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Based on recent advances in the understanding of the immunological pathogenesis of 
many chronic inflammatory disorders there is increasing evidence that several of them are 
characterized and potentially mediated by autoimmune phenomena. Classical examples 
are rheumatoid arthritis, myasthenia gravis, pemphigus vulgaris, lupus erythematosus and 
multiple sclerosis. Others, such as psoriasis vulgaris, some less well-characterized collagen 
vascular disorders, vasculitides and a subtype of chronic urticaria have a more or less pro-
nounced autoimmune background that has to be considered in the overall management of 
these disorders. A significant portion of autoimmune diseases precipitate primarily or sec-
ondarily at the skin. Understanding the cutaneous symptoms may be therefore crucial for 
the diagnosis, classification and therapeutic management of organ-specific and systemic 
disorders that require special attention by the physician.

This book is set out to present the most recent scientific and clinically relevant state-of-
the-art-knowledge on the broad spectrum of autoimmune disorders affecting the skin. It 
is meant to provide the most recent information on these disorders for clinicians as well 
as practicioners in dermatology, medicine, rheumatology, ENT, pediatrics, ophthalmol-
ogy, orthopedics etc and for basic scientists interested in human autoimmunity. Each book 
chapter dealing with a distinct cutaneous autoimmmune disorder consists of an introduc-
tion focusing on the state of knowledge regarding pathogenesis and epidemiology followed 
by a practical guide how to identify and handle the particular disorder(s). Special attention 
is paid to genuine cutaneous autoimmune disorders such as autoimmune bullous skin dis-
orders including pemphigus, pemphigoid and epidermolysis bullosa acquisita. These dis-
orders can be considered as paradigms of organ-specific autoimmune disorders because 
autoantigens and autoantibody-mediated pathogenesis are well-characterized.

Major progress has been made in the diagnosis and classification of collagen vascular 
disorders such as systemic sclerosis, lupus erythematosus, dermatomyositis and overlap 
syndromes. These advances have provided the basis for more specific therapeutic interven-
tions. Recent pathogenetic findings in psoriasis, lichen planus and chronic urticaria have 
led to novel therapeutic concepts that will replace the “classical” symptomatic treatments 
that have been established for decades. One striking example is the therapeutic effect of bi-
ologics in severe psoriasis vulgaris and psoriatic arthritis and the modulatory effect of high 
dose immunoglobulins in dermatomyositis and severe vasculitides. In addition to the book 
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chapters on distinct clinical cutaneous disorders, the introductory chapter explains basic 
immunological principles leading to autoimmunity and the final chapter gives an over-
view of the mode of action of novel immunomodulatory drugs. The present book which is 
edited by my co-worker Dr. Michael Hertl is set out to combine major scientific advances 
in the understanding of autoimmunity with the clinical presentation and management of 
these disorders. I am convinced that the book constitutes a very successful effort to provide 
a handbook for those who are scientifically or clinically interested in autoimmune disor-
ders of the skin. I wish the editor and the authors success with this endeavor.

Erlangen, July 2001 Gerold Schuler
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Preface to the Third Edition

We are very grateful for the continuous positive reception of the book which led to the 
present, third completely revised and enlarged edition of Autoimmune Diseases of the 
Skin”. The contents of the book reflect the rapid development of medical research and its 
impact on novel diagnostics and treatments in the field of autoimmune disorders. 

The third edition of the book is dedicated to my father, Prof. Dr. Michael Hertl, who has 
been a devoted and most enthusiastic genuine clinician scientist all over his life. His never-
ending broad interest to learn and extend his sight of the world has been the driving force 
for me to join the world of academic medicine.

Marburg, October 2010 Michael Hertl

Preface to the Second Edition

Thanks to the positive reception of the first edition of the book by the medical commu-
nity both in Europe and in the USA, the present book has come to its second edition. All 
the chapters have been thoroughly revised and two new chapters on Vitiligo and Alopecia 
areata were included. 

We hope that the present book will continue to provide state-of-the-art knowledge for 
those who are interested and clinically involved with autoimmune disorders of the skin. 

The present edition of the book is dedicated to my clinical teacher, Professor Gerd-
Klaus Steigleder, on the occasion of his 80th birthday. 

Marburg, January 2005 Michael Hertl 
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Hundred years ago, Paul Ehrlich speculated whether an individual is able to produce toxic 
autoantibodies and about the implications of such antibodies for disease. The contention 
that an alteration of the body fluids causes disease followed the traditional teachings of 
Hipppocrates and Galen that disease results from dysfunction of the four humors. How-
ever, Ehrlich introduced the novel concept of antigen specificity that was based on his side 
chain theory of antibody formation: (1) antibodies are naturally occuring substances that 
serve as receptors on the cell surface; (2) the specificity of antibody for antigen is deter-
mined by a unique stereochemical configuration of atoms that permits the antibody to 
bind tightly and chemically to its appropriate antigen; (3) the number of different com-
bining sites structures available is so great that each one differs from the others, with little 
or no cross reactivity among them; (4) and in order to induce active antibody formation, 
it is only necessary that appropriate receptors be present on the cells for antigen to inter-
act with them and so stimulate their overproduction and liberation into the blood. Accord-
ing to this description by Paul Ehrlich, the antibody ap-peared to be a polymorphous cy-
toplasmic agent with a unique feature – a highly organized combining site (the haptophore 
group) that determined its unique antigen specificity.

It was Bordet who showed that anti-erythrocyte antibodies were capable of mediating 
immune hemolysis giving rise to the idea that self-produced hemolytic antibodies might 
assist in destroying autologous erythrocytes.

This and similar findings including the description of cytotoxic antibodies against a va-
riety of other cell types prompted Ehrlich to say: “… the organism possesses certain con-
trivances by means of which the immunity reaction, so easily produced by all kinds of cells, 
is prevented from acting against the organism’s own elements and so giving rise to autotox-
ins … so that we might be justified in speaking of a ‘horror autotoxicus’ of the organism. 
These contrivances are naturally of the highest importance for the individual” (P. Ehrlich 
and J. Morgenroth, Berlin. Klin. Wochenschr., 1901).

When Metalnikov was the first to demonstrate the generation of autoantibodies that 
were cytotoxic against spermatozoa in vitro, Ehrlich questioned that they were able to in-
duce pathology in vivo.

Preface to the First Edition



It took, however, more than fourty years that some distinct organ-specific immune dis-
orders were categorized as true autoimmune diseases. Among the first identified were au-
toimmune orchitis, allergic encephalomyelitis, autoimmune thyroiditis, pemphigus vul-
garis and bullous pemphigoid. Noteworthy, some of these disorders are exclusively me-
diated by circulating autoantibodies such as the hemolytic anemias, thrombocytopenia, 
pemphigus, and pemphigoid while others, such as allergic autoimmune encephalomyeli-
tis and autoimmune thyroiditis require the transfer of immunocompetent cells in addition 
to autoantibodies.

The existence of immunological tolerance was the logical consequence of Paul Ehrlich’s 
postulate that there was a “horror autotoxicus” a mechanism that inhibited formation of 
potentially harmful autoantibodies to self in vivo. It was Owen to show that dizygotic calves 
whose circulation was connected in utero were unable to respond to each other’s antigens 
after birth. Out of this and similar observations, the clonal deletion theory was invented 
by Burnet meaning that antigen present during embryonic life would somehow cause de-
struction of self-reactive clones. The observation that adult animals could be rendered un-
responsive to foreign antigens by the administration of large doses of the antigen led to the 
notion that immunological tolerance could be also acquired.

The recognition of different central and peripheral immune mechanisms leading to im-
munological tolerance are all based on Ehrlich’s concept of “horror autotoxicus”, i.e. ac-
quired or active immune regulation of unwanted immune responses against self. The find-
ing that B lymphocytes generally require the help of T lymphocytes in their antibody re-
sponse to a defined antigenic stimulus led to the discovery of distinct immune cell subsets 
including helper cells, cytotoxic cells and regulatory cells. The identification of the idioty-
peanti idiotype network was born out of the discovery that the antigen binding site of the 
antibody itsself can act as an antigen for anti-idiotypic antibodies. Anti-idiotypic immune 
responses are part of the physiological immune surveillance aimed at limiting the extent of 
an immune response.

The identification of different lineages of antigen presenting cells has taken away much 
attention from T lymphocytes as the exclusive regulators of immune and autoimmune re-
sponses. Major interest has recently focused on dendritic cells, bone marrow-derived an-
tigen presenting cells with potent capacity to induce primary T-cell-mediated immune re-
sponses. However, accumulating evidence has demonstrated that the dendritic cell system 
bears much more plasticity than originally thought. Dendritic cells can arise from several 
different types of progenitor cells and different functional types of dendritic cells can be 
generated from the same precursor. It thus appears that dendritic cells have the potential to 
modulate immune responses within the wide spectrum of immunity on the one hand and 
immunological tolerance on the other hand.

The rapid development of immunological research has also provided major insights in 
the pathogenesis of autoimmune disorders which has implications for classification, di-
agnosis and therapy of these disorders. Classical examples for well-characterized autoim-
mune disorders are myasthenia gravis, pemphigus vulgaris, and hemolytic anemia. Fur-
thermore, the availability of recombinant forms of the major autoantigens of these disor-
ders has provided critical tools to investigate autoimmunity versus immunological toler-
ance to these self proteins in affected patients and healthy individuals.
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The increasing understanding of the mechanisms that lead to immunological tolerance 
to self and the role that HLA and non-HLA alleles play in antigen recognition by autoag-
gressive T cells may also lead to novel therapeutic strategies. Several clinical studies have 
sought to restore immunological tolerance to self by the administration of modified self 
peptides, such as the administration of altered peptide ligands of myelin proteins in mul-
tiple sclerosis. Immature dendritic cells hold great promise as highly efficient tools to in-
duce immunological tolerance to defined self proteins or peptides as demonstrated in mu-
rine allograft rejection models. They may induce tolerance by inducing antigenspecific an-
ergy of autoreactive T cells and/ or by the induction of regulatory T lymphocytes that in-
hibit the activation of autoaggressive T cells.

I am very grateful that internationally leading experts in the field of cutaneous autoim-
mune disorders spontaneously agreed to provide comprehensive and well-illustrated over-
views of the major autoimmune disorders of the skin. It was truly fun to interact with all 
of them! In addition, I would like to acknowledge the support and efforts of Springer Ver-
lag in making this kind of book possible. We hope that the concept of this book will indeed 
help to broaden the understanding of cutaneous autoimmune disorders for those working 
in the many clinical disciplines which are involved in the care of these patients. Finally, I 
thank my wife for her continous support and her help and criticism during the develop-
ment of this book.

Erlangen, July 2001 Michael Hertl
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Autoimmunity and autoimmune disease

The term autoimmunity signifies the presence of specific memory-type immune reactions 
that are directed against one or more self-epitopes. Under most conditions, autoimmunity 
is determined in terms of immunoglobulins that react with either unknown or well-de-
fined human antigens. Today it is supposed that the production of these autoantibodies re-
quires prior activation of potentially autoreactive B cells by memory T cells. These T cells 
must not only recognize a closely related peptide structure. Importantly, these T cells can 
stimulate B cells only when primed by activated antigen presenting cells. 

Autoimmunity is a relatively frequent event. Most likely, any individual raises immune 
reactions against numerous self antigens. This autoimmunity leads only very rarely to 
overt autoimmune disease. Therefore, the development of autoimmune disease requires 
trespassing of a large number of additional security levels, beyond autoimmune reactivity 
(Schwartz, 1998). This is illustrated by two frequent clinical phenomena: One of the best 
examples are antinuclear antibodies (ANA), which are found in even more than 50% of the 
female population older than 50 years. Compared to this frequency, ANA-associated auto-
immune diseases are relatively rare and affect less than 2% (Rubin, 1997). The other is that 
only very few autoimmune diseases progress continuously. Most of them progress during 
short waves of disease activity and in between these waves have long periods of quiescence. 
Since autoreactive T and B cells do normally not disappear during these periods of quies-
cence, a series of control mechanisms protect from manifest autoimmune disease.

T and B cells

T cells are small lymphocytes that are characterized by their antigen recognition structure, 
the T cell receptor (TCR). According to the current state of knowledge, the TCR is only func-
tional as a cell bound structure. Due to the low affinity for free peptide (Weber et al., 1992), 
the TCR recognizes only antigens that are presented by major histocompatibility complex 
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1 (MHC) molecules. The TCR acts in concert with an array of additional surface structures. 
The most important are the co-receptors, the CD4 and CD8 molecules. The CD8 molecule 
determines the interaction of the TCR with MHC class I and the CD4 molecule with MHC 
class II. Appropriate activation of T cells requires a series of additional events, such as ad-
hesion molecules and costimulatory molecules (reviewed in Biedermann et al., 2004).

B cells are characterized by the production of antigen recognition structures, the B cell 
receptor and immunoglobulins. They produce immunoglobulins mainly when stimulated 
appropriately through T-B-cell interactions (Lanzavecchia, 1985). However, besides anti-
gen specific signals, induction of immunoglobulin production by B cells requires CD40-
CD40L interactions and cytokines (Banchereau et al., 1994). In contrast to the TCR, im-
munoglobulins may have a very high affinity for their specific antigen. They recognize free 
antigen and their major function seems to be the binding to either cell-bound or free an-
tigens. 

T cells develop in the thymus and B cells in the bone marrow. Importantly, the struc-
ture of the TCR is definitely determined in the thymus. Thus, the thymus constitutes an im-
portant site of education which ultimately determines the specificity of the ensuing T cells 
(Kisielow and von Boehmer, 1995). In contrast, the structure of the immunoglobulin rec-
ognition site is not terminally fixed when B cells leave the bone marrow and mature B cells 
undergo somatic mutation and the affinity of the antigen recognition site of secreted im-
munoglobulins can mature during the course of immune responses. 

Thymic maturation and selection of T cells

Precursor T cells develop within the bone marrow and reach the thymus through the 
blood. These immature precursor cells undergo a series of activation and maturation 
events that ultimately result in a precursor population that expresses a TCR and both, CD4 
and CD8 molecules. The TCR expresses two independent immunoglobulin-like chains, the 
α- and the β-chain. The β-chain is expressed together with a pre-α-chain; the definite TCR 
α-chain replaces the pre-α-chain prior to the development of the CD4+CD8+, double pos-
itive status. Normally, T cells express only one pair of TCR α /β-chains. This subsequent re-
placement of the pre-α-chain by a definite TCR-α-chain however, may lead to the occur-
rence of T cells which express two receptors, one single β-chain assorted with two different 
and independent α-chains. Thus, one T cell may have two, entirely independent specifici-
ties (Kretz-Rommel and Rubin, 2000; Stockinger, 1999).

Once the double positive status is achieved, T cells interact with thymic MHC mole-
cules. This interaction of the double positive cells, which are highly sensitive to death sig-
nals, will decide their further outcome as most of the double positive cells die during this 
selection process. T cells with relatively high affinity for peptide loaded and possible also 
empty MHC molecules die through induction of apoptosis. T cells that express a TCR with 
an affinity that is too low for recognizing peptide loaded MHC molecules die from neglect. 
Only a small proportion of T cells, smaller than 10%, survives this selection and leaves the 
thymus as a single positive T cell, expressing either CD4 or CD8 and a TCR (Bouneaud 
et al., 2000; Kisielow et al., 1988; Rocha and von Boehmer, 1991). During thymic selec-

Martin Röcken and Tilo Biedermann2



tion, TCR structures with high affinity for self may not only lead to deletion; another mode 
is temporary suppression of the TCR. If a T cell with two distinct TCR α-chains then re-
ceives at the same time a survival signal by the second receptor, this cell may become posi-
tively selected and result in a peripheral T cell population with two distinct TCR; one cor-
responding to an autoreative receptor (Fig. 1). 

Tolerance of self-reactive T and B cells

Central tolerance and peripheral tolerance

The thymus and the apoptosis and paralysis occurring during the development of B cells 
recognizing abundant antigens in the periphery delete about 90% of self-reactive T and B 

Fig. 1. Modes of intrathy-
mic selection of T cells. 
T cells with a very high 
affinity T cell receptor 
(TCR) for self major histo-
compatibility complexes 
(MHC) die from active 
deletion, those with an 
intermediate affinity are 
positively selected and 
those with low affinity will 
die from neglect
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1 cells. This phenomenon is termed as central tolerance. However, roughly 10% of these cells 
survive (Blackman et al., 1990; Kisielow et al., 1988). Moreover, not all antigens are pre-
sented in thymus, bone marrow or peripheral blood. In one individual, all cells express 
the same MHC class I and a large spectrum of common minor antigens. However, each 
cell also expresses its own set of antigens that is related to its function and localization. 
Thus, the mature immune system encounters a larger spectrum of antigens in the periph-
ery than in the thymus. Tolerance against these antigens requires a multitude of mecha-
nisms which are summarized under the term peripheral tolerance (Bonomo and Matzinger, 
1993). While central tolerance is mainly based on deletion of potentially autoreactive T 
cells, a larger spectrum of mechanisms constitutes peripheral tolerance (Arnold et al., 1993; 
Rocken and Shevach, 1996). 

Mechanisms of peripheral tolerance

One mechanism of peripheral tolerance may be deletion, too. Deletion is mainly associated 
with the sudden appearance of a large number of antigens. This mechanism has been dem-
onstrated for antigens that were presented in large numbers, thus during infection or fol-
lowing injection of superantigens (Moskophidis et al., 1993; Webb et al., 1990). Whether 
this mechanism applies also under physiological conditions is not clear. But it may become 
relevant during tissue destruction, when large quantities of self-antigens are presented, 
thus in the case of skin burning, viral infections of skin, muscle or other organs or follow-
ing a stroke. However, this phenomenon has not yet been analyzed in more detail.

Another mechanism is suppression of TCR expression. This has been shown with preg-
nant mice expressing a transgenic TCR that recognizes the foreign MHC class I molecule 
expressed by the father and the fetus. The level of this transgenic TCR is high before and af-
ter pregnancy, but low during pregnancy. These T cells are also functionally silenced. Dur-
ing pregnancy, pregnant female mice become even tolerant to otherwise highly immu-
nogenic tumor cells expressing this same antigen (Alferink et al., 1998). Thus, suppres-
sion of a TCR expression is closely associated with the occurrence of peripheral tolerance 
and may contribute to it. These data, even though very elegant, do not exclude that other 
mechanisms significantly contribute to peripheral tolerance (Alferink et al., 1998; Schon-
rich et al., 1991).

One important example demonstrating the requirement for additional mechanisms was 
given by mice that simultaneously express a peptide antigen of the lymphocytic chorio-
meningitis virus (LCMV) by the endocrine pancreas and T cells with a TCR transgenic for 
the LCMV peptide (Ohashi et al., 1991; Oldstone et al., 1991). These animals have autore-
active CD8+ T cells that are functionally normal, express normal levels of the TCR and kill 
peptide loaded targets in vitro to the same extend as transgenic T cells from control ani-
mals. Nevertheless, these animals do not develop overt autoimmune disease, showing that, 
besides the target organ, the expression of an endogenous potentially immunogenic pep-
tide and normal levels of TCR, other signals are required for the induction of autoimmune 
disease. Such a situation may be the consequence of ‘ignorance’ of the target structure by 
the autoreactive T cells (Ohashi et al., 1991). Ignorance may be the consequence of miss-
ing adhesion molecules or the absence of co-stimulatory signals (von Herrath et al., 1995). 
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However, it may also be due to expression of autoantigens at immunologically privileged 
sites, the expression of apoptosis inducing molecules capable of killing activated T cells or 
secondary to local silencing of activated T cells that recognize target tissues in the absence 
of co-stimulatory molecules.

Reactivity and mode of action are not only given by the TCR and the spectrum of co-
stimulatory T cells expressed by T cells. Most importantly, T cell functions are determined 
by the cytokines they produce. Naive T cells produce only interleukin (IL-) 2 when stimu-
lated by peptides and professional antigen presenting cells (APC; (Weinberg et al., 1990)). 
Subsequently, T cells develop towards memory cells that are theoretically capable of pro-
ducing a large spectrum of cytokines. Today it is established that T cells normally do not 
secrete a random pattern of cytokines, but differentiate into phenotypes that produce dis-
tinct sets of cytokines associated with well defined functional phenotypes (Mosmann and 
Sad, 1996; Rocken et al., 1996; Rocken et al., 1992).

T cells that produce predominantly IL-2 and interferon-γ (IFN-γ) are associated with 
inflammatory, cell mediated immune responses. When expressing the CD4 molecule they 
are named Th1, when expressing the CD8 molecule, they are named Tc1 cells and induce 
‘type 1’ immune responses. These types of immune responses are required for the control 
of infections with viruses, funghi or parasites. However, when directed against autoanti-
gens, they may cause inflammatory autoimmune diseases (Adorini and Sinigaglia, 1997; 
Arnold et al., 1993; Katz et al., 1995; Kolb et al., 1995; Powrie, 1995; Racke et al., 1994; 
Rocken et al., 1996). These inflammatory autoimmune diseases are normally well local-
ized to one single organ or a group of organs that share a common antigen. These T cells do 
not only induce direct tissue destruction, they also induce B cells to produce complement 
binding antibodies, which may enhance local inflammation and tissue destruction, as it is 
the case in patients with bullous pemphigoid (Budinger et al., 1998).

The most important counterpart of ‘type 1’ immune responses are ‘type 2’ responses. 
They are induced by CD4+ T cells capable of producing IL-4 and IL-13. These two cytok-
ines seem to suppress multiple pro-inflammatory effector functions by macrophages, such 
as production of tumor necrosis factor (TNF). Th2 cells are primarily known by their ca-
pacity to switch the immunoglobulin isotype of human B cells towards IgE and proba-
bly also IgG4 (Mosmann and Coffman, 1989). Thus, Th2 cells do not generally extinct im-
mune responses. They may even induce autoimmune responses and probably also autoim-
mune disease, such as pemphigus vulgaris, which is associated with autoantibodies of the 
IgG4 isotype and little local inflammation (Goldman et al., 1991; Hertl et al., 1998). How-
ever, when directed against epitopes that are associated with type 1-mediated inflamma-
tory autoimmune disease, type 2 immune responses may exert anti-inflammatory, protec-
tive effects. Treating Th1 mediated diseases with Th2 cells or the cytokine IL-4 that most 
potently induces Th2 and suppresses Th1 has been demonstrated in animal models of or-
gan specific autoimmune disease and skin inflammation (Racke et al., 1994; Rocken et al., 
1996; Biedermann et al., 2001). Most importantly, however, this therapeutic strategy was 
also effective in humans suffering from psoriasis, a Th1 mediated autoimmune disease of 
the skin (Ghoreschi et al., 2003). 

In recent years, additional subsets of Th cells and associated immune pathologies were 
identified. The best characterized of these subsets is the Th17 cells, defined by predomi-
nant production of IL-17. Subsequent to the description of Th17 cells, it was found that 
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1 some of the autoimmune diseases that were believed to be ‘ type 1’ mediated, in fact, are at 
least in part driven by Th17 cells. The best studied example is a model for multiple sclero-
sis, the experimental allergic encephalitis (EAE), for which it was shown that both Th1 and 
Th17 cells are capable to mediate autoimmune disease although with different strength and 
different pathology (Luger et al., 2008). Th17 mediated immune responses are often asso-
ciated with infiltrates of polymorphonuclear Leukocytes (PMN). By morphology and in-
volvement of effector immune cells and cytokines, inflammatory bowel diseases such as 
Crohn´s disease, rheumatoid arthritis, and psoriasis have often been compared to elucidate 
immune pathologies (Biedermann et al., 2000). Consequently, the association of Th17 re-
sponses to one was soon followed by well based characterizations of all these autoimmune 
diseases. Today Th17 cells are believed to mediate many of the hallmarks of psoriasis such 
as PMN infiltrates, acanthosis and papillomatosis (Nestle et al., 2009). 

Another dimension of immune regualtion, probably increasingly important, are the dif-
ferent types of regulatory T cells that mediate immune tolerance and thus are counter regu-
lators of autoimmunity. Cell mediated as well as cytokine mediated ‘regulation’ of immune 
responses by regulatory or Treg cells have been described. In contrast to all other pheno-
types, these Treg cells seem to have the exquisite capacity of turning immune responses 
off. This regulatory effect may be of great importance in the treatment of autoimmune dis-
eases, since Treg are obviously capable of silencing several types of immune responses in-
cluding Th1, Th17, and Th2 dominated immune responses (Akdis et al., 2000; Groux et al., 
1997). Referring to the historical attribution given to CD8+ T cells, suppressor T cells ex-
perience a time of renaissance. These CD4+ T cells are capable to suppress autoaggressive 
immune reactions and were found to express CD25, GITR, CTLA-4, and most importantly 
a specific transcription factor, forkhead box p3 (Foxp3) (Bluestone and Tang, 2004). Foxp3 
is not only a marker for these Tr, it is of functional importance for the suppressive mode of 
action of Tr (Walker et al., 2003; Fontenot et al., 2003). As a consequence, patients deficient 
in the Foxp3 transcription factor develop a multiorgan autoimmune disease (Kriegel et al., 
2004). Tr cells are very difficult to induce and grow to expand in vitro and probably also in 
vivo, but finding Foxp3 and increasingly elucidating the underlaying mechanisms of Tr de-
velopment will help to answer the questions in regard to the significance these cells may 
play in the therapy of autoimmune disease.

Activation and differentiation of T cells

All organs are drained by dendritic APC (DC). These DC are normally considered as po-
tent stimulators of T cells that prime primarily for interferon-γ (IFN-γ) producing CD4+ 
and CD8+ T cells (Banchereau and Steinman, 1998; Schuler and Steinman, 1997; Schuler 
et al., 1997). DC acquire this capacity following antigen uptake while they migrate to the 
draining lymph nodes. This capacity in activating and stimulating T cells to become effi-
cient effector cells, capable of mediating inflammatory immune responses and of inducing 
immunoglobulin production by B cells, requires a certain activation status by these APC. 
Thus APC co-express adhesion molecules that permit adherence of naive and activated 
T cells. They express a panel of co-stimulatory molecules that are required for the activa-
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tion of specifically binding T cells and, in addition, they produce cytokines. Both, the sum 
of cell bound signals and of APC derived cytokines results not only in the stimulation and 
maturation of the specific T cells but also determines their differentiation. Thus, the mat-
uration process that APC and DC undergo during their migration from the periphery to 
the draining lymph node will ultimately determine, whether the primary activation of T 
cells may lead Th1, Th2, Th17, Th22 or inducible Treg cells (Kalinski et al., 1999; Moser and 
Murphy, 2000; Korn et al., 2009; Abraham et al., 2009) (Fig. 2).

When residing in peripheral organs, DC are continuously processing numerous anti-
gens delivered by the local milieu. At this stage, DC have little migratory and antigen pre-
senting capacity. Recent data suggest that the few immature and quiescent DC that migrate 
from peripheral organs to the draining lymph node are not capable of activating T cells to 
become autoaggressive. They seem either to contribute to the phenomenon of ‘ignorance’ 
or to promote the differentiation of naive but potentially autoreactive T cells towards an 
immunosuppressive Treg phenotype (Jonuleit et al., 2000). In sharp contrast, DC start to 
mature and to leave their residing site after an appropriate stimulus. Among those innate 
signals are highly conserved so called ‘pathogen associated molecular pattern’ (PAMP) de-
rived from infectious agents, such as bacterial DNA, bind to Toll-like receptors (TLR) that 
are increasingly recognized as most relevant activators of DC. Obviously, this process is 
driven by more than just one such PAMP, but the impact of combinative innate immune 
sensing ist just beginning to be understood (Volz et al., 2010). These innate signals trans-
form APC not only from an antigen processing towards an antigen presenting cell, capa-
ble of attracting naive and memory T cells into lymph nodes. These innate signals also de-
termine the differentiation of APC towards different DC phenotypes that are capable to or-
chestrate Th1, Th2, Th17, Th22 or Treg cells. In consequence, DC and their capacity to di-

Fig. 2. Differentiation of T helper (Th) cells into either IFN-γ producing Th1, IL-17 produc-
ing Th17, IL-10 or TGF-β producing T reg or IL-4 producing Th2 cells. The differentiation 
into Th1, Th17, and Th2 cells is driven by the functional phenotype of the stimulating den-
dritic cells (DC), draining the site of inflammation. Innate immune sensing by DC is cru-
cial for DC activation, maturation, and migration and also influences the phenotype of DC. 
PAMPs: Pathogen associated molecular pattern; TLRs: Toll-like-receptors; Tn: Naïve Th cell
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1

rect the functional phenotype of the future immune response, directed against either self 
or foreign antigens, is one central element of immune regulation (Banchereau and Stein-
man, 1998; Kalinski et al., 1999; Moser and Murphy, 2000). This concept was expanded 
by disclosing regulatory mechanisms underlaying DC induced immune responses. Thus, 
PAMPs present during the initial activation of DC generally instruct DC to produce IL-12 
and PAMPs tend to promote Th1 development leading to a proper anti-infectious immu-
nity (Figs. 2, 3). However, some PAMPs and other signals lead to an inappropriate Th2 im-
munity in response to microbes (Fig. 2). Interestingly, these Th2 reactions can be switched 
to effective Th1 reactions, a mechanism that may also regulate autoimmunity. Paradox-
ically, IL-4 is a potent factor driving this switch, because IL-4 instructs activated DC to 
produce IL-12 and promotes Th1 cell development (Biedermann et al., 2001). The para-
dox functional consequences achieved by IL-4 were investigated by the sequential analy-
sis of immune responses. Immune responses in general develop via the consecutive acti-
vation of DC and then T cells. Thus, the contrasting effects of IL-4 on immune responses 
with opposing functional phenotypes are a result from IL-4 signaling in early DC activa-
tion leading to a Th1 phenotype and on IL-4 induced T cell differentiation inducing Th2 
cells during a later stage. How exactly Th17 cells and Th2 cells are regulated and influence 
each other is a focus of ongoing research, but it seems as if Th2 cytokines modulate DC in a 
way that these DC are incapable to support Th17 differentiation and maintenance (Guen-
ova et al. in preparation).

Fig. 3. PAMPs tend to induce IL-12 producing DC that control the development of IFN-γ 
producing Th1 or Tc1 cells. These type 1 immune responses are effective against microbes 
but may also be involved in tissue destruction during autoimmune diseases. Alternatively, 
DC with a similar phenotype may also be generated under the influence of activated natural 
killer (NK) cells and lead to Th1 or Tc1 cells
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In addition to TLR signaling, there is a multitude of other recognition pathways that 
include the lectins and other cytosolic pathogen recognition receptors (PRR) such as the 
retinoic acid – inducible gene I (RIG-I) – like receptors (RLRs) and the nucleotide-bind-
ing domain and leucine-rich repeat – containing receptors (NLRs) (Iwasaki & Medzhi-
tov, 2010; Volz et al., 2010). Other levels of innate recognition and regulation of inflam-
mation include the inflammasome providing rapid IL-1 levels (Schroder & Tschopp, 2009) 
and recognition of apoptotic cell material (Nagata et al., 2010). In this context, it is inter-
esting that complex cellular communication pathways support recognition and inflamma-
tion. Thus, activated NK cells can also prime DC to produce IL-12 and to induce CD8 T 
cell memory responses, a mechanism that may be also underlaying an activation of autore-
active lymphocytes (Mocikat et al., 2003) (Fig. 3).

Activation of self-reactive T and B cells

Autoimmune diseases require the presence of autoreactive T cells and, in the case of im-
munoglobulin mediated diseases, of autoreactive B cells. In view of the potent and large 
number of regulatory mechanisms that protect against autoimmune disease, activation of 
autoreactive T and B cells is thought to require a series of destabilizing events. One impor-
tant aspect is the activation and reactivation of potentially autoreactive T cells (Rocken 
et al., 1992). However, induction of autoreative T cells or B cells alone does not induce or 
predispose for autoimmune diseases. For example, in individuals, which are genetically 
predisposed of developing autoimmune diabetes, the relative risk of becoming diabetes in-
creases significantly if their T cells respond vigorously against endogenous antigens from 
pancreatic islet cells. In sharp contrast, individuals from the same population are largely 
protected against autoimmune diabetes, when they exert high immunoglobulin titers but 
weak T cell responses against the same antigens (Harrison et al., 1993). This further under-
lines that ‘reactivity’ does not equal autoimmune disease.

One of the fundamental questions that are still unanswered yields with the primary 
event leading to the induction of autoreactivity. Some data suggest that, in the presence 
of an appropriate genetic background, minimal events such as normal tissue necrosis may 
be sufficient for the induction of, perhaps even potentially harmful, autoreactivity (Albert 
et al., 1998; Matzinger and Anderson, 2001). 

Most data suggest that a series of tolerance inducing mechanisms normally inhibits T 
and B cells to react against many autoantigens (Naucler et al., 1996). Therefore, stimuli that 
induce reactivity against these autoantigens have to overcome the diverse tolerance induc-
ing barriers. Epidemiologic data suggest that the realization of autoimmune diseases is of-
ten preceded by infectious diseases and attention was given to the events by which infec-
tions may abolish the status of tolerance (Matzinger, 1994; Sinha et al., 1990). At least three 
mechanisms are thought to contribute to this phenomenon: reactivation of tolerant T and 
B cells, induction of autoreactive T cells by molecular mimicry and modification of the cy-
tokine pattern during the course of infectious diseases.
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1
Breaking T and B cell tolerance

Experiments with transgenic or non- transgenic mice animals have shown that, in princi-
ple, tolerant T and B cells can be reactivated by infectious agents. Infections are capable of 
restoring in silenced T cells the capacity to produce cytokines (Racke et al., 1994; Rocken 
et al., 1992). This phenomenon was extended to the situation of transplantation induced 
tolerance (Ehl et al., 1998). Similarly, reactivity and immunoglobulin production by B cells 
that were silenced either by exogenous or transgenic endogenous antigens can be restored 
with mitogens, including bacteria derived lipopolisacchrides (Goodnow et al., 1991; Louis 
et al., 1973). Even though these experiments have shown that infectious agents can abolish 
solid T and B cell tolerance there are little data showing that this reactivation of tolerant T 
and B cells can also lead to autoimmune disease. One first example suggesting such a situa-
tion is given by double transgenic mice that bear a TCR recognizing a transgenic self-anti-
gen expressed by hepatocytes. Injection of bacterial DNA motifs that activate DC and pro-
mote DC-development also induced transient liver damage, as evidenced by an increase of 
transaminases. However, this phenomenon was short lived and no data are available prov-
ing that autoimmune disease can be the direct consequence of polyclonal T cell activation 
(Limmer et al., 1998). In small animal models, induction of autoimmune disease by bac-
trial DNA motifs or more complex bacterial lysates such as complete Freund’s adjuvans re-
quired, in addition, always immunization with an antigen that mimics peptide motifs of 
the targeted self antigen (Bachmaier et al., 1999). Thus, in normal mice bacterial DNA mo-
tifs triggered the myocarditis only when co-administered with an altered self-peptide, de-
rived from chlamydia.

These data suggest that immunization against antigens that are structurally related to 
self-antigens are essential for the induction of autoimmunity. This concept is further sup-
ported by functional and structural analysis of T cell eptipopes of infectious agents and po-
tential self-antigens. Chlamydia peptides can share functional similarities with peptides 
expressed by mammalian heart muscle, while other infectious agents share important pep-
tide sequences with potential self-antigens such as myelin basic protein. This aspect is es-
pecially significant since molecular mimicry does not require molecular identity. Studies 
with altered peptide ligands have shown that induction of cytokine production or T cell 
proliferation requires only poor structural relation as long as important anchor positions 
are conserved (Gautam et al., 1994; Wucherpfennig and Strominger, 1995). Various exam-
ples suggest that this may be of relevance for autoimmune diseases of the skin. Thus, the 
first eruption of the juvenile type of psoriasis is preceded by streptococcal infections in 
most patients (Prinz, 1999) and lichen planus is associated in a large number of patients 
with an acute or chronic liver disease (Chuang et al., 1999). In some patients lichen planus 
may even be provoked by active or even passive vaccination against hepatitis (Degitz and 
Röcken, 1997; Tessari et al., 1996).

Despite the experimental prove for both, re-activation of tolerant T cells and for molec-
ular mimicry, the exact role of infections in the pathogenesis of autoimmune diseases re-
mains open. One important alternative would be the direct infection and molecular alter-
ation through infectious disease. One important example is chronic active hepatitis, where 
relatively weak immune responses follow the slowly progressing wave of infected hepato-
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cytes and thus slowly destroy the liver. In this situation, activation of the T cell mediated 
immune responses, associated with a short aggravation of the hepatitis may lead to reduc-
tion and control of the viral load and cure from chronic progressive hepatitis (Berg et al., 
1997; Gerlach et al., 1999; Moradpour and Blum, 1999). In the skin a very similar phenom-
enon is visible during fungal infections. The border, the clinically manifest eczema, reflects 
the immune reaction against a large burden of fungi. Inside the inflammatory margin, the 
eczema and the fungal load are significantly milder. In the case of fast growing fungi, the 
eczema may present as a policyclic disease (Fig. 4). 

A third level where infections could directly interfere with autoreactive T cells is the 
pattern of cytokines that T cells produce. Thus, infection with the nematode nippostrongy-
lus brasiliensis can not only restore reactivity in silenced CD4+ T cells but also induce IL-4 
production by these silenced T cells (Rocken et al., 1996; Rocken et al., 1994; Rocken et al., 
1992). 

