokines and robust 
recruitment of cells, there is often an associated 
state of either complete or partial anergy.91,92 This 
is demonstrated by a lack of response to the tuber-
culin skin test or decreased sensitization to agents 
such as the contact sensitizer dinitrochlorobenzene 
(DNCB) seen in up to two thirds of sarcoidosis 
patients. Explanations offered for the observation 
of decreased delayed-type hypersensitivity was 
due to peripheral lymphopenia from sequestering 
and compartmentalization of T cells into granulo-
mas. However, recent data suggest that sarcoidosis 
patients have an unusually high number of innate T 
regulatory (Treg) cells, with constitutive CD25bright/
CD4+ cells, both in the peripheral circulation 
and at the periphery of granulomas.93 Tregs from 
sarcoidosis patients demonstrated similar capabili-
ties of suppressing responder cell proliferation as 
compared to controls. However, the Tregs from sar-
coidosis patients inhibited IL-2 but not TNF-a or 
IFN-g production by responder cells as compared 
to normal controls in which all three cytokines 
were completely inhibited. Since TNF-a is associ-
ated with sarcoidosis and granuloma formation, 
these findings may explain the concurrence of cell 
activation with a global state of anergy.

It is known that 8% to 21% of patients with 
common variable immunodeficiency (CVID) 
develop a granulomatous disease resembling sar-
coidosis.94 Since CVID is not a single entity but 
rather a heterogeneous syndrome, a retrospective 
study correlating patients with granulomatous 
disease and specific immunologic derangement 
may provide some clues in the pathogenesis 
of sarcoidosis. Some CVID patients develop 
hyperproliferation of CD4+ cells, yet some have 
increased apoptosis of CD4+ cells. Sixty percent 
of patients have a diminished response to T-cell 
receptor stimulation and expression of CD25, the 
receptors for IL-2.
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Treatment

There are numerous anecdotal and a few case series 
that discuss the treatment of sarcoidosis. But clini-
cal trials are even fewer. The mainstay sarcoidosis 
therapy includes all preparations of corticosteroids. 
Nonconventional therapies include antimalarials, 
methotrexate, and thalidomide.95 Biologics aimed at 
antagonizing TNF-a are currently being studied.95

Cutaneous Crohn’s Disease

Crohn’s disease is characterized by segmental 
granulomatous inflammation of the intestinal tract. 
Cutaneous manifestation of the disease occurs 
in 14% to 44% of patients including pyoderma 
gangrenosum, erythema nodosum, contiguous oral 
and perianal disease, and “metastatic” Crohn’s 
disease.96 The latter is a rare entity that denotes a 
cutaneous lesion distant from extension or fistula 
formation from oral, anal, or ostomy sites.

The clinical spectrum of cutaneous manifesta-
tion of Crohn’s disease is wide and has incon-
sistent correlation with internal disease activity. 
Classically, the extragenital skin lesions are dusky 
erythematous plaques that may develop into ulcers. 
Histopathologic examination reveals a sarcoid-like 
epithelial granuloma; however, necrobiosis has 
been reported.97,98 Unlike sarcoidosis, there are 
surrounding lymphocytes.

In a recent retrospective study of 33 cases exam-
ining the histologic spectrum of skin lesions in 
patients with active gastrointestinal disease, the 
authors found diverse reaction patterns including 
palisading granulomatous dermatitis, folliculocentric 
vasculopathy, neutrophilic dermatoses, suppurative 
and granulomatous panniculitis, nonfolliculocentric 
vasculopathy, lichenoid granulomatous dermatitis, 
psoriasis, and epithelioid granulomata.99 Only one 
case of “classic” metastatic epithelioid granulomata 
was observed. To elucidate the etiology of cutane-
ous Crohn’s, the authors further examined the gas-
trointestinal and corresponding skin specimens for 
bacterial 16s rRNA. They report no bacterial 16S 
rRNA, examined by in situ reverse-transcriptase 
polymerase chain reaction (RT-PCR), in skin lesions 
while being present in gastrointestinal biopsies, 
suggesting that bacterial dissemination may not be 
involved in cutaneous lesions. However, reactivity to 
bacterial products may play a role in the cutaneous 
manifestation of Crohn’s.

As discussed earlier, polymorphisms in CARD15/
NOD2 have been associated with Crohn’s dis-
ease.100 However, the mechanism leading to pre-
disposition of disease is unclear. One hypothesis is 
that mutation in CARD15 leads to a defect in the 
acute inflammatory response to intestinal bacteria, 
leading to the allowance of materials to breach the 
gut barrier. The subsequent response to the bacte-
rial products leads to a granulomatous reaction.101

Necrobiotic Granuloma

The group of necrobiotic granulomas consists of 
granuloma annulare (GA), necrobiosis lipoidica 
diabeticorum (NLD), and rheumatoid nodules. The 
etiology of the diseases is unknown. The common 
histologic reaction pattern is palisading granulomas 
with areas of altered or degenerated connective tis-
sue. Variations such as interstitial granulomatous 
inflammation can be seen in GA and NLD.

Granuloma Annulare

Granuloma annulare is a benign disorder limited to 
the skin. There have been many proposed inciting 
factors such as trauma, insect bites, and viral infec-
tion. The association with systemic disease such as 
diabetes mellitus has been inconsistent. Atypical 
variants of GA have been described in patients with 
HIV/AIDS and lymphoma.102,103 The localized var-
iant is most commonly seen, occurring as annular 
or arcuate plaques on the hands and arms.104 It can 
also involve the extremities and trunk. Other vari-
ants described include the generalized, perforating, 
subcutaneous, and patch form of the disease. On 
pathology, the recognizable pattern is of palisaded 
epithelioid histiocytes with a central acellular area 
of pallor, increased mucin, and altered collagen 
and elastic fibers (Fig. 37.5A). However, the most 
common pattern is the infiltrative or interstitial 
pattern where histiocytes are interspersed between 
collagen with subtle alteration of the fibers.

The entity annular elastolytic giant cell granu-
loma is regarded by some as a variant of GA. 
Lesions are also asymptomatic. On pathology 
there are foreign-body–type giant cells without 
a palisading granulomatous inflammation (Fig. 
37.5B). There is usually no altered collagen. An 
elastin stain should show loss of elastic fibers in 
granulomatous areas.
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Rheumatoid Nodules

Rheumatoid nodules can be seen in the clini-
cal setting of adult-type polyarticular rheumatoid 
arthritis and is a rare feature of rheumatic fever.105 
The history and the context of presentation aid in 
the diagnosis. The etiology of rheumatoid arthritis 
(RA) remains unknown. Disease susceptibility 
is strongly associated with class II region genes, 
HLA-DR-RB1.106–108

There is high suspicion that RA is mediated 
by autoantibodies, specifically by a group that 
recognizes citrullinated proteins, including the 
antiperinuclear factor, antikeratin antibodies, and 
antifilaggrin antibodies.109 These antibodies are 
commonly found in the sera and synovial fluid 
of RA patients.110 In a small study of 26 patients, 

citrullinated proteins were observed in 70% of the 
rheumatoid nodules.111

Citrullination, a posttranslation modification 
process, has been demonstrated to increase pep-
tide and major histocompatibility complex (MHC) 
affinity, suggesting that it can modulate immune 
responses.112 The enzyme mediating citrullination 
is peptidylarginine deaminase, found in inflamma-
tory cells including neutrophils, monocytes, and 
macrophages.113 Hence, it is tempting to speculate a 
relation of the Mo/Macs and granulomatous reaction 
in the skin with citrullination as a potential source 
of “autoantigens.” Recently, T cells recognizing the 
specific modification of antigens by citrullination 
was described.114 It remains to be determined if 
they are the pathogenic mediators of RA.

Fig. 37.5. Histology of granuloma annulare (GA) and annular elastolytic giant cell granuloma (AEGCG). 
(A) Scanning and high-power magnification show palisaded granulomas with abundant mucinous stroma. (B) 
Scanning and high-power magnification show sun damaged skin with numerous giant cells containing fragmented 
elastic fibers. (Courtesy of A. Gilliam, MD.)
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Necrobiosis Lipoidica diabeticorum

Necrobiosis lipoidica diabeticorum was originally 
described in patients with diabetes, but the demon-
stration of nondiabetic patients with the condition 
has led to reconsideration of its name. The dis-
ease has a characteristic presentation of asympto-
matic yellow-brown plaques involving the pretibial 
areas. The lesions over time become atrophic with 
development of telangiectasias. Ulceration can 
develop; however, the disease is generally benign. 
On pathology, the “cake layers” of granulomatous 
inflammation and parallel degenerated collagen is 
typically seen (Fig. 37.6). The pattern can be pali-
saded or interstitial.

The etiology of NLD is unknown. Thirty years 
ago Ullman and Dahl115 suggested that the disease 
may be secondary to vasculitis based on findings of 
immunoglobulin M (IgM) and complement C3 dep-
osition in blood vessels of affected skin. Recently, 
NLD skin sections were shown to stain for gli-1, a 
transcription factor in the hedgehog signaling path-
way. The significance remains to be seen.

Conclusion

Traditionally, Mo/Macs are simply thought of 
as phagocytes. Hence that frame of reference 
prompted investigations with the goal of identify-
ing causal pathogens in granulomatous diseases. 

Macrophages are very plastic cells found in most 
tissues and are responsive to their microenviron-
ment. New understanding of the diverse homeo-
static and regulatory functions of the histiocytes 
(Mo/Macs) should broaden our understanding of 
this inflammatory response.

Furthermore, diseases with overactive and 
chronic persistence of Mo/Mac and granuloma-
tous inflammation can be the potential target of 
liposomes, specific uptake by Mo/Mac, or via 
targeting their unique receptors such as anti-FcgRII 
receptor (CD32). However, the degree to which 
macrophages play a role in promoting lesions and 
their persistence is not fully understood in some of 
these diseases. Agents that limit Mo/Mac response 
may play an important role in understanding the 
pathophysiology of these dermatoses.
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Vitiligo Vulgaris
James J. Nordlund, I. Caroline Le Poole, and Raymond E. Boissy

Key Points

• Vitiligo vulgaris is defined as an idiopathic, 
acquired type of leukoderma manifested by dep-
igmentation of the epidermis resulting from 
destruction of melanocytes.

• Vitiligo usually affects interfollicular melano-
cytes and spares follicular melanocytes, but both 
types can be destroyed in severe cases.

• Early vitiligo results in hypopigmentation, that is, 
tri- or pentachrome vitiligo, but advanced vitiligo 
causes depigmentation.

• In vitiligo certain sets of genes render the 
melanocyte fragile and susceptible to undergoing 
apoptosis.

• The genetic basis for vitiligo is multifactorial.
• Medical therapies for vitiligo involve ultraviolet 

radiation or topical medications, for example, 
steroids or immunomodulators.

• Surgical treatment for vitiligo involves grafting 
of autologous skin.

Vitiligo vulgaris is a common disorder described 
in ancient texts from many civilizations.1 Vitiligo, 
like many other cutaneous disorders, is not fatal 
and causes no biologic disabilities. However, it 
does cause significant morbidity from the disfig-
urement.2–8 The earliest peoples found ways to 
treat loss of skin color with a variety of plants9 
and potions10 because of the detrimental impact of 
depigmentation on people, especially those with 
darker skin color. In addition the depigmented skin 
has altered physiologic responses.11,12 The altera-
tion in function is understandable in light of the 
complex interactions of the three main cells of the 

epidermis: keratinocytes, Langerhans’ cells, and 
melanocytes.13 Vitiligo is an important disorder to 
study and understand for all the insights it can give 
us into the complexities of the epidermis.14,15

Definition and Some Enigmas 
About Vitiligo

Vitiligo vulgaris is defined as an idiopathic, 
acquired type of leukoderma manifested by depig-
mentation of the epidermis resulting from destruc-
tion of melanocytes.16 Usually vitiligo affects 
interfollicular melanocytes and spares follicu-
lar melanocytes, although in some patients both 
types of melanocytes are destroyed. When the 
destruction of melanocytes begins, the skin can be 
hypopigmented (i.e., partial loss of melanocytes) 
called tri- or pentachrome vitiligo.17,18 As vitiligo 
progresses, it causes depigmentation or total loss of 
melanocytes. Clinically the depigmentation can be 
focal, unilateral/segmental, or bilateral and wide-
spread. The macules can be small or coalesce into 
large areas of white skin. Occasionally the entire 
integument is depigmented or almost depigmented. 
This advanced stage is called total vitiligo. The 
epidermis is normal in all respects except for loss 
of pigmentation.

One persisting enigma about vitiligo is whether 
it is purely a skin disorder or a disorder of the 
pigmentary system scattered throughout the body. 
(For review of the pigmentary system, see Nordlund 
et al.19) There are pigment cells in eyes, within the 
choroid and in the retinal pigment epithelium.20 
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There are other pigment cells in the ears20 and in 
the leptomeninges overlying the medulla oblon-
gata.21 Results of some studies indicate the pig-
ment cells of the eyes in humans with vitiligo 
and in a mouse and chicken vitiligo model can 
be involved, at least subclinically.22–30 The Vogt-
Koyanagi-Harada and Alezzandrini syndromes 
might be manifestations of vitiligo with clinically 
apparent eye involvement.23,31–34 Although there is 
no consensus on this point, these authors propose 
that vitiligo is a systemic disorder of all melano-
cytes extant in any organ.

A second question relates to whether vitiligo 
vulgaris and chemical leukoderma are the same 
or different disorders. It is clear that some chemi-
cals such as monobenzone can induce depigmen-
tation and destruction of melanocytes in some 
individuals.35–38 There are many phenolic chemi-
cals in foods, beverages, and plants that might 
be melanocytotoxic and cause leukoderma. One 
might postulate that all vitiligo is a manifestation 
of chemical depigmentation, but the source of 
the inciting chemical is unknown. At this time, 
there is no way to determine whether vitiligo 
and chemical leukoderma are the same or differ-
ent disorders (see Chemical Melanocytotoxins, 
below).

A third issue relates to halo nevi. These are 
moles or nevocellular nevi composed of melano-
cytes that acquired a depigmented halo.39 The 
mole typically involutes and disappears and the 
white patch repigments. It has been suggested halo 
nevi are a type of vitiligo.28,40 However, halo nevi 
are common in younger individuals, as many as a 
third of younger individuals having one or more 
halo nevi.41 There are individuals with 10 or more 
halo nevi. Depigmentation in these individuals 
is limited to the skin around the nevus. Almost 
invariably the skin regains its normal color and the 
white spots disappear. There is no progressive or 
widespread depigmentation. On reconsideration,28 
it seems more likely that halo nevi are a phenom-
enon unrelated to vitiligo.39

A fourth issue involves follicular melanocytes. 
It has been suggested that the premature graying 
or whitening of the hair is a form of vitiligo.27,42 
There are families in which the parents and siblings 
acquire totally white hair at an early age, before 
the age of 40 years or earlier. These individuals 
have no pigmentary changes in the skin. It is now 

clear that white hair is a manifestation of loss of 
melanocytes from the outer root sheath and bulge 
area as well as from the hair bulb.43,44 The loss of 
melanocytes occurs naturally as a function of age, 
although it probably has a genetic origin. Follicular 
melanocytes have a different morphology and 
different surface antigens compared to interfol-
licular melanocytes. It seems unlikely that early 
whitening of hair represents destruction of the fol-
licular melanocytes by a process that is identical to 
that which destroys interfollicular melanocytes in 
vitiligo. However, until the mechanisms for vitiligo 
and whitening of hair are identified, this remains an 
unresolved question.

A fifth enigma relates to the depigmentation 
associated with melanoma. It is well recognized 
that metastatic melanoma is associated with dep-
igmentation.39,45–53 The depigmentation typically 
is located on the chest, shoulders, and upper part 
of the back.39 The distribution is markedly differ-
ent from that of classic vitiligo vulgaris, which 
typically spares the back. It seems that this type 
of depigmentation is associated with a prolonged 
survival in those with metastatic melanoma,53 a 
notoriously progressive disease. Various forms 
of immunotherapy using killed melanoma cells 
or extracts prepared for treatment of those with 
metastatic melanoma produce depigmentation 
in the recipients.54–61 It appears there are either 
anti–melanocyte/melanoma antibodies, cytotoxic 
T cells, or both induced by the immunization with 
the vaccines (see Role of Melanocytes Within the 
Skin Immune System, below). Immunization with 
melanoma cells probably induces a direct attack 
against the melanocytes causing necrosis of the 
cell. In vitiligo it has been suggested the melano-
cyte destruction occurs by apoptosis.38 It might 
be that depigmentation associated with melanoma 
is similar, but not identical, to that of vitiligo 
vulgaris.

Thus vitiligo is a form of depigmentation 
caused by destruction of melanocytes and seems 
to involve melanocytes in all parts of the pigment 
system—skin, eyes, ears, and possibly meninges. 
The etiology is unknown but seems to have a 
genetic basis, as discussed later. How similar its 
cause is to the processes involved in other forms 
of depigmentation such as chemical leukoderma 
and depigmentation of metastatic melanoma is 
uncertain.
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General Characteristics of Vitiligo

Vitiligo vulgaris in its various forms has been 
observed in all regions of the world. It is thought 
that vitiligo affects all ethnic groups with the same 
frequency, about 0.5%, or 1 per 200 individu-
als.62–65 Those with darker skin color have a more 
obvious cosmetic defect than those of European 
ancestry with very light complexions. Even those 
with the lightest skin are distressed to some degree 
by the loss of color, but the social implications are 
less for them. Vitiligo is a young person’s disorder. 
It begins before the age of 20 years in about half 
of those afflicted and by age of 40 years in 95% of 
patients.66

After its onset, vitiligo can exhibit vari-
ous degrees of hypopigmentation until all the 
melanocytes are destroyed. At that point the skin 
is white. The partial loss of color has been called 
trichrome or even pentachrome vitiligo.17,18,67 It 
is important to emphasize that the melanocytes 
are destroyed and not merely functionally abnor-
mal (see Immunohistology of Vitiligo Skin, 
below). Were the melanocytes present, treatment 
options would be more numerous and there 
would be no need for a melanocyte reservoir68,69 
as a prerequisite for success with medical thera-
pies. Surgical grafting techniques would be 
unnecessary.

Rarely as vitiligo begins or spreads, it can pro-
duce clinical signs of inflammation such as ery-
thema and scaling.33,70 This phenomenon is called 
inflammatory vitiligo. The epidermis is otherwise 
normal. Depigmented epidermis showing signs of 
atrophy, injury, inflammation, or other processes 
typically is a manifestation of some other disorder 
affecting the skin.

Vitiligo, as with other skin disorders, exhibits 
the isomorphic response, also called the Koebner 
phenomenon. Minor injuries to the epidermis 
can result in depigmentation at the site of injury. 
Scratches, abrasions, surgical scars, burns of any 
type, or cosmetic procedures such as dermabrasions 
can spread the depigmentation.71–73 The normal 
appearing skin of a patient with vitiligo is not truly 
normal. Histologic studies show that the normal-
appearing skin has subtle morphologic aberrations 
(see Electron Microscopy and Apoptosis, below).74 
Minor injuries amplify the trivial abnormalities 
into destruction of melanocytes.

Types of Vitiligo

There are three types of vitiligo: focal, unilateral 
(segmental), and bilateral (generalized). They all 
are characterized by depigmentation. Each has a 
unique clinical course and response to therapy.

Focal Vitiligo

Focal vitiligo is defined as depigmentation confined 
to a few macules scattered randomly on the integu-
ment (Fig. 38.1). It has two possible outcomes. For 
some fortunate individuals, the depigmentation 
remains localized to these few spots—a limited 
form of vitiligo. These individuals respond to 
either medical or, at times, surgical treatments as 
described later. For those less fortunate, focal vitil-
igo can be the presenting manifestation for general-
ized vitiligo. Then it tends to be progressive over 
the years, causing significant cosmetic problems.

Fig. 38.1. Tibial surface of a woman who developed 
depigmentation spontaneously as a teenager. It remained 
localized until her adult years. The area was repigmented 
with surgical grafting because all hair in the area was 
white
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Unilateral (Segmental) Vitiligo

The second type is unilateral vitiligo more com-
monly labeled segmental vitiligo (Fig. 38.2). The 
term segmental vitiligo has misleading conno-
tations. Many observers equate segmental with 
dermatomal. Unilateral vitiligo is almost never dis-
tributed in a pattern consistent with one or several 
dermatomes. Rather the patterns of depigmentation 
involve small to larger areas of skin on one side of 
the body. The patterns are repetitious from patient 
to patient.75,76 Often the patterns of unilateral vitil-
igo resemble those seen in nevus depigmentosus, 
suggesting that melanocytes during embryogenesis 
have specific developmental patterns. Unilateral 
vitiligo does not follow Blaschko’s lines.

The clinical course of segmental vitiligo is dif-
ferent from that of generalized vitiligo. Unilateral, 
segmental vitiligo seems to affect children more 
often than adults.77 After onset, the depigmentation 
spreads for 1 to 2 years only within the involved 
segment. The activity of the disease then stops. 
There are very rare patients with unilateral vitiligo 
who later develop bilateral vitiligo.

If the white skin is located on the trunk or cov-
ered skin, the cosmetic defect is minimal or at least 
can be covered by clothing. Typically generalized 
vitiligo vulgaris affects only interfollicular melano-
cytes and the hairs remain pigmented. In contrast, 
in about half of those with unilateral vitiligo, 
both interfollicular and follicular melanocytes are 
destroyed. The hairs within the patch are white, an 
indication that the melanocyte reservoir has been 

destroyed. The loss of the follicular melanocytes 
has critical implications for response to medical or 
surgical therapies as discussed later. Because of the 
limited progression of unilateral vitiligo, it tends to 
be easier to treat successfully and permanently.

Acrofacial and Generalized Vitiligo

The third type of vitiligo is the most common (Fig. 
38.3). It is a generalized form that begins typically 
on the fingers and the feet, and around the mouth 
and eyes.12,78 At this stage it is called acrofacial 
vitiligo. Typically it spreads to involve the arms, 
neck, chest, genitalia, knees, and legs. It often 
spares the back or involves only a small area over 
the sacral spines. This type of vitiligo can begin at 
any age and is seen in young children ages 3 or 4 
years, teenagers, young adults, or mature adults. It 
begins occasionally in later life, as late as 70 years.

After onset, the disorder progresses slowly and 
intermittently for many years. It spreads to affect 
large areas on the face, neck, dorsal and ventral 
forearms, axillae, inner thighs, and knees. The 
patient can be severely disfigured. Occasionally 
it affects the entire integument, in which case it is 
called total vitiligo. In one sense total vitiligo is a 
desirable end point. The disfigurement is caused by 
the skin having two or more skin colors. Patients 
with total vitiligo have only one color—white. 
Having one color is usually better than having two 
or more. At times therapy is directed at spreading 
the vitiligo by removal of residual normal color 

Fig. 38.2. Unilateral vitiligo in an African boy. Note the 
pattern does not correspond to a dermatome

Fig. 38.3. Typical appearance of a man with generalized 
vitiligo affecting the skin around the eyes, nares, and mouth, 
and the chest and hands
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(see Medical Therapies, below). Rarely the dep-
igmentation spontaneously spreads so rapidly that 
within months or a year virtually the entire integu-
ment and all body hair turn white.

The bilateral type of vitiligo is most difficult to 
treat for several reasons. First, it affects glabrous 
skin, which is epidermis that is devoid of hair fol-
licles such as the dorsum of the fingers, the ventral 
surface of the wrist, the lips, the genitalia, and the 
feet. Such skin has no melanocyte reservoir for 
repigmentation. This skin cannot respond to medi-
cal treatment and remains visible and depigmented 
for the entire life of the individual.

Second, generalized vitiligo can become qui-
escent and respond well to medical therapies. 
However, at later times it reactivates and the 
repigmented skin loses its color. The loss of pig-
ment a second or third time is disheartening for 
the patients, especially those who are teenagers 
or young adults at a critical time in their social 
development.

Functional Alterations 
in Depigmented Skin

The epidermis has three main cell types and 
smaller populations of other cells such as Merkel 
cells and indeterminate cells. The melanocyte 
interacts with the keratinocytes and Langerhans’ 
cells in many ways.13 It seems that loss of the 
melanocyte does have implications for the function 
of the epidermis.11

Skin Cancer

Melanomas cannot arise in skin depigmented by 
vitiligo because melanomas are cancers of melano-
cytes. Individuals with vitiligo can get melanomas 
in their normal-appearing skin.53 It is not known 
whether patients with vitiligo are more or less sus-
ceptible to development of melanoma. In contrast, 
patients with vitiligo can develop nonmelanoma 
skin cancer.12,79 However, this seems to be a rare 
event, with very few such cancers having been 
reported.12,80,81 There have been several studies on 
the prevalence of sun damage in depigmented skin. 
The incidence and degree of sun damage are also 
less in depigmented skin even in those who have 
had intense exposure either to natural sunlight or 

have been treated with psoralen plus ultraviolet 
A (PUVA), a recognized carcinogen.80–84 In con-
trast albinos, in particular those with oculocuta-
neous albinism type 2, have a high incidence of 
nonmelanoma skin cancer, mostly squamous cell 
carcinomas and a few basal cell carcinomas.85–89 
Melanomas are rare in albinos, although a few 
have been reported.89–92 It is not clear why the dep-
igmented skin of vitiligo is resistant to malignant 
transformation or even actinic damage. There are 
no reports on PubMed of patients with piebald-
ism developing nonmelanoma skin cancer. The 
mechanisms by which vitiliginous or albino skin 
have altered susceptibility to various types of skin 
cancer is not known.

Alterations in the Immune 
and Inflammatory Response

Several investigators have studied the response of 
depigmented skin to irritants such as anthralin.93,94 
It was noted that there were more granulocytes 
and monocytes in depigmented skin than in nor-
mal-appearing skin.94 This suggests that loss of 
the melanocyte alters the response of the skin to 
irritants.

Alterations in cutaneous reactivity to contact 
allergens in depigmented skin has been noted in 
mice many years ago.95 A mouse model for vitiligo 
was later identified.96 These mice have a mutation 
in the MITF gene97 called a mivit/mivit mutation. 
They are born with an almost black pelage and a 
piebald band on their thorax. As their fur advances 
through the stages of molting, the fur and epider-
mis become progressively more white. The cause 
is a loss of melanocytes within the epidermis and 
hair follicles.26 The number of Langerhans’ cells 
remains constant.98 These mice lose their response 
to contact allergens such as dinitrofluorobenzene 
(DNFB) as their skin depigments. However, they 
retain their ability to respond to antigens injected 
into the dermis.99 In vitro the Langerhans’ cells 
exhibited normal functionality. These animals have 
a highly muted ability to express intercellular adhe-
sion molecule 1 (ICAM-1).100 The loss of epider-
mal immune responsiveness with maintenance of 
dermal immune reactivity supports the concept that 
melanocytes are involved in the epidermal immune 
response (see Role of Melanocytes Within the Skin 
Immune System, below).
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Monobenzone is a medication used to depigment 
individuals with vitiligo too extensive to repigment.37 
It has been observed that some individuals with 
vitiligo develop a contact allergy to this molecule. Of 
interest, an inflammatory dermatitis is exhibited only 
in the pigmented, normal-appearing skin.101 There 
have been several studies done to measure the contact 
reactivity of depigmented skin in human subjects with 
vitiligo.102,103 In both of these studies the reaction to 
DNFB was muted in depigmented skin, although 
reactivity to candida antigens injected into the dermis 
was normal. The investigators found the number of 
Langerhans’ cells were normal. These findings are 
similar to those observed in the vitiligo mouse model. 
The results suggest that either the Langerhans’ cells 
are functionally abnormal in depigmented skin or 
that the melanocytes are involved in allergic reac-
tions. In the vitiligo mice Langerhans’ cells function 
normally.100 It seems likely that melanocytes interact-
ing with Langerhans’ cells are involved in cutaneous 
immunity (see Role of Melanocytes Within the Skin 
Immune System, below).13

Various inflammatory conditions such as lichen 
planus and psoriasis affecting individuals with vitil-
igo can spare the depigmented skin or at other times 
affect it exclusively.11,104–122 Dermatitis herpetiformis 
has been associated with vitiligo123–128 and was noted 
to preferentially affect the depigmented skin.

Clinical Studies on the 
Epidemiology of Vitiligo and 
Familial Patterns of Inheritance

Vitiligo affects individuals of all ethnic back-
grounds. It is commonly thought to affect about 
1% to 2% of the population.65 However, this is 
probably a significant overestimate, and the preva-
lence is more likely to be about 0.5%, or 1 per 
200 individuals.62,64,129 The prevalence in small 
localities can be much higher, as high as 8%.130 The 
prevalence is higher in older populations because 
the onset typically is during childhood or early 
adulthood, before the age of 40 years. Although 
more women than men consult physicians about 
their vitiligo, vitiligo seems to affect males and 
females equally.131,132

Vitiligo aggregates within families. Its patterns 
of distribution within a kinship are not consistent 

with a single gene disorder whether that be auto-
somal dominant or recessive. Rather, vitiligo seems 
to exhibit multilocus recessivity, possibly involv-
ing three different genes.131–133 Thus within the 
primary kinship the prevalence of vitiligo averages 
about 7%, or 1 in 14, a significant increase over the 
population at large. A number of genes that seem to 
be involved in causing vitiligo have been identified 
(see Genetic Basis for Vitiligo, below).

Therapy for Vitiligo

The Importance of the Melanocyte 
Reservoir

The depigmentation characteristic of vitiligo is 
a result of the destruction of melanocytes.16 To 
regain pigmentation, it is necessary to replace 
the melanocytes from a reservoir. Melanocytes 
within the outer root sheath or bulge area of the 
hair follicle are the major reservoir.68,69,134,135 Skin 
responding to therapy exhibits freckles emanating 
from the follicular orifices.12 Glabrous (smooth, 
hairless) skin or depigmented skin with white hairs 
cannot repigment with medical therapies because 
they lack a reservoir from which melanocytes can 
repopulate the depigmented skin. The dorsum 
of the fingers, the ventral surface of the wrists, 
the feet, the toes, the lower ankles, the genitalia, 
and the lips are glabrous. Such skin must have 
the reservoir replaced by surgical grafting.136,137 
Segmental vitiligo causes destruction of follicular 
melanocytes in about 50% of those affected. These 
areas also must be treated with grafting. Because it 
has a limited time course, individuals with local-
ized or unilateral vitiligo are excellent candidates 
for surgical grafting.138,139

Medical Therapies

Medical therapies have two components: ultraviolet 
radiation and one of various topical medications. 
Ultraviolet radiation is the most potent stimulant 
of melanocyte proliferation. The best available 
source is natural sunlight. Artificial lights are com-
monly used to control the dose of light the patient 
receives to avoid burning and causing the isomor-
phic response. The causes of vitiligo are not known. 
There are two popular hypotheses: an intrinsic 
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melanocyte defect and an external immune attack. 
These are not mutually exclusive theories.140 All of 
the treatments employed alter and suppress immu-
nity, and their value in reversing an immune mecha-
nism is apparent. It is less clear how they might be 
effective if there is an intrinsic melanocyte defect.

Psoralen plus ultraviolet A has been the tradi-
tional source of ultraviolet radiation.141–147 It is 
effective in many patients. In recent years the rec-
ognition that PUVA is followed by development of 
various skin cancers including melanomas has made 
it a less popular treatment.79,80,148–150 More recently 
narrow band UVB (spectrum of 310 to 314 nm) has 
become popular and is thought to be as effective 
as PUVA.151–160 It can be delivered either by laser 
or fluorescent bulbs. Narrow-band UVB does not 
require a photosensitizing medication such as psor-
alen. Thus it is cheaper and easier to deliver.

Topical medications are usually combined with 
phototherapy for optimal results.159 Topical thera-
pies include topical steroids, immunomodulators 
such as tacrolimus* (Protopic) or pimecrolimus* 
(Elidel), and vitamin D* analogues. Other topi-
cal agents have been proposed but have not been 
shown to be effective.161,162

Topical steroids* are especially useful.163,164 They 
can be used safely for children and adults.165–168 
Often they are combined with other medications 
such as tacrolimus* or pimecrolimus*.169–177 Steroids 
have been combined with analogues of vitamin D 
(Dovonex)* with success.178,179 (For detailed infor-
mation about treatment, see Nordlund and Ortonne12 
and Hann and Nordlund.180) Unilateral vitiligo is a 
self-limiting disorder, and patients usually are suc-
cessfully treated by either medical or surgical treat-
ments. In contrast, bilateral generalized vitiligo tends 
to progress over time. Patients who regain some or 
much pigmentation often lose it at a later time.

Some patients have very widespread vitiligo 
that is not amenable to repigmentation. For these 
patients, removal of the remaining pigmentation 
by applications of monobenzone (Benoquin) is the 
treatment of choice. It takes a long time, up to a year 
to two, but patients achieve a single color and invar-
iably are delighted with the final results.37,101,164,181

Surgical Therapies for Vitiligo

Grafting of autologous skin is an excellent therapy 
for those with focal, unilateral, or quiescent bilat-
eral vitiligo. There are many techniques by which 
melanocytes can be transferred from one site to 
another. The number of individuals for whom 
grafting is indicated is small.71–73,139,182–187 For 
a review of surgical techniques, see Halder and 
Nordlund137 and Hann and Nordlund.180

Histologic Studies

Routine Studies

Many studies have been done on skin from patients 
with vitiligo. Specimens from the depigmented, 
normal-appearing and border skin have been stud-
ied with a variety of techniques for light and 
electron microscopy.74,188–200 The original studies 
were done on tissues stained with hematoxylin and 
eosin. The depigmented and normal-appearing skin 
show few pathologic changes. There is a sprinkling 
of lymphocytes at the border of the lesions.190,194 
Subsequent studies were done with melanin stains, 
usually the Fontana Masson technique. The depig-
mented skin was devoid of both melanin and basilar 
dendritic cells containing melanin, an observation 
suggesting loss of all melanocytes. The border skin 
had partial loss of melanin. Subsequently dopa oxi-
dase stains were done. Dopa oxidase is specific for 
cells that are synthesizing melanin. None or very 
few were found in the depigmented skin.201 Other 
histochemical stains have been used to distinguish 
the melanocytes from Langerhans’ cells. The con-
clusion of all of these studies was that the melano-
cytes were absent from depigmented skin.

Other physiologic data support this conclusion 
very strongly. It is possible to culture melanocytes 
from individuals with vitiligo.202 Attempts to cul-
ture melanocytes from depigmented vitiliginous 
skin have failed, an indication the melanocytes 
were not present (R. Boissy, personal commu-
nication). Therapy of vitiliginous skin provides 
additional support for this concept of melanocyte 
destruction. Depigmented glabrous skin or depig-
mented skin with white hair does not respond to 
medical therapies but responds readily to surgi-
cal transplantation (see The Importance of the 
Melanocyte Reservoir, above).12 The observations 

* This drug has not been approved for this purpose 
by the Food and Drug Administration at the time of 
publication.
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confirm that melanocytes are absent from the dep-
igmented skin.

Immunohistology of Vitiligo Skin

In recent years, more advanced studies have been 
done using immunostaining to document the face 
of melanocytes and to identify the sparse infil-
trating cells found at the border of depigmented 
and normal-appearing skin. Loss of melanocytes 
in lesional skin is supported by immunostaining 
of skin cryosections using antibodies reactive in 
part with markers independent of melanin synthe-
sis.203 Melanocytes normally express high levels 
of the antiapoptotic molecule Bcl-2. Depigmented 
skin shows a few cells or no cells with Bcl-2, 
thereby confirming that there is an absence of 
melanocytes.204

There are a number of mechanisms whereby 
melanocytes can be removed or destroyed, leav-
ing the skin depigmented. In perilesional areas 
some vitiligo melanocytes lose attachment to the 
basement membrane and disappear in the course 
of epidermal renewal.205 The presence of exces-
sive amounts of tenascin in lesional skin can 
interfere with effective melanocyte adhesion.206 
Vitiligo melanocytes are not intrinsically adhe-
sion-impaired,206 but they exhibit an aberrant mor-
phology in perilesional areas of vitiligo skin.207 It 
appears that melanocytes are destroyed in situ.

Reduced perilesional melanocyte viability 
is observed only in expanding lesions. Although 
melanocytes are very resilient to apoptosis, 
stress-inducing factors with a selective effect on 
melanocytes, including exposure to phenols or UV 
overexposure, can induce melanocyte apoptosis or 
necrosis within the affected areas.38,208 Melanocytes 
apparently are selectively more susceptible to stress-
induced destruction. In contrast, the rapid turnover of 
keratinocytes, the migratory capacity of Langerhans’ 
cells, and the location of fibroblasts deeper in the 
dermis protect these cells in times of stress.

There are other histologic changes within the 
epidermis associated with progressive depigmenta-
tion. Merkel cells are absent in the depigmented 
skin from patients with vitiligo.200,209 It is not 
clear what impact this defect has on the functional 
capabilities of epidermis. During active depigmen-
tation, patients often report an itchy sensation, sug-
gesting release of histamine by mast cells and the 
presence of an inflammatory infiltrate (unpublished 

observation).210 Schwann cells have a thickened 
basement membrane,211,212 a morphologic indication 
of nerve regeneration. There is an increased quantity 
of neuropeptide Y in lesional vitiliginous skin, 
suggesting that aberrant innervation of the skin is 
involved in melanocyte injury.213

Traumatized melanocytes are an easy target 
for the innate as well as the specific immune 
response. In perilesional and lesional vitiligo 
skin there is a reduced expression of molecules 
that can protect basal epidermal cells from com-
plement activation, namely CD59, decay accel-
erating factor (DAF), and membrane cofactor 
protein (MCP).214 Expression of these molecules 
was shown to protect cultured melanocytes from 
complement-mediated damage.215 Heterogeneous 
abnormalities of the C4B gene encoding the 
fourth component of complement have been 
described in vitiligo patients, further supporting the 
concept that vitiligo is associated with abnor-
malities in the complement system.216 In the 
absence of adequate protection, melanocytes 
binding antibodies or complement are increas-
ingly vulnerable to necrotic or apoptotic cell 
death, generating a pool of antigen to be proc-
essed by infiltrating dermal dendritic cells and 
epidermal Langerhans’ cells. In this respect it 
is of interest that Langerhans’ cells frequently 
line up at the basement membrane in lesional 
vitiligo skin, seemingly replacing dying melano-
cytes.217,218 The physiology of Langerhans’ cells 
and other dendritic cell subsets within the vitil-
igo skin microenvironment has not been studied 
extensively, although the expression of tumor 
necrosis factor (TNF)-related apoptosis induced 
by infiltrating dendritic cells suggests that den-
dritic cells may induce apoptosis in epidermal 
cells actively expressing TNF-related apoptosis-
inducing ligand (TRAIL) receptors, as observed 
for melanocytes in perilesional skin.219

In most cases of vitiligo, inflammation is not clin-
ically manifest, but approximately 3% of patients 
display “inflammatory vitiligo” where expanding 
lesions are surrounded by a narrow, elevated red 
margin.197 Given the sparse distribution of melano-
cytes throughout the epidermis, it is not surprising 
that in vitiligo, inflammation is less extensive than, 
for example, in psoriasis, where an abundance of 
keratinocytes rather than sparse melanocytes are 
the prime target of the  inflammatory response. The 
composition of cellular infiltrates in vitiligo skin 
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was initially analyzed in patients with inflammatory 
vitiligo. Similar infiltrates are observed in patients 
with noninflammatory, progressive generalized 
vitiligo.198,220,221 The consistent presence of mac-
rophages, dendritic cells and CD4+ as well CD8+ T 
cells in perilesional skin of patients with progres-
sive disease, as illustrated in Fig. 38.4, provides us 
with an explanation for the centrifugal expansion 
of lesions away from the site of original trauma 
through an ongoing immune response targeting 
epidermal melanocytes.222 Increased expression of 
interferon-g (IFN-g)-responsive human leukocyte 
antigen (HLA)-DR and ICAM-1, and reduced 
expression of ganglioside D3 (CDw60) molecules 
in expanding, perilesional skin sites suggest that 
depigmentation involves expression of type 1 
cytokines.223,224 In part, melanocyte expression of 
HLA-DR and ICAM-1 may be induced by patient 
IgG antimelanocyte antibodies.225 Since immune 
infiltrates interfere with the graft taking, patients 
with active disease are not eligible for surgical 
repigmentation. Thus it is important to recognize 
a fundamental difference between patients with 
active and those with stable disease.226 Overall, 
combined immunohistologic data point to the 
involvement of a specific, cell-mediated immune 
response in progressive depigmentation as dis-
cussed elsewhere in this chapter.

Electron Microscopy and Apoptosis

That melanocytes are absent from the epidermis of 
lesional vitiligo skin has been confirmed by several 
investigators by ultrastructural analysis using elec-
tron microscopy.48,74,217,227–229 Neither melanocytes 
nor undefined clear cells possibly representing ded-
ifferentiated melanocytes have been observed in the 
stratum basale of lesional skin. In contrast, basal epi-
thelial cells attached to the basement membrane at 
the dermal-epidermal junction are exclusively of the 
keratinocyte lineage, indicating that the melanocyte 
population was removed from the vitiligo lesion.

Significant observations have been made at the 
marginal area between the vitiligo lesion and the 
adjacent normally pigmented skin that indicate a 
mechanism for the removal of the melanocyte from 
the vitiligo lesion. In these areas, melanocytes can be 
markedly reduced in number and  morphologically 

Fig. 38.4. Tissue infiltration by T lymphocytes. Immuno-
logic double staining to detect CD8+ T cells in red and 
CD3+ T cells in blue. In these images cytotoxic T cells are 
purple (CD3+CD8+), whereas helper and suppressor T cells 
are blue (CD3+CD8−). (A) Perilesional skin from vitiligo 
patient with active disease. (B) Same biopsy away from the 
margin. (C) Melanoma tumor. Note increased proportion 
of CD8+ versus CD4+ T cells (purple versus blue arrows) 
in depigmenting vitiligo skin
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aberrant.191,193,203,227,230,231 Specifically, these 
melanocytes exhibit larger cell bodies with more 
elaborate dendricity. In addition, peripheral melano-
cytes can display morphologic characteristics of 
apoptosis as opposed to necrosis.201 These char-
acteristics consist of cellular shrinkage, increased 
nuclear heterochromatin, and cellular fragmentation 
(Fig. 38.5). Apoptosis is a process of programmed 
cell death that prevents damaged/dying cells from 
instigating an immune response.232,233 Ultimately, 
apoptosis results in the generation of apoptotic 
cell bodies from the cellular fragments that are 
removed without stimulating a cellular or humoral 
immune response. However, macrophages are rarely 
observed at the edge of a vitiligo lesion.191,231 It has 
been demonstrated that keratinocytes themselves 
are avidly phagocytic cells234,235 and theoretically 
could effectively phagocytose fragmented apoptotic 
vitiligo melanocytes and carry the debris with them 
as they migrate to the stratum corneum where they 
are desquamated. These morphologic observations 
suggest that melanocytes can be removed from the 
epidermis via an apoptotic mechanism.38

Keratinocyte aberrations have been demon-
strated in the edge of the vitiligo lesion, sug-
gesting that this cell type may also be affected 
in vitiligo. Vacuolar degeneration of keratinoc-
ytes and the appearance of extracellular granular 
material (EGM) resembling ribosomes between 
the melanocytes and the keratinocytes, as well 
as between the keratinocytes themselves, have 
been demonstrated.74 The initial morphologic 
hallmarks of apoptosis within melanocytes and 
the extracellular granular material have been 
noted up to 15 cm from a lesion.74,201 In addi-
tion, dilated profiles of the rough endoplasmic 
reticulum have been noted in melanocytes within 
the pigment skin near a lesion.236 These dilated 
profiles indicate cellular dysfunction that may 
result from impairment in the translation of prod-
ucts from mutant genes or the onset of apoptosis 
(Fig. 38.5).

Apoptosis is a genetically regulated process 
that allows challenged or terminally stressed cells 
to undergo death in a controlled and regimented 
manner.237 Special enzymes, cysteine proteases, 
also called caspases, that cleave cellular proteins 
plus protein members of the Bcl-2 family of 
pro- and antiapoptotic regulators all participate to 
control this specialized process. Mechanisms that 
can induce a cell to undergo apoptosis may be 
multiple. Cellular stress can alter the normal elec-
trical charge across the mitochondrial membrane 
resulting in loss of permeability and the release 
of cytochrome C to activate the caspase enzyme 
cascade.238 Immune signals can also induce cell 
to undergo apoptosis.239 Cytokines, such as IFN-
g, TNF-a, and interleukin-1 (IL-1) can initiate 
apoptosis. These cytokines can be stimulated to 
be released from keratinocytes, melanocytes, and 
lymphocytes. Activated lymphocytes have other 
mechanisms for inducing apoptosis, such as the 
release of perforin and granzymes or triggering 
of the CD95 receptor on target cells. Induction of 
apoptosis via a heightened autoimmune response, 
as proposed for a subset of patients with vitiligo, 
may be the mechanism underlying melanocyte 
destruction in this form of vitiligo. Evidence 
that vitiligo melanocytes are prone to develop-
ing apoptosis comes from studies on the etiology 
of contact/occupational vitiligo (see Chemical 
Melanocytotoxins, below).

Fig. 38.5. Electron micrograph of the dermal/epidermal 
junction of pigmented skin biopsied immediately adja-
cent to a vitiligo lesion from a patient with vitiligo dem-
onstrating melanocytes containing melanosomes (white 
arrowheads), dilated profiles of the rough endoplasmic 
reticulum (arrows), and a nucleus with a significant 
amount of heterochromatin plus neighboring keratinoc-
ytes with peripherally localized granular material (aster-
isks) within the cytoplasm. Bar = 2.0 µm
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The Pathogenesis of Vitiligo

Chemical Melanocytotoxins

The etiology of vitiligo is complex.42,140,180,240,241 
The current dogma suggests that certain sets of 
genes render the melanocyte fragile and suscepti-
ble to undergoing apoptosis that in turn predisposes 
individuals to developing vitiligo.131,242 A pre-
cipitating event/factor must initiate programmed 
cell death. Some proposed precipitating factors 
are sunburn, skin injury, and exposure to cyto-
toxic compounds. Common among these factors 
is their ability to stimulate melanin synthesis. 
Melanocyte-stimulating hormone induced by UV 
overexposure,243 and cytokines produced during 
emotional stress or physical trauma (e.g., nerve 
growth factor, neurotrophins, adrenocorticotropic 
hormone [ACTH], endorphins, etc.)244–247 can all 
trigger melanin synthesis by melanocytes. During 
the biochemical synthesis of melanin, specific 
quinones (e.g., DOPAquinone) and indoles (e.g., 
dihydroxyindoles) are generated as intermediates. 
These melanin intermediates can be cytotoxic to 
the melanocyte itself if aberrantly expressed.248,249 
Quinones and indoles can readily generate oxida-
tive stress.250–252 If abundant within the cell, these 
compounds can oxidize, either enzymatically or 
spontaneously,250 and produce reactive oxygen 
species (ROSs),252 which are hazardous to the 
cells initially causing lipid peroxidation, etc.253 but 
ultimately inducing apoptosis.254 Therefore, it is 
conceivable that in the genetically susceptible vitil-
igo melanocyte, elevated oxidative stress result-
ing from the generation of melanin intermediates 
exceeds the tolerable threshold for these sensitive 
cells, thereby inducing apoptosis.

The hypothesis that quinone/indole intermediates 
generate oxidative stress in the genetically suscep-
tible melanocyte arose from our previous work on 
a distinctive form of vitiligo—contact/occupational 
vitiligo.42,240,255 This type of depigmentation is dis-
tinguishable from vitiligo in that its onset correlates 
with exposure to certain environmental chemicals. 
These toxins are aromatic or aliphatic derivatives 
of phenols and catechols (e.g., monobenzyl ether 
of hydroquinone, 4-tert-butylphenol [4-TBP], etc.). 
The cutaneous depigmentation begins at the site of 
chemical contact but eventually extends further or 

occurs at unexposed sites. In some individuals the 
depigmentation develops into progressive, general-
ized vitiligo.36 Monobenzyl ether of hydroquinone 
in a 20% concentration is a medication avail-
able by prescription that is used for depigmenting 
patients with vitiligo too extensive to regain color. 
Interestingly, these creams are not toxic to melano-
cytes from all individuals. Even at high dosages 
only a subset of patients depigment in response to 
application. In contrast, patients with vitiligo depig-
ment more readily in response to application of the 
medication. This suggests that these agents are not 
simple poisons for melanocytes but are injurious to 
only those genetically susceptible (i.e., vitiligo).

Tyrosine is the substrate for tyrosinase that 
initiates the biochemical pathway for melanin 
synthesis.42 Phenols and catechols are structur-
ally similar to tyrosine. It was originally proposed 
that phenols and catechols compete with tyrosine 
for hydroxylation by tyrosinase,249,256,257 generat-
ing semiquinone free radicals that induce cell 
death.258–261 However, tyrosinase does not mediate 
the cytotoxicity of 4-TBP.262 Since 4-TBP is more 
cytotoxic to melanocytes than to keratinocytes or 
to dermal fibroblasts,219,262 a melanocyte-specific 
process must underlie its cytotoxic effects. Another 
melanocyte-specific enzyme, tyrosinase-related 
protein 1 (Tyrp1), may mediate the action of phe-
nol/catechol derivatives such as 4-TBP.263 Tyrp1 is 
the most abundant melanocyte specific protein264 
that exhibits 5,6-dihydroxyindole-2-carboxylic 
acid (DHICA) oxidase activity in murine265 but 
not human266 melanocytes. In human melanogen-
esis, Tyrp1 exhibits efficient tyrosine hydroxylase 
activity that putatively primes the onset of mela-
nogenesis.267,268 It is possible that Tyrp1 catalyzes 
the conversion of phenols and catechols into inter-
mediates that induce oxidative stress, thus medi-
ating cytotoxicity. Expression of Tyrp1 may be 
upregulated either genetically or facultatively in 
vitiligo melanocytes to amplify quinone-medicated 
oxidative stress correlating with their preferential 
apoptotic response.

Quinones are a ubiquitous class of compounds 
that can in turn undergo enzymatic and nonenzy-
matic redox cycling with their corresponding semi-
quinone radical and as a result generate superoxide 
anion radicals.250–252 The subsequent enzymatic 
or spontaneous dismutation of these superoxide 
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anion radicals gives rise to hydrogen peroxide, 
which reacts with trace amounts of iron or other 
transitional metals to form cellular hydroxyl radi-
cals. The hydroxyl radicals are powerful oxidizing 
agents that are responsible for damage to essential 
protein, lipid, carbohydrate, and DNA macromol-
ecules. For example, oxidation of cysteine residues 
in proteins leads to disulfide bond formation that 
can dramatically alter protein structure and func-
tion. Hydroxyl radicals also can catalyze oxidation 
of lipids, generating lipid hydroperoxides that 
can lead to formation of lipid peroxide–derived 
malondialdehyde DNA adducts.253 Ultimately, the 
molecular and cellular damage caused by the 
aberrantly generated plethora of ROS results in 
programmed cell death, that is, apoptosis.254 It is 
logical that the cytotoxicity induced by precipitat-
ing factors as 4-TBP is mediated via the generation 
of their related quinones.269,270

Phenols and catechols are compounds with oxy-
gen-containing substituents that can be converted 
within cells to quinones by monooxygenase (e.g., 
tyrosinase or Tyrp1) or peroxidase enzymes, metal 
ions, and in some cases molecular oxygen.250 
Therefore, the cytotoxicity or apoptosis induced in 
melanocytes exposed to 4-TBP is a result of oxida-
tive stress generated from the induction of ROS, 
putatively initiated via the conversion of 4-TBP to 
its related quinones, or increased melanin interme-
diates, respectively (Fig. 38.6).

Role of Melanocytes Within the Skin 
Immune System

In the late 1980s, Streilein and colleagues271 devel-
oped the concept that lymphoid tissues outside the 
thymus and bone marrow may be involved in edu-
cating the immune system about self versus non-
self, and danger versus no danger. The concept of 
skin-associated lymphoid tissue (SALT) emerged, 
highlighting the role of normal tissue cells in local 
immune responses.271 Within the skin, keratinoc-
ytes receive much attention for their similarity to 
thymic epithelial cells and their ability to activate 
and educate T cells in vitro.272,273 Less abundant 
melanocytes were long overlooked and were not 
described as part of the skin immune system 
until their malignant counterpart, the melanoma 
cell, displayed its relatively immunogenic nature 
and emerged in the 1990s as a model target type 
for antitumor vaccines.274 Simultaneously it was 

acknowledged that melanocytes are well capable of 
generating primary cytokines, which are important 
in initiating a local immune response.275,276

Phagocytosis usually is considered a function of 
macrophages. However, it has been demonstrated 
that fibroblasts can ingest collagen during matrix 
remodeling and keratinocytes can phagocytose 
melanosomes and other particles.277–279 Phagocytosis 
is followed by phagosome-lysosome fusion in mac-
rophages. The digested content of the phagosome 
is presented to the immune system in the context of 
major histocompatibility complex (MHC) class II 
molecules to initiate an immune response.

Fig. 38.6. Diagram of the proposed mechanism under-
lying the selective induction of apoptosis in vitiligo 
melanocytes. Exposure of melanocytes to facultative 
pigment inducers or 4-tert-butylphenol (4-TBP), via the 
action of tyrosinase related protein 1 (Tyrp1), results in 
the generation of intracellular quinones (1) that in turn 
produces reactive oxygen species (ROS) (2) and induces 
oxidative stress. Production of ROS stimulates the apop-
totic pathway (3) that potentially could lead to cell death 
or interact with endogenous/regulated antioxidants (4) 
that could lead to cell survival, the balance of which 
is genetically determined. Therefore, the melanocyte’s 
ability to survive these exogenous triggers of oxidative 
stress is dictated by the capacity to tolerate or combat 
ROS and prevent apoptosis—processes that may be 
genetically impaired in vitiligo melanocytes
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Melanosomes are specialized lysosomes. It is 
likely that melanosomes are involved in immune-
related functions.280 Expression of HLA-DR by epi-
dermal cells is generally restricted to Langerhans’ 
cells and members of the dendritic cell fam-
ily involved in detecting and clearing cutane-
ous assaults.281 Under exceptional circumstances, 
apparently restricted to vitiligo and melanoma, 
melanocytic cells express MHC class II mol-
ecules.222 The process of antigen presentation by 
melanocytes is of particular interest, as it may 
explain in part the immunogenicity of melanocytic 
cells.282 Within melanocytes, melanin is synthesized 
in melanosomes. The synthetic pathway requires 
several enzymes including tyrosinase, TRP-1 and 
TRP-2, gp100, and MART-1. These same proteins 
are the primary targets of the immune response 
to melanoma.283 Melanosomes like lysosomes in 
other cells fuse with incoming phagosomes visible 
by electron microscopy.279 Thus it is likely that 
melanocytes, engaged in antigen processing and 
presentation in the context of MHC class II, present 
peptides derived from melanogenic compounds to 
the immune system that otherwise remain secluded 
within the melanosome.284

The importance of melanosomal localization 
for the immunogenicity of melanocytic proteins 
is supported by experiments in which a melano-
somal target sequence tagged to an otherwise 
nonimmunogenic protein can render that protein 
increasingly immunogenic.285 Indeed, it has been 
proposed that melanosomes are packages of tumor 
antigens that can be targeted in melanoma.283 It is 
possible that melanocytes are preferentially tar-
geted in autoimmune vitiligo as a consequence of 
(1) the immunogenicity of melanocytes expressing 
melanosome-associated proteins aberrantly per-
ceived as nonself when presented in the context of 
class II; (2) the location of melanocytes within the 
epidermis, continuously exposed to signals from 
the environment and particularly vested in protec-
tion from radical uproar; and (3) a constellation of 
autoimmune-associated gene polymorphisms and 
mutations that may predispose to vitiligo rather 
than other autoimmune phenomena.

Vitiligo and the Innate Immune Response

The involvement of autoimmune responses in 
active vitiligo was overlooked. This is not surprising, 
given the dispersed distribution of melanocytes 

throughout the epidermis. Even in active disease, 
immune infiltrates are restricted to the narrow 
border of an advancing lesion. The infiltrates 
contain macrophages apparently clearing melano-
cytes in distress. Distress may be more pro-
nounced in vitiligo patients than controls because 
of reduced expression of complement protective 
molecules DAF (decay acceleration factor), MCP 
(membrane cofactor protein), and CD59.214 These 
studies are of particular interest given the finding 
that vitiligo is associated with a polymorphism 
in the C4 component of complement.216 It is 
not immediately clear why these conditions pre-
dispose patients to the development of vitiligo, 
but leaving surrounding keratinocytes unharmed. 
Why does vitiligo target melanocytes, whereas 
psoriasis targets keratinocytes? The similarities 
of these two diseases targeting distinctly differ-
ent cell types suggest the involvement of specific 
immunity in the form of humoral or cell-mediated 
immunity.

Humoral Immunity to Melanocytes

Melanocyte-reactive antibodies have been identi-
fied in the sera of patients with active vitiligo.286 
The majority of serum antibodies are either not 
specifically reactive with melanocytes or not reac-
tive with cell-surface antigens. Whether melano-
cyte reactive antibodies play an etiologic role in 
vitiligo has been a point of discussion. In this 
respect, melanin concentrating hormone recep-
tor (MCHR) is a membrane molecule among the 
antigens targeted by the humoral response,287 and 
in experiments with xenografted human skin and 
vitiligo-derived serum transferred to mice it was 
observed that human antibodies targeted melano-
cytes within the xenografts.288 Antibodies bind-
ing to melanocytes can cause melanocyte death 
through antibody-dependent cellular cytotoxicity 
(ADCC), or by the aforementioned complement 
activation.289

A Role for Skin-Infiltrating, 
Melanocyte-Reactive T Cells

Patients with active vitiligo have increased num-
bers of melanocyte-reactive cytotoxic T cells 
in the circulation, demonstrated with tetramer 
technology to identify antigen-specific T cells.290 
Additional properties have to be taken into account 
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before assigning a causative role to CD8 T cells 
in progressive depigmentation. Melanocyte-reac-
tive T cells must be destined for the skin, and 
should express high avidity for their targets to 
distinguish them from cytotoxic T cells reactive 
with melanocytes observed in control individu-
als. Evidence for such properties is found in CLA 
expression by circulating and skin infiltrating 
lymphocytes in both inflammatory and gener-
alized vitiligo.197,221,290 When propagated from 
blood or, more importantly, from skin biopsies 
of depigmenting vitiliginous skin, T cells express 
cytotoxic activity toward autologous melano-
cytes.55,291,292 Reactivity to tyrosinase, MART-1, 
and gp100 has been detected among vitiligo 
skin–derived T cells.292,293 Cytotoxic T cells from 
patients with vitiligo have superior avidity for their 
targets compared to T cells reactive with the same 
antigens in melanoma.293,294 In part, superior reac-
tivity of vitiligo-derived T cells may be explained 
by an environment conducive to immune reactiv-
ity in vitiligo, for example, through the absence of 
an effective regulatory response.295 An additional 
factor appears to be the expression of high-affin-
ity T-cell receptors (TCR). In fact, the analysis of 
TCR genes expressed by vitiligo skin–infiltrating 
T cells is supportive of a role for the a-subunit in 
defining T-cell affinity.296

A persisting enigma is why vitiligo T cells 
escape negative selection in the thymus and how 
these cells are allowed to enter the circulation. It 
is of interest that vitiligo is among autoimmune 
phenomena observed in patients with mutations 
in the AIRE gene, which helps define thymic 
selection.297

The progressive nature of depigmentation in 
vitiligo patients can be explained by T cells 
responding to alarm signals by stressed melano-
cytes. They induce a cytotoxic response, prolifer-
ate, and migrate centrifugally toward epidermal 
sites containing additional target cells.198 In the 
absence of a regulatory response and in the pres-
ence of continuous stimulation, the activated 
T cells induce a progressive course of the dis-
ease.298,299 Further insight into the autoimmune 
aspect of vitiligo can help to develop therapeutic 
measures to halt disease progression and prepare 
the skin for the intricate process of epidermal 
repigmentation.300

Genetic Basis for Vitiligo

Genes that are Involved in Vitiligo

Susceptibility for developing vitiligo has a genetic 
basis. The incidence of vitiligo globally is about 
0.5% of the population at large.301,302 However, sib-
lings or other first-degree relatives of a patient with 
vitiligo have a relative risk of developing vitiligo of 
about 6% to 7%.66,131,132,242 Even more indicative 
of the genetic basis of vitiligo is the observation 
that the concordance of vitiligo in monozygotic 
twins is elevated to 23%.132 The genetic etiology 
of vitiligo appears to be multifactorial,129,242,303,304 
with a minimum of three di-allelic genes coordi-
nately involved with the expression of vitiligo.131 
Recently both allelic association studies of can-
didate genes and genome-wide linkage analyses 
have facilitated the identification of some of these 
putative genes.302

A handful of genes have been identified by 
allelic association: (1) VIT1 (i.e., FBXO11), 
which contains homologues with a G/T mismatch 
repair gene essential in recovery from DNA dam-
age305; (2) catalase (i.e., CAT), an endogenous 
antioxidant; (3) tenascin, an adhesive integrin 
expressed by melanocytes206; (4) the estrogen 
receptor 1 (ESR1)306; (5) catechol-O-methyltrans-
ferase (COMT)307; and (6) angiotensin-converting 
enzyme (ACE).308 Two other allelic associations 
have been reported between generalized vitiligo 
and the (7) CTLA4309 and (8) PTPN22310 genes, 
which have been broadly implicated in a number of 
other autoimmune diseases, and these genes may 
function as general autoimmunity/auto inflamma-
tory susceptibility loci.302

Recently several other candidate genes have been 
identified by genetic linkage analysis. Most significant 
is embryonic transcription factor (9) FOXD3, which 
maps to an autoimmunity susceptibility locus.311,312 
However, mutations in FOXD3 were originally found 
in one family with atypical vitiligo and are not 
expressed in most other patients with vitiligo.302 
Recently, Spritz’s group,304 using high-density single 
nucleotide polymorphism (SNP) genotyping and 
pedigree-based association, confirmed that vitiligo 
results from homozygosity at multiple recessive loci, 
one of which encodes (10) MALP1, a molecular com-
ponent of the macrophage/neutrophil inflammasome 
responsible for activating inflammatory caspases.
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Functions of Vitiligo-Associated Genes 
and Their Role in Melanocyte Destruction

There is ample clinical support for an hereditary 
component of the pigmentary disorder vitiligo. It 
has also become clear over time that several genes 
act in concert to confer susceptibility to vitiligo. 
The complexity of vitiligo inheritance patterns 
have posed a challenge for clinical geneticists and 
basic scientists wishing to identify the underlying 
genes involved in vitiligo etiology. Investigating 
vitiligo-associated gene function is thus of immedi-
ate importance to the vitiligo patient population.

Evidence of vitiligo as an inherited autoimmune 
disease can be found in several publications dem-
onstrating an association between gradual depig-
mentation and HLA genotypes. Vitiligo has been 
associated most frequently with expression of 
specific MHC class II molecules, specifically with 
HLA-DRB1 in Mexican, Turkish, and U.S. popu-
lations.313–315 HLA-DRB1 expression has been 
associated with several autoimmune diseases in the 
past as noted by Fain et al.315 Expression of MHC 
class II molecules is generally restricted to profes-
sional antigen-presenting cells, and preferential 
expression of HLA-DRB1 suggests that this MHC 
class II can efficiently present melanocyte-derived 
antigens to the immune system, thus eliciting an 
immune response to melanocytes.

Fewer publications elude to an association 
between HLA class I haplotypes and vitiligo, and 
such associations are restricted to certain sub-
populations. Most frequent associations include 
HLA-Cw6 in Northern Italians, Kuwaiti, and 
Saudis,316–318 Bw6 in Saudi and Oman,i318,319 A2 
in Northern Germans and Slovaki,320,321 and Cw7 
in Saudis and Dutch.318,322 Given the importance of 
MHC class I molecules for optimal presentation of 
antigens to cytotoxic T cells, when performed on 
a global scale these studies may clarify the most 
efficient means to present melanosomal antigens to 
the immune system. It will be of interest to learn 
whether the same HLA molecules confer resistance 
to the development of melanoma.

Besides antigen-presenting molecules that can 
affect antigen recognition by the immune system, 
the efficiency of antigen processing may also affect 
the probability that melanocyte self-antigens will 
be targeted by the immune system. In this respect, 
Casp et al. have demonstrated gene polymorphisms 

in LMP2, LMP7, and TAP-1.323 At this point it is 
not clear how these polymorphisms will affect the 
function or longevity of the gene product.

Enhanced antigen processing and presentation 
will theoretically affect recognition of target cells 
other than melanocytes as well, and it is not 
surprising that vitiligo has been associated with 
other autoimmune disease, most notably with 
autoimmune thyroiditis.324 Vitiligo is also a (late) 
manifestation of autoimmune polyendocrinopa-
thy-candidiasis-ectodermal dystrophy syndrome 
(APCAPED) or autoimmune polyglandular syn-
drome (APS), a disease associated with muta-
tions in the AIRE gene that defines presentation 
of autoantigens to T cells in primary lymphoid 
organs.297,325,326 The AIRE gene is normally impor-
tant in clonal deletion of autoreactive T cells with 
a high affinity for their targets. Indeed, vitiligo 
can be regarded as an autoimmune disease where 
T cells with high-affinity T-cell receptors reactive 
with melanocyte antigens escape clonal deletion 
and enter the circulation, contributing to destruc-
tion of melanocytes when these T cells find their 
way to the skin. Another indication for the involve-
ment of autoimmunity in vitiligo is the definitive 
association between AIS-1 through AIS-4 muta-
tions and vitiligo as described for large families 
with an increased prevalence of vitiligo by Spritz’s 
group.302,327

Finally, in the effector phase, levels of intact 
CTLA-4 expression are important to compete with 
B7 for its association with CD28 in order to pre-
vent a self-perpetuating immune response.328 In 
this respect, CTLA-4 polymorphisms associated 
with vitiligo exist that may interfere with B7–
CD28 effective intervention.309,329,330 It is not clear 
how the described polymorphism will identify with 
altered function or longevity of the CTLA-4 gene 
product. There is currently an interest in TNF-a 
and its role in autoimmunity. Vitiligo is associated 
with class I cytokine expression including TNF-a, 
and anti–TNF-a treatment has been proposed for 
vitiligo patients.331 Whereas this treatment may 
prove effective, there does not appear to be a muta-
tion in the promoter region of the gene associated 
with vitiligo.332

Vitiligo not only involves autoresponsiveness of 
the immune system, but is also believed to affect 
the efficiency by which the defining cell type, 
the melanocyte, can respond to conditions of skin 
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stress and subsequent generation of radicals within 
the skin environment. Thus genes associated with 
vitiligo will likely be associated with melano-
cyte viability. The compound etiology of vitiligo, 
involving susceptibility genes, stress to the skin 
affecting melanocyte viability, and a progressive 
autoimmune response to melanocytes, is illustrated 
in Fig. 38.7. At a functional level, there has been 
discussion of the involvement of antiapoptotic pro-
teins in vitiligo etiology. Elevated p53 expression 
has been demonstrated in vitiligo skin,333,334 which 
is important in the (anti)apoptotic response.

To identify genes differentially expressed in vitiligo 
melanocytes compared to control melanocytes, 

gene expression analysis has been performed 
which has led to the identification of a novel gene 
(VIT1). The VIT1 transcript is largely complemen-
tary to a G/T mismatch repair gene, and reduced 
expression in vitiligo melanocytes likely signifies 
an increased need for G/T mismatch repair in 
vitiligo melanocytes.305 Another gene that appears 
to confer selective sensitivity to environmental 
cues in vitiligo melanocytes is catechol-O-methyl-
transferase (COMT). Significantly elevated expres-
sion of COMT in vitiligo skin again supports the 
need for neutralization of radicals generated within 
vitiligo skin.335 More commonly associated with 
Parkinson’s disease, it is interesting that polymor-

Fig. 38.7. Essentials of vitiligo etiology. Stress to the skin in the form of wounds or burns, excessive sun exposure, or 
contact with bleaching phenols will differentially affect melanocytes from vitiligo patients and control individuals (1). 
Differential gene expression among melanocytes and cross-talk with neighboring keratinocytes contribute to expres-
sion of chemokines and accessory molecules (2), recruiting an inflammatory infiltrate of T cells and macrophages 
(3) that further induce melanocyte apoptosis and selectively eliminate remaining melanocytes and melanocytic cell 
remnants from vitiligo epithelium (4)
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phisms in the COMT gene have been described 
among vitiligo patients.307

Most research with respect to enhanced sus-
ceptibility of vitiligo melanocytes to environ-
mental stress, however, has been performed in 
relation to catalase gene expression. Catalase 
function appears to be impaired in vitiligo, and 
pseudocatalase treatment for vitiligo patients is 
based on the principle that the oxidative stress 
balance may be relieved in vitiligo skin by this 
treatment336,337 (see Medical Therapies, above). 
Thus several investigative groups have set out 
to identify alterations in the underlying catalase 
gene among vitiligo patients.338–340 The relative 
abundance of specific allelic variants among 
vitiligo patients has been investigated, yet exist-
ing allelic variants are not known to affect 
catalase function. Other genes proposed to be 
associated with vitiligo include angiotensin-con-
verting enzyme,308,341 lymphoid tyrosine phos-
phatase,310,342 vitamin D receptor Apa-I343 and an 
estrogen receptor gene,306 and finally transcrip-
tion factor FoxD3,312 all of which may selectively 
affect melanocyte physiology in ways not fully 
understood to date. Clearly, a further understand-
ing of genes associated with vitiligo etiology can 
provide us with an understanding of the relative 
importance of melanocyte susceptibility and the 
immune system, and point to novel treatments 
for this disease.

Conclusion

Vitiligo vulgaris is defined as an idiopathic, acquired 
type of leukoderma manifested by depigmenta-
tion of the epidermis resulting from destruction 
of melanocytes. In vitiligo, certain sets of genes 
render the melanocyte fragile and susceptible to 
undergoing apoptosis. The genetic basis for vitiligo 
is multifactorial. Vitiligo usually affects interfollic-
ular melanocytes and spares follicular melanocytes, 
but both types of cells can be destroyed in severe 
cases. Early vitiligo results in hypopigmentation, 
that is, tri- or pentachrome vitiligo, but advanced 
vitiligo causes depigmentation. Medical therapies 
for vitiligo involve ultraviolet radiation or topical 
medications, such as steroids or immunomodula-
tors. Surgical treatment for vitiligo involves graft-
ing of autologous skin.
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Alopecia Areata
Richard S. Kalish and Amos Gilhar

Key Points

• Alopecia areata is an autoimmune disease of the 
hair follicle and nail matrix.

• Alopecia areata is associated with other autoim-
mune conditions, such as thyroid disease and 
vitiligo.

• There are no gender differences in the incidence 
of alopecia areata.

• Polymorphisms of interleukin-1 receptor antago-
nist, alleles of macrophage migration inhibitory 
factor, and Notch4 are associated with alopecia 
areata.

• The primary histology of alopecia areata is a peri-
follicular lymphocytic infiltrate, predominately 
CD4+ cells.

• The inflammatory T cells of alopecia areata are 
cytotoxic and possess both the Fas/Fas ligand and 
granzyme B cytotoxic mechanisms.

• The inflammatory T cells of alopecia areata 
have a T-helper-1 cytokine bias and express 
interferon-g.

• During early alopecia areata, anagen arrest is 
followed by conversion of the hair follicle from 
anagen to catagen, followed by telogen.

• Neuroendocrine factors may result in loss of 
immune privilege that may mediate initiation of 
alopecia areata.

• Limited alopecia areata has a high rate of spon-
taneous resolution, but can be treated with ster-
oids, anthralin, topical sensitizers, or topical 
minoxidil.

Alopecia areata is an autoimmune disease of the 
hair follicle and nail matrix. The two principal 

findings are hair loss and nail pitting. The hair loss 
is reversible with immunosuppression or immune 
modulation, and the disease is associated with other 
autoimmune conditions including thyroid disease 
and vitiligo. Hair loss can progress to alopecia tota-
lis, which is the complete loss of scalp hair, or to 
alopecia universalis, which is the complete loss of 
all body hair. The social and psychological burden 
for affected patients is considerable.

Epidemiology

The best estimate for the incidence of alopecia 
areata in the United States was derived from 
a population-based study of Olmstead County 
Minnesota.1 The incidence of alopecia was 20.2 
per 100,000 person-years, with an estimated life-
time risk of 1.7%. There was no difference between 
the sexes. The strength of this study is that it was 
population based, but the limitation of this study is 
that Olmstead County is relatively homogeneous 
compared to the population of the U.S.

A family history of alopecia areata varies greatly 
between populations and is a function of the sever-
ity of the disease as well as the age of onset. A pos-
itive family history among first-degree relatives has 
been reported to be as high as 47% for patients with 
early onset, in contrast to 1.6% for all patients.2 
The first onset is usually prior to age 40, with no 
difference between the sexes. A study of childhood 
alopecia areata in Kuwait determined the mean age 
of onset to be 5.7 years, with a positive family his-
tory of 51%.3 Eighty percent of patients had mild 
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disease. The high rate of positive family history in 
this study may reflect the early onset of disease.

The role of stress and psychiatric factors in alo-
pecia areata remains controversial. Many patients 
attribute the onset of their disease to stress.4 
However, population-based studies have found lit-
tle evidence of a significant correlation between 
psychiatric factors and onset of disease.5 However, 
patients with alopecia areata do have significantly 
higher levels of anxiety disorders and depression.6,7

Alopecia areata is also associated with thyroid 
disease and vitiligo. The rate of thyroid disease 
may vary greatly depending on population and 
other risk factors, such as age of onset and positive 
family history. Rates quoted for thyroid disease 
vary: 8.9% (Iran),8 2.3% (Singapore),9 and 7.2% 
(Thailand).10 Vitiligo has been reported to have an 
incidence of 4.1%.9 Association with thyroid dis-
ease is a lifetime risk and is not limited to the onset 
of the episode of alopecia.

Clinical relevance of this population data includes 
prognostic factors, and screening. Poor prognostic 
factors are early age of onset, extent of disease, and 
Down syndrome.9 Although the association with 
thyroid disease is variable, it is good practice to 
perform regular thyroid disease screening.

Genetics

Family studies demonstrate that alopecia areata 
has a genetic component. Multiple loci have been 
associated with increased risk of disease. As with 
most autoimmune conditions, alopecia areata has 
an association with major histocompatibility com-
plex (MHC) antigens. Human leukocyte antigen 
(HLA)-DQ3 is associated with alopecia areata 
across multiple populations,11,12 and the frequency 
of HLA-DQ3 is increased in patients with early 
onset, severe disease. DRB1*0401 (DR4) and 
DQB1*0301 (DQ7) are associated with alopecia 
totalis and universalis,13 indicating that there is 
genetic heterogeneity between mild and severe 
disease. HLA-A*02, -A*03, -B*18, -B*27, -B*52, 
and -Cw*0704 are all increased in a Chinese popu-
lation, demonstrating that MHC class I can be a 
involved in pathogenesis.14

Down syndrome is associated with alopecia 
areata,15 and genes on chromosome 21 are implicated 
in disease risk. Autoimmune  polyendocrinopathy–
candidiasis–ectodermal dystrophy (APECED) is an 

autosomal recessive condition marked by muco-
cutaneous candidiasis with multiple autoimmune 
endocrine failure including hypothyroidism, hypogo-
nadism, and type 1 diabetes mellitus. It is caused by 
mutations in the autoimmune regulator gene (AIRE), 
mapping to 21q22.3.16 Up to 30% of patients with 
APECED have alopecia areata, which is generally 
severe.17 However, AIRE mutations are not associated 
with alopecia areata in the general population.

Cytokine and cytokine receptor alleles 
are also associated with autoimmune disease. 
Polymorphisms of interleukin-1 (IL-1) receptor 
antagonist are associated with severe early-onset 
disease,18 as are alleles of macrophage migration 
inhibitory factor (MIF),19 and Notch4.20 Lymphoid 
protein tyrosine phosphatase (PTPN22), a C1858T 
allele, is associated with susceptibility to autoim-
mune disorders including severe alopecia areata.21

With the exception of AIRE mutations, most of 
the known genetic risks for alopecia areata are com-
mon alleles resulting in a two- to eightfold increases 
in relative risk. The diversity of genes involved 
suggests there are multiple genetic pathways to 
alopecia areata. A genome-wide linkage analysis 
of alopecia areata risk in the C3H/HeJ mouse also 
found multiple regions of interest,22 supporting a 
polygenetic inheritance. There is an alopecia areata 
registry in the U.S. devoted to further mapping and 
identifying genetic risks for alopecia areata.23 Such 
studies can potentially shed light on the processes by 
which multiple genes with a variety of functions can 
interact to induce autoimmune disease.

Clinical Features and Evaluation

The classic presentation of mild alopecia areata is 
a round area of hair loss with no clinical signs of 
inflammation (Fig. 39.1). The hair loss tends to 
be nearly complete within the lesion. There is no 
clinical evidence of scarring or loss of hair fol-
licles. Other features include “exclamation point” 
hairs, vellus hairs, and a positive hair-pull test. The 
latter is a clinical index of disease activity, and is 
an important part of the exam. Examination should 
include eyebrows, eyelashes, facial hair, and fin-
gernails. The typical nail change is pitting, often 
in a linear array,24 and may include trachyonychia 
and longitudinal ridging.25 Nail pitting may be a 
function of disease activity. Alopecia areata may 
present as a solitary lesion, or as a multitude of 
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circular lesions, which may progress to widespread 
reticular alopecia areata. Alopecia areata of the 
occipital scalp, the ophiasis region, is common, and 
tends to be more recalcitrant to therapy. Eyebrows 
and eyelids are also commonly involved. Patients 
may report scalp symptoms with disease activity, 
including “tingling.” Diffuse alopecia areata is 
an atypical presentation of rapid-onset alopecia 
involving the entire scalp. Other than a grossly 
positive hair-pull test, the typical findings may 
be absent, and diagnosis may require a biopsy. In 
patients with mixed gray and dark hairs, alopecia 
areata tends to spare white hairs, and the initial hair 
regrowth may be white. This has led to specula-

tion on the role of melanocyte antigens in alopecia 
areata. Alopecia areata may progress to alopecia 
totalis, involving the entire scalp, or alopecia uni-
versalis, involving all scalp and body hair including 
eyebrows and eyelids.

Evaluation of patients with alopecia areata 
should include a complete history, as well as 
examination of the scalp, facial hair, and nails. 
The history should include a personal history of 
atopy, and a family history of alopecia areata, thy-
roid disease, and vitiligo. Diseases to be excluded 
include inflammatory diseases of the scalp, such 
as lupus erythematosus, and lichen planopilaris. 
Alopecia areata should not exhibit erythema or 

Fig. 39.1. Clinical presentations of alopecia areata. From left to right: limited alopecia areata, reticular diffuse alo-
pecia areata, ophiasis pattern, and alopecia universalis
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scaling. Other conditions to be excluded include 
frontal fibrosing alopecia, which may mimic alo-
pecia areata, but has histologic features of lichen 
planopilaris,26 and trichotillomania. The hair-pull 
test is important both in diagnosis and clinical 
evaluation of alopecia areata. A positive hair pull 
is defined as the removal of five hairs with a gentle 
pull. The test is not diagnostic. Positive results may 
also be obtained with severe telogen effluvium.27 
However, the hair pull is the best clinical index 
of disease activity and should be performed both 
at the perimeter of existing lesions as well as dif-
fusely throughout the scalp.

Laboratory evaluation should include a complete 
blood count and thyroid function tests. There is 
some evidence that patients with iron-deficiency 
anemia respond poorly to treatment, and serum fer-
ritin determination may be appropriate in patients 
with a low mean cell volume (MCV) on a screen-
ing blood count.28 Patients should be instructed to 
have thyroid function tests obtained yearly by their 
primary care provider.

An important part of the clinical evaluation is a 
determination of the patient’s ability to cope with 
the condition, as well as interference with social 
functioning. A scoring system for alopecia areata 
has been published for use in clinical studies.29 
The percentage of hair loss is graded from S1 to 
S5 in 25% increments, with S1 indicating 0% and 
S5 indicating 100% hair loss. This scoring system 
is essential for clinical studies in that it provides 
standard comparisons. However, it remains prima-
rily a research tool.

Histology of Alopecia Areata

The primary pathology of alopecia areata is a 
perifollicular lymphocytic infiltrate.30 However, 
the pathologic changes vary with stage of dis-
ease.31 Early active disease is associated with a 
lymphocytic infiltrate around the terminal hair 
bulb (Fig. 39.2). Anagen arrest follows, with con-
version of the hair follicle from anagen to catagen, 
followed by telogen. The numbers of telogen hairs 
increase dramatically. The follicle attempts to 
cycle into anagen, which is aborted by inflamma-
tion, resulting in a miniaturized anagen or telogen 
hair. Terminal hairs are replaced by vellus hairs, or 
nanogen hairs, which are located in the mid-der-

mis and lack hair shafts. Quantitative changes in 
terminal, telogen, catagen, and vellus hairs are best 
observed in horizontal sections. Recovery is asso-
ciated with resolution of inflammation and increase 
in terminal hairs.

Evidence of an Autoimmune 
Pathogenesis

Alopecia areata is associated with autoimmune thy-
roid disease and vitiligo. Risk factors include spe-
cific immune response genes. Histology is marked 
by perifollicular infiltrates of T lymphocytes. The 
perifollicular lymphocytes are predominantly 
CD4+ T cells, whereas the few intrafollicular lym-
phocytes tend to be CD8+ T cells. Further support 
for an autoimmune pathogenesis has been derived 
from human scalp graft/severe combined immu-
nodeficiency disease (SCID) mouse studies, and 
animal models.32,33

Grafting of bald scalp from alopecia areata patients 
to nude mice results in hair regrowth, suggesting that 
hair growth is prevented by immunologic factors.34 
Autoantibodies to hair follicles are consistently 
found in alopecia areata.35,36 However, the follicular 
structures labeled are variable and the role of anti-
bodies in pathogenesis is uncertain. Furthermore, 
injection of patient serum into human skin grafts on 
nude mice does not induce hair loss.37

Hair Follicle Immune Privilege 
and Its Role in Alopecia Areata

Hair follicles have properties of an immune privi-
leged site.38 This is true of both mice and humans. 
During anagen, the proximal (lower) hair fol-
licular epithelium of normal hair follicles does not 
express major histocompatibility complex (MHC) 
class I or class II molecules.39,40 Absence of 
MHC during anagen is localized to keratinoc-
ytes of the matrix and inner root sheath. There is 
also a decrease of Langerhans’ cell and dendritic 
cell density in the proximal hair follicle.41 Other 
mechanisms of immune privilege in the anagen 
hair follicle include production of immunosuppres-
sive cytokines melanocyte-stimulating hormone-a 
(MSH-a), transforming growth factor-b (TGF-b), 
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Fig. 39.2. Histology and immunohistochemistry of alopecia areata. (A) Histology demonstrating dense perifollicular 
lymphocytic infiltrate. (B) Human leukocyte antigen (HLA)-A,B,C expression on follicular epithelium as well as 
epidermis. (C) HLA-DR expression on follicular epithelium. (D) Intercellular adhesion molecule 1 (ICAM-1). (E) 
CD4+ T cells, perifollicular. (F) CD8+ T cells, intrafollicular
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and insulin-like growth factor-I (IGF-I).38 Similar 
mechanisms of immune privilege are also found in 
the proximal nail matrix, another target for alopecia 
areata.42 The role of hair follicle immune privilege 
is uncertain. One obvious role would be to protect 
hair follicles from autoimmune attack, since loss of 
hair could be fatal to an animal. However, the bulge 
region containing hair follicle stem cells expresses 
MHC class I and is not subject to this protection.38 
It was proposed by Paus et al.39 that loss of immune 
privilege allows for T-cell recognition of seques-
tered autoantigens, resulting in alopecia areata.

Alopecia areata is associated with loss of hair 
follicle immune privilege. Both humans and C3H/
HeJ mice with alopecia areata express MHC 
classes I and II on proximal follicular epithelium 
(Fig. 39.2).43 Such expression of MHC I and II on 
proximal follicular epithelium can be induced by 
interferon-g (IFN-g).44 Induction of MHC class I 
on proximal hair follicles may initiate an autoag-
gressive response by melanocyte reactive CD8+ T 
cells.39 These CD8+ cells may then induce HLA-
DR on the affected hair follicles by production of 
IFN-g, resulting in a second wave of CD4+ cells.

The immune privilege hypothesis for alopecia 
areata was tested in the C3H/HeJ mouse system. 
These mice develop spontaneous alopecia areata 
with age. Follicular expression of MHC classes 
I and II can be induced by intravenous injection 
of IFN-g. Injection of C3H/HeJ female mice with 
IFN-g resulted in a significant increase in the rate 
of development of alopecia areata associated with 
follicular expression of MHC class I and II.45 Hair 
loss could only be induced in genetically suscepti-
ble C3H/HeJ mice.

Lessons from Animal Models

Alopecia areata develops spontaneously in 20% of 
female C3H/HeJ mice by 6 months of age.46 The his-
tology of these lesions is similar to that of the human 
disease, with a perifollicular inflammatory infiltrate 
of lymphocytes, as well as abnormal expression of 
HLA-DR, HLA-A,B,C, and intercellular adhesion 
molecule 1 (ICAM-1) by follicular epithelium. It is 
possible to transfer the alopecia areata to unaffected 
C3H/HeJ mice by grafting involved skin.47 Transfer 
of the disease requires an intact immune system in 

the recipient animal. Both CD4+ and CD8+ T cells 
have a role in the alopecia,48 in a direct parallel to 
the human condition.49 The DEBR rat is a second 
similar model of spontaneous alopecia.50 Alopecia 
areata in C3H/HeJ mice is dependent on IFN-g, as 
IFN-g–deficient mice are resistant to development of 
alopecia areata following skin grafting.51 Deficiency 
in IL-2 also protects mice from the transfer of 
alopecia areata.52 These data indicate that murine 
alopecia areata is mediated by cooperation between 
CD4+ and CD8+ lymphocytes and has a T-helper-1 
(Th1) cytokine profile.

Direct Evidence of T Cells in the 
Pathogenesis of Alopecia Areata

T cells are capable of transferring alopecia areata 
in a human skin graft model.53 Lesional (bald) 
human scalp plugs are grafted onto immunode-
ficient SCID mice. Following loss of passenger 
lymphocytes, the scalp hair regrows on the mouse. 
Additional scalp biopsies are obtained for isolation 
of lesional T cells. These T cells are cultured with 
homogenized hair follicles as a source of autoanti-
gen, as well a autologous antigen presenting cells 
and IL-2. Following in vitro culture, the T cells 
are injected into the scalp grafts, resulting in loss 
of hair. T-cell injected grafts express HLA-A,B,C 
as well as HLA-DR and ICAM-1. Hair follicle 
homogenate is essential to activate the T cells to 
induce hair loss, and presumably functions as a 
source of autoantigen.

Optimal transfer of hair loss in this system requires 
both CD4+ and CD8+ T cells.49 It is proposed that the 
CD4+ T cells provide help for the effector function 
of the CD8+ T cells. Inflammatory T cells of alo-
pecia areata are cytotoxic and possess both the Fas/
Fas ligand and granzyme B cytotoxic mechanisms.54 
Inflammatory T cells of alopecia areata have a Th1 
cytokine bias and express IFN-g.55

The clinical observation that alopecia areata 
tends to spare white hairs has led to the hypothesis 
that melanocyte antigens may have a role. This 
hypothesis was directly tested by using melanocyte 
antigens to stimulate lesional T cells in the human 
scalp graft system described above. Multiple 
melanocyte-associated HLA-A2 restricted peptides 
were found to stimulate lesional T cells to induce 
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hair loss,56 suggesting epitope spreading. This find-
ing does not rule out other non–melanocyte-associ-
ated epitopes.

Neuropeptides and Alopecia Areata

Hair follicles are integrated into the neuroendo-
crine network. They are innervated, produce hor-
mones, and express receptors for neuropeptides. 
Hair follicles even express a microcosm of the 
pituitary/adrenal axis, with production of cortico-
tropin-releasing hormone, adrenocorticotropic hor-
mone (ACTH), and cortisol.57 Neurons innervating 
hair follicles express substance P, nerve growth 
factor (NGF), calcitonin gene–related peptide 
(CGRP), and vasoactive intestinal peptide (VIP). 
These neuropeptides are capable of inducing neu-
rogenic inflammation, or immunosuppression in 
part through activation of mast cells.58 Calcitonin 
gene–related peptide can be immunosuppressive,59 
and CGRP-containing neurons are deficient in 
alopecia areata lesions.60 Substance P and NGF are 
both increased in mouse hair follicles following 
stress, and induce the hair follicles to enter cata-
gen.61 Stress also induces increases in perifollicular 
antigen presenting cells and activation of mast 
cells.62 Potentially, neuroendocrine factors can 
result in loss of immune privilege that may mediate 
initiation of alopecia areata.

Treatment

Limited alopecia areata often responds well to treat-
ment, and has a high rate of spontaneous resolution. 
However, extensive, long-standing disease has a 
poor prognosis and responds poorly to treatment. 
Common practice is to inject limited scalp lesions 
with intralesional triamcinolone (2.5 to 5 mg/mL). 
Response rates of 82%4 to 63%63 have been reported 
for excellent to complete response, with better 
responses in patients with limited disease of shorter 
duration. The hair-pull test can be used to determine 
areas of active disease for  intralesional injection.

Betamethasone foam and liquid are both reported 
effective for mild to moderate disease64; however, 
this finding conflicts with the general clinical expe-
rience. The most impressive results with topical 
corticosteroids have been achieved with Clobetasol 

propionate 0.05% with plastic film occlusion.65 
Good regrowth was seen at 14 weeks in 28% of 
patients with alopecia totalis or universalis. This 
is impressive given the poor prognosis of patients 
with such extensive disease. Side effects included a 
follicular eruption secondary to occlusion.

Anthralin is used topically for alopecia areata as 
an alternative to corticosteroids. Use of anthralin is 
limited by irritation, and it has been proposed that 
irritation is required for efficacy.66 Cosmetically 
significant or complete response rates have been 
reported of 25%67 and 56%68 for patchy alopecia 
areata after 23 or 20 weeks of treatment. Adverse 
effects that are intrinsic to the treatment are pruri-
tus, erythema, and scale. The mechanism of action 
of anthralin is not established, but may involve 
counterirritation, analogous to the countersensiti-
zation described for topical sensitizers.

Topical sensitizers have established activity 
against alopecia totalis and universalis. Contact 
sensitizers such as dinitrochlorobenzene, diphe-
nylcyclopropenone, or squaric acid dibutylester 
are first used to sensitize the patient. The agent 
is then painted on the scalp chronically at a mini-
mal erythema concentration. Dinitrochlorobenzene 
was the first such compound in clinical use, but 
has fallen out of favor because it is positive in 
the Ames mutagenicity test. Squaric acid dibutyl 
ester has been reported to have success rates 
as high as 43%.69,70 However, relapse is com-
mon. Diphenylcyclopropenone (diphencyprone, 
DPCP) initial sensitization is performed with 
2%, and application starts with 0.001%, which is 
progressively increased to maintain erythema.71 
Cosmetically significant response rates in totalis/
universalis patients are reported as 59%,71 71%,72 
and 48%.73 Adverse effects include erythema, 
pigmentation, enlarged lymph nodes, bullous ecze-
matous reactions, extension of contact dermatitis, 
and sleep disturbance. Unfortunately, the response 
tends to decrease over time such that only 60% 
of responders maintain response at 1 year, for an 
intent-to-treat analysis of 27% response at 1 year.73 
Other studies have reported good regrowth in 39% 
at 30-month follow-up.74 Prognostic factors for 
response to  diphenylcyclopropenone include the 
extent of disease, the age of onset, the duration, 
and atopy.75

Contact sensitizers are a hazard to all personnel 
who handle them, and precautions should be taken 
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to avoid accidental contact. None of these sensitiz-
ing compounds is approved in the U.S. by the Food 
and Drug Administration (FDA) for application to 
humans. It is strongly recommended for this reason 
that all of these compounds be used in the U.S. 
only with approved human investigation protocols. 
Despite these problems and adverse effects, topical 
sensitizers warrant further investigation because 
of their ability to effectively treat the most severe 
disease. Some European experts consider contact 
sensitizers the preferred treatment for alopecia 
totalis or universalis.76

Systemic psoralen plus ultraviolet A (PUVA) 
phototherapy has shown efficacy in alopecia 
areata.77,78 However, topical PUVA has given 
conflicting results. PUVA both eliminates lym-
phocytes in the papillary dermis, and has local 
and systemic immunosuppressive effects. The 
adverse effects of PUVA include burn, nausea, 
inconvenience, photoaging, and increased risk of 
skin cancer. PUVA should be used with great cau-
tion in children because of the high lifetime skin 
cancer risk.

Topical minoxidil (3% to 5%) may have modest 
efficacy for alopecia areata, and may have a role as 
an adjuvant therapy. Significant response has only 
been reported for patients with mild disease with 
response rates of 38%.79,80 Other studies with 3% 
minoxidil showed no difference from vehicle con-
trol.81 In combination with a 6-week taper of oral 
prednisone, patients receiving 2% minoxidil were 
more likely to maintain hair regrowth.82

Systemic corticosteroids are effective for alo-
pecia areata and have been well studied. Use is 
limited by systemic adverse effects and relapse 
after treatment. In one study, 43 patients were ran-
domized to oral prednisone 200 mg once per week 
vs. placebo for 3 months. After 6 months’ obser-
vation, eight of 23 patients treated with prednisone 
had significant regrowth vs. none of 20 in placebo 
group. However, two of eight responders relapsed 
when they were taken off prednisone, resulting 
in six of 23 (26%) long-term responders.83 Other 
protocols include oral prednisone 80 mg on 3 
consecutive days every 3 months,84 intramuscu-
lar triamcinolone acetonide 40 mg once a month 
for 6 months,84 methylprednisolone (8 mg/kg) 
IV on 3 consecutive days at 4-week intervals for 
three courses (67% response),85 dexamethasone 
5 mg po on 2 consecutive days each week (63% 

response),86 and 300 mg prednisolone monthly 
oral pulse (60% response).87 All the above pro-
tocols require significant corticosteroids with 
associated adverse effects. An alternative use of 
systemic corticosteroids is as a temporary bridge 
in patients with very active extensive disease, 
while treating with topical agents or intralesional 
corticosteroids.

Biologic response modifiers have not yet 
shown efficacy in alopecia areata. Agents that 
have been tested with negative results include 
etanercept88 and efalizumab.89 Lack of response 
to efalizumab was surprising, since this agent 
both inhibits lymphocyte homing and antigen 
presentation. Oral cyclosporine at high doses 
(6 mg/kg/day) is effective in alopecia areata.90 
However, both topical cyclosporine91 and tac-
rolimus92 are ineffective, presumably because of 
poor penetration.

Treatment would be incomplete without atten-
tion to the patient’s ability to cope with the 
disease. It is the role of the physician to help, 
not necessarily to cure. Many patients with poor 
prognosis need to resort to wigs (scalp prosthe-
sis). The physician can help by submitting the 
forms for insurance coverage for these expensive 
items. Patients should be monitored for signs of 
depression or anxiety and appropriately referred. 
It is also important to inform patients as to the 
nature of their disease. The best referral for 
additional information and patient support is 
the National Alopecia Areata Foundation (www.
naaf.org).

Future Prospects

Although initial trials with biologic response modi-
fiers have been disappointing, there are many 
pathways to be explored. Alopecia areata activity 
is associated with a Th1 T-cell response, and hair 
regrowth is associated with IL-10. It may be pos-
sible to deviate the immune response from Th1 to 
Th2 by treatment with IL-10 or anti–IL-12. Paus 
et al.38 suggested that the ultimate treatment for 
alopecia areata and other organ-specific autoim-
mune diseases is to reestablish immune privilege. 
Theoretically, this may be achieved with immuno-
suppressive cytokines produced by the proximal 
hair follicle such as TGF-b and MSH-a.
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Conclusion

Alopecia areata is an autoimmune disease of the hair 
follicle and nail matrix. It is associated with other 
autoimmune conditions, such as thyroid disease and 
vitiligo. Although alopecia areata has a genetic com-
ponent, there are no gender differences in its inci-
dence. Polymorphisms of IL-1 receptor antagonist, 
alleles of macrophage migration inhibitory factor, 
and Notch4 are associated with alopecia areata. The 
primary history of alopecia areata is a perifollicular 
lymphocytic infiltrate, predominately CD4+ cells. 
During early alopecia areata, anagen arrest is fol-
lowed by conversion of the hair follicle from anagen 
to catagen, followed by telogen. The inflammatory 
T cells of alopecia areata are cytotoxic and pos-
sess both the Fas/Fas ligand and granzyme B 
cytotoxic mechanisms. In addition, these inflam-
matory cells have a Th1 cytokine bias and express 
IFN-g. Neuroendocrine factors may result in loss of 
immune privilege that may mediate initiation of alo-
pecia areata. Limited alopecia areata has a high rate 
of spontaneous resolution, but can be treated with a 
variety of interventions including steroids, anthralin, 
topical sensitizers, and topical minoxidil.
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Key Points

• Cutaneous lupus erythematosus is a term that 
describes a spectrum of skin disease that has a 
pathophysiology related to lupus erythematosus 
and is bound by common histopathologic or 
molecular criteria.

• Cutaneous lupus erythematosus may occur in the 
setting of systemic disease or in the absence of 
detectable disease.

• Cutaneous lupus erythematosus may be classified 
as acute, subacute, or chronic, based on the clini-
cal presentation.

• In systemic lupus erythematosus, skin lesions 
are second only to joint disease as the most fre-
quently affected organ.

• Other morphologic variants can occur in the 
skin, such as vesicular lesions (bullous lupus 
erythematosus), mucosal lesions (ulcers), and 
panniculitis.

• Specific laboratory abnormalities can occur in 
systemic lupus erythematosus, and may be asso-
ciated with some clinical variants of cutaneous 
lupus erythematosus.

• The pathogenesis of systemic lupus erythemato-
sus and cutaneous lupus erythematosus represent 
an autoimmune response targeted to various tis-
sues. This occurs because of genetic susceptibility 
and environmental factors (such as UV light).

• There are a variety of treatments for cutaneous 
lupus erythematosus, ranging from photopro-
tection from UV light, to topical and systemic 
glucocorticosteroids, as well as nonsteroidal 
antiinflammatory agents (antimalarials).

Lupus erythematosus (LE) is a broad term referring 
to disease phenotypes that are characterized by a par-
ticular form of aberrant immune activation. Disease 
presentation is heterogeneous, ranging from a sin-
gle-organ (i.e., skin) disorder to a multisystemic dis-
ease. As such, the term lupus erythematosus should 
be used with certain modifiers to more precisely 
specify the type of clinical illness that is being dis-
cussed. Systemic lupus erythematosus (SLE) refers 
to a unique medical diagnosis that is characterized by 
involvement of multiple organ systems and, although 
heterogeneous, is bound by certain commonalities 
of immune dysfunction. Cutaneous lupus erythema-
tosus (CLE) refers to the spectrum of skin disease 
that has a pathophysiology that is related to LE and 
is bound by common histopathologic or molecular 
criteria (see below). After accepting this definition 
of CLE, it is important to understand that the same 
lesions can also be found as isolated cutaneous find-
ings in an otherwise healthy individual.

When considering the patient with SLE, one 
must remember that CLE is not the only form of 
skin disease related to the underlying disease. It is 
useful to consider the classification scheme devel-
oped by Gilliam and Sontheimer1 in which the skin 
findings in a patient with SLE are further charac-
terized as either LE specific or LE nonspecific. 
LE-specific skin disease refers to CLE and gener-
ally has one or more of the following histologic 
features: lichenoid tissue reaction with or without 
basal keratinocyte vacuolar change, hyperkeratosis, 
thickening of the epidermal basement membrane, 
perivascular or perifollicular mononuclear cell 
infiltrate, and dermal mucin deposition.
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In contrast, LE nonspecific disease refers to 
those cutaneous findings that, although driven by 
the underlying SLE, do not possess the typical 
histologic features of CLE and can also be seen in 
other disorders. LE nonspecific disease includes 
vascular abnormalities (e.g., vasculitis, vasculop-
athy, Raynaud’s), mucosal ulceration, alopecia, 
and photosensitivity.2 This chapter discusses only 
LE-specific skin disease (i.e., CLE). However, it 
should be noted that LE nonspecific skin disease 
is of paramount importance to the clinician, as its 
presence can be an indicator of systemic disease 
and can reflect SLE disease activity.

Classification

Lupus erythematosus (LE)-specific skin disease 
can be classified clinically, serologically, or his-
topathologically. We employ the scheme of Gilliam 
and Sontheimer,1 which relies heavily on clini-
cal manifestations, and divides lesions into acute 
(ACLE), subacute (SCLE), and chronic (CCLE). 
It should be noted that these terms refer to both the 
morphologies and the pace of the cutaneous lesions 
themselves. The fact that some forms of LE-specific 
skin disease such as ACLE are strongly associated 
with SLE disease activity is one reason why it is 
so vital to carefully categorize LE-specific disease, 
as this can give a clue to whether the findings are 
isolated or are occurring in the context of SLE. With 
any classification system, there are cases that do not 
fit neatly into a group; one example of this would be 
what has been designated “LE indeterminate” skin 
disease that has been described in African-American 
patients.3 In addition, these categories are not mutu-
ally exclusive; that is, patients may have more than 
one type of LE-specific skin lesion either at the same 
time or during the course of their disease.

Epidemiology

There are few population-based data concerning the 
epidemiology of CLE, particularly isolated forms of 
CLE such as SCLE and classic discoid LE (DLE) 
that typically are not associated with clinically 
significant SLE. From a comprehensive review of 
the literature, Tebbe and Orfanos4 have estimated 
that patients having isolated forms of CLE might 
outnumber patients having SLE by severalfold.

In the context of SLE, the skin appears to be 
second only to the joints as the most frequently 
affected organ.5–7 For ACLE, the association is so 
strong with SLE that the epidemiology of ACLE 
would be expected to be similar to that of patients 
with SLE.3 Assuming that ACLE is synonymous 
with “malar rash” as well as “maculopapular rash,” 
facial ACLE appears to occur in 20% to 60% of 
large LE patient cohorts, while the “maculopapu-
lar rash” of SLE occurs in 35% of SLE patients.6 
Malar rash/ACLE is more common in whites than 
blacks, and in women and younger patients.6,8,9

Subacute CLE occurs predominately in white 
females of all ages. The original cohort of 
Sontheimer et al.10 showed that 70% were female 
and 85% were white, with a mean age of 43.3 
years. These patients have been shown to comprise 
7% to 27% of the total LE cohort in several stud-
ies.3 A recent study using an anti-Ro/SSA registry 
followed by patient-reported photosensitive skin 
disease estimates an incidence and prevalence of 
4.8 (per year) and 6.2 to 14 per 100,000 persons, 
respectively, for SCLE.11

Chronic CLE really has no reliable population-
based data, as these patients are underrepresented 
in studies from rheumatologists and internists and 
overrepresented by dermatologists. Also, many 
of the studies were done before the creation of 
the updated American College of Rheumatology 
(ACR) clinical classification criteria and before the 
advent of certain serologic and laboratory tests that 
made classification of LE-specific disease more 
tenable. It appears that DLE lesions, the most com-
mon form of CCLE, can be found in 15% to 30% 
of SLE patients at some point in time during their 
disease course.12 Approximately 5% to 10% of 
SLE patients present with DLE skin lesions.13 The 
female/male ratio of DLE is between 3:2 and 3:1 
(much lower than in SLE), and typical age of onset 
is between 20 and 40 years.14 It is controversial 
whether whites are more commonly affected than 
blacks.14,15

Cutaneous Manifestations

Acute Cutaneous Lupus Erythematosus

Acute CLE can either be localized to the face or gener-
alized. The classic “butterfly rash” consists of confluent 
or patchy macular erythema with or without papules, 
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edema, and induration, scattered across the malar emi-
nences and bridge of the nose. The forehead, chin, and 
V-area of the neck can be involved (Fig. 40.1A). The 
nasolabial folds are typically spared. Although it is 
usually symmetrical, this is not always the case. There 
can be some mild degree of hyperkeratosis.

Generalized ACLE is less common and presents 
as a widespread morbilliform eruption, often accen-
tuated in a photodistributed pattern over the exten-
sor aspects of the arms, forearms, and dorsal hands 
and fingers. Over the dorsal fingers during the 
early phase of the disease, the hair-bearing inter-
phalangeal areas are especially targeted while the 
knuckles are spared. Some patients experience an 
extreme form of ACLE that simulates toxic epider-

mal necrolysis (TEN), due to the intense lichenoid 
inflammation.16 Of note this is one mechanism for 
the development of vesicular lesions in CLE.