In conclusion, increasing understanding of the PRR-mediated activation if innate im-
mune cells and their link to adaptive immunity has helped to create a concept that also ap-
plies to the activation of autoreactive T and B cells. Thus in a series of models, activating in-
nate immunity has turned on or increased the adaptive immune response. These data em-
phasize the power of infectious diseases in mounting immune responses and in modulat-
ing the cytokine phenotype of established immune responses. PAMPs binding to TLR and 
other PRRs and regulating the transcription of pro-inflammatory genes through NFκB are 
the basis for this new understanding. Thus, PAMPs like immunostimulatory DNA bind-
ing TLR9, like lipopolysachharides binding TLR4 and others are capable of activating DC, 
B cells, and probably also T cells. Thus, instructing IL-12 producing DC via TLR9 can be 

Fig. 4. Waves of inflammation as reflected by the migrating margins of eczema found during 
tinea infection
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1 achieved by injection of TLR9 ligands into mice. Using the model of progressive, Th2-me-
diated leishmaniasis infection in susceptible BALB /c mice, Zimmermann et al. showed 
that immunostimulatory DNA motifs are capable of reverting even fully established type 
2 immune responses into IFN-γ dominated type 1 immune responses and DTHR (Zim-
mermann et al., 1998). Thus, injection of immunostimulatory DNA motifs and trigger-
ing TLR9 overcame the tolerance towards the parasite and restored control over Leishma-
nia major in animals with a large parasite burden. In view of such a powerful Th1-inducing 
capacity, it was likely that similar immunostimulatory motifs are also capable of breaking 
self-tolerance and induce autoreactive Th1/ Tc1 cells that cause inflammatory tissue de-
struction. Indeed, it was shown very recently that viruses provide TLR signals required for 
bypassing regulatory T cell-mediated tolerance (Yang et al., 2004). PAMPs may therefore 
be considered as the leading group of danger signals that nature provides and that may also 
lead to activation of autoreactive T and B cells.

In addition to PAMPs derived from microbes, there is increasing evidence suggesting 
that also endogenous ligands can trigger TLR and activate autoreactive lymphocytes (Ulev-
itch, 2004). Systemic lupus erythematosus is characterized by the production of autoanti-
bodies against nucleic-acid-containing macromolecules such as chromatin or ribonucleo-
protein particles. DC and B cells are effectively activated by immune complexes containing 
chromatin, a process that involves TLR9. This activation leads to proliferation of autoreac-
tive T and B cells providing direct evidence for TLR promoted autoimmunity mediated by 
endogeneous ligands (Leadbetter et al., 2002; Boulé et al., 2004).

Autoimmune disease

Autoimmunity is a prerequisite for autoimmune disease. However, the events that lead from 
autoimmunity to an overt inflammatory disease are still unclear. Production and release of 
TNF seems to be important for this step, but the exact role of this cytokine is far from being 
elucidated (Green and Flavell, 2000). Without any doubt, autoreactive T cells are not only 
associated with autoimmune diseases but can directly cause the disease. Analysis from mice 
with non obese diabetes (NOD) revealed that both, CD4+ and CD8+ T cells are required for 
the induction of both, autoimmune inflammation and autoimmune disease (Bendelac et al., 
1987). Similarly, transfer of MBP-reactive T cells (Mokhtarian et al., 1984) and even more 
precisely, MBP-reactive CD4+ T cells of the Th1 phenotype alone are capable of inducing 
severe autoimmune encephalitis, when transferred into naive mice (Racke et al., 1994).

T cells 

A comparison of various models for organ-specific, inflammatory autoimmune disease 
unrevaled that organ specific inflammatory autoimmune diseases are primarily induced 
by T cells of the proinflammatory Th1 and Th17 phenotype. It is assumed that both, CD4+ 
and CD8+ T cells and also Th1 and Th17 cells are involved under most conditions, but the 
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exact role of CD8+ T cells remains unclear. The best studied example investigating the ex-
act role of Th1 and Th17 cells in autoimmunity is a model for multiple sclerosis, the ex-
perimental allergic encephalitis (EAE): In this model both Th1 and Th17 cells are capa-
ble to mediate autoimmune disease although with different strength and different pathol-
ogy (Luger et al., 2008). These types of investigations and the functional characterization 
were performed in the past for Th1 cells for models of autoimmue diseases in small ani-
mals and for the analysis of autoimmune responses in humans with organ-specific autoim-
mune disease such as autoimmune diabetes (Kolb et al., 1995), multiple sclerosis (Martin 
et al., 1992; Zhang et al., 1998) or psoriasis (Austin et al., 1999; Vollmer et al., 1994). Anal-
ysis in regard to Th17 pathology are as performed for EAE (Luger et al., 2008) are still on-
going, but immune responses associated with infiltrates of polymorphonuclear Leukocytes 
(PMN) such as psoriasis seem to be mediated by Th17 (Nestle et al., 2009).

B cells and immunoglobulins

Probably the best example for an immunoglobulin-mediated disease is pemphigus vugaris. 
In patients, this disease is associated with little inflammation and seems to be directly me-
diated by the binding of autoreactive immunoglobulins to the desmogleins that guaran-
tee the adherence between keratinocytes (Amagai et al., 1991). Indeed, transfer of patient 
sera and monoclonal antibodies directed against desmoglein III into the skin of new-born 
mice can directly induce acanthosis (Rock et al., 1989). This critical role for a direct bind-
ing of immunoglobulins to desmoglein structures is further supported by the observation 
that in patients with pemphigus vugaris the disease activity correlates closely with the se-
rum levels of the autoantibodies (Hertl, 2006). Such a close association is unusual for other 
autoimmune diseases, including lupus erythematosus or bullous pemphigoid. For com-
parisons, bullous pemphigoid is of special interest. It is also an immunoglobulin mediated 
bullous skin disease. In sharp contrast to pemphigus vulgaris, the clinical manifestation of 
bullous pemphigoid does not only require deposition of autoantigens but also an inflam-
matory milieu that causes detachment of the basement membrane (Liu et al., 2000; Liu 
et al., 1998). Consequently, transfer of specific sera or immunoglobulins under the skin of 
new born nude mice alone is not sufficient for the induction of blisters. It requires, in ad-
dition, activation of the complement cascade and inflammation, involving the recruitment 
of granulocytes (Liu et al., 1995).

Tissue damage, Th1, and Th17 cells 

Th1 and Th17 cells seem to be associated with two distinct types of tissue damage. One 
type of tissue damage is rather characterized by a sterile inflammation (Th1), the other 
with the strong accumulation of polymorphonuclear granulocytes (Th17). 

Sterile Th1/ Tc1 responses are found in lichen planus, most patients with multiple sclero-
sis or autoimmune diabetes. They are associated with activated macrophages, which seem 
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to be the effector cells of these immune responses. Like macrophages that are stimulated 
in vitro in the presence of IFN-γ, they produce large amounts of TNF, oxygen radicals, NO 
and other mediators of inflammation (Stenger and Modlin, 1999). Activated CD8+ T cells 
(Tc1) with potent killer functions seem also to be involved (Zinkernagel, 1996). In concert, 
these mediators can cause severe tissue destruction that ultimately results in compensatory 
scar formation. Due to the capacity of the skin to regenerate even severe tissue damage, li-
chen planus heals under most conditions without scaring. However, persistent alopecia, 
onychodystrophy or even scars of the normal skin are potential complications (Fig. 5A). 

Under other conditions, Th17 cells dominate autoimmune diseases, which are associ-
ated with a strong infiltrate of PMN. Such a constellation characterizes psoriasis, rheuma-
tiod arthritis (RA) and most types of inflammatory bowel disease, especially Crohn’s dis-
ease (Kron et al., 2009; Abraham et al., 2009). In addition, targeting the p40 subunit of both 
IL-12 and IL-23 also demonstrated to be an effective therapy for psoriasis indicating that 
induction of Th1 cells (IL-12) or induction and maintenance of Th17 cells (IL-23) together 
with some inherent effector functions of these two cytokines are crucial for the immune 
pathogenesis of psoriasis (Krueger GG et al., 2007). In this context, IL-17 and IL-17 in-
duced cytokines regulate PMN infiltration and in addition, mast cells triggered by Th cells 
lead to strong PMN recruitment through their mediators: TNF, which induces the expres-
sion of intravascular adhesion molecules (Biedermann et al., 2000; Kneilling et al., 2009), 
and the IL-8, which is the most important chemokine attracting PMN (Biedermann et al., 
2000). The communication pathways between Th1 and Th17 cells and mast cells still need 
to be characterized (Fig. 5B). 

Fig. 5. Different types of inflammation induced by either IFNγ-producing Th1 and by IL-4-
producing Th2 cells
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Interestingly, mast cells seem not only to recruit PMN during Th1/ Th17 mediated im-
mune responses. Activated mast cells are also abundant during immunoglobulin medi-
ated destruction of the basement membrane in bullous pemphigoid. Adoptive transfer of 
bullous pemphigoid autoantibodies into the skin of newborn mice underlined that mast 
cells are required also for PMN recruitment in the pathogenesis of bullous pemphigoid 
(Chen et al., 2000).

Th2 T cells and T-B cell interactions (Fig. 2)

A large number of autoimmune diseases is immunoglobulin mediated. These ‘humoral’ 
diseases can roughly be divided into two major categories. Immunoglobulins can induce 
damage through direct binding of their target-antigen. This is the situation in most other 
bullous autoimmune diseases of the skin, especially pemphigus vulgaris. Alternatively im-
munoglobulins bind to circulating antigens and cause damage through deposition along 
basement membranes or in vessels. The former situation is given in the case of lupus (Ru-
bin, 1997) the latter at sites of vasculitis.

Thus, immunoglobulins are responsible for all types of diseases caused by immunreac-
tion type I, II and III according to the classification of Coombs & Gell. As the pattern of 
immune responses initiated by immunoglobulins strictly depends on the immunoglobu-
line isotype, the diseases caused by immunoglobulins depend not only on the antigen they 
recognize. The clinical spectrum of diseases initiated by autoantibodies ranges from urti-
caria, through cytopathic tissue damage leading to cytopenia, inflammatory tissue destruc-
tion following the deposition of immunoglobulins and complexes at membranes till to se-
vere necrosis, as a consequence of acute vascular infarction.

Here again, T cells play a central regulatory role. Under most conditions, B cells start 
only to produce autoantibodies, when stimulated by antigen-specific T cells. During this 
stimulation, T cells release a distinct pattern of cytokines controlling the immunoglobu-
lin switch in the responding B cells. Cytokines of the Th2-family, IL-4 and IL-13 induce the 
isotype switch towards IgE and isotypes that don’t bind complement, IgG1 in the mouse 
and in humans probably IgG4. Th1 cells that are thought to organize the defense against in-
tracellular pathogens and viruses induce preferentially complement-binding isotypes.

A well analyzed example is pemphigus vulgaris, where patients have frequently IgG4 
antibodies against desmoglein 3 and predominant Th2 responses against this same autoan-
tigen. 

Therapeutic induction of functional tolerance 

The therapeutic strategies available reflect a combination of corticosteroids and immuno-
suppressive agents, most of them acting on both T and B cells. Corticosteroids are used 
with the primary goal to reduce the acute inflammation and to limit tissue damage. They 
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1 are also efficient in suppressing T and B cell responses, but long-term side effects are very 
important. Therefore, therapies normally combine corticosteroids with immunosuppres-
sive agents in order to reduce immune responses to a level that optimally inhibits harm-
ful immune reactions but still allows normal defense against infectious agents. Such thera-
pies establish a fragile balance that is helpful in some but not all autoimmune diseases. Es-
pecially the late outcome is still poorly controlled and acute relapses and chronic infections 
may lead to new complications such as an increased frequency of atherosclerosis, at least in 
some groups of immunosuppressed individuals.

This led to the development of novel strategies. They are based on either of the three 
principles: efficient blockade of the effector functions of immune responses, absorbing 
harmful immunoglobulin fractions or correction of aberrant T cell responses. 

The greatest progress is currently obtained by blocking immune functions with anti-
TNF-antibodies. This seems to be more efficient and better tolerated than any of the previ-
ously described immmunosuppressive agents (Feldmann et al., 1996). However, therapies 
based on anti-TNF-antibodies inhibit any type of immuneresponse and therefore harbor a 
series of risks for patients with acute or chronic infections. Among autoimmune skin dis-
eases psoriasis has been shown to improve under anti-TNF-therapies (Mease et al., 2000). 
This is an important prove of principle and we know today that this therapeutic approach 
can be very beneficial for our patients suffering from psoriasis, psoriasis arthritis, and ac-
rodermatitis continua suppurativa of Hallopeau. In addition, neutralizing TNF may be a 
promising approach for acute diseases associated with inflammatory tissue destruction 
such as aphtous ulcers or pyoderma gangraenosum. In addition, antibodies to the p40 sub-
unit of both IL-12 and IL-23 are now available (ustekinumab) and were successfully used 
in psoriasis (Krueger GG et al., 2007) possibly targeting Th1 and Th17 mediated autoim-
mune disease. However, we have to keep in mind that other highly effective, less invasive, 
and less expensive therapies are available for psoriasis.

Absorbency of harmful immunoglobulins is a logical approach that was developed from 
plasmapheresis. One problem is that it acts relatively late in the immune response and B 
cells continue to produce pathogenic immunoglobulins. 

Large efforts were undertaken to develop T cell based immunotherapies. They may af-
fect either antigen presenting cells, co-stimulation or the T cells directly. Today, strategies 
modulating the co-stimulation of T cells mediated through CD28 /CTLA4 or LFA-2 / LFA-3 
seem to be one promising approach to alter autoreactive T cell responses (Abrams et al., 
2000; Krueger and Ellis, 2003). One other possibility would be to correct harmful cytokine 
production by specific T cells. Three mechanisms are under study: induction of regulatory 
Tr cells capable of inhibiting immune responses in an antigen-specific fashion. The second 
would be the deviation of harmful Th1 or Th17 responses into a protective Th2 response or 
Treg responses. While tha latter seems to be difficult to achive, such an approach was fol-
lowed up with Th2-responses. Th2 responses in contrast to Treg cells have a tendency to 
perpetuate and to establish an antiinflammatory Th2-memory, once they are initiated (Bie-
dermann et al., 2001). Indeed, a first study performed with psoriasis patients demonstrated 
that IL-4 therapy is a highly effective treatment strategy for autoimmune diseases (Ghore-
schi et al., 2003). The third reflects the opposite, the redirection of harmful Th2 responses 
into a Th1-phenotype or Th17 phenotype, an approach that may be of interest in IgE-me-
diated diseases. 
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These antigen-specific T cell based approaches are still at an early clinical experimen-
tal stage and even though not appropriate for acute interventions, the first studies demon-
strated that it is a very promising approach (Ghoreschi et al., 2003). For future develop-
ment, these vaccination approaches are of special interest as they circumvent a series of 
major problems associated with all other therapies. Two important aspects are: These ther-
apies are highly specific for the targeted antigen structure and should therefore not inter-
fere with the other physiologically required immune responses (Rocken et al., 1996). The 
other is that they target the site where T cell responses are translated from the innate to the 
adaptive immune response and they therefore should protection of long duration. 
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Introduction

Non organ specific autoantibodies (AABs), are directed against highly conserved antigens 
of the body’s own cells (Holborow et al., 1957). Diagnostically relevant target structures 
are predominantly located in the cell nucleus (antinuclear antibodies, ANA), but also in 
the cytoplasm. Screening for these AABs constitutes a major part of the diagnostic proce-
dure for connective tissue and autoimmune liver diseases. Evidence is usually collected in 
a multistage diagnostic process in which initial screening is carried out using indirect im-
munofluorescence testing (IIF) on HEp-2 cells, an epithelial cell line derived from a hu-
man laryngeal carcinoma (Hahon et al., 1975). HEp-2 cells have replaced the frozen sec-
tions of organs, which were originally used as a substrate. Used in primary screening, the 
main advantage of IIF on HEp-2 cells is that it provides a good overview of most of the di-
agnostically relevant non-organ-specific AABs and their concentrations. Originally, im-
munological laboratories prepared their own HEp-2 cells, and diagnostic use of these cells 
was subject to great variability because of individual culture and fixation conditions. Now-
adays preparations of acceptable quality are available from manufacturers of diagnostic 
equipment on standardized microscope slides as in vitro diagnostic material (EU Direc-
tive, 1998). The use of cells in IIF cannot be replaced by the use of lysed HEp-2 cells in en-
zyme immunoassays because only immunofluorescence can deliver information about all 
diagnostically relevant AABs. In spite of the now-acceptable quality of the available HEp-2 
preparations for immunofluorescence, the results from different laboratories can differ 
considerably. This paper therefore aims to summarize current recommendations concern-
ing IIF methodology and the interpretation of immunofluorescence patterns on HEp-2 
cells. These recommendations will contribute to improve the comparability of diagnostic 
procedures and are intended to aid the interpretation of findings, independent of the lab-
oratory in which the tests are performed. The recommendations were developed in close 
collaboration with clinical and laboratory scientists with the focus to improve diagnostic 
procedures for autoimmune diseases (Sack et al., 2007). 
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Reagents and Test Preparation

HEp-2 Cells

HEp-2 cells are available from numerous suppliers as a CE-certified and / or FDA approved 
diagnostic aid. They can also be obtained from cell banks (such as American Tissue and 
Cell Collection CCL-23; http://www.atcc.org) as a cell line for scientific investigations. The 
cells have been found to be heterogeneous in their morphology, antigen expression and cell 
division behavior. Modified HEp-2 cells also exist in which the expression of particular an-
tigens, such as Ro60 has been increased by transfection. Certain criteria are important for 
the judgment of the cells’ quality and can be heavily influenced in the production process 
by cell culture conditions, cell preparation, microscope slide preparation, fixation and the 
processing instructions given. 

These criteria are:
1. cell density and distribution on the microscope slide, 
2. number of mitoses (at least 3 to 5 mitoses per visual field at 200 × magnification),
3. expression of target antigens for relevant autoantibodies,
4. maintenance of morphology,
5. background fluorescence 

Before it is used in the laboratory, the quality of each batch should be tested using defined 
monitoring procedures. There is so far no standardization of the preparation of HEp-2 cells 
or the composition of the test kits among manufacturers, although this would make it pos-
sible to ensure that differences in titer levels and fluorescence patterns detected on evalu-
ation do not arise as a result of preparation procedures. Furthermore, only standardized 
procedures make possible longitudinal measurements and comparison of results from dif-
ferent laboratories. Batch monitoring requires the use of one negative serum and at least 
three positive serum samples with different fluorescence patterns resulting from defined 
antibody reactivity (e. g. centromeres, dsDNA, Ro / SS-A). These must be used in alterna-
tion each time the test is run.

Workplace 

The preparation of IIF tests and subsequent evaluation by fluorescence microscopy are typ-
ically carried out in separate areas. In immunofluorescence laboratories it is especially im-
portant to ensure low levels of dust. The microscopy room must be large enough to al-
low two people to work simultaneously and must be adequately ventilated. Considerable 
amounts of heat can be produced, especially when microscopes with high-pressure mer-
cury lamps are used. A network connection for laboratory computers simplifies working 
procedures and documentation. 
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Assay Procedure

All samples to be processed must be identifiable at all times with the help of the order spec-
ification and sample labelling. 

Processing of Samples 

Pre-analytic procedures are not critical for detection of autoantibodies. Hemolytic, lipemic, 
and icteric sera should be recorded in the protocol, as they may influence the test system. 
As a rule the reagents used have a CE certificate, so that analysis must be carried out ac-
cording to the manufacturer’s instructions. Deviations from incubation times, dilutions, or 
buffering systems can influence the test results when the microscope slides are evaluated 
and must therefore be validated in the laboratory. Samples are processed at room tempera-
ture (20 to 24 °C). When microscope slides from different manufacturers are used, it is nec-
essary to ensure that the corresponding test components are used in each case. Buffer sys-
tems and conjugate concentrations, in particular, are usually adjusted for the relevant sub-
strates on the microscope slides. It is also necessary to be aware of the expiry date and the 
correct storage method for each of the reagents used. With conjugate, in particular, a de-
crease in intensity is otherwise to be expected, which can lead to a lower titer of the au-
toantibody of interest. The volumes of serum and conjugate to be pipetted or dripped onto 
the appropriate application sites are often not clearly defined. Microscope slides frequently 
have application sites of different sizes. It is necessary to ensure that the whole application 
site is covered with serum / conjugate, but an application site should not be allowed to over-
flow because this immediately puts the next application site at risk of contamination. It is 
recommended that individual laboratories determine the optimal volumes for each micro-
scope slide and include these in the corresponding internal instructions (Standard Operat-
ing Procedures, SOPs). The individual incubation stages should be carried out in a humid-
ity chamber to prevent the sample from desiccation, which would significantly reduce the 
sample volume per application site. Easily cleanable flat plastic boxes are used for this pur-
pose. The floor of the box is covered with a porous carrier material, such as cellulose, which 
is easy to moisten and should be renewed regularly. The microscope slides should not be 
placed directly on top of this material. The actual test starts when the serum, which has 
been diluted with the buffers supplied within the test kit (usually phosphate-buffered iso-
tonic saline, PBS), is added to the HEp-2 cell monolayer. Under no circumstances should 
serum spill over onto adjacent fields. The incubation time is usually 30 min, normally fol-
lowed by three 10-min washes in PBS. When cuvettes are used, the washing time is short-
ened to 3 × 2 to 5 min. The use of automatic washing equipment should be considered only 
after rigorous evaluation since it often gives unsatisfactory results because of increased 
background staining or cell detachments. 

When washing the individual microscope slides, it is important first to remove all the 
serum or conjugate from each application site by briefly rinsing with washing buffer before 
placing the slides into the cuvette with washing buffer. This procedure is intended to pre-
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vent high-titred and high avidity antibodies on other application sites from causing cross-
contamination and false-positive results, even when incubation times are short. After ad-
dition of the fluorescent-labeled secondary antibody (conjugate) and an incubation pe-
riod which normally lasts 30 minutes, the slide is washed again. The use of fluorescein iso-
thiocyanate (FITC)-labeled secondary antibodies to human IgG is very common and, in 
our opinion, ideal. The value of additional use of secondary antibodies to other immuno-
globulin classes needs to be investigated further. The FITC-labeled secondary antibodies 
are often treated with 0.01 g / l L Evans Blue to make the fluorescence signal easier to dis-
tinguish. To complete the test, the microscope slides are covered with a mounting medium 

Table 1. Typical Nuclear and Cytoplasmic Fluorescence Patterns of Anto-Antibodies

Patterns HEp-2 Fluorescence Common Antigens
nuclear patterns

homogeneous homogeneous or fine granular 
nuclear fluorescence,
chromatin in metaphase positive

dsDNA, nucleosomes, histones

fine granular fine/intermediate granular 
nuclear fluorescence,
negative metaphase chromatin

Ro/SS-A, La/SS-B, Ku, Mi-2

coarse granular coarse granular nuclear fluores-
cence with numerous
condensations, excluding nucleoli

U1-RNP, Sm

nucleolar nucleolar fluorescence Scl-70  
(chromosomal association)

PM-Scl, Fibrillarin, Th/To

centromere dot count according to inter-
phase chromosome number 
AND mitosis chromatin

CENP-B

nuclear dots multiple nuclear dots  
(commonly 13 to 25 per
nucleus), negative metaphase 
chromatin

Sp100

pleomorphic heterogeneous staining  
of interphase nuclei

PCNA

cytoplasmatic patterns

homogeneous cytoplasm homogeneous to fine 
granular 

Rib-P (with positive nucleoli)

granular fine to intermediate granular 
cytoplasm (or granular dots)

Jo-1

mitochondrial fine-stitched cytoplasmatic 
fluorescence

AMA-M2

cytoskeletal cytoskeleton associated 
fluorescence

Actin
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containing glycerine (about 80% glycerine in PBS). This usually contains an antibleaching 
substance. The ideal quantity of mounting medium per microscope slide should be fixed 
for each laboratory individually. A large excess of mounting medium can lead to fogging 
and poor focus when slides are evaluated microscopically. Manufacturer-specific differ-
ences in mounting medium should be taken into consideration here. The practice of clean-
ing or drying around the application site with a paper towel or swab, which has become 
established at some laboratories, is unnecessary and causes errors by wiping substances 
into the cells and introducing dust and fibers. Gentle tapping of the microscope slide and 
drying on an absorbent surface are sufficient. After evaluation, the prepared slides can be 
kept in a refrigerator and analyzed for up to 24 h. However, after longer periods, reanaly-
sis is difficult due to diffusion of the antibodies and bleaching-out of the fluorescent dyes, 
especially when the reactivity is weak. A prepared slide should therefore be hermetically 
shrink-wrapped and stored at − 20 °C, in case another analysis needs to be carried out later 
for monitoring or comparison purposes. 

Serum Dilution

A serum dilution of 1:80 is used in screening for antibodies. The majority of test kits are de-
signed so that 95% of sera from healthy control subjects show no staining, while sera with 
diagnostically relevant autoantibodies are detected. Reagents put together by individual 
laboratories (laboratory-made tests) must be adjusted during validation so that, at this di-
lution, negative sera from healthy blood donors are not recorded. The adjustments carried 
out by the manufacturer during batch monitoring must always be verified at the laboratory. 
It may be necessary to check whether changes of the testing procedure need to be made. 
However, these must also be validated. 

The manufacturers should offer an adjustment here to accord with the consensus pro-
tocol. In the case of a positive result, the test is repeated using a geometric series of dilu-
tions according to the strength of the primary fluorescence (1:160 to 1:5120). Titers of at 
least 1:160, are taken to be diagnostically relevant provided the test has been carried out 
and evaluated correctly (Kang et al., 2004). A titer of 1:80 can be seen as borderline be-
cause, in the majority of cases with this titer, no diagnostically relevant ANA specificities 
are found (Table 1). 

Controls

In parallel to the sample processing, control tests with positive and negative samples must 
be run. For important patterns, sera containing disease-typical AABs should also be used 
at regular intervals (Fig. 1). Commercial control sera are available for this purpose, and 
positive probes defined by the laboratory itself can also be used. Ideally, defined control 
sera from commercial suppliers or the Center for Disease Control and Prevention (CDC) 
should be used. It is urgently recommended that laboratories take part in external quality 
assessments (http://www.ukneqas.org.uk) of independent suppliers in accordance with the 
national standards and guidelines. 

2 Autoantibody Detection Using Indirect Immunofluorescence on HEp-2 Cells 27



2

Fig. 1. Allocation of the HEp-2 cell immunofluorescence patterns listed in Table 1 to systemic 
inflammatory diseases that often underlie these patterns, or that are (with varying sensitiv-
ity and specificity) associated with them. The connecting lines indicate that, when the sus-
pected diagnosis in the right-hand column and/or the fluorescence pattern in the left-hand 
column are present, the autoantibodies connected to them should be sought preferentially   
(with permission modified from Sack et al., 2003)
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Microscopy 

Precise pattern evaluation is carried out at 400 × magnification (combination of 10 × eyepiece 
and 40 × objective). First the intensity of the fluorescence is judged. The evaluation must take 
into account several mitoses so that a clear decision on the presence or absence of fluores-
cence as well as a statement with regard to the basic pattern can be made (Table 1). The light 
intensity should not be less than that provided by a 50-watt mercury vapor lamp. Today, light 
emitting diodes (LEDs) are increasingly being used as a light source. Their constant bright-
ness and long life (over 10,000 h of use) make them a real alternative to mercury vapor lamps 
(100 to 300 h of use depending on type; adjustment is necessary when bulbs are changed).

Efforts to standardize fluorescence intensity were not yet ultimately successful. Ap-
proaches such as the use of defined gray filters, standardized fluorescent beads (Kahn et al., 
2006), or computer-assisted image analysis programs (Hiemann et al., 2007, 2009; Sack 
et al., 2003; Soda, 2007) are currently being evaluated. 

Evaluation and Interpretation 

HEp-2 cells contain a broad spectrum of detectable autoantigens. Primarily attention is di-
rected toward nuclear patterns, but cytoplasmic patterns should also be considered. Mixed 
patterns are common. The individual patterns must be specified in the report, with de-
tails of different titers if appropriate. Certain patterns in IIF indicate disease-relevant AAB 
specificities and are an indication for using specific immunoassays. In an effective multi-
stage diagnostic process it is therefore necessary to identify the autoantibodies that are typ-
ically responsible for a particular pattern. In the case of fluorescence patterns that cannot 
be characterized more closely, and whose clinical relevance is unknown, a note should at 
least be included to inform the clinician about the pattern so that future investigators can 
recognize it again (Fritzler, 2008). Antinuclear antibodies are subdivided into a few basic 
patterns. These patterns are often also present as mixed patterns. These can be differenti-
ated by means of observation at different dilutions because, for example, a strong homo-
geneous fluorescence can mask other patterns at low serum dilutions and thus mask them. 
Depending on the suspected diagnosis it is useful to pay specific attention to the fluores-
cence patterns named in Fig. 1. The evaluation must be carried out by experienced work-
ers who regularly undergo further training in autoimmune diagnostic procedures. Increas-
ingly, attempts are being made to use computer-assisted interpretation aids; initial experi-
ences in this area have recently been published (Kahn et al., 2006; Hiemann et al., 2007). 
Depending on the diagnostic questions posed and the fine characterization required for a 
differential diagnosis, screening should be followed by further diagnostic procedures based 
on specific immunoassays (radio, enzyme, or dot / line immunoassays) using highly puri-
fied (natural or recombinant) autoantigens. The diagnostic report must include the possi-
ble target antigens as well as a description of the fluorescence patterns found and their ti-
ters. Above all, the report needs to contain an assessment, f the findings in the light of the 
diagnostic, questions posed. The latter applies particularly for negative results. Because, in 
older patients, low-titred autoantibodies are often not an indication of illness, differential 
tests can be omitted if there is no clinical indication. It is not sufficient to report findings 
with the comment “positive ANA” without giving details of the pattern.
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Summary

The detection of autoantibodies is an important element in the diagnosis and monitor-
ing of disease progression in patients with autoimmune diseases. In laboratory diagnostic 
tests for connective tissue and autoimmune liver diseases, indirect immunofluorescence on 
HEp-2 cells plays a central role in a multistage diagnostic process. Despite the high qual-
ity of diagnostics, findings at different laboratories can differ considerably due to a lack of 
standardization, as well as subjective factors. This overview article formulates recommen-
dations for the standardized processing and interpretation of the HEp-2 cell test for the de-
tection of non-organ-specific (especially antinuclear) antibodies. It provides requirements 
regarding the diagnostic tests used, instructions for laboratory procedure and evaluation, 
and recommendations for interpretation. For an optimal laboratory diagnostic process, it 
is useful to have an informative, tentative clinical diagnosis and an experienced laboratory 
diagnostician. In addition, the following key elements are recommended: initial screening 
using indirect immunofluorescence on carefully chosen HEp-2 cells beginning with a se-
rum dilution of 1:80 and evaluation under a microscope with powerful illumination; re-
sults from a titer of 1:160 and upwards being considered positive, internal laboratory qual-
ity control, and standardized interpretation. 
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Introduction

Pemphigus vulgaris (derived from the Greek word “pemphix”, meaning blister) belongs to 
the group of bullous autoimmune skin disorders. Clinically, the disorder is characterized 
by large, bullous, erosive defects on the skin and mucous membranes. This very rare dis-
ease usually occurs between the 4th and 6th decades of life and has an annual incidence of 
about 1–2 /106 (Europe and North America). Immunological studies typically show circu-
lating autoantibodies to specific adhesion molecules in the epidermis. The binding of au-
toantibodies to desmosomal adhesion structures leads to functional loss of these autoan-
tigens and thus to abnormal adhesion of epidermal keratinocytes corresponding to blis-
ters or erosions. The strongest genetic association is with certain human leukocyte antigen 
(HLA) class II alleles (Lee et al., 2006). 

In recent years desmoglein 3, a desmosomal adhesion protein, has been identified as 
an important autoantigen in pemphigus vulgaris and subsequently cloned (Amagai et al., 
1991). In vivo and in vitro models have shown that desmoglein-3-reactive autoantibodies 
in the sera of pemphigus patients are the cause of pemphigus vulgaris (Amagai et al., 2000; 
Anhalt et al., 1982; Ishii et al., 2005; Kawasaki et al., 2006). The clinical manifestation of 
pemphigus vulgaris (mucosal or mucocutaneous type) correlates with the respective au-
toantibody profile. In patients with strictly mucosal involvement, only desmoglein-3-re-
active autoantibodies are identified, while in patients with both mucosal and skin lesions 
both desmoglein-3 and desmoglein-1 autoantibodies are identified (Amagai et al., 1999). 
These new findings allow a classification of various pemphigus variants, not only by clini-
cal phenotype, but also based on the specificity of the autoantibody profile.

Pathogenesis

Pemphigus vulgaris results from a loss of adhesion of epidermal keratinocytes due to bind-
ing of circulating autoantibodies to the desmosomal adhesion protein desmoglein 3 (Ama-
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gai et al., 1991; Hertl et al., 2006; Sitaru and Zillikens, 2005). Polyclonal autoantibodies can 
be identified in serum from affected patients; with regard to desmoglein-reactive immu-
noglobulins, during initial and acute stages of disease IgG4 isotypes predominate, while in 
chronic disease or during periods of remission IgG1 isotypes are present in greater num-
bers (Spaeth et al., 2001). The role of these autoantibodies in the pathogenesis of the disor-
der is further underscored by the following findings: 
1. In the majority of patients, autoantibody titers correlate with the clinical activity of pem-

phigus;
2. newborns born to mothers with active disease can develop transitory blistering as a re-

sult of transplacental transfer of maternal autoantibodies; and
3. the injection of purified IgG from pemphigus serum leads to blistering of the skin in 

newborn mice, which histology shows to suprabasal acantholysis corresponding to 
pemphigus vulgaris (Amagai et al., 1998; Anhalt et al., 1982; Hertl et al., 2006).

Autoreactive CD4+ T cells appear to have an important function in autoantibody produc-
tion. These are mainly helper T 2 (TH2) cells which regulate autoantibody production, 
especially of the TH2-dependent IgG4-subtype via secretion of interleukins 4, 5, and 13 
(Hertl et al., 2006). The autoreactive T cells recognize portions (epitopes) of desmoglein 
3, in association with certain HLA class II alleles (see Fig. 3). This is an interesting find-
ing given that at this point the strongest genetic association in pemphigus vulgaris is with 
HLA class II alleles HLA-DRB1*0402 and HLADQB1* 0503 (Hertl et al., 2006; Lee et al., 
2006). On the basis of binding algorithms, a limited number of T-cell epitopes of desmog-
lein 3 have been suggested that bind to the restricting HLA-DRB1*0402 allele (Wucherp-
fennig et al., 1995). This algorithm appears to be relevant since desmoglein-3-reactive T 
cells have been detected in peripheral blood of patients with pemphigus vulgaris which 
recognize the four or five proposed immunodominant epitopes of desmoglein 3 in associa-
tion with the pemphigus-associated HLA class II alleles (Hertl et al., 2006). This discovery 
is very important for the development of T-cell-based specific immune therapies in pem-
phigus, especially for the induction of tolerance or an anergic state of autoaggressive des-
moglein-3-specific T cells.

The fact that healthy carriers of the pemphigus-vulgaris-associated HLA class II haplo-
type also have autoreactive T cells suggests that the interaction between autoreactive T cells 
and B cells in pemphigus is controlled by other regulatory immune mechanisms as well. 
In a study conducted by our working group, we showed that desmoglein-3-specific, inter-
leukin-10(IL-10)-producing, regulatory T cells are present in both pemphigus vulgaris pa-
tients and in healthy individuals with the respective HLA haplotypes (Hertl et al., 2006; 
Veldman et al., 2004). After stimulation with desmoglein 3 they are able to functionally 
inhibit pathogenic effector TH2 cells (Veldman et al., 2004) (see Fig. 3). The relevance of 
desmoglein-3-reactive, regulatory T cells in maintaining immunological tolerance is sup-
ported by the finding that these regulatory T cells occur in greater numbers in healthy in-
dividuals than in pemphigus patients.

Amagai and colleagues developed an animal model that is important in several ways 
for the pathogenesis of pemphigus. Desmoglein-3-reactive T and B lymphocytes from 
desmoglein-3-deficient mice immunized with desmoglein 3 were injected into immuno-
deficient mice with intact desmoglein-3 expression (Amagai et al., 2000). This led to in-
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duction of desmoglein-3-specific autoantibodies and development of erosions on the mu-
cous membranes of the recipient mice similar to the clinical appearance of pemphigus 
vulgaris. Koch et al. produced a desmoglein- 3-deficient mouse (desmoglein-3 knockout 
mouse); due to abnormal intra-epidermal adhesion, the mouse developed erosions on the 
oral and nasal mucosa, but did not develop blisters on the skin (Koch et al., 1997). Em-
ing et al. (2007) developed a humanized HLA class II transgenic mouse model for pem-
phigus in which the activation of desmoglein-3-reactive CD4+ T cells and subsequent 
production of pathogenic autoantibodies can be understood in vivo. This model demon-
strates that the postulated immunodominant desmoglein-3 epitopes (which have already 
been identified in pemphigus vulgaris patients) are capable of inducing a specific autoan-
tibody response.

Autoantibody profile and clinical appearance

The mucosal and mucocutaneous forms of pemphigus vulgaris are characterized by differ-
ent autoantibody profiles. After lesions appear on the skin, there is nearly always simulta-
neous detection of IgG autoantibodies to desmoglein 1 and 3, two structurally similar des-
mosomal components. In pemphigus foliaceus, which is limited to the skin, antibodies are 
directed only at desmoglein 1 (Amagai et al., 1999).

Fig. 1. Autoantigens of pemphigus. Schematic illustration of a desmosome, an adhesion 
complex between two epidermal keratinocytes with extra-cellular (nucleus) and intracellular 
(plaque) autoantigens in pemphigus.
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A theory referred to as the “compensation theory” attempts to explain why pemphigus 
vulgaris and pemphigus foliaceus have differing clinical appearances based on the differ-
ences in expression of desmoglein 1 and 3 in the skin and mucous membranes (Mahoney 
et al., 1999) (Fig. 1). The mucous membranes consist of non-keratinized, stratified epithe-
lium with relatively homogeneous expression of desmoglein 3 with only minimal expres-
sion of desmoglein 1. In the skin desmoglein 1 occurs mainly in the subcorneal epider-
mis, and less often in the suprabasal epidermis, while desmoglein 3 is expressed mainly in 
the basal and suprabasal layers. Thus, antibodies to desmoglein 3 in pemphigus vulgaris 
mainly cause suprabasal loss of adhesion of the non-keratinized mucosal epithelium. In 
pemphigus foliaceus, antibodies to desmoglein 1 cause a superficial, subcorneal blistering 
of the skin but not the mucous membranes (Fig. 1).