Lupus erythematosus patients can experience 
several types of vesiculobullous skin disease. In 
bullous SLE, patients typically with active SLE 
can present with vesicles (which appear similar 
to dermatitis herpetiformis) or bullae on the face, 
arms, and trunk.3 Histopathologic examination of 
the skin often reveals papillary dermal neutrophilic 
microabscesses as well as deposition of multiple 
immunoreactants at the dermal–epidermal junc-
tion. In some cases, these antibodies have been 
shown to bind type VII collagen, while in others 
the multiple immunoreactants are more consist-

Fig. 40.1. Lupus-specific skin disease. (A) Acute cutaneous lupus erythematosus (LE). (B) Drug-induced subacute 
cutaneous LE secondary to rabeprazole (Aciphex; R. D. Sontheimer, personal unpublished observation). (C) Classic 
discoid LE affecting the chin and lips. (D) Classic discoid LE affecting the scalp and external ears with scarring 
alopecia and postinflammatory hypopigmentation
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ent with nonspecific immune complex deposition. 
Thus, these lesions clinically and histologically 
simulate dermatitis herpetiformis or epidermolysis 
bullosa acquisita, but the clinical distribution and 
multiplicity of immunoreactants distinguish these 
cases. As “bullous SLE” does not share the his-
topathologic findings that are typical of CLE, it can 
be considered as a form of LE-nonspecific vesicu-
lobullous skin disease. Vesiculobullous annular 
SCLE is an example of vesiculobullous LE-specific 
skin disease. Of note, vesiculation can also result 
from other blistering disorders, such as bullous 
pem phigoid, dermatitis herpetiformis, porphyria  
cutanea tarda, and pemphigus vulgaris that 
have rarely been reported to occur concordantly 
with LE.

In addition, superficial ulceration of the oral or 
nasal mucosa can occur in ACLE. These lesions are 
often asymptomatic, transient, and tend to occur on 
the hard palate (although virtually any area of the 
oral mucosa can be involved).2,17

The lesions of ACLE are typically photosensi-
tive and transient, usually lasting several days or 
weeks. Patients can concurrently develop SCLE, 
or, less commonly, DLE lesions. The ACLE lesions 
do not scar but can result in predominate postin-
flammatory pigmentary alteration, especially in 
dark-skinned patients.

The differential diagnosis for ACLE includes 
any dermatosis that can produce a red face, with 
common diagnoses being acne rosacea, dermato-
myositis, seborrheic dermatitis, contact dermatitis, 
polymorphous light eruption (PMLE), and drug 
eruptions. Special note should be made regarding 
PMLE, which can occur in up to 50% of patients 
with SLE, and can often be distinguished by a more 
rapid onset (i.e., hours) and resolution of the photo-
sensitive lesions.18

Subacute Cutaneous Lupus 
Erythematosus

First described as a distinct entity by Gilliam in 
1977, SCLE is the prototype of a LE-specific skin 
disease that is defined by clinical, serologic, and 
genetic features.10 Clinically, these lesions present 
as either scaling papules or small plaques (“pso-
riasiform type”) (Fig. 40.1B) or scaling, annular, 
or polycyclic plaques (“annular type”); these forms 
are equally prevalent.14 In general, one individual 

presents with one or the other type, though both 
forms can occur in a patient.

Lesions are characteristically photodistributed 
on the chest, back, extensor arms, and V-area of 
the neck; it is the experience of the authors and 
others that these lesions occur less commonly 
on the face compared to ACLE and DLE.14,19 
Eighty-five percent of all SCLE patients report 
photosensitivity.20 The inactive central portion 
of the radially spreading annular lesions is often 
hypopigmented. Rarely, patients can present 
with erythema multiforme–like lesions, simulat-
ing Rowell syndrome (erythema multiforme–like 
lesions occurring in SLE patients with La/SS-B 
antibodies).21 As in ACLE (see above), intense 
basovacuolar degeneration of epidermal kerati-
nocytes can result in vesiculation or crusting, 
which usually occurs at the active edge of annu-
lar lesions. This can resemble TEN in its extreme 
form.22 Lesions of SCLE typically heal without 
scarring, but permanent hypopigmentation or 
telangiectasias can occur. Subacute CLE patients 
can also develop the lesions of ACLE or classic 
DLE. Localized facial ACLE has been reported 
to occur in 20% of patients,3 while various 
reports document DLE lesions in 0% to 30% of 
SCLE patients.11,20 In contrast to SCLE, ACLE 
lesions tend to be more transient, less scaly, 
more edematous, and associated with less pig-
mentary change, and, as previously mentioned, 
more commonly affect the face. The absence of 
induration in SCLE lesions can serve as a clini-
cal distinguisher from DLE and LE tumidus.

The differential diagnosis for SCLE includes 
psoriasis, dermatophyte infections, pityria-
sis rubra pilaris, polymorphous light eruption 
(PMLE), nummular eczema, dermatomyositis, 
and mycosis fungoides. Annular lesions can be 
confused with granuloma annulare, erythema 
multiforme, and gyrate erythemas. However, the 
inactive centers of SCLE lesions are typically 
hypopigmented while those of other annular 
disorders are typically pigmented normally or 
hyperpigmented.

Chronic Cutaneous Lupus Erythematosus

Classic DLE is the most common form of CCLE. 
These lesions begin as erythematous papules, 
which then develop scale and evolve into larger 
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plaques covered by adherent scale that are usually 
associated with follicular plugging and peripheral 
hyperpigmentation. When the adherent scale is 
peeled back, follicle-sized keratotic spikes can be 
seen to project from the underside (the so-called 
“carpet tack sign”). The lesions expand slowly, 
leaving central atrophy, scarring, telangiectasia, and 
depigmentation (Fig. 40.1C). Hyperpigmentation 
is often seen at the active borders of lesions. The 
combination of peripheral hyperpigmentation and 
central depigmentation is especially prominent in 
African American DLE patients (Fig 40.1D). Some 
lesions of DLE can present only as macular hyper-
pigmentation, especially in Asian Indians.23

Discoid LE lesions occur most often on the face, 
ears (especially the conchae), scalp, V-area of the 
neck, and extensor aspect of the arms. Any facial 
structure can be involved, including eyebrows, 
eyelids, nose, and lips. Periocular lesions are 
often misdiagnosed and can present as blepharitis, 
conjunctivitis, or periorbital edema.14 Lesions can 
occur in the malar distribution, but their chronicity, 
epidermal change, and scarring should distinguish 
them from the classic malar rash of ACLE. An 
acneiform pattern (often in the perioral area or the 
chin) that resolves with pitted scarring is rarely 
seen.14,24 Compared with ACLE or SCLE, DLE 
is less commonly reported to be associated with 
ultraviolet (UV) exposure. Patients are often una-
ware of the time lag (up to 4 weeks) following sun 
exposure, and many lesions do not occur in sun-
exposed areas (e.g., hairy-bearing scalp, conchal 
bowl of ears).25,26

Scalp involvement occurs in 60% of patients with 
DLE, with persistent activity resulting in permanent 
scarring (Fig. 40.1D). However, alopecia that is 
associated with DLE can be reversible when it is 
secondary to early inflammation of DLE, the telo-
gen effluvium that represents an increase in under-
lying SLE activity, or alopecia areata that has been 
shown to be commonly associated with DLE.27

Discoid LE lesions are considered to be local-
ized if they occur only on the head and neck, while 
lesions above and below the neck are referred to as 
generalized. Lesions can also occur on the palmar 
or plantar surfaces,28,29 the nail unit,14,30 in areas 
of trauma (the Koebner or isomorphic response).31 
Follicular DLE lesions have been described, often 
around the elbow, and may be more common in 
African-American and Asian patients.31,32

Hypertrophic DLE is a rare variant in which 
hyperkeratotic lesions occur (often on the extensor 
extremities, upper back, and face). Histopathology 
can reveal features of squamous cell carcinoma, 
which can lead to confusion regarding diagnosis.33 
Even if patients have classic DLE lesions else-
where, the clinician should still be aware that squa-
mous cell carcinoma can develop in long-standing, 
scarring DLE lesions.34,35

Well-developed lesions of DLE do not usu-
ally present a problem with differential diagnosis, 
although early lesions can be confused with PMLE, 
granuloma faciale, sarcoidosis, cutaneous lymphoid 
hyperplasia, lupus vulgaris, angiolymphoid hyper-
plasia with eosinophilia, and tertiary syphilis.

Mucosal DLE occurs in approximately 25% 
of CCLE patients.17 Oral lesions tend to occur 
on the buccal mucosa, and less commonly on the 
palate, gums, and tongue. Lesions have a sharply 
marginated, scalloped white border with central 
erythema. Central areas can erode, although lesions 
are typically painless. The surfaces of well-devel-
oped plaques on the palate can have a meshwork 
of raised hyperkeratotic strands giving a “honey-
comb” appearance.17 Fixed mucosal DLE lesions 
can be distinguished clinically from the transient 
superficial mucosal ulcerations that are often seen 
in active SLE patients. The lips can be involved 
with well-defined plaques or a diffuse cheilitis.3 
Such lesions can degenerate into squamous cell 
carcinoma.36 Involvement of the nasal, conjuncti-
val, and genital mucosa can occur.37

Chilblain LE is characterized by red-purple 
patches or papules on the toes, fingers, or face that 
are precipitated by cold or damp climates. At the 
onset these lesions are clinically indistinguishable 
from simple chilblain (or pernio) lesions that occur 
in healthy individuals.38,39 However, chilblain LE 
lesions tend to evolve into more classic acral DLE 
lesions, and it is postulated that this may be the 
result of a Koebner phenomenon in otherwise 
typical lesions of perniosis.3 Differential diagnosis 
includes other cold-induced vasculopathies, such 
as cold agglutinin disease or cryoglobulinemia.

Lupus erythematosus profundus, also called LE 
panniculitis, is a form of CCLE characterized by 
inflammation in the lower dermis or subcutis. This 
lesion occurs more commonly in women and is 
seen in 1% to 3% of SLE patients.3 Approximately 
70% of patients have overlying DLE lesions.40,41 
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Some have used the term LE profundus to specify 
those lesions that have concurrent overlying DLE 
activity, and the term LE panniculitis to refer to 
lesions displaying only subcutaneous inflamma-
tion. However, this is not a universally accepted 
convention.

Lupus erythematosus profundus/panniculitis 
lesions are characterized by 1- to 3-cm firm, deep 
nodules with initially normal-appearing overlying 
skin. With time, the nodules resolve and draw the 
surface of the skin inward, leaving deep, saucer-
ized depressions. Lesions tend to occur in the 
head, upper arms, buttocks, and thighs. Rarely, this 
entity can present as periorbital edema. Dystrophic 
calcification can occur in older lesions. Breast 
lesions (“lupus mastitis”) can be confused with 
carcinoma.14 Persistent, extensive LE profundus/
panniculitis lesions of the breast can necessitate 
mastectomy. Early lesions can be confused with 
morphea, while other forms of panniculitis (subcu-
taneous panniculitic T-cell lymphoma, sarcoidosis, 
factitial or traumatic panniculitis, subcutaneous 
granuloma annulare), and lipoatrophy (partial lipo-
dystrophy associated with autoimmune disease, 
drug-induced lipoatrophy, HIV-associated lipoat-
rophy) must be ruled out.

Typical lesions of lupus erythematosus tumidus 
(LET) are succulent, edematous papules, and 
plaques that arise due to accumulation of dermal 
mucin. These lesions are found with decreasing 
frequency on the face, back, arms, and chest.42,43 
In some individuals, large annular edematous 
plaques can be seen. The largest series reported 
resolution with no or mild topical treatment in 
nearly half of cases,43 although it has since been 
questioned that this series may have included 
many patients with PMLE.42 It is possible that this 
might account for the extreme photosensitivity 
that was reported in these patients.43 Other authors 
report these lesions to be chronic and difficult to 
treat and such patients are typically antinuclear 
antibody (ANA)- negative. Most affected patients 
do not have SLE.42–45 Lesions are characterized 
by perivascular and periappendiceal lymphocytic 
inflammation with dermal mucin deposition. 
Unlike other forms of LE-specific skin disease, 
there is absence of basal vacuolar changes in 80% 
to 100% of cases, with positive cases showing only 
focal and sparse keratinocyte necrosis.42,46 The 
LET lesions must be differentiated from PMLE, 

Jessner’s lymphocytic infiltrate, atypical lymphoid 
infiltrates, mycosis fungoides, reticular erythema-
tous mucinosis, DLE, SCLE, and figurate ery-
themas. Some have argued that LE tumidus and 
Jessner’s lymphocytic infiltrate in reality cannot 
be clearly distinguished.43

Laboratory Abnormalities

Little data are available concerning laboratory 
assessment of patients with ACLE. It is assumed 
that they would closely parallel the data that are 
available for patients with SLE.

Approximately 60% to 80% of SCLE patients 
have detectable ANAs, with a speckled/particulate 
ANA pattern being most common.47 This disease 
is characterized by positive anti-Ro/SSA antibod-
ies, present in 40% to 100% of patients, depending 
on the assays used.48,49 Anticardiolipin antibodies 
are present in 10% to 16%.50 Rheumatoid factor 
is present in one third of SCLE patients,48 and 
some patients initially present with rheumatoid 
arthritis long before a diagnosis of SCLE is made. 
Sm, double-stranded DNA (dsDNA), and U1 ribo-
nucleoprotein (U1RNP) antibodies are present in 
10% of SCLE patients.48 Antithyroid antibodies 
were reported in 18%51 and 44%52 of SCLE patients. 
Depending on the presence of SLE disease activity, 
cytopenias, hypergammaglobulinemia, proteinuria, 
hematuria, and depressed complement levels can 
also be seen.

In DLE, low ANA titers/levels (e.g., ≤1:40) 
are present 30% to 40% of the time in assays 
that employ human tumor cells as substrates. 
However, higher titers that are typically seen in 
SLE (≥1:160) are rarely encountered in patients 
having isolated forms of DLE.14 Anti-Ro/SSA 
antibodies are occasionally found, but the pres-
ence of anti-Sm, dsDNA, and La/SS-B antibod-
ies is uncommon.53 Fewer than 10% of patients 
have immunoglobulin G (IgG) anticardiolipin 
antibodies.54 A small percentage of DLE patients 
have positive rheumatoid factor, slight depres-
sion in complement, and leukopenia (see below). 
Antinuclear antibodies are present in approxi-
mately 75% of patients with lupus profundus/pan-
niculitis.14 The frequency of ANAs in patients 
with chilblain lupus was reported as nine of 14 
patients, with anti-dsDNA antibodies in four of 
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14 patients; these numbers might be an over-
estimate.39 Anti-Ro/SS-A antibodies have been 
variably found in these patients, and some authors 
have suggested that this is a marker for this dis-
order.39,55

Relationship to Systemic Disease

The rash of ACLE is generally presumed to 
always accompany SLE. One study suggests that 
the course of rash severity parallels SLE activ-
ity.12 Interestingly, studies have failed to support 
an association with renal or central nervous sys-
tem (CNS) disease, although this has not been 
studied adequately.14 One small study indicated 
that SCLE and DLE patients with normal lym-
phocyte counts are unlikely to have SLE.56

Approximately 50% of patients with SCLE 
meet ACR criteria for SLE.48,57 However, severe 
systemic disease (e.g., nephritis, CNS disease) 
develops in only 10% of SCLE patients.48 Some 
data confirm that the papulosquamous form of 
SCLE is more associated with renal involvement.14 
As stated above, rheumatoid arthritis has been 
reported to precede as well as follow a diagnosis 
of SCLE. In addition, 3% to 12% of SCLE patients 
later develop Sjögren syndrome.14 Finally, there 
are some reports that suggest that SCLE might 
be a paraneoplastic syndrome,14 but due to the 
paucity of cases, a causal relationship has not been 
proven.

Approximately 5% to 10% of patients present-
ing only with DLE lesions eventually develop 
SLE.14 Risk factors for progression include 
lesions above and below the neck, unexplained 
anemia, leukopenia, persistently positive high-
titer ANA, hypergammaglobulinemia, and posi-
tive lupus band test of nonlesional skin.58 Patients 
with evidence of nephropathy or arthralgias are 
also at increased risk of having SLE.59 Similar 
to SCLE, patients with lupus panniculitis have 
a 50% chance of having SLE, although this is 
usually mild, with only 10% meeting strict ACR 
criteria for SLE.14

In patients with known SLE, the presence of 
CCLE lesions (namely DLE, lupus panniculitis, or 
chronic mucosal plaques), appears to be associated 
with less severe systemic disease.14

Histopathology

The histopathology of CLE will be mentioned 
only briefly as it has been described in detail 
elsewhere.14 In general, ACLE, SCLE, and DLE 
have similar features, thus making it difficult to 
distinguish the subsets of CLE. Characteristic 
findings include liquefactive degeneration of the 
epidermal basal cell layer, variable hyperkera-
tosis, dermal edema and mucin deposition, and 
mononuclear cell infiltration around the dermal–
epidermal junction and dermis. This infiltrate 
consists mainly of CD3+ (both CD4+ and CD8+ 
cells, with other cell types including histiocytes 
and plasmacytoid dendritic cells (see below). In 
DLE, the dermal infiltrate is generally denser and 
can extend more deeply into the reticular dermis. 
In addition, DLE lesions can demonstrate fol-
licular plugging and more pronounced basement 
membrane thickening.

Variable deposition of immunoglobulin (IgM, 
IgG, IgA in decreasing frequency) and complement 
components can also be detected at the basement 
membrane zone of lesional skin. The frequency 
and intensity with which this is detected vary 
among studies and by the anatomic location of skin 
biopsies and the type of CLE.14

Hypertrophic forms of DLE are characterized 
by a greater degree of epidermal acanthosis and 
hyperkeratosis. Notably, some areas can have 
features of squamous cell carcinoma or keratoa-
canthoma. Lupus panniculitis/profundus generally 
spares the dermal–epidermal junction (if overly-
ing DLE is not present), and is characterized by a 
lobular panniculitis and perivascular mononuclear 
cell infiltrate.14 The infiltrate in the fat is com-
posed of histiocytes and lymphocytes (sometimes 
forming nodules) and can show variable hyaline-
fat necrosis or calcification. LE tumidus shows a 
perivascular and periadnexal lymphocytic infil-
trate with dermal mucin deposition. Studies show 
focal spotty keratinocyte necrosis in 0% to 20% 
of cases.42,46 Chilblain LE shows basal vacuolar 
degeneration, superficial dermal edema, and a 
perivascular lymphocytic infiltrate. Some authors 
conclude that these entities can be distinguished 
by histopathology, with idiopathic chilblains being 
characterized by perieccrine inflammation and 
spongiosis.60,61
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Pathogenesis

Most of the work pertaining to pathogenesis of 
cutaneous lupus relates to those forms of CLE 
that are characterized by interface dermatitis (i.e., 
ACLE, SCLE, and DLE). Thus, this section focuses 
on these manifestations of CLE. In addition, much 
of the discussion does not distinguish among the 
different types of CLE, except when otherwise 
noted.

Before considering the etiology of LE-specific 
skin disease, it is interesting to consider its relation-
ship with disease mechanisms that are associated 
with SLE. Evidence of a pathogenic relationship 
between cutaneous and systemic disease includes 
the association of LE-specific skin disease with 
SLE as well as the fact that, even in skin-limited 
disease, certain characteristic T- and B-lymphocyte 
abnormalities can be found systemically that mir-
ror those seen in SLE.62,63 The general concept 
that genetic susceptibility (i.e., human leukocyte 
antigen [HLA] haplotypes) and environmental trig-
gers (infection, medication, ultraviolet light) result 
in a loss of immunologic self-tolerance that then is 
manifested by the generation of autoantibodies and 
antigen-specific T lymphocytes that mediate tissue 
injury is likely operative in both cutaneous and 
systemic disease. However, it should be noted that 
there is no definitive evidence at present that dem-
onstrates that the cutaneous inflammation of CLE 
is due to an autoimmune response to antigen(s) in 
the skin. However, studies showing an oligoclonal 
expansion of T cells in the CCLE lesions are sug-
gestive of an antigen-driven reaction either in the 
skin or on the periphery.64,65 Interestingly, there 
is no evidence for this in infiltrates of lupus pan-
niculitis.66

Various genetic abnormalities are associated 
with different forms of LE-specific skin disease. 
Several HLA haplotypes have been associated 
with ACLE, SCLE, and DLE.3 This implicates a 
role for T lymphocytes, which may specifically 
be their role in providing help for antigen-specific 
B-cell responses, as a particular HLA-B8-DR2 
(DRB1*1501) DR3 (DRB1*0301) extended haplo-
type correlates with the anti-Ro/SS-A response.14 
A polymorphic variant in the tumor necrosis factor-α 
(TNF-α) promoter that is associated with increased 
TNF-α production is highly associated with SCLE 

and neonatal LE.67,68 Genetic deficiencies in 
complement components, such as C2, C3, C4, and 
C5 have been associated with SCLE or DLE.14 The 
role of C1q seems important, as complete congeni-
tal genetic deficiencies of this protein are a strong 
risk factor for photosensitive SLE.14 In addition, a 
polymorphism in the C1QA gene is associated with 
SCLE.69

Environmental factors play a role in the patho-
genesis of CLE. The paramount role of UV irra-
diation is discussed below. Assuming that ACLE 
is triggered by the same mechanisms as for SLE, 
chemicals such as L-canavanine, which is present 
in alfalfa sprouts and induces SLE, may be impor-
tant.14 Infections, especially those caused by viruses, 
are also triggers for SLE. Multiple medications 
have been associated with the clinical induction 
of SCLE and less so with DLE14 (Table 40.1). It 
has been proposed that these may do so via induc-
ing photosensitivity, which might result in disease 
activity via UV-specific mechanisms or simply via 
the Koebner phenomenon that results from pho-
todamage. Although numerous drugs can induce 
SLE (e.g., procainamide, hydralazine, isoniazid), 
drug-induced SLE is typically not associated with 
cutaneous findings. Similarly, trauma appears to 
induce a Koebner phenomenon, especially in DLE 
patients. Smoking has been implicated as a risk 
factor for the development of SCLE and DLE.14 It 
is unclear if this reflects a primary role for smok-
ing in the disease process or simply results from its 
known association with antimalarial resistance.

Any consideration of how the molecular patho-
genesis of CLE must involve consideration of the 
role of UV light. Evidence of the role of UV light 
in CLE is strong. First, most CLE lesions are in 
photo-exposed regions of the body; second, 50% 
of patients with lupus report photosensitivity; 
third, 54% of patients with CLE demonstrate UV 
photoprovocation of their lesions in the lab70; and 
fourth, an immune response against UV-altered 
DNA has been shown to occur in both mouse 
models of lupus and patients with SLE. However, 
the relative importance of UV light in the patho-
genesis of likely multiple genetic and phenotypic 
forms of CLE is not currently known. It is likely 
that other environmental triggers (e.g., infection, 
cellular injury, medications) can lead to CLE as 
well, although the mechanisms for this are not 
well worked out. Thus, although most of the data 
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presented related to how UV light induces CLE, 
other forms of keratinocyte damage or activation 
of the cutaneous immune system can be applied in 
the final model.

Although it is clear that UV light (UVA or UVB) 
can induce CLE lesions in susceptible patients, the 
mechanistic link between UV exposure and the 
cutaneous inflammation that is observed is still 
not clear; many of the proposed mechanisms may 
be operating simultaneously. Ultraviolet light can 
generate neoantigens, such as UV-modified DNA; 
when injected into mice, this altered DNA can 
cause lupus-like disease.70 Another mechanism 
might be the ability of UV light to induce apoptosis 
of keratinocytes by multiple mechanisms, includ-
ing oxidative damage to mitochondrial membranes, 
damage to DNA, induction of p53, activation of 
membrane death receptors (Fas), and sensitization 
to TNF-α (and TNF-related apoptosis-inducing lig-
and [TRAIL]). Normally, the immunologic clear-
ance of apoptotic cells is a noninflammatory event. 
An increased rate of formation or decreased ability 
to “clear” these apoptotic cells, however, can lead 
to early necrosis of cells and result in their capac-
ity to stimulate the immune system. This occurs 
via multiple mechanisms, including the ability of 
necrotic elements to induce maturation and activa-
tion of local antigen-presenting cells.71 Necrotic 
cells can release proinflammatory mediators such 
as high mobility group 1 (HMG1) protein, which is 
found in high levels in the skin of CLE patients.72 
The C1QA and other complement deficiencies that 
are associated with CLE suggest that these patients 
might have a defect in removal of apoptotic cells. Is 
there evidence of defective clearance of apoptotic 
keratinocytes in CLE? Data are conflicting in this 
regard.73,74 Whether or not CLE patients have an 
increased number of apoptotic cells, it is still pos-
sible that these cells could somehow lead to inflam-
matory sequelae in CLE patients. Indeed, a recent 
observation suggests that detectable inflammation 
correlates with the presence of apoptotic cells in 
the near vicinity in CLE patients.74

If one accepts that in CLE patients UV 
damages keratinocytes with an inflammatory 
response, then how might such a response be 
propagated? One theory is that the binding 
of circulating  autoantibodies against cellular 
constituents of dying keratinocytes results in a 
local inflammatory response (via FcR-dependent 

Table 40.1. Drugs that have been implicated in trigger-
ing the clinical expression of subacute cutaneous lupus 
erythematosus (SCLE), listed alphabetically within 
groups.

Acid blockers
 Lansoprazole
 Omeprazole**
 Ranitidine*/**
 Rabeprazole*/**
Angiotensin-converting enzyme (ACE) inhibitors
 Captopril*
 Cilazapril
Anticonvulsants
 Phenytoin*
Antihistamines
 Cinnarazine/triethylperazine
Antimalarials
 Hydroxychloroquine*
Antimicrobials
 Griseofulvin*
 Terbinafine*
Beta-blockers
 Acebutolol
 Oxprenolol
Calcium channel blockers
 Diltiazem*
 Nifedipine*
 Nitrendipine
Chemotherapy
 Taxotere (Docetaxel)*
 Tamoxifen
Diuretics
 Hydrochlorothiazide*
 Spironolactone*
Lipid lowering
 Pravastatin*
 Simvastatin*
Nonsteroidal antiinflammatory agents
 Naproxen*
 Piroxicam*
Sulfonylureas
 Glyburide*
Others
 Bupropion*
 Etanercept/infliximab*
 Interferon-α*
 Insecticides
 d-Penicillamine**
 Procainamide
 Leflunomide*
 Tetracycline derivatives (COl-3)*
 Tiotropium (inhaled)
 Ticlopidine

* Drugs reported to be capable of producing photosensitivity 
skin reactions in individuals not having SCLE.
** Unpublished personal observation by one of the authors 
(R.D.S.).
Source: Table adapted from Sontheimer.122
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or complement-dependent mechanisms).70 Since 
the seminal observation by Casciola-Rosen and 
colleagues75 that UV light induces transloca-
tion of intracellular keratinocyte antigens to the 
cell surface (in structures called blebs), and that 
these antigens include the SSA/Ro and SSB/La 
antigens that are the targets of commonly found 
autoantibodies in CLE (especially SCLE), the 
ability to definitively link this process with the 
clinical findings of CLE has eluded investiga-
tors. In fact, the frequency or titers of SSA/Ro 
antibodies do not always correlate with skin 
activity in CLE patients.70 However, recently it 
has been suggested that SSA/Ro autoantibod-
ies are capable of interfering with the clearance 
of apoptotic cells.76 Still, it might be that the 
critical antibodies are not being measured, and 
that apoptotic-modified forms of these antigens 
are the critical targets.70 In general, LE patients 
have antibodies that appear to be directed against 
antigens involved in the cellular-stress response 
and heat shock response. Whatever the answer, 
it seems unlikely that such autoantibodies play a 
role in initiating CLE disease, as the deposition 
of antibodies in CLE tends to follow, not precede, 
the cellular inflammation.77

Ultraviolet light can also promote inflammation 
by inducing the secretion of cytokines and chem-
okines, as well as upregulating the expression of 
adhesion molecules.78 Ultraviolet B induces IL-1α
 and TNF-α in the epidermis. These cytokines induce 
release of IL-6, prostaglandin E2 (PGE2), IL-8, 
and granulocyte-monocyte colony-stimulating fac-
tor (GM-CSF) by keratinocytes.70 The end result is 
activation of Langerhans’ cells, chemotaxis of lym-
phocytes, and upregulation of adhesion molecules 
on keratinocytes (intercellular adhesion molecule 1 
[ICAM-1]) and endothelial cells (ICAM-1, vascular 
cell adhesion molecule 1 [VCAM-1], E-selectin). 
UVB irradiation also induces expression of chem-
okines, such as CCL5, CCL27, and CXCL879; these 
have all been found to be at high levels in CLE skin, 
and function to recruit memory T cells into the vicin-
ity. Via production of oxygen-free radicals, UVA 
upregulates ICAM-1 in keratinocytes, but, because 
it can penetrate deeper into the skin, it is also able 
to upregulate vascular endothelial ICAM-1 and E-
selectin, which allows leukocyte extravasation into 
the skin.70 In addition, UVA is able to induce secre-
tion of IL-12, a potent immunostimulant.70

T lymphocytes are likely to play a major patho-
logic role in CLE. Skin infiltrates consist primarily 
of CD3+ T cells, both CD4+ and CD8+.70 CD4+ cells 
appear early in the skin, with CD8+ appearing later. 
Recent data suggest that skin homing (CLA+) CD8+ 
cytotoxic cells might be responsible for the scarring 
that is seen in CCLE.80 These cells are seen pre-
dominantly in the skin of DLE patients (as opposed 
to other CLE subsets), and an expanded population 
of circulating, CCR4+, CLA+ CD8+ cells is associ-
ated exclusively with generalized DLE.81 These 
cells secrete granzyme B, a serine protease that 
causes tissue death and could conceivably account 
for injury (and resulting scar) to adnexal and epider-
mal structures. Interferon-γ (IFN-γ) may also play 
a role in this process, as local IFN-γ activity was 
found to be correlated with CD8+ cell infiltration. 
Further evidence for the role of activated T cells in 
CLE comes from the increased expression of HLA-
DR and CD25 (both activation markers) on circulat-
ing CD4+ and CD8+ cells in patients with DLE and 
SCLE; furthermore, these levels correlated with 
cutaneous disease activity.62,63

The cytokine expression pattern found in DLE 
lesions is representative of a mixed Th1 and Th2 
profile. Lesions are characterized by high levels 
of IL-1, IL-2, IFN-γ, TNF-α, IFN-α, IL-5, and 
IL-10.70,82 Tumor necrosis factor-α is found in 
increased levels in the skin of DLE and SCLE 
patients, and serum levels correlate with dis-
ease.82,83 TNF-α can promote many of the findings 
seen in CLE: translocation of SSA/Ro to the cell 
surface of keratinocytes, apoptosis of keratinoc-
ytes, hyperkeratosis, and increased expression of 
adhesion molecules that favor cutaneous leukocyte 
infiltration.84 In addition to the effects mentioned 
above, IFN-γ has been shown to cause keratinocyte 
apoptosis85; a mouse strain that overexpresses IFN-
γ in keratinocytes results in clinical features of SLE 
and cutaneous inflammation.70 Interleukin-1 is 
generated by keratinocytes in response to UV light, 
and transgenic expression of IL-1 in mice results in 
hair loss, scaling, and focal inflammatory lesions.70 
Keratinocytes also express an antagonist of the IL-1 
receptor, and null alleles of this protein have been 
reported in SLE patients with photosensitivity as 
well as in CCLE patients.70

The role of the innate immune system in CLE 
is beginning to be explored. It has recently been 
discovered that IFN-γ plays an important role in 
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the pathogenesis of SLE86; evidence shows that the 
source of this IFN-γ is the plasmacytoid dendritic 
cell (pDC). High numbers of pDCs have been 
detected in the lesions of CLE,87 with accompa-
nying high levels of local IFN-γ activity.81,87–89 
Interferon-γ is known to induce the chemokines 
CXCL9, CXCL10, and CXCL11, which are also 
at high levels in CLE skin.79 The ligand for these 
chemokines, CXCR3, is found on infiltrating T 
cells in CLE. Thus, local emigration of activated 
pDC to the skin of CLE patients might represent 
the mechanism whereby T cells initially migrate 
into cutaneous lupus lesions. At present it is 
unclear what the signals are that cause pDC migra-
tion to the skin; however, it is tempting to speculate 
that locally deposited immune complexes (i.e., 
the lupus band) might play a role in their ongoing 
local activation, since it is known that immune 
complexes containing nucleic acid (from apoptotic 
cells) activate pDC via Toll-like receptors (TLRs), 
resulting in the production of IFN-γ.90

Treatment

Due to the critical role of UV light in CLE patho-
genesis, the mainstay of any treatment regimen 
is sun protection. Protection against UVB and 
UVA are critical, as both can induce CLE in the 
laboratory.26,91 Patients should be counseled on 
the importance of avoiding direct sun exposure, 
as well as the benefits of tightly woven cloth-
ing. Broad-spectrum sunscreens are important, 
and there is evidence that the use of these agents 
inhibits experimentally induced CLE lesions in 
patients92 as well as potentially decreasing the bur-
den of systemic disease in SLE patients.93

Local therapy with corticosteroids or calcineurin 
inhibitors (tacrolimus or pimecrolimus) can be used 
in CLE.14 The current strengths and formulations of 
calcineurin inhibitors available in the United States 
have limited efficacy on skin sites other than the 
face. However, higher concentrations of calcineurin 
inhibitors have been reported anecdotally to be of 
value in classic DLE.94 Calcineurin inhibitors are 
presumed to act by inhibiting activation of infiltrat-
ing T cells that are known to be present in CLE.

Antimalarials (hydroxychloroquine, chloroquine, 
and quinacrine) are used as first-line systemic agents 
for SCLE or DLE lesions, with approximately 75% 

of patients responding favorably.3 Efficacy data 
are based mostly on anecdotal reports, although 
one controlled trial with hydroxychloroquine sug-
gested 50% efficacy for DLE or SCLE,95 while 
another with chloroquine showed 82% efficacy 
for ACLE, SCLE, or DLE.96 More common side 
effects include gastrointestinal disturbance, and 
blue-black pigmentation of skin or mucosa. Rarer 
side effects include retina, muscle, nerve, and 
hepatic toxicity. Potential mechanisms of action 
include inhibition of antigen presentation (via their 
known ability to disrupt lysosomal acidification), 
inhibition of cytokine secretion, interference with 
activation of extracellular signal-regulated kinases 
(ERKs), inhibition of prostaglandins, stabilization 
of membranes, and photoprotection.97 Recent evi-
dence suggests that they might operate via interfer-
ence with intracellular TLR signaling,98 which is 
tantalizing given the mounting evidence for a role 
of the innate immune system (i.e., pDCs) in LE and 
its dependence on TLR signaling.

Diaminodiphenylsulfone (Dapsone) is also used 
for CLE, especially when treating the patient with 
LE-nonspecific vesiculobullous lesions related to 
SLE.2 Others have reported efficacy in SCLE.99 
Hematologic, renal, and hepatic toxicity can occur 
with this drug. Dapsone is known to affect neu-
trophil function at many levels (chemotaxis, cd11b-
mediated epidermal adherence, enzyme production, 
generation of reactive oxygen intermediates),100 and 
this may be relevant in light of the variable cutane-
ous infiltrate of neutrophils that is seen in CLE.

Retinoids (acitretin and isotretinoin) are advo-
cated for SCLE and hypertrophic DLE lesions,14 
although disease usually returns following discon-
tinuation of the drug. The mechanism of action 
is unclear, although inhibition of cutaneous T 
lymphocyte infiltration has been demonstrated in 
humans and animal models.101,102

Thalidomide can be especially effective for 
SCLE and DLE,14 with a response seen in 75% of 
antimalarial-resistant patients.103 Efficacy is seen as 
early as 2 weeks and peaks at 3 months, although 
relapses following cessation of therapy are com-
mon. The most common side effect is sedation. 
Besides its teratogenicity, it can produce a sensory 
neuropathy in 50% to 70% of patients, with no 
correlation between cumulative dose and duration 
of treatment.103 Recent reports of  thromboembolic 
events occurring in thalidomide-treated patients 
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should prompt caution with its use in high-risk 
patients, including those with antiphospholipid 
antibodies. Thalidomide has a wide range of 
immunosuppressive effects, including inhibition of 
cytokine (notably TNF-α) production, inhibition 
of leukocyte chemotaxis, and inhibition of nuclear 
factor κB (NF-κB) effects.104 The inhibition of 
NF-κB might be quite important, as this signal-
ing pathway is important for both TNF-α– and 
TLR-mediated inflammatory effects, which are 
suspected to be instrumental in CLE.

Traditional immunosuppressive agents are some-
times used for CLE. These include methotrexate, 
mycophenolate mofetil, azathioprine, and cyclophos-
phamide.14 Methotrexate has perhaps the most data 
to support its use, with a recent retrospective study 
of 43 CLE patients (including ACLE, SCLE, and 
DLE) showing improvement in 98% of patients.105 
Mounting evidence suggests that, in contrast to the 
traditional thinking that it acts as an antiproliferative 
agent, the immunomodulatory effects of methotrex-
ate likely result from an increase in signaling via 
adenosine receptors.106 This results in inhibition 
of neutrophil migration and decreased production 
of reactive oxygen metabolites and leukotriene B4, 
decreased expression of cutaneous lymphocyte anti-
gen on mononuclear cells in blood, downregulation 
of endothelial E-selectin on endothelial cells, inhi-
bition of lymphocyte proliferation, and a variable 
decrease in TNF-α and IL-1 synthesis.106

Intravenous immunoglobulin (IVIG) has been 
used in some cases of CLE, the largest being an 
open label prospective study of 12 patients with 
SCLE or DLE in which five of 12 had virtual clear-
ing of disease.107 Some investigators, however, have 
not observed a beneficial effect.108 Possible mecha-
nisms of action have been reviewed elsewhere.109

One intriguing and somewhat counterintuitive 
therapy for LE is that of UV light, namely low-
dose UVA1 (340 to 400 nm). This may not be so 
unexpected, as the wavelengths responsible for 
inducing SLE flares are thought to be within the 
UVB (280 to 320 nm) and UVA2 (320 to 340 nm) 
wavebands,26,110 and “pure” (not contaminated in 
UVC or longer wavelengths) UVA1 and UVB do 
not induce (and may improve) CLE.111 Several 
small trials using low-dose UVA1 (6 to 12 J/cm2) 
have demonstrated benefit in systemic symptoms 
of SLE (including a decrease in autoantibodies). As 
for the skin, one of the trials noted  “improvement 
of rash,”112 and this was also reported separately in 

two patients DLE.113 Caution should be taken, as 
exacerbation of skin disease has been noted in some 
patients.114,115 The mechanism of action is unclear, 
but might involve immunodeviation to Th1 patterns, 
apoptosis of resident T cells, inhibition of antigen 
presentation, or inhibition of TNF-α production.116

Future Directions

An increased understanding of the immune dys-
regulation seen in CLE will lead to more effective 
therapies for this disease. Many of these therapies 
will parallel the development of treatments for 
SLE.117 Novel treatments might include agents 
targeted at T lymphocytes, such as anti-CD4 anti-
bodies or CTLA4-Ig (which blocks T-cell co-stim-
ulation). Although clearly important in SLE, the 
role of B lymphocytes is unclear in CLE, and it will 
be interesting to evaluate the current application 
of B-cell–directed therapies (such as Rituximab) 
for efficacy in LE-related skin disease. The known 
increase in ICAM-1 in lesions of CLE suggests that 
interference with its ligand (lymphocyte function–
associated antigen 1 [LFA-1]) might be effective. 
Efalizumab, an antibody directed against LFA-1, 
has indeed shown some promise in a small open-label 
trial of patients with DLE.118 There is anecdotal 
evidence for efficacy of TNF-α inhibitors such as 
etanercept in some forms of CLE.119–121 However, 
the tendency for this class of biologics to induce 
lupus serologic changes (ANA, double-stranded 
DNA antibodies) and, at times, clinical changes of 
cutaneous and SLE limits their value in this regard. 
The increasing role of innate immunity, pDCs, and 
TLR signaling suggests that agents specifically 
designed to inhibit TLR signaling or pDC infiltra-
tion/maturation might be very effective for CLE. 
The compelling role of IFN-γ, along with studies 
showing that interference with type I interferon 
receptor signaling improves lupus-like disease in 
mice, make this an attractive target.

Conclusion

Cutaneous LE is a tissue-based autoimmune reac-
tion that is unmasked by environmental factors such 
as ultraviolet light. Many morphologic variants may 
occur in the skin. Current therapies are conventional 
antiinflammatory agents such as glucocorticoster-
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oids and antimalarial agents. Ongoing research into 
the pathophysiology of this disease suggests that 
targeted therapies (biologic-based treatments) that 
block effector cells or molecules may play an impor-
tant role in the management of this disease.
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Key Points

• Dermal fibrosis is excessive scarring of the skin, 
and is a result of a pathologic wound healing 
response.

• There is a wide spectrum of fibrotic skin diseases: 
scleroderma, nephrogenic fibrosing dermopathy, 
mixed connective tissue disease, scleromyxe-
dema, scleredema, and eosinophilic fasciitis. 
Exposures to chemicals or physical agents are 
also potential causes of fibrotic skin disease.

• Dermal fibrosis may be driven by immune, 
autoimmune, and inflammatory mechanisms.

• The balance of collagen production and degrada-
tion by fibroblasts plays a critical role in the patho-
physiology of fibrotic processes in the skin.

• Certain cytokines promote would healing and 
fibrosis, such as transforming growth factor-β 
(TGF-β) and interleukin-4 (IL-4), whereas others 
are antifibrotic, such as interferon-γ (IFN-γ) and 
transforming growth factor-α (TNF-α).

Dermal fibrosis, or excessive scarring of the skin, 
is a consequence of exaggerated healing response, 
particularly disproportionate fibroblast prolifera-
tion and extracellular matrix (ECM) production in 
the dermis. Clinically, skin fibrosis manifests as 
thickened, tightened, and hardened areas of skin. 
Ultimately, skin fibrosis may lead to dermal con-
tractures that affect the ability to flex and extend 
the joints.

The spectrum of fibrotic skin diseases is wide 
and includes scleroderma in both localized (mor-
phea, linear scleroderma) and systemic forms, 
graft-versus-host disease (GVHD), nephrogenic 

fibrosing dermopathy (NFD), and mixed connec-
tive tissue disease. Collagen accumulation also 
occurs in scleredema, scleromyxedema, and eosi-
nophilic fasciitis. Cicatricial pemphigoid is an 
autoimmune process associated with scarring, in 
which dermal fibroblasts may produce excessive 
amounts of collagen, a collagen-folding chaperone 
heat shock protein 47 (HSP47), and transform-
ing growth factor-β (TGF-β).1 Excessive scarring 
may also occur in chromoblastomycosis.2 Dermal 
fibroses may result from environmental or profes-
sional exposures to various chemicals (e.g., in 
eosinophilia-myalgia syndrome induced by L-tryp-
tophan) or from metabolic disorders. Ionizing radi-
ation-induced and post-burn trauma skin  fibroses, 
hypertrophic scars and keloids, lipodermatosclero-
sis, and collagenomas are often placed in this group 
of diseases as well.

Despite this variety of causes and disease-
 specific pathophysiologic processes leading to skin 
fibrosis, the cellular and molecular mechanisms 
of excessive extracellular matrix accumulation in 
the skin are fairly universal. Extensive research 
in the mechanisms of dermal, pulmonary, hepatic, 
and renal fibrosis revealed profound similarities 
between the molecular and cellular mechanisms of 
fibrosis and wound healing. Tissue fibrosis is often 
viewed as abnormal, exaggerated wound healing 
process. Normally, an injury to the skin tissues 
causes a rapid (within hours) early acute inflamma-
tory response, followed by the late-phase inflam-
mation (within days since the injury), and finally 
followed by a healing response (within weeks). It 
is during this latter phase that fibroblasts become 
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activated, undergo phenotypic transformation into 
myofibroblasts (by expressing not only collagen 
but also α-smooth muscle actin), and cause wound 
contraction. These myofibroblasts also prolifer-
ate, and accelerate production of the extracellular 
matrix components, particularly collagen, normally 
leading to formation of a scar (Fig. 41.1A).

If the primary injury is persistent or is followed 
by a secondary injury from excessive inflammation 
or immune activation (e.g., autoimmunity), then 
the inflammatory process becomes chronic, with 
tissue injury, inflammation, and repair  ongoing 
simultaneously (Fig. 41.1B). In the latter case, 
tissue fibrosis is likely to develop as a result of 

ongoing repair that becomes excessive and dis-
organized. Since fibrosis is often preceded and 
accompanied by chronic inflammation, it has been 
assumed for a long time that inflammation is a 
necessary contributor to fibrosis (Table 41.1). 
The timing and intensity of the processes in the 
sequence that is outlined schematically in Figure 
41.1A is controlled by cytokines, many of which 
have direct stimulatory or inhibitory effect on the 
proliferation of, or collagen production in, fibrob-
lasts. The disturbances of this regulation in dermal 
fibrosis is reviewed below. Our understanding of 
the immune and inflammatory mechanisms lead-
ing to fibrosis is far from complete; we do know, 

Fig. 41.1. Simplified staging of normal wound healing resolving with formation of scar tissue (A), as opposed to 
chronic inflammation (B) and inflammation-independent factors (C) that lead to excessive scarring and fibrosis. Each 
of the phases in these processes is complex and involves processes at the molecular, cellular, tissue, and organismal 
levels (even though the injury may be local). Numerous cytokines appear to be critical regulators of each phase. 
Despite the extreme pleiotropy and functional redundancy of the multiple cytokines involved, these processes are 
precisely regulated. An oversimplified but useful generalization related to panel A is that the cytokines of the early 
inflammation phase (e.g., tumor necrosis factor-α [TNF-α], interferon-γ [IFN-γ]) are directly antifibrotic, whereas the 
cytokines of late inflammation and repair phases (transforming growth factor-β [TGF-β], connective tissue growth 
factor [CTGF], and Th2/Tc2) are directly profibrotic)

Table 41.1. Mechanisms of tissue fibrosis.

Causes of tissue fibrosis Characteristics

Chronic inflammation Caused by an ongoing primary or secondary injury to the tissues 
and infiltration with monocytic inflammatory cells (macrophages, 
T cells); often associated with immune/autoimmune activation and 
damage; antiinflammatory and immunosuppressive therapies effective

Inflammation-unrelated mechanisms: epithelial injury 
and activation, vascular insufficiency

Antiinflammatory and immunosuppressive therapies ineffective

Intrinsic profibrotic phenotypic changes in fibroblasts: 
accelerated proliferation and production of ECM 
in vivo and in cell culture, slowed ECM turnover

Likely a consequence of the mechanisms above, becomes an 
independent contributor to fibrosis later in the disease, when 
these phenotypic changes become irreversible

ECM, extracellular matrix.
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however, that such mechanisms are complex and 
involve numerous cells types and dozens or even 
hundreds of genes.3–5

Recent considerations suggested that not all 
cases of tissue fibrosis are inflammation-depend-
ent. For example, limited inflammation is seen in 
the lungs of patients with a deadly fibrotic lung 
disease, idiopathic pulmonary fibrosis, and it is 
believed to be an epiphenomenon rather than the 
driving force of the disease; the antiinflammatory 
therapies are ineffective in attenuating the rapid 
decline in pulmonary function, resulting in the 
death of the patient within 3 to 5 years after the 
diagnosis. It is believed that instead of chronic 
inflammation, multiple cycles of epithelial cell 
injury and activation drive the fibrosis through a 
variety of inflammation-independent fibrotic mech-
anisms. Similarly, dermal fibrosis may develop in 
association with limited, if any, inflammation. For 
example, the chronic venous insufficiency rather 
than inflammatory changes is a likely driving force 
of dermal fibrosis in the affected skin of patients 
with lipodermatosclerosis (hardening and hyper-
pigmentation of lower leg skin associated with 
chronic venous insufficiency).6 Nevertheless, the 
fibrotic mechanisms seem to be similar to those 
observed in an inflammation-driven fibrosis, such 
as increased levels and activity of matrix metal-
loproteinases (MMPs)7 and abnormal spatial distri-
bution of the profibrotic cytokines.8

In addition to the inflammation-related, epithelial 
injury–related, or systemic (e.g., chronic ischemia) 
mechanisms, the genuine phenotypic disturbances 
in dermal fibroblasts (Table 41.1) are thought to 
be the manifestation, and simultaneously a driving 
force, of tissue fibrosis. Such changes include per-
sistent accelerated proliferation and ECM produc-
tion, slow ECM turnover (degradation by MMPs), 
increased resistance to apoptosis, and disturbed 
interactions with the components of the ECM.9–11 
These may be genuine phenotypic changes in the 
majority of fibroblasts or a result of clonal selec-
tion of activated fibroblast subpopulations during 
the course of the disease.12 Recent gene array 
studies suggested that such phenotypic changes in 
fibroblasts are rather complex, but failed to clarify 
any causal relationships between changes in the 
expression of individual genes.3–5

Dermal fibrosis is usually driven by inflammatory 
and immune, including autoimmune,  mechanisms. 

Such mechanisms are considered in this chapter. 
The mostly nonimmune mechanisms of lipoder-
matosclerosis or collagen-producing tumors such 
as dermatofibromas, dermatofibrosarcomas, and 
collagenomas are not discussed here, although they 
may develop in association with autoimmunity and 
under control of the same inflammatory cells and 
profibrotic factor as those involved in the immune- 
and inflammation-driven collagen accumulation. 
The exact timing of response to injury is critical to 
normal repair process (Fig. 41.1); when the normal 
timing and levels of cytokine production become 
disturbed, dermal fibrosis ensues.

It is important to differentiate the direct and 
indirect regulation of fibroblast proliferation and 
collagen production. The cells and cytokines of 
early inflammation are either directly antifibrotic 
(tumor necrosis factor-α [TNF-α] and interferon-
γ [IFN-γ]) or have no direct effect on fibrob-
lasts (interleukin-1 [IL-1], IL-6). Yet, dysregulated 
inflammation may lead to an exaggerated healing 
response, with excessive production of directly 
profibrotic cytokines (TGF-β, IL-4, CCL2), overly 
active collagen production and overly suppressed 
collagen turnover, and finally fibrosis. Thus, the 
immediate effect of early inflammation is antifi-
brotic, yet its long-term effect may be profibrotic.

Selected Fibrotic Skin Diseases 
and Animal Models

Scleroderma

Although rare, scleroderma is a prototypic fibrotic 
disease. A better understanding of the mechanisms 
of fibrosis in scleroderma, particularly the con-
tribution of autoimmune processes, would have 
major implications for fibrotic complications in 
other diseases. The pathophysiology of progressive 
systemic sclerosis (SSc) is characterized by a triad 
of (1) immune system activation and autoimmu-
nity, (2) proliferative and obliterative small vessel 
vasculopathy, and (3) fibrosis. This is a true sys-
temic disease, with numerous organs and systems 
of organs involved, but dermal manifestations of 
the disease are most obvious. There are two major 
categories of cutaneous scleroderma: limited (skin 
involvement distal to the elbows and knees, with 
possible face and neck involvement), and diffuse 
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(skin involvement on the trunk and proximal parts 
of the limbs). A subset of patients with limited 
cutaneous scleroderma present with the so-called 
CREST syndrome (calcinosis, Raynaud’s phe-
nomenon, esophageal dysmotility, sclerodactyly, 
and telangiectasia). Both categories of patients are 
at risk for internal organ involvement, although 
life-threatening end-organ damage of the lungs, 
heart, gut, and kidneys is more common in diffuse 
scleroderma. Such involvement of internal organs 
does not occur in localized scleroderma (morphea, 
linear scleroderma).

Although determination of autoantibodies 
against characteristic targets is helpful in assessing 
the prognosis, monitoring, and treatment of sclero-
derma patients, the pathophysiologic roles of such 
antibodies remains unclear. For example, autoanti-
bodies to the ECM protein fibrillin-1 are present in 
the sera of scleroderma patients, and appear to be 
highly disease-specific.13 However, there are strik-
ing ethnic differences in the occurrence of these 
antibodies and their antigenic epitope specificity, 
and there is no correlation with major clinical 
features, the presence of other autoantibodies, or 
human leukocyte antigen (HLA) class II alleles.13 
These observations raise the question of whether 
these antibodies are a mere epiphenomenon of the 
disease rather than a pathophysiologic contributor. 
Although one recent study implicated anti–fibrillin-
1 autoantibodies in the direct activation of normal 
dermal fibroblasts into a profibrotic phenotype,14 
the role of this mechanism in the disease remains 
unclear as less than 50% of Caucasians with scle-
roderma show seroreactivity with recombinant 
fibrillin-1.13 Similarly, anti-DNA topoisomerase 
I (anti-Scl-70) antibodies, the major autoantibod-
ies in the sera of patients with systemic sclerosis, 
react with the immunodominant domains that are 
heterogeneous, influenced by ethnic background,15 
and are highly variable over time.16 These autoan-
tibodies may play a specific, autoantigen-driven, 
pathogenic role or, as a nonexclusive alternative, 
they may be a secondary by-product of other proc-
esses, such as excessive activation of innate, anti-
gen-nonspecific mechanisms.

Self-reactive T cells may play a more profound 
pathogenic role in scleroderma. Such cells target 
autologous type I collagen17 and topoisomerase 
I,18 and are clonally expanded,19,20 suggesting a 
variety of self-antigens involved in the activation 

of these cells. The pathogenic contribution of these 
cells to the disease is that they produce a variety of 
cytokines and express abnormal patterns of cell-
surface molecules that are thought to contribute to 
excessive collagen accumulation.11

Chronic Cutaneous Graft-Versus-Host 
Disease

Chronic graft-versus-host disease (GVHD) is the 
most common serious long-term complication of 
allogeneic hematopoietic stem cell transplanta-
tion, and a major cause of late morbidity and 
mortality in these patients. The skin is the major 
target organ in GVHD; the 5-year cumulative inci-
dence of sclerodermatous GVHD is 11.5% in all 
transplanted patients and 15.5% in patients with 
chronic GVHD.21 Patients with chronic cutane-
ous GVHD present with either the lichenoid or 
sclerodermoid form of the disease, with the latter 
form often manifesting initially as morpheaform 
plaques but later progressing to diffuse areas of 
sclerosis. Also, lichen sclerosus and eosinophilic 
fasciitis are possible in sclerodermatous GVHD, as 
the most superficial and the deepest manifestations, 
respectively.22 Chronic GVHD may or may not be 
preceded by acute GVHD. The sclerodermatous 
GVHD clinically resembles scleroderma, and the 
implied immune mechanisms of these two diseases 
are so similar that a murine GVHD is used as a 
model of human scleroderma.23 Studies in animal 
models suggested that a specific disease phenotype 
depends on particular immunodominant antigens 
targeted by the engrafted immune cells.24

Nephrogenic Fibrosing Dermopathy

This very recently recognized uncommon sclero-
derma-like disorder of unclear etiology and patho-
physiologic mechanism develops in patients with 
end-stage renal disease who undergo long-term 
hemo- or peritoneal dialysis. In some instances, it 
can also develop in patients with acute renal failure 
never requiring dialysis. Although nephrogenic 
fibrosing dermopathy (NFD) has been originally 
described as a purely cutaneous scleroderma-like 
disease, the fibrotic changes are truly systemic, 
involving fibrosis of the lung and cardiac tissues, 
fascia, and muscles.25,26
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Dermal Fibroses Following Traumas

Excessive scarring may develop following wound-
ing, burns, and ionizing radiation injuries to the 
skin. Although immune involvement is not primary 
to the dermal fibrotic processes initiated by such 
traumas, the primary injury initiates an inflamma-
tory cascade that significantly contributes to fibro-
sis in a manner seen in (auto)immune-associated 
fibrotic processes. Mechanical trauma, surgery, 
or burns may lead to hypertrophic scars, keloids, 
and contractures, whereas ionizing radiation injury 
often leads to delayed accumulation of collagen in 
the dermis and subcutaneous tissues.

Unlike other fibrotic disorders of the skin in 
which collagen accumulation is the dominant 
mechanism and fibroblast proliferation is a second-
ary contributor to scarring, hypertrophic scars and 
keloids are primarily fibroproliferative disorders, 
although accompanied by excessive collagen depo-
sition. They are characterized by accumulation 
of inflammatory cells, particularly macrophages 
and T cells, and a polarized profibrotic T-helper-2 
(Th2) pattern of cytokine production.27 Similarly, 
inflammation seems to play a crucial role in the 
development of ionizing radiation–induced dermal 
fibrosis, which is a major morbidity factor limit-
ing therapeutic benefits of radiotherapy in cancer 
patients or develops following severe environmen-
tal exposures (e.g., after the Chernobyl power plant 
accident). A proinflammatory cytokine, IL-1β, is 
directly upregulated by radiation in keratinocytes, 
and is central to the development of late radia-
tion fibrosis28—a perfect example of an indirectly 
profibrotic, inflammation-mediated effect (Fig. 
41.1). Radiation injury to the skin and subsequent 
inflammation ultimately drive the excessive pro-
duction of TGF-β, a potent activator of collagen 
production29; decreased production of MMPs, the 
enzymes mediating collagen turnover; and exces-
sive production of tissue inhibitor of matrix metal-
loproteinases (TIMP).30 In the absence of Smad3, 
a key intracellular mediator of TGF-β effects, ion-
izing radiation induces significantly lesser inflam-
matory and fibrotic response.31

Animal Models of Skin Fibrosis

Animal models recapitulate many features of 
dermal fibrosis in humans and have proven to 

be valuable for better mechanistic understanding 
of the pathogenesis of dermal fibrosis. Among 
spontaneous animal models are tight skin (Tsk) 
mice, including Tsk1 and Tsk2 variants, and avian 
scleroderma in University of California, Davis 
line 200 white leghorn chickens. The induced 
models include bleomycin- or ionizing radiation 
injury–induced, sclerodermatous GVHD models, 
and genetically manipulated (knock-in, or trans-
genic, and knockout) models.

Tight-Skin (Tsk) Mouse Models

There are two tight-skin models, Tsk1, or simply 
Tsk, and Tsk2. The homozygote mutants Tsk/Tsk 
are not viable in either model; therefore, the 
heterozygote Tsk/+ model is commonly studied. 
The Tsk1/+ model has a spontaneous genetic 
defect (tsk-Fbn1) on chromosome 2, a large in-
frame duplication in the fibrillin-1 (Fbn1) gene, 
manifesting in a phenotype that resembles sclero-
derma. These mice overproduce collagen in their 
skin, heart, and other internal organs, and develop 
characteristic defects in pulmonary architecture. 
They also develop characteristic autoantibodies 
against topo I, fibrillin-1 (Fbn-1), RNA polymer-
ase I, collagen type I, and Fcγ receptors.32,33 
However, Tsk/+ mice do not develop mononu-
clear infiltration in the dermis, although they 
have increased mast cell density in the skin in 
association with the increased levels of TGF-β1.34 
Since fibrosis in humans is often associated with 
inflammatory infiltration, this model may be only 
partially relevant to the mechanism of human 
disease. Nevertheless, the Tsk/+ model has been 
instrumental in revealing a pathogenic role of and 
a close crosstalk between important profibrotic 
cytokines TGF-β and IL-4.35–37

The tight skin-2 (Tsk2/+) mouse has a different 
genetic defect resulting from a mutation localized 
on the proximal arm of mouse chromosome 1. 
This appears to be a more suitable animal model 
of SSc, as not only do these animals produce and 
accumulate excess collagen type I and III,38 but they 
also develop mononuclear cellular infiltrates in the 
dermis.39 They also have numerous autoantibodies 
similar to those in patients with SSc, such as anti-
Scl70, anti-CENP-B (centromere protein B), and 
anti–double-stranded DNA (dsDNA).39,40 T lym-
phocytes appear to be involved in the pathogenesis 
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of the disease, with restricted T-cell populations par-
ticipating in the inflammatory cell infiltrates.41,42

Graft-Versus-Host Disease Model

A murine Scl GVHD model developed by Gilliam’s 
group23 recapitulates many features of human 
scleroderma, such as prominent skin thickening, 
upregulation of cutaneous collagen messenger 
RNA (mRNA) cutaneous immune cell infiltrates, 
TGF-β1 overproduction, and lung fibrosis. In this 
model, lethally irradiated BALB/c (H-2d) mice 
are transplanted with the major histocompati-
bility complex (MHC) matched B10.D2 (H-2d) 
bone marrow and spleen cells. The development 
of fibrosis in this model is associated with the 
increased expression of a host of chemokines and 
cell-surface molecules in a pattern similar to that 
in human scleroderma.3,43 This is also an excellent 
model for studies of the cell types that drive fibro-
sis, such as CD4+ and CD8+ T cells, natural killers, 
mast cells, and cells of myeloid origin.

Bleomycin Model

In the bleomycin-induced model, repeated injections 
of bleomycin cause fibrosis, with some noticeable 
variations in the intensity and time required for 
this effect to develop in various strains of mice. 
The dermal infiltrates in the bleomycin model are 
composed predominantly of macrophages, T cells, 
and mast cells, as well as fibroblasts. Excessive 
apoptosis, which is mediated by Fas/Fas ligand 
pathway and caspase-3 activation, contributes to 
fibrosis, possibly by playing an inflammatory role.44 
Profibrotic cytokines, specifically TGF-β, IL-4, and 
monocyte chemoattractant protein 1 (MCP-1), that 
are produced by the inflammatory cells activate their 
respective receptors and intracellular signaling and 
mediate collagen accumulation in the dermis.45–47

Roles of Cells and Cytokines in 
Dermal Fibrosis

The ECM synthesis and turnover is regulated by the 
systemic stimuli, interactions with the extracellular 
matrix, and with numerous cell types (Fig. 41.2). 
Activation of the immune and late inflammatory 
mechanisms, particularly in association with dermal 

infiltration of inflammatory cells, is the predomi-
nant driving force of dermal fibrosis. The vastness 
and complexity of these mechanisms goes beyond 
the scope of a single review. We focus here on the 
immune- and inflammation-related aspects of pro- 
and antifibrotic regulation, particularly its molecular 
and cellular aspects, with an emphasis on cytokines, 
as these seem to play the central role in such regula-
tion. A host of cytokines is involved in the complex 
processes that ultimately lead to dermal fibrosis in 
humans and in experimental animals.

Cytokines are small hormone-like proteins 
secreted by various cell types. Because of the great 
variety of their functional effects and enormous 
diversity of the secreting and responding cells, the 
systemic phenomena of the cytokine network are 
very difficult to understand in their entirety.9–11 The 
situation is further complicated by the cytokines’ 
redundancy (different cytokines having similar 
functional effects), functional pleiotropy (a single 
cytokine having diverse effects), and intricate 
functional differences between alternative splice 
variants.48 In many cases, the effects of cytokines 
acting alone are different from the effects of the 
same cytokines acting in combination or at dif-
ferent times or in a different order. Moreover, a 

Fig. 41.2. The overall complexity of fibroblast interac-
tion with the environment. Fibroblasts (in the middle of 
the diagram) are subject to systemic stimuli; they also 
interact with extracellular matrix and with other cells. 
Any of these interactions can lead to fibrosis. Interaction 
with other cells takes place through soluble factors 
(cytokines) and cell-surface molecules. The bold arrow 
from other cells to fibroblasts symbolizes the emphasis 
of this review on the role of cytokines in fibrosis. (From 
Atamas,11 with permission.)
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cell activated by a cytokine or cytokines in many 
cases becomes a source of cytokines itself. The 
cytokine-mediated activation involves other regula-
tory factors such as nonprotein mediators, cell-sur-
face molecules, antibodies, fibronectin, and many 
others. Despite this complexity, some important 
common themes and general rules have been 
developed as a result of intensive research in the 
field. In this section we focus on the cytokines that 
are known to directly regulate fibroblast prolifera-
tion, collagen production, and turnover in primary 
fibroblast cell culture. In a simplified, teleologic 
view, numerous cytokines can be assigned to either 
those promoting acute inflammation and simul-
taneously inhibiting fibrosis, and those inhibiting 
acute inflammation and promoting fibrosis (the 
most potent selected representatives of both groups 
are listed in Fig. 41.3).

Cellular Players of Skin Fibrosis

Resident Fibroblasts and Fibrocytes

Fibrosis is a direct result of accelerated collagen 
production by resident tissue fibroblasts, slowed 
collagen turnover, and accelerated fibroblast pro-
liferation. Recently, an additional mechanism has 
been demonstrated—the transdifferentiation into 
fibroblasts of other cell types, such as local epi-
thelial cells (epithelial-mesenchymal transition), 
monocytes, and so-called fibrocytes.49 The latter 
cells are represented by a minor circulating popu-
lation of CD45+ leukocytes with precursor features 
(CD34+) that display fibroblast-like properties (col-
lagen+), and are, in fact, fibroblastic precursors 
in transit from bone marrow to the sites of tissue 
damage. They contribute to normal and abnormal 
wound healing by homing to injured tissues, phe-
notypically transitioning to mature myofibroblasts, 
and producing collagen.50–52

Two additional factors have to be considered 
regarding the role of fibroblasts in fibrosis. First, 
not only do fibroblasts deposit collagen, but they 
also participate in the inflammatory and repair 
processes by secreting cytokines of their own, 
expressing cell-surface molecules, and interacting 
with numerous other cell types. For example, unlike 
normal dermal fibroblasts, scleroderma fibroblasts 
spontaneously express CCL2 (MCP-1), which pro-
motes dermal infiltration by attracting monocytes to 
the skin; moreover, CCL2 stimulates the producing 
fibroblasts to express more of the same factor, thus 
creating a self-perpetuating vicious circle.53 Second, 
in virtually all cases of fibrosis, fibroblasts become 
phenotypically changed, to the extent that they 
can drive excessive collagen production on their 
own, by creating regulatory “vicious circles” of 
autocrine and paracrine cytokines. For example, the 
same excessive autocrine CCL2 loop also maintains 
excessive MMPs, TIMPs, and collagen produc-
tion by scleroderma fibroblasts.45,54 The fibroblasts 
make and activate excess TGF-β,55,56 which further 
stimulates them in an autocrine fashion through an 
abnormally enhanced, profibrotic signaling cas-
cade.57 They also become resistant to the induction 
of apoptosis.58,59 At those later stages of fibrosis, the 
involvement of immune and inflammatory cells in 
the fibrotic regulation seems almost unnecessary, as 
fibroblasts become capable of sustaining the abnor-
mal self-propelling profibrotic networks.

Fig. 41.3. Main profibrotic/antiinflammatory and anti-
fibrotic/proinflammatory cytokines presented as a yin 
and yang duality. This symbolism is surprisingly com-
plete. The dots of the opposite force within each semi-
circle represent the fact that the generally antifibrotic 
cytokines can act indirectly profibrotically in some in 
vivo situations (e.g., by stimulating production of profi-
brotic factors late in inflammation following injury), 
and, conversely, the generally profibrotic cytokines can 
exert indirect antifibrotic action in vivo (e.g., by promot-
ing inflammation when they are expressed in a disturbed 
spatiotemporal pattern following injury)
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T Lymphocytes

Despite the early enthusiasm about the implied 
mechanistic role of T lymphocytes in (auto)immune 
fibrosis, there has been little progress in the sys-
tematic understanding of this issue. It seems that 
new research brings more and more confusion 
to the subject, yet it suggests that T cells have 
a central role in the mechanism of fibrosis.60–65 
A variety of secreted molecules, including cytokines, 
and direct cell-surface contacts through Fas-FasL, 
CD40–CD40L, and surface-bound cytokines are 
involved in the profibrotic T-cell–fibroblast inter-
actions. Depending on the phenotypic polarization 
of the T cells involved, the outcome of such inter-
action can be either pro- or antifibrotic, or have no 
effect on collagen accumulation. Th2/Tc2 cells are 
profibrotic,62–65 although this effect can be overrid-
den by the antifibrotic effect of cell-surface–bound 
TNF-α or IFN-γ.60,61 In contrast, Th1/Tc1 cells are 
antifibrotic.66 Importantly, the disturbed regulation 
between T cells and fibroblasts is mutual, with 
T cells regulating fibroblast activities and fibrob-
lasts regulating T-cell expansion, for example in 
scleroderma.67

B Lymphocytes

In addition to producing numerous autoantibod-
ies in association with fibrosis (see Scleroderma, 
above), B cells are hyperresponsive to transmem-
brane signals and spontaneously produce autoanti-
bodies in Tsk mice.32 Depletion of B cells in Tsk 
mice during disease onset normalizes the Th1/Th2 
balance in the skin and attenuates autoantibody 
production and collagen accumulation.68 However, 
depletion of B cells in the adult Tsk mice with 
established disease has little if any effect on 
autoantibody levels and collagen accumulation, 
suggesting that B cells are required for the initia-
tion, but not for the maintenance, of the disease.32,68 
Expression of CD19 appears to be critical for the B 
cells’ involvement in autoimmune processes.69

Other Cell Types

Other inflammatory and structural cells contribute 
to fibrosis. Activated macrophages are involved 
in dermal infiltrates in association with collagen 
deposits and may release profibrotic factors TGF-
β and platelet-derived growth factor (PDGF), and 

reactive oxygen species. Mast cells are involved 
in dermal infiltrates in scleroderma, hypertrophic 
scars, and skin in animal models. They have been 
associated with the elevated levels of cytokines, 
particularly TGF-β, IL-4, and MCP-1, and the 
development of skin fibrosis.34,70,71 The mast cell–
related neutral proteases also act profibrotically.72,73 
During normal wound healing, keratinocytes are 
actively engaged in the regulation of myofibrob-
lastic differentiation and ECM production by 
fibroblasts, a process that is enhanced by TGF-β 
and inhibited by IL-1.74 Epidermis contributes to 
collagen accumulation in hypertrophic scars,75 
keloids,76,77 and radiation-induced fibrosis.78 
A disturbed interaction between keratinocytes and 
fibroblasts also involves connective tissue growth 
factor (CTGF) as a key player contributing to kel-
oid pathogenesis.77 There is evidence of the profi-
brotic roles of endotheliocytes and granulocytes in 
dermal fibrosis.

Profibrotic and Antifibrotic Cytokines

Many of the factors that drive fibrosis are truly 
systemic and have a broad spectrum of functional 
properties. These factors include ischemia, serot-
onin, heparin, retinoic acid, histamine, adenosine, 
endothelin, thrombin, leptin, relaxin, angiotensin, 
so-called matricellular proteins such as throm-
bospondins and SPARC, and components of the 
extracellular matrix such as collagens, fibronectin, 
and tenascins. These regulators are not discussed 
here either because their involvement in immune- 
or inflammation-mediated fibrosis has not been 
systematically understood or because it is difficult 
to differentiate their effect on fibroblasts from the 
effects on a variety of other cell types and proc-
esses. 

Other factors, mostly cytokines, have only a 
modulating effect on fibroblasts, meaning that they 
have been implicated in inflammation, immune 
activation, and associated fibrosis in vivo, but have 
a mild, variable, or no direct effect on fibroblasts 
in cell culture. These cytokines likely regulate 
fibrosis indirectly, through their effects on epithe-
lial or endothelial cells, macrophages, T cells, or 
keratinocytes, all of which in turn produce direct 
regulators of fibroblasts. These  indirect factors 
can also synergize with or antagonize the effects 
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of the direct regulators reviewed below. In some 
cases (e.g., Oncostatin M), the profibrotic effect of 
a cytokine on fibroblast proliferation or collagen 
production may be direct, but the exact mechanism 
of its action remains obscure. Such indirect factors 
or those with obscure mechanisms of action are 
the cytokines fibroblast growth factors (FGFs), 
granulocyte colony-stimulating factor (G-CSF), 
granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF), hepatocyte growth factor (HGF), 
insulin-like growth factor (IGF), IL-1, IL-6, IL-
11, Oncostatin M, platelet-derived growth factor 
(PDGF), SCF, and vascular endothelial growth fac-
tor (VEGF); the chemokines macrophage inflam-
matory protein 1α (MIP-1α), MCP-3, RANTES 
(regulated on activation, normal T-cell expressed 
and secreted), IL-8, cell-surface interactions Fas-
FasL, CD40–CD40L or integrin-mediated, and 
others.9–11,63,79 It is important to remember that 
although they are not discussed here because of 
their mechanistically indirect or unclear involve-
ment, many of these factors are potent regulators 
associated with either profibrotic (notably PDGF) 
or antifibrotic (notably HGF) effects. One or more 
of these factors may be the key to resolving the 
problem of tissue fibrosis, a possibility that will 
be clarified by future research. Below we focus on 
direct regulators of fibrosis that have proven to be 
active on collagen production and fibroblast prolif-
eration in vivo and in cell culture, that have been 
investigated in a relatively detailed fashion, and 
that have been extensively implicated in fibrotic 
diseases of the skin.

Transforming Growth Factor-b 
and Connective Tissue Growth Factor

Transforming growth factor-β is the most potent 
known profibrotic cytokine. There are at least five 
highly homologous isoforms (TGF-β1 to TGF-β5), 
of which TGF-β1 has been most extensively stud-
ied. Inflammatory cells, such as macrophages and 
lymphocytes, produce TGF-β, as do fibroblasts, 
epithelial and endothelial cells, platelets, and other 
cell types. This cytokine is secreted in a latent form 
and has to be activated by removal of the so-called 
latency-associated peptide (LAP) in order to exert 
its profibrotic action. The mechanisms or TGF-β
activation are numerous and their regulation is 

complex. Such activation can be mediated by pro-
teolytic enzymes (plasmin, MMP-2, MMP-9), a 
matricellular protein thrombospondin-1, reactive 
oxygen species, acidic environment, and αV-con-
taining integrins such as integrins αVβ6, αVβ8, 
αVβ5, and αVβ3.55,56

The profibrotic function of TGF-β has been 
extensively studied, and it is now clear that the 
involvement of TGF-β is central to fibrosis in 
the skin as well as every other organ investigated 
(e.g., the lung, liver, kidney, and esophagus). This 
cytokine is also intimately involved in a variety of 
other physiologic and pathologic processes such as 
various aspects of embryonic development, regula-
tion of inflammation and immune response, and 
wound healing. Elevated levels of TGF-β mRNA 
and total and active protein have been found in 
virtually all fibrotic diseases in every organ, includ-
ing the skin, and in virtually all animal models of 
skin fibrosis and of immune response, and in the 
scarring models of other organs. Despite obvi-
ous beneficial effects of TGF-β neutralization in 
fibrosis,80–82 its functional pluripotency might limit 
the possibility of the systemic targeting of TGF-β 
in humans, because of the implied severe systemic 
side effects of such therapy. Instead, local TGF-β 
activating mechanisms may be a better target of 
future antifibrotic therapies.

Based on the well-known involvement of TGF-β
in normal wound healing and in tissue fibrosis 
in various organs, it would be intuitive to expect 
that excess TGF-β accelerates wound healing. 
However, the timing of TGF-β expression in the 
skin is of essence, as it is elevated in the dam-
aged skin only in a narrow window of time after 
the injury, whereas constitutive overexpression of 
this cytokine by keratinocytes in transgenic mice 
unexpectedly leads to profound inflammation and 
delayed wound healing.83 Similarly, transgenic 
mice that overexpress a well-known TGF-β activa-
tor integrin αVβ6 in the epithelium, develop, as 
expected, a significant elevation in the active TGF-β
levels in the skin, but, instead of generalized skin 
fibrosis, they develop spontaneous, progressing 
fibrotic chronic ulcers.84

Despite this complexity of systemic TGF-β 
effects, the specific intracellular signaling of TGF-β
in fibroblasts is a target of numerous attempts to 
abrogate the profibrotic effect of this cytokine. 
These key intracellular signaling molecules of 
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the TGF-β signaling pathway are Smad2, Smad3, 
Smad4,46,47,85,86 c-Abl,87 and Egr-1.88 It has been 
also suggested that the function of an inhibitory 
intracellular factor of the TGF-β pathway, Smad7, 
is attenuated in scleroderma fibroblasts, thus mak-
ing the fibroblasts less resistant to the profibrotic 
effect of TGF-β57,89; restoration of the inhibitory 
function of Smad7 may be another valuable thera-
peutic approach.

The profibrotic action of TGF-β is often associ-
ated with CTGF, which is also known as CCN2. 
This is one of matricellular proteins, a family that 
regulate cell adhesion, migration, proliferation, 
survival, and differentiation. Transforming growth 
factor-β is a potent inducer of CTGF in quiescent 
fibroblasts, but in scleroderma and other dermal 
fibroses CTGF is constitutively overexpressed,90,91 
contributing to fibrosis. Transforming growth fac-
tor-β and CTGF acting together exert a more severe 
profibrotic effect than each factor alone.92

Interleukin-4 and Interleukin-13

Interleukin-4 and IL-13 define a cell phenotype 
and a pattern of cytokine production that are com-
monly referred to as type 2, as opposed to type 
1 that is defined by IFN-γ and IL-12. The helper 
T cells (CD3+CD4+) that produce IL-4 or IL-13 
(type 2) are designated as Th2 (as opposed to the 
IFN-γ–producing Th1), whereas the correspond-
ing cytotoxic T cells (CD3+CD8+) are designated 
Tc2 and Tc1. Generally, type 2 cytokines are 
directly profibrotic, whereas type 1 cytokines are 
directly antifibrotic. In the complexity of the in 
vivo situation, however, the prolonged expression 
of the type 1 pattern, although directly antifibrotic, 
may facilitate the secondary activation of type 2 
cytokine production, and ultimately lead to tissue 
fibrosis. Both IL-4 and IL-13 share the cell-surface 
receptor and the intracellular signaling pathway 
that involves factors Jak1, Jak2, Jak3, STAT6, and 
phosphatidylinositol-3-kinase (PI3K), yet there are 
some fine differences in the functional effects of 
these two cytokines.

Studies by Bona’s group36,37 demonstrated 
that the expression of IL-4 receptor is elevated 
in Tsk/+ fibroblasts in comparison with normal 
fibroblasts, and that the former cells were hyper-
responsive to IL-4, showing higher intensity of 
IL-4–induced intracellular signaling and more 

accelerated IL-4–stimulated collagen production. 
Administration of neutralizing anti–IL-4 antibod-
ies to Tsk/+ mice prevented the development of 
dermal fibrosis,62 as did deletion of IL-4 recep-
tor by a targeted mutation.37 There is substantial 
crosstalk between IL-4 and TGF-β pathways that 
appears to be important in the fibrotic process 
in vivo.35–37 Interleukin-13 is also directly profi-
brotic93 and appears to be involved in the murine 
bleomycin model of fibrosis and in the pathogen-
esis of scleroderma.94

CC Chemokine Ligands (CCL) 2 and 18

Chemokines are a group of cytokines that attract 
leukocytes (their name is a hybrid of the words 
chemoattractant and cytokine), and have other 
functions such as regulation of cell proliferation 
and expression of intracellular, secreted, and cell-
surface molecules in various cell types. The only 
two known chemokines that are directly profibrotic 
are CCL2 and CCL18, although numerous other 
chemokines are involved in inflammation and repair 
and thus indirectly regulate accumulation of ECM 
in the skin. CCL2, also known as monocyte chem-
oattractant protein 1 (MCP-1), stimulates collagen 
production by fibroblasts.45,54,70 Whether this is a 
direct or indirect autocrine TGF-β–mediated effect 
on fibroblasts remains a subject of controversy.95 
The expression of the receptor for CCL2, CCR2, is 
upregulated on various cell types in patients with 
diffuse cutaneous SSc.96 Contradicting these find-
ings, a study found no difference between SSc and 
normal fibroblasts in the expression of CCR2,97 
and no effect of CCL2 on collagen production by 
fibroblasts,97,98 yet this chemokine appeared to pro-
mote fibrosis by inducing the differentiation of Th2 
cells. Despite these mechanistic controversies, the 
involvement of CCL2 in facilitating tissue fibrosis 
appears to be universally accepted. An abrogation 
of either CCL2 or its receptor reduces fibrosis in 
animal models.45 Similar to CCL2, CCL18 (also 
known as PARC) is involved in the pathogenesis of 
scleroderma,99 and directly stimulates collagen pro-
duction in fibroblasts by activating an intracellular 
signaling cascade that leads to the transcriptional 
upregulation of the collagen gene promoter.100–102 
However, it is important to mention that compared 
with TGF-β and IL-4/IL-13, dramatically higher 
(100- to 1000-fold) concentrations of CCL2 or 
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CCL18 are needed for the direct activation of 
collagen production in fibroblasts. It is likely that 
in the in vivo situation these two chemokines 
act profibrotically by attracting late inflammatory 
cells, such as T cells and macrophages, to the sites 
of injury and inflammation.103

Tumor Necrosis Factor-a

Tumor necrosis factor-α is secreted by a variety 
of inflammatory and structural cell types during 
inflammation. In a sense, TNF-α is a functional 
counterpart of TGF-β: the former is proinflamma-
tory and antifibrotic, whereas the latter is antiin-
flammatory and profibrotic. In other words, TNF-α 
drives inflammation, whereas TGF-β drives repair. 
Consistent with such generalization, mice deficient 
in TNF receptor p55 show less infiltration of the 
wound sites with leukocytes and their wounds heal 
in an accelerated fashion.104 In another study, inhi-
bition of TNF-α with continued systemic admin-
istration of TNF-binding protein attenuated the 
wound breaking strength in rats.105 The cell-surface 
membrane–bound TNF-α on T cells renders these 
lymphocytes antifibrotic, despite their Th2 phe-
notype, which is usually profibrotic.61 Exposure 
to TNF-α induces NIK- and TRAF2–independent 
nuclear factor κB (NF-κB)-mediated intracellular 
signaling106 in human dermal fibroblasts. Such 
exposure also causes downregulation of TGF-βRII 
on fibroblasts, with subsequent dramatic down-
regulation of collagen and TIMP-1 production.107 
Tumor necrosis factor-α prevents TGF-β–induced 
Smad-specific gene transactivation in human der-
mal fibroblasts by blocking the Smad3-mediated 
gene transcription.108 Tumor necrosis factor-α also 
suppresses the induction of CTGF by TGF-β.109 
Thus, TNF-α is not only a directly antifibrotic 
cytokine, but it also desensitizes fibroblasts to the 
profibrotic signals.

Interferon-g

Interferon-γ (IFN-γ) is a strongly proinflamma-
tory type 1 cytokine and a powerful inhibitor of 
fibroblast proliferation and collagen production, 
signaling in fibroblasts through STAT1, C/EBPβ, 
p300/CBP, and YB-1 pathways.110–113 In response 
to skin wounding, the expression of mRNA and 
protein for IFN-γ, as well as for its inducers IL-12 
and IL-18, is detectable at day 1 after injury, peaks 

at day 3, and then gradually declines. Macrophages 
and T lymphocytes are the main sources of IFN-γ 
in the wound.113 Mice that have been genetically 
manipulated to eliminate expression of IFN-γ 
(knockout mice) exhibited accelerated wound heal-
ing with a concomitant reduction in leukocyte infil-
tration, and enhanced angiogenesis and collagen 
deposition at the wound sites.113 Simultaneously, 
there was a significant increase in the levels of 
mature TGF-β1 protein as well as elevation in 
Smad2 phosphorylation at the wound sites of IFN-
γ knockout mice,113 further supporting the concept 
of functional antagonism between IFN-γ and TGF-
β. This antagonism suggested initially that IFN-γ 
might be used as for antifibrotic therapies. There 
have been sporadic reports on the beneficial use of 
the IFN-γ therapy. Unfortunately, IFN-γ failed to 
antagonize TGF-β–mediated fibrotic response in 
keloid-derived dermal fibroblasts,114 and was inef-
fective in the treatment of localized scleroderma 
in a double-blind, randomized, placebo-controlled, 
multicenter study.115 Similarly, IFN-γ therapy was 
ineffective in a large, randomized, multinational, 
double-blind, placebo-controlled trial in a well-
defined population of patients with idiopathic 
pulmonary fibrosis.116 It is important to consider 
that the half-life of the injected recombinant IFN-γ 
is short,117 and its bioavailability in the dermis is 
not known.

Conclusion

How can one decipher the complexity discussed 
in this chapter? More importantly, how can one 
affect it pharmacologically to the patients’ benefit? 
Past experience suggests that successful thera-
peutic, particularly pharmacologic, targeting of 
complex pathophysiologic networks is clearly pos-
sible. Modern understanding of complex networks 
indicates that due to pleiotropic interactions and 
vast functional redundancy of their elements, these 
networks are very robust and resistant to ran-
dom interventions, yet they remain vulnerable to 
effects on the key elements of the system.118 Such 
key elements in complex networks are those that 
lack redundancy but are functionally connected to 
numerous other elements.

In a pathophysiologic network, nonredundant but 
pleiotropic cytokines and cell-surface and signaling 
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molecules can be pharmacologically targeted in order 
to effectively disrupt the disease process. A purpose 
of the mechanistic biomedical research, therefore, is 
identifying such key elements of pathophysiologic 
networks and developing tools for their selective 
targeting. A striking example of the successful iden-
tification of a key pathophysiologic player and its 
successful targeting is the recent astounding success 
of anti–TNF-α therapies in rheumatoid arthritis. This 
factor (TNF-α) not only is increased along with a 
host of other proinflammatory molecules in chronic 
inflammatory diseases, but also is an irreplaceable 
cause of the increase in the levels of the molecules.119 
Thus, by neutralizing TNF-α, production of other 
proinflammatory factors and the entire inflammatory 
process can be abrogated.

Unfortunately, similar systemic targeting of 
TGF-β is likely to produce severe systemic effects 
due to its broad pleiotropic key functions beyond 
the connective tissue homeostasis. Also, the com-
plexity of the TGF-β–driven network may require a 
combined targeting of several factors. For example, 
imatinib mesylate, a small molecule that selec-
tively inhibits a tyrosine kinase c-Abl, has potent 
antifibrotic effects in vitro and in vivo due to its 
selective dual inhibition of TGF-β and PDGF path-
ways.87 However, anti–TGF-β antibody therapy 
had no efficacy in scleroderma patients.120

Nevertheless, the new information about the 
cells and molecular regulators of fibrosis already 
propels the vigorous clinical trials and imple-
mentation of new antifibrotic therapies. Since the 
mechanisms of dermal fibrosis are largely driven 
by immune activation and inflammation, and are 
mediated by the cytokines, the traditional and new 
therapies aim at immune suppression, resetting the 
entire immunity through stem cell transplantation 
with or without immune ablation, and molecular 
targeting of individual cytokines or their signal-
ing pathways. The new information about the 
molecular pathways contributing to tissue fibrosis 
has formed the basis for the ongoing clinical trials 
of more specific pharmacologic agents, such as 
imatinib (Gleevec), which targets c-Abl, a critical 
enzyme of the TGF-β and PDGF signaling path-
ways; bosentan (Tracleer), an endothelin receptor 
antagonist that besides its efficacy in pulmonary 
arterial hypertension may have a beneficial effect 
on skin fibrosis; and imiquimod, a small molecule 

that induces production of IFN-γ. We should expect 
a further acceleration of research leading to the 
broadening of potential cellular and molecular tar-
gets in dermal fibrosis.
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Key Points

● Pemphigus is a group of autoimmune blistering 
diseases of the skin and mucous membranes, 
which are mediated by immunoglobulin G (IgG) 
autoantibodies against the cadherin type of 
cell–cell adhesion molecules in desmosomes, 
desmogleins.

● Pemphigus is histologically characterized by 
acantholysis, that is, intraepidermal blisters due 
to the loss of cell–cell adhesion of keratinoc-
ytes, and immunopathologically by the finding 
of in-vivo–bound and circulating IgG autoan-
tibodies directed against the cell surface of 
keratinocytes.

● Pemphigus has three major forms: pemphigus 
vulgaris, pemphigus foliaceus, and paraneoplastic 
pemphigus. Pemphigus vegetans is a variant of 
pemphigus vulgaris. Pemphigus erythematosus is 
a localized variant of pemphigus foliaceus, and 
fogo selvagem is an endemic variant of pemphigus 
foliaceus.

● Patients with pemphigus vulgaris and pemphigus 
foliaceus have IgG autoantibodies against des-
moglein 3 and desmoglein 1, respectively, while 
patients with paraneoplastic pemphigus have IgG 
autoantibodies against plakin molecules in addi-
tion to desmogleins.

● Systemic corticosteroids are the mainstay of 
therapy for pemphigus, and adjuvant therapies, 
including immunosuppressive agents, plas-
mapheresis, and high-dose intravenous immu-
noglobulin, are used for severe cases.

Historical Background

The term pemphigus stems from the Greek  pemphix, 
meaning blister or bubble, and it describes a group 
of chronic blistering skin diseases in which autoan-
tibodies are directed against the cell surface of 
keratinocytes, resulting in the loss of cell–cell 
adhesion of keratinocytes through a process called 
acantholysis (Table 42.1). The modern history of 
pemphigus began with the discovery by Beutner and 
Jordon1 in 1964 of circulating antibodies directed 
against the cell surface of keratinocytes in the sera 
of pemphigus vulgaris patients. In the late 1970s to 
early 1980s, pemphigus autoantibodies were shown 
to have a pathogenic activity in induction of blister 
formation in skin organ-culture systems as well as 
by passive transfer of patients’ immunoglobulin G 
(IgG) to neonatal mice.2,3 In the mid- and late 1980s, 
the target antigens of pemphigus were characterized 
by immunochemical methods, such as immunopre-
cipitation and immunoblotting.4,5 In the early 1990s, 
the isolation of complementary DNA (cDNA) for 
pemphigus antigens demonstrated that the target 
antigens in pemphigus are desmogleins.6,7

Pathogenesis

Pemphigus Target Antigens are 
Desmogleins

The hallmark of pemphigus is the finding of IgG 
autoantibodies against the cell surface of kerati-
nocytes. The pemphigus autoantibodies found in 
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patients’ sera play a primary pathogenic role in 
inducing blisters. When the IgG fraction from 
patients is passively transferred to neonatal mice, 
the mice develop blisters with typical histologic 
findings.3 Even monovalent Fab’ fragments of IgG 
from patients are sufficient to cause blisters in neo-
natal mice, indicating that complement activation 
and surface cross-linking may not be relevant in 
keratinocyte detachment.8

Immunoelectron microscopy localized both 
pemphigus vulgaris and pemphigus foliaceus anti-
gens to the desmosomes, the most prominent 
cell–cell adhesion junctions in stratified squa-
mous epithelia.9 Immunochemical characterization 
of pemphigus antigens by immunoprecipitation 
or immunoblotting with extracts from cultured 
keratinocytes or epidermis demonstrated that the 
pemphigus vulgaris and foliaceus antigens were 
130-kd and 160-kd transmembrane glycoproteins, 
respectively.4,5,10 The 160-kd protein recognized by 
pemphigus foliaceus sera was subsequently shown 
to be identical to desmoglein 1 (Dsg1) by compara-
tive immunochemical studies.11

Molecular cloning of cDNA encoding Dsg1 
and pemphigus vulgaris antigens indicated that 
both molecules were desmogleins, which are the 
members of the cadherin supergene family6,7 (Fig. 
42.1). Thus, pemphigus was discovered to be an 

Desmoglein 1
(pemphigus foliacues antigen)

Desmoglein 3
(pemphigus foliacues antigen)

Classic cadherin

= Cadherin repeat

EC1 EC2 EC3 EC4 EC5 1A ICS IPL RUD DTD

Extracellular domains Transmembrane domain Cytoplasmic domains

Fig. 42.1. Molecular structure of the pemphigus antigens. Cadherin is a single span transmembrane protein with 
unique structure. The extracellular (EC) region of each cadherin member has four cadherin repeats of about 110 
amino acid residues with calcium-binding motifs. Boxes with the same color have similarities in their amino acid 
sequences. Desmogleins have their own unique sequences of 29 ± 1 residues (repeating unit domain or RUD). ICS, 
intracellular cadherin-specific domain; IA, intracellular anchor domain; IPL, intracellular proline-rich linker; DTD, 
desmoglein-specific terminal domain

Table 42.1. Classification of pemphigus.

Pemphigus vulgaris
 Pemphigus vegetans
Pemphigus foliaceus
 Pemphigus erythematosus: localized
 Fogo selvagem: endemic
Paraneoplastic pemphigus
Drug-induced pemphigus
IgA pemphigus
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anti-desmoglein autoimmune disease. The pem-
phigus vulgaris antigen was termed desmoglein 
3 (Dsg3).

Desmosomes are intercellular adhesive junc-
tions in the epidermis and mucous membranes 
and contain two major transmembrane compo-
nents, desmogleins and desmocollins, both of 
which are cadherin-type cell adhesion molecules. 
Desmogleins have four isoforms (Dsg1 to Dsg4). 
Expression of Dsg1 and Dsg3 is basically restricted 
to stratified squamous epithelia, where blisters are 
formed in pemphigus, while Dsg2 is expressed 
in all desmosome-possessing tissues, including 
simple epithelia and myocardium.12 Dsg4 plays 
an important adhesive role mainly in hair follicles 
because mutations in the DSG4 gene cause abnor-
mal hair development.13 The molecular structure 
of desmogleins are unique and they have four cad-
herin repeats in their extracellular domains, as do 
classic cadherins, and have an extra carboxyl-ter-
minal domain containing repeats of 29 ± 1 residues 
(Fig. 42.1).

Compelling evidence has accumulated that IgG 
autoantibodies against Dsg1 and Dsg3 are patho-
genic and play a primary role in inducing the 
blister formation in pemphigus. Essentially, all 
patients with pemphigus have IgG autoantibod-
ies against Dsg1 or Dsg3, depending on the sub-
type of pemphigus.14,15 When anti-desmoglein IgG 
autoantibodies are removed from patients’ sera 
of pemphigus vulgaris, pemphigus foliaceus, or 
paraneoplastic pemphigus by immunoadsorption 
with recombinant desmoglein proteins, the sera 
are no longer pathogenic in blister formation.16,17 
Furthermore, anti-desmoglein IgG autoantibodies 
that were affinity-purified from pemphigus sera 
on the desmoglein recombinant proteins can cause 
blisters when injected in neonatal mice.17,18 Some 
pemphigus sera react with Dsg4 due to cross-
reactivity of a subset of anti-Dsg1 IgG, although 
Dsg4/Dsg1 cross-reacting IgG has no demonstra-
ble pathogenic effect.19 IgG autoantibodies against 
acetylcholine receptors or annexin-like molecules 
are reported, but their pathogenic relevance in pem-
phigus remains to be determined.20–22

Thus, the basic pathophysiology of pemphigus 
is that IgG autoantibodies raised against Dsg1 or 
Dsg3 inhibit their adhesive function and lead to 
the loss of the cell–cell adhesion of keratinocytes, 
resulting in blister formation.

Desmoglein Compensation Theory 
as Explanation for Localization 
of Blisters

Although the disruption of desmoglein- dependent 
cell adhesion by autoantibodies is the basic patho-
physiology underlying blister formation in pem-
phigus, the clinical spectrum is more complex. 
This complex clinical features of pemphigus are 
explained logically by the desmoglein compensation 
theory: Dsg1 and Dsg3 compensate for each other 
when they are coexpressed in the same cell.23–25

The intraepithelial expression pattern of Dsg1 
and Dsg3 is different between the skin and 
mucous membranes. In the skin, Dsg1 is expressed 
 throughout the epidermis, but more intensely in 
the superficial layers, while Dsg3 is expressed in 
the lower portion of the epidermis, primarily in 
the basal and parabasal layers. In contrast, Dsg1 
and Dsg3 are expressed throughout the squamous 
layers of mucosa, but Dsg1 is expressed at a much 
lower level than Dsg3.

Patients with pemphigus foliaceus have only 
anti-Dsg1 IgG autoantibodies (Table 42.2). Patients 
with the mucosal dominant type of pemphigus 
vulgaris have only anti-Dsg3 IgG autoantibodies, 
whereas those with the mucocutaneous type of 
pemphigus vulgaris have both anti-Dsg3 and anti-
Dsg1 IgG autoantibodies.26,27

For example, when sera contain only anti-Dsg1 
IgG, which interferes with the function of Dsg1, 
the presence of Dsg3 compensates for the loss 
of function of Dsg1 in the lower epidermis. In 
contrast, in upper epidermis, there is no compensa-
tion by Dsg3. Therefore, blisters only appear in 
the superficial epidermis of the skin because that 
is the only area in which Dsg1 is present without 
coexpression of Dsg3. Although the anti-Dsg1 IgG 
binds to mucosa, no blisters are formed because of 
the coexpression of Dsg 3. Thus, sera containing 
only anti-Dsg1 IgG cause superficial blisters in the 
skin without mucosal involvement, as is seen in 
patients with pemphigus foliaceus.

The desmoglein compensation theory also 
explains the clinical and histologic phenotype of 
bullous impetigo and staphylococcal scalded skin 
syndrome (SSSS).25 The blisters of bullous impetigo 
and SSSS are caused by exfoliative toxin (ET), 
which is produced by Staphylococcus aureus. ET 
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was recently discovered to bind specifically to Dsg1 
and cleave only the site after glutamic acid residue 
381 between extracellular domains 3 and 4.28–30 
When ET reaches the skin and digests Dsg1 in the 
lower layers of the epidermis, Dsg3 compensates 
for the loss of function of Dsg1 and manages to 
maintain cell–cell adhesion, while no compensation 
by Dsg3 occurs in the superficial layers of the epi-
dermis. Therefore, ET induces superficial blisters on 
the skin. In mucous membranes, the Dsg3 expressed 
throughout the squamous layers of the mucosa 
compensates for the impaired Dsg1 and maintains 
cell–cell adhesion with no mucosal involvement.

Paraneoplastic Pemphigus has
More Complex Autoimmune 
Reaction Than Classic Pemphigus

In addition to IgG autoantibodies against Dsg3 
or Dsg1, patients with paraneoplastic pemphigus 
(PNP) develop characteristic IgG autoantibodies 

against multiple antigens with molecular weights 
of 500, 250, 230, 210, 190, and 170 kd17,31 (Table 
42.2). By immunochemical studies and cDNA clon-
ing, most of these antigens were identified. The 
500-kd antigen is plectin. The 250- and 210-kd
antigens are desmoplakins I and II, respectively. The 
230-kd antigen is bullous pemphigoid  antigen 1, the 
major plaque protein of the epidermal hemidesmo-
some and also a target antigen in bullous pemphi-
goid. The 210-kd band also contains envoplakin. 
The 190-kd antigen is periplakin, while the 170-kd 
antigen is a transmembrane cell-surface protein that 
has yet to be identified.32

Anti-desmoglein antibodies play a role in induc-
ing the loss of cellular adhesion of keratinocytes 
and initiate blister formation, while the pathophysi-
ologic relevance of the anti-plakin autoantibodies is 
unclear. The intracellular location of plakin proteins 
makes it unlikely that anti-plakin autoantibodies 
initiate pathology in PNP because IgG cannot pen-
etrate cell membranes. It is also important to bear 
in mind that not only humoral immunity but also 
cell-mediated cytotoxicity is involved in the patho-
genesis of PNP, in which more severe and refrac-
tory oral erosions and stomatitis as well as more 
polymorphic skin eruptions are seen compared
with classic forms of pemphigus.

Clinical Features

Pemphigus Vulgaris

Pemphigus vulgaris has two clinical subtypes: 
mucosal dominant type and mucocutaneous type. 
Patients with the mucosal dominant type show 
mucosal erosions mainly in the oral cavity with 
minimal or limited skin involvement. Patients with 
the mucocutaneous type show extensive flaccid 
blisters and erosions on the skin in addition to 
the mucosal erosions. Any stratified squamous 
 epithelia where Dsg1 or Dsg3 are expressed can be 
involved in pemphigus vulgaris.

Mucous membrane lesions are usually seen as 
painful erosions (Fig. 42.2). Intact blisters are rare, 
probably because they are fragile and break easily. 
Scattered and often extensive erosions may be seen 
on any part of the oral cavity. Extensive erosions and 
painful lesions in the mouth may result in decreased 
food and drink intake. Involvement of throat may 

Table 42.2. Target antigens in pemphigus.

Diseases Autoantibodies Antigens

Pemphigus vulgaris
Mucosal dominant  IgG Desmoglein 3

type
Mucocutaneous IgG Desmoglein 3

type  Desmoglein 1
Pemphigus  IgG Desmoglein 1

foliaceus
Paraneoplastic  IgG Desmoglein 3

pemphigus  Desmoglein 1
   Plectin
   Desmoplakin I
   Desmoplakin II 
   BPAG1
   Envoplakin 
   Periplakin 
   170-kd antigen
Drug-induced  IgG Desmoglein 3

pemphigus
   Desmoglein 1

IgA pemphigus
SPD type IgA Desmocollin 1
IEN type IgA ?

BPAG, bullous pemphigoid antigen; IEN, intraepidermal 
 neutrophilic; Ig, immunoglobulin; SPD, subcorneal pustular 
dermatosis.
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produce hoarseness and difficulty in swallowing. 
The esophagus, conjunctiva, nasal mucosa, vagina, 
penis, anus, and labia may also be involved. The 
diagnosis of pemphigus vulgaris tends to be delayed 
in patients presenting with only oral involvement, as 
compared to patients with skin lesions.

The primary skin lesions of pemphigus vulgaris 
are flaccid, thin-walled, easily ruptured blisters 
that appear anywhere on the skin surface (Fig. 
42.3). The blisters arise on normal-appearing skin 
or erythematous bases. The blisters are fragile and 
soon rupture to form painful erosions that ooze and 
bleed easily. The erosions soon become partially 
covered with crusts that have little or no tendency 
to heal. Without appropriate treatment, pemphigus 
vulgaris can be fatal because a large area of the 
skin loses epidermal barrier function, leading to 
loss of body fluids or secondary bacterial infection. 
Because of the absence of cohesion in the epider-
mis, the upper layers are easily made to slip later-
ally by slight pressure or rubbing in active patients 
with pemphigus (Nikolsky sign).

Pemphigus Foliaceus

Patients with pemphigus foliaceus develop scaly, 
crusted erosions, often on an erythematous base in 
the skin, but do not have apparent mucous mem-

brane involvement even with widespread disease 
(Fig. 42.4). The absence of oral involvement may 
be a clue to clinically differentiate pemphigus 
foliaceus from pemphigus vulgaris.

The onset of disease is often subtle, with a few 
scattered crusted lesions that come and go, and are 
frequently mistaken for impetigo. These lesions are 
usually well demarcated and scattered in a sebor-

Fig. 42.2. Pemphigus vulgaris. Essentially all patients 
develop painful oral mucous membrane erosions Fig. 42.3. Pemphigus vulgaris. Skin lesions are flaccid 

blisters that are fragile and soon rupture to form painful 
erosions that ooze and bleed easily

Fig. 42.4. Pemphigus foliaceus. Skin lesions are scaly 
crusted erosions and vesicles that are fragile and easily 
ruptured
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rheic distribution, including face, scalp, and upper 
trunk. Because the vesicle is so superficial and 
fragile, often only the crust and scale that result 
from ruptured vesicles are seen. Disease may stay 
localized for years or may rapidly progress, in 
some cases, to generalized involvement resulting in 
an erythrodermic exfoliative dermatitis. Nikolsky 
sign is present. Generally patients with pemphigus 
foliaceus are not severely ill.

Paraneoplastic Pemphigus

Paraneoplastic pemphigus is a recently described 
form of pemphigus that occurs in association with 
underlying neoplasms.31,32 It is unique and distinct 
from the classic forms of pemphigus vulgaris 
and foliaceus by clinical, histologic, and immu-
nopathologic criteria. The associated neoplasms 
are non-Hodgkin’s lymphoma (42%), chronic 
lymphocytic leukemia (29%), Castleman’s tumor 
(10%), malignant and benign thymoma (6%), spin-
dle cell neoplasms (reticulum cell sarcoma)(6%), 
and Waldenström’s macroglobulinemia (6%). The 
combination of non-Hodgkin’s lymphoma and 
chronic lymphocytic leukemia represents almost 
two thirds of cases. Castleman’s disease, which is 
a very rare lymphoproliferative lesion, is the third 
most commonly associated neoplasm. The absence 
of common tumors, such as adenocarcinoma of 
breast or bowel and squamous cell carcinomas, is 
notable.

The most constant clinical feature of para-
neoplastic pemphigus is the presence of intractable 
stomatitis (Fig. 42.5). The severe stomatitis is usu-
ally the earliest presenting sign, and after treatment 
it is the one that persists and is extremely resistant 
to therapy. This stomatitis consists of erosions and 
ulcerations that affect all surfaces of the orophar-
ynx and characteristically extend onto the vermil-
lion of the lip. Most patients also have a severe 
pseudomembranous conjunctivitis with scarring. 
Esophageal, nasopharyngeal, vaginal, labial, and 
penile mucosal lesions may also be affected.