In addition, patients with pemphigus vulgaris occasionally have autoantibodies to other 
desmosomal adhesion molecules, e. g., to desmocollins (Fig. 2) (Hisamatsu et al., 2004). It 
is possible that in a significant portion of pemphigus patients serum testing would show 

Fig. 2. Immunopathogenesis of pemphigus vulgaris. The diagram shows the binding of IgG 
autoantibodies to desmosomal adhesion molecules (desmogleins) in the epidermis; this causes 
loss of adhesion with subsequent blistering. The induction of autoantibody production by B 
cells is dependent on autoreactive desmoglein-specific CD4+ helper T cells, which recognize 
immunodominant regions (epitopes) of desmoglein. Regulatory, interleukin-10-secreting T 
cells (Treg) suppress the activation of autoreactive CD4+ T cells in vitro, either directly or 
indirectly via B cells and / or antigen-presenting cells (APC). Dsg: desmoglein; HLA: human 
leukocyte antigen;TH1 / TH2: CD4+ helper T cells, type 1 or 2; TCR: T-cell receptor. 
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IgG reactivity with cholinergic receptors of epidermal keratinocytes; two acetylcholine re-
ceptors have been described as potential autoantigens in pemphigus: pemphaxin, an an-
nexin homologue which binds acetylcholine, and alpha 9 acetylcholine receptor (Nguyen 
et al., 2000). The role of these autoantibodies in the pathogenesis of pemphigus vulgaris re-
mains unclear.

The precise mechanism of loss of adhesion after binding of desmoglein-specific anti-
bodies has not been completely elucidated (Amagai et al., 2006). In vitro tests show that 
binding of pemphigus antibodies to epidermal keratinocytes leads to rapid but transitory 
influx of Ca2+ ions which probably disrupts signal transduction of the adhesion molecules. 
There may also be local activation of proteases such as plasminogen activator and phos-
pholipase C, possibly leading to proteolytic cleavage of the extracellular portion of the des-
moglein. In vitro and in vivo studies have shown that after pemphigus antibodies bind to 
epidermal keratinocytes, there is secretion of tumor necrosis factor alpha (TNF-α and in-
terleukin 1. TNF-α seems to be involved in the pathogenesis of acantholysis, given that 
passive transfer of IgG antibodies from serum taken from mice with pemphigus who did 
not have TNF receptors less often leads to blistering than in normal control mice (Feliciani 
et al., 2000). 

Fig. 3. Compensation theory of pemphigus. The effect of IgG antibodies to desmoglein 1 
and 3 on epidermal adhesion is shown in the mucous membranes and skin (modified after 
Amagai, 2003). The isoforms of desmoglein, desmoglein 1 and 3, are expressed in different 
amounts in the basal and apical layers of the cutaneous and mucosal epidermis. Function-
ally, there may be desmoglein compensation that has not been inactivated by autoantibody 
binding. The clinical manifestation (pemphigus foliaceus, or cutaneous or mucocutaneous 
variants of pemphigus vulgaris) correlates with the autoantibody profile.
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Clinical presentation

The different pemphigus variants may be distinguished based on their respective clinical 
features, the site of intra-epidermal blistering, and their characteristic antibody profiles 
(Tab. 1). Pemphigus vulgaris is the most common pemphigus variant with an incidence of 
0.1 to 0.2 per 100 000; the prevalence is much higher among people of Jewish descent.

In about 80% of patients, pemphigus vulgaris initially presents with flaccid blisters or 
erosions on the mucous membranes, especially on the oral mucosa (Fig. 4). When there 
is involvement of the skin, fragile blisters are not always seen. Erosions are typically pain-
ful and have a shiny or crusty appearance. Nikolsky’s signs I and II are positive in pem-
phigus vulgaris and can aid clinical diagnosis (Fig. 5, 6). Under tangential pressure to the 
apparently normal skin surrounding the lesion, the epidermis can be separated from the 
dermis (Nikolsky’s sign I), while intact blisters may be pushed sideways (Nikolsky’s sign 
II). Not only the oral mucosa, but also the nasal mucosa, the larynx, the pharynx, the anal 
and genital mucosa, and rarely the conjunctivae may also be affected (Fig. 4). A study by 
Hale and Bystryn reported that symptoms affecting the larynx or nasal mucosa were com-
mon complaints in patients with pemphigus vulgaris (Hale and Bystryn, 2001). Out of a 
total of 53 pemphigus vulgaris patients included in the study, 26 (49%) reported either 
laryngeal and / or nasal symptoms. Patients described pain in the pharynx, oropharyn-
geal dysphagia, and hoarseness or hemorrhagic crusts on the nasal mucosa, blood-tinged 
mucous, and nasal obstruction (Hale and Bystryn, 2001). A current study by Calka et al. 
(2006) points to the importance of a thorough gastrointestinal examination. In 12 out of 

Table 1. Clinical classification of pemphigus

1. Pemphigus vulgaris 

1.1. Pemphigus vegetans

1.1.1. Type Neumann

1.1.2. Type Hallopeau

1.2. Pemphigus herpetiformis

2. Pemphigus foliaceus

2.1. Endemic forms (f.e. Fogo selvagem)

2.2. Pemphigus erythematosus (Senear Usher)

2.3. Pemphigus seborrhoicus

3. Paraneoplastic Pemphigus

4. drug-induced Pemphigus

5. IgA Pemphigus

5.1. Subcorneal pustular dermatosis type

5.2. Intraepidermal neutrophilic dermatosis type
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26 pemphigus vulgaris patients, endoscopic examination revealed erosive substance de-
fects in the middle and distal thirds of the esophagus. Biopsies taken from the lesions 
show changes characteristic of pemphigus vulgaris on histology and under direct immu-
nofluorescence (Calka et al., 2006). In addition, seven of the 12 patients had gastritis and 

C

F

E

D

A B

Fig. 4. Mucosal manifestations in pemphigus vulgaris. Involvement of the conjunctivae (a, 
b), buccal mucosa (c), upper lip (d), vulva (e), and larynx (f )
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one patient had duodenitis. In an Israeli study with 64 pemphigus patients, 14 (22%) had 
nail changes involving the fingernails, with clinical symptoms including paronychia, on-
ycholysis, onychomadesis, dyschromasia, and subungual hemorrhage (Schlesinger et al., 
2002). In general, nail involvement is rarely reported in pemphigus vulgaris. Before the 
advent of systemic immunosuppressant therapies, the mortality rate in pemphigus vul-
garis was nearly 100% due to complications arising from the progressive skin and mucosal 
blistering and thus related dietary insufficiencies, secondary infections, protein loss, and 
increased catabolism.

AA B

Fig. 5. Cutaneous manifestation in pemphigus vulgaris. Exanthematous appearance of 
flaccid blisters on the back (a) with subsequent development of large erosions (positive for 
Nikolsky’s I sign) on clinically normal appearing skin (b, right shoulder)

Fig. 6. Manifestation of pemphigus vulgaris on the skin and scalp. Crusty erosions and 
non-scarring alopecia on the scalp (a, b)
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Given that the majority of autoantibodies in pemphigus vulgaris are IgG4 antibodies, 
which can pass through the placenta, there is a risk the pregnant women with pemphi-
gus vulgaris can pass autoantibodies on to the fetus. The resulting disorder, known as neo-
natal pemphigus, manifests clinically on newborn skin as exanthematous, crust-covered 
erosions that can persist for a few weeks (due to the half-life of maternal autoantibodies). 
Pemphigus vegetans is a variant of pemphigus vulgaris that occurs on intertriginous ar-
eas such as the axillae and the groin region; clinical presentation consists of blisters and 
secondary pustules that have a tendency to form verruciform or papillomatous vegeta-
tions (Fig. 7) (Ahmed and Blose, 1984). Mucosal involvement is relatively common, simi-
lar to pemphigus vulgaris. Neumann type is characteristically more aggressive than Hallo-
peau type disease. As in pemphigus vulgaris, both variants of pemphigus vegetans involve 
autoantibody activity against desmoglein 3 and desmoglein 1 (Tab. 2). Pemphigus herpe-

Fig. 6. (continued) Manifestation of pemphigus vulgaris on the skin and scalp. In sebor-
rheic areas flaccid blisters (c, d) with centrifugal spread (e), extensive, plaque-like erosions 
on both cheeks (f )
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Table 2. Autoantigens of pemphigus vulgaris

Pemphigus  
variant

Autoantigen Characteristics* Autoantibody  
isotype

Pemphigus vulgaris Desmoglein 3
Desmoglein 1

Acetylcholine receptor

Initially (pathogen)
Common during disease de-
velopment with the outcome 
of cutaneous involvement 
(pathogen)
Pathogenicity unclear

IgG
IgG

IgG

IgA Pemphigus Desmoglein 1
Desmoglein 3
Desmocollin 1-3

Characteristic (IEN type)
Occasional (IEN type)
Characteristic (SPD type)

IgA
IgA
IgA

Fig. 7. Unusual manifestations of pemphigus vulgaris. Herpes simplex superinfection af-
fecting the middle of the face in pemphigus vulgaris (a), pemphigus herpetiformis (b), eo-
sinophilic spongiosis (c) with secondary blistering in pemphigus vulgaris (d), “Dyshidrosis“ 
on the right plantar surface in pemphigus vulgaris (e), inguinal pemphigus vegetans (f )
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tiformis is clinically characterized by herpetiform blisters, resembling dermatitis herpeti-
formis in appearance. Histological analysis shows eosinophilic spongiosis without marked 
acantholysis; circulating antibodies to desmoglein 1 and desmoglein 3 may be identified 
(Tab. 2, Fig. 7) (Ishii et al., 1998).

Differential diagnosis

Table 3 lists important differential diagnoses in pemphigus vulgaris. Along with infectious 
sources of blistering (e. g., bacterial or viral infection), immunological causes such as ery-
thema exudativum multiforme, erosive lichen ruber of the mucous membranes, and bullous 
drug eruptions must be ruled out. Examples include bullous impetigo and staphylococcal 
scalded skin syndrome (SSSS), skin disorders that are caused directly by Staphylococci or in-
directly by hematogenous spread of exotoxins. Stanley and Amagai reported that a staphy-
logenic exotoxin, as a serine protease, is able to proteolytically cleave the extracellular do-
mains of desmoglein 1 (Stanley and Amagai, 2006). This leads to superficial loss of adhesion 
in the epidermis, with a clinical appearance resembling that of pemphigus foliaceus. He-
reditary bullous skin disorders should also be considered which involve defects in cutane-
ous adhesion molecules which are also a target structure of circulating autoantibodies in ac-
quired bullous autoimmune skin disorders (Tab. 3). First and foremost, however, differen-
tial diagnosis should rule out other pemphigus disorders.

Pemphigus  
variant

Autoantigen Characteristics* Autoantibody  
isotype

Pemphigus foliaceus Desmoglein 1
Plakins

Initially (pathogenic)
Rare (pathogenicity unclear)

IgG
IgG

Paraneoplastic  
Pemphigus

Desmoglein 3
Desmoglein 1
Plakins
170 kD protein

Desmocollin 1-3

Common (pathogenic)
Rare  
(pathogenicity unclear)
Common  
(pathogenicity unclear)
Hallmark!  
(pathogenicity unclear)
Rare (pathogenic in vitro)

IgG, IgA
IgG
IgG, IgA
IgG

Drug-induced  
Pemphigus

Desmoglein 1

Desmoglein 3

Common  
(pathogenicity unclear)
Less common  
(Pathogenicity unclear)

IgG
IgG

IgA Pemphigus Desmoglein 1
Desmoglein 3
Desmocollin 1-3

Characteristic (IEN type)
Occasional (IEN type)
Characteristic (SPD type)

IgA
IgA
IgA

*IEN, intraepidermal neutrophilic dermatosis; SPD, subkorneale pustulöse Dermatose 

Table 2. (continued) Autoantigens of pemphigus vulgaris
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Table 3. Differential Diagnosis of Pemphigus

 Disorder Characteristics*

Epidermolysis 
bullosa

Epidermolysis bullosa simplex Occurence at birth or early childhood; 
phenotype depends on mutated adhe-
sion molecule; DIF and IIF negative

Autoimmune 
bullous disorders

Pemphigoid
Linear IgA bullous dermatosis
Epidermolysis bullosa acquisita
Dermatitis herpetiformis Duhring

DIF and IIF frequently positive (BMZ)
DIF and IIF frequently positive (BMZ)
DIF and IIF frequently positive (BMZ)
DIF and IIF frequently positive (IgA)

Infectious  
diseases

Impetigo contagiosa

Staphylococcal Scalded Skin 
Syndrome

Herpes simplex Infection

Varicella Zoster Infection

Microbiology, serological markers of 
inflammation; DIF and IIF negative
Mainly limited epidermolysis, histopa-
thology; DIF and IIF negative
Herpes simplex virus in blister fluid; 
DIF and IIF negative
Clinics, general symptoms; DIF and IIF 
negative

Immunologic 
diseases

Bullous systemic lupus 
 erythematosus

Erosive lichen planus

Erythema multiforme (EM)

Bullous drug reaction (SJS, TEN) 

Subcorneal pustular dermatosis 
(Sneddon Wilkinson disease)

DIF and IIF positive (anti-collagen VII 
IgG), ANA positive; additional SLE 
criteria
DIF: subepidermal Cytoid bodies, IIF 
negative; cutaneous involvement
History: DIF and IIF occasionally posi-
tive (majus form): ICS staining pattern 
(anti desmoplakin IgG)
EM-like phenotype or diffuse epider-
molysis, histology; DIF and IIF negative 
Leukocytosis, serologic markers of 
inflammation, DIF and IIF negative

Other diseases Porphyria cutanea tarda

Bullosis diabeticorum

Traumatic/toxic blisters

Porphyrins in serum and urine; DIF 
and IIF negative; UV-exposed skin

Serum/ urine glucose, DIF and IIF 
negative
History, DIF and IIF negative

* ANA: antinuclear antibodies, BMZ: basement membrane zone; DIF: direct immunofluo-
rescence microscopy;  EM: erythema multiforme; ICS: intercellular staining pattern; IIF: 
indirect immunofluorescence microscopy; SJS: Stevens Johnson syndrome; SLE: systemic 
lupus erythematosus; TEN: toxic epidermal necrolysis.
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Pemphigus foliaceus

Pemphigus foliaceus mainly occurs on seborrheic areas of the body (face, scalp, and the 
area between the shoulder blades) (Fig. 8, 9), affecting the skin only, with painful, crust-
covered erosions. In chronic disease, the erosions may spread, covering large areas and 
contributing via secondary pyoderma and catabolic metabolism to the morbidity and mor-
tality associated with the disease. Clues to diagnosis include IgG antibodies to desmoglein 
1. In rare cases there are also autoantibodies to intracellular, desmosomal plaque proteins 
(see Tab. 2). In endemic variants in Brazil, Tunisia, and other regions in northern Africa, 
patients also have IgG autoantibodies to desmoglein 1 (Warren et al., 2000).

Fig. 8.  Clinical appearance of pemphigus foliaceus. Extensive erosions on seborrheic areas 
of the face (a), leaf-like (Lat. folium: leaf) flaky crusts on seborrheic areas of the back (b), 
Close-up of the scaly crust–covered erosions (c)
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A rare clinical variant of pemphigus foliaceus is pemphigus erythematosus (Senear-
Usher syndrome). The superficial erosions and accompanying erythema and hyperkerato-
sis mainly affect the trunk and sun-exposed areas of the skin, sometimes resembling cuta-
neous lupus erythematosus (Gomi et al., 1999; Senear and Usher, 1926). Antibodies to des-
moglein 1 and possibly other desmosomal antigens may be identified; often there are also 
antinuclear antibodies (Gomi et al., 1999). 

Pemphigus seborrheicus is a very superficial variant of pemphigus foliaceus with exten-
sive erythematous plaques and erosions on seborrheic areas (Fig. 9).

Paraneoplastic pemphigus

Paraneoplastic pemphigus (PNP) is usually characterized by painful, extensive mucosal 
erosions and lichenoid papules on the palms of the hands and soles of the feet (Fig. 10). 
The clinical appearance, usually polymorphous with flaccid or taut blisters on the upper 
trunk or with multiforme-like, extensive erythema with epidermolysis, can sometimes re-
semble toxic-epidermal necrolysis (Lyell syndrome). This relatively rare disease is often as-

C

A B
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Fig. 9. Pemphigus seborrhoicus. Pemphigus seborrhoicus is a special form of pemphigus fo-
liaceus; superficial, crusty erosions presenting as seborrheic eczema (a, b), on the shoulder 
blades of the same patient one sees scaly, partly erosive erythematous papules and plaques 
(c, d)
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sociated with B-cell lymphoma or other malignant hematological disorders and may pre-
cede clinical manifestation of cancer. PNP may also be associated with benign tumors, e. g., 
thymomas or Castleman disease (a benign angioproliferative lymph node hyperplasia that 
usually begins retroperitoneally). Unlike other pemphigus disorders, loss of adhesion of 
the lung epithelium can also occur (obliterating bronchiolitis); on endobronchial biopsy 
typical intraepidermal acantholysis of the bronchial epithelium is seen. This complication 
is fatal in 30% of patients due to intrapulmonary hemorrhage. PNP is primarily associated 
with antibodies against multiple proteins in the plakin family such as desmosomal plaque 
proteins desmoplakin I, II, envoplakin, periplakin and against hemidesmosomal adhesion 
molecules such as plektin and BP230 or against other, unidentified autoantigens (Amagai 
et al., 1998; Anhalt et al., 1990; Hashimoto et al., 1995; Kazerounian et al., 2000). IgG anti-
bodies to a 170 kD antigen which was recently been identified as the protease inhibitor al-
pha-2 macro-globuline-like-1 (Schepens et al, 2010) have a high diagnostic value in con-
firming clinical diagnosis. IgG antibodies to desmoglein 3 and 1 are identified in the ma-
jority of patients with PNP and presumably also play a role the pathogenesis of disease 
(Amagai et al., 1998) (see Tab. 2).

A B

Fig. 10. Clinical appearance of IgA pemphigus. Intraepidermal, neutrophilic dermatosis 
with flaccid pustules covering the entire trunk (a), subcorneal pustulosis with an anular ar-
rangement of erythematous plaques on the back (b) with corresponding histopathological 
correlates
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Drug-induced pemphigus

Drug-induced pemphigus is normally caused or triggered by drugs that contain thiol or 
sulfur groups (which are then metabolized to thiols). These include D-penicillamine, cap-
topril, propranolol, indomethacin, phenylbutazone, pyridinol, pyroxicam, and antituber-
cular drugs (Korman et al., 1991). Clinical appearances usually correspond to pemphigus 
foliaceus. In rare instances erosions on the oral mucosa may also occur as seen in pemphi-
gus vulgaris. Antibodies are usually identified against desmoglein 1 and less often against 
desmoglein 3 (see Tab. 2).

IgA pemphigus

IgA pemphigus is characterized clinically by pustules that have a tendency to coalesce, 
forming anular lesions that are more strongly pronounced at the periphery (Fig. 11). Mu-
cosal involvement is rare. IgA pemphigus is also associated with benign and malignant 
monoclonal IgA gammopathies and gastrointestinal disorders. Direct immunofluores-
cence studies show intercellular IgA deposits in the epidermis, but no IgG deposits. In-

Fig. 11. Clinical appearance of paraneoplastic pemphigus. Massive, hemorrhagic erosions 
on the skin of the face (a), erosive stomatitis with fibrin coating (b), IgG and / or IgA deposits 
intercellularly in the epidermis and at the dermoepidermal junction zone (c)
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direct immunofluorescence studies show circulating IgA antibodies in about 50% of pa-
tients. There are two immunopathological sub-forms: intraepidermal neutrophilic disease 
which is generally associated with IgA antibodies to desmoglein 1 or 3 (Fig. 11) and the 
subcorneal pustular sub-type which is associated with IgA antibodies to desmocollin 1 
(Hashimoto et al., 1997; Karpati et al., 2000;Yasuda et al., 2000) (Fig. 11, see Tab. 2). Clin-
ically, both variants are characterized by fragile blisters or pustules on an erythematous, 
scaly background.

Diagnosis

Diagnosis of pemphigus vulgaris is based on clinical presentation, histology, and direct 
and indirect immunofluorescence (Fig. 12). It is advisable to select recent, intact blisters for 
performing a biopsy, ensuring that surrounding perilesional tissue is also included. The tis-
sue is fixed in formalin for histological analysis, while for immunofluorescence the plain 
specimen is frozen (e. g., in liquid nitrogen (N2)) or placed in Michel’s medium (Morri-
son, 2001).

Fig. 12. Algorithm for diagnosing pemphigus. Beginning with clinical appearance, in addi-
tion to guiding histology, direct and indirect immunofluorescence studies also play a key role 
in diagnosis; immunoserological testing can be used to confirm the diagnosis or for prelimi-
nary diagnosis of disease course
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Histological analysis

Histological analysis of lesional skin serves as only a rough guide in diagnosing pemphi-
gus because it does not always enable classification of specific variants. The primary func-
tion of histology is to identify the level at which blistering is taking place and thus to clas-
sify the disorder as belonging to the pemphigus group – or distinguish it from subepider-
mal blistering.

Histologically, pemphigus vulgaris is characterized by intraepidermal loss of keratino-
cyte adhesion, known as acantholysis. Typically, in the basement membrane zone there are 
basal keratinocytes attached to the floor of the blister. Occasionally an inflammatory infil-
trate is also seen which mainly consists of eosinophils forming clusters of infiltrates in the 
epidermis. This is referred to as eosinophilic spongiosis.

While suprabasal blistering is typical of pemphigus vulgaris, in pemphigus foliaceus 
blistering is more superficial, with subcorneal blistering (Fig. 13). Characteristic histo-
pathological changes in PNP are interface dermatitis with vacuolization of the basal cells 
and lichenoid infiltrate at the junction zone. There is also keratinocyte necrosis with mild 
acantholysis. Both clinical variants of IgA pemphigus have subcorneal or intraepidermal 
neutrophil infiltrates, but classic signs of acantholysis are generally absent.

Direct and indirect immunofluorescence studies

In all pemphigus disorders, direct immunofluorescence studies of perilesional skin show 
an intercellular, reticular (desmosomal) pattern of fluorescence of tissue-bound IgG au-
toantibodies (or IgA in IgA pemphigus) in the epidermis. There may also be ipsi loco de-
posits of complement factor. In PNP there are also band-like IgG (and C3) deposits at 
the dermoepidermal junction zone. Indirect immunofluorescence studies may be used to 
identify circulating autoantibodies in patient serum. In routine diagnostic testing, monkey 
esophagus is often used as a tissue substrate. Typically, there is a reticular pattern of inter-
cellular reactivity of IgG antibodies with epithelial or epidermal cells (Fig. 13). Sera from 
patients with PNP have a typical intercellular staining pattern not only with the above-
named substrates, but also in plakin-rich substrates such as guinea pig esophagus and rat 
or epithelium from monkey bladder (Fig. 13); normal pemphigus sera generally do not re-
act to the latter substrate.

Immunoserological diagnosis with autoantigens

The availability of extracts from the epidermis or cultured keratinocytes as well as recom-
binant epidermal and dermal adhesion and structural proteins has considerably improved 
the sensitivity and specificity of diagnosis. In addition, serological diagnosis of pemphi-
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gus diseases has been significantly improved by the availability of commercial test sys-
tems. ELISA tests (MBL, Japan) are available for detecting autoantibodies to desmoglein 1 
and 3. Generally speaking, autoantibody titers correlate with the clinical activity of pem-

Fig. 13. Histology and immunofluorescence studies for diagnosis of pemphigus. Sub-
corneal blistering (a) with IgG precipitates ipsi loco (b) in pemphigus foliaceus; suprabasal 
loss of adhesion with acantholysis (c) and detection of IgG precipitates ipsi loco (d) in pem-
phigus vulgaris; typical reticular fluorescence pattern of pemphigus sera on indirect immu-
nofluorescence studies on monkey esophagus (e), reticular fluorescence pattern of sera using 
rat bladder epithelium in paraneoplastic pemphigus (f ).
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phigus (Amagai et al., 2000). Immunoblot studies with recombinant desmoglein 3 have 
shown that in active disease IgG4 autoantibodies dominate, while IgG1 and IgG4 antibod-
ies are detectable in chronic disease in equal amounts (Spaeth et al., 2001). With keratino-
cyte extracts, the sera from patients with PNP demonstrate typical IgG reactivity on immu-
noprecipitation with a complex of proteins containing various plakins (e. g., envoplakin, 
periplakin, desmoplakin 1/2), bullous pemphigoid antigen, BPAG 1 or BP230, desmogleins 
and a 170 kD protein (Amagai et al., 1998; Anhalt et al., 1990; Hashimoto et al., 1995; Kaze-
rounian et al., 2000). This test is only available at specialized laboratories.

Parameters for assessment of clinical course

As yet there are no universally agreed-upon parameters for evaluating the clinical course 
of pemphigus. There have been various initiatives to define treatment targets more clearly, 
as partial and complete clinical remission, relapse, etc. (Murrell et al., 2008). There are cur-
rently two international projects underway to define the degree of mucosal and skin in-
volvement using quantitative and qualitative parameters. One is the Autoimmune Bullous 
Skin Disorder Score (ABSIS) (Pfutze et al., 2007) which assesses the percentage of skin and 
mucosal involvement as well as qualitative changes in lesional skin. The acuteness and ex-
tent of skin lesions are weighted (Fig. 14). For example: blisters or acute oozing erosions 
would be weighted by a factor of 1.5, signs of initial re-epithelization by a factor of 1, and 
re-epithelization by a factor of 0.5 (Fig. 14). In addition to counting the number of mucosal 
lesions affecting specifically defined areas of the oral cavity, the ABSIS score also includes 
subjective impairment experienced by the patient, especially as it affects eating and drink-
ing. The Pemphigus Disease Area Intensity Score (PDAI), developed by a working group in 
the United States, examines skin and mucosal changes as well as residual post-inflamma-
tory lesions. Prospective studies are currently underway to compare the value of this score 
with the ABSIS score (Rosenbach et al., 2009). Increasingly, quality of life parameters are 
being included when evaluating the treatment response (Mayrshofer et al., 2005).

Therapy

The advent of systemic immunosuppressants has significantly improved the prognosis 
for patients with pemphigus vulgaris and other bullous autoimmune skin disorders. The 
goal of therapy is to achieve complete remission irrespective of whether the lesions are re-
stricted to the mucosa or whether there is mucocutaneous involvement. Administration of 
high-dose systemic corticosteroids, initially in combination with other immunosuppres-
sants, has been shown over the years to more quickly reduce the necessary dose and du-
ration of systemic steroid use (Bystryn and Steinman, 1996; Hofmann et al., 2009; Mar-
tin et al., 2009). Prednisolone and methylprednisolone are the most frequently used sys-
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Fig. 14. Parameters for evaluating 
clinical course of pemphigus. The 
Autoimmune Bullous Skin Disorder 
Intensity Score (ABSIS) is calcu-
lated based on the extent of skin 
involvement (percentage involve-
ment of the body surface area 
based on the “rule of nines”) and 
acuteness of the skin lesions which 
is measured with a weighted score 
(1.5 – acute blisters and / or oozing 
erosions (a); 1 – dry erosions / be-
ginning re-epithelization (b); 0.5 – 
complete re-epithelization (c)) 
(from Pfütze et al., 2007).

temic corticosteroids. In terms of potency, methylprednisolone is thought to be about 20% 
more potent than prednisolone. The notion of “dose-equivalence” should nevertheless not 
be taken at face value given that there are significant clinically relevant differences in the 
pharmacokinetics and pharmacodynamics between the two substances (Barth et al., 1994). 
For instance, it is much easier to control and predict the therapeutic effects of methylpred-
nisolone (Barth et al., 1994). If therapy is absolutely imperative during the first trimester of 
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pregnancy, animal studies have shown that the teratogenic potential associated with meth-
ylprednisolone is lower (Pfeiffer, 2001). In German-speaking countries, the most com-
monly used adjuvant immunosuppressants are azathioprine and mycophenolate mofetil, 
along with chlorambucil, cyclophosphamide, methotrexate, and cyclosporine A (Hofmann 
et al., 2009; Martin et al., 2009) (Tab. 4). Clinical experience regarding their effectiveness is 
discussed briefly in the following.

Table 4. Treatment of pemphigus

Drug PV§ PF§ PNP§ IgA-P§ Evidence
Level#

Dose* Most common side 
effects +

Systemic 
glucocorticoids 
(Prednisolone)

+ + + (+) I Initially 1–2 
mg/kg/d p.o.

Ulcus ventriculi et duo-
deni, diabetes mellitus, 
hypertension, osteo-
porosis, aseptic bone 
necrosis, opportunistic 
infections, Cushing’s 
syndrome, glaucoma, 
cataract

Azathioprine + + (+) (+) I 1–2.5 mg/
kg/d p.o.

Caveat: Thiopurine 
methyl transferase 
activity! pancytopenia, 
hepatopathy, neph-
ropathy, nausea

Mycophenolate 
Mofetil

+ + + (+) I 1–3 g/d p.o. pancytopenia, hepatop-
athy, nausea, gastroin-
testinal symptoms

Cyclophosph-
amide

+ + + (+) I-II 100–200 
mg/d p.o. 
or i.v.-Pulse 
Therapy (750 
mg/m2 BSA)

Pancytopenia, 
hemorrhagic cystitis, 
hepatopathy, stomati-
tis, nausea, alopecia, 
infertility, increased 
incidence of cancer; 
teratogenicity

Chlorambucil + + + – IV 0.1–0.2 mg/
kg/d p.o.

Pancytopenia, seizures, 
neuropathy, hepatopa-
thy, exanthems, infer-
tility, diarrhea

Methotrexate + + – – IV 10–20 mg/
Woche p.o. 
oder s.c.

Pancytopenia, he-
patopathy, stomatitis, 
nephropathy, nausea, 
infertility, alopecia, 
teratogenicity

Ciclosporin A (+) (+) – – I-II 2.5–5 mg/
kg/d p.o.

hypertension, neph-
rotoxicity; increased 
incidence of cancer
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Given that there are only few controlled, prospective studies on the efficacy of specific 
immunosuppressants and immunomodulators in the treatment of bullous autoimmune 
skin disorders, the efficacy profiles of the drugs in this review are mostly based on ob-
servational studies with smaller numbers of patients. These have been published in a cur-
rent Cochrane meta-analysis (Martin et al., 2009). In addition, three new treatment pro-

Table 4. (continued) Treatment of pemphigus

Drug PV§ PF§ PNP§ IgA-P§ Evidence
Level#

Dose* Most common side 
effects +

Diaminodi-
phenyl Sulfone 
(DADPS)

+ + – + I,IV 1–2 mg/kg/d 
p.o.

Caveat: Glucose-6-
phosphate acitivity, 
methemoglobinemia, 
hemolytic anemia, 
agranulocytosis, 
hepatopathy 

Retinoids (Acit-
retin)

– – – + IV Initial: 
0.5–1.0 mg/
kg/d p.o.;
Maintenance 
dose: 0.5 mg/
kg/d p.o.

Exfoliative dermatitis; 
alopecia, hyperlipi-
demia,  teratogenic-
ity!, no concomitant 
treatment with 
methotrexate or tetra-
cyclines

Immunoad-
sorption

+ + (+) – III-IV 3–4×/Week 
in 3–4 week 
intervals

Anaphylactic reac-
tions, hypogamma-
globulinemia 

Intravenous 
Immunglobulin 
(IVIG)

+ + (+) (+) I-II 2 g/kg/
month i.v. 
(cycle) 

Caveat: selective IgA 
deficiency, anaphylax-
ia, nephropathy, head 
ache, nausea, fever 

Rituximab (anti 
CD20)

+ + + + III-IV 2 × 1 g i.v. 
(days 1 
and 15) or 
375 mg/m2 
BSA (days 
1,8,15,22)

Anaphylaxia, severe 
infections, cardiac 
insufficiency, rarely: 
progressive multifocal 
leukencephalopathy 
(PML)

§ PV, Pemphigus vulgaris; PF, Pemphigus foliaceus, PNP, paraneoplastic Pemphigus; IgA-P, 
IgA-Pemphigus.

$ +, effective; (+) questionable efficacy fraglich wirksam, – not effective, data missing
# Evidence levels relate to clinical trials in Pemphigus vulgaris or pemphigus foliaceus: I – 

prospective, randomized study, II – non-randomized, case-control study, III – case series 
or descriptive case reports, IV – single case reports/expert opinions

* Initial treatment dose
+ Most relevant side effects
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cedures are proposed and discussed for treatment-refractory pemphigus: immunoadsorp-
tion, high-dose immunoglobulin therapy, and the anti-CD20 antibody, rituximab. 

In pemphigus vulgaris, high-dose (1–2 mg / kg /day of prednisolone equivalent) sys-
temic corticosteroids are initially given, and, depending on clinical response are then ta-
pered over the course of several months based on a logarithm. Adverse effects, such as ar-
terial hypertension, diabetes mellitus, osteoporosis, increased susceptibility to infection, 
gastrointestinal ulcers, and aseptic bone necrosis, continue to cause significant morbid-
ity and mortality in pemphigus vulgaris and appropriate accompanying preventive thera-
pies must be given (Bystryn and Steinman, 1996) (Tab. 4). Lever et al. have used intermit-
tent pulse therapy (500–1000 mg methylprednisolone or 200 mg dexamethasone), which is 
given, e. g., in monthly cycles. A working group in India reported positive results with five 
years of corticosteroid pulse therapy (Pasricha et al., 1988).

Before initiating immunosuppressant therapy, florid / chronic infections (e. g., Tbc, HIV, 
hepatitis B / C) and cancer must be excluded. Women of childbearing age should be advised 
to use contraception. Before beginning alkylating agents (cyclophosphamide, chlorambu-
cil), patients must be informed about the mutagenic and carcinogenic effects of these cyto-
toxic immunosuppressants and their suppression of spermiogenesis and oogenesis.

Azathioprine has been used for years and is considered the immunosuppressant ther-
apy of choice (Aberer et al., 1987; Martin et al., 2009) (Tab. 4). Combining systemic corti-
costeroids with azathioprine allows the cumulative steroid dose to be significantly reduced. 
The lag time of two to three months until the immunosuppressant effect takes place must 
be taken into consideration. A prospective, randomized multicenter study has shown that 
azathioprine has a steroid-sparing effect and achieves clinical remission more quickly than 
corticosteroid monotherapy (Chams-Davatchi et al., 2007). Before beginning azathioprine 
therapy, it is important to assess the activity of thiopurine-S methyltransferase (TPMT) in 
order to identify lacking or deficient levels of TMPT, as standard dosages could lead to 
toxic myelosuppression (Deufel et al., 2004). TPMT activity can be measured in erythro-
cytes (phenotyping) or using mutation analysis (genotyping). Either method can be used 
alternatively, taking into consideration respective limitations (e. g., for phenotyping, con-
tamination with foreign erythrocytes following blood transfusion must be recalled) (Deufel 
et al., 2004). Azathioprine should not be given in combination with allopurinol which slows 
the metabolism of azathioprine causing significantly elevated serum levels of the drug.

Mycophenolate mofetil has a similar efficacy profile to that of azathioprine. In a con-
trolled prospective therapy study on pemphigus vulgaris and pemphigus foliaceus, my-
cophenolate mofetil 2 g /day in combination with prednisolone had a significant steroid-
sparing effect compared with monotherapy with systemic corticosteroids (Mimouni et al., 
2003). A prospective multicenter randomized study with 39 pemphigus patients showed 
that mycophenolate mofetil (2 g /day) and azathioprine (2 mg/kg/day) each in combination 
with methylprednisolone (initially 2 mg / kg /day) were similar in terms of clinical effective-
ness and steroid-sparing effect (Beissert et al., 2006). In this study, there were no significant 
differences between the two substances in regard to serious (WHO grade 3) or life-threat-
ening (WHO grade 4) side effects (Beissert et al., 2006). Gastrointestinal complaints are 
the most commonly reported side effect of mycophenolate mofetil therapy. Studies on kid-
ney transplant patients have suggested that gastro-resistant administration of mycopheno-
lic acid in the form of mycophenolate sodium, which leads to delayed release of the drug in 
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the small intestine, can improve gastrointestinal tolerance without compromising immu-
nosuppressive effectiveness (Chan et al., 2006). 

Cyclophosphamide has also been used to treat refractory pemphigus, usually admin-
istered as pulse therapy (500–750 mg / m2 i. v.) (Ahmed and Hombal, 1987; Bystryn and 
Steinman, 1996; Martin et al., 2009; Pasricha et al., 1988). In a larger, prospective mul-
ticenter study on pemphigus, patients demonstrated a similar efficacy profile to azathi-
oprine and mycophenolate mofetil (Chams-Davatchi et al., 2007). Potential adverse ef-
fects are more commonly seen in cyclophosphamide than azathioprine or mycopheno-
late mofetil, and include nausea, diarrhea, alopecia, bone marrow suppression with pan-
cytopenia, hemorrhagic cystitis, and sterility (Chams-Davatchi et al., 2007) (see Tab. 4). 
Younger patients in particular must be informed of potential teratogenic and carcinogenic 
effects. Chlorambucil has been used successfully in severe pemphigus with an initial dose 
of 0.1 mg / kg /day which is then reduced after six weeks to a total daily dose of 2 mg. Un-
der longer-term chlorambucil use, about 30% of patients have reversible thrombocytope-
nia. The increased risk of developing a hematological disorder as a result of the cumulative 
chlorambucil dose has led to decreased used of this immunosuppressant.

In a limited number of pemphigus patients with involvement of the oral mucosa, cy-
closporine A has been used for systemic therapy or given as a topical treatment (Martin 
et al., 2009). However, a single randomized, controlled study with 33 patients reported that 
there was no advantage of combination therapy with prednisolone (1 mg / kg /day) and cy-
closporine A (5 mg / kg /day) over monotherapy with methylprednisolone (initially 1 mg/
kg/day) (Ioannides et al., 2000).

Methotrexate has also occasionally been used successfully in pemphigus vulgaris and 
may be given orally or subcutaneously at a dose of 10–15 mg / per week (Bystryn and Stein-
man, 1996).

In our experience, diaminodiphenyl sulfone (DADPS) can be used as an effective ad-
juvant therapy in pemphigus foliaceus and IgA pemphigus. Potentially severe side ef-
fects include hemolysis, hepatopathy, and agranulocytosis (see Tab. 4). Before beginning 
therapy, glucose-6-phosphate dehydrogenase activity should be assessed. A current mul-
ticenter randomized, double-blind, placebo-controlled study by Werth et al. has investi-
gated the efficacy of dapsone as a steroid-sparing adjuvant therapy in pemphigus vulgaris 
(Werth et al., 2008). Nineteen pemphigus vulgaris patients were included whose disease 
activity could be controlled with systemic corticosteroids and / or other immunosuppres-
sant drugs, but who experienced exacerbations repeatedly after reducing steroids. The tar-
get criterion of the study was a reduction to 7.5 mg /day or less (prednisolone equivalent) 
within one year. Study participants were given dapsone at a dosage of 200 mg /day or pla-
cebo as adjuvant therapy along with immunosuppressant therapy. In three out of ten pa-
tients in the placebo group therapy was successful while five out of nine of the dapsone pa-
tients achieved the primary goal. These results show only a tendency toward a steroid-spar-
ing effect of dapsone, given that the results were not statistically significant, although this 
may also be a result of the small number of patients included (Werth et al., 2008). In IgA 
pemphigus, the therapies of choice are DADPS, systemic retinoids (acitretin, etretinate), 
and psoralen plus UVA (PUVA) (Bystryn and Steinman, 1996) (see Tab. 4).

An important adjuvant immunomodulatory therapy in treatment-refractory pemphi-
gus is high-dose, intravenous immunoglobulin therapy (Amagai et al., 2009; Enk, 2009; 
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Enk et al., 2003; Jolles, 2001). Given as monotherapy, studies on a limited number of pa-
tients have shown that two to four monthly treatment cycles of high-dose immunoglobu-
lins (2 g / kg / month for two to five days) brought about a significant decline in disease ac-
tivity and an improved response to subsequent immunosuppressant drugs such as ritux-
imab (Ahmed et al., 2006; Enk et al., 2003). Amagai and colleagues also showed in a 
multicenter, controlled study that one-time administration of i.v. immunoglobulins in ste-
roid-resistant pemphigus was very effective (Amagai et al., 2009).

Additional treatment strategies in difficult cases of pemphigus have targeted rapidly re-
ducing circulating IgG autoantibodies; plasmapheresis has been used successfully, espe-
cially in the United States (Bystryn, 1988). Recently, more selective immunoadsorption 
techniques with protein A or analogous surfaces have been used to target circulating IgG as 
selectively as possible and thus also remove IgG autoantibodies. Several case studies have 
reported that the combination of adjuvant immunoadsorption and immunosuppressant 
therapy is a treatment alternative that can more quickly control the activity of refractory 
pemphigus (Eming and Hertl, 2006; Zillikens et al., 2007).

Based on a recently published consensus paper written by German-speaking dermatol-
ogists, adjuvant immunoadsorption therapy is indicated in pemphigus when
1. there is involvement of more than 30% of body surface area,
2. there is involvement of more than 25% of the oral or genital mucosa,
3. one or both conjunctivae are affected, or
4. there is involvement of the esophageal mucosa (Zillikens et al., 2007).

Treatment is also indicated when there is 
1. more than three-months-long, treatment-refractory disease and / or
2. at least one immunosuppressant therapy (systemic corticosteroids in combination with 

an immunosuppressant agent, e. g., azathioprine or mycophenolate mofetil) has been 
unsuccessful (Zillikens et al., 2007).

In Germany, a nationwide multicenter therapy study to evaluate the effect of adjuvant im-
munophoresis in active pemphigus is currently in the planning.

Another important improvement in therapy of pemphigus is rituximab, a monoclonal 
antibody to the CD20 molecule which is expressed on B cells. There are now two prospec-
tive studies and a number of case studies reporting the successful use of rituximab in se-
vere pemphigus (Ahmed et al., 2006; Arin et al., 2005; Joly et al., 2007). Rituximab is given 
four times in weekly intervals at a dose of 375 mg / m2 i. v. (oncological protocol) or in two 
doses of 1 g i.v. given 14 days apart (rheumatologic protocol). Studies report complete and 
long-term B-cell depletion under therapy which was maintained for six to twelve months 
in peripheral blood.

Based on a recently published recommendation by German-speaking dermatologists, 
the indications for rituximab therapy are analogous to those for adjuvant immunoadsorp-
tion (Hertl et al., 2008). Rituximab therapy is also indicated in PNP. The drug should not be 
given to women who are pregnant or nursing, to patients under 18 years of age, or to those 
with sensitivity to murine proteins, active hepatitis B / C, HIV infection, or another uncon-
trollable infection (Hertl et al., 2008) (see Tab. 4). Potential adverse effects related to infu-
sion include fever, chills, headache, urticarial exanthems, and angioedema. Severe bacterial 
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or viral infections can also occur. Isolated reports of progressive, multifocal leukoenceph-
alopathy have also been reported under adjuvant rituximab therapy in systemic lupus ery-
thematosus and vasculitis (Hertl et al., 2008).

In everyday clinical practice an easily overlooked complication in pemphigus are sec-
ondary herpes simplex infections of lesional or perilesional skin (see Fig. 7). Clinical symp-
toms of secondary infection generally occur as disseminated herpetiform blisters or punc-
tate erosions with a punched-out appearance. The possibility of herpes simplex superinfec-
tion should also be recalled in sudden clinical “recurrence” of disease affecting the face or 
intertriginous areas. After confirming diagnosis, e. g., identification under direct immun-
ofluorescence of herpes simplex virus in a bladder smear, the therapy of choice is systemic 
acyclovir.

Summary

Autoimmune bullous disorders of the pemphigus group present a major clinical challenge 
based on their severe clinical course and limited therapeutic options. Making the diagno-
sis of pemphigus requires histology,direct and indirect immunofluorescence and eventu-
ally, serological analyses with recombinant autoantigens. Currently, there is no consensus 
on generally accepted clinical partameters that help to measure disease activity and clinical 
responses or relapses. The therapeutic standard of pemphigus consists of a “global” non-
specific immunosuppression with systemic glucocorticoids and immunosuppressive adju-
vants causing severe side-effects and comorbidity. Due to the relative rareness of pemphi-
gus, only few evidence-based controlled therapeutic trials have been performed. In light of 
limited approved immunosuppressive in the treatment of pemphigus, the “off-label-use” 
of potent immunosuppressive drugs is daily routine. Novel treatments, such as immunad-
sorption, rituximab and intravenous immunoglobulins bear the potential to induce clini-
cal remissions in refractory pemphigus cases. The use of these drugs in pemphigus is de-
scribed in recently published therapeutic guidelines 
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Introduction

It is almost 60 years since Lever (1953), on the basis of specific clinical and histological fea-
tures, recognized bullous pemphigoid (BP) as a distinct disorder within the large group 
of blistering disorders, including the pemphigus group. One milestone in the evolution 
of our understanding of BP was the demonstration by Jordon et al. (Jordon et al., 1967) 
that the disease was associated with in vivo bound and circulating autoantibodies directed 
against proteins of the basement membrane zone of stratified epithelia. Complementary 
DNAs for the two targeted autoantigens bullous pemphigoid antigen 230 (BP230, BPAG1-
e) and bullous pemphigoid antigen 180 (BP180, BPAG2 or type XVII collagen) were sub-
sequently isolated independently by various groups (Stanley et al., 1988, Diaz et al., 1990, 
Sawamura et al., 1991; Li et al., 1992; Giudice et al., 1992; Hopkinson et al., 1992). Today, 
BP has emerged as an example of organ-specific autoimmune disease and it represents the 
most frequent autoimmune blistering disorder.

In this review, we will discuss the clinical and immunopathological features of BP, its 
differential diagnosis and therapeutic options. We will also focus on recent progress in our 
understanding of the pathophysiology of this disorder and on the role of targeted autoanti-
gens in the maintenance of epithelial-stromal adhesion. 

Clinical features

In the prodromal, non-bullous phase manifestations of BP are frequently nonspecific 
and, thus, misleading. Patients complain of severe itch accompanied or not by excoriated, 
eczematous, papular and or urticated lesions that may persist for several weeks or months, 
or even remain the only signs of the disease.

In the bullous stage vesicles and bullae develop on apparently normal or erythema-
tous skin together with urticated and infiltrated plaques that have occasionally an an-
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nular or figurate pattern. The blisters are tense, with a clear exudate, and may persist for 
several days, leaving eroded and crusted areas (Fig. 1). The lesions are frequently dis-
tributed symmetrically and predominate on the flexural aspects of the limbs, and abdo-
men. In the intertriginous spaces, vegetating plaques can be seen. Involvement of the oral 
cavity is observed in 10–30% of cases. The mucosae of eyes, nose, pharynx, esophagus 
and ano-genital areas are more rarely affected (reviewed in Lever, 1953; Liu et al., 1986; 
 Korman, 1987).

Several clinical variants of BP have been described (reviewed in Liu et al., 1986; Kor-
man, 1987). Lesions remain occasionally localized, such as on the pretibial area (“pretibial 
pemphigoid”), around stomas, on the vulvar region (“vulvar pemphigoid”), on irradiated 
areas or confined to a paralyzed limb. Palmo-plantar involvement mimicking dyshidrosi-
form eczema (“dyshidrosiform pemphigoid”) can also be observed. Several other variants, 
such as a prurigo nodularis-like (“pemphigoid nodularis”), erythroderma-like form, inter-
trigo-like variants or forms mimicking severe bullous drug eruption have been described. 
These variants have all been reported with various terms: only dermatologists can afford to 
have so different names for the same condition! 

A peculiar form of BP typically associated with pregnancy, for which a separate term ap-
pears justified, is gestational pemphigoid (also called “pemphigoid gestationis” or “herpes 
gestationis”) (reviewed in Shornick, 1993; Jenkins et al., 1993). This disease is also rarely 

Fig. 1. Bullous pemphigoid. Panel A: bullous lesions on the forearms; Panel B: widespread 
urticated papules and plaques on the trunk distributed in a figurate pattern; Panel C: prurigo 
nodularis-like presentation with generalized papular and excoriated lesions; Panel D: child-
hood form of bullous pemphigoid with vesicular and bullous lesions arranged in jewel-like 
clusters. The patient had IgA autoantibodies targeting BP180.
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found with either a choriocarcinoma or a hydatiform mole. Gestational pemphigoid, the 
estimated frequency of which is of one case in 10’000 to 40’000 pregnancies, starts during 
the second or third trimester of pregnancy or, more rarely, after delivery. In the early phase, 
itchy papular and urticated lesions are observed, with later on development of vesicles and 
bullae (Fig. 2). The eruption begins on the periumbilical and abdominal area and can gen-
eralize. Relapses are frequently observed during subsequent pregnancies and they might 
also be triggered by either menstruation or intake of oral contraceptives.

Presentation and clinical Setting

BP typically affects the elderly, with onset after 60 years of age. Its incidence has been esti-
mated between 6.1 and 40 new cases per million per year. In a recent prospective study en-
compassing the entire Swiss population, the incidence was found to be of 12.7 new cases 

Fig. 2. Panel A: pemphigoid gestationis: infiltrated plaques, vesicles and bullae in the perium-
belical area and abdomen; Panel B: transplacentar passage of autoantibodies from a mother 
with gestational pemphigoid: neonate with a generalized eruption consisting of erythema-
tous plaques with a figurate configuration and blisters; Panel C: bullous pemphigoid: light 
microscopy study shows a subepidermal blister with an inflammatory infiltrate in the blis-
ter cavity and in the upper dermis consisting predominantly of eosinophils and neutrophils; 
Panel D: bullous pemphigoid: direct immunofluorescence microscopy depicting linear IgG 
deposits at the epidermal basement membrane.
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per million per year (Bernard et al., 1995; Jung et al., 1999; Marazza et al., 2009). It rap-
idly increases with aging and the relative risk for patients older than 90 years has been esti-
mated to be approximately 300 fold higher than for subjects of 60 years of age or younger. 
In contrast to most autoimmune diseases, men have a higher risk of suffering from BP than 
women (Jung et al., 1999). Although BP is usually a disease of the elderly, it may be not as 
rare as commonly stated in children (Nemeth et al., 1991, Trueb et al., 1999, Waisbourd-
Zinman et al., 2008). 

Increasing evidence indicates that certain HLA class II alleles, that are prevalent in BP, 
play an important role in restricting autoreactive T cell responses to the BP target antigens 
(see below) and may thus be critical in the pathogenesis of the disease (Büdinger et al., 
1998). A predominance of the class II HLA allele DQβ1*0301 has been found in Cauca-
sian patients with BP and other variants, such as gestational pemphigoid and cicatricial 
pemphigoid (Delgado et al., 1996). However, the association of HLA class II alleles is most 
likely more polymorphic. In one report, the restriction with the allele DQβ1*0301 has been 
found to apply to men only (Banfield et al., 1998), while in a Japanese study BP was associ-
ated with the alleles DRβ1*04, DRβ1*1101 and DQβ1*0302 (Okazaki et al., 2000). 

The potential occurrence of malignant diseases in patients with BP is most likely related 
to the old age of the patients. Some reports have suggested an increased frequency of cer-
tain cancers (such as of digestive tract, urinary bladder, and lung) and lymphoproliferative 
disorders. However, in two case-control studies, this excess of malignancy in BP was not 
significant (Venning et al., 1990; Lindelöf et al., 1990). 

BP has been also described in patients with other autoimmune disorders, such as rheu-
matoid arthritis, Hashimoto’s thyroiditis, dermatomyositis, lupus erythematosus, and auto-
immune thrombocytopenia. Although a case-control study did not find any increased risk 
for autoimmune disorders in BP (Taylor et al., 1993), it is likely that these associations are 
not fortuitous, but reflect a genetically determined susceptibility to develop autoimmune 
diseases.

In some cases BP has been thought to be induced by trauma, burns, radiotherapy, UV 
radiation and, more significantly, drug intake (reviewed in Vassileva, 1998). With regard 
to the latter, diuretics (such as furosemide), non-steroidal anti-inflammatories, D-pen-
icillamine, antibiotics (ampicillin and ciprofloxacin), iodine, and captopril are the most 
frequently implicated drugs. In a case-control study, an association was found with aldos-
terone antagonists and neuroleptics (Bastuji-Garin et al., 1996). It is not clear yet by which 
mechanisms drugs affect the development of BP, but it is likely that these patients have 
an underlying susceptibility to the disease and the drugs act as triggers. BP has also been 
found in association with certain dermatoses, such as psoriasis and lichen planus. In these 
conditions, it has been speculated that the inflammatory process at the dermo-epidermal 
junction is responsible for the exposure of antigens to autoreactive T lymphocytes leading 
to a secondary immune response (reviewed in Chan et al., 1998). Finally, BP has been de-
scribed in patients presenting with neurological disorders, such as multiple sclerosis, Shy-
Dragger syndrome, or amyotrophic lateral sclerosis (Masouyé et al., 1989; Chosidow et al., 
2000). While the significance of these associations is unclear, it is intriguing to note that 
one of the two autoantigens of BP, the BP antigen 230 (BP230) (see below), has several iso-
forms (such as BPAG1-a) that are expressed in the central and peripheral nervous system 
and in muscles (Leung et al., 2001, Steiner-Champliaud et al., 2010) The possibility that in 
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certain cases autoantibodies to BP230 might cross react with these isoforms and contribute 
to the neurological manifestations remains to be evaluated (Laffitte et al., 2005).

Diagnosis

Because of the clinical and immunopathological overlap with other autoimmune subepi-
dermal blistering disorders, diagnosis of BP relies on the characterization of the targeted 
antigens. However, immunofluorescence microscopy studies are very useful for an initial 
classification. Although the validity of the approach needs confirmation, we frequently 
perform a work-up including IF microscopy studies in elderly patients with itch with or 
without skin manifestations to exclude a prodromal, non-bullous phase of BP.

1. Light microscopy studies of an early bulla show a subepidermal blister with a dermal in-
flammatory infiltrate composed predominantly of eosinophils and neutrophils (Fig. 2). 
In early non-bullous phases, subepidermal clefts and eosinophilic spongiosis can be 
found. Nevertheless, in the early phase of the disease or in atypical cases of BP histolog-
ical features are either not diagnostic or not specific enough to allow distinction from 
other subepidermal autoimmune blistering diseases.

2. Direct immunofluorescence microscopy studies characteristically show linear deposits of 
IgG and or C3, and more rarely, of other Ig classes along the epidermal basement mem-
brane (Fig. 2). Testing of autologous patient’s skin after treatment with 1 M NaCl can 
allow the distinction of patients with BP (deposits on the epidermal side of the split or 
on both side of the split) from those with epidermolysis bullosa acquisita or anti-ep-
iligrin mucous membrane pemphigoid (deposits on the dermal side) (Gammon et al., 
1990).

3. Indirect immunofluorescence studies demonstrate the presence of circulating IgG auto-
antibodies in 60 to 80% of patients, that typically bind to the epidermal side of saline 
separated normal human skin (Gammon et al., 1984a). The latter substrate has been 
found to be superior than intact skin and other substrates such as monkey esophagus. 
In gestational pemphigoid, patients have IgG1 and IgG3 complement-fixing antibodies 
which are best detectable by a complement-binding indirect method.

4. Enzyme linked immunosorbent assays (ELISA) utilizing recombinant proteins encom-
passing various portions of BP180 (such as the NC16A domain, the COOH-terminal 
portion or its entire ectodomain ) have been found to be highly specific and sensitive 
(Table 1). Antigens are tested under native conditions and, by this mean, reactivities 
against conformational antigens are not missed. (Giudice et al., 1994, Ide et al., 1995; 
Zillikens et al., 1997a and 1997b; Nakatani et al., 1998; Haase et al., 1998; Hofmann 
et al., 2002; Mariotti et al., 2004; Sakuma-Oyama et al., 2004; Thoma-Uszynski et al., 
2004, Tsuji-Abe et al., 2005; 2006; Sitaru et al., 2007). ELISAs using BP230 recombinant 
proteins have been so far less sensitive and specific compared to BP180-ELISAs but 
have confirmatory diagnostic value (Table 1) (Kromminga et al., 2004; Thoma-Uszynski 
et al., 2004; Yoshida et al., 2006, Tampoia et al., 2009). In contrast to previous published 
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Table 1. A survey of published ELISA studies in bullous pemphigoid. 

Study BP 
sera

Control
sera

IIF1
(%)

Anti-
gen

Recombinant protein2 Se 4
(%)

Sp
(%)

Zillikens D.  
et al., 1997

50 107 84 BP180 P-NC16A (AA 490-562)  94.0 100

Nakatani C.  
et al., 1998

110 50 89 BP180 P-NC16A (AA 507-548)  96.0 100

P-C-terminus  
(AA 1365-1413) 

 38.0 100

Husz S  
et al., 2000

43 60 NK BP180 
BP230 

Combination of 3 peptides 
(BP180: AA 507-528;  
BP230: AA 1814-1834,  
AA 1793-1813)

 91.0  88.0

Hata Y.  
et al 2000

83 40 100 BP180 E-ectodomain (AA 490-1497)  66.3  95.0

P-NC16A (AA 490-566)  70  92.5

Kobayashi M.  
et al., 2002

64 538 100 BP180 P-NC16A (AA 490-566)  84.4  98.9

Hofmann SC. 
et al., 2002

116 100 100 BP180 E-NC16A+ Col 15  
(AA 490-811) 

 80.0  99.0

E-C-terminus  
(AA 1351-1497) 

 47.0  97.0

Sakuma- 
Oyama Y.  
et al., 2004

102 94 100 BP180 NC16A (commercial kit)3  89.0  97.9

Mariotti F.  
et al., 2004

78 107 100 BP180 P-NC16A (AA 490-562)  82.0 100

Combination of 2 P-frag-
ments (AA 1080-1107,  
AA 1331-1404) 

 41.0  99.1

Thoma- 
Uszynski S.  
et al., 2004

127 51 NK BP180 E-ectodomain (AA 485-1497)  95.3  94.0

BP230 Combination of  3 eukaryotic 
fragments (N: AA 1 1307;  
C1: AA 1881-2649;  
C2: AA 2077-2649;)

 81.5  64.8

Kromminga A.  
et al., 2004

56 76 100 BP230 Combination of 5 E-fragments 
(N1: AA 1-671;  
N2: AA 607-1073;  
N3: AA 1014-1758;  
C1 AA 1710-2189;  
C2: AA 2137-2649)

 62.5  93.4

Tsuji-Abe Y.  
et al., 2005

14 447 100 BP180 NC16A (commercial kit)3  78.6  98.9

Yoshida M.  
et al., 2006

239 430 100 BP180 NC16A (commercial kit)3  69.9  98.8

109 BP230 Combination of 2 P-fragments 
(N: AA 1-979;  
C: AA 1870-2650)

 72.4  99.5
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claims, clinical experience indicates that the sensitivity of the commercially available 
BP180-ELISAs (70%–97.6%) is not superior to indirect immunofluorescence micros-
copy studies using salt-split normal skin when unselected BP sera are tested. However, 
the sensitivity can be increased up to 100% (Di Zenzo et al., 2008) when various ELI-
SAs using the NC16A domain and other extracellular portions of BP180 or of BP230 are 
used in combination (Nakatani et al., 1998; Hofmann et al., 2002; Mariotti et al., 2004; 
Thoma-Uszynski et al., 2006; Yoshida et al., 2006; Di Zenzo et al., 2008). These ELI-
SAs have several advantages over traditional diagnostic approaches: they allow multiple 
sample testing, are rapid and easy to perform, and can be better standardized (Fig. 3). 
Finally, although not yet demonstrated in controlled studies, they probably are of diag-
nostic help in patients suspected of having BP when, for various reasons, direct immu-
nofluorescence studies cannot be performed. ELISAs have nowadays largely replaced 
immunoblot and immunoprecipitation techniques, which are technically much more 
 demanding.

5. Immunoblot and immunoprecipitation studies of keratinocyte extracts show in 60% to 
100% of patients’ sera the presence of autoantibodies binding to BP180 and / or BP230 
(Stanley et al., 1981; Labib et al., 1986; Mueller et al., 1989; Bernard et al., 1989). Recom-
binant forms of BP180 and BP230 expressed in prokaryotic or eukaryotic systems (such 
as baculoviruses, epithelial cell lines, and yeast) have also been used to facilitate the de-
tection of auto-antibodies (Tanaka et al., 1991, Giudice, 1993, Haase et al., 1998). In ges-
tational pemphigoid, patients’ autoantibodies predominantly recognize BP180 (Morri-
son et al., 1988). These technical approaches are currently only performed in particular 
cases, such as for ELISA-negative serum samples or in investigative studies.

Study BP 
sera

Control
sera

IIF1
(%)

Anti-
gen

Recombinant protein2 Se 4
(%)

Sp
(%)

Sitaru  
et al., 2007

118 107 94 BP180 Tetramers of NC16A  89.8  87.8

Di Zenzo  
et al., 2008

49 80 96 BP180+
BP230

Combination  
of 1P and 2 E-fragments  
BP180-NC16A/ BP180-ECD/
BP230-NH2term

100  82

Feng  
et al., 2008

42 24 100 BP180 NC16A (commercial kit)3  97.6  96

Tampoia  
et al., 2009

20 82 100 BP180 NC16A (commercial kit)3  90  97.6

BP230 BP230 (commercial kit)3  60  97.6

1  Percentage of positivity by indirect immunofluorescence microscopy. 2Recombinant pro-
teins used as substrate. P- for prokaryotic or E- for eukaryotic expressed protein. 3A com-
mercially available ELISA kit (MBL, Naka-ku, Nagoya, Japan). Se: Sensitivity; Sp: specific-
ity; NK: not known; AA: amino acid. 4Noteworthy, in most studies, sensitivity is largely 
overestimated, since selected serum samples from BP patients with positive indirect IF 
studies were used.

Table 1. (continued) A survey of published ELISA studies in bullous pemphigoid. 
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Differential diagnosis

Manifestations of BP might resemble those of a variety of dermatoses, including drug re-
actions, contact dermatitis, prurigo, fixed urticaria, vasculitis, arthropod reaction and sca-
bies. Clinical history, pathologic features and negative immunofluorescence microscopy 
findings are essential to distinguish these disorders from BP. Diseases within the pemphi-
gus group can be easily differentiated on the basis of distinctive immunopathological fea-
tures. In dermatitis herpetiformis IF microscopy findings, the clinical setting with asso-
ciated (clinical or subclinical) coeliac disease and the serological profile (see Dermatitis 
herpetiformis chapter) are peculiar. In contrast, the distinction of BP from certain au-
toimmune blistering disorders is difficult. However, a recent study has found that in pa-
tients with a blistering disorder associated with linear deposits of IgG or C3 in the epider-
mal basement membrane the presence of certain clinical criteria (that is, absence of skin 
atrophy, absence of mucosal involvement, absence of head and neck involvement and age 

1) Coating the antigen 2) Blocking the plate

Recombinant 
NC16A mixture of 

unrelated 
proteins

4) Serum incubation

3) Washing the plate

BP 
serum

5) Washing away 
unbound antibodies

anti-NC16A
Auto-Ab

6) Anti-human IgG
incubation

anti-human 
IgG

Hrp

8) Hrp-substrate addition and 
colour development

anti-human 
IgG

Hrp

7) Washing away 
unbound antibodies

Hrp
substrate

Coloured
product

Substrate

Fig. 3. Principle of BP180-NC16A ELISA. The ELISA based on the use of a recombinant pro-
tein corresponding to NC16A domain is highly sensitive and specific. The ELISA procedure 
involves (1) coating of antigen; (2) blocking of the nonspecific binding sites with a mixture 
of unrelated proteins; (3) washing the plate; (4) incubation of coated antigen with BP sera 
and controls; (5) washing to remove unbound autoantibodies (Auto-Ab); (6) incubation with 
anti-human IgG antibody conjugated with horseradish peroxidise (Hrp); (7) washing to re-
move unbound autoantibodies; (8) addition of peroxidise substrate and stopping the reac-
tion that produces coloured products and reading of optical density (OD) at 450 nm with a 
microplate reader.
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greater than 70 years) indicates to a diagnosis of BP with high sensitivity and specificity 
(Vaillant et al., 1998, Joly et al., 2004). Paraneoplastic pemphigus, an autoimmune blis-
tering disorder with potential multiorgan involvement associated with a neoplasia, might 
present with clinical features reminiscent of BP. However, its immunopathological features 
are peculiar enough to allow its differentiation from BP. The distinction of the following 
subepidermal blistering disorders may be challenging: 

1. Epidermolysis bullosa acquisita (EBA) shows a wide spectrum of presentations (Gam-
mon, 1984b; Briggaman et al., 1985; Gammon and Briggaman, 1993) (see EBA chap-
ter). The classical “non-inflammatory” form includes skin fragility, blistering, erosions, 
with milia formation, skin atrophy and scarring that typically develop over trauma-
exposed sites, such as arms, elbows, hands and feet. Occasionally, nail dystrophy and 
scarring alopecia are observed. While the features of this classical form are suggestive, 
a substantial number of patients have an “inflammatory” form of EBA mimicking BP, 
characterized by a widespread eruption with blisters involving intertriginous and flex-
ural areas that heal without milia or atrophic scars. In addition, in the course of the dis-
ease, a mixture of inflammatory and non inflammatory features may be observed. Mu-
cosal involvement can occur and potentially results in significant morbidity. Diagno-
sis of EBA relies on the detection of autoantibodies that bind to the dermal side of 1 M 
NaCl separated skin and specifically react with type VII collagen, the major component 
of anchoring fibrils (Briggaman et al., 1985; Woodley et al., 1984). Correct diagnosis of 
EBA is important for at least two reasons: the disease might be associated with other 
conditions, such as Crohn’s disease, rheumatoid arthritis, and systemic lupus erythema-
tosus, and second, EBA is thought to be more resistant to treatment than BP.

2.  Linear IgA bullous dermatosis (LABD) was originally considered a distinct entity de-
fined on the basis of the immunopathological finding of linear IgA deposits in the cuta-
neous BMZ (Chorzelski et al., 1979; Wojnarowska et al., 1988). The condition, thought 
to represent the most common autoimmune blistering disorder of childhood, is asso-
ciated with urticated, annular and or polycyclic lesions, with development of vesicles 
and bullae. The latter might be distributed in “jewel-like” clusters or “string of pearls” 
patterns. Involvement of mucosae is not unusual. Childhood features of LABD are of-
ten peculiar, with involvement of the genital area or around the mouth, whereas adult-
hood LABD is more polymorphic. The autoantigens of LABD are heterogeneous. The 
two most characteristic target antigens are a protein of 97 kDa and a 120 kDa pro-
tein, termed the LABD antigen 1 (LABD97) and LAD-1 respectively. These two mole-
cules correspond to the cleaved, shedded ectodomain of BP180 (Zone et al., 1998; Pas 
et al., 1997; Hirako et al., 1998 and 2003; Schäcke et al., 1998). It is thought that ex-
tracellular processing of BP180, which is catalyzed by members of the ADAMs fam-
ily (A  Disintegrin And Metalloprotease) (Franzke et al., 2004), results in the formation 
of neoepitopes which are specifically targeted by patients’ IgA and, occasionally IgG, au-
toantibodies. Nevertheless, some patients with bona fide LABD have been found to pos-
sess IgA (and IgG) autoantibodies that recognize BP180 and BP230 (Ghohestani et al., 
1997), type VII collagen (Hashimoto et al., 1996) or other, as yet uncharacterized anti-
gens (Wojnarowska et al., 1991). Some of these LABD patients therefore fulfill the diag-
nostic criteria for BP or EBA. In summary, LABD most likely comprises a group of sub-
epidermal blistering disorders rather than a single nosologic entity. 
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3. Anti-p200 pemphigoid, a recently identified entity within the group of autoimmune 
subepidermal blistering diseases. Clinical features are identical to those observed in BP, 
that is, vesicles and tense blisters together with eczematous and urticarial papules and 
plaques. Rarely, patients have a dermatitis herpetiformis-like grouped papulovesicles 
and oral and / or mucosal lesions can occur. Immunologically, these patients can be dif-
ferentiated from BP based on the detection of circulating autoantibodies that bind the 
dermal side of NaCl-separated human skin. Patients’ autoantibodies specifically recog-
nize a 200 kDa protein of the dermo-epidermal junction, the laminin gamma 1 chain 
(Dilling et al., 2007; Dainichi et al., 2009).

4.  Mucous membrane pemphigoid (MMP) includes a heterogeneous group of blistering 
diseases, which have in common the predominant involvement of the mucosae and a 
chronic course. Scarring is typical except for a subset of patients with disease restricted 
to the oral mucosa (Mutasim et al., 1993; Chan et al., 1993; Chan et al., 2002). In con-
trast to BP, MMP skin lesions generally involve the scalp, head, and the upper trunk, 
and they are found in up to 25% of patients. The oral mucosa and the conjunctiva, and, 
less frequently, nose, esophagus, larynx and genitals are affected. Subsets of patients 
with either pure ocular involvement, predominant oral mucosal involvement without 
cutaneous lesions, or with both oral and cutaneous lesions have been identified (Chan 
et al., 1993). Erosions and scarring of the mucosae might result in significant morbidity. 
Ocular disease can lead to symblepharon formation, entropion, and trichiasis. In addi-
tion, stenoses of the nasopharynx, larynx, esophagus and urethra are observed. Patients 
with a MMP phenotype might exhibit IgG and / or IgA autoantibodies of different spec-
ificity, that recognize BP180 and BP230 (Bernard et al., 1990a; Calabresi et al., 2007), 
the 97 / 120 kDa LABD antigen, laminin-332 (laminin-5) and laminin-311 (laminin-6) 
(Domloge-Hultsch et al., 1992; Chan et al., 1997), type VII collagen (Luke et al., 1999) 
or the β4 integrin subunit (Tyagi et al., 1996). Importantly, in the so called anti-epiligrin 
mucous membrane pemphigoid associated with anti-laminin-332 autoantibodies an in-
creased relative risk for solid cancer (adenocarcinomas), especially in the first year after 
blister onset, has been reported (Egan et al., 2003). The latter observation probably ac-
counts for the high incidence of mortality observed among these patients.

Therapy and Prognosis

BP is a chronic disease showing spontaneous exacerbations and remissions, that is associ-
ated with potential significant morbidity and has a serious impact on the quality of life (severe 
itch, bullous and eroded lesions, impetiginization…). Although the majority of patients go 
into remission under treatment, the mortality rate, estimated between 12 to 40% in the first 
year, is considerable (Roujeau et al., 1998, Colbert et al., 2004). It is likely that practice pat-
terns (e. g., use systemic corticotherapy or immunosuppressive drugs) critically affect overall 
morbidity (Roujeau et al., 1998). Older age, low general condition (Karnovsky index of ≤ 40) 
and use of high doses of oral corticosteroids, but not the extent of the disease, are the most 
important prognostic factor affecting mortality rate (Rzany et al., 2002; Joly et al., 2005).
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The treatment of BP is still based more on clinical experience rather than on evidence. 
However, results of controlled studies have recently started to change the practices and the 
therapeutic algorithm followed by dermatologists (Korman, 2000, Laffitte and Borradori, 
2001). As a matter of fact, potent topical corticosteroids (such as clobetasol proprionate), 
have been demonstrated in a large multicenter study to constitute a more effective therapy 
for BP when compared to oral corticosteroids in terms of control of the disease, side effect 
profile and overall survival (Joly et al., 2002). Furthermore, a mild regimen with clobetasol 
propionate cream 10–30 g per day tapering over 4 months is not inferior than the original 
treatment protocol (clobetasol propionate cream, 40 g per day initially, with tapering over 
12 months). This mild regimen allows a 70% reduction of the cumulative doses of corticos-
teroids, and, in patients with moderate disease, it reduces the risk of death and further im-
proves the side effect profile (Joly et al., 2009). Systemic corticosteroids have been widely 
utilized in clinical practice and their efficacy have been confirmed in uncontrolled and 
controlled studies (Morel et al., 1984; Dreno et al., 1993, Joly et al., 2002). However, their 
use is associated with significant side effects (Roujeau et al., 1998, Joly et al., 2002). For pa-
tients with extensive disease, oral prednisone at the dosage of 0.5 to 1 mg per kg per day 
usually controls the disease within three weeks. This dose is then progressively tapered over 
a period of 6 to 9 months. The concomitant use of immunosuppressive drugs, such as aza-
thioprine (Burton et al., 1978; Guillaume et al., 1993), mycophenolate mofetil, methotrex-
ate, and less frequently, chlorambucil and cyclophosphamide, is a matter of debate. Some 
clinicians prefer to introduce them only when corticosteroids alone fail to control the dis-
ease, or if the latter are contraindicated. The only controlled study available so far failed to 
prove an advantage of using a combination of prednisone and azathioprine versus predni-
sone alone, since more complications were observed in the azathioprine group. However, 
in the latter study, the dose of azathioprine used was not adjusted based on TPMT levels. 
The choice of a immunosuppressive drug depends on the profile of its side effects, patients’ 
overall condition, the experience of the physician with the molecule, and finally, cost is-
sues. For example, although mycophenolate mofetil is likely to have less hepatic side effects 
compared to azathioprine, the latter is much cheaper and may show a more rapid onset of 
action with a better corticosteroid sparing effect (Beissert et al., 2007). Dapsone (Venning 
et al., 1989) and the association of nicotinamide and minocycline or tetracycline (Fivenson 
et al., 1994) have also been tried alone or as adjuvant with some success and may be helpful 
in mild disease. In certain treatment-resistant cases, pulse corticosteroid therapy, intrave-
nous immunoglobulins, plasmapheresis and photophoresis have been utilized. The expe-
rience with biologicals, such as rituximab, in BP is still anecdotal (Reguiaï et al., 2009). Fi-
nally, in all BP patients, it is important to undertake all measures aimed at preventing the 
complications of both the cutaneous lesions and of the treatment.

Disease activity and relapse markers

In preliminary studies encompassing almost invariably retrospective cohorts with a limited 
number of patients, evidence has been provided indicating that IgG ELISA-BP180 NC16A 
values parallel disease severity and or activity (Haase et al., 1998, Schmidt et al., 2000a). 
Nevertheless, data from larger prospective studies are required to draw more substantiated 
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conclusions. One has to keep in mind that up to 20–30% of unselected BP serum samples 
lack reactivity against the NC16A domain. A recent prospective study on BP patients af-
ter cessation of corticosteroid treatment has indicated that, besides greater age (> 80 years), 
the detection of a high-titer ELISA-BP180 (NC16A) score (3 x higher than the cutoff) and, 
to a lesser degree, of a positive direct immunofluorescence at the moment of therapy stop-
ping are good indicators for an increased relapse risk (Bernard et al., 2009).

The phenotype of the disease seems to relate to the autoantibody profile. For example, 
reactivity with both the NH2- and COOH-terminal region of the ectodomain of BP180 was 
found to be more frequently detected by ELISA in patients with mucosal lesions (Balding 
et al., 1996; Hofmann et al., 2002). 

Challenging situations 

An unresolved issue is how to deal with elderly patients with an itchy skin eruption who 
have circulating antibodies to the BM and show reactivity with BP180 and BP230, but with-
out evidence for deposits of immunoreactants in the skin as assessed by IF microscopy and 
with unspecific histologic findings (Rieckhoff-Cantoni et al., 1992; Hashisuka et al., 1996). 
It is likely that in these cases the use of a more sensitive technique such as immunoelectron 
microscopy would disclose immune deposits in the skin at an earlier stage. Classification 
of this relatively large group of patients remains problematic in the absence of a consen-
sus statement on definition of diagnostic criteria for definite and probable or early BP. As 
a matter of fact, some of these patients with initially negative direct immunofluorescence 
findings, but with circulating anti-basement membrane antibodies, develop BP later on. 