The cutaneous lesions are quite polymorphic 
and may appear as erythematous macules, flac-
cid blisters and erosions resembling pemphigus 
vulgaris, tense blisters resembling bullous pem-
phigoid,  erythema multiforme-like lesions, and 
lichenoid eruptions. Extensive cases show clini-
cal resemblance with toxic epidermal necrolysis 

(TEN). The occurrence of blisters and erythema 
multiforme–like lesions on the palms and soles can 
be used to clinically differentiate paraneoplastic 
pemphigus from pemphigus vulgaris. Cutaneous 
lichenoid eruptions are very common together with 
severe stomatitis. In the chronic form of the disease 
lichenoid eruption may predominate over blistering 
lesions.

Paraneoplastic pemphigus is the only form of 
pemphigus that has involvement of nonstratified 
squamous epithelia. Approximately, 30% to 40% 
of patients develop pulmonary symptom.33,34 The 
earliest symptoms are progressive dyspnea, and 
pulmonary function studies show airflow obstruc-
tion, involving large and small airways, as seen in 
bronchiolitis obliterans, which can be fatal through 
respiratory failure.

Other Forms of Pemphigus

Pemphigus Vegetans

Pemphigus vegetans is a rare vegetative variant 
of pemphigus vulgaris and considered to be one 
reactive pattern of the skin to autoimmune insult of 
pemphigus vulgaris. Pemphigus vegetans is char-
acterized by flaccid blisters that become erosions 
and form fungoid vegetations or papillomatous 
proliferations, especially in the intertriginous area 
and in the scalp or on the face. Pustules rather than 
vesicles characterize early lesions but these soon 
progress to vegetative plaques.

Fig. 42.5. Paraneoplastic pemphigus. The characteristic 
clinical feature is severe intractable stomatitis that 
extends onto the vermillion of the lip
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Pemphigus Erythematosus (Senear-Usher 
Syndrome)

Pemphigus erythematosus is simply a localized 
variant of pemphigus foliaceus. Typical scaly and 
crusted lesions of pemphigus foliaceus occur across 
the malar area of the face and in other seborrheic 
areas. Originally, pemphigus erythematosus was 
introduced for patients with immunologic features 
of both lupus erythematosus and pemphigus, such 
as in vivo IgG and C3 deposition on keratinocyte 
cell surfaces as well as basement membrane zone 
and circulating antinuclear antibodies.35 However, 
only a few patients have been reported to actually 
have the two diseases concurrently.36

Drug-Induced Pemphigus

There are sporadic cases of pemphigus in 
 association with the use of drugs, such as peni-
cillamine and captopril.37 Pemphigus foliaceus is 
more common than pemphigus vulgaris in peni-
cillamine-treated patients. Although most patients 
with drug-induced pemphigus are shown to have 
autoantibodies against Dsg1 or Dsg3,38 evidence 
suggests that some drugs may induce acantholy-
sis without production of antibodies. Both peni-
cillamine and captopril contain sulfhydryl groups 
that are speculated to interact with the sulfhydryl 
groups in desmoglein 1 and 3. Most, but not all, 
patients with drug-induced pemphigus go into 
remission after the offending drug is stopped.

Immunoglobulin A Pemphigus

Immunoglobulin A (IgA) pemphigus is a newly 
characterized group of autoimmune intraepider-
mal blistering diseases presenting with a vesicu-
lopustular eruption, neutrophilic infiltration, and 
in-vivo–bound and circulating IgA autoantibodies 
against keratinocyte cell surfaces, but no IgG 
autoantibodies.39–41 IgA deposition on cell sur-
faces of the epidermis is present in all cases by 
direct immunofluorescence, and many patients 
have detectable circulating IgA autoantibodies by 
indirect immunofluorescence. There have been 
two distinct types of IgA pemphigus: subcorneal 
pustular dermatosis (SPD) type and intraepider-
mal neutrophilic (IEN) type. IgA autoantibodies 

in the SPD type react with desmocollin 1.40 while 
autoimmune targets of the IEN type remains to be 
identified (Table 42.2). A subset of IgA pemphigus 
patients have IgA autoantibodies against Dsg1 or 
Dsg3, making the autoimmune target of IgA pem-
phigus more heterogeneous. The exact pathogenic 
role of IgA autoantibodies in pustular formation in 
IgA pemphigus remains to be elucidated.

The patients with both types of IgA pemphigus 
clinically present with flaccid vesicles or pus-
tules both on erythematous or normal skin. In the 
both types the pustules tend to coalesce to form 
an annular or circinate pattern with crusts in the 
central area, although a sunflower-like configura-
tion of pustules is a characteristic sign of the IEN 
type. The predilection sites are the axillary and 
groin areas, but the trunk, proximal extremities, 
and lower aspect of the abdomen are commonly 
involved. Mucous membrane involvement is rare. 
Pruritus is often a significant symptom. Because 
the SPD type of IgA pemphigus is clinically and 
histologically indistinguishable from classic sub-
corneal pustular dermatosis (Sneddon-Wilkinson 
disease), immunologic characterization is essential 
to differentiate the two diseases.

Histology

Pemphigus Vulgaris

The characteristic histologic finding of the classic 
form of pemphigus is intraepidermal blister forma-
tion due to loss of cell–cell adhesion (acantholysis) 
of keratinocytes without keratinocyte necrosis. In 
pemphigus vulgaris, acantholysis usually occurs 
just above the basal cell layer (suprabasilar acan-
tholysis) (Fig. 42.6). A few rounded-up (acantho-
lytic) keratinocytes as well as clusters of epidermal 
cells are often seen in the blister cavity. Although 
the basal cells lose the contact with their neighbors, 
they maintain their attachment to the basement 
membrane, thus giving the appearance of a “row of 
tombstones.” Eosinophilic spongiosis can be also 
seen in very early lesions of pemphigus.

Pemphigus Foliaceus

In pemphigus foliaceus, acantholysis is found 
in the upper epidermis, within or adjacent to the 
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granular layer. As the blisters are superficial, it is 
often very difficult to obtain an intact lesion for 
diagnosis. These histologic findings of superficial 
blisters are indistinguishable from those seen in 
staphylococcal scalded skin syndrome or bullous 
impetigo, because desmoglein 1 is targeted in both 
diseases. Sometimes the blister contains numerous 
acute inflammatory cells, particularly neutrophils.

Paraneoplastic Pemphigus

In paraneoplastic pemphigus, the histologic findings 
of lesions show considerable variability, reflecting 
the polymorphism of the clinical lesions. The lesions 
show a unique combination of pemphigus vulgaris–
like histology and erythema multiform–like or lichen 
planus–like histology. Intact cutaneous blisters may 
show suprabasilar acantholysis and individual kerat-
inocyte necrosis with lymphocytic infiltration in the 
epidermis. In addition, basal cell liquefactive degen-
eration or band-like dense lymphocytic infiltration 
in the upper dermis can be seen.

Diagnosis

Once the diagnosis of pemphigus is suspected from 
clinical findings, it is important to take a biopsy for 
histology and direct immunofluorescence as well 

as perform serum tests to look for IgG autoantibod-
ies against cell surfaces of keratinocytes or des-
mogleins. The definitive diagnosis of pemphigus 
requires the demonstration of the IgG autoantibod-
ies. Methods to demonstrate pemphigus autoanti-
bodies include direct immunofluorescence, indirect 
immunofluorescence, immunoprecipitation, immu-
noblot, and enzyme-linked immunosorbent assay 
(ELISA).

Direct immunofluorescence examines patients’ 
skin or mucous membranes to demonstrate 
in-vivo–bound IgG deposition on the kerat-
inocyte cell surfaces (Fig. 42.7). Direct immun-
ofluorescence is a most reliable and sensitive 
diagnostic test for all forms of pemphigus. If 
the direct  immunofluorescence is negative, the 
diagnosis of pemphigus should be seriously ques-
tioned. The biopsy specimen should be taken from 
perilesional normal skin or mucous membrane, 
because blister sites may yield false negatives. IgM 
deposition is not seen, but occasionally IgA depo-
sition may be seen in addition. Complement (C3) 
deposition is not necessarily demonstrated, prob-
ably because the dominant subclass of IgG is IgG4, 
which does not fix complement. In IgA pemphigus, 
IgA deposition, but not IgG deposition, is detected 
on keratinocyte cell surfaces.

Indirect immunofluorescence examines patients’ 
sera to demonstrate circulating IgG autoantibod-
ies, which react with epithelial cell surfaces. The 

Fig. 42.7. Direct immunofluorescence of pemphigus 
foliaceus. Direct immunofluorescence using patients’ 
skin as a substrate show in-vivo–bound immunoglobulin 
G (IgG) deposition on the keratinocyte cell surfaces, 
indicating IgG autoantibodies bind to the native target 
antigen, desmoglein1 or desmoglein3, as an initial step 
of blister formation in pemphigus

Fig. 42.6. Histology of pemphigus vulgaris. The charac-
teristic histologic finding of pemphigus is intraepidermal 
blister formation due to loss of cell–cell adhesion of 
keratinocytes without keratinocyte necrosis. In pemphi-
gus vulgaris, blisters usually occur just above the basal 
cell layer (suprabasilar acantholysis)
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expression level of Dsg1 and Dsg3 varies among 
different epithelial cells. As a substrate of indirect 
immunofluorescence staining, monkey esopha-
gus is more suitable for detecting anti-Dsg3 IgG 
autoantibodies, and normal human skin or guinea 
pig esophagus is better for anti-Dsg1 IgG autoan-
tibodies. Rat bladder is used for paraneoplastic 
pemphigus or anti-plakin autoantibodies. Despite 
the different antigens involved in pemphigus vul-
garis and foliaceus, the staining pattern using direct 
or indirect immunofluorescence is similar, which 
makes it difficult to serologically distinguish the 
two diseases.

Enzyme-linked immunosorbent assay provides a 
specific, sensitive, and quantitative assay to detect 
and measure circulating IgG autoantibodies in the 
diagnosis of pemphigus.14,15 The patient’s serum 
is tested on ELISA plates that are precoated with 
recombinant proteins of Dsg1 or Dsg3. Enzyme-
linked immunosorbent assay enables us to serolog-
ically distinguish subtypes of pemphigus vulgaris 
and foliaceus. In general, if a serum is positive 
against Dsg1 but negative against Dsg3, it suggests 
a diagnosis of pemphigus foliaceus. If negative 
against Dsg1 but positive against Dsg3, it suggests 
a diagnosis of the mucosal dominant type of pem-
phigus foliaceus. If positive against both Dsg1 and 
Dsg3, it suggests a diagnosis of the mucocutaneous 
type of pemphigus vulgaris. Furthermore, ELISA 
scores show parallel fluctuation with the disease 
activity. Thus ELISA is also useful to monitor the 
disease activity to plan tapering schedules of cor-
ticosteroids and to predict flares or relapses before 
clinical evidence of disease flares is noticed.

Treatment

The introduction of systemic glucocorticoids and 
immunosuppressive agents has greatly improved 
the prognosis of pemphigus; however, the mor-
bidity and mortality are still significant because 
death sometimes occurs from the complications of 
therapy. Systemic glucocorticoids are the mainstay 
of therapy for pemphigus, and immunosuppressive 
reagents are often used for a steroid-sparing effect 
to reduce the side effects of steroids. The goal of 
therapy is to control the disease at the lowest pos-
sible dose of glucocorticoids.

Prednisone at 1.0 mg/kg/day (usually 60 mg/
day) is a typical initial treatment. The therapeu-

tic effects are clinically estimated by the number 
of new blisters per day or the rate of healing of 
the new lesions, and prednisone is planned to be 
gradually tapered. However, once clinical remis-
sion is obtained, changes in the titers of circulating 
autoantibodies as determined by ELISA are helpful 
in gauging the dose of prednisone.15,42–44

Immunosuppressive agents, such as azathioprine 
(2 to 4 mg/kg/day) and cyclophosphamide (1 to 3 mg/
kg/day), when combined with corticosteroids, are 
beneficial to gain early control of the disease and 
increased numbers of remissions.45–47 If complete 
clinical remission is achieved with the combined 
therapy, the dosage of the immunosuppressive drug 
is maintained while the prednisone is gradually 
tapered to 5 mg/day. In young patients the potential 
increase in malignancies that might be associated 
with the use of these drugs must be taken into account. 
Mycophenolate mofetil (2 to 3 g/day) is another 
choice for an effective immunosuppressive agent of 
the combination therapy with glucocorticoids.48

Plasmapheresis is useful to quickly reduce the 
titers of circulating autoantibodies and should be 
considered for severe pemphigus if the disease is 
unresponsive to a combination of prednisone and 
immunosuppressives.49 Concomitant immunosup-
pression with glucocorticoids and cyclophospha-
mide prevents a rebound increase in the production 
of autoantibody.

High-dose intravenous immunoglobulin is another 
option for resistant disease.50 Intravenous immu-
noglobulin has immunomodulatory effects when 
used in a high dose, although their exact mecha-
nisms remains to be elucidated. Recently, anti-CD20 
monoclonal antibody (rituximab) was reported to be 
effective in patients with refractory pemphigus.51–53

Conclusion

Pemphigus is a group of autoimmune blistering 
diseases in which the pathogenic autoantibodies 
have been well characterized, as well as the targets 
of the autoimmune response, desmogleins 1 and 3.
Glucorticoids, immunosuppressive drugs, and bio-
logic agents are effective in treating this disease 
because they interfere with either the effector 
cascades that disrupt the epidermis, or the autoan-
tibody synthesis or circulating half-life of the 
pathogenic antibody.
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Key Points

● Bullous pemphigoid (BP) is a subepidermal autoim-
mune blistering skin disease, and is predominantly 
a disease of the elderly in its classic presentation.

● There are distinct clinical variants of this disease: 
bullous pemphigoid, cicatricial pemphigoid, and 
pemphigoid gestationis.

● The autoimmune response in BP is directed 
against two hemidesmosomal antigens, BP180 
(BPantigen2 or collagen XVII) and BP230 
(BPantigen1). In CP, autoantibodies recognize 
multiple auto antigens, including BP180, BP230, 
laminin-5, laminin-6, and integrin B4 subunit. 
Autoantibodies in pemphigoid gestations are 
maily reative with BP180.

● The diagnosis of this condition is based on clini-
cal findings, histology, and the demonstration of 
tissue bound immunoreactants (direct immun-
ofluorescence).

● Therapy can range from topical glucocorticoster-
oids for mild disease, to oral antibiotics, to sys-
temic glucocorticosteroids alone or with cytotoxic 
drugs or intravenous immunoglobulin (IVIG).

Bullous Pemphigoid

Overview

Bullous pemphigoid (BP) is a subepidermal 
autoimmune bullous disorder that commonly 
occurs in elderly patients and is the most com-
mon adult bullous disorder. The patient typically 
presents with generalized pruritic tense bullae, with 
rare involvement of the mucous membranes. The 

 pathogenesis of BP has been clarified by advances 
in the field of immunodermatology, which have 
also aided in diagnosis of atypical cases. Therapy 
focuses on immunosuppression to attenuate the 
autoimmune response.

Historical Background

Bullous pemphigoid was first described by Lever1 
in 1953 as a subepidermal bullous dermatosis 
seen in elderly individuals (Fig. 43.1). Based on 
histologic evaluation, BP was characterized by 
detachment of the epidermis and an intense inflam-
matory cell infiltrate in the upper dermis. Jordon 
and Beutner et al.2 discovered anti-skin autoan-
tibodies in BP patients, which are present in the 
serum and bound to the dermal–epidermal junction 
in a linear fashion. Further specification of the 
anti-skin autoantibodies was provided by Stanley 
et al.,3 with the characterization of antibodies 
against a 230-kd epidermal protein within the sera 
of BP patients. Mutasim et al.4 observed that BP 
autoantibodies recognized hemidesmosomes, and 
Labib et al.5 described the binding of BP autoanti-
bodies to an 180-kd epidermal protein.

Further molecular characterization of the BP 
180 antigen has been performed by Diaz et al.6 
Specifically, the BP180 antigen is a transmembrane 
hemidesmosomal glycoprotein with both an extra-
cellular C-terminus projecting into the lamina luc-
ida, and an intracellular N-terminus. Development 
of a passive transfer murine model, and progress 
toward an active immunization murine model by 
Liu et al.7 have provided further clarification of the 
pathogenesis of BP.

43
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Epidemiology

With onset typically occurring after the sixth decade, 
BP is classically considered a disease of the elderly. 
Indeed, in comparing patients older than 90 years of 
age to those less than 60 years of age, the relative 
risk of developing BP is approximately 300.8 Given 
the age of most patients with BP, assessing survival 
in this patient population has provided variable 
figures, with 1-year mortality ranging from 25% to 
40%.9–15 However, both increased patient age and 
poor general health condition have been associated 
with increased mortality in BP.9,16 Correlation of 
the extent of the bullous lesions, patient gender, and 
dosing of oral steroids with patient mortality have 
been variable.8,9,16

Various human leukocyte antigen (HLA) classes 
have been associated with BP, specifically in regard 
to patient race. In Caucasians, HLA-DQB1*0301, 
has been associated with not only BP, but also ocu-
lar and mucous membrane involvement.17,18 Among 
patients of Japanese descent with BP, increased 
incidence of the HLA-DRB1*04, DRB1*1101, and 
DQB1*0302 alleles have been noted.19 Focusing 
on the geographic region of northern China, com-
parison of patients with BP to controls revealed 
decreased frequency of HLA-DRB1*08 and HLA-
DQB1*06 in patients afflicted with BP.20

Pathogenesis

The autoimmune response in BP is directed against 
two hemidesmosomal antigens, BP180 (BP antigen 

2 or collagen XVII), and BP230 (BP antigen 1). 
BP180 has been characterized at the molecular 
level as possessing both an intracellular N-ter-
minus, and an extracellular C-terminus, which 
projects into the lamina lucida.6 In contrast, BP230 
is a cytoplasmic protein with structural similarity 
to plectin and desmoplakins I and II.21,22 As part of 

Fig. 43.1. Bullous pemphigoid (BP). (A) Large, tense blisters and erosions are seen in a BP patient. (B) Direct 
immunofluorescence shows in situ deposition of immunoglobulin G (IgG) and C3 at the cutaneous basement mem-
brane zone (arrow). D, dermis; E, epidermis

Fig. 43.2. Bullous pemphigoid autoantigens. By immu-
noblotting analysis, sera of patients with BP recognize 
BP180 and BP230 in skin protein extracts (lane 2). 
Normal human serum (NHS) controls show no immune 
reactivity with skin protein extracts (lane 1)
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the hemidesmosome, BP180 and BP230 promote 
adhesion of the basement membrane to the basal 
layer of keratinocytes (Figs. 43.2 and 43.3).

Characterization of autoantibodies reveals a 
polyclonal response, with the majority of antibod-
ies recognizing a cluster of epitopes about the larg-
est noncollagen domain (referred to as NC16A) of 
the BP180 antigen.23,24 The BP180NC16A-specific 
autoantibodies are predominantly immunoglobu-
lin E (IgE), IgG1, and IgG4.25–27 Titers of the 
BP180NC16A autoantibodies have been correlated 
with the degree of clinical severity.26–28

B-cell production of pathogenic autoantibodies 
likely begins with development of autoreactive 
T cells. Most patients with BP demonstrate circu-
lating autoreactive BP180-specific CD4 T cells.29 
T-helper-2 (Th2) and Th1 responses against the 
BP180 ectodomain were identified in the majority of 
the studied BP patients.30,31 BP180-reactive Th cells 

and IgG autoantibodies recognized similar or iden-
tical epitopes clustered in distinct regions of the 
BP180 ectodomain; the majority of autoreactive 
Th2 and Th1 cells and B cells recognized epitopes 
within the NC16A, followed by reactivity against 
the COOH-terminal and central regions.31–34 More 
significantly, T- and B-cell reactivity against the 
BP180NC16A ectodomain was associated with 
severe BP, with widespread blisters and erosions, 
while the central portion was more frequently 
recognized in limited BP, with few blisters and ero-
sions.33 BP patients (less than 50%) also showed 
a combined T- and B-cell response against the 
COOH- and NH2-terminal globular domains of 
BP230.34

The characteristic histologic and clinical features 
of BP are a result of the inflammatory cascade trig-
gered by the binding of pathogenic autoantibodies 
to the antigen targets within the hemidesmosome 
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Fig. 43.3. A diagram of hemidesmosomal antigens and their interactive extracellular matrix proteins at the dermal-
epidermal junction. BK, basal keratinocyte; IKF, intermediate keratin filaments; LL, lamina lucida; LD, lamina densa
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structure. In vitro and in vivo studies show that 
antibodies against BP180 are pathogenic.35,36 In 
the in vivo model, neonatal mice injected intraperi-
toneally or intradermally with antimurine BP180 
antibodies develop BP-like skin lesions, includ-
ing in situ deposition of IgG and complement C3 
at the basement membrane zone (BMZ) and an 
inflammatory cell infiltrate. Subepidermal blis-
tering in this IgG passive transfer model of BP 
requires complement activation, mast cells, and 
neutrophils.37–40 Inflammatory cell products, such 
as neutrophil elastase, gelatinase, and plasmin, 
result in tissue destruction at the dermal–epidermal 
junction, which manifests histologically as a sub-
epidermal split.41–45

Clinical Features

Clinical manifestations of BP may be protean, 
and the prodromal phase is typically nonspecific. 
Intense pruritus, with or without an eczematous or 
urticarial eruption, are typically the first signs of 
the disease. In most patients, the prodromal phase 
is followed by the development of symmetric tense 
bullae, distributed primarily on the flexural aspects 
of the extremities and lower trunk (see Fig. 43.1A). 
The bullae are symptomatically pruritic, and may 
be filled with clear or hemorrhagic fluid. Rupture 
of the bullae results in shallow crusted erosions. 
Involvement of intertriginous areas may produce 
vegetative moist plaques. The mucous membranes 
are involved in approximately a third of patients.

Diagnosis

Once the suspicion of BP is raised on the basis of 
clinical and historical patient information, defini-
tive diagnosis is based not only on histologic evalu-
ation, but also on further characterization of the 
autoantibody response through direct and indirect 
immunofluorescence (IF) microscopy. Standard 
histologic evaluation via light microscopy reveals 
a subepidermal split, with a sparse inflammatory 
infiltrate composed mainly of eosinophils. Direct 
IF (from perilesional, uninvolved skin) demon-
strates a fine linear band at the dermal–epidermal 
junction of IgG or C3 (see Fig. 43.1B). Indirect 
IF (from patient’s serum) demonstrates in most 
patients the presence of autoantibodies that bind 
the dermal–epidermal junction in a linear fashion. 

Recently, it has been reported that titers against 
recombinant BP180 antigen by enzyme-linked 
immunosorbent assay (ELISA) may be good indi-
cators of disease activity in BP, and titers may be 
followed as a marker of disease activity.46

Therapy

Topical high potency corticosteroids are useful 
for limited areas of involvement in motivated 
patients. More generalized or severe manifestations 
typically require systemic corticosteroids, in initial 
dosing ranging from 0.5 to 1 mg/kg/day. After 
gaining control of the development of new bullae, 
the dose may be tapered over 6 to 8 months, with 
dosing adjusted to account for the recurrence of 
disease. A study suggests that high-potency topical 
steroids (clobetasol) may be an excellent approach 
to induce clinical remission in BP.47

In cases refractory to systemic corticosteroids, 
additional immunosuppressive medications may 
be employed. Azathioprine (dose adjusted for 
variability in thiopurine methyltransferase levels), 
cyclosporine, and mycophenolate mofetil are all 
options, with selection based on each medication’s 
side-effect profile. Dapsone may be useful in some 
cases where systemic steroids or immunosuppres-
sive drugs are not indicated. Plasmapheresis and 
intravenous immunoglobulin (IVIG) have been used 
successfully to induce remission in BP.48–50 While 
other dermatologists have found tetracycline and 
nicotinamide useful in the control of BP, in our hands 
it has had a limited effect in some rare patients.

Cicatricial Pemphigoid

Overview

Cicatricial pemphigoid (CP), also known as mucous 
membrane pemphigoid, is a rare chronic autoim-
mune blistering disorder, characterized by mucosal 
involvement, with high risk of scarring occur-
ring within the affected areas. Any or all mucous 
membranes may be involved in any individual 
patient. Patients demonstrate linear deposition of 
autoantibodies against various basement mem-
brane zone components. The clinical course tends 
to be chronic, and best managed with a multidisci-
plinary approach to avoid major sequelae occurring 
secondary to scarring.51
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Historical Background

Chronic blistering conditions with both skin and 
eye involvement were described throughout the 
1800s.52,53 Up to the mid-1900s, CP was consid-
ered a variant of pemphigus, until Civatte54 and 
Lever55 separated the disorder based on histopatho-
logic criteria. Lever suggested changing the name 
from “benign mucous membrane pemphigoid” to 
“cicatricial pemphigoid” based on the tendency for 
scar formation.56,57 Tissue-bound immunoglobulins 
and complement components along the basement 
membrane zone were identified in the 1970s.58,59 
Circulating autoantibodies were demonstrated by 
Dantzig60 and Bean61 shortly thereafter.

Epidemiology

Cicatricial pemphigoid has been documented to 
occur at any age, and is one of the most rare subep-
idermal bullous diseases, with an estimated annual 
incidence of approximately 0.25 per million.62 In a 
recent review of patients with circulating antibod-
ies recognizing laminin-5, over 30% of patients 
demonstrated internal malignancy.63

Clinical Features

While any mucosal surface may be affected in CP, 
the oral site is most commonly involved, followed 
by, in decreasing order of involvement, the ocular, 
nasal, nasopharyngeal, anogenital, laryngeal, and 
esophageal sites.64–66 Oral disease may present as 
erosive or desquamative gingivitis; intact blisters 
are rarely observed. Chronic erosions on the pal-
ate and lateral tongue are commonly seen, as well. 
Once healed, the areas may resemble lesions of 
lichen planus, with white reticulated striations.

Conjunctival involvement is also commonly 
seen, and, if not appropriately addressed, may 
result in blindness. Conjunctival inflammation, ero-
sions, symblepharon, and entropion may be present. 
Similar to the appearance of lesions in the oral 
mucosa, intact bullae are very rarely observed.65

Nasopharyngeal involvement may be associ-
ated with lesions of the upper aerodigestive 
tract.66 Symptoms suggestive of nasopharyn-
geal involvement include nasal crusting, recur-
rent epistaxis, and nasal airway obstruction. A 
history of persistent pharyngalgia, dysphagia, 
odynophagia, dysphonia, or dyspepsia, may sug-

gest pharyngeal and laryngeal involvement.67 
Development of strictures or stenosis of the phar-
ynx or larynx may prove life-threatening, if not 
identified at an early stage.

Genital and anal involvement is relatively rare. 
Progressive disease may lead to narrowing of the 
introitus in women, or to phimosis in men. Anal 
involvement may lead to scarring, and potentially 
to stricture. The skin is involved in approximately a 
quarter of patients with CP. Erythematous plaques 
develop recurrent blisters, and heal with atrophic 
scarring.

Pathogenesis and Diagnosis

Diagnosis of CP relies on immunofluorescent 
(IF) evaluation. Direct IF performed on perile-
sional mucosa or skin reveals IgG, IgA, or C3 in 
a continuous fine linear pattern along the base-
ment membrane zone.51,64–73 Direct IF is most 
likely to provide conclusive information when 
performed on an area of mucosa adjacent to an 
area of inflammation.51 To minimize the risk of 
conjunctival scarring, other anatomic areas of 
involvement should be biopsied preferentially, 
as injury to the conjunctiva may increase disease 
activity.51 Indirect IF reveals anti-BMZ anti-
bodies in 20% to 30% of patients with clinical 
disease. Localization of autoantibodies, when 
performed on human salt-split skin substrate, 
is variable, depending on the diversity of each 
patient’s autoantibody milieu.74–79 Commonly 
recognized target antigens in CP include BP180, 
BP230, laminin-5, laminin-6, and integrin ß4 
subunit.80,81

Therapy

In patients with mild, low-risk disease (defined 
as oral mucosa involvement, with or without skin 
involvement), potent topical corticosteroids may 
be sufficient. However, in patients with high-risk 
disease (defined as involvement of ocular, genital, 
laryngeal, nasopharyngeal, esophageal sites), initial 
therapy should involve systemic corticosteroids, 
with consideration of the addition of cyclophos-
phamide or azathioprine.51 Dapsone is also a con-
sideration for stable or mild disease. Case reports 
document the use of various other modalities, 
including intravenous immunoglobulin, etanercept, 
and mycophenolate mofetil.82–84
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Herpes Gestationis (Gestational 
Pemphigoid)

Overview

Herpes gestationis (HG) is a rare dermatosis of 
pregnancy and the immediate postpartum period 
characterized by grouped intensely pruritic urti-
carial lesions. Most patients demonstrate autoanti-
bodies to the BP180 antigen, with generation of a 
subepidermal separation on histologic evaluation. 
In pregnancies affected with HG, there is increased 
risk of prematurity and small-for-gestational-age 
birth. The clinical course tends to be quite variable, 
and most cases resolve following delivery.

Historical Background

The term herpes gestationis was first cited by 
Milton in 1872, with demonstration of complement 
deposition along the basement membrane zone first 
documented by Provost and Tomasi85 in 1973. In 
1976, Jordon et al.86 and Katz et al.87 characterized 
the “HG” factor as an IgG antibody that activates 
the complement pathway. Guidice et al.88,89 iden-
tified the structural antigen for the HG factor as 
BP180, and provided further structural analysis of 
the antigen.

Epidemiology

Herpes gestationis is a rare disorder exclusively 
found in during pregnancy and the immediate 
postpartum period. Even more rare is its associa-
tion with trophoblastic malignancy or molar preg-
nancy.90,91 Estimates of incidence for HG range 
from 1 in 10,000 to 1 in 50,000 pregnancies.92,93 It 
often recurs in subsequent pregnancies, and may 
occur earlier and in a more severe form.94 Also, 
with subsequent pregnancies, the time to resolution 
in the postpartum period may become progres-
sively prolonged.95

Pathogenesis

Generation of autoreactive T cells stimulates pro-
duction of autoantibodies against the NC16A region 
of the BP180 antigen, prompting histopathologic 
and clinical manifestations of HG. Characterization 
of the autoreactive T cells has revealed expression 

of a Th1 cytokine profile, supporting the produc-
tion of IgG1 autoantibodies against BP180.96,97

Deposition of the autoantibodies prompts com-
plement activation, primarily through the clas-
sic pathway, followed by mast cell recruitment, 
degranulation, recruitment of inflammatory cells 
(primarily eosinophils), and production of destruc-
tive products.98–100 The resultant damage at the 
dermal–epidermal junction manifests as a subepi-
dermal separation on histologic examination.

Herpes gestationis has been associated with 
HLA-DR3 or HLA-DR4 or both alleles.101–104 
Correspondingly, patients with HG are at increased 
risk for the development of other autoimmune dis-
orders, such as Graves’ disease.104

Clinical Features

Typically, abdominal urticarial lesions appear 
abruptly during the second or third trimester, fol-
lowed by the appearance of a generalized bul-
lous reaction sparing the face, mucous membranes, 
palms, and soles.93,105–107 However, initial onset in 
the immediate postpartum period has been described 
in 20% of cases.108 Most patients experience a flare 
with delivery, which spontaneously resolves over 
weeks to months following delivery. Flares with 
subsequent pregnancies, menstruation, or initiation 
of oral contraceptive use are common.106,109

Neonatal vesicles are present in approximately 
10% of cases, presumably secondary to passive 
transfer of pathogenic antibodies.106,110,111 While 
the lesions are transient and typically mild, they 
are at increased risk of superinfection secondary to 
the infant’s relatively immunocompromised status. 
Although associations have been reported in regard 
to preterm delivery and small-for-gestational-age 
infants, there have been no reports of increased 
fetal morbidity or mortality.112,113

Diagnosis

Standard light microscopy of involved skin reveals a 
subepidermal vesicle with a lymphocytic and eosi-
nophilic perivascular infiltrate. Direct IF of perile-
sional skin demonstrates linear C3 along the BMZ; 
occasionally, IgG is also present, but to a lesser degree 
than C3.98,114 While standard indirect IF is rarely posi-
tive, complement-added indirect IF is almost univer-
sally positive for pathogenic IgG antibodies.114,115
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Therapy

For limited disease, high-potency topical corticos-
teroids along with oral antihistamines may provide 
sufficient control. However, more severe erup-
tions may require oral corticosteroids for adequate 
response. More therapeutic options are feasible 
during the postpartum period, such as cyclophos-
phamide and methotrexate, although only sporadic 
reports of variable efficacy are available.116,117

Conclusion

Bullous pemphigoid is a blistering skin disease in 
which skin-specific autoantibodies are responsible 
for a subepidermal split. It is likely that this autoim-
mune disease is common in the elderly because of 
a progressive loss of immune self-tolerance that 
occurs with the senescence of the immune system. 
It is possible to induce remissions in this disease 
with systemic glucocorticosteroids alone or when 
combined with glucocorticosteroid-sparing agents 
such as cytotoxic drugs. Certain clinical variants 
are very difficult to treat, such as ocular pemphig-
oid and mucosal pemphigoid.
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Epidermolysis Bullosa Acquisita
Julie Burnett, Jennifer Remington, Mei Chen, and David T. Woodley

Key Points

• Epidermolysis bullosa acquisita is an autoim-
mune, blistering skin condition, in which there is 
an autoantibody to type VII collagen, a compo-
nent of the anchoring fibril complex of the base-
ment membrane zone.

• There are a number of clinical presentations 
of this disease: the classic porphyria cutanea 
tarda (PCT)-like, noninflammatory mechanob-
ullous disease; the bullous pemphigoid presen-
tation of widespread inflammatory blisters; the 
cicatricial pemphigoid–like presentation with 
mucous membrane involvement; the Brunsting-
Perry–like presentation (disease localized to 
the head and neck area); the immunoglobulin 
A (IgA) bullous dermatosis–like presentation 
(inflammatory presentation with a neutrophil-
rich infiltrate).

• There are associated complications of this dis-
ease, such as esophageal strictures, loss of nails, 
scarring, and contractures of the hands.

• Epidermolysis bullosa acquisita may be associated 
with underlying diseases such as inflammatory 
bowel disease, systemic lupus erythematosus, 
amyloidosis, and other inflammatory and autoim-
mune conditions.

• Direct immunofluorescence, along with histol-
ogy and clinical findings, is used to confirm 
this diagnosis. Indirect immunofluorescence for 
mapping studies on NaCl split skin can facilitate 
distinguishing EBA from bullous pemphigoid. 
Western blotting confirms that the sera from EBA 
patients bind to a 290-kd autoantigen (type VII 
collagen).

• Epidermolysis bullosa acquisita can be chal-
lenging to treat. Colchicines and systemic glu-
cocorticosteroids alone or with cytotoxic drugs 
or cyclosporine have been used to treat severe 
disease.

Two cases of a blistering disease with adult onset 
and features highly reminiscent of hereditary dys-
trophic EB were reported by Elliott in 1895. These 
clinical features included skin fragility, erosions, 
blisters, and a healing response characterized by 
scarring and the formation of milia cysts.

In the early 1970s, Roenigk et al.1 summarized 
the epidermolysis bullosa acquisita (EBA) world 
literature, reported three new cases, and suggested 
the first diagnostic criteria: (1) a negative family and 
personal history for a previous blistering disorder, 
(2) an adult onset of the eruption, (3) spontaneous 
or trauma-induced blisters that resemble those of 
hereditary dystrophic epidermolysis bullosa (EB), 
and (4) the exclusion of all other bullous diseases.

Kushniruk,2 Gibbs and Minus,3 and Nieboer 
et al.4 showed that patients with EBA had immu-
noglobulin G (IgG) deposits at the dermal–
 epidermal junction just like patients with bullous 
pemphigoid (BP). Nieboer et al. and Yaoita et al.5 
showed that the IgG deposits in EBA were within 
and below the lamina densa area of the basement 
membrane zone (BMZ), whereas BP immune 
deposits are within hemidesmosomes and high in 
the lamina lucida. Distinguishing EBA from the 
BP group is important because the clinical, patho-
logic, and immunologic presentations of EBA may 
be identical with BP and cicatricial pemphigoid 
(CP)6–11 (see below).
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Clinical Findings

As noted above the cutaneous lesions of EBA 
can be quite varied and can mimic other type 
of acquired autoimmune bullous diseases. The 
common denominator for patients with EBA 
is autoimmunity to type VII (anchoring fibril) 
collagen.10–13 Although the clinical spectrum of 
EBA is still being defined, there are at least five 
clinical presentations: (1) a classic presentation, 
(2) a BP-like presentation, (3) a CP-like presenta-
tion, (4) a presentation reminiscent of Brunsting-
Perry pemphigoid with scarring lesions and a 
predominant head and neck distribution, and 
(5) a presentation reminiscent of linear IgA bul-
lous dermatosis or chronic bullous disease of 
childhood.

Classic Presentation

The classic presentation is of a noninflammatory 
bullous disease with an acral distribution that 
heals with scarring and milia formation. This 
presentation is reminiscent of porphyria cutanea 
tarda (PCT) when it is mild and of the hereditary 
form of recessive dystrophic EB when it is severe. 
The classic form of EBA is thus a mechanobullous 
disease marked by skin fragility. These patients 
have erosions, tense blisters within noninflamed 
skin, and scars over trauma-prone surfaces such as 
the backs of the hands, knuckles, elbows, knees, 
sacral area, and toes. Some blisters may be hemor-
rhagic or develop scales, crusts, or erosions. The 
lesions heal with scarring and frequently with 
the formation of pearl-like milia cysts within the 
scarred areas. Although this presentation may be 
reminiscent of PCT, these patients do not have 
other hallmarks of PCT, such as hirsutism, a pho-
todistribution of the eruption, or scleroderma-like 
changes, and their urinary porphyrins are within 
normal limits. A scarring alopecia and some 
degree of nail dystrophy may be seen.

Although the disease is usually not as severe 
as that of patients with hereditary forms of reces-
sive dystrophic EB, EBA patients with the classic 
form of the disease may have many of the same 
sequelae, such as scarring, loss of scalp hair, loss of 
nails, fibrosis of the hands and fingers, and esopha-
geal stenosis.14–27

Bullous Pemphigoid–Like Presentation

A second clinical presentation of EBA is of a wide-
spread, inflammatory vesiculobullous eruption 
involving the trunk, central body, and skin folds 
in addition to the extremities.6 The bullous lesions 
are tense and surrounded by inflamed or even 
urticarial skin. Large areas of inflamed skin may 
be seen without any blisters, and only erythema or 
urticarial plaques. These patients often complain 
of pruritus and do not demonstrate prominent skin 
fragility, scarring, or milia formation. This clinical 
constellation is more reminiscent of BP than of 
a mechanobullous disorder. Like BP, the distri-
bution of the lesions may show an accentuation 
within flexural areas and skin folds. About 25% 
of patients with EBA may present with a BP-like 
clinical appearance.

Cicatricial Pemphigoid–Like Presentation

Both the classic and BP-like forms of EBA may 
have involvement of mucosal surfaces. However, 
EBA also may present with such predominant 
mucosal involvement that the clinical appearance 
is reminiscent of CP.7 These patients usually have 
erosions and scars on the mucosal surfaces of the 
mouth, upper esophagus, conjunctiva, anus, or 
vagina with or without similar lesions on the gla-
brous skin. The clinical phenotype of EBA that is 
reminiscent of pure CP occurs in fewer than 10% 
of all EBA cases.

Brunsting-Perry Pemphigoid–Like 
Presentation

Brunsting-Perry cicatricial bullous pemphigoid is 
a chronic recurrent vesiculobullous eruption local-
ized to the head and neck and characterized by 
residual scars, subepidermal bullae, IgG deposits 
at the dermal–epidermal junction, and minimal 
or no mucosal involvement. The antigenic target 
for the IgG autoantibodies, however, has not been 
defined. Nevertheless, a patient reported with 
this constellation of findings had IgG autoan-
tibodies directed to anchoring fibrils below the 
lamina densa.11 Therefore, it appears that EBA 
patients may present with a clinical phenotype of 
Brunsting-Perry pemphigoid.
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Immunoglobulin A Bullous Dermatosis–
Like Presentation

This form of EBA is manifested by a subepider-
mal bullous eruption, a neutrophilic infiltrate, and 
linear IgA deposits at the BMZ when viewed by 
direct immunofluorescence (DIF). It may resemble 
linear IgA bullous dermatosis (LABD), dermatitis 
herpetiformis, or chronic bullous disease of child-
hood (CBDC), and may feature tense vesicles 
arranged in an annular fashion and involvement 
of mucous membranes.28–33 The autoantibodies are 
usually IgA, IgG, or both. Some clinicians regard 
these patients as having purely LABD,30 whereas 
others regard them as having a subset of EBA.31

Childhood EBA is a rare disease. It has a vari-
able presentation, with five of 14 patients reviewed 
presenting with an LABD-like disease, five with 
BP-like disease, and four with the classic type.33 
Mucosal involvement is frequent in childhood 
EBA, but the overall prognosis is more favorable 
than for adults with EBA.29,33

In addition to the protean clinical manifestations of 
EBA, the EBA patient may suffer a number of asso-
ciated clinical problems that add to the morbidity of 
the disease. These include oral erosions, esophageal 
strictures, nail loss, milia formation, scarring, and a 
degree fibrosis of the hands. These are all associated 
clinical conditions that are shared (albeit usually 
milder) with hereditary dystropic EB.

Epidermolysis bullosa acquisita has been linked 
to some systemic diseases. Inflammatory bowel 
disease occurs in 20% to 30% of all EBA patients. 
In addition, anecdotal reports suggest that EBA may 
have other associated systemic diseases including 
systemic lupus erythematosus (SLE), amyloidosis, 
thyroiditis, multiple endocrinopathy syndrome, 
rheumatoid arthritis, pulmonary fibrosis, chronic 
lymphocytic leukemia, thymoma, diabetes, and 
other diseases in which an autoimmune pathogen-
esis has been implicated.34,35

Pathology

Pathology of an EBA lesion shows a subepidermal 
blister. In the classic mechanobullous presenta-
tion of EBA, there is an overall paucity of dermal 
inflammatory cells. Since EBA lesions tend to 
occur over and over in the same trauma-prone 

sites, one frequently observes fibrosis and scarring. 
In the BP-like EBA presentation, the pathology 
shows a significant dermal inflammatory infiltrate 
of lymphocytes, macrophages, monocytes, neu-
trophils, histiocytes, and eosinophils. In the bullous 
pemphigoid-like forms and in the IgA EBA form, 
there is often a predominance of neutrophils.

Direct Immunofluorescence

Krushnick et al.,2 Gibbs and Minor3 Nieboer 
et al.,4 and Yaoita et al.5 have shown that a posi-
tive DIF is necessary for the diagnosis of EBA. 
Immunoglobulin G deposits are present at the der-
mal–epidermal junction by DIF from a perilesional 
biopsy. One problem with the routine DIF is that it 
may look exactly like that of bullous pemphigoid in 
any of the varieties of inflammatory EBA. Performing 
salt-split skin DIF and indirect immunofluorescence 
(IIF) are necessary to distinguish EBA from the 
pemphigoid group of disorders. Perilesional skin is 
incubated in 1 mol/L cold NaCl for 72 hours, which 
fractures the dermal– epidermal junction through 
the lamina lucida of the dermal–epidermal junction. 
This places the bullous pemphigoid autoantigens 
associated with the hemidesmosome (i.e., BPAg 1 
and BPAg 2, also known as type XVII collagen) 
on the epidermal roof of the separation.36–43 The 
EBA antigen, which is type VII collagen, remains 
with the dermal floor.44 If the patient has EBA, the 
immune deposits are detected on the dermal side of 
the separation.

Indirect Immunofluorescence

Many, but not all, EBA patients have an anti–
BMZ IgG autoantibody circulating in their blood 
that can be detected by IIF. The EBA serum 
autoantibodies label frozen sections of human 
skin or monkey esophagus, producing a crisp lin-
ear fluorescent staining at the dermal–epidermal 
junction of the frozen sections. As with the rou-
tine DIF procedure, one cannot distinguish EBA 
from the pemphigoid group of diseases without 
doing salt-split IIF, which is always done on 
human skin substrate. Human skin is incubated in 
1 mol/L NaCl, and the dermal–epidermal junction 
fractures cleanly through the lamina lucida zone, 
placing the BP antigens on the epidermal roof and 



766  J. Burnett et al.

the EBA antigen (type VII anchoring fibril colla-
gen) on the dermal floor.38 Salt-split skin substrate 
can be used to distinguish EBA and BP sera.39 If 
the serum antibody is IgG and labels the epider-
mal roof, the patient does not have EBA, and BP 
should be considered. If, on the other hand, the 
antibody labels the dermal side of the separation, 
the patient usually has either EBA or bullous SLE. 
The latter can be ruled out by other serology and 
by clinical criteria.

Rare Diseases that Give Dermal Staining 
by Salt-Split Immunofluorescence

It was thought that only EBA and bullous SLE 
show dermal staining of the salt-split skin on IIF 
or DIF. In recent years, other very rare autoim-
mune diseases have been shown to have IgG 
deposits in the lower lamina lucida space that stay 
down with the dermis when the skin substrate is 
fractured by salt. These diseases include anti-lam-
inin 5 cicatricial pemphigoid,40 a BP-like disease 
in which the patients have autoantibodies to a 105-
kd lamina lucida glycoprotein that is unrelated to 
laminin-5,41 a newly discovered disease reported 
by Ghohestani and colleagues,43 with IgG autoan-
tibodies directed against the a5 chain of type 
IV (lamina densa) collagen in association with 
renal failure, and another BP-like disease called 
protein 200 pemphigoid in which the autoantigen 
is a 200-kd glycoprotein in the lower part of the 
lamina lucida.

Pathogenesis

Although EBA does not have a mendelian pattern 
of inheritance, African-American EBA patients 
in the Southeastern part of the United States have 
a high incidence of the human leukocyte antigen 
(HLA)-DR2 phenotype. The calculated relative 
risk for EBA in HLA-DR2+ individuals is 13.1 in 
these patients.26 It is thought that although it is not 
the primary cause, these patients have an immune 
profile that makes them susceptible to the disease.

While the etiology of EBA is unknown, it 
appears that when IgG autoantibodies bind to the 
patient’s anchoring fibrils, a paucity of normal 
anchoring fibrils at the BMZ develops, and this is 
associated with poor dermal–epidermal adherence. 
This is exactly the same problem as hereditary 

dystrophic forms of EB due to a gene defect in the 
gene that encodes for type VII collagen.

Epidermolysis bullosa acquisita likely has an 
autoimmune etiology. Direct immunofluores-
cence of perilesional skin biopsies from EBA 
patients reveals IgG deposits at the dermal–epi-
dermal junction.2–5 The EBA antibodies bind to 
type VII collagen within anchoring fibrils,12,13 
structures that emanate perpendicularly from 
the BMZ and attached to the papillary dermis. 
Anchoring fibrils anchor the BMZ to the papil-
lary dermis. In EBA, the IgG autoantibodies 
binding to the type VII collagen a-chains result 
in decreased anchoring fibrils, but the pathway 
leading to this reduction is unknown. Type VII 
collagen has affinity for fibronectin, a large glyc-
oprotein in the papillary dermis.21 The interaction 
between fibronectin and type VII collagen may 
play a role in adhering the basement membrane 
beneath the epidermis onto the dermis. It is con-
ceivable that EBA autoantibodies binding to type 
VII collagen interrupt the interaction between 
type VII collagen and fibronectin and a separa-
tion ensues.

Electron Microscopy

Electron microscopy (EM) shows that the der-
mal–epidermal separation in an EBA lesion is 
associated with a paucity of normal anchoring 
fibrils and an amorphous, electron dense band 
beneath the lamina densa due to the IgG deposits 
over the anchoring fibrils.8 Despite the sublamina 
densa deposits, EBA blisters frequently separate 
above the immune deposits within the lamina 
lucida.36

Immunoelectron Microscopy

Immunoelectron microscopy (IEM) localizes the 
EBA IgG autoantibody deposits in the BMZ to 
within and below the lamina densa, the location 
of the anchoring fibrils. Immunoelectron micros-
copy showing these sublamina densa IgG deposits 
is the gold standard for the diagnosis, as first 
demonstrated by Nieboer et al.4 and Yaoita et al.5 
This localization is distinct from BP IgG deposits, 
which are localized to the hemidesmosomes of 
the basal keratinocytes and the IgG autoantibody 
deposits in CP, which are confined to the lower 
lamina lucida.
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Western Immunoblotting

Antibodies in EBA sera bind to a 290-kd band in 
Western blots of human skin basement membrane 
proteins containing type VII collagen, whereas sera 
from all other primary blistering diseases do not.12 
This band is the a-chain of type VII collagen. 
Often a second band of 145 kd will be labeled with 
EBA antibodies. This band is the amino-terminal 
globular NC1 domain of the type VII collagen 
a-chain, which is rich in carbohydrate and contains 
the antigenic epitopes of EBA autoantibodies, bul-
lous SLE autoantibodies, and monoclonal antibod-
ies against type VII collagen.12,45

Enzyme-Linked Immunosorbent Assay

Now that unlimited quantities of purified, recom-
binant, human, type VII collagen are available, 
an enzyme-linked immunosorbent assay (ELISA) 
for the diagnosis of EBA was developed by Chen 
et al.23,46 It has proven to be more sensitive for 
detecting EBA autoantibodies in the sera of patients 
than either IIF or Western blotting analysis.

Diagnosis

The diagnostic criteria for EBA developed by 
Yaoita et al.5 still stand. These criteria, with slightly 
updated modifications, are as follows:

•  A bullous disorder within the clinical spectrum 
outlined earlier

• No family history of a bullous disorder
• Histology showing a subepidermal blister
•  Deposition of IgG deposits within the dermal–

epidermal junction, that is, a positive DIF of 
perilesional skin

•  IgG deposits localized to the lower lamina densa or 
sublamina densa zone of the dermal–epidermal junc-
tion when perilesional skin is examined by IEM

Alternatives for the last item are indirect or direct 
salt-split skin immunofluorescence, Western blot-
ting, and ELISA.

Treatment

Epidermolysis bullosa acquisita can be very 
refractory to most therapies. Probably the least 
risky form of treatment is colchicine at fairly 

high doses. The side effects of colchicine are 
relatively benign compared with other therapeu-
tic choices. Diarrhea is a common side effect of 
colchicine, especially at higher doses. We do not 
use colchicine in EBA patients who also have 
inflammatory bowel disease. Colchicine is a well-
known microtubule inhibitor, but it also inhibits 
antigen presentation to T cells and downregulates 
autoimmunity.47,48

The noninflammatory, mechanobullous type 
of EBA is notoriously resistant to systemic 
steroids. Other immunosuppressants such as 
mycophenolic acid, azathioprine, methotrexate, 
cyclosporin A, and cyclophosphamide may be 
somewhat helpful in controlling EBA when it 
appears as an inflammatory BP-like disease. 
When using cyclosporin A, relatively high doses 
are needed in the range of 6 mg/kg, and the 
nephrotoxicity of this drug sometimes limits its 
use.49,50 Some EBA patients improve on dapsone, 
especially when neutrophils are present in their 
dermal infiltrate.

Supportive therapy is warranted in all patients 
with EBA. This includes instruction in open wound 
care and strategies for avoiding trauma. Patients 
should be warned not to overwash or overuse hot 
water or harsh soaps, and to avoid prolonged or 
vigorous rubbing of their skin with a washcloth 
or towel. In some patients it appears that pro-
longed sun exposure may aggravate or promote 
new lesions on the dorsal hands and knuckles. 
Avoidance of prolonged sun exposure and the use 
of sunscreens may be helpful. The patient should 
be educated to recognize localized skin infections 
and to seek medical care and antibiotic therapy 
promptly when they occur.

Photophoresis has been used with success 
anecdotally in various autoimmune bullous dis-
eases. One reported case of life-threatening 
EBA had a remarkable recovery when treated 
with photophoresis.51 In a small trial of three 
EBA patients, photophoresis lowered the circu-
lating anti–type VII collagen antibodies in the 
patients’ sera, increased the suctioning blister-
ing times of the patients, and improved the clini-
cal disease.52

Intravenous immunoglobulin has been reported 
to be effective in some patients with EBA.53 The 
mechanism by which gamma globulin may invoke 
a positive response in EBA is unknown.
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The anti–tumor necrosis factor-a (TNF-a) bio-
logics have been tried in EBA with some success 
in limited open trials.

Conclusion

Epidermolysis bullosa acquisita is an example of 
skin specific autoimmune response, in which there is 
a type VII collagen autoantibody that is presumed to 
be pathogenic, and the cause of blistering in the skin. 
There are a number of clinical variants that can be 
diagnosed with clinical findings, histology and direct 
immunofluorescence, and indirect immunofluores-
cence. When this disease is diagnosed, it is impera-
tive to consider complications of the disease, as well 
as the associated autoimmune and inflammatory 
conditions that are frequently associated with EBA. 
Immunosuppressive therapy is usually required.
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Key Points

● Immunoglobulin A (IgA) dermatoses are a diverse 
group of conditions in which the disease process 
occurs directly from IgA in the lesional or perile-
sional skin.

● This group of diseases has in common the pres-
ence of a neutrophil-rich inflammatory infiltrate 
and pharmacologic responsiveness to dapsone 
therapy.

● The cellular receptor for IgA (FcaR1) are of 
limited distribution (predominantly neutrophils), 
which may, in part, explain the neutrophil-rich 
infiltrates observed in these disorders. Engagement 
of the IgA receptor can activate neutrophils to 
degranulate, mediate cytotoxicity, develop a res-
piratory burst, and activate endocytosis. All of 
these activation processes are likely to play a role 
in the tissue damage that is observed in the IgA 
dermatoses.

● This group of diseases includes dermatitis her-
petiformis, linear IgA bullous dermatosis, IgA 
pemphigus (both subcorneal and intraepidermal 
types), and Henoch-Schönlein purpura.

The diseases reviewed in this chapter all share one 
common immunohistologic feature. In each, the 
cutaneous deposition of immunoglobulin A (IgA) 
is demonstrable by direct immunofluorescence. 
It is presumed, though not proven, that the cuta-
neous eruptions manifest in these diseases stem 
directly from immunologic responses to this IgA. 
All these dermatoses typically possess two char-
acteristics: (1) a neutrophil predominant infiltrate, 
and (2) a pharmacologic sensitivity to dapsone. 

These  commonalities aside, however, it is impor-
tant to note that these diseases are also linked by 
a relatively poor understanding of their respective 
pathophysiologies, especially when compared to 
IgG-mediated dermatoses, rendering proper cat-
egorization based on a common biologic mecha-
nism difficult. Therefore, the adopted grouping of 
IgA dermatoses in this chapter has its limitations. 
Furthermore, in addition to the accepted IgA 
dermatoses, IgA deposition is not infrequently 
detected in skin biopsies from connective tissue 
and autoimmune diseases, where IgG or IgM is 
generally considered the predominant immunore-
actant (e.g., cutaneous lupus erythematosus and 
bullous pemphigoid). Whether the presence of 
IgA in these disorders is incidental or possesses 
pathologic, diagnostic, or prognostic significance 
is not known. In our experience, the clinical pres-
entation of diseases discussed in this chapter may 
resemble their IgG-mediated counterparts more 
closely than they resemble each other.

Immunoglobulin A

Of the five antibody classes (IgA, IgD, IgG, IgE, 
and IgM), IgA is by far the predominant antibody 
in mucosal secretions, where it assumes its well-
characterized role in neutralizing respiratory, gas-
trointestinal, and genitourinary pathogens. Perhaps 
less well appreciated, IgA is also the second most 
prevalent antibody in human serum at a concentra-
tion of 2 to 3 mg/mL (compared to 12 mg/mL IgG), 
and, given a serum half-life of one-fifth that of IgG, 
this implies the rate of production of serum IgA 
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equals or exceeds that of IgG. The large energy 
expenditure in producing this tremendous quantity 
of nonsecretory IgA would suggest critical immu-
nologic functions outside of mucosal defense, but 
this role for IgA remains mysterious.1

Two subclasses of IgA exist: IgA1 and IgA2. 
Except for the colon, IgA1 is the predominant 
isoform, both in serum and in bodily secretions, 
though IgA2 is relatively more abundant in the 
latter. Approximately 90% of serum IgA consists 
of monomeric IgA1 that is produced by the bone 
marrow with no apparent relationship to mucosally 
derived IgA. Secretory IgA (S-IgA) generally exists 
as a dimer with the Fc regions covalently linked by 
a protein known as the J-chain, which also forms 
the hub of the IgM pentamer. Secretory IgA is 
further adorned with a polypeptide, the secretory 
component that is enzymatically cleaved from 
the epithelial cell-surface receptor, the polymeric 
immunoglobulin receptor (pIgR). PIgR coordinates 
the transport of IgA from mucosal lymphoid tissue, 
where it is synthesized, to the apical epithelial bor-
der, where it is secreted.2

Secretory IgA protects the mucosa from a con-
stant barrage of pathogens, toxins, and foreign 
antigens. By physically coating critical epitopes, 
S-IgA impairs microbial adherence and function 
and shields the body from toxins or, potentially 
worse, from innocuous antigens that might other-
wise stimulate undesirable or unnecessary immune 
responses.1 More recently, interactions between 
IgA and immune cells have been elucidated, 
which mediate important immunologic events in 
various extramucosal tissues including the skin. 
Immunoglobulin A is a relatively weak activa-
tor of complement and does not readily opsonize 
microbes. However, a receptor for IgA, FcaR1, is 
expressed on neutrophils, primarily, and also on 
eosinophils, monocytes, and some macrophages. 
Whereas IgG receptors (FcgRs) are present on all 
immune cells, FcaR1 has a more limited distribu-
tion, which may explain why the infiltrate typi-
cally observed in IgA-mediated dermatoses is so 
consistently neutrophil predominant. Engagement 
of FcaRI by IgA immune complexes can trigger 
numerous biologic responses, including endocyto-
sis, antigen presentation, antibody-dependent cell-
mediated cytotoxicity (ADCC), respiratory burst, 
and degranulation. Presumably, these processes 
provide the mechanism for the clinical sequelae 

of cutaneous IgA deposition. Furthermore, given 
this distinct biologic activity, differences in clinical 
presentations and biologic behavior between IgA 
dermatoses and those mediated by antibodies that 
are more efficient fixers of complement (IgG and 
IgM) should not be surprising.

General Features of 
Immunoglobulin A Dermatoses

Immunoglobulin A dermatoses are defined as cuta-
neous diseases that demonstrate IgA deposition in 
involved or perilesional skin. While their proper 
diagnosis is contingent on positive immunofluores-
cence studies, there are some general similarities 
among these diseases that stem from the unique 
characteristics of the IgA antibody class. Because 
the IgA initiated immunologic responses detailed 
above are all cell-mediated, the pathogenesis of 
IgA-mediated disease requires the presence of 
immune cells, which can interact with antigen-
bound IgA. Thus, IgA dermatoses tend to exhibit a 
marked neutrophilic infiltrate with varied numbers 
of eosinophils and macrophages. This group of 
diseases also responds to drugs that antagonize 
neutrophil function. The chief example is dap-
sone, which has been shown to inhibit neutrophil 
myeloperoxidase, the key enzyme responsible for 
the respiratory burst, and the secretion of proteases, 
such as elastase.3 Dapsone also clearly inter-
feres with neutrophil chemotaxis. Dapsone inhibits 
integrin-mediated neutrophilic adhesion and attenu-

Table 45.1. Immunoglobulin A (IgA) dermatoses and 
their IgG counterparts.

IgA dermatoses IgG counterpart

Dermatitis herpetiformis None
Linear IgA bullous  Bullous pemphigoid

dermatoses/chronic 
bullous disease of 
childhood

IgA pemphigus: subcorneal  Pemphigus foliaceus
pustular dermatosis type

IgA pemphigus: 
intraepidermal type Pemphigus vulgaris

IgA vasculitis (Henoch- Cutaneous leukocytoclastic
Schönlein purpura)  vasculitis (LCV)*

*IgtM immune complex deposition is more common than IgG 
in cutaneous LCV.
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ates intracellular signaling induced by a number 
of neutrophil chemoattractants—leukotriene B4 
(LTB4), interleukin-8 (IL-8), and C5a—in vitro.4

The diseases selected for discussion in this 
chapter are listed in Table 45.1 along with the IgG-
mediated disease, when one exists, which demon-
strates a similar pattern of antibody deposition.

Dermatitis Herpetiformis

Dermatitis herpetiformis (DH) is a chronic, 
severely pruritic subepidermal blistering disease 
mainly affecting the extensor skin surfaces. It is 
also known as Duhring’s disease, named after the 
University of Pennsylvania physician, Dr. Louis 
Duhring, who first described DH in 1884. The 
cutaneous manifestations are thought to be second-
ary to an immune response engendered by IgA 
immune complex deposition in the dermal papillae. 
The disease is strongly if not uniformly associated 
with gluten-sensitive enteropathy (celiac disease), 
which is characteristically, though not always, 
subclinical.

Epidemiology

Dermatitis herpetiformis predominantly afflicts 
individuals of Northern European descent, with 
few reported cases in other ethnic groups. Most 
studies demonstrate a male/female ratio of 1.5:1 
to 2:1. Onset of disease generally occurs between 
ages 20 and 45, but DH does occur in children, in 
whom a female preponderance was observed in 
one published series. The only U.S. prevalence 
study was conducted in a relatively homogene-
ous Northern European population in Utah with a 
reported prevalence of 11.2 per 100,000.5

A remarkably strong association with a few 
specific major histocompatibility complex (MHC) 
class II molecules within the human leukocyte 
antigen (HLA) DQ2 serotype has been reported 
in DH patients. Each human haplotype possesses 
three loci on chromosome 6 coding for three MHC 
class II heterodimers: HLA-DP, -DQ, and –DR. 
HLA-DQ is composed of immensely polymorphic 
a (A1) and b (B1) chains. One unique A1 gene 
product of the HLA-DQA1*0501 allele combined 
with any one of four nearly identical B1 gene 
products from alleles sharing the HLA-DQB1*02 

designation has been shown in 86% of DH patients 
compared to 25% of healthy controls. The major-
ity of the remaining patients express an HLA-DQ8 
antigen, genotype (A1*03, B1*0302).6 Previous 
reported associations with the class II HLA-DR3 
and class I HLA-B8 serotypes are now thought 
to result from linkage disequilibrium, that is, a 
nonrandom association between the alleles coding 
for these antigens and those coding for the DQ2 
antigen, the class II heterodimer correlating most 
strongly with DH.

Pathogenesis

A revolution in our understanding of DH occurred 
in 1967 with the proposal of a link between DH 
and celiac disease (CD).7 It has now been well 
established that virtually all patients with DH 
show histologic changes in the jejunal mucosa 
that are indistinguishable from those in CD, 
including intraepithelial lymphocytes, increased 
lymphocytes and plasma cells in the lamina 
propria, and variable degrees of villous atrophy. 
However, cardinal gastrointestinal symptoms of 
CD (foul-smelling diarrhea, steatorrhea, flatu-
lence, abdominal cramps, and bloating) are quite 
uncommon in DH, as are the extraintestinal 
effects of malabsorption (anemia, osteopenia, 
vitamin deficiencies). Only 20% of DH patients 
have clearly demonstrable sequelae of CD by 
history or laboratory examination, and these are 
almost always mild.

Because the manifestations of both CD and 
DH are so exquisitely dependent on its ingestion, 
gluten has long been implicated as the inciting 
factor in the pathogenesis of both diseases. Gluten 
is a mixture of proteins present in wheat, barley, 
and rye. Gliadin is the alcohol soluble fraction of 
gluten and it possesses the immunogenic proteins. 
Antigliadin antibodies are very common in patients 
with gluten-sensitive disorders but do not appear to 
be pathogenic. Gliadin has never been identified 
in the skin of patients with DH. However, resolu-
tion of both CD and DH is almost invariable when 
patients remove gluten from their diets, underscor-
ing a critical if seemingly indirect role.

In contrast to other immunobullous disease such 
as bullous pemphigoid or pemphigus, patients with 
DH do not have circulating antibodies that bind to 
any component of the dermis or epidermis when 
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examined using indirect immunofluorescence (IIF) 
techniques. Patients with DH frequently have 
circulating antibodies that react with esophageal 
smooth muscle termed anti–endomysial antibodies 
(EMAs), which are specific for both DH and CD. 
The target antigen for EMA has been identified 
as tissue transglutaminase (TGc), which is now 
the accepted autoantigen of CD.8 TGc is present 
both in the gut and in the skin, where it catalyzes 
the cross-linking of polypeptides. Gliadin forms 
irreversible complexes with TGc, which enzymati-
cally alters gliadin, creating antigenic epitopes. In 
genetically susceptible people, there seems to be 
progression over time from gliadin reactive T cells 
to TGc-reactive T cells by epitope spreading. Anti-
TGc antibodies may be responsible for the enter-
opathy, but TGc is not present in dermal papillae 
of patients with DH. Furthermore, it has never 
been clear why only a small portion of CD patients 
exhibit DH despite the shared autoantibodies.

An important clue to resolving this quandary 
emerged in 2002 when Sardy et al.9 proposed that 
epidermal transglutaminase (TGe) was the autoan-
tigen of DH. They presented evidence that, while 
both DH and CD patients have circulating anti-
TGc antibodies, only DH patients have specific, 
high-avidity antibodies against TGe. In addition, 
TGe, which is normally present exclusively in 
the epidermis, was shown to colocalize with IgA 
in the granular deposits within dermal papillae 
of DH patients. TGe may covalently cross-link 
IgA to dermal proteins, potentially explaining the 
remarkable persistence of dermal IgA deposits in 
DH, which have been observed even after a decade 
of gluten-free dietary restriction. Covalent linkage 
would also account for the inability to extract IgA 
complexes from DH skin, a phenomenon that had 
thwarted previous efforts to characterize the DH 
autoantigen.

The identification of a unique population of 
autoantibodies in DH represents an important 
advance in our understanding of its pathogenesis. 
Sardy et al.’s9 results support the widely held 
contention that DH is an immune-complex–medi-
ated disease. Where the TGe-IgA complexes form 
and why they preferentially deposit in the dermis 
remain areas of active investigation.

As in the other IgA dermatoses, the clinical man-
ifestations of DH are secondary to the destructive 
effects of activated neutrophils. IgA complexes 

are certainly capable of activating neutrophils via 
FcaR1 engagement, but the factors that mediate 
the immigration of neutrophils into the dermis 
have never been identified. In DH, patients’ IgA 
deposits are present in unaffected, perilesional 
skin, and IgA deposits persist in the dermis long 
after complete clinical resolution on a gluten-free 
diet. Obviously, other pathogenic factors beyond 
IgA-TGe deposition must be involved in actual 
skin lesion formation, but their identification has 
been elusive.

A promising new development in DH research 
came fortuitously when researchers, in an attempt 
to generate a mouse model of CD, observed the 
emergence of a blistering disorder that histo-
logically and clinically was remarkably similar to 
DH.10 Fifteen of 90 nonobese diabetic (NOD) mice, 
which have an increased susceptibility to autoim-
mune disease, expressing human HLA-DQ8 and 
challenged with gluten, both intraperitoneally and 
orally, developed subepidermal blistering of their 
ears. Histology showed IgA deposits in the der-
mal papillae with neutrophilic infiltrate. Blistering 
resolved on a gluten-free diet. However, the mice 
did not exhibit any enteropathy, and no EMA, 
anti-TGc, or anti-TGe antibodies were detectable. 
Although the model is an imperfect reproduction of 
DH, studying the gluten-sensitive bullous disease 
evoked in these mice may provide some answers 
to the many perplexing, unanswered questions 
regarding the pathophysiology of DH.

Clinical Features

Dermatitis herpetiformis is characterized by a sym-
metric polymorphic eruption along extensor sur-
faces. The forearms, elbows, back, buttocks, and 
knees are favored sites. In contrast to the other 
immunobullous diseases with which DH is fre-
quently grouped in textbooks, it rarely presents with 
bullae. The pruritus of DH is so intense that lesions 
seldom evolve beyond small vesicles before being 
mechanically ruptured by the suffering patient. 
Thus, grouped herpetiform, papules, and vesicles on 
an erythematous base with excoriations and hemor-
rhagic crusting is the most common clinical picture 
(Fig. 45.1A). Lesions may coalesce into urticarial 
plaques (Fig. 45.1B). Often patients experience 
localized burning, stinging, or itching 12 to 24 hours 
prior to the emergence of skin lesions. Dermatitis 
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herpetiformis tends to have a chronic remitting and 
relapsing course. Intense flares may be associated 
with a particularly robust gluten challenge. Mucous 
membrane involvement is uncommon.

An association with autoimmune thyroiditis 
is well established, with 32% of DH patients 
exhibiting hypo- or hyperthyroidism in one series, 
and should prompt thyroid function tests in all 
newly diagnosed patients.11 Other autoimmune 
disorders have also been associated with DH. Non-
Hodgkin’s lymphoma, chiefly enteropathy type 
T-cell lymphoma of the small intestine, occurs at 
a rate of about 1% in DH patients with men being 
at higher risk.12 Dapsone and related drugs sup-
press cutaneous disease, but only a gluten-free diet 
results in a reduction in lymphoma risk, providing 
the primary rationale for adherence to a difficult 
to manage diet when other gastrointestinal (GI) 
symptoms are absent.

Histology

Biopsies of nonexcoriated early lesions provide the 
most useful information for conventional histol-
ogy. Early primary lesions exhibit dermal edema 
and a prominent neutrophilic infiltrate with vari-
able numbers of eosinophils. The changes may 
be concentrated in the dermal papillae where 

neutrophilic microabscesses are seen (Fig. 45.2A). 
While highly suggestive of a diagnosis of DH, 
none of these features is pathognomonic. One can-
not overemphasize that routine histology is inad-
equate to distinguish DH from other subepidermal 
blistering disorders consistently and reliably.

As in all the diseases in this chapter, immun-
ofluorescent studies are essential for definitive 
diagnosis. Unaffected skin should be obtained for 
direct immunofluorescence (DIF). One small study 
suggested that biopsies obtained 3 to 5 mm from 
noninflamed, perilesional skin demonstrate the 
most robust IgA deposits,13 although these authors 
have not observed significantly better diagnostic 
yields from perilesional specimens. Instead, we 
routinely biopsy photoprotected skin from the 
upper arm or buttock. Nonuniform IgA distribu-
tion in affected patients may require more than a 
single biopsy to demonstrate the characteristic IgA 
deposits. Unquestionably biopsy of involved skin 
may yield false negatives, as the epidermis may be 
missing, and deposited IgA is frequently destroyed 
by the exuberant neutrophilic response in DH. 
Granular deposits of IgA in the dermal papillae or 
along the basement membrane zone are diagnostic 
(Fig. 45.2B). Less commonly, IgA deposits may 
be seen decorating the fibrillar network of proteins 
extensively through the papillary dermis. Indirect 

Fig. 45.1. Dermatitis herpetiformis. (A) Typical presentation demonstrating symmetric erythematous papules and 
vesicles with hemorrhagic crusting and excoriations on elbows and knees. (B) Urticarial plaques are a common 
clinical variant
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immunofluorescence using skin substrates should 
be negative, but IIF studies looking for EMA may 
provide additional information supportive of a 
diagnosis of DH.

Treatment

Pharmacologic approaches to DH are heavily 
reliant on the sulfone antibiotic dapsone (diamin-
odiphenyl sulfone). Sulfapyridine, a sulfonamide 
antibiotic, may also be effective for DH, with 
the potential trade-off of better tolerability for 
modestly less efficacy. However, this medica-
tion is no longer available in the United States. 
Either agent effects a rapid cessation of new lesion 
formation and resolution of pruritus. Prior to the 
widespread availability of immunofluorescence 
studies, a positive therapeutic trial of dapsone was 
believed to represent solid diagnostic evidence 
of DH. However, subsequent follow-up revealed 
misdiagnosis in almost half of patients diagnosed 
on this basis.14

Dapsone is widely used throughout the world to 
treat leprosy, prevent malaria, and provide prophy-
laxis for patients at risk for Pneumocystis pneumo-
nia. It is generally well tolerated at modest doses 
but can cause problems in genetically predisposed 
individuals in both a dose-dependent and idiosyn-
cratic fashion (Table 45.2). All patients who take 
dapsone in sufficient doses suffer some degree of 
red blood cell hemolysis, with greater effects seen 
at greater doses. Patients with DH can be started at 
50 mg daily, which may result in a transient 1- to 
2-g drop in hemoglobin due to the lysis of older red 
blood cells. Hemoglobin levels generally rebound 
quickly.

The dose should be increased by 25 to 50 mg 
every 2 to 4 weeks until adequate suppression of 
symptoms is achieved. Most patients respond to 
100 mg of dapsone daily or less. Since the most 
common side effects are dose dependent, the 
minimal effective dose should be sought. Patients 
generally tolerate dosages up to 200 mg daily. 
Intractable cases may be approached with dosages 
as high as 400 mg qd, but side effects typically pro-
hibit prolonged therapy at this level. Once the skin 
rash is controlled, the daily dapsone dose should be 
tapered at a rate of 25 mg every 2 to 4 weeks with 
the goal of establishing a stable maintenance regi-
men at 25 or 50 mg qd.

Patients who are genetically deficient in glu-
cose-6-phosphate dehydrogenase (G6PD) may 
suffer from severe hemolysis after taking even 
modest doses of dapsone. While G6PD deficiency 

Fig. 45.2. Dermatitis herpetiformis. (A) Intense neu-
trophilic infiltrate localized in a papillary microabscess 
(arrows). (B) Direct immunofluorescence reveals dense 
granular deposits of immunoglobulin A (IgA) along the 
basement membrane that is most intense in the dermal 
papillae (arrows)

Table 45.2. Adverse effects of dapsone therapy.

Dose dependent (Rarely  Hemolytic anemia
 significant at  Methemoglobinemia
 doses £100 mg/d) Headache
  Nausea
  Lethargy
  Cyanosis
Idiosyncratic Agranulocytosis
  Gastrointestinal irritation
  Cholestasis
  Psychosis
  Peripheral neuropathy (distal 

  motor)
  Dapsone hypersensitivity syndrome
  Mononucleosis-like illness with 

  fever, polymorphic skin eruption, 
  and lymphadenopathy

  Toxic hepatitis and 
  hepatosplenomegaly
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occurs most frequently in those of African and 
Mediterranean descent, it has been reported in 
most ethnic groups. In addition, although G6PD 
deficiency is an X-linked recessive disorder, car-
riers may experience hemolytic crises. Therefore, 
a prudent approach is to screen all patients to be 
treated with dapsone for G6PD deficiency.

Methemoglobinemia is another invariable con-
sequence of dapsone therapy but is uncommonly 
symptomatic at doses below 150 mg daily in oth-
erwise healthy individuals. Methemoglobin is an 
oxidized form of hemoglobin that lacks oxygen-
carrying capacity. Thus, the symptoms of meth-
emoglobinemia are those of anemia or hypoxia 
and include headache, lethargy, cyanosis, and 
dyspnea. Patients with compromised cardiovascu-
lar function are more sensitive to the conversion 
of relatively small amounts of their hemoglobin to 
methemoglobin. Both vitamin E (800 IU/day) and 
cimetidine (400 mg t.i.d.) confer some protection 
against methemoglobinemia and hemolysis, with 
the latter probably the more efficacious agent. 
Intravenous or oral methylene blue may be used 
acutely in severe methemoglobinemia.

Dapsone may also cause a variety of adverse 
reactions on an idiosyncratic or allergic basis 
(Table 45.2), of which potentially fatal agranulo-
cytosis is the most worrisome. Interestingly, DH 
patients appear to be at markedly higher risk for 
dapsone-induced agranulocytosis than patients on 
dapsone for leprosy or malaria prophylaxis. The 
risk among a series of DH patients in Sweden was 
measured at 1:240 to 1:425.15 Cases present an 
average of 7 weeks after initiation of therapy and 
are rare after 12 weeks. Fever and sore throat must 
immediately evoke suspicion for this uncommon 
but serious reaction.

A second notable idiosyncratic reaction is the 
“dapsone hypersensitivity syndrome,” which 
presents with the triad of fever, rash, and internal 
organ involvement (typically hepatitis). A mono-
nucleosis-like illness with a polymorphic but most 
often morbilliform rash presenting 1 to 6 weeks 
after starting dapsone is characteristic. Elevated 
erythrocyte sedimentation rate and liver transami-
nases occur in all patients.

A prior allergic reaction to sulfonamide antibiot-
ics modestly increases the risk of dapsone allergy 
over that in the general population, and dapsone 
is not strictly contraindicated in patients with a 

history of mild sulfonamide hypersensitivity reac-
tions.16 Administration of sulfones in this setting 
can be considered, but close observation and edu-
cation of such patients are mandatory.

Dapsone therapy requires vigilant laboratory 
monitoring. A complete blood cell count with 
differential and a comprehensive metabolic panel 
including liver function tests should be obtained 
before starting therapy. As mentioned earlier, thy-
roid function and G6PD activity should also be 
assessed at this time. Complete blood cell counts 
should be checked twice monthly for the first 2 
months of dapsone therapy followed by monthly 
checks for the next 2 months. In addition, liver 
function tests should be checked monthly for 
the first 4 months. Thereafter, complete blood 
parameters should be obtained every 3 to 6 months 
depending on the clinical context. Patients with-
out confounding medical problems on long-term 
therapy with moderate doses without evidence of 
dapsone toxicity require less laboratory scrutiny 
and may need only annual studies.

The chief alternative therapeutic strategy to 
dapsone is a gluten-free diet (GFD). The strict 
avoidance of gluten leads to resolution of skin 
lesions and is the only effective therapy for 
gluten-sensitive enteropathy. However, control of 
the skin eruption may take months to years on GFD 
alone, so concomitant administration of dapsone 
is customary. After several months of combined 
dietary and pharmacologic treatment, dapsone 
may be tapered and often discontinued. Although 
the lifelong avoidance of gluten is a considerable 
challenge, it should be offered to all patients. A 
GFD may be especially attractive to patients with 
bothersome gastrointestinal symptoms or those 
desirous of nonpharmacologic therapy. Clearly, 
in patients unable to tolerate sulfones or with sig-
nificant G6PD deficiency or hemoglobinopathies, 
GFD is the treatment of choice. Copious informa-
tion and support for patients are available from the 
Celiac Sprue Association (http://www.csaceliacs.
org/).

There is also an important role for medium- and 
high-potency topical steroids in DH. Topical cor-
ticosteroids can alleviate symptoms and expedite 
the healing of skin lesions. They are appropriate 
for patients who experience occasional localized 
disease flairs and are otherwise well controlled on 
GFD or dapsone therapy.
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Linear Immunoglobulin A Bullous 
Dermatosis

Linear IgA bullous dermatosis (LABD) is an 
acquired, autoimmune, subepidermal blistering 
disorder that affects both children and adults. 
When presenting in children, it is commonly 
referred to as chronic bullous disease of childhood 
(CBDC), but the almost complete identity in patho-
physiology argues against classification of CBDC 
as a separate entity. The label LABD encompasses 
dermatoses that are heterogeneous in distribution 
and morphology but are unified by the presence of 
a linear deposition of IgA at the basement mem-
brane of perilesional skin. In its two most common 
presentations, LABD can either resemble DH or 
have an appearance reminiscent of bullous pem-
phigoid (BP).

Epidemiology

The disease is sufficiently rare to make any 
detailed epidemiologic data difficult to obtain. 
Age of onset exhibits a bimodal distribution, 
affecting either the elderly or children between 1 
and 10 years of age. However, LABD can occur 
at any age. No racial or consistent gender predi-
lections have been reported. Incidence is at least 
20-fold less than DH.

The HLA associations have not been as exten-
sively studied as in DH, and a precise association 
with a specific genotype has yet to emerge. The 
largest series demonstrated that LABD patients 
were more than twice as likely to carry the 
HLA-Cw7, -DR3, or -B8 serotypes as ethnically 
matched controls.17

Pathogenesis

Unlike DH, selected patients with LABD have 
circulating IgA class antibodies whose target anti-
gens are present in normal skin; that is, IIF 
is frequently positive. One consensus basement 
membrane autoantigen for all of the dermatoses 
that meet the current immunofluorescent criterion 
for a diagnosis of LABD does not exist. The anti-
genic profile of LABD is as heterogeneous as its 
clinical presentations. Studies examining generally 
small numbers of LABD patient sera have yielded 

discordant results, with rare agreement on the most 
prevalent autoantigen, highlighting the complexity 
of the immune response in LABD.

A recent analysis of a large series of LABD 
patients, using a more sensitive immunoblotting 
technique in concert with IIF, found 10 different 
autoantigens among the 76% of patients with identi-
fiable epidermal antigens and the 61% with dermal 
antigens.18,19 The significant overlap between the 
two groups casts doubt on the utility of dividing 
LABD into subtypes based on autoantigen loca-
tion, which has been proposed by others (e.g., 
LABD-sublamina densa type). The authors did not 
explicitly state if any patients had antibodies solely 
against a dermal antigen, but the vast majority, if 
not all, of the patients with identifiable autoantigens 
had epidermal antigens. 94% of these patients had 
antibodies against BP180, a keratinocyte trans-
membrane protein and critical hemidesmosomal 
component, which is the target for the pathogenic 
antibodies in bullous pemphigoid. Of the dermal 
antigens detected by patient sera, LAD285 was the 
most common (58%), followed closely by BP180. 
Other antigens commonly identified were BP230 
and LABD97; the latter is a proteolytic product of 
the extracellular domain of BP180. Reactivity to 
multiple antigens was common (42%). The authors 
speculate that the multiplicity of antigens within 
individuals results from inter- and intramolecular 
epitope spreading over time from BP180, the pre-
sumed initial focus of the autoimmune response. 
Circulating IgG antibodies against a more limited 
spectrum of autoantigens (primarily BP180 with 
a few positive for BP230) were present in 47% of 
patients. The pathophysiologic significance of IgG 
in these patients is not clear.

Regardless of the target antigen, once IgA is 
deposited in the skin, the pathophysiology of 
LABD follows the general theme of IgA derma-
toses. Unlike its IgG-mediated cousin BP, where 
cell-poor variants have been described, a pro-
nounced neutrophilic infiltrate is a sine qua non of 
LABD. The epidermal–dermal separation is thus 
deemed secondary to the elaboration of proteases 
and potent oxidants by the invading neutrophils. 
The dependence of the manifestations of LABD on 
neutrophilic function rather than direct antibody 
effects is consistent with the lack of specificity 
in the autoantibodies detected among groups of 
patients with this disease. The presence of IgA at 
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the BMZ is necessary, but the particular target of 
that IgA is perhaps less significant.

As in DH, an animal model has been devel-
oped. A mouse monoclonal IgA antibody directed 
against the LABD97 fragment of BP180 was 
injected into severe combined immunodeficiency 
(SCID) mice bearing human skin grafts. Although 
no macroscopic disease was elicited, basement 
membrane IgA deposition was demonstrable in 
all mice, and an enhanced neutrophilic infiltrate 

was observed in half of the injected animals. 
Five of 12 mice showed histologic evidence of 
blistering.

Clinical Features

The eruption of LABD is heterogeneous in appear-
ance and may consist of erythematous grouped 
papulovesicles and urticarial plaques as seen in DH 
(Fig. 45.3A) or tense bullae similar to the lesions of 

Fig. 45.3. Linear IgA bullous dermatosis (LABD). (A) Erythematous papulovesicles on the elbow of an adult sug-
gestive of dermatitis herpetiformis (DH). (B) This adult’s periumbilical eruption emphasizes the polymorphic nature 
of LABD. Tense bullae on a nonerythematous base are seen characteristic of cell-poor bullous pemphigoid in com-
bination with deeply erythematous papulovesicular and urticarial lesions. (C) The leg of a patient with vancomycin-
induced LABD. There is diffuse erythema and superficial blistering indicative of toxic epidermal necrolysis. (D) 
Typical inguinal and scrotal blistering of childhood LABD
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BP (Fig. 45.3B). The bullae often are arranged in 
linear or arciform patterns. Annular erythematous 
bullae, the so-called crown of jewels, are a clas-
sic finding in childhood LABD. Less commonly, 
patients may present with erythema multiforme–
like lesions. The trunk is most often involved, but 
LABD can arise on the extremities, face, and scalp. 
In children, facial, inguinal, and perineal involve-
ment is characteristic, with subsequent spread to 
the trunk and extremities. Mucosal involvement 
is extremely common, perhaps as high as 70% 
in adults.20 On occasion, LABD initially presents 
as predominant or exclusive and severe mucosal 
disease with scarring, compatible with a clinical 
diagnosis of cicatricial pemphigoid. Pruritus is a 
nearly universal complaint.

Linear IgA bullous dermatosis is frequently 
drug-induced. Over 20 different agents have been 
associated with LABD, but by far the most fre-
quent inciting drug is vancomycin. Other agents 
appearing in several case reports include b-lactam 
and cephalosporin antibiotics, nonsteroidal antiin-
flammatory drugs (NSAIDs), and captopril (Table 
45.3). The clinical picture of drug-induced LABD 
does not deviate significantly from the idiopathic 
form, although mucosal involvement is somewhat 
less common in the former. The eruption presents 
within 1 to 2 weeks from initiation of an offend-
ing drug and resolves 2 to 6 weeks after the agent 
is withdrawn. Of note, seven cases of especially 
severe drug-induced LABD have been reported 

that clinically mimicked toxic epidermal necrolysis 
(TEN), of which five were secondary to vanco-
mycin. Two succumbed to comorbidities, but the 
remainder enjoyed a resolution of their cutaneous 
disease upon discontinuation of the offending drug. 
It is therefore important to consider drug-induced 
LABD in the evaluation of any patient with sus-
pected TEN (Fig. 45.3C).

Patients with LABD may have an increased 
incidence of lymphoproliferative malignancies of 
B-cell origin (three of 70 adults in one series21). 
Scattered reports of other coexistent malignan-
cies in LABD patients are probably serendipitous. 
Associations with disparate autoimmune disorders, 
including connective tissue diseases and thyroidi-
tis, have also been proposed, but a compelling link 
has only been established with inflammatory bowel 
disease, primarily ulcerative colitis, which is seen 
in up to 7% of patients.22

Histology

Routine histology of lesional skin in LABD 
follows a similar pattern as the clinical pres-
entation. Histologic findings may be essentially 
indistinguishable from DH, exhibiting subepider-
mal blistering with a neutrophilic infiltrate (Fig. 
45.4A). The infiltrate tends to be more diffuse than 
in DH, but papillary microabscesses may still be 
observed. However, roughly an equivalent percentage 
will display histologic features that are indistin-
guishable from bullous pemphigoid, although the 
density of eosinophils in the inflammatory infil-
trate is on average less than that observed in typical 
pemphigoid.

The accurate diagnosis of LABD is contin-
gent on immunofluorescence studies of perile-
sional skin. Direct immunofluorescence reveals 
a homogeneous linear deposition of IgA along 
the basement membrane and is pathognomonic 
for LABD (Fig. 45.4B). Patients with homoge-
neous linear deposition of IgA have a disorder 
that is distinct from the disorder in patients with 
linear deposits of granular IgA. Virtually all 
patients with granular IgA deposition in either a 
linear or dermal papillary pattern have dermatitis 
herpetiformis.

Immunoglobulin G co-deposition is seen 
in a minority of patients and may complicate 
 differentiation from BP. Initial investigations 

Table 45.3. Drugs associated with linear IgA bullous 
dermatosis.

Common Vancomycin
Multiple reports Captopril
  b-lactams
  Cephalosporins
  NSAIDs
  Phenytoin
Isolated reports Acetaminophen
  Amiodarone
  Atorvastatin
  Benazepril
  Candesartan/eprosartan
  Carbamazepine
  Furosemide
  Gemcitabine
  Interleukin-2
  Lithium
  Somatostatin
  Trimethoprim/sulfamethoxazole
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looking for circulating autoantibodies in LABD 
patients with IIF using intact skin as substrate 
were largely negative. Incubation of human skin 
with 1 mol/L NaCl results in epidermal separation 
at the level of the lamina lucida. The use of salt-
split skin (SSK) greatly enhances the sensitivity 
of IIF in IgA dermatoses in general because of its 
increased capacity to detect the relatively low tit-
ers of autoantibodies common in these disorders. 
With SSK, > 60% of LABD patients demonstrate 
positive IIF in selected studies.18 Researchers 
studying LABD often draw a distinction between 
the majority of patients who possess epidermal 
antigens (positive IIF along the roof of SSK) and 
the minority with dermal antigens (positive along 
the base), but as discussed previously this dichot-
omy may have limited clinical or pathophysiologic 
significance.

Treatment

Despite the clinical and histologic heterogeneity 
that mark LABD, most patients respond dramati-
cally to sulfone therapy at doses that are compa-
rable to patients affected with DH. However, one 
third to one half of patients with LABD may 
require low to modest doses of oral corticos-
teroids to achieve adequate control of disease, 
although corticosteroid requirements have not 
been studied in any systematic way.23 Concurrent 
deposition of immunoreactants in addition to IgA 
does not appear to predict differences in sulfone 
responsiveness.

Subsets of patients with LABD may present 
with much more extensive and difficult to treat dis-
ease marked by partial and inadequate responses 
to sulfone treatment. Furthermore, while the cuta-
neous disease is generally quite sulfone respon-
sive, predominant mucosal disease tends to be 
substantially more resistant.24 In difficult cases, a 
therapeutic approach borrowed from experience in 
the treatment of bullous pemphigoid or cicatricial 
pemphigoid appears to be promising. A variety of 
isolated reports have identified patients who ulti-
mately responded to more aggressive treatments 
including azathioprine, mycophenolate mofetil, 
cyclophosphamide, and intravenous immunoglob-
ulin (IVIG).

Immunoglobulin A Pemphigus

Immunoglobulin A pemphigus is the most popu-
lar term applied to a newly characterized and 
extremely rare group of disorders defined by the 
presence of intercellular, epidermal deposits of 
IgA. In the literature, this entity has been alter-
natively labeled intraepidermal neutrophilic IgA 
dermatosis, intraepidermal IgA pustulosis, and 
intercellular IgA (vesiculopustular) dermatosis. 
Although no agreement on nomenclature has been 
reached, we prefer the laconic designation IgA 
pemphigus, which emphasizes its immunologic 
and histologic parallels with the well-characterized 
pemphigus family of diseases. In concordance with 
its IgG-mediated counterpart, desmosomal compo-
nents are the targets of the pathogenic antibodies in 
the cases of IgA pemphigus where an antigen has 
been identified.

Fig. 45.4. Linear IgA bullous dermatosis. (A) Biopsy of 
the patient pictured in Figure 45.3A with DH-like LABD 
showed a dermal papillary neutrophilic infiltrate (arrow-
heads). (B) Homogeneous linear IgA deposition along 
the basement membrane is diagnostic
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Two subtypes of IgA pemphigus are recognized. 
The subcorneal pustular dermatosis (SPD) type 
exhibits upper epidermal IgA staining on DIF and 
resembles Sneddon-Wilkinson disease clinically. 
The intraepidermal neutrophilic (IEN) type shows 
intercellular IgA spanning the entire epidermis with 
consequent deeper appearing pustular lesions.

Epidemiology

Approximately 70 cases of IgA pemphigus have 
been reported, with most cases occurring in the U.S., 
Europe, and Japan. A review of 49 of these cases 
revealed a slight predominance of the SPD type 
and an overall female/male ratio of 1.45:1.25 Most 
patients were in their fifth or later decade of life.

Pathogenesis

Sera obtained from patients with IgA pemphigus 
have consistently failed to react to any proteins 
on immunoblots, presumably because the terti-
ary structure of the antigen must be preserved for 
antibody binding. By expressing desmosomal pro-
teins in mammalian cells, where they assume their 
native conformation, and assaying for autoantibod-
ies by living cell immunofluorescence, Hashimoto 
et al.26 demonstrated that desmocollin 1, a member 
of the cadherin superfamily, is an autoantigen in 
the SPD type of IgA pemphigus.26 The transmem-
brane cell-adhesion proteins within desmosomes, 
which through their heterophilic (and possibly also 
homophilic) interactions provide tight interepithe-
lial binding, belong to one of two groups of cadher-
ins: desmocollins and desmogleins. The latter are 
the target antigens in classic pemphigus. Except for 
a few isolated cases where a desmoglein has been 
implicated, an autoantigen in IgA pemphigus-IEN 
type has not been established.

In classic pemphigus, IgG impairs its target 
cadherins directly, disrupting intercellular adhe-
sion and resulting in acantholysis. The process 
can proceed without the assistance of complement 
fixation or immune cells. Indeed, monovalent 
antigen binding fragments (Fab) isolated from 
pathogenic pemphigus antibodies, which lack the 
Fc portion of the antibody necessary for interac-
tions with complement and effector cells, are suf-
ficient to elicit bullae in experimental models. In 
contrast, the presence of neutrophils is essential 

for the evolution of skin lesions in IgA pemphigus. 
Acantholysis, though often present, is not a car-
dinal feature of IgA pemphigus, which is instead 
most notable for the interepithelial abscesses that 
develop. Thus, clinically, IgA pemphigus exhib-
its a more pustular phenotype distinct from the 
vesiculobullous nature of the early lesions in its 
IgG-mediated counterparts.

Clinical Features

Immunoglobulin A pemphigus presents with 
vesiculopustular lesions often arising within thin 
erythematous plaques. The trunk and proximal 
extremities are affected with extensive involve-
ment of intertriginous areas commonplace. The 
postauricular skin and scalp may also be involved. 
Pruritus can be pronounced. Pustules in the SPD 
type often assume annular and serpiginous arrange-
ments with central crusting similar to classic SPD 
(Sneddon-Wilkinson disease). The IEN type may 
have a similar appearance, although a distinguish-
ing “sunflower-like” lesion has been described, 
consisting of vesiculopustules fringing a deeply 
erythematous plaque. Erosions and desquamation 
may be observed in both types. The mucous mem-
branes are usually spared. No disease associations 
have been established.

Histology

Intraepidermal pustules with microabscesses and a 
dermal and epidermal neutrophilic infiltrate are seen 
in affected skin of both subtypes. The pustules are in 
the superficial epidermis in the SPD type and are 
located throughout the epidermis in the IEN type. 
Acantholysis and acantholytic cells are occasionally 
seen but are not typical and are especially rare in 
the IEN type. Direct immunofluorescence demon-
strates fairly uniform intercellular IgA encircling 
the keratinocytes within the upper epidermal layers 
in the SPD type and throughout the epidermis in the 
IEN type. Similar patterns are seen with IIF, which 
is positive in approximately 50% of patients.

Treatment

Immunoglobulin A pemphigus is a chronic condi-
tion but is relatively indolent, with considerably 
less morbidity than classic pemphigus. Dapsone 
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is the initial therapy of choice in both subtypes of 
IgA pemphigus. A dosage of 75 to 100 mg daily 
is often effective. Long-term maintenance therapy 
at a lower dosage is usually required after disease 
control is achieved. In general, the SPD subtype is 
less responsive to treatment than the IEN type. If 
the response to dapsone is inadequate, the patient 
may be switched to an oral retinoid or, more typi-
cally, the two used in combination. Several cases 
of the SPD type appearing in the literature have 
resolved with etretinate treatment, but this drug is 
no longer available in the United States, leaving 
either Soriatane or isotretinoin as the preferred 
second-line agent. Oral corticosteroids have been 
used extensively because of their efficacy in classic 
pemphigus. Dapsone in conjunction with corticos-
teroids have achieved disease remission in several 
cases of IEN-type IgA pemphigus, and this regi-
men is an appropriate secondary option in patients 
with this subtype who fail dapsone monotherapy. 
Rarely, recalcitrant cases of IgA pemphigus (usu-
ally of the SPD type) have required more aggres-
sive immunosuppressive therapy.

Immunoglobulin A Vasculitis 
(Henoch-Schönlein Purpura)

Immunoglobulin A–mediated dermal small-vessel 
vasculitis is most commonly associated with, and 
in many clinicians’ minds equated with, the clini-
cal syndrome of Henoch-Schönlein purpura (HSP), 
which is characterized by the tetrad of palpable 
purpura, arthralgias, gastrointestinal symptoms, 
and glomerulonephritis. Immunoglobulin A class 
antibodies have been frequently observed within 
vessel walls in cases of isolated cutaneous leuko-
cytoclastic vasculitis (LCV).27 Immunoglobulin A 
deposits are also commonly identified in secondary 
cutaneous vasculitides associated with connec-
tive tissue diseases such as lupus erythematosus, 
Sjögren’s syndrome, and rheumatoid arthritis, or 
in larger vessel systemic necrotizing vasculitides 
such as polyarteritis nodosa.28,29 Furthermore, IgA 
antineutrophilic cytoplasmic antibodies (ANCAs) 
have been identified in erythema elevatum diuti-
num and other cases of LCV. The pathogenicity 
and significance of IgA in all of these settings 
remains unclear and may very well be incidental. 
Henoch-Schönlein purpura represents the only 

distinct entity for which IgA antibodies are broadly 
imputed a central role in diagnosis and in patho-
physiology and therefore will be the focus of this 
section. A full discussion of the wide range of vas-
culitic syndromes where IgA has been detected by 
DIF is beyond the scope of this chapter.

While adults are also affected, HSP is predomi-
nantly a childhood disease and is the most common 
pediatric vasculitis. It represents an immunologic 
response to a precipitating infection or drug and 
is usually self-limited. However, recurrences are 
common, and a minority of patients develop a per-
sistent nephropathy.

Epidemiology

The peak age of onset of HSP is between 2 and 
10 years. Girls are affected about 50% more often 
than boys, but there is no gender differential 
among adults. Approximately 70% of children30,31 
and 40% of adults29 have a history of a recent 
upper respiratory infection, viral or streptococcal. 
Pharmaceuticals, foods, and hematologic malig-
nancies have also been implicated as precipitating 
agents. No convincing association with any MHC 
molecules has been reported.

Pathogenesis

The classification schemes and general pathophysi-
ologies of the numerous vasculitides are reviewed 
in detail in Chapter 19. The majority of vasculitic 
syndromes can be classified by their central patho-
genesis according to the operative class of hyper-
sensitivity reaction as described by Coombs and 
Gell. As a neutrophil-predominant, DIF-positive 
vasculitis, HSP best fits into the category of type 
III hypersensitivity reactions; that is, immune 
complex deposition is directly culpable, along with 
cutaneous LCV from which HSP is histologically 
indistinguishable. A few studies from three dec-
ades ago demonstrated circulating IgA immune 
complexes in HSP,32,33 but most evidence implicat-
ing immune complexes in pathogenesis is indirect. 
Clearly IgA is present in the vessel walls, but 
whether it is bound to an in-situ antigen or repre-
sents a deposited immune complex has never been 
definitively established. No antigen has ever been 
associated with the vascular IgA in HSP. There 
are numerous conflicting reports of IgA ANCA in 
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the serum of adults and children with HSP. About 
as many studies have reported the absence of 
IgA ANCA as have its presence. The most recent 
series revealed a high prevalence of IgA ANCA in 
children with HSP and a strong correlation with 
disease activity but not with disease severity.34 
Concerns linger, though, over the possible techni-
cal issues with these studies. The high concentra-
tions of (potentially physiologically abnormal) IgA 
in HSP patients’ sera may facilitate weak, nonspe-
cific interactions with components of neutrophilic 
extracts, yielding false-positive results.

For now, the consensus holds that IgA immune 
complexes are pathogenic in HSP. Presumably, an 
immunologic response to a microbial or tumoral 
antigen or drug hapten in susceptible individuals 
generates circulating IgA immune complexes. The 
immune complexes tend to deposit in the glomer-
uli and in the walls of the small blood vessels 
within the dermis of the lower extremities. These 
represent general predilection areas in immune 
complex-mediated vasculitis. Immune complex 
deposition occurs in the vascular beds of the other 
target organs, namely the joints and the gastrointes-
tinal tract. The IgA immune complexes engender 
an exuberant neutrophilic response leading to a 
necrotizing vasculitis, enzymatic and ischemic 
destruction of surrounding tissues, and erythrocyte 
extravasation.

As in the other diseases in this chapter, IgA1 
appears to be the primary subclass involved. Some 
studies have demonstrated abnormal glycosyla-
tion of IgA1 in HSP patients relative to normal 
controls.35 This structural variation may confer 
on IgA1 some unusual properties, which are of 
theoretical importance in HSP pathogenesis, such 
as increased half-life, increased ability to complex 
in plasma, increased tendency to deposit in target 
organs, and the capacity to fix complement more 
efficiently. Further research on the potentially 
distinct biochemical properties of IgA in HSP is 
necessary to substantiate any of these intriguing 
hypotheses.

Clinical Features

Palpable purpura represents the predominant cuta-
neous manifestations of HSP and is essentially 
universal (Fig. 45.5A). It usually develops in 
dependent areas: the lower extremities, buttocks, 

and scrotum. The upper extremities and trunk 
are less commonly involved. Macular, petechial, 
and urticarial lesions may also be observed, but 
they typically evolve into purpura over 24 to 48 
hours. Acral and scalp edema is a frequent find-
ing and may confuse the diagnosis with acute 
hemorrhagic edema of infancy in the very young. 
Bullous, necrotic, and ulcerative lesions are rare 
in children but occur in up to 60% of adults,29 
suggesting involvement of larger dermal or sub-
cutaneous arteries. In adults, irregular purpuric 
plaques containing a “retiform” pattern of hemor-
rhage or superficial necrosis has been proposed 
as a distinctive lesion in IgA-mediated vasculitis 
by one group36 (Fig. 45.5B), but the uniqueness 
of this finding has not been corroborated in other 
series.

Arthralgias and abdominal pain may precede 
purpura by up to 2 weeks in 30% to 40% of 

Fig. 45.5. Henoch-Schönlein purpura. (A) The foot of an 
adult displaying punctate purpura and coalescent purpu-
ric plaques consistent with a leukocytoclastic vasculitis. 
(B) This adult demonstrated the characteristic irregular 
plaques containing a retiform pattern of hemorrhage
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patients, but renal manifestations almost always 
follow the characteristic rash. Arthritis occurs in 
approximately 80% of patients and abdominal 
pain in 60%. Colicky abdominal pain may be 
accompanied by emesis. Gastrointestinal bleeding, 
mostly occult, occurs in approximately 30% of 
patients.37,38 Rarely, more serious gastrointestinal 
involvement can arise, and the clinician must main-
tain concern for ischemic bowel or intussusception 
in patients with worrisome abdominal exams.

Immunoglobulin A glomerulopathy is the only 
potential source of long-term morbidity in HSP 
and should be ruled out in any vasculitis with sig-
nificant IgA on DIF. The other manifestations of 
HSP usually resolve in an average of 4 weeks and 
only occasionally persist beyond 8 weeks.30 As 
with any glomerulonephritis, hematuria is a defin-
ing feature of HSP nephritis and occurs in about 
34% of children with HSP according to a recent 
meta-analysis.39 The majority of patients (98%) 
with isolated hematuria with or without proteinu-
ria do not suffer from long-term renal impair-
ment. The incidence of nephrotic or nephritic 
syndrome is about 7% at presentation, and less 
than 2% of children have a persistent nephropa-
thy. Overall, the prognosis of HSP nephritis in the 
child is therefore good; however, several studies 
have reported more severe renal involvement in 
adults.40

The natural history of HSP is surprisingly 
chronic with frequent relapses, which is reminis-
cent of secondary vasculitides in the setting of 
connective tissue diseases. This contrasts with 
primary LCV associated with a drug or  microbial 
trigger, which typically presents as a single, self-
limited episode. The perplexing multi-episodic 
nature of HSP has never been explained. But it is 
this unique natural history that creates some dis-
satisfaction with the simple drug- or bug-induced 
immune-complex etiology outlined previously. 
A search for an autoimmune component in the 
pathogenesis of HSP (e.g., ANCA or antiendothe-
lial antibodies) is therefore an important ongoing 
pursuit.

Histology

Conventional histology shows a superficial necro-
tizing small-vessel vasculitis with perivascular 
neutrophilic infiltrate that cannot be differentiated 

from typical LCV (see Chapter 19). In patients 
with bullous and ulcerative lesions, involvement 
of deep dermal vessels may also be seen. Direct 
immunofluorescence reveals predominant IgA 
deposits and variable amounts of C3 in the walls of 
both involved and uninvolved vessels. Although all 
cases of HSP exhibit IgA deposition, the converse 
is not true. As mentioned previously, vascular IgA 
deposits may be observed in numerous settings. 
Other vasculitic syndromes must be ruled out on 
clinical or histologic grounds.