Pathogenesis

BP180 and BP230 are components of hemidesmosomes,  
junctional adhesion complexes

Recent cell biological studies have specified the role of BP180 and BP230 in maintenance 
of dermo-epidermal adhesion (Borradori and Sonnenberg, 1999). These two proteins are 
components of hemidesmosomes (HD), junctional complexes promoting adhesion of ep-
ithelial cells to the underlying BM in stratified and other complex epithelia, such as skin 
and mucous membranes (Fig. 4). 

BP180 is a transmembrane molecule with a large collagenous extracellular domain 
(ECD) serving as cell adhesion molecule (Giudice et al., 1991; Hopkinson et al., 1992) 
(Fig. 5). The idea that this protein is important for cell attachment is further supported 
by the observation that mutations in the gene encoding BP180 underly a form of non-le-
thal junctional epidermolysis bullosa characterized by skin blistering and fragility, alope-
cia, dental and nail abnormalities (Jonkmann et al., 1995, McGrath et al., 1995). In con-
trast, BP230 is a cytoplasmic component belonging to the plakin family of proteins (Stan-
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ley et al., 1988; Sawamura et al., 1991; Green et al., 1992) that consist of a central coiled-coil 
region flanked by two globular end domains (Fig. 5). The recent description of a mild form 
epidermolysis bullosa simplex due to mutations in the dystonin gene, encoding the coiled-
coil domain of the epithelial isoform of BP230 (BPAG1-e), illustrates the role of BP230 in 
maintenance of cytoarchitecure and cell resilience (Groves et al., 2010).

These two antigens by means of interactions with each other and with the other compo-
nents of HD, including the α6β4 integrin and plectin, contribute to the assembly and sta-
bilization of HD, and, therefore, to the maintenance of cell-substrate adhesion (Hopkin-
son et al., 1995, Borradori et al., 1997, Koster et al., 2003). Specifically, BP230 and plectin 
(Guo et al., 1995, Andrä et al., 1997; Fontao et al., 2003) connect the keratin filaments to 
the basal plasma membrane, while the transmembrane hemidesmosomal proteins BP180 
and the α6β4 integrin act as cell surface receptors for extracellular matrix proteins, includ-
ing laminin-332. The latter interacts with type VII collagen, the major component of an-
choring fibrils in the dermis. Because of their close structural organization and functional 
synergy, it is not unexpected that abnormalities of different structural components of HD 
(e. g. due to either autontibodies or a gene mutation) might result in a similar clinical phe-
notype.
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Fig. 4. Schematic representation of a hemidesmosome at the ventral side of a basal keratino-
cyte depicting some major structural components. The two intracellular hemidesmosomal 
components BP230 (BPAG1-e) and plectin are implicated in the attachment of the keratin 
intermediate filament network and interact with the cytoplasmic domain of the transmem-
brane components BP180 (also called BPAG2, type XVII collagen) and integrin α6β4. The 
latter, by means of their extracellular domain, are able to interact with extracellular matrix 
proteins within the basement membrane, such as laminin-332, that is in turn connected with 
type VII collagen, the major component of anchoring fibrils in the upper dermis. Lamina 
densa, lamina lucida, anchoring filaments and anchoring fibrils are structures within the 
basement membrane zone that can be visualized by electron microscopy studies.
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BP, an example of organ-specific autoimmune disease

The autoimmune etiology of BP appears now clearly established: 1) patients have autoan-
tibodies and autoreactive T cells to well characterized self-antigens; 2) tissue injury occurs 
where antibody-antigen complexes are found; 3) in vitro models with human skin and in 
vivo animal models of the disease have provided unequivocal evidence for the pathogenic 
role of autoantibodies; specifically, mice that lack mouse BP180, but express human BP180 
have been generated. In these “humanized” mice, passively transferred, maternally-trans-
ferred or actively produced BP autoantibodies react to human BP180 molecules expressed 
in the skin and induce BP-like skin lesions in the neonates or adult mice; 4) in gestational 
pemphigoid, the transplacentar transfer of anti-BP180 autoantibodies from the mother 
into the neonate can cause a transient bullous eruption; 5) the levels of IgG and IgE au-
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Fig. 5. Structural and domain organization of the bullous pemphigoid antigen 230 (BP230) 
and the bullous pemphigoid antigen 180 (BP180). BP230 is predicted to contain a central 
coil-coiled domain flanked by two globular domains, while BP180 is a type II transmembrane 
protein with a large extracellular collagenous domain. LAD-1 corresponds to a 120 kDa 
mole cule generated by physiologic processing of BP180. The identified antigenic sites on the 
various portions of both antigens are depicted and the corresponding original studies are 
cited:  [1] Miller et al., 1993; [2] Gaucherand et al., 1995; [3] Skaria et al., 2000; [4] Hamada 
et al., 2001; [5] Kromminga et al., 2004; [6] Thoma-Uszynski et al., 2004; [7] Egan et al., 2001; 
[8] Di Zenzo et al., 2004; [9] Zillikens et al., 1997; [10] Zimina et al., 2008; [11] Perriard et al., 
1999; [12] Murakami et al., 1998; [13] Schumann et al., 2000; [14] Chritophoridis et al., 2000; 
[15] Di Zenzo et al., 2008.
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toantibodies directed against the immunodominant region of BP180 autoantibodies par-
allel disease activity; 6) the disease occurs in association with distinct HLA genotypes and 
responds to immunosuppressive therapy.

Humoral immune response 

Almost all BP patients have autoantibodies binding to an immunodominant region of 
BP180, the NC16A domain, which is located extracellularly close to its transmembrane do-
main. Memory B cells specific for the NC16A domain, which can be induced in vitro to 
synthesize autoantibodies have been identified (Leyendeckers et al., 2003). Nevertheless, 
additional antigenic sites exist on both the extracellular and intracellular domain of BP180, 
which is recognized by up to 96% of the BP sera (Diaz et al., 1990; Giudice et al., 1993; Giu-
dice et al., 1994; Zillikens et al., 1997; Perriard et al., 1999; Nakatani et al., 1998; Nie and 
Hashimoto, 1999; Egan et al.1999; Schumann et al., 2000; Egan et al., 2001; Hofmann et al., 
2002; Di Zenzo et al., 2004; Mariotti et al., 2004; Thoma-Uszynski et al., 2006; Di Zenzo 
et al., 2008) (Fig. 5). Interestingly, there is a subgroup of patients who react with different 
BP180 extracellular epitopes, but not with the NC16A domain suggesting a possible role of 
non-NC16A epitopes in the pathogenesis of disease (Mariotti et al., 2004 and unpublished 
observations). Recently, it has also been reported that autoantibodies preferentially recog-
nize the phosphorylated BP180 ectodomain (Zimina et al., 2007 and 2008). 

BP patients also exhibit significant reactivity with BP230. In an initial study, 38% of 
BP sera recognized synthetic peptides representing sequences in the COOH-terminal re-
gion of BP230 by immunoblot (Rico et al., 1990). Subsequent studies showed that approx-
imately 60% of BP sera have IgG autoantibodies that recognize the COOH-terminal do-
main of BP230. Specifically, immunodominant antigenic sites have been mapped within 
a region encompassing the B and C subdomains of BP230 (Skaria et al., 2000; Hamada 
et al., 2001). Nevertheless, IgG autoantibodies binding to the N-terminal and the cen-
tral α-helical coiled-coil domain are also found (Skaria et al., 2000; Tanaka et al., 1991; 
Miller et al., 1993; Ide et al., 1995; Gaucherand et al., 1995; Thoma-Uszynski et al., 2004) 
(Fig. 5).

The presence of several antigenic sites throughout BP230 and BP180 most likely results 
from an “epitope spreading” (ES) phenomenon. This term describes the observation that 
in the course of an autoimmune disease, both B and T cell responses (see below) are not 
restricted to an unique “immunodominant” epitope, but they spread involving additional 
“secondary” epitopes within the same protein or on distinct molecules, that may play a key 
role for the progression of the disease (Vanderlugt and Miller, 1996; Chan et al., 1998). This 
phenomenon may explain the occasional finding that BP sera contain autoantibodies tar-
geting other components of the hemidesmosomal adhesion complex, such as plectin and 
laminin-332 (Kawahara et al., 1998; Laffitte et al., 2001). Analysis of the epitope pattern 
in the disease course indicated that patients with either BP or gestational pemphigoid ex-
hibit a specific reactivity profile and that binding to intracellular epitopes are detectable at 
an early stage of the disease (Di Zenzo et al., 2004; Di Zenzo et al., 2007). We have recently 
assessed the dynamics of the humoral response to human BP180 in mice grafted with skin 
obtained from transgenic mice expressing human BP180. The results showed that antibod-
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ies develop first against epitopes on the extracellular domain of BP180, and later on against 
intracellular epitopes (Di Zenzo et al., 2010). Recently, evidence for ES phenomena pro-
duced by autoaggressive B (and T) cells has been found. Most ES events occurred intra-
molecularly involving IgG response against BP180. Of note, in some patients IgG reactivity 
targeted first BP180 and then spread to BP230 epitopes. Noteworthy, IgG reactivity against 
the intracytoplasmic BP230 never preceded that recognizing the transmembrane BP180 
protein (own unpublished observations). Altogether these findings are in keeping with the 
current model of autoimmune disease that predicts an initial involvement of an extracellu-
lar immunodominant epitope (BP180 ECD) triggering an inflammatory cascade with tis-
sue damage leading subsequently to exposure with recognition of antigenic reactive sites 
on the intracellular domain of BP180 and BP230. 

In addition to the IgG isotype, patients with BP have frequently IgE and IgA autoan-
tibodies binding to both BP180 and BP230. IgE autoantibodies have been found to bind 
to the NC16A domain, other sites of the BP180 ectodomain and intracellular domain as 
well as to BP230 (Ghohestani et al., 1998; Fairley et al., 2005; Christophoridis et al., 2000; 
Messingham et al., 2009; Dresow et al., 2009). It should be noted that normal healthy sub-
jects may possess IgG autoantibodies to basement membrane proteins as assessed by indi-
rect immunofluorescence studies, immunoblot and ELISA, but usually at low titers (Desai 
et al., 2008; Wieland et al., 2010). Positive BP180 and BP230 ELISA values are also found 
in elderly patients with various pruritic skin disorders (Hofmann et al., 2003, 2009; Jedlick-
ova et al., 2008 Feliciani et al., 2009). Nevertheless, based on the low incidence of BP, even 
in the elderly, the number of prospectively followed patients is insufficient to draw any 
conclusion about the predictive positive value of positive ELISAs results to identify elderly 
subjects who later on will develop BP.

Cellular immune response and inflammatory cascade

Only a limited number of studies have thus far addressed the role of autoreactive T cells 
in the pathogenesis of BP and related disorders. Some studies have assessed autoreactive 
T cell responses to the ectodomain of BP180 in patients with BP, gestational pemphigoid 
and in healthy individuals (Büdinger et al., 1998, Lin et al., 1999). Autoreactive T cells re-
act with the same regions of BP180 and BP230 that are recognized by IgG autoantibodies 
(Thoma-Uszynski et al., 2006). Strikingly, epitope recognition appeared to be restricted by 
certain HLA class II alleles, such as the HLA-DQβ1*0301 allele, that are prevalent in BP 
(Delgado et al., 1996). CD4 T cell lines and clones derived from BP patients were shown to 
produce both Th1 and Th2 cytokines (Büdinger et al., 1998). 

Since Th1 cytokines (such as IFNγ) are able to induce the secretion of IgG1 and IgG2, 
while Th2 cytokines (such as IL-4, IL-5, and IL-13) have been shown to regulate the se-
cretion of IgG4 and IgE (reviewed in Romagnani, 1992), the detection of anti-BP180 and 
anti-BP230 antibodies of the IgG1, IgG4 and IgE isotype (Bernard et al., 1990b; Fairley 
et al., 2005) in BP patients suggest that both autoreactive Th1 and Th2 cells are involved 
in the regulation of the response to the BP target antigens. This idea is further supported 
by the analysis of the cytokine expression profile in both patients lesional tissue and sera, 
that shows an increase in most cytokines with significant correlations betweeen their level 
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and skin lesions number (D’Auria et al., 1999). The relative low concentrations of IFNγ and 
IL-2 compared to those of IL-4, IL-5 and IL-10 suggests a predominance of a Th2 response 
(D’Auria et al., 1999). In line with this data, blister fluid and serum of patients with BP are 
extremely rich in CCL18 a chemokine frequently associated with inflammatory Th2-type 
responses. Specifically, Langerhans cells, antigen-presenting cells of the dermis and eosino-
phils have been identified as producers of CCL18, levels of which seem to parallel the dis-
ease course in most cases (Günther et al., 2009). Recently, grafts of human BPAG2 (BP180) 
transgenic skin placed on syngeneic wild type mice elicited IgG that bound human BP180 
in the skin. Of note, MHC II-/- mice grafted with BPAG2 transgenic skin did not develop 
anti-BP180 IgG indicating that MHC II:CD4 + T cell interactions were crucial for these 
responses. Transgenic skin grafts on wild type mice developed neutrophil-rich infiltrates, 
dermal edema, subepidermal blisters, and deposits of immunoreactants in epidermal BM 
(Olasz et al., 2007). Recently, an active stable BP animal model has been established by 
transferring splenocytes from wild-type mice, that had been immunized by grafting of hu-
man BPAG2(BP180)-transgenic mouse skin, into mice generated by crossing Rag-2-/- with 
BP180-humanized mice. The recipient mice continuously produced anti-human BP180 IgG 
Abs in vivo and developed blisters and erosions with BP-like features (Ujiie et al., 2010).

A recent analysis of cell subsets with immunoregulatory functions in untreated BP pa-
tients has shown that while CD4 + CD25 + FOXP3 + Treg, NKT and NK cell present nor-
mal frequency and function in BP patients, γδT cells were reduced (Rensing-Ehl et al., 
2007; Oswald et al., 2009).

Liu and coworkers have generated a humanized mouse strain, in which the murine 
BPAG2(BP180)NC14A is replaced with the homologous human BPAG2(BP180)NC16A 
epitope. When pretreated with mast cell activation blocker or depleted of complement or 
neutrophils, these BP180 humanized mice become resistant to BP development following 
passive transfer of human BP autoantibodies (Liu et al., 2008). Thus, a growing body of ev-
idence suggets that, besides autoantibodies, also T cell and other innate immune system 
players are important in the induction and progression of tissue damage and thus BP patho-
genesis. 

Pathogenic mechanism of blister formation

Animal models of disease based on the passive transfer of antibodies have been extensively 
used to dissect the functional pathways contributing to tissue injury in BP (Liu et al., 1993, 
1995, 1997, 1998, 2000a, 2000b, 2005; 2008 Yamamoto et al., 2002; Nishie et al., 2007 and 
2009). The transferred antibodies were either raised against the murine homologue of the 
human BP180NC16A domain or obtained and purified from BP patients and subsequently 
injected into hamster, neonatal wild-type and / or “humanized” mice expressing human 
BP180. Most of the data obtained in these models are in agreement with findings in BP pa-
tients. Overall, they show that the mechanisms by which IgG autoantibodies are patho-
genic include complement activation, recruitment of inflammatory cells and liberation of 
proteases, such as matrix metalloproteinase (MMP)-9 and neutrophil elastase, which are 
detected in patient lesional skin and blister fluid (Gammon et al., 1984b; Stahle-Bäckdahl 
et al., 1994; Verraes et al., 2001; Shimanovich et al., 2004; Nelson et al., 2006;) (Fig. 6). 
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Specifically, these proteinases, which are strongly expressed by neutrophils and eosino-
phils, are thought to proteolytically degrade various extracellular matrix proteins as well as 
the extracellular domain of BP180 (Stahle-Bäckdahl et al., 1994; Verraes et al., 2001; Chen 
et al., 2001, 2002; Sitaru et al., 2002; Zhao et al., 2006). 

Besides IgG, also IgE anti-BP180 autoantibodies also contribute to lesion develop-
ment by stimulating degranulation of basophils and / or mast cells (Dimson et al., 2003). 
Recently, IgE purified from patients with BP injected into human skin grafted onto nude 
mice were able to induce histological separation of the epidermis from the dermis and 
inflammatory skin changes reminiscent of those observed in BP (Fairley et al., 2007). 
In addition, eosinophils appear to play an important role in mediating inflammatory 
process and tissue injury (Zone et al., 2007) (Fig. 6). While IL-5 promotes growth and 
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Fig. 6. Mechanisms of blister formation in bullous pemphigoid. Binding of autoantibodies 
to the target antigens results in an inflammatory response with complement activation, ac-
cumulation of neutrophils and eosinophils and liberation of proteolytic enzymes. The fol-
lowing steps are shown: (1) IgG and IgE autoantibodies bind to BP180 (and BP230); (2) The 
complement system is activated, while basal keratinocytes produce interleukin-8 (IL-8); (3) 
Macrophages (MΦ), neutrophils (Ne), mast cells (Mc) and eosinophils (Eo) are recruited and 
activated, specifically during the acute inflammatory process. Mast cells bind IgE antigen-
specific autoantibodies and release the content of their granules; (4) Neutrophils secrete vari-
ous proteases; (5) Matrix metalloproteinase 9 (MMP-9) inactivates the α1-proteinase inhibi-
tor of neutrophil elastase; (6) Neutrophil-derived MMP-9 and neutrophil elastase cleave the 
extracellular domain of BP180 and various extracellular matrix proteins and cause dermo–
epidermal dysadhesion with basal keratinocytes detachment and blister formation.
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activation of eosinophils, eotaxin is an eosinophil-specific chemokine, produced by fi-
broblasts and probably keratinocytes, regulating eosinophil migration (Wakugawa et al., 
2000). High levels of IL-5 and eotaxin have been recently detected in blister fluid of BP 
patients. Keratinocytes are also likely to contribute to the local inflammation by releas-
ing both pro-inflammatory cytokines as well as proteases. Recently, autoantibodies to 
BP180 have been shown to directly modulate the expression of IL-6 and IL-8 as well as 
tissue-type plasminogen activator by cultured keratinocytes (Schmidt et al., 2000b and 
2004). Finally, a new study shows that anti-BP180 IgG autoantibodies reduce hemides-
mosomal BP180 content, potentially weakening by this means dermo-epidermal cohe-
sion (Iwata et al., 2009).

The pathogenic relevance of autoantibodies to the cytoplasmic protein BP230 has re-
ceived less attention than given to BP180 autoantibodies. Although reactivity against this 
antigen often has been considered an epiphenomenon, several observations suggest its 
contribution to the pathogenesis of BP: 1. Immunization of rabbits with BP230-derived 
peptides seemed to increase the local inflammatory response following epidermal damage 
(Hall et al., 1993); 2. The passive transfer in neonatal mice of antibodies against BP230-de-
rived peptides has been claimed to induce a dermal inflammatory reaction with subepi-
dermal microdetachments (Kiss et al., 2005); 3. BP230-specific autoantibodies are read-
ily detectable in the majority of BP patients, even after a relatively short duration of disease 
(Thoma-Uszynski et al., 2004; Di Zenzo et al., 2008). 

Unresolved issues and perspectives

The etiologic factors underlying the initiation of the BP remain unclear. One of the major 
challenges will be the elucidation of the predisposing factors, including genetic polymor-
phism, leading to a break of autotolerance. It is important to better characterize the hu-
moral and cellular immune response in the various phases of the disease and to further 
verify to which extent findings obtained from mouse models of BP can be applied to the 
situation in humans. Spontaneous animal models of BP in cats, horses, and minipigs (Ol-
ivry et al., 1999, 2000a, 2000b) could provide important tools for gaining further insight 
into the pathophysiology of the disease. This insight will not only further our understand-
ing of autoimmune diseases in general, but, hopefully, also facilitate the development of di-
agnostic tools for the identification of patients at risk for BP. Better knowledge of the auto-
immune response in BP is a crucial step towards the design of novel immunomodulatory 
approaches devoid of the severe side effects of current immunosuppressive treatments. For 
example, preliminary observations indicate that the new biological therapies using mono-
clonal antibodies able to modulate immune respose (by targeting for example B and / or T 
cells) may be useful in controlling BP (Szalbocs et al., 2002). Finally, it would not be sur-
prising that better knowledge of the pathophysiology of BP and other blistering disorders 
will lead to a revision of their classification based on the targeted antigens. It is likely that 
additional factors, such as genes regulating the inflammatory and tissue repair response, 
critically affect clinical features and final outcome.
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Summary

Our understanding of BP, a blistering disorder of the skin and mucosae, has greatly im-
proved. BP has emerged as a paradigm of organ-specific autoimmune disease. Patients’ au-
toantibodies are directed against BP180 and BP230. These two autoantigens are compo-
nents of hemidesmosomes, adhesion complexes in human skin that promote dermo-epi-
dermal cohesion. Animal models have provided unequivocal evidence for the pathogenic 
significance of these autoantibodies as well as novel insights into the cascade of events 
leading to subepidermal separation. Improved knowledge of the pathophysiology of BP 
will hopefully allow the development of new immunomodulatory treatments for this po-
tentially devastating disease. 
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Introduction

Dermatitis herpetiformis is an intensely pruritic, chronic autoimmune blistering skin dis-
ease characterized by granular IgA deposits along the dermal-epidermal junction and an 
association with celiac disease. The term dermatitis herpetiformis (DH) was first proposed 
by Louis Duhring (1884). He described a chronic disorder characterized by intense pruri-
tus and pleomorphic skin lesions. Table 1 summarizes a selection of historical milestones 
in our understanding of DH. Marks et al. (1966) first described small-bowel changes in 9 of 
12 patients with DH. Subsequently, both diseases were found to be associated with certain 
HLA haplotypes (Sachs et al., 1996). Almost all patients express HLA-DQ2 or HLA-DQ8. 
Another major advance was the finding of Cormane (1967), who described immunoglobu-
lins to be deposited at the dermal-epidermal junction in patients with DH. Two years later, 
van der Meer (1969) identified this immunoglobulin as IgA. Subsequently, Chorzelski and 

Table 1. Milestones in Studies on Dermatitis herpetiformis (DH)

Clinical description and introduction of the designation DH Duhring, 1884

First use of sulphonamides for the treatment Costello, 1940

Association of DH and small bowel disease Marks et al., 1966

In-situ deposits of immunglobulin at the DEJ* Cormane, 1967

Granular in-situ deposits of IgA at the DEJ van der Meer, 1969

Differentiation of linear IgA disease from DH Chorzelski et al., 1979

Detection of IgA anti-endomysium antibodies Chorzelski et al., 1983

Characterization of tissue transglutaminase as the autoantigen 
of anti-endomysium antibodies

Dieterich et al., 1997

Identification of epidermal transglutaminase as an autoantigen Sárdy et al., 2002

*DEJ; Dermal-epidermal junction
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coworkers (1979) separated linear IgA disease from DH on the basis of different findings 
by immunofluorescence microscopy. Whereas in DH, granular IgA deposits are found, lin-
ear IgA disease is characterized by linear IgA deposits at the dermal-epidermal junction. 
Later, it became evident that the two diseases have a different immunogenetic background 
and that linear IgA disease is not associated with gastrointestinal changes.

Clinical Appearance / Classification

DH most commonly manifests in adult life, but is also found in childhood or elderly pa-
tients. The average age of over 40 years was observed in various large studies (Alonso-Lla-
mazares et al., 2007; Rose et al., 2010) A slight male predominance with the ratio of 1.5:1 
has been noted (Fry, 2002). Typically, patients with DH present with an intense pruritic 
eruption of erythematous papules or vesicles. The lesions are distributed symmetrically on 
the extensor surfaces. Areas of predilection include scalp, elbows, knees, sacrum and but-
tocks (Fig. 1A–C). The symmetrical distribution of the lesions on the buttocks has led to 
the coining of the descriptive phrase “gluteal butterfly”. The primary lesion of DH is a small 
tense blister and rarely, tiny blisters are grouped; this rare appearance led to the designa-
tion dermatitis herpetiformis. Sometimes larger blisters are found. Severe pruritus, which 
is often described as burning or stinging, is a hallmark of DH and may precede the cuta-
neous eruption. Frequently, only crusted or eroded lesions are present. Occasionally, DH 
manifests with urticarial plaques or haemorrhagic maculae on the palms and soles (Kár-
páti et al., 1986; Hofmann et al., 2009) (Fig. 1D). Oral involvement is very rare (Fraser 
et al., 1973). Earlier reports of a more frequent oral involvement in DH may have included 
patients with linear IgA bullous dermatosis where oral lesions are more common. The dif-
ferential diagnosis of DH includes scabies, eczema and subacute or chronic prurigo. If blis-
ters are encountered, other autoimmune blistering diseases have to be considered.

It is now well-accepted that all DH patients have celiac disease (CD), although most pa-
tients have no overt gastrointestinal symptoms. Marks et al. (1966) first reported abnor-
malities of the jejunal mucosa in patients with DH. Subsequently, it was recognized that 
the gastrointestinal abnormalities in DH are the same as in CD (Fry et al., 1967). Confu-
sion concerning the incidence of the enteropathy in patients with DH is derived mainly 
from two aspects: Firstly from the inadequate criteria for the diagnosis of CD and sec-
ondly from confusing DH and linear IgA disease. Before differentiating the two diseases, 
some patients with linear IgA disease may have been considered to suffer from DH with-
out bowel disease. Essentially all DH patients have histologic changes of CD that vary from 
mononuclear infiltrates in the lamina propria and minimal villous atrophy to complete 
flattening of the small intestinal mucosa (Fig. 2). The typical histological changes are not 
always found when a single jejunal biopsy specimen is taken and multiple biopsies from 
the jejunal mucosa increase the frequency to detect the abnormalities by light microscopy 
(Brow et al., 1971). Today, CD is considered as the result of a complex interplay of intrinsic 
and extrinsic factors. The spectrum of clinical manifestations ranges from oligosymptom-
atic and silent diseases to severe malabsorption. Gluten peptides are presented by antigen-
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Fig. 1. Dermatitis herpetiformis Duhring A. Erythematous, excoriated papules on the elbow. 
B. Excoriated papules and plaques in a nearly symmetrical distribution on the buttocks (“glu-
teal butterfly”). C. Excoriated papules behind the ear and on the neck. D. Petechial lesions on 
the volar aspects of fingers.
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presenting cells and drive the immune response leading to an inflammatory reaction in the 
connective tissue of the lamina propria of the small bowel (Green and Cellier, 2007).

DH and CD are mainly found in Europe, but can be seen in other populations with Eu-
ropean ancestry. In Scandinavia, Ireland, and Great Britain, DH is found more frequently 
than in other parts of Europe. Children appear to be more commonly affected in Italy 
and Hungary (Ermacora et al., 1986; Kárpáti et al., 1996). In the Anglo-Saxon and Scan-

Fig. 2. A. Histopathologic examination of 
a small bowel biopsy from a patient with 
dermatitis herpetiformis demonstrating a 
virtually complete loss of villi (low magni-
fication). B. The crypts are elongated and 
hyperplastic and an inflammatory infil-
trate is present in the lamina propria (high 
magnification)

A

B
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dinavian population, the prevalence of DH ranges from 10 to 39 per 100,000 inhabitants 
(Mobacken et al., 1984; Smith et al., 1992). The disease is rare in Afro-Caribbeans, Asians 
and Orientals. The varying frequency among different ethnical populations is most prob-
ably related to the different genetic background. HLA studies in patients with DH and CD 
led to identical findings. Both diseases are strongly associated with HLA DQ2 (in 90% of 
patients), compared with only 20% in normal controls. The remaining 10% of patients of 
both diseases carry the HLA DQ8 haplotyp. The presence of either of both alleles provides 
a sensitivity of close to 100% for CD and DH. In individuals lacking these alleles, CD and 
DH is virtually excluded. Thus, HLA analysis for the relevant DQ alleles can be a useful ex-
clusion test when the diagnosis of DH and CD based on other tests is not possible (Caproni 
et al., 2009). 

DH and CD may be associated with various autoimmune disorders, including autoim-
mune thyroiditis, type I diabetes, lupus erythematosus, Sjogren’s disease, vitiligo, and oth-
ers. DH is associated with an additional autoimmune disorder in approximately 10% of 
patients (Reunala and Collin, 1997). These associations have been thought to be a conse-
quence of a common genetic background. In CD, it was demonstrated that the likelihood 
of an associated autoimmune disease is related to the duration of exposure to gluten and 
is higher in patients with CD diagnosed at a later stage (Ventura et al., 1999). In the ma-
jority of cases, the associated autoimmune disorder appeared before a gluten-free diet had 
been initiated, suggesting that long-standing untreated CD predisposes to the occurrence 
of other autoimmune disorders in the same patient. In addition, long-standing CD is asso-
ciated with increased frequency of lymphomas of the gut (Collin et al., 1994). Whether pa-
tients with DH share the same risks of developing lymphoma is not known. A recent co-
hort study including 846 DH patients found no increased risk of malignancy or mortality 
in DH patients compared to controls (Lewis et al., 2008). 

Diagnosis

Direct Immunofluorescence Microscopy

The diagnosis of DH is based on the finding of granular IgA deposits at the epidermal-
dermal junction by direct immunofluorescence microscopy. Without this finding, the di-
agnosis of DH should be questioned (Fry, 2002). Direct immunofluorescence microscopy 
is performed on a biopsy taken from clinically uninvolved perilesional skin. Lesional skin 
may be devoid of IgA, most likely due to degradation of the cutaneous IgA by enzymes re-
leased by neutrophils. If no IgA is found on the first section, serial sections of the biopsy 
should be studied. In skin areas that have never been affected by the disease, IgA has been 
found to be scant or absent (Zone et al., 1996). This may explain occasional reports where 
direct immunofluorescence microscopy findings were negative (Beutner et al., 2000). IgA 
deposition is found in two patterns. In addition to focal granular deposits localized in the 
tips of the papillary dermis (Fig. 3), IgA can be deposited continuously in the upper der-
mis beneath the basement membrane. In a recent study, we observed continuous deposits 
somewhat more frequently than focal dermal papillae deposits (Rose et al., 2010). There is 
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Fig. 3. Direct immunofluorescence microscopy of a perilesional skin biopsy showing granular 
deposits of IgA at the dermal-epidermal junction 

no correlation between the direct immunofluorescence microscopy pattern and the clinical 
presentation of the disease (Beutner EH et al., 1992). Occasionally, granular IgM, IgG, and 
C3 deposits may also be seen in the upper dermis. It is essential to distinguish the contin-
uous granular pattern of IgA deposits from the homogeneous linear IgA deposition which 
is characteristic for linear IgA disease. The granular IgA staining in the skin ultrastructur-
ally corresponds to IgA-positive amorphous grains. They are of different size and are scat-
tered throughout the papillary dermis and represent IgA and immune complexes (Kárpáti 
et al., 1990). Sárdy et al. (2002) identified epidermal transglutaminase (eTG) as the autoan-
tigen in DH. It was demonstrated that eTG is colocalized with IgA deposits in the papillary 
dermis in DH patients. These results lead to the hypothesis that in DH patients, circulating 
immune complexes containing IgA and eTG may be trapped in the skin. 

Histopathology

As skin lesions are severely pruritic they often become excoriated and the histological 
findings in these lesions may be nonspecific. A recent histopathological study of patients 
with DH showed that in nearly 40% of the biopsies, only a lymphocytic infiltrate with 
fibrosis and ectatic capillaries were seen (Warren and Cockerell, 2002). Therefore, biopsies 
for histopathologic examination should be taken from an early papule, papulovesicle, or 
a small blister with healthy appearing skin immediately adjacent to it. Typical histological 
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changes are best seen in the vicinity of early blisters (Fig. 4). The initial inflammatory 
event is variable edema in the papillary dermis with discrete subepidermal vacuolar 
alteration and neutrophils along the dermal-epidermal junction. As the lesion develops, 

Fig. 4. A. Histological examination of a skin biopsy from a newly developed lesion showing 
a subepidermal blister and a sparse superficial inflammatory infiltrate (low magnification). 
B. Next to the blister, neutrophils are found along the dermal-epidermal junction and clus-
tered in a dermal papilla (high magnification)
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neutrophils, to a lesser extent eosinophils, and fibrin accumulate within the dermal papil-
lae and form microabscesses. These become confluent resulting in a subepidermal blister. 
It has been demonstrated that split formation occurs within the lamina lucida of the base-
ment membrane zone (Smith et al., 1992). The IgA deposits have been shown to act as a 
chemoattractant for neutropils (Hendrix et al., 1990). In addition, interleukin 8, which 
is another chemoattractant for neutrophils, is strongly expressed by basal keratinocytes 
in lesional skin of DH patients (Graeber et al., 1993). In early stages of the disease, the 
inflammatory infiltrate contains mostly neutrophils, but in later stages, variable numbers 
of eosinophils can be present. In rare cases eosinophils can dominate and flame figures 
can be found (Rose et al., 2003). Histological changes in DH are indistinguishable from 
those in linear IgA disease. Other autoimmune subepidermal blistering diseases may also 
show an inflammatory infiltrate mainly composed of neutrophils and eosinophils and 
may mimic DH histopathologically, including epidermolysis bullosa acquisita, mucous 
membrane pemphigoid, bullous pemphigoid, and anti-laminin γ1 pemphigoid (Rose 
et al., 2004). Since histopathologic studies may not reliably differentiate between DH and 
these diseases, immunofluorescence microscopy is mandatory to establish the correct 
diagnosis. Analyses by immunoblotting and enzyme-linked immunosorbent assay aid in 
further characterizing the specificity of the autoantibodies. In addition, in bullous systemic 
lupus erythematosus, neutrophils and nuclear dust are found in the upper dermis and 
along the dermal-epidermal junction but in contrast to DH, mucin is commonly found in 
the reticular dermis. Rarely, a bullous drug eruption or an arthropod bite can mimic DH 
histopathologically (Ackerman et al., 1997, Rose et al., 2003). Since DH patients invari-
ably also suffer from CD, one can question the necessity for a small intestinal biopsy to 
document the bowel disease if the diagnosis of DH is already established (Caproni et al., 
2009).

Serological Findings

Chorzelski et al. (1983) first reported that sera from patients with DH and CD show IgA 
autoantibodies to endomysium, a specialized structure of connective tissue (Fig. 5). These 
IgA anti-endomysium autoantibodies allow a screening for CD with an almost 100% sen-
sitivity and specificity (Corrao et al., 1994). As in DH patients associated CD is often mild, 
detection of these autoantibodies is lower ranging from 52% to 90% (Caproni et al., 2009). 
Dieterich et al. (1997) identified tissue transglutaminase (tTG) as the autoantigen of anti-
endomysium antibodies. Detection of IgA autoantibodies to tTG by enzyme-linked im-
munosorbent assays (ELISA) using human recombinant tTG is a sensitive and specific test 
for the diagnosis of both treated and untreated patients with CD and DH (Dieterich et al., 
1998; Sulkanen et al., 1998; Dieterich et al., 1999). Furthermore, our own studies showed 
that levels of IgA anti-tTG antibodies reflect the extent of histological changes in the gut of 
patients with DH. These antibodies were not detected in patients with linear IgA disease or 
other subepidermal autoimmune bullous diseases (Rose et al., 1999). Therefore, the deter-
mination of serum levels of antibodies to tTG should be routinely used for the diagnosis of 
DH (Caproni et al., 2009).
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Recently, it has been shown that determination of highly specific antibodies against 
deamidated gliadin peptides (IgA and IgG) may be considered as the most reliable sero-
logical test to identify CD in DH patients (Sugai et al., 2006; Sugai et al., 2009). This new 
ELISA has a high diagnostic accuracy and in children, the combined investigation of anti-
bodies against deamidated gliadin peptides and anti-tTG increased the diagnostic sensitiv-
ity to detect CD (Prause et al., 2009). The presence of IgA antibodies against endomysium, 
tTG and deamidated gliadin peptides in DH patients reflect their bowel disease. Indirect 
immunofluorescence microscopy, however, has failed to identify any antibody in DH sera 
reactive with normal human skin (Kadunce et al., 1989).

In 2002, Sárdy and colleagues reported a serological difference between DH and CD. 
Patients with DH produce two IgA antibody populations against eTG. The first one binds 
exclusively eTG, whereas the second one cross-reacts with tTG. The tTG cross-reactive 
eTG-specific antibodies may also be found in CD without DH but show a lower avidity 
for eTG than in patients with DH. Antibodies against eTG can be detected by ELISA; they 
are not seen by indirect immunofluorescence microscopy. In a recent study on 52 DH-pa-
tients, we demonstrated that IgA antibodies against eTG (95%) were more commonly de-
tected than those against tTG (79%). Under a gluten-free diet, IgA reactivities to eTG and 
tTG decreased similarly. Interestingly, in rare DH patients, where pruritic cutaneous le-
sions persisted despite a gluten-free diet, antibodies against eTG remained detectable. The 
production of antibodies against eTG, independent of a gluten-free diet, may explain the 
persistence of cutaneous disease in these patients (Rose et al., 2009). 

Fig. 5. IgA anti-endomysium antibodies on monkey esophagus by indirect immunfluores-
cence microscopy. These antibodies are found in the serum of patients with dermatitis herpe-
tiformis and celiac disease and are directed to tissue transglutaminase
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Therapy

Treatment of DH should consider changes in both the skin and the gut. Dapsone usu-
ally controls the skin eruption within days and this rapid response helped to support the 
clinical diagnosis of DH in the past. Dapsone is most commonly used in the treatment 
of skin lesions of DH and is normally well-tolerated by this patient group (Buckley et al., 
1983; Rose et al., 2009). Although there are no controlled clinical trials, dapsone is con-
sidered to be more effective than sulfonamides such as sulphapyridine and sulphame-
thoxypyridazine. The initial dose of dapsone is around 1.5 mg / kg daily and if no control of 
symptoms is achieved, the dose is usually increased by 50 mg daily every 2 weeks leading to 
a maximum dose of 400 mg daily (Fry, 1988). If the skin rash has cleared, the dose should 
be tapered to the minimal dose required to suppress the symptoms. After a daily dose of 
50 mg is achieved, the time interval between each dose should be increased before the drug 
is discontinued completely. When treating children, the recommended dose of dapsone 
is 2 mg / kg per day (Prendiville and Esterly, 1991). Side effects of dapsone include hemo-
lytic anemia, methemoglobinemia and rarely agranulocytosis. Hemolysis occurs early in 
the treatment and a complete blood count is therefore checked two and four weeks after 
starting dapsone. Patients of Mediterranean ancestry should be screened for glucose-6-
phosphate dehydrogenase deficiency prior to treatment. In these patients, use of dapsone 
can lead to severe hemolysis. Methemoglobinemia reaches a steady state about two weeks 
after initiation of dapsone and may cause cyanosis, shortness of breath and angina. Other 
side effects of dapsone include hepatitis, hypoalbuminemia, headache, lethargy, peripheral 
neuropathy, and the dapsone syndrome (lymphadenopathy and hepatitis). Most side ef-
fects related to the use of dapsone occur within the first three months of its use.