Treatment

Because of the self-limited nature of HSP, treat-
ment is mostly supportive. A urinalysis, meas-
ures of renal function, and blood pressure should 
be obtained in all patients upon diagnosis and the 
beginning of each recurrent episode. If results 
are normal, urinalysis and blood pressure should 
be rechecked for 6 months after which point the 
risk of new-onset renal involvement is negligible. 
Children with isolated hematuria or proteinuria 
(i.e., normal creatinine, blood pressure, and urine 
output) typically enjoy a full resolution of their 
nephritis, and long-term follow-up is probably 
unnecessary. Children presenting with nephritic 
or nephrotic syndrome are at high risk (20%) 
of chronic renal insufficiency and should be 
referred to a nephrologist. A similar degree of 
vigilance is prudent in all adults with evidence 
of nephritis.

Corticosteroids have been used extensively for 
decades in the treatment of HSP. They seem to be 
the most effective agents for alleviating abdomi-
nal and joint symptoms but, in usual doses, have 
never been shown to alter the natural history of 
any element of the disease. The most important 
goal of therapy is prevention of chronic renal 
insufficiency. In a prospective but uncontrolled 
trial, children with severe glomerulonephritis 
experienced promising improvement in acute 
renal pathology and limited disease progression 
when high-dose pulse methylprednisolone fol-
lowed by oral corticosteroids was initiated early 
in the course of the disease.41 Oral or IV corti-
costeroids in combination with azathioprine is 
another common regimen for HSP nephritis that 
has yielded good long-term outcomes in retro-
spective reviews.42
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Purpura and other cutaneous manifestations, if 
severe enough to warrant treatment, often respond 
well to dapsone.43 Dapsone does not seem to amel-
iorate the vasculitis in other target organs.

Conclusion

Immunoglobulin A dermatosis are a diverse group 
of dermatologic diseases that share IgA deposi-
tion in tissue, which more importantly plays an 
important role in the pathophysiologic process. 
Neutrophils are one of the few cell types that 
express IgA receptors (FcaR1), and hence are a 
major component of the cellular infiltrate, as well 
as important effector cells that mediate tissue dam-
age. Because neutrophils are important in the IgA 
dermatoses (dermatitis herpetiformis, linear IgA 
bullous dermatosis, IgA pemphigus and Henoch-
Schönlein purpura), this group of diseases exhibits 
pharmacologic responsiveness to sulfone therapy 
(dapsone and related compounds).
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AA. See Alopecia areata
AAE. See Acquired angioedema
Abacavir, 272
ACD. See Allergic contact 
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ACE. See Angiotensin-converting 

enzyme
Acebutolol, SCLE from, 711
Acetaminophen, LABD from, 780
Acid fibroblast growth factor 

(aFGF), 159
Acitretin, for CLE, 713
ACLE. See Acute cutaneous lupus 

erythematosus
Acne

HBD and, 139
IL-1 and, 218
immunology of, 217–220
MMP and, 219
neutrophils and, 218
severity of, 219–220
stress and, 52
TCSs and, 571
TIMP-I and, 219
TLRs and, 68, 73, 218–219
TNF-α and, 218
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angiogenesis in, 163
TLRs in, 68

Acquired angioedema (AAE), 115
Acquired epidermolysis 
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Acquired immunity

AD and, 196
dermatophytosis and, 386–387
transplantation and, 23

Acrofacial and generalized vitiligo, 
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ACTH. See Adrenocorticotropic 
hormone

ActHIB, 580
Actinic keratosis (AK), 6

angiogenesis in, 166
imiquimod for, 529–531
SCC and, 223

Actinic prurigo, 151
Actinomycetoma, 392
Acute cutaneous lupus erythematosus 

(ACLE), 704–706
differential diagnosis for, 706
TEN and, 705

Acute generalized exanthematous 
pustulosis (AGEP), 266

Acute hemorrhagic edema of 
infancy (AHEI), 284

Acute renal failure, IVIG and, 606
AD. See Atopic dermatitis
Adacel, 580
Adalimumab (Humira), 7, 485, 491, 

505–506, 513–515
Adaptive immunity, 17–27

fungal infections and, 381–382
HPV and, 306
HSV and, 300
vs. innate immunity, 68, 298
melanoma and, 253
SIS and, 23–27
Staphylococcus aureus and, 

343–344
Streptococcus and, 347–348
T-cells and, 85
TLRs in, 70–72

ADCC. See Antibody-dependent 
cellular cytotoxicity

Adenosine triphosphatase (ATPase), 
93, 125

on LCs, 172
Adenosine triphosphate (ATP), 36
Adenovirus endovirus encoding 

human tyrosinase-related 
protein 2 (Ad-hTRP2), 79

Ad-hTRP2. See Adenovirus 
endovirus encoding human 
tyrosinase-related protein 2

Adrenocorticotropic hormone 
(ACTH), 35, 47, 54–55

AA and, 38, 697
AD and, 53
CRH and, 54
GCS and, 561, 568
hair cycling and, 40
IL-18 and, 54
immunity and, 54
melanocytes and, 54
melanoma and, 40
urticaria and, 37
vitiligo vulgaris and, 671

ADRs. See Adverse drug reactions
Adverse drug reactions (ADRs), 263

AIDS and, 330
SJS and, 330
TEN and, 330

AEDS. See Atopic eczema/
dermatitis syndrome

aFGF. See Acid fibroblast growth 
factor

Aδ fibers, 32
African Americans, 151

DLE in, 707
sarcoidosis and, 650

AGEP. See Acute generalized 
exanthematous pustulosis
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AHEI. See Acute hemorrhagic 
edema of infancy

AHS. See Anticonvulsant 
hypersensitivity syndrome

AI-CTDs. See Autoimmune 
connective tissue diseases

AIDS, 624
ADRs and, 330
drug eruptions and, 272
histoplasmosis and, 398
HIV and, 323–331
HPV and, 329
KS and, 235, 328
MCV and, 329
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Alibert-Bazin subtype, 412
Allergens, ACD and, 171–172
Allergic contact dermatitis (ACD), 

38–39, 171–179
allergens and, 171–172
CGRP and, 38–39
children and, 179
CHS and, 38
diagnosis of, 182–185
DTH and, 38
elderly and, 179
immunoregulation and, 178–179
SP and, 38
Th1 and, 87
treatment for, 184–185

Allopurinol, 269, 272, 554
Alopecia areata (AA), 38, 691–699

ACTH and, 38, 697
CD4+ T-helper and, 691
CGRP and, 697
cortisol and, 697
gender and, 691
genetics and, 692
HLA and, 695
IL-1 and, 691
MHC and, 694
α-MSH and, 38, 694
NPs and, 697
PUVA for, 698
SCIDs and, 694
stress and, 52

T-cells and, 694, 696–697
TGF-β and, 694
thyroid disease and, 691
treatment for, 697–698
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Aminopenicillins, 269
Amiodarone, LABD from, 780
AMP. See Antimicrobial peptides
Amphotericin B, 384
ANA. See Antinuclear antibody
Anagen, 39
Anaphylatoxins, 110–111
Anaphylaxis, IVIG and, 606
Anaplastic large cell lymphoma 

(ALCL), 414
ANCAs. See Antineutrophil 

cytoplasmic antibodies
Anemia, 638
Angioedema, 460
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urticaria and, 463

Angiogenesis, 157–168
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in AK, 166
in BCC, 165
inflammatory, 162–163
inhibitors for, 158
in melanoma, 167
in photoaging, 166
in psoriasis, 163–164
in SCC, 165–166
stem cells and, 160–162
stimulators for, 158
in ulcers, 166
in verruca vulgaris, 164–165

Angiostatin, 158
Angiotensin-converting enzyme 

(ACE), 463
inhibitors of, 470

SCLE from, 711
sarcoidosis and, 652

ANS. See Autonomic nervous 
system

Anthralin, for AA, 697
Anthrax, vaccine for, 580, 587
Antibiotics, 620

for EBA, 767
Antibodies. See also Antineutrophil 

cytoplasmic antibodies; 
Antinuclear antibody

BB1, 467
fungal infections and, 382–383
HAHAs, 541

monoclonal, 429–430
structure of, 482

Antibody-dependent cellular 
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Anticonvulsant hypersensitivity 
syndrome (AHS), 269

Antigen-presenting cell (APC), 4, 
46, 47, 67

DCs as, 119, 121–122
GVHD and, 447
HPV and, 308
innate immunity and, 527
LCs as, 172
leishmaniasis and, 364
TLRs and, 527

Antigens
cytokines and, 176
IL-6 and, 174
LCs and, 175
psoriasis and, 210
TGF-β and, 174–175

Antihistamines, 201, 470
Antimicrobial peptides (AMP), 

131–142
AD and, 198
Pseudomonas aeruginosa and, 141
wound healing and, 141–142

Antineutrophil cytoplasmic 
antibodies (ANCAs), 
279–280

cutaneous vasculitis and, 287
IVIG and, 609–610

Antinuclear antibody (ANA), 284, 
448, 469, 515

SCLE and, 708
Antiphospholipid syndrome, 281
Antiretrovirals, 269
Antithymocyte globulin, 450
Anxiety, 566
APC. See Antigen-presenting cell
APECED. See Autoimmune 

polyendocrinopathy 
candidiasis ectodermal 
dystrophy

Apoptosis
Imiquimod and, 528
UVR and, 152

ARA. See Atopy-related 
autoantigens

Aseptic meningitis, IVIG and, 606
Aspergillus spp., 125
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ASST. See Autologous serum 

skin test
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AT. See Ataxia-telangiectasia
Ataxia-telangiectasia (AT), 199, 

623–624
Ataxia-telangiectasia mutated 

(ATM), 624
ATM. See Ataxia-telangiectasia 

mutated
Atopic dermatitis (AD), 7, 37–38, 

193–203
acquired immunity and, 196
ACTH and, 53
AMP and, 198
CGRP and, 38
chemokines and, 196–197
children and, 193–194, 199
CI for, 544
clinical features of, 198–199
cortisol and, 52
cytokines and, 196–197
DCs and, 197–198
diagnosis of, 199
genetics and, 194–195
HBD and, 196
HPA and, 53
HSV and, 139, 199
ICD and, 181
IDECs and, 197–198
IgE and, 75, 193, 198
immunotherapy for, 202
innate immunity and, 196
IVIG and, 611
management of, 200–202
NGF and, 38, 195
phototherapy for, 202
SP and, 38, 195
Staphylococcus aureus and, 198
stress and, 53–54
γδ T-cells and, 94
Th2 and, 53
TLRs in, 68, 75
TNF-α for, 8
TSLP and, 197
VIP and, 38

Atopic eczema/dermatitis syndrome 
(AEDS), 388

Atopic eczema, stress and, 52
Atopy-related autoantigens 

(ARA), 198
Atorvastatin

cyclosporine and, 553
LABD from, 780

ATP. See Adenosine triphosphate
ATPase. See Adenosine 

triphosphatase

Atrial natriuretic peptide, 32
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CI and, 543–544
TCSs and, 570–571

Attenuvax, 580
Autoimmune bullous diseases, 

23–24
Autoimmune connective tissue 

diseases (AI-CTDs), 78–79
Autoimmune diseases

Th17 and, 128
TLRs and, 78–79
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candidiasis ectodermal 
dystrophy (APECED), 629

Autologous serum skin test 
(ASST), 468

Autonomic nervous system 
(ANS), 31

Axon-reflex flare, 31
AZA. See Azathioprine
Azathioprine (AZA), 201–202, 

553–554
for BP, 754
for CLE, 714
for CP, 755
for cutaneous vasculitis, 281
cyclophosphamide and, 558
for GVHD, 450
mycophenolate mofetil and, 555
NMSC and, 230
OTRs and, 636–637
for pemphigus, 747

B
Bacterial infections, 335–348

TLRs and, 76–77
Basal cell carcinoma (BCC), 6, 

223–224, 634
angiogenesis in, 165
GM-CSF and, 233
IL-4 and, 233
IL-5 and, 233
IL-10 and, 233
KCs and, 223
mRNA and, 233
superficial, 531–532

Basal cell nevus syndrome, 
imiquimod for, 533

Basement membrane zone (BMZ), 
284, 754, 763

Basic fibroblast growth factor 
(bFGF), 158, 159

melanoma and, 247

Basiliximab, 636
for GVHD, 450

Basogranulin antibody (BB1), 467
Basophils, 22

CIU and, 467
Batimastat, 167
BB1. See Basogranulin antibody
BCC. See Basal cell carcinoma
B-cell receptors (BCRs), 18
B-cells, 50

fibrosis and, 728
memory of, 581
PIDs and, 617, 618–621
Staphylococcus aureus 

and, 344
BCRs. See B-cell receptors
BDGF. See Brain-derived growth 

factor
Benazepril, LABD from, 780
Beta-blockers, SCLE from, 711
Betamethasone, 562

for AA, 697
Bevacizumab, 158
Bexarotene, 426

for MF/SS, 423
bFGF. See Basic fibroblast growth 

factor
BioRab, 580
BioThrax, 580
Bleomycin model, 726
Bloom syndrome, 624, 626–627
B lymphocytes, 24
BMZ. See Basement membrane 

zone
Body surface area (BSA), 484
Bone marrow transplantation, 

psoriasis and, 209
Boostrix, 580
Borrelia burgdorferi, 77, 412
Bosentan, 280
Bowen’s disease, 223, 235

imiquimod for, 533–534
BP. See Bullous pemphigoid
Brain-derived growth factor 

(BDGF), 195
Breast cancer, 51
Bropirimine, 68
Brunsting-Perry cicatricial bullous 

pemphigoid, 764
Bruton. See X-linked 

agamaglobulinemia
BSA. See Body surface area
Buffalo hump, 330
BufferGel, 325
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Bullous pemphigoid (BP), 751–754
diagnosis of, 754
HLA and, 752
treatment for, 754

Bupropion, 711

C
C1-INH. See C1-inhibitor
C1-inhibitor (C1-INH), 107, 111

deficiency in, 114–115
C2 deficiency, 115
C3IG, 325
C4-binding protein, 112
Cadherin, 740–741
Calcineurin inhibitors (CI), 201, 

539–544, 636
for AD, 544
atrophy and, 543–544
for CLE, 713
efficacy of, 541–542
immunity and, 542–543
pruritus and, 543
safety of, 541–542

Calcitonin gene-related peptide 
(CGRP), 32, 34, 177

AA and, 697
ACD and, 38–39
AD and, 38
C fibers and, 35
LCs and, 35
neurogenic inflammation from, 36
psoriasis and, 53
urticaria and, 37
UVR and, 35
for wound healing, 39

Calcium channel blockers, SCLE 
from, 711

cAMP. See Cyclic adenosine 
monophosphate

Cancer. See also Nonmelanoma skin 
cancers

breast, 51
stress and, 51–52
UVB and, 51

Candesartan, LABD from, 780
Candida spp., 621
Candida albicans, 77–78
Candidiasis, 77–78, 329, 

383–385. See also Chronic 
mucocutaneous candidiasis

APECD, 629
PIDs and, 618
TLRs in, 68, 383–384
TNF-α and, 383

Captopril, 780
LABD from, 780
SCLE from, 711

Carbamazepine, 269, 272
LABD from, 780

Carboxypeptidases, 112
CAs. See Catecholamines
Castleman’s tumor, 744
Catagen, 39
Cataracts, GCS and, 566
CATCH22, 621
Catecholamines (CAs), 34, 36, 

45, 46
IL-1 and, 48
IL-8 and, 49
IL-10 and, 48
KCs and, 36
LCs and, 36
systemic effects of, 48–49
Th2 and, 48
TNF-α and, 48

Catechols, 672
CATERPILLERs, 21
Cathelicidin (LL-37), 21, 133–137

psoriasis and, 138
CCL22. See Monocyte-derived 

chemokine MDC
CCL27. See Keratinocyte-derived 

chemokine CTACK
CCLE. See Chronic cutaneous lupus 

erythematosus
CD. See Contact dermatitis; Crohn’s 

disease
CD4+ T-helper, 3, 8, 579

AA and, 691
histoplasmosis and, 399
IFN-α and, 528
immunity and, 231
melanoma and, 246
MF/SS and, 420

CD59, 113
cDNA. See Complementary DNA
Celecoxib, 158
Cellulose acetate phthalate, 325
Central nervous system (CNS), 32
Cephalosporins, 269

LABD from, 780
Cercarial dermatitis, 368–369
Certolizumab pegol (Cimzia), 508
Cervical intraepithelial neoplasia 

(CIN), 306
C fibers, 32

CGRP and, 35
UVR and, 39

CGD. See Chronic granulomatous 
disease

CGRP. See Calcitonin gene-related 
peptide

Chediak-Higashi syndrome 
(CHS), 628

Chemokines, 3–11
AD and, 196–197
crystal structure of, 4
CTCL and, 416–419
fibrosis and, 730–731
T-cells and, 25, 89

Chemotaxis inhibitory protein 
of staphylococci (CHIPS), 
337, 341

Chemotherapy
for melanoma, 250–251
for MF/SS, 423, 424

CHF. See Congestive heart failure
Chilblain lupus erythematosus, 709
Children

ACD and, 179
AD and, 193–194, 199
ICD and, 181
pimecrolimus and, 542

CHIPS. See Chemotaxis inhibitory 
protein of staphylococci

Chlamydia spp., 412
Chlorambucil, 558
Chlorhexidine, 201
Chorionic villus sampling (CVS), 619
Chromoblastomycosis, 390–392

immunity and, 391–392
monocytes/macrophages and, 391

Chronic actinic dermatitis, 152
Chronic cutaneous lupus 

erythematosus (CCLE), 704, 
706–708

Chronic granulomatous disease 
(CGD), 341, 627–628

Chronic idiopathic urticaria (CIU), 
459, 463, 466–468

basophils and, 467
histamine and, 468
HLA and, 467
IgE and, 467–468
IL-3 and, 467
Th1 and, 467

Chronic mucocutaneous candidiasis 
(CMC), 383–384, 629–630

DCs and, 384–385
Th2 and, 384

Chronic obstructive pulmonary 
disease (COPD), 513
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CHS. See Chediak-Higashi 
syndrome; Contact 
hypersensitivity

Churg-Strauss syndrome, 282
CI. See Calcineurin inhibitors
Cicatricial pemphigoid (CP), 

754–755
CIDs. See Combined 

immunodeficiencies
Cimetidine, 470
Cimzia. See Certolizumab pegol
CIN. See Cervical intraepithelial 

neoplasia
Cinnarizine, SCLE from, 711
Cisplatin, 8
Cis-urocanic acid (UCA), 39
Citrullination, 645
CIU. See Chronic idiopathic 

urticaria
c-Jun N-terminal kinase (JNK), 72
CL. See Cutaneous leishmaniasis
CLA. See Common leukocyte 

antigen; Cutaneous 
leukocyte antigen; 
Cutaneous leukocytoclastic 
angiitis; Cutaneous 
lymphocyte antigen

Cladophialophora carrionii, 390
Class II-associated Ii peptide 

(CLIP), 172
CLE. See Cutaneous lupus 

erythematosus
CLIP. See Class II-associated Ii 

peptide
Clofazimine, for GVHD, 450
Clusterin. See SP-40, 40
CLVV. See Cutaneous large-vessel 

vasculitis
CMC. See Chronic mucocutaneous 

candidiasis
CMV. See Cytomegalovirus
CNS. See Central nervous system
CNTO-1275, 517
Cobra venom factor, 108
Coccidioidomycosis, 395–397

IFN-γ and, 396
immunoglobulin and, 396–397
NK and, 396
Th1 and, 396
TNF-α and, 396

Cockayne syndrome, 624
Codeine, 470
Colchicine, 471

for cutaneous vasculitis, 281

Colony-stimulating factors (CSF), 5
HSCT and, 440

Combined immunodeficiencies 
(CIDs), 624–627

Common leukocyte antigen (CLA), 
486

Common variable 
immunodeficiency (CVID), 
620–621

granulomatosis and, 652
Complementary DNA (cDNA), 111

DCs and, 125–126
MF/SS and, 416

Complement system, 105–116
alternative pathway of, 109–110
assays of, 115
classic pathway of, 107–109
components of, 107
deficiencies in, 114–115, 628
mechanisms of, 108
receptors of, 109
regulatory proteins of, 111

Computed tomography (CT), 415
Comvax, 580
Congestive heart failure 

(CHF), 515
Conjugate vaccines, 587–589
Connective tissue disease 

(CTD), 278
cutaneous vasculitis and, 288

Connective tissue growth factor 
(CTGF), fibrosis and, 728, 
729–730

Contact dermatitis (CD), 171–185. 
See also Allergic contact 
dermatitis; Irritant contact 
dermatitis

ACLE and, 706
Contact eczema, 23
Contact hypersensitivity (CHS)

ACD and, 38
norepinephrine and, 36
PACAP and, 35
UVR and, 39

Contact sensitivity reactions 
(CTS), 126

LCs and, 126
TCSs and, 573

Conventional T cells, 85–90
trafficking of, 88

COPD. See Chronic obstructive 
pulmonary disease

Corticosteroids, 201, 470, 
561–574. See also 

Glucocorticosteroids; 
Topical corticosteroids

for AA, 698
adverse effects of, 470–471
for BP, 754
for CP, 755
for cutaneous vasculitis, 281
for GVHD, 450
for MF/SS, 423
for pemphigus, 739

Corticotropin-releasing hormone 
(CRH), 38, 45, 47, 49–50

ACTH and, 54
GCS and, 561
hair cycling and, 40
LPS and, 54
mast cells and, 50, 54
melanoma and, 40
SP and, 49–50

Cortisol, 561
AA and, 697
AD and, 52

Cortisone, 562
COX-2. See Cyclooxygenase-2
CPDs. See Cyclobutane pyrimidine 

dimers
CpG. See Cytosine-phosphate-

guanine
C-reactive protein (CRP), 108

IL-6 and, 49
CREST syndrome, 724
CRH. See Corticotropin-releasing 

hormone
Crohn’s disease (CD), 508, 650, 653
CRP. See C-reactive protein
Cryoglobulinemia, 285–287
Cryosurgery, 638
Cryptosporidium spp., 93
CsA. See Cyclosporin A
CSF. See Colony-stimulating factors
CSVV. See Cutaneous small-vessel 

vasculitis
CT. See Computed tomography
CTACK. See Cutaneous T-cell 

attracting chemokine
CTCL. See Cutaneous T-cell 

lymphoma
CTD. See Connective tissue disease
CTGF. See Connective tissue 

growth factor
CTLA-4. See Cytotoxic T-

lymphocyte antigen 4
CTLA4Ig. See Cytotoxic T-

lymphocyte antigen 4Ig
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CTLs. See Cytotoxic T lymphocytes
CTS. See Contact sensitivity 
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Curcumin, 158
Curettage with electrodesiccation 
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Cushing’s disease, 330
Cutaneous large-vessel vasculitis 

(CLVV), 290
Cutaneous leishmaniasis 

(CL), 363
Cutaneous leukocyte antigen 

(CLA), 300
Cutaneous leukocytoclastic angiitis 

(CLA), 282–283
Cutaneous lupus erythematosus 
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immunoglobulin and, 709
treatment for, 713–714
UVR and, 710, 713

Cutaneous lupus erythematosus 
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Cutaneous lymphocyte antigen 
(CLA), 24, 416

Cutaneous small-vessel vasculitis 
(CSVV), 279, 281–282

Cutaneous T-cell attracting 
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177, 417–419

Cutaneous T-cell lymphoma 
(CTCL), 6, 411–431

chemokines and, 416–419
classification of, 412
GVHD and, 430–431
HTLV and, 421
IL-12 for, 10
imiquimod for, 534
immunity and, 420–422
mRNA and, 419
Th1 and, 87
TLRs in, 79

Cutaneous vasculitis, 277–290
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causes of, 278
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CTD and, 288
drug-induced, 280
IgA and, 281
laboratory workup for, 278–280
non-Hodgkin’s lymphoma and, 

280
treatment for, 281

CVID. See Common variable 
immunodeficiency

CVS. See Chorionic villus sampling
CXC, 10
CyA. See Cyclosporin A
Cyanovirin, 325
Cyclic adenosine monophosphate 

(cAMP), 46
Cyclobutane pyrimidine dimers 

(CPDs), 225
Cyclooxygenase-2 (COX-2), 158, 280

urticaria and, 466–467
Cyclophosphamide, 471, 558

azathioprine and, 558
for CLE, 714
for CP, 755
for cutaneous vasculitis, 281

Cyclosporin A (CsA), 201
adverse effects of, 552–553
drug interactions with, 553
for EBA, 767
for GVHD, 450
IFN-γ and, 552
IL-2 and, 637
NF-AT and, 637
NMSC and, 229–230
OTRs and, 636
TGF-β and, 637

Cyclosporine, 551–553
for AA, 698
for CIU, 471
for PsA, 484
for psoriasis, 484

Cytokine antagonists, 508
Cytokines, 3–11

AD and, 196–197
antigens and, 176
classification of, 5
dermatologic therapeutic 

applications of, 9
fibrosis and, 726–727
GVHD and, 448
melanoma and, 251
for psoriasis, 485
UVB and, 152
vitiligo vulgaris and, 669

Cytomegalovirus (CMV), 412
Cytosine-phosphate-guanine (CpG), 

70, 78
for MF/SS, 428

Cytotoxic T-lymphocyte antigen 4 
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Cytotoxic T-lymphocyte antigen 4Ig 
(CTLA4Ig), 486

Cytotoxic T lymphocytes (CTLs), 
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D
Dacarbazine (DTIC), 8, 250–251
Daclizumab, 636

for GVHD, 450
DAF. See Decay accelerating factor
Danazol, 471
Dandruff, 388
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adverse effects of, 557, 776
for BP, 754
for CLE, 713
for CP, 755
for cutaneous vasculitis, 281
for DH, 776–777
drug interactions with, 557
MTX and, 556
for urticaria, 471

Dapsone hypersensitivity 
syndrome, 777

Daptacel, 580
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DCL. See Diffuse cutaneous 

leishmaniasis
DCs. See Dendritic cells
DDCs. See Dermal dendritic cells
DDH. See Diffuse dermal 

histiocytosis
DDK. See Diffuse dermal 

karyorrhexis
Decavec, 580
Decay accelerating factor (DAF), 

111, 113, 668
Decorin, 113
Defensins, 131–133
DEJ. See Dermal-epidermal 

junction
Delayed-type hypersensitivity 

(DTH)
ACD and, 38
dermatophytosis and, 386–387
histoplasmosis and, 398–399
iNKT and, 97
leishmaniasis and, 365–366
PACAP and, 35
stress and, 51
UVR and, 39, 225

Delayed-type immune-mediated 
drug eruptions, 267–268

Demodex mites, 330
Dendritic cells (DCs), 4, 88, 

119–129
activation of, 122–123
AD and, 197–198
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as APCs, 119, 121–122
cDNA and, 125–126
CMC and, 384–385
DDCs, 121
heterogenicity of, 123–124
histoplasmosis and, 399–400
HSV and, 300
IL-1 and, 122
innate immunity and, 18–20
LCs and, 119, 126–127
maturation of, 122
MDDCs, 389
melanoma and, 246, 255
MF/SS and, 421
MHC and, 119
NKT and, 23
NMSC and, 225
in normal skin, 124–125
PDCs, 121, 127
plasticity of, 123–124
psoriasis and, 209
subpopulations of, 121
TGF-β and, 125
trafficking of, 122–123

Dendritic epidermal T cells 
(DETCs), 91, 94

Denileukin diftitox
for GVHD, 450
for MF/SS, 423, 424

Depigmentation. See also Vitiligo 
vulgaris

melanoma and, 662, 665
Dermal dendritic cells (DDCs), 121
Dermal-epidermal junction 

(DEJ), 284
Dermatitis herpetiformis (DH), 

773–777
clinical features of, 774–775
histology of, 775–776
treatment for, 776–777

Dermatographism, 462
Dermatology Life Quality Index 

(DLQI), 484
Dermatomyositis

ACLE and, 706
IVIG and, 608–609
SCLE and, 706

Dermatophytosis, 385–387
acquired immunity and, 386–387
DTH and, 386–387
HIV and, 385, 387
innate immunity and, 386
TCSs and, 572

Dermicidin, 136

De Sanctis-Cacchione syndrome, 624
Desmosomes, 741–742
DETCs. See Dendritic epidermal 

T cells
Dexamethasone, 562
DH. See Dermatitis herpetiformis
DHFR. See Dihydrofolate reductase
Diabetes, 385

GCS and, 566–567
NLD and, 655

DIF. See Direct 
immunofluorescence

Diffuse cutaneous leishmaniasis 
(DCL), 363

Diffuse dermal histiocytosis 
(DDH), 398

Diffuse dermal karyorrhexis 
(DDK), 398

DiGeorge’s syndrome (DGS), 199, 
621–622, 630

Dihydrofolate reductase (DHFR), 556
Diltiazem, SCLE from, 711
Dinitrochlorobenzene (DNCB), 652

for AA, 697
Dinitrofluorobenzene (DNFB), 

253, 665
Diphenylcyclopropenone (DPCP), 

for AA, 697
Diphtheria toxin (DT), 126
Diphtheria toxin receptor (DTR), 126
Direct immunofluorescence (DIF), 

277, 279
for EBA, 765
of HUVS, 285

Discoid lupus erythematosus (DLE), 
704, 707

in African Americans, 707
IgG and, 708
Koebner phenomenon and, 707, 

710
SLE and, 709

Disease-modifying antirheumatic 
drugs (DMARDs), 484

Disseminated cutaneous 
histoplasmosis (DCH), 398

Diuretics, SCLE from, 711
DLE. See Discoid lupus 

erythematosus
DLIs. See Donor lymphocyte 

infusions
DLQI. See Dermatology Life 

Quality Index
DMARDs. See Disease-modifying 

antirheumatic drugs

DNA. See also Complementary 
DNA

vaccines with, 592–593
DNCB. See Dinitrochlorobenzene
DNFB. See Dinitrofluorobenzene
Docetaxel. See Taxotere
Donor lymphocyte infusions (DLIs), 

448–449
Dovonex. See Vitamin D
Doxepin, 470
Doxycycline, 367
DPCP. See Diphenylcyclopropenone
d-Penicillamine, SCLE from, 711
Drosophila melanogaster, 67
Drug eruptions, 263–273

ACLE and, 706
agents of, 269
AIDS and, 272
classification of, 264–268
diagnosis of, 268–269
HLA and, 272
from IgE, 266–267
immunity and, 264
IVIG for, 272
predisposing factors for, 271–273

Drug-induced pemphigus, 745
Dryvax, 580
DT. See Diphtheria toxin
DTaP, vaccine for, 580
DTH. See Delayed-type 

hypersensitivity
DTIC. See Dacarbazine
DTR. See Diphtheria toxin 

receptor
Dynorphin, 32

E
E5 protein, 309
EAE. See Experimental autoimmune 

encephalomyelitis
EBA. See Epidermolysis bullosa 

acquisita
EBT. See Electron-beam therapy
EBV. See Epstein-Barr virus
E-cadherin, 20, 173

LCs and, 125
rapamycin and, 228–229

ECM. See Extracellular matrix
ECP. See Extracorporeal 

photopheresis
Eczema

AEDS, 388
atopic, 52
nummular, 706
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Eczematous dermatitis, IVIG 
and, 606

ED&C. See Curettage with 
electrodesiccation

Edema. See also Angioedema
AHEI, 284
scleromyxedema, 721
from SP, 37

EDTA. See Ethylenediaminetetraacetic 
acid

Efalizumab (Raptiva), 202, 488, 
489–490, 494–497, 507–508

for AA, 698
for ACD, 184
for psoriasis, 210

Effector T-helper cells, 25–26
EGFR. See Epidermal growth factor 

receptor
EGM. See Extracellular granular 

material
Eimeria vermiformis, 93
ELAM-1. See Endothelial leukocyte 

adhesion molecule 1
Elastase, 280
Elderly, ACD and, 179
Electron-beam therapy (EBT), for 

MF/SS, 423, 424
Electron microscopy (EM), 

669–670, 766
ELISA. See Enzyme-linked 

immunosorbent assay
EM. See Electron microscopy
EMAs. See Endomysial antibodies
Enbrel. See Etanercept
Endoglycosidase (EndoS), 346
Endomysial antibodies (EMAs), 774
β-endorphin, 32
EndoS. See Endoglycosidase
Endothelial cells, 32
Endothelial leukocyte adhesion 

molecule 1 (ELAM-1), 460
IVIG and, 609–610

Engerix-B, 580
Enkephalin, 32
Enzyme-linked immunosorbent 

assay (ELISA), 280
for EBA, 767
for leishmaniasis, 365
for Malassezia spp., 390
for mycetoma, 393

Eosinophilic fasciitis, 721
Eosinophils, 22
Epidermal growth factor receptor 

(EGFR), 141

Epidermal transglutaminase 
(TGe), 774

Epidermolysis bullosa acquisita 
(EBA), 763–768

diagnosis of, 767
DIF for, 765
ELISA for, 767
IgA and, 765
treatment for, 767–768

Epidermophyton spp., 385
Epigallocatechin gallate, 158
Epinephrine, 45, 48
Epstein-Barr virus (EBV), 

329, 621
ERKs. See Extracellular 

signal-regulated kinases
Erythema, 31

IVIG and, 606
from SP, 37

Erythema multiforme, 266
Erythrocyte sedimentation rate 

(ESR), 469
E-selectin, 24, 159

T-cells and, 89
Esophageal candidiasis, 329
ESR. See Erythrocyte sedimentation 

rate
Essential cryoglobulinemic 

vasculitis, 282
ET. See Exfoliative toxin
Etanercept (Enbrel), 213, 280, 

490, 497–500, 508–512, 
516–517, 711

for AA, 698
for GVHD, 450
for psoriasis, 485
safety of, 516

Ethylenediaminetetraacetic acid 
(EDTA), 115

Etretinate, for GVHD, 450
Eumycetoma, 392
Everolimus, 638
Exanthemas, 264–266
Exfoliative toxin (ET), 741
Experimental autoimmune 

encephalomyelitis (EAE), 98
Extracellular granular material 

(EGM), 670
Extracellular matrix (ECM), 5, 

8–10, 721
fibrosis and, 726
ILs and, 8

Extracellular signal-regulated 
kinases (ERKs), 713

Extracorporeal photopheresis 
(ECP), 424, 426–427, 449

for GVHD, 450, 451

F
FACS. See Fluorescence-activated 

cell sorting
Factor H (FH), 112, 345
Factor I, 111–112
Factor V Leiden, 281
Famciclovir, 280
Farnesyl diphosphate (FPP), 93
Fasciitis, with GVHD, 445–446
FasL, 233
FDEs. See Fixed drug eruptions
FH. See Factor H
Fibroblasts, 32, 727
Fibrocytes, 727
Fibrosis, 721–732

B-cells and, 728
chemokines and, 730–731
CTGF and, 728, 729–730
cytokines and, 726–727
ECM and, 726
GM-CSF and, 729
IFN-γ and, 723, 731
IL-1 and, 723
IL-4 and, 730
IL-6 and, 723
IL-13 and, 730
KCs and, 728
mast cells and, 728
mechanisms of, 722
MMPs and, 723
PDGF and, 728
T-cells and, 728
TGF-β and, 729–730
TNF-α and, 723, 731
trauma and, 725

Fixed drug eruptions (FDEs), 266
FK-binding protein (FKBP), 637
FKBP. See FK-binding protein
Fluarix, 580
FluMist, 580
Fluorescence-activated cell sorting 

(FACS), 619
5-fluorouracil, 638
Fluvirin, 580
Fluzone, 580
Focal vitiligo, 663
Fonsecaea pedrosoi, 390
Formyl-peptide-receptor-like-1 

(FPRL-1), 134
FOXP3, 196
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FPP. See Farnesyl diphosphate
FPRL-1. See Formyl-peptide-

receptor-like-1
Frelinger, Jeffrey, 120
Friedreich ataxia, 624
Fungal infections, 373–400

adaptive immunity and, 381–382
antibodies and, 382–383
IgG and, 383
IL-10 and, 382
innate immunity and, 374–381
LCs and, 379
monocytes/macrophages and, 379
neutrophils and, 379
Th1 and, 381, 383
Th2 and, 381
TLRs and, 374–377

Furosemide, LABD from, 780
Fusidic acid, 201
Fusion protein, 481–482

for MF/SS, 423

G
GA. See Granuloma annulare
Galanin, 32
Galectin-3, 378
Ganglioside vaccines, 255
Gardasil, 580
Gastritis, 469
Gastroesophageal reflux disease 

(GERD), 469
GATA-3, 420
GCS. See Glucocorticosteroids
G-CSF. See Granulocyte colony-

stimulating factor
GCSs. See Glucocorticosteroids
Gemcitabine, LABD from, 780
Gender

AA and, 691
ICD and, 181

Genetics
AA and, 692
AD and, 194–195
MF/SS and, 419
psoriasis and, 208–209
sarcoidosis and, 652
vitiligo vulgaris and, 666, 

674–677
Genitals, GVHD and, 446, 452
Genital warts. See Human 

papillomavirus
Gentian violet, 158
GERD. See Gastroesophageal reflux 

disease

Gill, John, 392
Glaucoma, GCS and, 566
GlcCer. See Glucosylceramide
Glucocorticoid receptors (GR), 

48, 561. See also Topical 
corticosteroids

Glucocorticosteroids (GCS), 45
ACTH and, 561, 568
for AD, 200
application modes for, 564–565
cataracts and, 566
for CD, 184
contraindications for, 563
CRH and, 561
dosing of, 563–564
drug interactions with, 565
glaucoma and, 566
growth retardation and, 566
HPA and, 561, 568
IL-4 and, 50, 53
indications for, 563, 564
myopathy and, 566
NSAIDs and, 568
osteonecrosis and, 566
osteoporosis and, 565–566
for pemphigus, 747
potency of, 569
side effects of, 565–568
synthesis of, 561
systemic effects of, 48–49
Th2 and, 48

Glucosylceramide (GlcCer), 392
Glyburide, 711
GM-CSF. See Granulocyte-

macrophage colony-
stimulating factor

GR. See Glucocorticoid receptors
Graft-versus-host disease (GVHD), 

439–452, 721, 724
acute vs. chronic, 441–446
APC and, 447
clinical manifestations of, 

441–446
CTCL and, 430–431
cytokines and, 448
fasciitis with, 445–446
genitals and, 446, 452
HSCT and, 439–441
immunity and, 446–449
lichenoid, 441–445
model of, 726
mouth and, 446, 452
with necrolysis, 442
of palms, 442

panniculitis with, 445–446
PDGF and, 448
regulatory T-cells and, 447
sclerodermoid, 441–445
staging of, 441
Th1 and, 87
treatment for, 449–452
UVR and, 444

Grains, 393
Granulocyte colony-stimulating 

factor (G-CSF), 729
Granulocyte-macrophage colony-

stimulating factor (GM-
CSF), 3

BCC and, 233
fibrosis and, 729
ICD and, 180
melanoma and, 8, 248, 252
for MF/SS, 427

Granulocytes, 22
Granuloma annulare (GA), 534, 

653–654
Granulomatosis, 645–655

CVID and, 652
diagnosis of, 649
MMP and, 648
monocytes/macrophages and, 645
Mycobacterium spp. and, 648
Mycobacterium tuberculosis 

and, 648
PAMPs and, 648
Th1 and, 645

Granulysin, 134–135
Graves’ disease, 467
Griscelli syndrome (GS), 

625–626
Griseofulvin, SCLE from, 711
GRO-α. See Growth regulated 

oncogene alpha
Group A Streptococcus, 344–348
Growth regulated oncogene alpha 

(GRO-α), 316
Growth retardation, GCS and, 566
GVHD. See Graft-versus-host 

disease

H
H1-blockers, 470
H2-blockers, 470
HAART. See Highly active 

antiretroviral therapy
Haemophilus influenzae type B 

(Hib), 93, 580
vaccine for, 587
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HAHAs. See Human antihuman 
antibodies

Hair. See also Alopecia areata
premature graying of, 662

Hair cycling, 39–40
ACTH and, 40
CRH and, 40
α-MSH and, 40
POMC and, 40

Halo nevi, 662
Hansen’s disease. See Leprosy
Hartnup disease, 624
Hashimoto’s thyroiditis, 467
Havrix, 580
HBD. See Human β-defensin
HBV. See Hepatitis B virus
HD. See Human defensin
HDAC. See Histone deacetylase
HDM. See House dust mite
H&E. See Hematoxylin and eosin
Heat shock proteins (HSP), 70

psoriasis and, 76
Helicobacter pylori, 469
Hemangiomas, 162
Hematopoietic stem cell 

transplantation (HSCT), 430
CSF and, 440
GVHD and, 439–441
HLA and, 439–440
for non-Hodgkin’s lymphoma, 440
treated conditions for, 440

Hematoxylin and eosin (H&E), 277, 
279, 391

Hemolytic activity, 106
Henoch-Schönlein purpura (HSP), 

278, 282, 283–284, 783–786
Hepatitis A, vaccine for, 580, 

586–587
Hepatitis B virus (HBV), 516

vaccine for, 280, 580, 591–592
Hepatitis C, 469
Herpes gestationis (HG), 756–757
Herpes simplex virus (HSV), 78, 

159, 297. See also Human 
herpesvirus-8

AD and, 139, 199
adaptive immunity and, 300
DCs and, 300
IFN-α and, 300
IFN-β and, 300
imiquimod for, 78, 532
immunity and, 299–302
monocytes/macrophages and, 300
NK and, 299

stress and, 52
TLRs in, 68, 69
vaccines for, 302

HEV. See High endothelial venules
HHV-8. See Human herpesvirus-8
Hib. See Haemophilus influenzae 

type B
HibTITER, 580
Hidradenitis suppurativa (HS), 

516–517
HIF-2α. See Hypoxia-inducible 

factor 2α
High endothelial venules (HEV), 

174
Highly active antiretroviral therapy 

(HAART), 323, 329
cutaneous manifestations of, 330

Histamine, 37
CIU and, 468
SP and, 33

Histamine-releasing activity 
(HRA), 468

Histiocytosis, 624
Histone deacetylase (HDAC), 430
Histoplasma capsulatum, 379
Histoplasmosis, 397–400

AIDS and, 398
CD4+ T-helper and, 399
DCs and, 399–400
DTH and, 398–399
HIV and, 397
immunity and, 398–400

HIV. See Human immunodeficiency 
virus

Hives. See Urticaria
HLA. See Human leukocyte antigen
HMB-PP. See (e)-4-hydroxy-

3-methyl-but-2-enyl 
diphosphate

HNPs. See Human neutrophil 
peptides

HOCl. See Hyperchlorous acid
Hodgkin’s lymphoma, 422
Homeostasis, 45
Homing, of T-cells, 24–25
Homologous restriction factor 

(HRF), 112
Honokiol, 158, 167
House dust mite (HDM), 195, 202
HPA. See Hypothalamic-pituitary-

adrenal axis
HPV. See Human papillomavirus
HRA. See Histamine-releasing 

activity

HRF. See Homologous restriction 
factor

HS. See Hidradenitis suppurativa
HSCT. See Hematopoietic stem cell 

transplantation
HSP. See Heat shock proteins; 

Henoch-Schönlein purpura
HSV. See Herpes simplex virus
HTLV. See Human T-cell 

lymphotrophic virus
Human antihuman antibodies 

(HAHAs), 514
Human β-defensin (HBD), 

132–133, 136–137, 337
acne and, 139
AD and, 196
psoriasis and, 138
Streptococcus and, 345
wound healing and, 141

Human defensin (HD), 132
Human herpesvirus-8 (HHV-8), 

224, 412
sarcoidosis and, 651

Human immunodeficiency virus 
(HIV), 23, 224, 297

AIDS and, 323–331
dermatophytosis and, 385, 387
histoplasmosis and, 397
immunity and, 310–316
KS and, 328
LCs and, 314, 324–325
lifecycle of, 323–324
melanoma and, 245
NMSC and, 228
symptoms of, 325–326
T-cells and, 314
trimethoprim-sulfamethoxazole 

and, 330
vaccines for, 316, 593, 595–596

Human leukocyte antigen (HLA), 
20, 115, 172, 430

AA and, 695
actinic prurigo and, 151
BP and, 752
CIU and, 467
drug eruptions and, 272
HSCT and, 439–440
IL-10 and, 248
NMSC and, 638
psoriasis and, 485
TCRs and, 484
vitiligo vulgaris and, 669

Human neutrophil peptides (HNPs), 
131, 337
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Human papillomavirus (HPV), 159
adaptive immunity and, 306
AIDS and, 329
APC and, 308
imiquimod for, 529
immunity and, 306–310
KCs and, 308
NMSC and, 634–636
vaccine for, 310, 580, 590–591

Human T-cell lymphotrophic virus 
(HTLV), 412

CTCL and, 421
Humira. See Adalimumab
HUVS. See Hypocomplementemic 

urticarial vasculitis
Hydrochlorothiazide, SCLE 

from, 711
Hydrocortisone, 562
(e)-4-hydroxy-3-methyl-but-2-enyl 

diphosphate (HMB-PP), 93
Hydroxychloroquine, 471

for GVHD, 450
SCLE from, 711

Hygiene hypothesis, 195
Hyperchlorous acid (HOCl), 341
Hyperglycemia, 566–567
Hyper-IgE syndrome, 199, 624, 629

PIDs and, 618
Hyperlipidemia, 638

GCS and, 567
Hypersensitivity. See also Contact 

hypersensitivity; Delayed-
type hypersensitivity

AHS, 269
Dapsone hypersensitivity 

syndrome, 777
IH, 386

Hypersensitivity type 1. See 
Immediate-type immune-
mediated drug eruptions

Hypertension, GCS and, 567
Hypertrichosis, 572
Hypertrophic scars, 4

ILs and, 8
imiquimod for, 534
TNF-α and, 7

Hypocomplementemic urticarial 
vasculitis (HUVS), 284

DIF of, 285
Hypopigmentation, 572
Hypothalamic-pituitary-adrenal axis 

(HPA), 45
AD and, 53
GCS and, 561, 568

stress and, 52, 55–56
TCSs and, 573

Hypoxia-inducible factor 2α 
(HIF-2α), 160

I
Iatrogenic immunodeficiency, 

633–640
IBD. See Inflammatory bowel 

disease
ICAM-1. See Intercellular adhesion 

molecule-1
ICAM-3. See Intercellular adhesion 

molecule-3
ICD. See Irritant contact dermatitis
IDEC-114. See Inflammatory 

dendritic epidermal cell-114
IDECs. See Inflammatory dendritic 

epidermal cells
Idiopathic thrombogenic purpura 

(ITP), 622
IVIG and, 606

IDO. See Indoleamine 2,3-
dioxygenase

IEL. See Intraepithelial lymphocyte
IEM. See Immunoelectron 

microscopy
IEN. See Intraepidermal 

neutrophilic
IFN-α. See Interferon-α
IFN-β. See Interferon-β
IFN-γ. See Interferon-γ
IFN regulatory factor (IRF), 72
IFNs. See Interferons
IgA. See Immunoglobulin A
IgE. See Immunoglobulin E
IGF-I. See Insulin-like growth 

factor-I
IgG. See Immunoglobulin G
IgM. See Immunoglobulin M
IH. See Immediate hypersensitivity
IIF. See Indirect 

immunofluorescence
IL-1. See Interleukin-1
IL-2. See Interleukin-2
IL-3. See Interleukin-3
IL-4. See Interleukin-4
IL-5. See Interleukin-5
IL-6. See Interleukin-6
IL-8. See Interleukin-8
IL-10. See Interleukin-10
IL-12. See Interleukin-12
IL-13. See Interleukin-13
IL-15. See Interleukin-15

Il-17. See Interleukin-17
IL-18. See Interleukin-18
IL-22. See Interleukin-22
IL-23. See Interleukin-23
IL-Ra. See Interleukin-1 receptor 

antagonist
ILs. See Interleukins
Imatinib mesylate, 158
Imidazoquinolines, 78

for MF/SS, 423
Imiquimod (Aldara), 68, 527

for AK, 529–531
apoptosis and, 528
for basal cell nevus syndrome, 

533
for Bowen’s disease, 533–534
for CTCL, 534
dosage of, 528
for HPV, 529
for HSV, 78, 532
for hypertrophic scars, 534
for KS, 534
LCs and, 528
for leishmaniasis, 533
for MCV, 532
for MF/SS, 423, 428
for MM, 533
for nBCC, 533
safety of, 528
for sBBC, 531–532
for SCC, 236, 533–534
for verruca vulgaris, 532–533

Immediate hypersensitivity (IH), 386
Immediate-type immune-mediated 

drug eruptions, 266
Immunity. See also Acquired 

immunity; Adaptive 
immunity; Innate immunity

ACTH and, 54
CD4+ T-helper and, 231
chromoblastomycosis and, 

391–392
CI and, 542–543
CTCL and, 420–422
drug eruptions and, 264
GVHD and, 446–449
histoplasmosis and, 398–400
HIV and, 310–316
HPV and, 306–310
HSV and, 299–302
Malassezia spp. and, 388–390
melanocytes and, 672–674
mycetoma and, 393–394
NMSC and, 230–232
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Immunity (Continued)
onchocerciasis and, 368
sIgA and, 581
Staphylococcus aureus and, 

336–343
stress and, 45–56

Immunoelectron microscopy 
(IEM), 766

Immunoglobulin, 481. See also 
Intravenous immunoglobulin

CLE and, 709
Immunoglobulin A (IgA), 108

cutaneous vasculitis and, 281
dermatoses of, 771–786
EBA and, 765
linear IgA disease, 24
pemphigus and, 745
secretory, 581
selective IgA immunodeficiency, 

620
Immunoglobulin A vasculitis. See 

Henoch-Schönlein purpura
Immunoglobulin E (IgE), 22. See 

also Hyper-IgE syndrome
AD and, 75, 193, 198
CIU and, 467–468
coccidioidomycosis and, 396–397
drug eruptions from, 266–267
MF/SS and, 422
solar urticaria and, 151
urticaria and, 463

Immunoglobulin G (IgG), 106, 108
coccidioidomycosis and, 396–397
DLE and, 708
fungal infections and, 383
Malassezia spp. and, 390
mycetoma and, 393–394
pemphigus and, 739
sarcoidosis and, 651

Immunoglobulin M (IgM), 108
mycetoma and, 393–394

Immunoregulation, ACD and, 
178–179

Immunosuppression
NMSC and, 229–230, 633, 634
OTRs and, 636–638
UVB and, 149

Immunosurveillance, 23
Immunotherapy

for AD, 202
for melanoma, 253–255
for psoriasis, 212–213

Imovax Rabies, 580
Inactivated vaccines, 586–587

Indirect immunofluorescence (IIF), 
765–766

Indoleamine 2,3-dioxygenase 
(IDO), 179

Inducible nitric oxide synthase 
(iNOS), 20

Infanrix, 580
Infantile hemangiomas, 534
Infection. See also Fungal infections

bacterial, 76–77, 335–348
parasitic, 363–369
stress and, 51
γδ T-cells and, 92–94

Inflammatory angiogenesis, 
162–163

Inflammatory bowel disease (IBD), 
508, 516

Th17 and, 128
Inflammatory dendritic epidermal 

cell-114 (IDEC-114), 486
Inflammatory dendritic epidermal 

cells (IDECs), 20, 121, 128
AD and, 197–198

Inflammatory dermatoses, TNF-α 
for, 7

Infliximab (Remicade), 7, 202, 
280, 491, 501–504, 508, 
512–513, 516, 711

for GVHD, 450
for psoriasis, 485

Influenza. See also Haemophilus 
influenzae type B

vaccine for, 580
iNKT. See Invariant NKT
Innate immunity, 17–27

AD and, 196
vs. adaptive immunity, 68, 298
APC and, 527
DCs and, 18–20
dermatophytosis and, 386
fungal infections and, 374–381
SIS and, 20–23
T-cells and, 85
TLRs in, 70–72

iNOS. See Inducible nitric oxide 
synthase

Insomnia, 566
Insulin, 108
Insulin-like growth factor-I 

(IGF-I), 696
Intercellular adhesion molecule-1 

(ICAM-1), 33, 159, 416, 552
IVIG and, 609–610
melanoma and, 247

for psoriasis, 485
T-cells and, 89
urticaria and, 460

Intercellular adhesion molecule-3 
(ICAM-3), 125

Interferon(s) (IFNs), 5–7, 364, 528
for melanoma, 6
for MF/SS, 423, 424
for psoriasis, 7