Sulphapyridine and sulphamethoxypyridazine are alternatives in patients who do not 
tolerate dapsone (Fry, 1988; McFadden et al., 1989). The initial dose of sulphapyridine is 
2.0 g daily and the maximum dose should not exceed 4.0 g per day. Most patients require 
0.5 to 2.0 g sulphapyridine daily to control the rash. The initial dose of the long-acting sul-
phonamide sulphamethoxypyridazine is 1 g daily. This may be increased to a daily maxi-
mum of 1.5 g, but in many patients symptoms are controlled with 0.5 g daily. Side effects of 
both sulphonamides include nausea, lethargy and drug rash. Rarely, agranulocytosis may 
occur. In addition, side-effects of sulphapyridine are bone marrow depression, hemolytic 
anemia, and nephrolithiasis. There is a considerable variation between patients regarding 
the dose of the three drugs (dapsone, sulphapyridine and sulphamethoxypyridazine) that 
is required to control the rash. A combination of two of the drugs can be used to reduce 
side-effects. None of the three sulphonamides affects the deposition of IgA in the skin, se-
rum levels of IgA anti-endomysium antibodies, or the associated intestinal disease.

Alternative therapies for DH patients who do not tolerate sulphonamides include 
cholestyramine, sodium cromoglycate, cyclosporin, heparin, colchicine and a combination 
of tetracycline and nicotinamide (Silvers et al., 1980; Zemstov and Neldner, 1993; Shah and 
Ormerod, 2000). Intensive heparinization resulted in rapid improvement of DH in a few 
days. After withdrawal of heparin, skin lesion recurred within one week (Alexander, 1963; 
Tan et al., 1996). The mode of action of heparin in DH is unclear. Interestingly, both dap-

Christian Rose and Detlef Zillikens106



sone and heparin are able to inhibit proteolytic enzymes which are released in skin lesions 
of DH (Olkarinen et al., 1986).

The treatment of CD and DH should always include a gluten-free diet. Since most pa-
tients with DH do not suffer from gastrointestinal symptoms and skin lesions can be con-
trolled by dapsone, it is important to carefully inform the patient of the necessity to main-
tain a gluten-free diet for a lifetime. Since such a diet is difficult to maintain, patients need 
to be motivated and carefully educated, and the support of a dietitian is essential. In addi-
tion, in many countries, self-supportive groups have been established that aid the patient 
in dealing with the diet. Gluten is present in most common grains (wheat, rye, barley) but 
not in rice and corn. It was thought that oats also contain gluten and play a role in induc-
ing DH, but recently oats have been shown to be devoid of toxicity in DH patients (Hard-
man et al., 1997; Reunala et al., 1998). Patients benefit from a gluten-free diet in different 
aspects. Though only 5–10% of DH patients have gastrointestinal symptoms such as di-
arrhea, bloating and abdominal pain, these improve under a gluten free diet. In addition, 
iron or folate deficiency, which also is found in some DH patients, will ameliorate. Under 
a strict diet, most patients are able to reduce the dose of dapsone required to control their 
skin disease and in some patients, dapsone can be discontinued completely after two–three 
years. However, it may take months and even years until an effect of the diet can be appre-
ciated by the patient (Garioch et al., 1994).

IgA deposits are slowly cleared from the skin once gluten is removed from the diet (Fry 
et al., 1973). After an average of 12 years of avoiding gluten, no IgA was found in the skin 
of three of 12 patients studied. When these three patients were re-challenged with gluten, it 
induced new IgA deposits in their skin and two patients also developed cutaneous lesions 
(Fry et al., 1982; Leonard et al., 1983). In two studies, after 5–10 years of a strict gluten-
free diet, the risk to develop lymphoma in DH-patients decreases (Collin et al., 1996; Lewis 
et al., 1996). Furthermore, a gluten-free diet may be helpful in preventing the occurrence 
of additional autoimmune diseases in DH and CD patients. Interestingly, two studies have 
shown that patients with DH have an increased life expectancy. This finding resulted from 
a reduction in ischemic heart disease and was independent of a gluten-free diet (Swerdlow 
et al., 1993; Lear et al., 1997).

Summary

Dermatits herpetiformis (DH) is a pruritic autoimmune subepidermal bullous disease and 
is considered as a specific cutaneous manifestation of celiac disease (CD). The diagnosis 
of DH is based on the detection of granular IgA deposits in biopsies of normal-appearing 
perilesional skin. CD and DH patients have the same genetic predisposition and demon-
strate IgA anti-endomysium antibodies in their sera. These antibodies are directed against 
tissue transglutaminase. Serum levels of IgA antibodies to tissue transglutaminase reflect 
the extent of histopathologic changes of the small bowel and are routinely assessed in pa-
tients with DH and CD. The autoantigen of DH is epidermal transglutaminase which is 
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found in the skin of DH-patients at the same site as the granular IgA deposits. Detection of 
anti-IgA antibodies against epidermal transglutaminase is a sensitive serological test in the 
diagnosis of DH. Skin lesions can be controlled by dapsone, but the drug does not affect 
the small bowel disease. For CD, the treatment of choice is a gluten-free diet that should be 
maintained for a lifetime. In most patients, the diet eventually results in remission of the 
skin lesions, a clearance of IgA deposits from the skin and an improvement of the bowel 
disease. The question why some patients with mild CD produce antibodies against epider-
mal transglutaminase and develop DH still remains to be elucidated.
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Introduction

Epidermolysis bullosa acquisita (EBA) was first described before the turn of the century 
and was designated as an acquired form of epidermolysis bullosa (EB) because the clinical 
features were so reminiscent of children who were born with genetic forms of dystrophic 
EB (Elliott, 1985). EBA is an acquired, subepidermal bullous disease and is classified as one 
of the “primary” bullous diseases of the skin. In its classical form, it is a mechanobullous 
disease with skin fragility and trauma-induced blisters that have minimal inflammation 
and heal with scarring and milia – features that are highly reminiscent of hereditary dys-
trophic forms of epidermolysis bullosa (DEB). In DEB, there is a hereditary defect in the 
gene that encodes for type VII (anchoring fibril) collagen leading to a paucity of anchor-
ing fibrils. Anchoring fibrils are structures that anchor the epidermis and its underlying 
basement membrane zone (BMZ) onto the dermis (Briggaman and Wheeler, 1975; Uitto 
and Christiano, 1994). In EBA, there is also a paucity of anchoring fibrils, but this is be-
cause EBA patients have IgG autoantibodies targeted against the type VII collagen within 
anchoring fibrils. EBA represents an acquired autoimmune mechanism by which anchor-
ing fibrils can be compromised rather than by a gene defect. Since EBA has become defined 
as autoimmunity to type VII collagen, it has become evident that EBA may also present 
with clinical manifestations reminiscent of bullous pemphigoid (BP), cicatricial pemphig-
oid (CP), and Brunsting-Perry pemphigoid.

In the early 1970s, Roenigk et al. (1971) reviewed the EBA world literature, reported 
three new cases and established the first diagnostic criteria for EBA: (1) spontaneous or 
trauma-induced blisters resembling hereditary DEB, (2) adult onset, (3) a negative fam-
ily history for EB, and (4) the exclusion of all other bullous diseases. In the 1980’s Yaoita 
et al. (1981) and Nieboer et al. (1980) found that EBA, like BP, exhibited IgG deposits at 
the dermal-epidermal junction (DEJ). In EBA, however, the IgG deposits are found within 
and below the lamina densa compartment of the BMZ, whereas in BP they are located 
higher, within hemidesmosomes and the lamina lucida. The sub-lamina densa location of 
the IgG deposits in EBA was understandable when it was recognized that the skin protein 
targeted by the IgG autoantibodies was type VII collagen within anchoring fibrils which 
emanate perpendicularly from the lamina densa into the high papillary dermis (Woodley 
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et al., 1984, 1988). The primary unit of type VII collagen is a 290 kDa alpha chain which is 
the “EBA auto-antigen”.

Etiology and Pathogenesis

Etiology and Epidemiology

The etiology of EBA is not completely clear. Because the disease features IgG autoantibod-
ies directed against type VII collagen, it is thought that EBA has an autoimmune patho-
genesis (Woodley et al., 1984, 1988). Similar to EBA, patients with bullous systemic lupus 
erythematosus (SLE) also develop auto-antibodies against type VII collagen (SLE) (Gam-
mon et al., 1985). Both EBA and bullous SLE patients often have a common human leu-
kocyte antigen (HLA) major histocompatibility (MHC) class II cell surface protein, HLA-
DR2 (Gammon et al., 1988b). This HLA phenotype has been associated with hyperimmu-
nity which again suggests an autoimmune etiology for EBA.

EBA is a rare disease with an incidence of 0.17–0.26 per million people in Western Eu-
rope (Bernard et al., 1995; Zillikens et al., 1995). EBA appears to be less common than BP, 
but it may be at least as common as CP, pemphigoid gestationis and linear IgA bullous der-
matosis. Although there is no definite racial or gender predilection (Gammon and Brigga-
man, 1993), it has recently been suggested to have higher predilection in the Korean pop-
ulation (Lee, 1998). The age of onset varies widely from early childhood to late adult life, 
but most cases begin between the fourth and fifth decades (Gammon, 1988a; Arpey et al., 
1991). 

Type VII collagen is composed of three identical alpha chains wound into a triple heli-
cal structure. Each alpha chain is 290 kDa. However, half of the size of each alpha chain is 
consumed by a large, globular, non-collagenous domain at the amino end of the molecule. 
This globular domain is 145 kDa and is called the non-collagenous 1 domain (NC1). At the 
other end of the alpha chain, the carboxyl terminus, there is a much smaller non-collage-
nous globular domain called NC2 which is only 34 kDa. In between these two globular do-
mains, there is a long rod-shaped, helical, collagenous domain characterized by repeating 
Gly-X-Y amino acid sequences (Fig. 1) (Sakai et al., 1986; Burgeson, 1993).

Within the extracellular space, type VII collagen molecules form antiparallel, tail-to-
tail dimers stabilized by disulfide bonding through the small carboxyl-terminal NC2 over-
lap between two type VII collagen molecules. A portion of the NC2 domain is then prote-
olytically removed (Bruckner-Tuderman et al., 1995). The antiparallel dimers then aggre-
gate laterally to form anchoring fibrils with large globular NC1 domains at both ends of the 
structure (Fig. 1).

Pathogenesis

Autoantibodies against type VII collagen have long been suspected a potential cause of 
EBA. The NC1 domain contains the major antigenic epitopes for EBA and bullous SLE 
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autoantibodies (Gammon et al., 1993; Jones et al., 1995; Lapiere et al., 1996). Recent pas-
sive transfer studies have offered more direct evidence that EBA autoantibodies are patho-
genic. Antibodies raised in immunized rabbits against the NC-1 domain of both human 
and murine type VII collagen caused blister formation when injected in immune com-
petent mice (Woodley et al., 2005; Sitaru et al., 2005). The mice developed skin changes 
reminiscent of EBA with sub-epidermal blisters and nail dystrophy. Similarly, injection of 
affinity purified human EBA autoantibodies against a NC-1 column into mice led to the 
development of a blistering disease with clinical, histologic, immunologic and ultrastruc-
tural features akin to human EBA (Woodley et al., 2006). These successful passive transfer 
experiments strongly suggest that EBA autoantibodies are pathogenic and capable of caus-
ing epidermal-dermal separation in skin.

The mechanism by which autoantibodies cause disease has not been completely eluci-
dated. The NC1 domain contains a series of domains within it that have homology with 

Fig. 1. A schematic representation of the type VII collagen alpha chain and assembly into 
anchoring fibril structures. The NC1 non-collagenous domain at the amino terminus has 
several segments with homologies to adhesive proteins including cartilage matrix protein 
(CMP), nine fibronectin type III like repeats (FNIII-9), and von Willibrand factor A (VWF). 
Then, there is a long triple helical collagenous segment (TH) and a smaller second non-
collagenous globular domain called NC2. 1. Three type VII collagen alpha chains form a 
homotrimer [α(C-VII)]3. 2. In the extracellular space, two procollagen molecules align to 
form antiparallel dimers which are stabilized by the formation of disulfide bonds. The NC2 
domain is then proteolytically cleaved. 3. Several of these dimer molecules laterally aggregate 
to assemble into anchoring fibrils
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adhesive proteins such as cartilage matrix protein, fibronectin and the A domain of von 
Willebrand factor (VWF-A) (Christiano et al., 1994). Therefore, the NC1 domain may fa-
cilitate binding of type VII collagen to other BMZ and matrix components. Because EBA 
often occurs with minimal clinical or histologic inflammation, it has been hypothesized 
that autoantibodies target and compromise functional epitopes on the NC1 domain. This 
then interferes with the normal interactions between NC1 and its extracellular matrix li-
gands such as laminin 5 and fibronectin and disrupt epidermal-dermal adherence (Chen 
et al., 1997a, 1999). In addition, there may be an interruption in the type VII collagen-
fibronectin interaction in the collagenous domain which may be important for the ad-
herence of basement membrane and the overlying epidermis onto the papillary dermis 
(Lapiere et al., 1994). The recent observation that some EBA autoantibodies from children 
with EBA target other domains within the alpha chain besides NC1 suggests that the he-
lical collagenous domain and perhaps the NC2 domain may also play important roles in 
maintaining fully functional type VII collagen and anchoring fibrils (Tanaka et al., 1997). 
For example, some EBA patients’ autoantibodies recognize antigenic epitopes within both 
the NC1 and NC2 domains, and the latter domain appears to be important in the forma-
tion of antiparallel dimers and anchoring fibril assembly (Chen et al., 2000). These mech-
anisms are attractive possibilities for explaining skin fragility and trauma-induced blisters 
in patients with classical EBA who lack significant inflammation but have markedly defec-
tive epidermal-dermal adherence.

We now understand that EBA does not always present as a non-inflammatory mecha-
nobullous disease reminescent of DEB. Although less common, EBA may present as an in-
flammatory, widespread, vesiculobullous disease that clinically resembles BP. Therefore, it 
is possible that autoantibody recognition of one or several domains of type VII collagen 
may invoke an inflammatory cascade which could result in proteolytic degradation of ma-
trix components within the DEJ that are essential for epidermal-dermal adherence. EBA 
autoantibodies may generate blisters by inducing localized inflammation with or without 
the amplification of complement fixation. The induced inflammatory response then causes 
tissue damage at DEJ, which results in blister formation (Gammon et al., 1984). This mech-
anism may explain those EBA and bullous SLE patients with acute inflammation at the 
BMZ, particularly when neutrophils are predominant in the inflammatory response be-
cause that type of inflammation is characteristic of experimental forms of immune com-
plex and complement-mediated inflammation.

Clinical Manifestations

There is great diversity in the clinical presentation of EBA. The common denominator for 
patients with EBA is autoimmunity to type VII (anchoring fibrils) collagen and dimin-
ished anchoring fibrils (Woodley, 1988; Woodley et al., 1988). Although the clinical spec-
trum of EBA is still being defined, it appears that there are at least five clinical presenta-
tions of EBA (Fig. 2):
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1) “Classical” presentation that was initially described in EBA and closely resembles the 
features seen in patients with inherited forms of DEB

2) BP-like presentation
3) CP-like presentation
4) Brunsting-Perry Pemphigoid-like presentation
5) Linear IgA bullous dermatosis (LABD)-like disease. Its childhood presentation can be 

reminiscent of Chronic Bullous Disease of Childhood.

 
Fig. 2. Clinical presentations of Epidermolysis Bullosa Acquisita. A. Classical presentation in 
a white woman. B. Presentation of EBA that is highly inflammatory and appears like BP

A

B

3 Autoimmune Bullous Skin Disorders 117



3

Classical EBA

This form of EBA presents as a mechanobullous noninflammatory disease with an acral 
distribution. The blisters and erosions heal with scarring and milia formation. This pre-
sentation in its mild form is reminiscent of porphyria cutanea tarda, and in its more severe 
forms is reminiscent of hereditary recessive DEB (Yaoita et al., 1981). Despite the similari-
ties between EBA and porphyria cutanea tarda, patients with EBA do not present with hir-
sutism, photodistribution, scleroderma like changes and high levels of urinary porphyrins 
(Woodley, 1988; Woodley et al., 1998).

Classical EBA is a mechanobullous disease marked by skin fragility over trauma prone 
surfaces. Blisters, erosions and scars occur over the back of the hands, knuckles, elbows, 
knees, sacral area, and feet (Fig. 2A). There is often significant involvement of the oral mu-
cosa with erosions and frank blisters. On the glabrous skin, the vesicles and bullae appear 
tense on non-inflamed or scarred skin. They can be hemorrhagic and can result in ero-
sions, crusts, scales, scars, scarring alopecia, milia cysts and nail dystrophy. The lesions 
heal with scarring and frequently with the formation of pearl-like milia cysts within the 
scarred areas. In severe cases, there may be fibrosis of the hands and fingers and esophageal 
stenosis (Stewart et al., 1991; Harman et al., 1998). The histology shows dermal-epidermal 
separation at the BMZ and minimal inflammation.

BP-like Presentation

These patients present with features characteristic of the autoimmune bullous disease, BP, 
or a mixture of features characteristic of both BP and classic EBA presentation (Gammon 
et al., 1982, 1984b). This form of EBA manifests as a widespread inflammatory vesicu-
lobullous eruption involving the trunk, extremities and skin folds usually accompanied by 
pruritus (Fig. 2B). Tense bullae are situated on inflamed and / or urticarial skin. In contrast 
to classical EBA, skin fragility is not prominent and scarring and milia formation may be 
minimal or absent. The distribution of the lesions is not confined to trauma-prone sites. 
The histology shows a moderate to dense polymorphic infiltrate of mononuclear cells and 
granulocytes. Neutrophils are often the predominant granulocyte, but occasionally eosino-
phils are seen.

CP-like Presentation

The clinical features in these patients closely resemble those considered characteristic of 
CP. This form of EBA presents as a bullous disease with a predominance of mucosal in-
volvement. The patient may present with erosions and scars of the mouth, upper esopha-
gus, conjunctiva, anus, and vagina (Dahl, 1979; Stewart et al., 1991; Harman et al., 1998) 
with or without similar lesions on the glabrous skin. Recently, tracheal involvement has 
been reported in the CP-like presentation of EBA (Wieme et al., 1999). There is also one re-
port of predominantly mucosal involvement with no scarring (Tokuda et al., 1998). Unlike 
classical EBA, patients with the CP-like presentation often do not show significant skin fra-

Gene Kim, Mei Chen, Dafna Hallel-Halevy, and David T. Woodley118



gility, evidence of trauma-induced lesions, or a predilection for blistering on extensor skin 
surfaces. The histology shows subepidermal blisters and usually a mixed inflammatory in-
filtrate in the upper dermis and at the BMZ and microscopic scarring.

Brunsting-Perry Pemphigoid

Brunsting-Perry Pemphigoid is a chronic recurrent subepidermal scarring vesiculobullous 
eruption localized to the head and neck. In contrast to CP, it has minimal or no mucosal 
involvement (Kurzhals et al., 1991; Yancey, 1998). IgG autoantibodies are deposited at the 
BMZ, but the autoantigenic target for these autoantibodies has not been defined. Recently, 
several patients have been reported to have the clinical, histological and immunological 
features of Brunsting-Perry Pemphigoid but their IgG autoantibodies are targeted against 
type VII (anchoring fibril) collagen (Kurzhals et al., 1991; Joly et al., 1993; Choi et al., 1998; 
Woodley et al., 1998). Therefore, we believe that Brunsting Perry Pemphigoid may actually 
be a clinical presentation of EBA. 

LABD-like Presentation

This form of EBA is manifested by a subepidermal bullous eruption, a neutrophilic infil-
trate and linear IgA deposits at the BMZ when viewed by direct immunofluorescence mi-
croscopy. It may resemble Chronic Bullous Disease of Childhood and feature tense vesi-
cles arranged in an annular fashion and involvement of mucous membranes (Callot-Mellot 
et al., 1997, Park et al., 1997). The autoantibodies are usually IgA, IgG or both.

The diagnostic category of these patients with IgA antibodies against type VII collagen 
deposited in a linear fashion along the BMZ is not clear. Some clinicians regard these pa-
tients as purely LABD (Hashimoto et al., 1996), while others regard these patients as a sub-
set of EBA (Rusenko et al., 1989; Bauer et al., 1999). It is interesting to note that in a recent 
study (Lee, 2000), 20 EBA patients’ sera were evaluated for serum IgA anti-type VII colla-
gen antibodies by immunoblotting. The investigators detected low titers of IgA anti-type 
VII collagen antibodies in 80% of the patients in addition to IgG.

Childhood EBA is a rare disease with variable presentations. In a recent study of 14 chil-
dren with EBA, five of the patients presented as a LABD – like disease and five patients pre-
sented with the BP-like form of EBA. The remaining four children presented with the classi-
cal mechanobullous form of EBA (Callot-Mellot et al., 1997). Eleven out of 14 had mucosal 
involvement and all had IgG deposits at the BMZ by direct immunofluorescence, in addi-
tion to other immunoreactants. Indirect immunofluorescence was positive in 10 out of 14 
patient sera, and the predominant serum antibody was of the IgG class. Although mucosal 
involvement is frequent and severe in childhood EBA, the overall prognosis and treatment 
is more favorable than in adult EBA (Callot-Mellot et al., 1997; Edwards et al., 1998). 

The clinical presentation of the EBA patient may change during the course of the disease 
or can show two different presentations simultaneously. About 25% of patients with EBA 
may appear with the BP-like clinical appearance (unpublished observation). With time, the 
disease of some patients will eventually smolder into a more noninflammatory classic form 
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of EBA. Both the classical and the BP-like forms (Stewart et al., 1991), and the CP-like and 
BP-like forms of the disease may coexist in the same patient (Wieme et al., 1999). The clin-
ical phenotype of EBA that is reminiscent of pure CP is probably more rare and occurs in 
fewer than 10% of all EBA cases.

The Relationship between EBA and Bullous SLE

There have been reports of patients having both EBA and bullous SLE (Gammon and Brig-
gaman, 1993). In contrast to the classical presentation of EBA, bullous SLE patients by def-
inition must fulfill the American Rheumatism Association criteria for SLE. The patients 
tend to be young women with a widespread nonscarring vesiculobullous eruption with 
a predilection for sun-exposed areas. EBA often presents in the fourth to fifth decades 
whereas bullous SLE usually presents earlier, in the second and third decades. EBA often 
lasts many years whereas bullous SLE is remitting and may resolve in less than a year. EBA 
does not respond as much as bullous SLE to treatment with dapsone or prednisone. His-
tologically there can also be differences. Bullous SLE may exhibit neutrophilic papillary 
microabscesses and vasculitis, which are seldom seen in EBA (Gammon and Briggaman, 
1993). Mucin is not increased in the reticular dermis in EBA unlike bullous SLE (Acker-
man et al., 1997).

The Relationship between EBA and other Systemic Diseases

In Roenigk’s review of the EBA world literature (Roenick et al., 1971), it was noted that 
there were many anecdotal reports of EBA associated with sytemic diseases such as SLE, di-
abetes, inflammatory bowel disease, amyloidosis, autoimmune thyroiditis, multiple endo-
crinopathy syndrome, rheumatoid arthritis, pulmonary fibrosis, chronic lymphocytic leu-
kemia, thymoma, diabetes, and others (Woodley et al., 1998). However, EBA is a relatively 
rare disease, and most of these are anecdotal reports. It appears that the most frequently 
associated disease with EBA is inflammatory bowel disease, with an estimate of 25% of 50 
EBA patients reviewed by Chan and Woodley (1996). It has also been shown that patients 
with inflammatory bowel disease, especially Crohn’s disease, have a high prevalence of cir-
culating antibodies against type VII collagen (Chen et al., 1997). In addition, type VII col-
lagen was recently shown to be present in the intestinal epithelium (Lohi et al., 1996). Be-
cause type VII collagen is the antigenic target for autoantibodies in patients with EBA, we 
speculate that autoimmunity to type VII collagen which exists in both gut and skin, may 
explain why these patients frequently have inflammatory bowel disease. The presence of 
type VII collagen antibodies in Crohn’s disease patients may be an epitope spreading phe-
nomenon whereby inflammation originally invoked by Crohn’s disease could perturb the 
intestinal epithelial BMZ such that BMZ components could be altered, resulting in an on-
going autoimmunity to type VII collagen (Chan et al., 1998).
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Pathology

Lesional skin histology initially shows papillary edema and vacuolar alteration along the 
DEJ and at a later stage, a subepidermal blister. Various degrees of dermal inflammatory 
infiltrate are seen in concordance with the clinical presentation. The classical presenta-
tion shows little inflammatory infiltrate within the dermis as opposed to the BP-like pre-
sentation (Lever and Schaumburg-Lever, 1990). The infiltrate can be found around ves-
sels, around follicles and in the interstitium. In the inflammatory subtypes, the dermal in-
filtrate may be rich in neutrophils. The infiltrate may be mixed with variable numbers of 
eosinophils and mononuclear cells. Fibrosis may be seen in older lesions (Ackerman et al., 
1997). Because of the variable clinical and histological presentations, it is difficult to diag-
nose EBA by clinical and histological parameters alone. 

Ultrastructural studies of EBA skin have demonstrated a paucity of anchoring fibrils 
and an amorphous, electron-dense band just beneath the lamina densa (Richer and Mc-
Nutt, 1979; Ray et al., 1982). Although the autoantibodies are directed against the anchor-
ing fibrils in the sublamina densa region of the BMZ, it should be noted that the cleavage 
plane of the blister may be either in the lamina lucida or the sublamina densa region where 
anchoring fibrils are located (Fine et al., 1989). Immunomapping studies have shown that 
EBA blisters frequently separate above the immune deposits within the lamina lucida (Fine 
et al., 1989). This is because the lamina lucida is the Achilles’ heel of the cutaneous BMZ 
and is more susceptiple to disadherence than the sublamina densa zone (Briggaman and 
Wheeler, 1975; Briggaman et al., 1980). Briggaman et al. (1980) have shown that a vari-
ety of soluble inflammatory mediators and cytokines can readily induce epidermal disad-
hesion through the lamina lucida space. It is likely that when there is some level of inflam-
mation in EBA, the lamina lucida is much more vulnerable than the sublamina densa area 
to proteolytic degradation. Therefore, the cleavage plane of the blister is not a good way to 
discriminate EBA from other subepidermal bullous diseases.

Diagnosis

Direct Immunofluorescence (DIF)

By definition, patients with EBA have IgG deposits within the DEJ of their skin (Yaoita 
et al., 1981). This is best detected by DIF of a biopsy specimen obtained from a perilesional 
site. The deposits are predominantly IgG, but, complement, IgA, IgM, Factor B and pro-
peridin may be detected as well (Kushniruk, 1973; Yaoita et al., 1981). The DIF staining 
demonstates an intense, linear fluorescent band at the DEJ. Yaoita et al. (1981) have sug-
gested that a positive DIF and IgG deposits within the sublamina densa zone are necessary 
criteria for the diagnosis of EBA. However, in some LABD – like patients, the deposited an-
tibody is IgA without IgG (Hashimoto et al. 1996; Bauer et al., 1999).

Patients with porphyria cutanea tarda (a syndrome that clinically may mimic EBA) fre-
quently have IgG and complement deposits at the DEJ similar to EBA patients (Epstein 
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et al., 1973). However, DIF of porphyria patients as opposed to EBA patients, also demon-
strates immune deposits around dermal blood vessels in addition to the DEJ.

Indirect Immunofluorescence (IIF)

Patients with EBA may have autoantibodies in their blood directed against the DEJ (Wood-
ley et al., 1984). These antibodies can be detected by IIF of the patient’s serum on a sub-
strate of monkey or rabbit esophagus or human skin. A positive test gives a linear fluores-
cent band along the DEJ that may be indistinguishable from BP sera. The autoantibodies 
in EBA patients will label basement membranes beneath stratified squamous epithelium 
(skin, upper esophagus, and mucosa of the mouth and vagina) and will not bind to base-
ment membranes within most mesenchymal organs such as blood vessels, liver, or kidney. 
Therefore, there is no difference in labeling pattern and distribution between EBA and BP 
autoantibodies in this test (Paller et al., 1986).

Distinguishing between EBA and other autoimmune subepidermal bullous diseases 
may be a problem if patients are evaluated only on the basis of clinical presentation, rou-
tine lesional histology and routine DIF and IIF. EBA may share clinical, pathologic, and 
immunohistologic features with BP, CP or LABD. In addition to the usual laboratory tests 
for primary blistering disorders (such as routine DIF and IIF), other special tests are neces-
sary to confirm the diagnosis of EBA. These may include direct and indirect salt-split skin 
immunofluorescence (SSSI), transmission electron microscopy, immunoelectron micros-
copy, Western blot analysis, and enzyme-linked immunosorbent assay (ELISA).

Transmission Electron Microscopy

Standard transmittion electron microscopy (EM) of the DEJ of human skin can suggest the 
diagnosis of EBA. As mentioned above, EM would reveal a decrease in the number of an-
choring fibrils emanating downward into the papillary dermis from the lamina densa com-
partment of the DEJ. Further, electron microscopists have noted in EBA skin that there is 
amorphous, electron – dense, ill-defined material lying just beneath the lamina densa. Al-
though never definitively proven, it is likely that this material corresponds to the IgG de-
posits in the area attached to anchoring fibrils. This would be suggestive of the diagnosis 
of EBA.

Immunoelectron Microscopy (IEM)

The “gold standard” for the diagnosis of EBA is IEM. The purpose of IEM is to localize pre-
cisely the immune deposits in the patient’s skin (direct IEM) or to localize precisely the 
structure within normal skin to which autoantibodies in the patient’s serum bind (indirect 
IEM). If the deposits are in the sublamina densa region where anchoring fibrils normally 
exist, this is strong evidence for EBA. If the deposits are higher up over the basal keratino-
cyte’s hemidesmosomes or high within the lamina lucida zone, this is strong evidence for 
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BP. The skin IgG deposited within the DEJ is demonstrated by a second antibody against 
human IgG. The second antibody is conjugated with an enzyme such as peroxidase. By in-
cubating the preparation with a substrate such as diaminobenzadine, an electron dense re-
action product is formed, thereby indicating the location of the immunoglobulin depos-
its by electron microscopy (Fig. 4). The second antibody may also be conjugated with elec-
tron dense gold particles instead of an enzyme. In EBA patients’ tissue, immune deposits 
are demonstrated within the sublamina densa zone of the BMZ (Nieboer et al., 1980; Yao-
ita et al., 1981). This localization is distinct from deposits in BP, which are higher up in the 
hemidesmosome area (Schaumburg et al., 1975) or lamina lucida and from CP where the 
antigen is confined to the lamina lucida (Domloge-Hultsch et al., 1994).

Direct Salt Split Skin Immunofluorescence (SSSI)

This test is routine DIF performed on perilesional skin from patients that is fractured at 
the DEJ, through the lamina lucida zone by incubating the skin biopsy specimen with 1 M 
NaCl at 4 °C for approximately 3 days (Woodley et al., 1983). The direct SSSI test uses fluo-
rescein-conjugated anti-human IgG to label the IgG deposits in the salt-split skin. If the la-
beling antibody detects the IgG deposits on the dermal floor of the salt-split skin, the diag-
nosis of EBA is suggested (Fig. 3). In contrast, if the dermal floor is unlabeled and the flu-
orescent label is observed along the epidermal roof of the salt split skin, EBA is effectively 
ruled out and the diagnosis of BP is suggested (Gammon et al., 1990).

Fig. 3. Direct salt-split immunofluorescence microscopy of a perilesional skin biopsy showing 
IgG immune deposits remaining with the dermal floor and leaving the epidermis unstained
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Indirect SSSI

This test is designed to detect anti-BMZ autoantibodies in the serum of a patient. It is rou-
tine IIF performed on human skin substrate previously fractured through the lamina lu-
cida by incubation of the skin slices with 1 M NaCl. This fracture places the BP antigen on 
the epidermal side of the split and all other BMZ components on the dermal side. When 
normal human skin is fractured through the DEJ by this method and used as a substrate 
for IIF to test the sera of patients with primary autoimmune bullous diseases (such as BP 
and EBA), the EBA autoantibodies bind to the dermal floor of the salt-split skin substrate, 
while BP autoantibodies bind to the epidermal roof (Gammon et al., 1984a). This test may 
be helpful in distinguishing rapidly EBA patients from BP patients. This is particularly im-
portant because EBA and BP may have clinical, histological and immunological parame-
ters that are identical.

While the SSSI can be helpful in distinguishing autoantibodies in patients’ sera and 
making the diagnosis of either BP or EBA, it should be noted that the dermal pattern of 
staining is no longer considered specific for EBA. In one study, a combined dermal-epider-
mal staining seen in 5% of 98 BP sera and 45% of 23 CP sera (Ghohestani et al., 1997). All 
of the EBA sera (10 patients), however, only showed dermal staining. Nevertheless, an ex-
clusive dermal staining pattern using SSSI assay may be seen in several other subepidermal 
bullous diseases besides EBA. It may be seen in (1) bullous SLE (Gammon and Briggaman, 
1993), (2) a BP-like disease in which the patients have autoantibodies to a 105 kDa laminia 
lucida glycoprotein that is unrelated to laminin-5 (Chan et al., 1993), (3) a subset of CP pa-
tients who have autoantibodies against laminin-5, a noncollagenous component of anchor-
ing filaments within lamina lucida compartment (Domloge-Hultsch et al., 1994) and (4) 
in a newly described subepidermal bullous disease associated with a 200 kDa lower lamina 

Fig. 4. Immunoelectron microscopy of a perilesional skin biopsy of a patient with EBA. The 
solid black arrow points to the IgG immune deposits which appear as a heavy, electron-
dense band. Ig = immunoglobulin. LD = lamina densa. HK = human keratinocyte. TF = tono-
filaments. Note that the IgG deposits are below the lamina densa leaving the lamina lucida 
unstained (hollow arrow)
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lucida antigen designed “anti-p200 pemphigoid” (Mascaro et al., 2000). In contrast to EBA, 
the bullous diseases with autoantibodies to the novel p105 protein or the p 200 kDa pro-
tein respond promptly to topical or systemic corticosteroid treatment, and the lesions heal 
without scarring or milia formation.

About 50% to 80% of the EBA patients have both tissue-bound and circulating anti-
BMZ antibodies (Gammon and Briggaman, 1993). Indirect SSSI test seems to be more sen-
sitive than IIF performed on intact human skin showing higher antibody titers (Gammon 
et al., 1982; Woodley et al., 1984). At times, no circulating autoantibodies can be demon-
strated by either routine IIF or indirect SSSI. In these cases, direct immunoelectron mi-
croscopy is needed to make a diagnosis of EBA (Hoang-Xuan et al., 1997).

Western Immunoblotting

Western blot analysis can be useful in making the diagnosis of EBA. In a Western blot, ex-
tracts of crude protein from skin basement membrane, amnion or cell culture may be used 
and subjected to SDS-PAGE and electrophoretically transferred to a membrane. Alterna-
tively, recombinant type VII collagen or type VII collagen purified by biochemical methods 
can be used as substrate on Western blots. The membrane with immobilized proteins are 
incubated with EBA and control sera. EBA autoantibodies bind to either a 290 kDa band 
and / or a 145 kDa in Western blots of human skin basement membrane proteins, whereas 
sera from all other primary blistering diseases will not (Woodley et al., 1984). These pro-
teins represent the full-length alpha chain of type VII collagen or its amino-terminal glob-
ular NC1 domain, the most frequent site of its antigenic epitopes of EBA and bullous SLE 
autoantibodies, respectively (Woodley et al., 1984; Gammon et al., 1993; Lapiere et al., 
1993; Jones et al., 1995). Western immunoblot analysis using type VII collagen extracted 
from skin cells or from conditioned medium of skin cells may be difficult because of the 
background non-specific labeling of unrelated proteins when dealing with low titer sera. 
Alternatively, our recent success in producing unlimited supply of both purified recombi-
nant full-length type VII collagen and the NC1 domain in the stably transfected human 
cells allows us to use purified recombinant proteins as substrate for Western analysis with 
virtually no non-specific background labeling (Chen et al., 1997a, 2000a). 

Enzyme-Linked Immunosorbent Assay (ELISA)

Recently, Chen et al. (1997b) have produced milligram quantities of recombinant purified 
posttranslationally modified NC1 in stably transfected human 293 cells and have used this 
NC1 to develop an ELISA for autoantibody detection in sera from EBA and bullous SLE 
patients (Fig. 5). In contrast to other techniques such as IEM, IIF and immunoblot anal-
ysis, the NC1-based ELISA has several advantages as a screening assay: 1) It is faster and 
more efficient than IEM, IIF and Western immunoblot analysis, and the ELISA requires 
only 10–20 μl of serum. By storing batches of NC1-coated plates at –70 °C and using them 
as needed, the ELISA has an assay time of under 4 hrs. 2) It is easy to perform with a stan-
dardized technique. The complete reaction can be carried out in microtiter wells and a 
spectrophotometer reader allows quantitative measurement. 3) It is more sensitive than 
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conventional IEM or IIF methods, which make it very useful for detecting low titer EBA 
sera. 4) By using a standard amount of NC1 to coat the wells, one can easily quantitate the 
anti-NC1 autoantibodies. 5) While other methods (IIF, IEM, immunoblot) are qualitative, 
the ELISA provides an OD number for direct comparisons of sera, and 6) the ELISA de-
tects autoantibodies which recognize the tertiary and quaternary structure of antigen (con-
formational epitope), because the assay is performed under native conditions. In contrast, 
Western immunoblot analysis would not detect autoantibodies requiring a tertiary or qua-
ternary structure of the antigen, because the procedure requires denaturation of proteins 
with SDS. Thus, the ELISA using recombinant NC1 is a sensitive, specific assay and a use-
ful tool for rapidly screening EBA and BSLE sera.

IIF Microscopy Using Substrate Deficient in Basement Membrane Molecules

IIF using a panel of skin samples which lack specific BMZ molecules, taken from subjects 
with inherited EB, is a relatively simple and useful tool to identify target antigens in im-

Fig. 5. Scatter plot representation of ELISA results using recombinant NC1. Patient and con-
trol sera (as indicated along the horizonal axis) (1:200 dilution) were incubated with im-
mobilized purified recombinant NC1 domain of type VII collagen and the bound antibodies 
were detected with an alkaline-phosphatase-conjugated antibody against human IgG whole 
molecule. Each sample was run in triplicate and the points plotted on this graph is the aver-
age of the OD 405 obtained from study sera. Similar results were obtained in three other 
independent studies
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munobullous disorders. This IIF test is performed on a skin substrate from the most severe 
Hallopeau-Siemens type of recessive DEB patients, which is deficient in type VII collagen. 
In this test there was a lack of antibody labeling of the type VII collagen-deficient skin as 
compared to positive labeling on normal skin or BP180- and laminin-5 deficient skin when 
EBA sera were used (Vodegel et al., 1998; Jonkman et al., 2000). However, the major limita-
tion of this technique is the availability of suitable skin samples from subjects with EB.

Suction Split Immunofluorescence

This test is similar to the SSSI staining assays, but instead of making the separation between 
the BMZ layers in vitro using 1 molar salt, it is made in vivo by suction. This method would 
be faster than salt-split skin substrate methods because the DEJ fracture can be accom-
plished in a matter of hours instead of days (Feliciani et al., 1998). 

Fluorescent Overlay Antigen Mapping (FOAM)

This technique is not widely available. However, it may be less expensive and more rapid 
than ultrastructural studies using IEM. FOAM distinguishes between IgG deposits above 
the lamina densa as in BP, from those below, as in EBA (De Jong et al., 1996; Kazama et al., 
1998). This technique demonstrates different antigens of the BMZ component by staining 
the perilesional skin of autoimmune skin disease patients with monoclonal antibodies to 
known BMZ components such as type VII collagen and staining the immune deposits with 
different markers. Using computer analysis, the stained BMZ antigens and the stained im-
mune deposits are overlaid one on the other, with or without using confocal laser scanning 
microscopy, thereby giving the relation of the immune deposits to the BMZ structures.

As we reviewed the various complex diagnostic options, we were motivated to suggest 
slight modifications in the diagnostic criteria of Yaoita et al. (1981) to the following: 
1. A bullous disorder within the clinical spectrum described.
2. Histology showing a subepidermal blister.
3. Deposition of IgG deposits at the DEJ in perilesional skin, i. e., a positive DIF of patient’s 

skin
4. The IgG deposits are localized to the lower lamina densa and / or sublamina densa zone 

of the DEJ as demonstrated by direct IEM on perilesional skin.
5. Alternatives for item 4 are: indirect or direct salt-split or vacuum split skin immuno-

fluorescence1, IIF using substrate deficient in basement membrane molecules, Western 
blotting, FOAM, and ELISA.

When the EBA presentation is CP-like, the SSSI assay may not be sufficient to differentiate 
from true CP as it may show dermal deposition of antibodies in both diseases. In this in-
stance, IEM is needed to distinguish the two diseases.

1 When the EBA presentation is CP-like, the SSSI assay may not be sufficient to differentiate from true 
CP as it may show dermal deposition of antibodies in both diseases. In this instance, IEM is needed to 
distinguish the two diseases.

3 Autoimmune Bullous Skin Disorders 127



3

Therapy

EBA is a chronic disease which is often refractory to treatment. EBA persists for at least 
several years in most patients and remission is unpredictable (Gammon and Briggaman, 
1993). Because it is an incurable disease without a consistent therapeutic modality, sup-
portive therapy is most important, including detailed and early wound care and antibiotic 
treatment for local skin infections. Exacerbating factors such as trauma, the use of harsh 
soaps, and sun exposure should be avoided (Jappe et al., 2000). The patient should be ed-
ucated to recognize localized skin infections and to seek medical care and antibiotic ther-
apy promptly when this occurs.

Colchicine

Because the responses to therapy are not consistent, the clinician often needs to take an 
empirical approach to therapy. It is reasonable for the clinician to try therapies in the order 
of using those therapies with the best side effect profile first. For example, there are several 
reports of patients with the classic and inflammatory phenotypes of EBA who responded 
to high doses of colchicine (Cunningham et al., 1996; Megahed and Scharfetter-Kochanek, 
1994). Colchicine is a good first-line drug because its side effects are relatively benign com-
pared with other therapeutic choices. One problem with colchicine is that many patients 
with EBA have inflammatory bowel disease, and the predictable, dose-dependent, gastro-
intestinal side effects of colchicine makes it unusable in these patients. Even patients with-
out clinically defined inflammatory bowel disease may not be able to tolerate even the low-
est doses of colchicine without suffering abdominal cramping and diarrhea. It is unclear 
how colchicine works in EBA, but there is evidence the colchicine can decrease the pro-
duction of antibodies by plasma cells and may also inhibit antigen presenting cells from 
presenting antigen to T cells. Therefore, the drug may work at two levels – the inhibition 
of the initiation of autoimmunity and the inhibition of autoantibody production. Our ex-
perience has been that the patients who do the best on colchicine are those who are able to 
get up to 1.5–2.5 mg per day. We go up slowly starting at 0.4–0.6 mg per day and then dou-
ble the dose every two weeks until the patient experiences gastrointestinal side-effects. We 
then back-off by one tablet with the hope of achieving the highest tolerable dose for the pa-
tient.

Immunosuppressive Agents

EBA patients, especially with the classical mechanobullous form, are often refractory to 
high doses of systemic glucocorticoids, azathioprine, methotrexate, and cyclophosph-
amide (Woodley et al., 1998). These agents may be somewhat helpful in controlling EBA 
when it appears as an inflammatory BP-like disease. Childhood EBA, a rare subset which is 
usually the inflammatory BP-like form of the disease, appears to respond more favorably to 
dapsone and prednisone than adult patients with EBA (Callot-Mellot et al., 1997).
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Cyclosporin A

Cyclosporin, an immunosuppressive agent that is mainly used in organ transplantation, 
has been shown to be helpful in a number of EBA patients (Connolly and Sander, 1987; 
Crow et al., 1988). High doses of cyclosporin (> 6 mg / kg) are needed. Cyclosporin has a 
number of significant side-effects with its predictable nephrotoxicity being the most signif-
icant. The nephrotoxicity is time and dose dependent. Because EBA patients tend to be el-
derly with preexisting renal compromise due to age and because high doses of cyclosporine 
are needed to control the disease, the usage of cyclosporin in EBA is often problematic and 
limited. In most situations, the long-term toxicity of the drug makes its use warranted only 
as a last-resort measure.

High Dose Immunoglobulins

EBA has also been reported to respond to high and low dose intravenous immunoglobulins 
(Kofler et al., 1997), plasmapheresis in conjunction with immunoglobulins (Furue et al., 
1986) and extracorporeal photochemotherapy (Gordon et al., 1997; Camara et al., 1999). 
Gammon and Briggaman (1993) reported having little or no success with phenytoin, gold, 
plasmapheresis, vitamin E or dapsone. Unfortunately, recent treatment trials with myco-
phenolate mofetil combined with autologous keratinocyte grafting were reported to be un-
successful (Schattenkirchner et al., 1999).

Photopheresis

Photopheresis has been used in Sezary syndrome, mycosis fungoides, and a variety of au-
toimmune bullous diseases (Rook et al., 1990). One EBA patient in a life-threatening situ-
ation responded dramatically to photopheresis (Miller et al., 1995). In three other EBA pa-
tients, photopheresis improved some clinical parameters and significantly lengthened the 
suction blistering times of the patients, suggesting an improvement in their dermal-epider-
mal adherence (Gordon et al., 1997). All three patients also had reductions of anti-type VII 
collagen antibodies in their blood.

Rituximab

Rituximab is a monoclonal, chimeric antibody that specifically targets the mmune cell sur-
face marker CD20, which is primarily expressed by B lymphocytes. Rituximab was orig-
inally used in the treatment of B-cell lymphomas but has also been used successfully in 
several autoimmune diseases. A small number of case reports have reported the success-
ful treatment of treatment refractory EBA with rituximab as an adjuvant agent (Saha et al., 
2009; Schmidt et al., 2006; Crichlow et al., 2007; Niedermeier et al., 2007). The clinical im-
provement was generally accompanied by reduction in immunosuppression necessary to 
control the disease as well as decreased anti-type VII collagen antibody titers. 
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Immune Adsorption

An unexplored and potentially productive approach to treatment that is now feasible is the 
utilization of fragments of recombinant type VII collagen to absorb autoantibodies from 
patients’ sera or plasma. Previous studies have identified autoreactive epitopes within NC-1 
domain. Peptides synthesized from these epitopes have been coupled to affinity matrices 
and shown to absorb autoantibodies to type VII collagen from patients’ sera (Gammon 
et al., 1993). The recent method of Chen et al. (1997a) for producing milligram quantities 
of recombinant NC1 domain in human 293 cells makes affinity plasmapheresis of patients 
a feasible treatment approach. The rationale for this approach, particularly in patients with 
the inflammatory phenotype, is supported by the relationship between autoantibody levels 
and the development of inflammation at the DEJ in EBA and bullous SLE.

Summary

EBA is a clinically heterogeneous acquired, subepidermal bullous disease. In its classical 
form, it is a mechanobullous disease with skin fragility and trauma-induced blisters that 
have minimal inflammation and heal with scarring and milia – features that are highly 
reminiscent of hereditary dystrophic forms of epidermolysis bullosa. A hallmark of EBA 
are IgG autoantibodies targeted against the type VII collagen within anchoring fibrils. An-
choring fibrils are structures that anchor the epidermis and its underlying BMZ onto the 
dermis. However, it has also become evident that EBA may present with clinical manifes-
tations reminiscent of bullous pemphigoid (BP), cicatricial pemphigoid (CP), and Brunst-
ing-Perry pemphigoid. The diagnostic criteria for EBA are: (1) spontaneous or trauma-in-
duced blisters resembling hereditary DEB, (2) adult onset, (3) a negative family history for 
EB, and (4) the exclusion of all other bullous diseases. Due to the pronounced skin fra-
gility caused by the autoantibody-induced paucity of anchoring fibrils, EBA is difficult to 
treat. The BP-like inflammatory variants of EBA respond well to systemic corticosteroids 
and immunosuppressive adjuvants while the mechanobullous variant and the MMP-like 
variants do to a much lesser extent. Novel therapeutic strategies such as immunoadsorp-
tion and the anti-CD20 monoclonal antibody, rituximab, had beneficial effects in small 
case series. 
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Introduction

Definition

Localized scleroderma (LS) or morphea encompasses a group of disorders characterized by 
delimited and localized inflammatory sclerosis (thickening) and fibrosis of the skin, subcu-
taneous tissue, fascia and / or adjacent muscle. In contrast to systemic sclerosis, Raynaud’s 
phenomenon, acrosclerosis and internal organ involvement do not usually occur. Morphea 
may be divided into 5 subtypes: plaque, generalized, bullous, linear and deep, based on the 
extent, form and depth of cutaneous sclerosis (Peterson et al., 1995). These subtypes fre-
quently occur together in the same patient. Although morphea is rarely life threatening, 
significant morbidity and disability occur, particularly in the linear and deep forms.

Epidemiology

Most studies suggest that morphea is commoner in women, with female to male ratios of 
between 6 and 2.6:1 (Christianson et al., 1956; Jablonska, 1975b; Peterson et al., 1997; Sil-
man et al., 1988). This female preponderance may be less marked in the linear group, in 
which ratios of 1:1 (Peterson et al., 1997) to 4:1 (Falanga et al., 1986) have been docu-
mented. The prevalence of morphea is not absolutely clear. A UK population based study 
in 1986, suggested prevalence rates of 13 and 48 per million in adult males and females re-
spectively, with annual incidence rates of 1 and 6 per million (Silman et al., 1988). A sec-
ond study, conducted over a 30 year period (1960–1993) by Peterson et al. (1997) in Olm-
sted County, USA, revealed 82 cases, an overall incidence of 2.7 / 100 000 / year. Prevalence 
was estimated at 0.05% at age 18 years and at 0.22% at age 80 years. Interestingly, a pro-
gressive increase in the incidence of plaque morphea was noted over the 30 year period. In 
this study, plaque morphea was the commonest subtype (56% of cases), followed in order 
of frequency by linear (20%), generalized (13%), and deep (11%). Of the 11 patients with 
generalized morphea, 5 initially presented with morphea en plaque and progressed over 5 
months to 3 years. Coexisting morphea subtypes occurred in 11% of patients.
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In a large European referral-based series, Jablonska (1975b) found that plaque mor-
phea was commoner in adults (28.5% of adult cases versus 15% for the linear group), and 
that linear forms were commoner in children (31.5% and 21.3% of childhood cases respec-
tively). These data are corroborated by those of Peterson et al. (1997): the mean age at on-
set of disease was 12.2 years in the linear group, 31.5 years in the plaque group, 39.9 years 
in the generalized group, and 45.1years in the deep group. A retrospective analysis of 239 
cases seen at an Italian referral center further confirmed these results: Children more com-
monly had linear or “mixed” linear and plaque-type forms of morphea (54 / 126 cases) than 
adults (16 / 113 cases) (Marzano et al., 2003). Pediatric morphea (defined as onset under 
age 16) was recently found to occur with an incidence of 3.4 per million / year in a study of 
the UK and Ireland, again with linear forms predominating (71% of cases) (Herrick et al., 
2010) and with a mean age of onset (first assessment) of 10.4 years. 

The duration of disease activity can vary from a few months up to 20–30 years, but is 
usually 3–5 years (Christianson et al., 1956). Plaque lesions generally resolve earlier than 
other subtypes. In the Olmsted county series, 50% of the patients had 50% softening (or 
more), or resolution by 3.8 years after diagnosis. There was 50% resolution at 2.7 years in 
the plaque group, at 5 years in generalized and linear groups and at 5.5 years in the deep 
group (Peterson et al., 1997). Relapse can occur and may be more frequent with general-
ized, deep and “mixed” forms (Marzano et al., 2003).

The exact relationship between LS and systemic sclerosis (SSc) remains unclear, how-
ever, it has been compared to that between discoid and systemic lupus erythematosus 
(Jablonska and Rodnan, 1979). LS in the absence of Raynaud’s phenomenon and acral scle-
rosis rarely if ever evolves into SSc. In larger series, transition from morphea to SSc, was re-
ported in 2 / 235 (Christianson et al., 1956) and 4 / 253 (Jablonska, 1975b) patients. Plaques 
of morphea can be seen in association with true SSc, and occurred in 9 / 135 patients in a 
Japanese study (Soma et al., 1993).

Histopathology

Scleroderma derives from the Greek terms skleros, hard, and derma, skin and means hard 
skin. The different types of morphea do not differ in the elements of the histopathologic 
findings but rather with regards to severity and depth of involvement. Both early inflam-
matory and late sclerotic changes have been described. Most biopsies will show an inter-
mediate picture (Fig. 1).

In the early inflammatory phase, a moderately dense infiltrate of lymphocytes, plasma 
cells and histiocytes, and occasionally, mast cells has been described (Fleischmajer and 
Nedwich, 1972; O’Leary et al., 1957). This infiltrate may be found in the lower dermis, the 
subcutaneous fat and around eccrine glands. The reticular dermis shows thickened col-
lagen bundles. Large areas of subcutaneous fat may be replaced by wavy fibers of newly 
formed collagen. Elastic fibers are preserved (Walters et al., 2009). The epidermis may be 
normal or slightly acanthotic (Morley et al., 1985). Electron microscopy shows the de-
position of collagen fibrils with decreased diameter when compared to mature collagen 
(Fleisch majer and Prunieras, 1972). This is due, in part, to an increase in type III collagen 
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(Perlish et al., 1988). Vascular changes are mild in the dermis and subdermis and consist of 
endothelial swelling and edema of vessel walls (O’Leary et al., 1957).

In the sclerotic stage, there is little inflammation. Collagen bundles in the reticular der-
mis are thickened, eosinophilic and oriented horizontally. Eccrine glands are entrapped 
by collagen, and thus appear higher in the dermis. Fewer blood vessels are seen within the 
thickened collagen. The fascia and striated muscles underlying the lesions may likewise 
show fibrosis and sclerosis (Jaworsky, 1997).

Although the histology of involved skin is almost identical in LS and SSc (Young and 
Barr, 1985) inflammatory changes are more prominent in morphea (Torres and Sanchez, 
1998). Sclerosis of the papillary dermis was noted in 10 / 32 morphea cases, but not in any 
of the 19 patients with SSc. Thus, simultaneous involvement of the superficial dermis with 
deep dermal changes may help differentiate localized from systemic scleroderma. Cases of 
morphea in which the sclerosis is limited to the superficial reticular dermis have also been 
described (McNiff et al., 1999). These changes were noted without any of the epidermal 
features of lichen sclerosus: epidermal thinning with vacuolar degeneration, lichenoid in-
filtrate or follicular plugging.

Fig. 1. Biopsy specimen 
showing normal epidermis, 
sclerosis of the papillary 
dermis, thickened sclerotic 
collagen bundles and periad-
nexal inflammation. (Original 
magnification × 40)
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Etiopathogenesis

The cause of morphea is unknown. Proposed triggers for the development of morphea 
have included infectious and other environmental factors. Localised scleroderma has 
been reported after trauma (Falanga et al., 1986; Yamanaka and Gibbs, 1999), vaccination 
(Drago et al., 1998; Mork, 1981), ischemic injury (McColl and Buchanan, 1994) and ra-
diation (Bleasel et al., 1999; Schaffer et al., 2000). Such triggers may have in common the 
generation of inflammatory and molecular “danger” signals that can activate the immune 
system and initiate fibrosis. There are rare cases of familial clustering suggesting a genetic 
component (Wuthrich et al., 1975). A possible association with Lyme borreliosis was pro-
posed in 1985 (Aberer et al., 1985) but was not borne out by polymerase chain reaction 
analysis of affected tissues in North American patients (Dillon et al., 1995). Two possi-
ble explanations for the contradictory findings obtained in patients from Europe and Asia, 
and the USA have been offered (Weide et al., 2000): Either that Borrelia burgdorferi is not 
a causative agent for morphea, or that a subspecies present only in Europe and Asia, could 
cause morphea in a subset of patients.

Most studies on the pathophysiology of scleroderma focus on changes in patients with 
SSc. Here, we will focus on abnormalities detected in patients with LS. In both diseases 
three main themes have been pursued: vascular alterations, immune system activation and 
dysregulation, and changes in collagen metabolism and fibroblast biology. Abnormalities 
in these three areas are likely interrelated and contribute to the generation of the clinical 
phenotype.

Vascular activation in morphea

Endothelial swelling in early morphea lesions was first described by (O’Leary et al., 1957). 
Comparing biopsies from sclerotic centers, inflamed borders (lilac rings) and adjacent, 
clinically normal skin, (Kobayasi and Serup, 1985) described three patterns of vascular 
changes. Uninvolved skin as well as thickened skin showed vascular wall thickening and 
basal lamina duplication with associated mast cell and histiocyte infiltration. In clinically 
inflamed lesions, the outer surfaces of pericytes were thickened, and lymphocytes and 
plasma cells were present. Pericyte hypertrophy was noted in clinically inflamed as well as 
in sclerotic lesions. There is evidence for generalized vascular activation: Jones et al. (1996) 
noted low but increased levels of expression of the vascular adhesion molecules vascular 
cell adhesion molecule-1 (VCAM-1) and E-selectin on endothelium of uninvolved skin of 
morphea patients. More recently, increased serum levels of soluble VCAM-1 and E-selec-
tin were found in a third of patients with generalized morphea and in approximately 10% 
of patients with linear and plaque type morphea (Yamane et al., 2000).

In addition to activation, the endothelium may be a primary site of damage in mor-
phea: Endothelial cell apoptosis was noted in deep dermal vessels of 9 / 9 patients examined 
(Sgonc et al., 1996). Anti-endothelial cell antibody mediated antibody-dependent cytotox-
icity has been suggested as a mechanism for the induction of endothelial cell death (Sgonc 
et al., 1996). Vascular damage by autologous complement activation has also been proposed 
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as a mechanism of injury (Venneker et al., 1994). Lesional skin but not uninvolved skin 
showed decreased levels of endothelial membrane cofactor protein (MCP) and decay-accel-
erating factor (DAF) expression by immunohistochemistry. Both MCP and DAF inhibit the 
formation of the C3 / C5 convertases of the classical and alternative pathways and it was ar-
gued that this local deficiency could increase the susceptibility of the endothelium to dam-
age by autologous complement. Potential consequences of enhanced endothelial cell apop-
tosis include pro-coagulant activity, and localized release of pro-inflammatory cytokines 
such as IL-1 with subsequent enhanced adhesion molecule display (Stefanec, 2000).

Immune system activation in morphea

Although only few cases of morphea have been examined by gene array technology, one 
study demonstrated that involved skin was associated with an inflammatory gene profile 
(Milano et al., 2008). Dermal inflammatory cell infiltrates are common and both B and T 
cells have been identified (Whittaker et al., 1989). A deficiency of regulatory T cells within 
lesional morphea skin has recently been reported (Antiga et al., 2010). Elevated levels of 
various cytokines, including IL-2, IL-4 and IL-6 have been detected, suggesting ongoing T 
cell activation (Ihn et al., 1995). The levels of these cytokines, as well as soluble IL-2 recep-
tor, released following T cell activation, correlated with the extent of skin involvement (Ihn 
et al., 1996). Levels of soluble CD4 receptor but not soluble CD8 receptor are elevated in 
LS, in contradistinction to SSc, where elevated levels of sCD8 are noted (Sato et al., 1996b). 
TNF-α and IL-13 are cytokines than can be fibrogenic and that are elevated in roughly 25% 
of patients (Hasegawa et al., 2003). IL-8 is a chemotactic protein that is also detectable in 
increased amounts in sera from patients with morphea (Ihn et al., 1994). Lastly, soluble 
CD30 levels are increased and this may indicate possible involvement of T helper 2 (Th2) 
lymphocytes in the immunopathogenesis of disease (Ihn et al., 2000). Th2 cells promote 
humoral immunity and can secrete both IL-4 and IL-6. Consistent with this, elevated lev-
els of IL-4 have been demonstrated in affected skin by immunohistochemistry (Salmon-
Ehr et al., 1996). IL-4 and IL-6 have been shown to promote collagen synthesis by fibro-
blasts. B cell abnormalities have also been noted. Increased soluble CD23 indicates B cell 
activation (Sato et al., 1996a). The frequent detection of autoantibodies provides evidence 
of B cell dysregulation. Anti-histone and anti-single stranded DNA (ssDNA) antibodies are 
found most frequently (Falanga et al., 1985, 1987; Sato et al., 1994; Takehara et al., 1983) 
and suggest abnormal immune system handling of these antigens.

CD34+ dermal dendritic cells are markedly decreased in lesional skin (Aiba et al., 1994; 
McNiff et al., 1999; Skobieranda and Helm, 1995). This feature may be of diagnostic help in 
difficult cases, but its significance remains unknown. These CD34+ cells may be the target 
of autoimmune attack (Aiba et al., 1994) or they may function to regulate collagen synthe-
sis (Skobieranda and Helm, 1995). CD34 expression correlates with progenitor cell char-
acteristics and thus these cells have been characterized either as uncommitted mesenchy-
mal cells (Narvaez et al., 1996) or as antigen presenting cells (Monteiro et al., 2000). Clari-
fication of their function and the reason for their disappearance in sclerotic skin may shed 
light on the relationship between the immune alterations detailed here and fibrosis.
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Altered collagen metabolism

Increased collagen deposition is an essential feature of scleroderma. Enhanced type I and 
type III collagen mRNA levels have been detected in lesional skin in vivo (Scharffetter 
et al., 1988). Fibroblasts cultured from lesional and inflamed morphea skin contain higher 
levels of type I collagen mRNA and synthesize more collagen relative to total protein than 
fibroblasts from uninvolved skin (Hatamochi et al., 1992). Synthesis of glycosaminoglycans 
(Moller et al., 1985) and fibronectin (Fleischmajer et al., 1981) is also increased. Altera-
tions in the proportions of glycosaminoglycan-derived disaccharides have been described 
(Akimoto et al., 1992; Fleischmajer and Perlish, 1972; Passos et al., 2003). Enhanced ex-
pression of class II antigens on lesional fibroblasts has been interpreted as a sign of activa-
tion, likely secondary to cytokine stimulation (Branchet et al., 1992). Indeed, a subpopula-
tion of fibroblasts shows increased type I and type III collagen mRNA expression (Kahari 
et al., 1988b) and these fibroblasts are often in proximity to mononuclear cells expressing 
transforming growth factor-β (Higley et al., 1994). Elevated circulating levels of TGF-β 
have also been documented (Higley et al., 1994) and TGF-β receptors are upregulated in 
dermal fibroblasts in the affected skin of patients with localized scleroderma (Kubo et al., 
2001). TGF-β is known to induce collagen production by fibroblasts. Other cytokines that 
may directly mediate fibroblast activation include IL-1, PDGF (Zheng et al., 1998) and 
connective tissue growth factor (CTGF) (Igarashi et al., 1996). In addition to increased 
synthesis of collagen, there is evidence of decreased turnover of fibrotic dermal extracel-
lular matrix. Inhibitors of matrix turnover such as tissue inhibitor of matrix metalloprotei-
nases-3 (TIMP-3) are upregulated at the mRNA level in lesional skin (Mattila et al., 1998). 
Thus the fibrosis may be a net result of increased collagen deposition as well as decreased 
matrix turnover. 

Clinical Appearance / Classification

Plaque Morphea

Morphea en plaque

This commonest form of LS is defined by the presence of lesions > 1 cm in diameter, oc-
curring in 1 or 2 anatomical sites (Peterson et al., 1995; Peterson et al., 1997). The trunk is 
the most commonly involved site (41–74% patients), but plaques can occur anywhere, in-
cluding the face and neck (12–13% of patients) (Christianson et al., 1956; Peterson et al., 
1997). Onset is usually slow and insidious. Circumscribed oval patches may be erythema-
tous and oedematous in the earliest stages, becoming indurated, yellowish-white or ivory 
coloured (Fig. 2a). A surrounding violaceous halo, the “lilac ring”, suggests active inflam-
mation, but was documented in only 43% of patients in one study (Peterson et al., 1997). 
The patches subsequently become waxy, shiny and sclerotic. Over months to years they 
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soften, become atrophic and hypo- or hyperpigmented. Atrophy may involve the epider-
mis, dermis and / or subcutaneous tissue, producing wrinkling or depression of the skin 
surface. Lesions may be pruritic and / or paraesthetic. Loss of appendigeal structures re-
sults in reduced hair growth and decreased sweating.

Fig. 2. a) Morphea en plaque with induration and pigmentary changes. b) Generalized mor-
phea of the chest, with erythema, edema and induration. Note sparing of the areolae. c) Lin-
ear lesion on the thigh. d) Eosinophilic fasciitis showing erythema, swelling and induration 
(Peau d’orange). 
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Guttate morphea

These lesions resemble morphea en plaque, but are smaller (< 1 cm in diameter), and occur 
on the upper trunk as multiple, faintly erythematous oval lesions, which become yellowish, 
mildly indurated and which resolve leaving pigmentary changes. Winkelmann (1985) and 
Tuffanelli (1998) consider this to be a type of lichen sclerosis associated with morphea. The 
histologic features of lichen sclerosus and its frequent occurrence with other morphea sub-
types (both in the same patients and the same biopsy specimen) suggest that these condi-
tions share a common pathogenesis (Uitto et al., 1980). Interestingly, patients with lichen 
sclerosus specifically demonstrate antibodies to extracellular matrix protein 1 (Oyama et al., 
2003; Oyama et al., 2004). Lesions of lichen sclerosis, but not of morphea, demonstrate dis-
continuities of the basement membrane zone (Kowalewski et al., 2004) possibly in relation 
to the presence of these auto-antibodies. Whether patients with morphea or clinical overlap 
with lichen sclerosus develop auto-antibodies with this specificity is still unknown. 

Atrophoderma of Pasini and Pierini

Atrophoderma is uncommon and thought to represent a superficial abortive form of mor-
phea with a benign course (Jablonska, 1975b; Kencka et al., 1995). It usually occurs in 
childhood, with lesions distributed symmetrically on the trunk (Canizares et al., 1958), 
but it may occur in a zosteriform distribution (Wakelin and James, 1995). Superficial mor-
phea is a term coined by McNiff and colleagues in 1999 to describe patients with pigmen-
tary changes, minimal cutaneous induration and superficial reticular dermal change (Mc-
Niff et al., 1999) and that likely describes a condition that overlaps with atrophoderma 
(Jablonska and Blaszczyk, 2004). Atrophoderma of Moulin is a term used to describe clin-
ically and histologically identical, but linear lesions, which follow the lines of Blaschko 
(Wollenberg et al., 1995). They consist of depressed areas of skin, typically with a sharply 
demarcated “cliff-drop” border, and grey or blue-brown pigmentation. The histology re-
sembles the late atrophic stages of morphea. In a study of 139 patients followed for a mean 
of 10 years, areas of induration appeared within the lesions in 17% and plaques of morphea 
elsewhere on the body were found in 22% of cases (Kencka et al., 1995).

Keloid Nodular Morphea

This rare subtype is characterized by the presence of keloid-like nodules in patients with 
previous or co-existent morphea elsewhere. Lesions are commonest on the upper trunk 
and may coalesce or occur in a linear pattern (Hsu et al., 1999; Krell et al., 1995). Histol-
ogy shows homogenization and thickening of collagen bundles with an increase in mucin 
(Micalizzi et al., 1994). Such keloidal and nodular reactions have also been described in the 
setting of progressive systemic sclerosis (Cannick et al., 2003; Labandeira et al., 2003; Ren-
cic et al., 2003) and likely arise in patients with scleroderma (either localized or progres-
sive) predisposed to keloid formation. 
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Generalized morphea

Morphea is referred to as “generalized” when plaque type lesions occur in 3 or more ana-
tomical sites (Peterson et al., 1995). Commonest sites are the trunk, upper thighs and lum-
bosacral region. Plaques are often distributed symmetrically and may become confluent 
(Fig. 2b). Plaques at varying stages of evolution usually coexist.

Bullous morphea

This rare subtype is characterized by the presence of tense subepidermal bullae, which ap-
pear to develop as a result of subepidermal oedema, and which may occur in the presence 
of any of the subtypes of morphea (Daoud et al., 1994; Kobayasi et al., 1990; Su and Greene, 
1986). In a study of 13 cases, bullae were most frequent on the legs, and lymphatic dilata-
tion, attributed to obstruction from sclerosis, was observed in 77% of the patients (Daoud 
et al., 1994).

Linear morphea

Linear forms include linear morphea, en coup de sabre lesions and progressive hemifa-
cial atrophy. Sclerotic lesions are distributed in a linear, band-like pattern (Fig. 2c). Clin-
ical evidence of inflammation, the “lilac ring” is seen less often in this type (19%)(Peter-
son et al., 1997). Their distribution may be dermatomal, however, it has been argued that 
they follow Blashcko’s lines and may thus occur partly as a result of postzygotic mosaicism 
(Hauser et al., 1996; Itin and Schiller, 1999). Frontoparietal lesions in particular, appear 
“Blaschkoid” rather than dermatomal (Itin and Schiller, 1999; Soma and Fujimoto, 1998). 
Trauma is more often sited as a possible precipitating factor in this type of morphea (Fa-
langa et al., 1986; Yamanaka and Gibbs, 1999). Facial and limb asymmetry caused by im-
paired growth of the bones and soft tissues in the affected area, as well as multiple joint 
contractures, can cause severe cosmetic, orthopedic, and psychologic problems.

Acral Linear morphea

Unilateral lesions predominate, although bilateral lesions are described in 5.5% (Christian-
son et al., 1956)–46% (Falanga et al., 1986) of patients. They most often occur on the lower 
limbs. Multiple sites are involved in up to 60% of cases, and plaque forms often coexist on the 
trunk (Falanga et al., 1986). Generalised arthralgias and edema of the involved extremity can 
precede the onset of disease (Christianson et al., 1956). Induration can involve the dermis, 
subcutis, underlying muscle and bone. Multiple joint contractures, are common, occurring 
in 56% of cases in one study (Falanga et al., 1986). Myopathic changes, atrophy and weak-
ness of involved and adjacent muscles may occur (Uziel et al., 1994b). Discrepancies of limb 
length are a frequent complication in children with limb involvement (Liu et al., 1994).
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En coup de sabre

This type affects the face and scalp. Lesions generally follow one of two lines. The first de-
scends vertically from the frontal scalp to the side of the nose, adjacent to the midline. The 
second starts close to the vertex and progresses forwards to the lateral forehead, and then 
medially towards the inner canthus (Blaszczyk and Jablonska, 1999; Soma and Fujimoto, 
1998). Bilateral lesions occur rarely (Rai et al., 2000). Concomitant linear and plaque le-
sions at other sites are commoner (Falanga et al., 1986; Peterson et al., 1997). The sclerosis 
is thought to involve the skin and subcutis first, and later extend to underlying fascia and 
bone (Jablonska, 1975a). Epilepsy is the most frequent neurological complication occur-
ring in up to 10% (Jablonska, 1975a). Ocular and auditory complications may also be pres-
ent (David et al., 1991; Luer et al., 1990). Intracranial calcification and white matter abnor-
malities have been noted on CT and MR scans (Liu et al., 1994). One case study suggests 
sclerodermatous involvement of underlying brain tissue (Chung et al., 1995): dense sclero-
sis with increased collagen deposition, gliosis, scattered calcifications, and thickened scle-
rotic blood vessel walls were present in the involved dura and brain. The presence of oligo-
clonal banding on CSF examination, of lymphocytic inflammation on brain biopsy and of 
improvement in MRI white matter abnormalities following corticosteroid treatment all at-
test to the primary inflammatory nature of the underlying CNS lesions (Stone et al., 2001; 
Unterberger et al., 2003). 

Progressive hemifacial atrophy (Parry-Romberg syndrome)

This is thought to be a primary atrophic disorder of the subcutaneous tissue, muscle and 
bone. The absence of skin induration distinguishes it from “en coup de sabre” lesions 
(Sakuraoka et al., 1992). Progressive hemifacial atrophy (PHA) often begins at the sites de-
scribed above, and then extends to involve the cheek, tongue and mandible. Hypoplasia of 
the maxilla and mandible may cause marked facial asymmetry, particularly if lesions first 
develop in early childhood. There is overlap between the two conditions (Blaszczyk and 
Jablonska, 1999; Menni et al., 1997). In one series 20 / 58 cases of linear scleroderma of the 
face (en coup de sabre) showed transition to PHA (Jablonska, 1975a). Similar radiographic 
and clinical neurologic abnormalities and ocular complications are encountered, but may 
be commoner in PHA (Fry et al., 1992; Liu et al., 1994). Morphea lesions elsewhere have 
been noted in patients with PHA and both groups with PHA (without skin induration) and 
those with “en coup de sabre” lesions have abnormalities in cerebral blood flow as detected 
by SPECT analysis (Blaszczyk et al., 2003). 

Deep Morphea 

In deep morphea the sclerotic process occurs in the subcutaneous tissue, in other words, 
in the fat, fascia or superficial muscle. The various subtypes are classified according to the 
level of maximal involvement on a deep tissue biopsy. Lesions are frequently bilateral and 
symmetrical and involve the upper and lower limbs (Peterson et al., 1997). 
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Subcutaneous morphea

The primary site of involvement is the subcutaneous fat, although the fascia may also be 
involved, making it difficult to distinguish this form from “morphea profunda”. In Person 
and Su’s description of 16 cases, plaques were usually extensive, ill-defined and bound-
down, and showed rapid centrifugal progression (Person and Su, 1979). Disease activity 
ranged from 6 months to 7 years. Five patients had coexistent plaques of morphea or lichen 
sclerosus, and five had a peripheral eosinophilia.

Morphea profunda

Su and Person (1981) originally suggested a number of diagnostic criteria: the presence of 
diffuse, taut, bound-down deep cutaneous sclerosis; of significant hyalinization and thick-
ening of collagen bundles in both the subcutaneous fat and fascia; and a response to treat-
ment with antimalarials or corticosteroid. Some authors do not distinguish between this 
subtype and subcutaneous morphea (Weedon, 1997). Solitary lesions have been described 
both in children (Kobayashi et al., 1991) and adults (Whittaker et al., 1989). Recently 3 un-
usual cases of deep linear, primarily atrophic lesions, without preceding inflammation or 
sclerosis, involving the subcutis and deeper tissues were described. They may have a more 
benign outcome. Their relationship to morphea is underscored by the coexistence of hemi-
facial atrophy in one case (Blaszczyk et al., 2000).

Eosinophilic fasciitis (Shulman syndrome)

This condition is characterized by a diffuse sclerosis, predominantly involving the fibrous 
septa of the subcutis and deep fascia, a high ESR, hypergammaglobulinaemia and periph-
eral eosinophilia (Mitchet et al., 1981; Shulman, 1974). Inflammatory changes may extend 
into the underlying muscle (Weedon, 1997). It usually occurs on the extremities, but spares 
the hands and feet (Fig. 2d). It can result in severe joint contractures and associated mor-
bidity. Associated haematologic abnormalities including aplastic anemia, thrombocytope-
nia and leukaemia have been noted (Doyle and Ginsburg, 1989). Other subtypes of mor-
phea may be present (Miller, 1992a).