Interferon-α (IFN-α), 5–6
CD4+ T-helper and, 528
HSV and, 300
melanoma and, 252
for MF/SS, 427, 430
for NMSC, 235
SCLE from, 711

Interferon-β (IFN-β), 5
HSV and, 300

Interferon-γ (IFN-γ), 3, 46
coccidioidomycosis and, 396
CsA and, 552
fibrosis and, 723, 731
for MF/SS, 427
NKT and, 23
psoriasis and, 127, 210
sarcoidosis and, 651
stress and, 52
Th1 and, 25
vitiligo vulgaris and, 669

Interferon-γ inducible protein 10 
(IP-10), 419

Interleukin(s) (ILs), 8–10
ECM and, 8
hypertrophic scars and, 8
keloid scars and, 8

Interleukin-1 (IL-1), 3, 46
AA and, 691
acne and, 218
CAs and, 48
DCs and, 122
fibrosis and, 723
ICD and, 180
LPS and, 49

Interleukin-1 receptor antagonist 
(IL-Ra), 21

Interleukin-1-receptor-associated 
kinase (IRAK), 72, 77

Interleukin-1 receptor-associated 
kinase-4 deficiency (IRAK-
4), 630

Interleukin-2 (IL-2), 3, 8, 46
CsA and, 637
LABD from, 780
melanoma and, 251–252
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for MF/SS, 423
NF-AT and, 551
T-cells and, 484
Th1 and, 25

Interleukin-3 (IL-3)
CIU and, 467
urticaria and, 460

Interleukin-4 (IL-4), 3
BCC and, 233
fibrosis and, 730
GCS and, 50, 53
SS and, 420
Th2 and, 25

Interleukin-5 (IL-5), 25
BCC and, 233
Th2 and, 25

Interleukin-6 (IL-6), 8, 46
antigens and, 174
CRP and, 49
fibrosis and, 723
NPY and, 49

Interleukin-8 (IL-8), 8
CAs and, 49
melanoma and, 247

Interleukin-10 (IL-10), 3
BCC and, 233
CAs and, 48
fungal infections and, 382
HLA and, 248
melanoma and, 248
SS and, 420
UVR and, 39

Interleukin-12 (IL-12), 364, 508, 
517

for CTCL, 10
for MF/SS, 423, 428–429
NK and, 22
NKT and, 23
for psoriasis, 213
Th1 and, 48, 127–128

Interleukin-13 (IL-13)
fibrosis and, 730
Th2 and, 25

Interleukin-15 (IL-15), 
for MF/SS, 423

Interleukin-17 (Il-17), 25, 87
Interleukin-18 (IL-18), ACTH 

and, 54
Interleukin-22 (IL-22), 25

psoriasis and, 210
Interleukin-23 (IL-23), 21, 508, 517
Intraepidermal neutrophilic 

(IEN), 745
Intraepithelial lymphocyte (IEL), 90

Intravenous immunoglobulin 
(IVIG), 116, 605–611

AD and, 611
ANCAs and, 609–610
for BP, 754
CIU and, 471
for CLE, 714
for CP, 755
for cutaneous vasculitis, 281
dermatomyositis and, 

608–609
for drug eruptions, 272
for EBA, 767
ELAM-1 and, 609–610
ICAM-1 and, 609–610
KD and, 609–610
for pemphigus, 747
pemphigus vulgaris 

and, 607–608
safety of, 606–607
SLE and, 610–611
TEN and, 610
vasculitis and, 609–610
for XLA, 620

Invariant NKT (iNKT), 23, 85, 
96–98

DTH and, 97
tumor surveillance and, 97

IP-10. See Interferon-γ inducible 
protein 10

Ipol, 580
IRAK. See Interleukin-1-receptor-

associated kinase
IRAK-4. See Interleukin-1 

receptor-associated kinase-4 
deficiency

IRF. See IFN regulatory factor
Irritant contact dermatitis (ICD), 

179–185
AD and, 181
children and, 181
diagnosis of, 182–185
gender and, 181
subtypes of, 180
treatment for, 184–185

Isoniazid, 567
Isotretinoin

for CLE, 713
for MF/SS, 423

Itch, 37
ITP. See Idiopathic thrombogenic 

purpura
IVIG. See Intravenous 

immunoglobulin

J
Japanese encephalitis, vaccine for, 

580
Jenner, Edward, 583
JE-Vax, 580
JNK. See c-Jun N-terminal kinase
Job’s syndrome. See Hyper-IgE 

syndrome
Jun B, 420
Justiva, 5

K
Kaposi fibroblast growth factor 

(kFGF), 165
Kaposi’s sarcoma (KS), 6, 

224, 634
AIDS and, 235, 328
HIV and, 328
imiquimod for, 534

Katz, Stephen, 120
Kawasaki disease (KD), 77

IVIG and, 609–610
TLRs in, 68

KCs. See Keratinocytes
KD. See Kawasaki disease
Keloid, 534
Keloid fibroblasts, 5
Keloid scars, ILs and, 8
Keratinocyte-derived chemokine 

CTACK (CCL27), 25
Keratinocytes (KCs), 21, 32, 173

BCC and, 223
catecholamines and, 36
fibrosis and, 728
HPV and, 308
psoriasis and, 209
SCC and, 223

kFGF. See Kaposi fibroblast growth 
factor

Koebner phenomenon, 38, 663
DLE and, 707, 710

KS. See Kaposi’s sarcoma
KS-associated herpes virus 

(KSHV), 328
KSHV. See KS-associated herpes 

virus
Kveim-Sitzbach skin test, 651

L
LABD. See Linear immunoglobulin 

A bullous dermatosis
β-lactams, LABD from, 780
Lactate dehydrogenase (LDH), 415
Lamotrigine, 269
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Langerhans’ cells (LCs), 20, 32
antigens and, 175
as APC, 172
ATPase on, 172
catecholamines and, 36
CGRP and, 35
CTS and, 126
DCs and, 119, 126–127
E-cadherin and, 125
fungal infections and, 379
HIV and, 314, 324–325
Imiquimod and, 528
leishmaniasis and, 364–365
NMSC and, 225
trafficking of, 173
UVR and, 80
VIP and, 34
vitiligo vulgaris and, 668

Langerhans, Paul, 120, 225
Langerin, 124
Lansoprazole, SCLE from, 711
L-canavanine, 710
LC-NE. See Locus ceruleus-

norepinephrine
LCs. See Langerhans’ cells
LDH. See Lactate 

dehydrogenase
Lectin receptors, 378
Leflunomide, 484

SCLE from, 711
Leishmania major, 125
Leishmaniasis, 363–367

APCs and, 364
DTH and, 365–366
ELISA for, 365
imiquimod for, 533
LCs and, 364–365
Th1 and, 87
TLRs and, 364–365
vaccines for, 366–367

Lentigo maligna, 533
Leprosy

Th1 and, 87
TLRs in, 68, 74

LET. See Lupus erythematosus 
tumidus

Leucopenia, 638
Leukotriene receptor antagonists, 

280, 470
LFA-1. See Lymphocyte function-

associated antigen-1
LFA-3. See Lymphocyte function-

associated antigen-3
Lichenoid GVHD, 443–445

Lichen planus
stress and, 52
Th1 and, 87

Linear IgA disease, 24
Linear immunoglobulin A bullous 

dermatosis (LABD), 
778–781

from drugs, 780
NSAIDs and, 780
TEN and, 780
vancomycin and, 780

Lipopolysaccharide (LPS), 36, 195
CRH and, 54
IL-1 and, 49
TLRs and, 67

Lipoteichoic acid (LTA), 75
Listeria monocytogenes, 127
Lithium, LABD from, 780
Live-attenuated vaccines, 582–583
LL-37. See Cathelicidin
LNs. See Lymph nodes
Locus ceruleus-norepinephrine 

(LC-NE), 45
Louis-Bar syndrome. See 

Ataxia-telangiectasia
Lovastatin, cyclosporine and, 553
Loxoribine, 68
LPDs. See Lymphoproliferative 

disorders
LPS. See Lipopolysaccharide
LTA. See Lipoteichoic acid
Lupus erythematosus panniculitis, 

707–708
Lupus erythematosus profundus, 

707–708
Lupus erythematosus tumidus 

(LET), 708
Lutzomyia spp., 364
Lyme disease, 77

TLRs in, 68
vaccine for, 592

Lymerix, 592
Lymph nodes (LNs), 122. See 

also Sentinel lymph node 
dissection

Lymphocyte function-associated 
antigen-1 (LFA-1), 416

Lymphocyte function-associated 
antigen-3 (LFA-3), 174, 482

for psoriasis, 485
Lymphoid parenchyma, 49
Lymphoma, 516. See also 

Cutaneous T-cell lymphoma; 
Non-Hodgkin’s lymphoma

ALCL, 414
Hodgkin’s, 422

Lymphoproliferative disorders 
(LPDs), 414

Lymphotactin (XCL1), 10

M
MAAs. See Melanoma-associated 

antigens
MAC. See Membrane attack 

complex
Macrolides, 470

cyclosporine and, 553
Macrophage-derived chemokine 

(MDC), 416
Macrophage fusion receptor 

(MFR), 645
Macrophage inflammatory protein-

3α (MIP-3α), 308
Macrophages. See Monocytes/

macrophages
Madura foot, 392
Madurella spp., 392–394
MAGE, 249, 254
Major histocompatibility complex 

(MHC), 18, 46
AA and, 694
antigens and, 172
DCs and, 119
melanoma and, 246
NK and, 22
psoriasis and, 485
TCRs and, 85
TLRs and, 70

Malaria, 593
Malassezia spp., 387–390

ELISA for, 390
IgG and, 390
immunity and, 388–390
seborrheic dermatitis and, 388

Malassezia sympodialis, 198
Malignant melanoma 

(MM), 514
imiquimod for, 533

Manganese-superoxide dismutase 
(MnSOD), 198

Mannose-binding lectin (MBL), 
108, 110, 338

MAO. See Monoamine oxidase
MAPK. See Mitogen-activated 

protein kinase
MART-1, 249, 254
MASP. See MBL-associated 

proteases
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Mast cells
CRH and, 50, 54
fibrosis and, 728
psoriasis and, 210
SP and, 55

Matrix metalloproteinase (MMP), 
158, 166

acne and, 219
fibrosis and, 723
granulomatosis and, 648

Maxadilan, 364
MBL. See Mannose-binding lectin
MBL-associated proteases 

(MASP), 110
MC-1R. See Melanocortin 1 

receptor
MCA. See Methylcholanthrene
MCAF. See Monocyte chemotactic 

and activating factor
MCHR. See Melanin concentrating 

hormone receptor
MCL. See Mucocutaneous 

leishmaniasis
MCP. See Membrane cofactor 

protein; Monocyte 
chemoattractant protein

MCP-1. See Monocyte chemotactic 
protein 1

MCV. See Molluscum contagiosum
MDC. See Macrophage-derived 

chemokine
MDDCs. See Monocyte-derived 

dendritic cells
Measles, mumps, and rubella 

(MMR), 583
vaccine for, 580

Measles, vaccine for, 580, 584
Meissner’s corpuscles, 33
Melanin, 234

mycetoma and, 393
Melanin concentrating hormone 

receptor (MCHR), 673
Melanocortin 1 receptor (MC-1R), 

33, 35
melanoma and, 40
MSH and, 36

Melanocytes, 32
ACTH and, 54
immunity and, 672–674
α-MSH and, 54
vitiligo vulgaris and, 666, 668, 

672–674
α-melanocyte-stimulating hormone 

(α-MSH), 21, 32, 180

AA and, 38, 694
hair cycling and, 40
MC-1R and, 36
melanocytes and, 54
melanoma and, 40
vitiligo vulgaris and, 671

Melanoma, 40, 51, 514. See also 
Malignant melanoma

ACTH and, 40
adaptive immunity and, 253
angiogenesis in, 167
bFGF and, 247
CD4+ T-helper and, 246
chemotherapy for, 250–251
CRH and, 40
cytokines and, 251
DCs and, 246, 255
depigmentation and, 662, 665
GM-CSF and, 8, 248, 252
HIV and, 245
ICAM-1 and, 247
IFN-α and, 252
IFNs for, 6
IL-2 and, 251–252
IL-8 and, 247
IL-10 and, 248
immunobiology of, 245–255
immunotherapy for, 253–255
MC-1R and, 40
MF/SS and, 422
MHC and, 246
α-MSH and, 40
T-cells and, 246
TGF-β and, 247–248
TLRs in, 68, 69, 79
treatment for, 250–255
vaccines for, 254–255

Melanoma-associated antigens 
(MAAs), 249

Melanoma gangliosides, 249–250
Membrane attack complex (MAC), 

105, 110, 338
Membrane cofactor protein (MCP), 

113, 668
Menactra, 580
Meningitis

aseptic, 606
TLRs in, 68

Meningococcal, vaccine for, 580
Menomune, 580
Merkel cell carcinoma, 224, 634
Merkel cells, 32

vitiligo vulgaris and, 668
Meruvax II, 580

Messenger RNA (mRNA), 5
BCC and, 233
CTCL and, 419

Metchnikoff, Ilya, 17
Metformin, 280
Methemoglobinemia, 777
Methicillin-resistant Staphylococcus 

aureus (MRSA), 412
Methotrexate (MTX), 471, 

555–556
adverse effects of, 556
for CLE, 714
for cutaneous vasculitis, 281
dapsone and, 557
drug interactions with, 556
for MF/SS, 423, 424
for PsA, 484
for psoriasis, 484
TNF-α inhibitors and, 516

Methylcholanthrene (MCA), 97
Methylprednisolone, 562
MF. See Mycosis fungoides
MFR. See Macrophage fusion 

receptor
MF/SS. See Mycosis fungoides/

Sézary syndrome
MGCs. See Multinucleated giant 

cells
MHC. See Major histocompatibility 

complex
MI. See Myocardial infarction
Microsporum spp., 385
Milk crust (or scurf), 199
Minoxidil, for AA, 698
MIP-3α. See Macrophage 

inflammatory protein-3α
Mitogen-activated protein kinase 

(MAPK), 73, 167
MM. See Malignant melanoma
MMF. See Monomethyl fumarate; 

Mycophenolate mofetil
MMP. See Matrix 

metalloproteinase
MMR. See Measles, mumps, and 

rubella
MMRV, vaccine for, 580
MMS. See Mohs’ micrographic 

surgery
MnSOD. See Manganese-

superoxide dismutase
Mohs’ micrographic surgery 

(MMS), 165, 234
for SCC, 639

Molds. See Fungal infections
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Molluscum contagiosum (MCV), 
316–317

AIDS and, 329
imiquimod for, 532

Mo/Macs. See Monocytes/
macrophages

Monoamine oxidase (MAO), 470
Monobenzene, 662, 666
Monoclonal antibodies, for MF/SS, 

429–430
Monocyte chemoattractant protein 

(MCP), 10
Monocyte chemotactic and activating 

factor (MCAF), 178
Monocyte chemotactic protein 1 

(MCP-1), 389
Monocyte-derived chemokine MDC 

(CCL22), 25
Monocyte-derived dendritic cells 

(MDDCs), 389
Monocytes/macrophages 

(Mo/Macs), 21–22
chromoblastomycosis and, 391
fungal infections and, 379
granulomatosis and, 645
HSV and, 300
psoriasis and, 209–210
Staphylococcus aureus and, 343

Monomethyl fumarate (MMF), 76
Mouth, GVHD and, 446, 452
MPO. See Myeloperoxidase
M protein, 348
mRNA. See Messenger RNA
MRSA. See Methicillin-resistant 

Staphylococcus aureus
α-MSH. See α-melanocyte-

stimulating hormone
MTX. See Methotrexate
Mucocutaneous leishmaniasis 

(MCL), 363
Multinucleated giant cells (MGCs), 

645, 647–648
Multiple myeloma, 440
Mumps, vaccine for, 580, 584–585
Mumpsvax, 580
Mycetoma, 392–394

ELISA for, 393
IgG and, 393–394
IgM and, 393–394
immunity and, 393–394
melanin and, 393
PCR for, 393

Mycobacterium spp., 621
granulomatosis and, 648

Mycobacterium avium-
intracellulare, 23

Mycobacterium leprae, 74, 139–140
Mycobacterium tuberculosis, 141

granulomatosis and, 648
vaccines and, 593

Mycophenolate mofetil (MMF), 
554–555, 637

for CIU, 471
for CLE, 714
for CP, 755
for cutaneous vasculitis, 281
drug interactions with, 555
for GVHD, 450

Mycosis fungoides (MF), 6, 411
diagnosis of, 414
SCLE and, 706
TLRs in, 79

Mycosis fungoides/Sézary 
syndrome (MF/SS), 411–431

CD4+ T-helper and, 420
cDNA and, 416
DCs and, 421
genetics and, 419
GM-CSF for, 427
IFN-α for, 427
IFN-γ for, 427
IgE and, 422
lesions of, 413
melanoma and, 422
monoclonal antibodies for, 

429–430
NMSC and, 422
PCR for, 416
PUVA for, 423
staging of, 414–416
treatment for, 422–431
vaccines for, 423, 429

Myelin basic protein, 108
Myeloperoxidase (MPO), 280, 341
Myocardial infarction (MI), 606
Myopathy, GCS and, 566

N
NADPH. See Nicotinamide adenine 

dinucleotide phosphate
Naproxen, SCLE from, 711
Natural killer cells (NK), 22–23, 46

coccidioidomycosis and, 396
HSV and, 299
IL-12 and, 22
MHC and, 22
stress and, 52
Th1 and, 26–27

Natural killer T cells (NKT), 23. See 
also Invariant NKT

DCs and, 23
IFN-γ and, 23
IL-12 and, 23
TLRs and, 23

Nausea and vomiting, GCS and, 567
nBCC. See Nodular basal cell 

carcinoma
NDV. See Newcastle disease virus
NE. See Norepinephrine
Necrobiosis lipoidica diabeticorum 

(NLD), 655
Necrobiotic granuloma, 653–655
Necrolysis, GVHD with, 442
Neisseria meningitidis, 76, 93

vaccine for, 589
Neoplasia, 51
Nephrogenic fibrosing dermopathy 

(NFD), 721, 724
Nerve growth factor (NGF)

AD and, 38, 195
psoriasis and, 38, 53
stress and, 55
vitiligo vulgaris and, 671

Netherton’s syndrome, 199, 542
Neurogenic inflammation, 36–37
Neuroimmune-cutaneous system, 32
Neuroimmunology, 31–40
Neurokinin A (NKA), 32, 33
Neurokinin B (NKB), 33
Neuropeptide(s) (NPs), 32–37

AA and, 697
Neuropeptide receptors, 33
Neuropeptide Y (NPY), 32, 36, 49

IL-6 and, 49
NE and, 49
Th2 and, 49

Neutrophil gelatinase-associated 
lipocalin (NGAL), 341

Neutrophilia, GCS and, 567
Neutrophils, 22

acne and, 218
fungal infections and, 379
psoriasis and, 210
Staphylococcus aureus and, 

341–343
Streptococcus and, 346–347

Nevirapine, 330
Newcastle disease virus (NDV), 254
NF-AT. See Nuclear factor of 

activated T cells
NFD. See Nephrogenic fibrosing 

dermopathy
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NF-κB. See Nuclear factor-kappa B
NGAL. See Neutrophil gelatinase-

associated lipocalin
NGF. See Nerve growth factor
Nicotinamide adenine dinucleotide 

phosphate (NADPH), 
379, 627

Nifedipine, SCLE from, 711
Nitrendipine, SCLE from, 711
Nitric oxide (NO), 47
NK. See Natural killer cells
NKA. See Neurokinin A
NKB. See Neurokinin B
NKT. See Natural killer T cells
NLD. See Necrobiosis lipoidica 

diabeticorum
NMSC. See Nonmelanoma skin 

cancers
NO. See Nitric oxide
Nocardia asteroides, 93
NOD. See Nucleotide-binding 

oligomerization domains
Nodular basal cell carcinoma 

(nBCC), imiquimod 
for, 533

Non-Hodgkin’s lymphoma, 6, 744
cutaneous vasculitis and, 280
HSCT for, 440

Nonmelanoma skin cancers 
(NMSC), 165, 223–237

azathioprine and, 230
CsA and, 229–230
DCs and, 225
HIV and, 228
HLA and, 638
HPV and, 634–636
IFN-α for, 235
immunity and, 230–232
immunosuppression and, 

229–230, 633, 634
LCs and, 225
MF/SS and, 422
protection from, 233–234
PUVA and, 228
radiotherapy for, 235
risk factors for, 228
SLND for, 639
TGF-β and, 230
TNF-α inhibitors and, 516
TRAIL and, 231–232
transplantation and, 228
treatment for, 234–236
UVR and, 223, 224–226, 634

Nonoxynol-9, 325

Nonsteroidal antiinflammatory 
drugs (NSAIDs), 280

GCS and, 568
LABD and, 780
for PsA, 484
SCARs and, 269
SCLE from, 711
urticaria and, 466, 470

Norepinephrine (NE), 45, 48
CHS and, 36
NPY and, 49

Normocomplementemic urticarial 
vasculitis (NUV), 284

Notch4, 691
NPs. See Neuropeptides
NPY. See Neuropeptide Y
NSAIDs. See Nonsteroidal 

antiinflammatory drugs
Nuclear factor-kappa B (NF-κB), 

19, 528
psoriasis and, 210
SP and, 33

Nuclear factor of activated T cells 
(NF-AT), 174

CsA and, 637
IL-2 and, 551

Nucleotide-binding oligomerization 
domains (NOD), 21

Staphylococcus aureus 
and, 340

Nummular eczema, SCLE 
and, 706

NUV. See Normocomplementemic 
urticarial vasculitis

O
Olanzapine, 280
Oligodeoxynucleotides, 

for MF/SS, 428
Omalizumab, 202

for CIU, 471
Omenn’s syndrome, 624
Omeprazole, SCLE from, 711
Onchocerciasis, 367–368

immunity and, 368
vaccines for, 368

Oncophage, 253
Oncostatin M (OSM), 210, 729
Onychomycosis, 572
Opsonization, 17
Organ transplant recipients (OTRs), 

228, 633
AZA and, 636–637
CsA and, 636

immunosuppression and, 
636–638

SCC and, 633, 639
OSM. See Oncostatin M
Osteonecrosis, GCS and, 566
Osteoporosis, GCS and, 565–566
OTRs. See Organ transplant 

recipients
Oxacillin, 280
Oxprenolol, SCLE from, 711

P
p40, 517
PACAP. See Pituitary adenylate 

cyclase activating 
polypeptide

PAF. See Platelet aggregation factor
Palms, GVHD of, 442
PAMPs. See Pathogen-associated 

molecular patterns
PAN. See Polyarteritis nodosa
Panniculitis, with GVHD, 445–446
PAR. See Proteinase-activated 

receptors
Paracoccidioides spp. (PCM), 

381–382
Paraneoplastic pemphigus (PNP), 

742, 744
histology of, 746

Parasitic infections, 363–369
Parathyroid hormone-related 

hormone, 32
Paroxetine, 280
PASI. See Psoriasis Area and 

Severity Index
Pathogen-associated molecular 

patterns (PAMPs), 21, 218, 
336

granulomatosis and, 648
Pattern-recognition receptors 

(PPRs), 19, 20–21, 218, 336
PBMCs. See Peripheral blood 

mononuclear cells
PCM. See Paracoccidioides spp.
PCR. See Polymerase chain reaction
PDCs. See Plasmacytoid dendritic 

cells
PDE4. See Phosphodiesterases 

type 4
PDGF. See Platelet-derived growth 

factor
PDGFR. See Platelet-derived 

growth factor receptor
PDT. See Photodynamic therapy
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Pediarix, 580
PedvaxHIB, 580
Pemphigoid, 24, 751–757
Pemphigus, 24, 739–747

classification of, 740
corticosteroids for, 739
diagnosis of, 746–747
drug-induced, 745
IgA and, 745, 781–783
IgG and, 739
stress and, 52
target antigens in, 742
treatment for, 747

Pemphigus erythematosus, 745
Pemphigus foliaceus, 743–744

histology of, 745–746
Pemphigus vegetans, 744
Pemphigus vulgaris, 742–743

histology of, 745
IVIG and, 607–608

Pentostatin, for GVHD, 450
Peptic ulcer disease, GCS and, 568
Peptide histidine methionine 

(PHM), 32
Peptide vaccines, 254–255
Peptidoglycan (PGN), 75
Peptidoglycan recognition proteins 

(PGRPs), 341
Perioral dermatitis, TCSs and, 571
Peripheral blood mononuclear cells 

(PBMCs), 50, 364
Peripheral nervous system (PNS), 31
Peroxisome proliferating activated 

receptor (PPAR), 180
PET. See Positron emission 

tomography
PG. See Pyoderma gangrenosum
PGE2. See Prostaglandin E2
PGN. See Peptidoglycan
PGRPs. See Peptidoglycan 

recognition proteins
Phenobarbital, 269

GCS and, 565
Phenols, 672
Phenytoin, 269

GCS and, 565
LABD from, 780
SCLE from, 711

Phlebotomus spp., 364
PHM. See Peptide histidine 

methionine
Phosphodiesterases type 4 

(PDE4), 53
Photoadaptation, 234

Photoaging, 40
angiogenesis in, 166

Photocarcinogenesis, 147–149
Photodynamic therapy (PDT), 

235–236
Photohaptens, 171
Photoimmunology, 147–153
Photomorphic light eruption, 151
Photophoresis, for EBA, 767
Photosensitivity disorders, 151
Phototherapy, 152–153

for AD, 202
for CD, 184
for GVHD, 451–452
for MF/SS, 423, 424
for psoriasis, 484
risks of, 153

PIDs. See Primary 
immunodeficiencies

Pig cathelicidin (PR-39), 141
Pimecrolimus, 201, 539–544

children and, 542
for GVHD, 450
UVR and, 543–544

Piroxicam, SCLE from, 711
Pituitary adenylate cyclase 

activating polypeptide 
(PACAP), 32, 34, 35

CHS and, 35
DTH and, 35

Pityriasis rubra pilaris, SCLE 
and, 706

Pityriasis versicolor (PV), 388
PKC. See Protein kinase C
Plague, 77

TLRs in, 68
Plasmacytoid dendritic cells 

(PDCs), 121, 127
psoriasis and, 127

Plasmapheresis
for BP, 754
for pemphigus, 747

Platelet aggregation factor (PAF), 149
Platelet-derived growth factor 

(PDGF), 158, 166
fibrosis and, 728
GVHD and, 448

Platelet-derived growth factor 
receptor (PDGFR), 448

PMLE. See Polymorphous light 
eruption

PMNLs. See Polymorphonuclear 
leukocytes

Pneumococcal, vaccine for, 580

Pneumocystis spp., 621
Pneumovax 23, 580
PNP. See Paraneoplastic pemphigus
Poikiloderma, 443
Polio, vaccine for, 580
Polyarteritis nodosa (PAN), 279, 

289–290
Polymerase chain reaction (PCR)

for MF/SS, 416
for mycetoma, 393

Polymorphonuclear leukocytes 
(PMNLs), 395–396

Polymorphonuclear predominant 
urticaria (PPU), 284

Polymorphous light eruption 
(PMLE), 706

SCLE and, 706
Polyribosylribitol phosphate 

(PRP), 587
POMC. See Pro-opiomelanocortin
Porokeratosis of Mibelli, 534
Positron emission tomography 

(PET), 415
PPAR. See Peroxisome proliferating 

activated receptor
PPD. See Purified protein 

derivative
PPRs. See Pattern-recognition 

receptors
PPU. See Polymorphonuclear 

predominant urticaria
PR-39. See Pig cathelicidin
Pravastatin, SCLE from, 711
Prednisolone, 562
Prednisone, 562

for pemphigus, 747
Pregnancy, 515

GCS and, 567
Prevascar, 8
Prevnar, 580
Primary immunodeficiencies 

(PIDs), 617–631
B-cells and, 617, 618–621
candidiasis and, 618
classification of, 618
hyper-IgE syndrome and, 618
T-cells and, 617, 621–624
warning signs of, 618

Procainamide, SCLE from, 711
Prolactin, 55
Pro-opiomelanocortin (POMC), 34, 

35–36, 54
hair cycling and, 40
urticaria and, 37



Index 807

Propionibacterium acnes, 73, 139, 
217–219

ProQuad, 580
Prostaglandin E2 (PGE2), 33, 149, 158
Proteinase-activated receptors 

(PAR), 37
Protein kinase C (PKC), 174
PRP. See Polyribosylribitol 

phosphate
Pruritus, 37

CI and, 543
PsA. See Psoriatic arthritis
P-selectin, 33, 460
Pseudoallergen-free diet, 471
Pseudohyponatremia, IVIG and, 606
Pseudomonas aeruginosa, 133

AMP and, 141
Pseudotumor cerebri, 566
Pseudovasculitides, 281
Psoralens plus UVA (PUVA), 79, 

147, 152, 179
for AA, 698
for CIU, 471
for GVHD, 450
for MF/SS, 423, 424
NMSC and, 228
for psoriasis, 484
vitilgio vulgaris for, 667

Psoriasis, 38, 207–213
angiogenesis in, 163–164
antigens and, 210
bone marrow transplantation 

and, 209
CGRP and, 53
DCs and, 209
genetics and, 208–209
HBD and, 138
heat shock proteins and, 76
HLA and, 485
IFN-γ and, 127, 210
IFNs for, 7
IL-12 for, 213
IL-22 and, 210
immunopathogenesis of, 487
immunotherapy for, 212–213
KCs and, 209
LL-37 and, 138
mast cells and, 210
MHC and, 485
monocytes/macrophages and, 

209–210
neutrophils and, 210
NF-κB and, 210
NGF and, 38, 53

PDCs and, 127
phototherapy for, 484
SCLE and, 706
SP and, 38, 53
stress and, 52–53
T-cells and, 209, 484
Th17 and, 128
TLRs in, 68, 69, 76
TNF-α for, 8, 127
treatment for, 482–484
VIP and, 38, 53

Psoriasis Area and Severity Index 
(PASI), 484

Psoriatic arthritis (PsA), 481
treatment for, 482–484

Purified protein derivative 
(PPD), 621

Purpura, 572
PUVA. See Psoralens plus UVA
PV. See Pityriasis versicolor
Pyoderma gangrenosum (PG), 516

Q
QT syndrome, 470
Quinones, 671–672

R
RabAvert, 580
Rabeprazole, SCLE from, 711
Rabies, vaccine for, 580
Radioallergosorbent test (RAST), 

390, 469
Radiotherapy, for NMSC, 235
Ranitidine, SCLE from, 711
RANK. See Receptor activator of 

nuclear factor-kappa B
RANTES. See Regulated on 

activation, normal T cell 
expressed and secreted

Rapamycin. See Sirolimus
Raptiva. See Efalizumab
RAR. See Retinoic acid receptor
RAST. See Radioallergosorbent test
Raynaud’s phenomenon, 444
Reactive oxygen species (ROS), 

448, 671
Receptor activator of nuclear factor-

kappa B (RANK), 174
Recombinant subunit vaccines, 

590–592
Recombivax Hb, 580
Regulated on activation, normal T 

cell expressed and secreted 
(RANTES), 195, 380

Regulatory T cells (Treg), 26–27, 
421, 427

GVHD and, 447
Remicade. See Infliximab
Rendu-Osler-Weber disease, 624
Resiquimod, 69
Restriction fragment length 

polymorphisms (RFLPs), 627
Retinoic acid receptor (RAR), 426
Retinoids

for CLE, 713
for GVHD, 452
for MF/SS, 424
MTX and, 556
TLRs in, 68

RFLPs. See Restriction fragment 
length polymorphisms

Rheumatoid arthritis, 471
Th17 and, 128

Rheumatoid nodules, 654
Rheumatoid vasculitis (RV), 

288–299
Rifampin

cyclosporine and, 553
GCS and, 565

Ringworm, 385
Rituximab

for CIU, 471
for GVHD, 450

River blindness. See Onchocerciasis
RNAse-7, 136
Romidepsin, for MF/SS, 423
ROS. See Reactive oxygen species
RotaTeq, 580
Rotavirus, vaccine for, 580
Rubella, vaccine for, 580, 585
Rubrae distensae, 571

S
S-100 protein, 125, 135–136
Salivary gland lysates (SGLs), 364
SALT. See Skin-associated 

lymphoid tissue
Sand fly, 364
San Joaquin Valley fever. See 

Coccidioidomycosis
Sarcoidosis, 645, 650–653

ACE and, 652
African Americans and, 650
genetics and, 652
HHV-8 and, 651
IFN-γ and, 651
IgG and, 651
TNF-α and, 651
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sBBC. See Superficial basal cell 
carcinoma

SCARs. See Severe cutaneous 
adverse reactions

Scars, 5. See also Hypertrophic 
scars

keloid, 8
SCC. See Squamous cell carcinoma
SCCE. See Stratum corneum 

chymotryptic enzyme
Schnitzler’s syndrome, 284
Schuler, Gerald, 120
SCIDs. See Severe combined 

immunodeficiencies
SCIT. See Subcutaneous 

immunotherapy
SCLE. See Subacute cutaneous 

lupus erythematosus
SCLE and, 706
Scleroderma, 721, 723–724
Sclerodermoid GVHD, 443–445
Scleromyxedema, 721
SDF-1. See Stromal-derived factor-1
SDS-PAGE. See Sodium dodecyl 

sulfate-polyacrylamide
Seborrheic dermatitis

ACLE and, 706
Malassezia spp. and, 388
stress and, 52

Secretory immunoglobulin A 
(sIgA), 581

See Dendritic, cell DCs
Selective IgA deficiency, 620
Senear-Usher syndrome, 745
Sentinel lymph node dissection 

(SLND), 250
for NMSC, 639

Serine-threonine kinases4, 4
Serum amyloid P, 108
Serum protein electrophoresis 

(SPEP), 284
Sesquiterpene lactone, 152
Severe combined 

immunodeficiencies 
(SCIDs), 618, 624, 630

AA and, 694
Severe cutaneous adverse reactions 

(SCARs), 263, 268
NSAIDs and, 269

Sézary syndrome (SS), 6, 411. See 
also Mycosis fungoides/
Sézary syndrome

IL-4 and, 420
IL-10 and, 420

SGLs. See Salivary gland lysates
sIgA. See Secretory 

immunoglobulin A
SIGN, 125
Silymarin, 158
Simian immunodeficiency virus 

(SIV), 310
Simvastatin

cyclosporine and, 553
SCLE from, 711

Single nucleotide polymorphisms 
(SNPs), 195, 208

Sirolimus (Rapamycin, SRL), 158, 
280, 636, 637–638

E-cadherin and, 228–229
for GVHD, 450
VEGF and, 637

SIS. See Skin immune system
SIV. See Simian immunodeficiency 

virus
Sjögren’s disease, 78
SJS. See Stevens-Johnson syndrome
Skin-associated lymphoid tissue 

(SALT), 297, 672
Skin immune system (SIS), 18

adaptive immunity and, 23–27
innate immunity and, 20–23

sKITL. See Small kit ligand
SLE. See Systemic lupus 

erythematosus
SLIT. See Sublingual 

immunotherapy
SLND. See Sentinel lymph node 

dissection
SLS. See Sodium lauryl sulfate
Small kit ligand (sKITL), 162
Small nuclear ribonuclear protein 

(SnRNP), 78
Smallpox, vaccine for, 583
Smoking, 710
SNPs. See Single nucleotide 

polymorphisms
SnRNP. See Small nuclear 

ribonuclear protein
SNS. See Sympathetic nervous 

system
Sodium dodecyl sulfate-

polyacrylamide (SDS-
PAGE), 394

Sodium lauryl sulfate (SLS), 180
Solar urticaria, 151–152
Solenopsin18, 158, 167
Somatostatin, 32

LABD from, 780

SP. See Substance P
SP-40,40 (Clusterin), 112
SPD. See Subcorneal pustular 

dermatosis
SpeB. See Streptococcal pyrogenic 

exotoxin B
SPEP. See Serum protein 

electrophoresis
Sphingomonas spp., 97
Spironolactone, SCLE from, 711
Sporothrix schenckii, 394–395
Sporotrichosis, 394–395
S protein (Vitronectin), 112
Squamous cell carcinoma (SCC), 6, 

224, 514, 634
AK and, 223
angiogenesis in, 165–166
imiquimod for, 236, 533–534
KCs and, 223
MMS for, 639
OTRs and, 633, 639
TGF-β and, 233

Squaric acid dibutylester, 
for AA, 697

SRL. See Sirolimus
SS. See Sézary syndrome
SSSS. See Staphylococcal scalded 

skin syndrome
Staphylococcal scalded skin 

syndrome (SSSS), 741
Staphylococcus aureus, 75, 

335–344, 412
AD and, 198
adaptive immunity and, 343–344
B-cells and, 344
endotoxins of, 198
immunity and, 336–343
monocytes/macrophages and, 343
neutrophils and, 341–343
NOD and, 340
T-cells and, 343–344
TLRs and, 339–340

STAT3, 210
Statins, cyclosporine and, 553
Steinman, Ralph, 120
Stellate pseudoscars, 572
Stem cells. See also Hematopoietic 

stem cell transplantation
angiogenesis and, 160–162
for MF/SS, 423

Steroid rosacea, 571
Stevens-Johnson syndrome (SJS), 

264, 266
ADRs and, 330
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Stratum corneum chymotryptic 
enzyme (SCCE), 195

Streptococcal pyrogenic exotoxin B 
(SpeB), 346–347

Streptococcus
adaptive immunity and, 347–348
group A, 344–348
HBD and, 345
neutrophils and, 346–347

Streptococcus pneumoniae, 77, 93
Streptomyces tsukubaensis, 539
Stress

AD and, 53–54
cancer and, 51–52
DTH and, 51
HPA and, 52, 55–56
IFN-γ and, 52
immunity and, 45–56
infection and, 51
NGF and, 55
NK and, 52
SP and, 55

Striae, 571
Stromal-derived factor-1 

(SDF-1), 416
Subacute cutaneous lupus 

erythematosus (SCLE), 
704, 706

ANA and, 708
differential diagnosis for, 707
from drugs, 711
SLE and, 709
TNF-α and, 710

Subcorneal pustular dermatosis 
(SPD), 745

Subcutaneous immunotherapy 
(SCIT), 202

Suberoylanilide hydroxamic acid 
(Vorinostat, Zolinza), 430

for MF/SS, 423
Sublingual immunotherapy 

(SLIT), 202
Substance P (SP), 32, 33, 34

ACD and, 38
AD and, 38, 195
CRH and, 49–50
edema from, 37
erythema from, 37
histamine and, 33
mast cells and, 55
neurogenic inflammation 

from, 36
NF-κB and, 33
psoriasis and, 38, 53

stress and, 55
urticaria and, 37
for wound healing, 39

Sulfonamides, 269
dapsone and, 557
MTX and, 556

Sulfonylureas, 711
Sulzberger, Marion, 561
Sunburn, 671
Sunscreens, 234
Superficial basal cell carcinoma 

(sBBC), imiquimod for, 
531–532

Superoxide ion, 33
Sympathetic nervous system 

(SNS), 45
Syphilis, TLRs in, 68, 74–75
Systemic lupus erythematosus 

(SLE), 78, 284, 471, 
705–706

complement system deficiencies 
and, 115

DLE and, 709
IVIG and, 610–611
SCLE and, 709
TLRs in, 68, 69
TNF-α and, 515

T
TAC. See Tacrolimus
Tac antigen, 175
Tachykinin, 33
Tachyphylaxis, 572
Tacrolimus (TAC), 201, 541–544, 637

for AA, 698
for GVHD, 450

Tamoxifen, SCLE from, 711
TAP. See Transporter associated 

with antigen processing 
protein

TARC. See Thymus and activation-
regulated chemokine

Taxotere (Docetaxel), SCLE 
from, 711

Tazarotene, for MF/SS, 423
T-cell receptors (TCRs), 18, 46, 174

HLA and, 484
MHC and, 85

T-cells, 24, 617
AA and, 694, 696–697
adaptive immunity and, 85
chemokines and, 25, 89
conventional, 85–90

trafficking of, 89–90

fibrosis and, 728
HIV and, 314
homing of, 24–25
IL-2 and, 484
innate immunity and, 85
melanoma and, 246
memory of, 581
PIDs and, 617, 621–624
psoriasis and, 209, 484
Staphylococcus aureus and, 

343–344
unconventional, 90–99

γδ T cells, 90–96
AD and, 94
immunoregulatory roles of, 94–95
infection and, 91–94
tumor surveillance and, 95–96

TCRs. See T-cell receptors
TCSs. See Topical corticosteroids
TCTP. See Translational controlled 

tumor protein
Td. See Tetanus and diphtheria
Telogen, 39
TEN. See Toxic epidermal 

necrolysis
Terbinafine, SCLE from, 711
Tetanus and diphtheria (Td), vaccine 

for, 580
Tetanus toxoid (TT), vaccine for, 580
Tetracycline, SCLE from, 711
TEWL. See Transepidermal water 

loss
TGe. See Epidermal 

transglutaminase
TGF-β. See Transforming growth 

factor-β
Th1. See T-helper-1
Th2. See T-helper-2
Th3. See T-helper-3
Th17. See T-helper-17
Thalidomide, 158, 167

for CLE, 713–714
for cutaneous vasculitis, 281
for GVHD, 450

T-helper-1 (Th1), 24, 364
CIU and, 467
coccidioidomycosis and, 396
fungal infections and, 381, 383
granulomatosis and, 645
IFN-γ and, 25
IL-2 and, 25
IL-12 and, 48, 127–128
NK and, 26–27
TNF-α and, 25
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T-helper-2 (Th2), 25
AD and, 53
CAs and, 48
CMC and, 384
fungal infections and, 381
GCS and, 48
IL-4 and, 25
IL-5 and, 25
IL-13 and, 25
NPY and, 49

T-helper-3 (Th3), 26
TGF-β and, 26

T-helper-17 (Th17), 87
autoimmune diseases and, 128

Thiopurine methyltransferase 
(TPMT), 201, 553–554

Thrombocytopenia, 638
Thromboxane B2, 33
Thymic stromal lymphopoietin 

(TSLP), 21
AD and, 197

Thymus and activation-regulated 
chemokine (TARC), 25, 
416–417, 419

Thyroid disease, AA and, 691
Ticlopidine, SCLE from, 711
Tight-skin models (Tsk), 

725–726
TIMP-I. See Tissue inhibitor of 

metalloproteinase-I
Tinea versicolor, 572
Tiotropium, SCLE from, 711
Tip-DCs. See TNF/iNOS-producing 

dendritic cell
Tissue inhibitor of 

metalloproteinase-I 
(TIMP-I), 5, 166

acne and, 219
TLRs. See Toll-like receptors
TNF-α. See Tumor necrosis 

factor-α
TNF/iNOS-producing dendritic cell 

(Tip-DCs), 20, 121
TNFR1. See Tumor necrosis 

factor-α receptor 1
TNF-Related Apoptosis Inducing 

Ligand (TRAIL), 152, 167
NMSC and, 231–232
vitiligo vulgaris and, 668

TNMB. See Tumor, node, and blood 
classification and staging 
system

Toll-interacting protein 
(TOLLIP), 72

TOLLIP. See Toll-interacting 
protein

Toll-like receptors (TLRs), 20, 46, 
67–80

acne and, 68, 73, 218–219
in AD, 75
in adaptive immunity, 70–72
APC and, 527
autoimmune diseases and, 78–79
bacterial infections and, 76–77
in candidiasis, 383–384
in CTCL, 79
discovery of, 67–69
fungal infections and, 374–377
in innate immunity, 70–72
leishmaniasis and, 364–365
in leprosy, 74
LPS and, 67
in melanoma, 68, 69, 79
in MF, 79
MHC and, 70
NKT and, 23
pathways for, 72–73
in psoriasis, 76
Staphylococcus aureus and, 

339–340
in syphilis, 74–75
UVR and, 79–80

Topical corticosteroids (TCSs), 568
adverse effects of, 570–574
HPA and, 573
optimal use of, 573

Toxic epidermal necrolysis (TEN), 
264, 266

ACLE and, 705
ADRs and, 330
IVIG and, 610
LABD and, 780

Toxic shock syndrome toxin-1 
(TSST-1), 343

TPMT. See Thiopurine 
methyltransferase

Tr1, 26
TRAIL. See TNF-Related Apoptosis 

Inducing Ligand
Transepidermal water loss 

(TEWL), 181
Transforming growth factor-β 

(TGF-β), 3, 4–5
AA and, 694
antigens and, 174–175
CsA and, 637
DCs and, 125
fibrosis and, 729–730

melanoma and, 247–248
NMSC and, 230
SCC and, 233
Th3 and, 26

Translational controlled tumor 
protein (TCTP), 394

Transplantation. See also 
Hematopoietic stem cell 
transplantation; Organ 
transplant recipients

acquired immunity and, 23
bone marrow, 209
NMSC and, 228

Transporter associated with antigen 
processing protein (TAP), 
122, 172

Trauma, fibrosis and, 725
Treg. See Regulatory T cells
Treponema pallidum, 74–75
Triamcinolone, 562
Trichophyton spp., 385
Triclosan, 201
Trimethoprim

dapsone and, 557
MTX and, 556

Trimethoprim-sulfamethoxazole, 
269

HIV and, 330
LABD from, 780

Tripedia, 580
Triple response, 31
Tsk. See Tight-skin models
TSLP. See Thymic stromal 

lymphopoietin
TSST-1. See Toxic shock syndrome 

toxin-1
TT. See Tetanus toxoid
Tumor necrosis factor-α (TNF-α), 

3, 7–8, 46, 47, 174, 528. See 
also TNF-Related Apoptosis 
Inducing Ligand

acne and, 218
for AD, 8
blockade of, 508–509

contraindications for, 515–516
CAs and, 48
coccidioidomycosis and, 396
cutaneous vasculitis and, 281
DCs and, 122
fibrosis and, 723, 731
hypertrophic scars and, 7
ICD and, 180
for inflammatory dermatoses, 7
inhibitors of
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MTX and, 516
mycophenolate mofetil and, 555
NMSC and, 516

for psoriasis, 8, 127
sarcoidosis and, 651
SCLE and, 710
SLE and, 515
Th1 and, 25
urticaria and, 460
UVR and, 39

Tumor necrosis factor-α receptor 1 
(TNFR1), 340–341

Tumor, node, and blood 
classification and staging 
system (TNMB), 414–415

Twinrix, 580
Typhim Vi, 580
Typhoid fever, vaccine for, 586
Tyrosine, 671

U
UC. See Ulcerative colitis
UCA. See Cis-urocanic acid
Ulcerative colitis (UC), 508
Ulcers, angiogenesis in, 166
Ultraviolet A (UVA), 147. See also 

Psoralens plus UVA
for CLE, 714
for GVHD, 450

Ultraviolet B (UVB), 35, 147
cancer and, 51
cytokines and, 152
for GVHD, 450
immunosuppression and, 149
for psoriasis, 484
vitamin D and, 149–151
for vitiligo vulgaris, 666

Ultraviolet C (UVC), 147
Ultraviolet radiation (UVR)

apoptosis and, 152
C fibers and, 39
CGRP and, 35
CHS and, 39
CLE and, 710, 713
DTH and, 39, 225
GVHD and, 444
IL-10 and, 39
LCs and, 80
NMSC and, 223, 224–226, 634
pimecrolimus and, 543–544
TLRs and, 79–80
TNF-α and, 39
for vitiligo vulgaris, 666–667

UNC-93B, 630

Unconventional T cells, 90–99
Unilateral vitiligo, 664
UPEP. See Urine protein 

electrophoresis
Urine protein electrophoresis 

(UPEP), 284
Urticaria, 37, 459–472. See also 

Chronic idiopathic urticaria
ACTH and, 37
acute, 463
adrenergic, 466
angioedema and, 463
aquagenic, 466
autoimmune, 468
CGRP and, 37
cholinergic, 466
chronic, 463
cold contact, 466
contact, 466
COX-2 and, 466–467
delayed pressure, 463
dermatographic, 463
diagnosis algorithm for, 462
evaluation of, 468–469
familial cold, 466
ICAM-1 and, 460
IgE and, 463
IL-3 and, 460
NSAIDs and, 466, 470
physical, 463–466
POMC and, 37
PPU, 284
solar, 466
SP and, 37
stress and, 52
TNF-α and, 460
treatment for, 469–471
vibratory, 466
wheal and, 460

Urticarial vasculitis, 284
UVA. See Ultraviolet A
UVB. See Ultraviolet B
UVC. See Ultraviolet C
UVR. See Ultraviolet radiation

V
Vaccines, 579–597

with DNA, 592–593
for HIV, 316
for HPV, 310
for HSV, 302
for leishmaniasis, 366–367
for melanoma, 254–255
for MF/SS, 423, 429

for onchocerciasis, 368
routes of, 582
for VZV, 305–306

Vaccinia virus (VV), 139
vaccine for, 580

Vancomycin, 280
LABD and, 780
LABD from, 780

Vaqta, 580
Varicella-zoster virus 

(VZV), 297
immunity and, 302–306
vaccine for, 305–306, 580, 

585–586
VARIVAX, 305–306
Varivax, 580
Vascular cell adhesion molecule-1 

(VCAM-1), 25, 159
Vascular endothelial growth factor 

(VEGF), 158, 160
SRL and, 637

Vasculitis. See also Cutaneous 
vasculitis

IVIG and, 609–610
Vasoactive intestinal peptide (VIP), 

5, 33–34
AD and, 38
LCs and, 34
psoriasis and, 38, 53

Vasoactive intestinal polypeptide/
pituitary adenylate cyclase 
activating polypeptide 1 
receptor (VPAC-1R), 33

VCAM-1. See Vascular cell 
adhesion molecule-1

VDRE. See Vitamin D response 
element

VEGF. See Vascular endothelial 
growth factor

Verruca vulgaris
angiogenesis in, 164–165
imiquimod for, 532–533

Vimentin, 414
Vinblastine, 8
VIP. See Vasoactive intestinal 

peptide
Viral oncolysates, 254
Vitamin B12, 171
Vitamin D (Dovonex), 234

UVB and, 149–151
for vitiligo vulgaris, 666

Vitamin D-1-hydroxylase, 141
Vitamin D response element 

(VDRE), 134
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Vitiligo vulgaris, 38, 661–677
AA and, 692
ACTH and, 671
cytokines and, 669
genetics and, 666, 674–677
HLA and, 669
IFN-γ and, 669
LCs and, 668
melanocytes and, 666, 668, 

672–674
Merkel cells and, 668
α-MSH and, 671
NGF and, 671
PUVA for, 667
stress and, 52
TRAIL and, 668
treatment for, 666–667
UVB for, 666
UVR for, 666–667
vitamin D for, 666

Vitronectin. See S protein
Vivotif Berna, 580
Vogt-Koyanagi-Harada syndrome, 

662
Vorinostat. See Suberoylanilide 

hydroxamic acid
VPAC-1R. See Vasoactive intestinal 

polypeptide/pituitary 
adenylate cyclase activating 
polypeptide 1 receptor

VZV. See Varicella-zoster virus

W
Waldenström’s macroglobulinemia, 

744
Warfarin, 471
Warts. See Human papillomavirus; 

Verruca vulgaris
Warts, hypogammaglobulinemia, 

immunodeficiency, and 
myelokathexis (WHIM), 
617, 618

WAS. See Wiskott-Aldrich 
syndrome

Wegener’s granulomatosis, 282
Weight gain, GCS and, 567
Western immunoblotting, 

767
Wheal, 31

urticaria and, 460
WHIM. See Warts, 

hypogammaglobulinemia, 
immunodeficiency, and 
myelokathexis

Wiskott-Aldrich syndrome (WAS), 
199, 622–623

Wolbachia, 367–368
Wound healing, 39

AMPs and, 141–142
GCS and, 567
HBD and, 141
staging of, 722
TCSs and, 572–573

X
XCL1. See Lymphotactin
Xenopus laevis, 131
Xeroderma pigmentosum 

(XP), 80
Xerosis, 195, 200
XLA. See X-linked 

agamaglobulinemia
X-linked agamaglobulinemia 

(XLA), 619–620
IVIG for, 620

XP. See Xeroderma 
pigmentosum

Y
Yeast cell walls, 108
Yeasts. See Fungal infections
Yellow fever, vaccine for, 

580, 586
Yersinia pestis, 77
YF-Vax, 580

Z
Zidovudine, 330
Zileuton, 471
Zolinza. See Suberoylanilide 

hydroxamic acid
Zostavax, 580
Zoster, vaccine for, 580
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