Disabling pansclerotic morphea of childhood

This extremely rare variant is at the most severe end of the clinical spectrum. Rapid pro-
gression of deep cutaneous fibrosis occurs, extending to involve muscle, fascia and bone 
(Diaz-Perez et al., 1980). It usually results in severe joint contractures and cutaneous ulcer-
ation. Unlike other forms of LS, this disease does not undergo spontaneous remission. In-
creased serum IgG, a positive ANA and peripheral eosinophilia are documented (Scharf-
fetter-Kochanek et al., 1995; Todd et al., 1998).
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Associated symptoms

Arthralgias are relatively common (40% of patients) (Christianson et al., 1956; Uziel et al., 
1994b). Synovitis has been documented mainly in deep forms (Peterson et al., 1997). As-
sociated pulmonary and esophageal involvement can occur. Routine testing revealed that 
7 / 41 (17%) patients had esophageal dysmotility and 9 / 53 (17%) had abnormal gas trans-
fer on lung function testing. These abnormalities were asymptomatic over 4yrs follow up 
in all but 2 of the patients (Dehen et al., 1994). In a series of 16 cases of subcutaneous mor-
phea, 4 / 10 and 3 / 10 patients investigated had asymptomatic abnormal lung function and 
esophageal dysmotility respectively (Person and Su, 1979). This suggests that the frequency 
of internal involvement may be underestimated. Other associated findings include carpal 
tunnel syndrome (Winkelmann et al., 1982) and vertebral anomalies (in particular spina 
bifida) present in 47% of 68 patients examined radiographically (Christianson et al., 1956). 
Associated cutaneous diseases include lichen sclerosus (see above), vitiligo, alopecia areata, 
and lichen planus (Uitto et al., 1980; Winkelmann, 1985). Morphea may also occur with 
other connective tissue diseases, including lupus erythematosus (Dubois et al., 1971; Ko 
et al., 2009; Umbert and Winkelmann, 1978), dermatomyositis and rheumatoid arthritis 
(Jablonska, 1975b). Morphea has also been associated with Hashimoto’s thyroiditis (Lee 
et al., 2002), another auto-immune condition. A recent study pointed out the high preva-
lence of autoimmune syndromes associated with various types of morphea (Leitenberger 
et al., 2009). Morphea has also been noted to occur after TNF-α inhibitor treatment (Mat-
tozzi et al., 2010). All these clinical situations have in common a high type 1 interferon sig-
nature (de Gannes et al., 2007), possibly predisposing to autoimmunity.

Laboratory abnormalities

Eosinophilia occurs in all types of morphea, but is more pronounced in patients with gen-
eralized and deep forms. Levels of eosinophilia may parallel disease activity (Falanga et al., 
1986). A mean of 5.4% (percentage of total leukocytes) at diagnosis and 2.8% at last fol-
low up was observed in Peterson’s series (Peterson’ et al., 1997). Polyclonal hypergamma-
globulinemia and a positive rheumatoid factor were present in 50% and 26% respectively 
of 53 patients with linear or generalized morphea. Both were correlated with more exten-
sive, active disease (Falanga et al., 1986). In studies using Hep2 cells, anti-nuclear antibody 
(ANA)-positivity occurred in 46–76% of cases, in decreasing order of frequency in gen-
eralized, linear and plaque forms (Falanga et al., 1986; Rosenberg et al., 1995; Uziel et al., 
1994b). Antibodies to ssDNA are usually of the IgM subtype (Ruffatti et al., 1991), and are 
seen mainly in patients with longstanding, extensive linear or generalized disease (Falanga 
et al., 1986; Rosenberg et al., 1995). Antihistone antibodies may also be present but anti-Scl 
70 (polymerase III) and anticentromere antibodies are rare. Levels of anti-histone antibod-
ies and antibodies to ssDNA correlate with disease severity in linear disease (Arkachaisri 
et al., 2008). Anti-phospholipid antibodies of both the IgM and IgG subtypes are detected 
with increased frequency in patients with generalized and linear morphea, in the absence 
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of increased thrombotic events (Sato et al., 2003). The similarity in auto-antibody speci-
ficities between drug-induced lupus and morphea has prompted the suggestion that mor-
phea, like drug-induced lupus, is an environmentally driven disease. Recent studies have 
identified serum autoantibodies to fibrillin 1 (Arnett et al., 1999), the major component 
of microfibrils in the extracellular matrix, and to Hsp73 (Fujimoto et al., 1995). It is likely 
that these autoantibodies are by-products of the underlying pathologic process, rather than 
being primarily pathogenic. Unique disease-associated auto-antibody profiles may never-
theless give a clue to pathogenesis. In this regard, 76% of patients with localized disease 
and 85% of patients with generalized disease are found to have antibodies to anti DNA 
topoisomerase IIα in contrast to only 14% of patients with progressive systemic sclerosis 
(Hayakawa et al., 2004). This is a ubiquitous enzyme that modulates the topologic state of 
DNA and it was hypothesized that, as this protein is selectively cleaved during Fas-medi-
ated apoptotic cell death, it may be presented to the immune system during the endothe-
lial cell apoptosis detected in early morphea lesions. Most patients (41 / 46) with morphea 
and 13 / 13 patients with generalized morphea were recently shown to have antibodies to a 
cytosolic form of superoxide dismutase (Cu / Zn SOD or SOD1) (Nagai et al., 2004). In pa-
tients with generalized disease, the presence of IgM antibodies to Cu / Zn SOD correlated 
with severity of disease. These observations suggest that reactive oxygen species may par-
ticipate in disease pathogenesis.

Diagnosis and Measurement of Disease Activity

The diagnosis is based on characteristic clinical findings and histology. Characteristic cu-
taneous ultrasound images may aid in diagnosis (Cosnes et al., 2003). No reliable labora-
tory markers of disease activity are available. Clinical features suggestive of active disease 
include extension of lesions, appearance of new lesions and the presence of a violaceous or 
erythematous halo. More objective assessments can be made using modified Rodnan skin 
scores (Rodnan et al., 1979). Ideally this should be combined with the use of a durometer 
(Seyger et al., 1997) or 20 MHz ultrasound (Levy et al., 1993) to assess skin thickness and 
elasticity. Recently, thermography has been used to aid in the assessment of disease activ-
ity (Birdi et al., 1992; Martini et al., 2002). These apparatus are unfortunately not widely 
available. A global skin damage and activity index has recently been proposed that may aid 
in following disease activity and response to treatment (Arkachaisri et al., 2010). Signifi-
cant psychological stress has been identified in patients with active disease and measure-
ment of psychological parameters is thus encouraged (Kroft et al., 2009b). It has been sug-
gested that serum IL-2 receptor levels may distinguish between active and inactive disease 
(Uziel et al., 1994a) but the utility of this test in clinically following disease activity has not 
been independently confirmed. Serial determinations of eosinophilia, hypergammaglobu-
linaemia and ANA titers may be of value in patients with extensive disease as these values 
may fluctuate with disease activity.
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Therapy

There is no uniformly accepted or effective therapy for LS. Assessing the efficacy of treat-
ments can be sometimes challenging because LS is a rare condition with heterogeneity of 
disease severity; trials are small, most of them uncontrolled and they lack of uniform out-
comes; the difficulty to differentiate active versus inactive disease and finally the disease in 
most patients will remit spontaneously making it difficult to appreciate the role of treat-
ment.

Immune cell activation is believed to underlie the development of skin sclerosis, and 
both topical and systemic immunosuppressants have been used. Unfortunately, few con-
trolled studies are available with which to objectively assess the benefits obtained. In a ma-
jority of older studies the improvements described are based on poorly documented clini-
cal observations. Recently more objective outcome measures have been employed. Patients 
with LS need to be treated because the disease may cause cosmetic and functional sequelae 
and patients that are treated at an early stage respond better. Given the propensity for skin 
thickening to improve in morphea, larger controlled studies are needed to confirm the effi-
cacy of both traditional and newer treatments. 

Topical corticosteroids

Although high potency topical corticosteroids have been the “first-line” treatment for pa-
tient with plaque morphea for many years, no prospective or controlled studies of their 
effectiveness alone in LS have been published. They have, however, retrospectively been 
shown to be useful in children with active plaque morphea (Bodemer et al., 1999a; Bode-
mer et al., 1999b), and to be highly effective in the treatment of lichen sclerosis (Garzon 
and Paller, 1999) a clinically associated and possibly related condition. 

Ultraviolet A

Ultraviolet light A1(340–400 nm) (UVA1) is increasingly being used to treat morphea. 
Different dosage regimens have been proposed for UVA1 phototherapy: low dose (10–
20 J / cm2 per single dose), medium dose (50–70 J / cm2 per single dose) or high dose (90–
130 J / cm2 per single dose) (Sator et al., 2009). Different studies on the optimal therapeu-
tic UVA1 dose for the treatment of LS have obtained equivocal results. Some authors such 
as Kerscher et al. (Kerscher et al., 1998) reported excellent results with low-dose UVA1, 
while others such as Stege et al. (Stege et al., 1997) and Kreuter et al. (Kreuter et al., 2001) 
found no response with low-dose UVA1, but good response to either high or medium dose 
of UVA1. Published reports detailed in Table 1 suggest that medium-dose UVA1 treatment 
is as effective as high-dose UVA1 and is the most efficacious form of ultraviolet light, fol-
lowed in order, by low-dose UVA1 (20 J / cm2 / treatment), UVA in conjunction with other 
treatments such as topical and systemic psoralens (PUVA) and calcipotriol. These effects 
were also seen in darker skin tones, despite the fact that most reports evaluating the bene-
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fits of UVA1 phototherapy focuses on a predominantly Caucasian population (Jacobe et al., 
2008).

Effective therapy with UVA1 has been reported in 162 / 169 treated patients, with dis-
ease durations of up to 25 years (Andres et al., 2009; Gruss et al., 1997a; Gruss et al., 1997c; 
Kerscher et al., 1995; Kerscher et al., 1998; Kreuter et al., 2001; Kreuter et al., 2006b; Sa-
tor et al., 2009; Stege et al., 1997). Deep forms appear least responsive. Outcome measures 
have included assessment of lesion size and induration, and ultrasonographic and biopsy 
assessments of dermal thickness and elasticity. In one study, a direct comparison of high-
dose UVA1 versus low-dose therapy showed that high-dose was superior for all the pa-
rameters assessed (Stege et al., 1997). The effects may be seen as early as after 4–10 treat-
ments. Maximal responses may require 25 or more treatments. The use of medium dose 
UVA1  (48 J / cm2 / treatment) in 8 patients was associated with improved skin scores and in-
creased skin elasticity as measured by a cutometer in all patients after 20 treatments. In an 
effort to limit UVA1 dosing, low-dose UVA1 therapy has been combined with topical cal-
cipotriol ointment therapy for childhood morphea. A 19-patient uncontrolled trial of this 
therapy showed a 67% improvement in skin scores (Kreuter et al., 2001). 

Sator et al. (Sator et al., 2009) published the first study to use intra-patient comparisons 
to investigate the relative efficacy of medium-dose (MD) UVA1 and low-dose (LD) UVA1 
phototherapy for LS, avoiding inter-individual differences in treatment response as a con-
founding factor. In this study, all time points of the study, a greater decrease in skin thick-
ness measured by 20-MHz ultrasound assessment was found in the irradiated plaques with 
medium and low-dose as compared with the un-irradiated control side. This study was also 
the first to provide data on a long-term outcome (patients were followed up for a 1-year pe-
riod after cessation of therapy). A randomized control trial that compared the safety and 
efficacy of LD UVA1, MD UVA1, and narrowband (NB) UVB phototherapy in the treat-
ment of 64 patients with LS, showed that MD UVA1 was significantly more effective than 
NB UVB (P < 0.05). There were no significant differences between LD UVA1 and NB UVB 
and the former and MD UVA1 (Kreuter et al., 2006b).

Limited access to UVA1 light sources remains a major obstacle. This has prompted tri-
als of broadband UVA therapy. In 13 patients with disease durations of 1 month to 3 years 
(El-Mofty et al., 2000; Steger and Matthews, 1999) clinical improvement (without objec-
tive skin scoring) was observed in all cases. Those with early disease were said to respond 
best. A significant reduction in upper dermal collagen concentration was seen on biopsy 
in 9 / 12 cases. At follow up 1 year later two patients had relapsed. Improved skin thick-
ness as assessed by ultrasound was detected in 3 out of 4 patients with morphea after 30–60 
treatments of broadband UVA (Oikarinen and Knuutinen, 2001). When treatments with 
20 J / cm2 / session, 10 J / cm2 / session and 5 J / cm2 / session of broadband UVA were com-
pared, a significant clinical dose-response association was not demonstrated despite UV 
dose-related decreases in collagen and TGF-β mRNA levels (El-Mofty et al., 2004). 6 / 16 
(38%) patients receiving 20 sessions of 5 J / cm2 were perceived to have a good to very-good 
response compared to 15 / 26 (58%) receiving 20 sessions of 20 J / cm2 prompting the au-
thors to conclude that lower doses of broadband UVA may also be beneficial. 

Psoralens increase the overall cytotoxicity of UVA, but reduce the total number of 
joules required for effective therapy in other cutaneous inflammatory diseases. The effects 
of bath PUVA have been documented in 20 patients. 80% or more of the sclerotic plaques 
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regressed in 15 / 19 patients within 3 months, based on clinical skin scores, ultrasound and 
histologic evaluations (Kerscher et al., 1995; Kerscher et al., 1996). The effect lasted 1year 
in 15 / 17 patients. Cream psoralen plus UVA has been used in 4 patients alone with excel-
lent response judged by 20 MHz ultrasound and lesional biopsy (Grundmann-Kollmann 
et al., 2000), or in two children with linear scleroderma ‘en coup de saber in association 
with calcipotriol (Gambichler et al., 2003) judged by 20 MHz ultrasound.

Systemic PUVA therapy may be somewhat less effective. Of 9 patients reported (Garcia-
Bustinduy et al., 1998; Kanekura et al., 1996; Morison, 1997; Scharffetter-Kochanek et al., 
1995; Todd et al., 1998; Yamaguchi et al., 1998), all but one showed some clinical improve-
ment. However, prolonged or maintenance treatment was often required, increasing the 
risks of long-term toxicity.

All forms of UVA therapy appear to act via a direct effect on the irradiated skin area, 
since plaques covered during treatment fail to show any improvement. The mechanism of 
action of UVA is suggested by studies which show that it induces apoptosis in skin-infiltrat-
ing T cells (Morita et al., 1997) depletion of skin-infiltrating T cells and pro-inflammatory 
cytokines such as IL-1, IL-6, IL-8, human β-defensins (Kreuter et al., 2006a) and upregu-
lates collagenase I (MMP1) mRNA expression both in vitro and in vivo (Gruss et al., 1997b; 
Stege et al., 1997; Wlaschek et al., 1995). Treatment has also resulted in partial normaliza-
tion in the number of CD34+ dermal dendritic cells (Camacho et al., 2001). While the long-
term oncogenic potential of PUVA is well documented, the potential long-term toxicity of 
long wave UVA is still unknown. Controlled studies are required to establish the safest and 
most efficacious form of UVA therapy, both in terms of dosage and duration of therapy.

Vitamin D derivatives

Both oral calcitriol (Caca-Biljanovska et al., 1999; Elst et al., 1999; Hulshof et al., 1994; 
Humbert et al., 1995; Humbert et al., 1990) and topical calcipotriol either alone (Cunning-
ham et al., 1998; Koeger et al., 1999; Tay, 2003) or associated with psoralen cream + UVA 
(Gambichler et al., 2003) or with betamethasone dipropionate (Dytoc et al., 2007) have 
been used effectively in small, uncontrolled series of patients with all forms of LS (see Ta-
ble 2). Systemic treatment with 0.25 μg / day is increased by 0.25 μg weekly up to a maxi-
mum of 2.5 μg / day (Humbert et al., 1995). Documented effects include improved well-be-
ing and joint mobility, a reduction in the appearance of new lesions, and of induration in 
existing lesions. Improvement occurred within 2–6 months, suggesting a therapeutic ef-
fect. A randomized, double-blind, placebo-controlled study of 9 months’ duration with a 
6-month follow-up was performed on a total of 27 patients (7 patients with SSc and 20 with 
LS) comparing oral calcitriol (0.75 μg / day for 6 months plus 1.25 μg / day for 3 months) or 
placebo for 9 months. The skin score in patients with morphea showed no significant dif-
ference between the placebo and calcitriol groups, implying that calcitriol at that dose was 
not superior than placebo in patients with morphea (Hulshof et al., 1994).

The mechanism of action of vitamin D derivatives in morphea remains uncertain. Re-
ceptors for 1,25 dihydroxyvitamin D3 have been detected on human dermal fibroblasts, 
keratinocytes and lymphocytes (Clemens et al., 1983; Holick et al., 1987) as well as den-
dritic cells (Maruotti and Cantatore, 2010). It may inhibit antigen induced T cell activation 
and proliferation, both by inhibiting T cell-monocyte interactions, and reducing IL-2 and 
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IFN γ synthesis (Rigby et al., 1987; Rigby and Waugh, 1992) and by activating regulatory 
T cells (Jeffery et al., 2009). In addition, it causes a dose dependant inhibition of fibroblast 
growth and collagen synthesis (Boelsma et al., 1995; Bottomley et al., 1995). Vitamin D an-
alogues may thus have immunomodulatory, antisynthetic and antiproliferative effects.

Methotrexate

Anecdotal evidence of benefit was initially reported in a child with linear disease and in 
an adult with eosinophilic fascitis (Foeldvari, 1998; Janzen et al., 1995). A few observa-
tional studies have since been published, but none of them are randomized trials. In one of 
them, 9 adults were treated (Seyger et al., 1998). Improvement in skin thickness scores was 
noted in 6 / 9 patients. Durometer readings, skin itch scores, and levels of type III procol-
lagen propeptide showed no significant improvement. In a second study, 9 children were 
treated with methotrexate and pulsed intravenous methylprednisolone (Uziel et al., 2000). 
A good response, defined as skin softening, and lack of progression or appearance of new 
lesions, occurred in all 9 patients. The median time to response was 3 months, was fastest 
in those with early disease, and persisted over the treatment period. The authors suggested 
treating patients for at least 1 year of inactive disease before tapering the dose of metho-
trexate. It is of note that a total of 4 / 18 patients were withdrawn from the two studies be-
cause of significant side effects (raised liver enzymes, stomatitis, weight loss and leukope-
nia). In a retrospective study in 34 children with LS, pulsed intravenous methylpredniso-
lone was given, followed by oral prednisolone on a reducing regimen and maintenance 
treatment with methotrexate (Weibel et al., 2006). The disease stopped progressing in 94% 
of the patients. All patients demonstrated significant clinical improvement within a mean 
time of 5.7 ± 3.9 months. Mean duration of follow-up over the treatment period and be-
yond was 2.9 ± 2.0 years. In 16 (47%) patients therapy was discontinued when the disease 
was considered to be inactive clinically; however, seven (44%) of the 16 developed a re-
lapse, needing to repeat treatment. At last follow-up, 24 (71%) of the 34 patients had com-
pletely inactive disease.

The largest retrospective case series of patients with sclerotic skin diseases treated with 
MTX was published by Kroft in, 2009 (Kroft et al., 2009a). MTX was given alone or either 
in combination with corticosterois in 58 patients with sclerotic skin diseases, whereas 49 
of them had LS. Both treatment strategies (MTX and MTX + CS) were effective. No dif-
ference in median weekly MTX dose was found between the two treatment strategies. Pa-
tients who showed a relapse had received a lower cumulative dose of MTX in the first 
course (MTX, 443 mg; MTX + CS, 658 mg) compared with the patients who reached re-
mission status (MTX, 708 mg; MTX + CS, 1070 mg). This difference was not statisticaly 
significant, but it may suggest a role for the total cumulative MTX dose in achieving de-
finitive remission (Kroft et al., 2009a). This study was without a control group and was ret-
rospective, requiring caution in interpretation as pointed out in an editorial (Jessop and 
Whitelaw, 2009).

Methotrexate, possibly by enhancing monocyte differentiation (Seitz et al., 1998), has 
been shown to reduce serum levels of soluble IL-2 receptors (Rose et al., 1994), and of 
IL-1β, IL-6, IL-8 and TNF-α (Barrera et al., 1995; Seitz et al., 1995). It may thus modu-
late cytokine production and T cell-monocyte interactions, in addition to its well-docu-
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mented anti-metabolite action. Elevated levels of tenascin in the center and margins of le-
sional skin and numbers of mast cells at the margins of lesions were found to be decreased 
by methotrexate treatment (Seyger et al., 2001). 

Systemic corticosteroids

Systemic therapy has rarely been described in patients with rapidly progressive generalized 
disease and linear forms. It has variably been reported to be of benefit (Joly et al., 1994) or 
not (Balat et al., 1999; Bodemer et al., 1999b). The need for prolonged treatment, associ-
ated with well documented side effects, and the significant risk of relapse on withdrawal 
(Joly et al., 1994), are all factors which should be taken into account when considering us-
ing this treatment modality, particularly as monotherapy. It may be of greater benefit when 
used in combiation with other therapies such as methotrexate or plasmapheresis (Uziel 
et al., 2000; Wach et al., 1995). Kreuter et al. in a prospective, nonrandomized, open pilot 
study in fifteen patients with severe LS, confirmed sustained response to oral methotrexate 
(15 mg / wk) combined with pulsed intravenous methylprednisolone (1000 mg for 3 days 
monthly) for at least 6 months. Response was sustained in all cases, except for one, and re-
sulted in a significant decrease of visual analog score, 20-MHz ultrasonographic measure-
ment and modified skin score, whereas the body is divided into 7 regions and skin thick-
ness is assessed on a 0- to 3-point scale (0, normal skin; 1, thickened skin; 2, decreased 
ability to pinch or move skin; and 3, unable to pinch or move skin) (Kreuter et al., 2005). 
A possible exception may be eosinophilic fasciitis for which anecdotal evidence suggests 
greater steroid responsiveness (Castanet et al., 1994; Gordon, 1981; Miller, 1992b).

D Penicillamine

Isolated case reports and small series have suggested benefit, predominantly in patients 
with severe, progressive, linear disease (Curley et al., 1987; Moynahan, 1973; van Bergen 
et al., 1997). In the largest published study of 11 patients, improvement was noted in 7 and 
began within 3–6 months (Falanga and Medsger, 1990). There were no new or active le-
sions, skin softening occurred in 5 / 7 and normalization of growth of the affected limb in 
2 / 3 children. Significant, but reversible side effects (nephrotic syndrome, milder proteinu-
ria, leukopenia, thrombocytopenia) occurred in 4 patients. In a further study of six chil-
dren with eosinophilic fascitis and morphea en plaque elsewhere on the body, addition of 
long term penicillamine, following initial treatment with prednisone, produced little addi-
tional benefit (Miller, 1992a).

Antimalarials

Aminoquinolone antimalarials are relatively safe and well tolerated. They were of benefit 
in 12 / 20 reported patients (Brownell et al., 2007; Person and Su, 1979; Tollefson and Wit-
man, 2007; Winkelmann et al., 1982; Wuthrich et al., 1975). Although not studied in mor-
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phea, the use of combination antimalarial therapy, i. e., either hydroxychloroquine or chlo-
roquine with quinacrine, can be of benefit in patients with cutaneous lupus refractory to 
single agent therapy alone (Chung and Hann, 1997). This may be a safe and worthwhile 
strategy in generalized morphea, but requires clinical studies.

Interferon-γ 

Interferon-γ (IFN-γ) has a strong inhibitory effect on collagen synthesis by normal and 
scleroderma fibroblasts in vitro (Kahari et al., 1988a), which provides a rationale for it’s use 
in morphea. Unfortunately, in one of the rare double-blind controlled studies conducted 
in 24 patients, no significant differences were found between intralesional IFN-γ and pla-
cebo when considering fibrosis, lesion size or collagen mRNA expression (Hunzelmann 
et al., 1997).

Other therapies

The description of a large number of anecdotal therapies for morphea attests, in part, to 
their lack of efficacy. Phenytoin (200 mg /day) resulted in skin softening within 2–3 months 
in 5 / 5 patients with linear disease (Neldner, 1978). Interestingly these patients all received 
concomitant vitamin D supplements, which may have contributed to the observed effects. 
5 / 7 patients with progressive plaque or generalized disease responded to sulphasalazine 
(Czarnecki and Taft, 1982; Micalizzi et al., 1996; Stava and Kobikova, 1977; Taveira et al., 
1999). Benefit was seen within 4 weeks of starting cyclosporine therapy (5 mg / kg /day ta-
pered to 1.5 mg / kg /day after 8 months) in 2 patients (Peter et al., 1991). It has also been 
used as an inductor treatment followed by methotrexate as maintenance treatment in a girl 
with linear morphea (Crespo et al., 2009) and in a girl with rapidly progressing linear mor-
phea despite the use of high potency steroids (Strauss et al., 2004). Some improvement has 
also been seen after 3 months of intravenous immunoglobulin therapy (5 g alpha-globulin /
day × 5 days, then monthly for 1 year) in a child with pansclerotic morphea (Wollina et al., 
1998). Prior reports in the use of extracorporeal photochemotherapy (ECP) in 2 patients 
have shown poor or incomplete responses (Cribier et al., 1995), but recently, a case of a pa-
tient with severe disabling generalized deep morphea showed a marked clinical response to 
treatment with ECP (Neustadter et al., 2009). Acitretin has been used with success in 9 pa-
tients (Neuhofer and Fritsch, 1984) one of them a patient with psoriasis and morphea (Bilen 
et al., 1999), and topical tocoretinate in 4 patients (Mizutani et al., 1999). Topical photody-
namic therapy (PDT) using 5-aminolaevulinic acid (ALA), has shown before to be effective 
in 5 / 5 patients with progressive disease (Karrer et al., 2000), but recently studies performed 
on 7 patients has not confirmed the efficacy of PDT (Batchelor et al., 2008). A single report 
suggests the efficacy of repeated treatment with a 585 nm pulsed dye laser (Eisen and Alster, 
2002) but a case reported in 2009 of a patient with en coup de saber who was given an initial 
diagnosis of acquired port-wine stain and treated with pulsed dye laser presented with un-
anticipated blistering because of the use of the laser (Kakimoto et al., 2009). Penicillin, used 
because of the possible association with borrelia infection, and a suggested effect on collagen 
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fibrillogenesis was also recently shown to reduce skin thickness in a child with linear dis-
ease (Mohrenschlager et al., 1999). Tacrolimus ointment 0.1% applied topically twice daily 
with plastic wrap occlusion was of benefit in 2 patients over 12 weeks (Mancuso and Ber-
dondini, 2003). It has also been used in thirteen patients with morphea without occlusion 
for 4 months, showing that thick, well-established lesions responded more poorly in com-
parison to other less thick and more erythematous ones (Stefanaki et al., 2008). There is one 
randomized, double-blind, emollient-controlled pilot study performed in 10 patients with 
plaque morphea showing reduction in durometer and clinical feature scores (Kroft et al., 
2009a). Imiquimod cream 5% may have been of benefit in 15 /15 reported cases (Campione 
et al., 2009; Dytoc et al., 2005; Man and Dytoc, 2004). Mycofenolate mofetil has been used 
in association with extracorporeal photopheresis with success in a patient with recalcitrant 
generalized bullous morphea (Schlaak et al., 2008) and in two patients with disabling pan-
sclerotic morphoea, three patients with generalized morphoea, five patients with linear scle-
roderma and in three patients with coup de sabre, all of them in association with metho-
trexate or oral corticosteroids (Martini et al., 2009). 

Summary

Morphea is an uncommon but potentially disabling condition. Abnormalities in immune 
system parameters, endothelial activation and fibroblast metabolism have been described, 
but a unifying pathophysiologic model remains to be tested. The clinician is faced with con-
siderable uncertainty when choosing a treatment modality for LS. Given the benign natu-
ral progression of plaque type morphea, treatment with topical modalities such as super-
potent corticosteroids or calcipotriol is prudent. For more generalized forms of morphea, 
as well as the linear forms, UVA is currently the best-documented therapeutic modality. 
In the absence of access to UVA treatment, oral calciferol or systemic immunosuppression 
may be contemplated. Recent studies support the use of methotrexate with systemic corti-
costeroids for the management of aggressive disease. The authors have had variable success 
with PUVA, broadband UVA, and methotrexate in severe disease. Resolution of therapeu-
tic uncertainty must await the organization and completion of controlled trials.
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Introduction

Systemic sclerosis (SSc) belongs to the group of “diffuse inflammatory connective tissue 
diseases” or “collagen vascular diseases” comprising a variety of severe, sometimes life-
threatening systemic diseases which often have a chronic, debilitating course. SSc is char-
acterized by the involvement of the skin and various internal organs (e. g. kidney, lung, 
heart). The inflammatory and fibrotic process destroys the normal architecture of the af-
fected organs leading to dysfunction and failure. The disease activity is highly variable and 
often unpredictable. The severity of the disease process in SSc leads to a reduced lifespan, 
impaired mobility and loss of autonomy.

SSc mainly evolves along pathological changes of the vascular system, the immune sys-
tem and of the extracellular matrix including its major cell type, the fibroblast. The result-
ing fibrosis leading to atrophy and failure of the affected organs largely determines the out-
come of the disease process. However, despite intense research efforts the relationship and 
interaction between the pathophysiological processes affecting the vascular system, the 
immune system and the extracellular matrix are only incompletely understood.

Immune Dysregulation

One of the hallmarks of SSc is a perturbed immunoregulation (resulting in the presence of 
autoantibodies), which appears to be influenced by additional factors such as genetic and 
exogenous factors. Autoimmunity in SSc is characterized by HLA gene restricted autoan-
tibody responses against nuclear and nucleolar antigens. The mechanisms inducing the 
antibody production are unknown but clinical associations with autoantibody specifici-
ties suggest that these antigen-restricted responses are involved in disease specific pathol-
ogy. In 2006 a pathogenetic role of cell surface specific antibodies recognizing the PDGF 
receptor has been described in SSc. These antibodies bind to the receptors, stimulate re-
spective signalling pathways and lead to increased type I collagen gene expression in fibro-
blasts (Baroni et al., 2006). Antibodies directed to cell surface molecules inducing thereby 
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signal transduction pathways are an intriguing concept, which is currently discussed in the 
pathophysiology of several unrelated diseases e. g. rejection of renal allografts, preeclamp-
sia, hypertrophic cardiomyopathy. These autoimmune phenomena are in a not well under-
stood way related to the inflammatory process with lymphocytic perivascular infiltrates in 
the skin and lung evident early on in the disease process and preceding the development 
of fibrosis (Gabrielli et al., 2009). The similarity of the condition with some aspects of graft 
versus host disease has frequently been noted. Recently it was suggested that microchime-
rism, i. e. the persistence of foetal cells in the maternal bone marrow and other organs like 
the skin might be a risk factor, also explaining the female excess (Artlett et al., 1998; Evans 
et al., 1999). However, subsequent studies found similar frequencies of microchimerisms 
compared to normal controls but nevertheless an increased number of microchimeric fetal 
cells in patients (Burastero et al., 2003). 

Vascular Pathology

The relationship between autoimmune responses and the vascular pathology is unclear, as 
Raynaud’s syndrome and vascular abnormalities may be evident many years prior to the 
onset of disease (Blockmans et al., 1996). The morphological changes that can be observed 
on a ultrastructural level, i. e. basement membrane thickening, intimal hyperplasia and in-
flammatory cell infiltration have been interpreted as a sign indicating microvascular injury 
as a primary event in this disease (Prescott et al., 1992).

Depending on the study population and statistical methodology, between 5 and 20% of 
all individuals presenting with Raynaud’s phenomenon are reported to subsequently de-
velop SSc. A constellation of additional signs and symptoms indicative of microvascular 
damage separates SSc patients from others presenting with Raynaud’s phenomenon. These 
include nailfold capillaroscopic changes (Maricq et al., 1980), hand / foot edema, digital ul-
cers, calcifications and teleangiectasia. The combination of a fibrotic microvascular and hy-
perreactive vasoconstrictor status is thought to represent the primary lesion responsible 
for the vasospastic episodes. Tissue hypoxia normally induces new blood vessel growth by 
induction of a variety of angiogenic factors. Recently, hypoxia has been linked to the in-
duction of epithelial-mesenchymal transition, an evolving concept for the pathogenesis of 
fibrosis of the lung. In SSc, loss of capillaries is a typical and early disease manifestation 
which has been related to an increase in angiostatic factors and programmed endothelial 
cell death (apoptosis) where a number of possible mechanisms have been proposed (Ka-
haleh and Fan, 1997; Hebbar et al., 2000; Beyer et al., 2009). Interestingly, a very recent 
study on patients followed up after stem cell therapy for SSc indicates for the first time, that 
the observed loss of capillaries, a well known (usually interpreted as end stage) hallmark of 
the disease, may be reversible (Fleming et al., 2008). 

Dysregulation of Extracellular Matrix Synthesis

The dysregulation of extracellular matrix synthesis is the third major pathophysiologic 
change, with the extent and progression of the fibrotic process being important prognos-
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tic factors in the disease process. It has been well established by in situ hybridization and 
by fibroblast cultures obtained from involved tissue (e. g. skin or lung) that scleroderma fi-
broblasts display an activated phenotype producing increased amounts of various colla-
gens and expressing adhesion molecules such as ICAM-1 (LeRoy et al., 1974; Uitto et al., 
1979; Scharffetter et al., 1988; Majewski et al., 1995). The newly synthesized extracellular 
matrix is deposited particularly around skin appendages and at the border of the dermis 
to the subcutaneous tissue, partially replacing the latter (Perlish et al., 1985). The collagen 
bundles running parallel with the skin surface show swelling and variation in thickness. 
Although the biosynthesis of collagens has been investigated in detail, its metabolism and 
turnover in vivo is not yet fully understood. In physiological situations involving increased 
collagen synthesis, as e. g. in wound healing, the amount of collagen in the tissue is obvi-
ously tightly controlled by its similarly increased degradation. Similarly, in a fibrotic dis-
ease, the net gain of collagens must thus involve a disturbed balance between the synthetic 
and degradative processes. The most commonly used approach to study collagen degra-
dation is the study of collagen degrading enzymes (Herrmann et al., 1991; Mauch et al., 
1998). However, the results are difficult to interprete in terms of the in vivo situation, as a 
combination of several enzymes including the corresponding inhibitors are likely to be in-
volved in the degradation of a single collagen fiber. A different approach to this question is 
to study the degradation products as they appear in vivo. Interestingly, we and others could 
demonstrate that increased levels of ICTP, a degradation product of cross-linked type I 
collagen, are common in patients with SSc (Heickendorff et al., 1995; Hunzelmann et al., 
1998b). They correlate well with the skin score, a commonly used indicator of the sever-
ity of the disease (Subcommittee of the ARA 1980; Kahaleh et al., 1986). This indicates that 
the concentrations of circulating ICTP reflect the type I collagen load in this disease. We 
found the highest values in patients with very active and extensive disease. Furthermore 
these crosslinks can usually only be detected in bone, suggesting that occurence of these 
crosslinks in the skin is related to the sclerotic process. Of interest, in microarray analyses 
of SSc skin a marked upregulation of a number of bone and cartilage associated proteins as 
e. g. collagens X, XI and Cartilage oligomeric protein (COMP) was reported. The deposi-
tion of molecules which are not organotypic may contribute to the resistance to remodel-
ling which is a characteristic feature of fibrosis. 

The factors which finally lead to the activated phenotype of scleroderma fibroblasts are 
not entirely clear. Several studies suggest the contribution of transforming growth factor-ß 
(TGF-ß) (Kulozik et al., 1990). TGF-ß is the most potent inducer of collagen synthesis, sup-
presses the production of matrix degrading metalloproteinases and is regarded as a master 
regulator of the fibrotic process in the pathogenesis of systemic sclerosis. Nearly all cells in-
volved in the pathophysiology of SSc, i. e. endothelial cells, fibroblasts, platelets and a vari-
ety of immune cells synthesize TGF-ß. Furthermore, fibroblasts of SSc patients express in-
creased numbers of TGF-ß receptors, thereby enhancing the potential cellular response to 
TGF-ß. This notion is further supported by the detection of connective tissue growth fac-
tor (CTGF) gene expression in skin biopsies of SSc patients (Igarashi et al., 1995) and SSc 
fibroblasts (Shi-Wen et al., 2000) as TGF-ß is also known to induce CTGF. Recent studies 
indicate that a deficiency in SMAD-7 an inhibitory protein in the TGF-ß signalling path-
way is characteristic of scleroderma fibroblasts (Dong et al., 2002). In the fibrotic process, 
however, besides TGF-ß several other profibrotic mediators are known to play an impor-
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tant role including PDGF, CTGF, IL-4, Il-13, Il-17, MCP-1, Endothelin-1. Recently, it could 
be demonstrated that the activation of PDGF- and TGF-ß receptors can be impaired by ty-
rosine kinase inhibitors resulting in a reduced synthesis of extracellular matrix proteins by 
dermal fibroblasts (Distler et al., 2007). This result could also be extended to mouse models 
and initial clinical observations on the use of TRK-inhibitors in different fibrotic diseases 
as Scleroderma and GvHD begin to be reported. 

Clinical Appearence / Classification

The incidence of SSc is reported to be 2–20 / million population and the prevalence 
4–290 / million population. The disease is much commoner in females than males for rea-
sons that are not entirely clear with a female-to-male ratio of 3–9:1. There are some pop-
ulations at high risk as e. g. the Choctaw Indians from Oklahoma suggesting that genetic 
factors are critical. However, twin studies are inconclusive and familial aggregation is rare. 

Based on distinct clinical aspects and courses of the disease an internationally accepted 
classification was established with two forms: limited cutaneous SSc (lSSc) and diffuse cu-
taneous SSc (dSSc). Both forms, however, lead to life threatening involvement of internal 
organs and are associated with marked excess mortality. The quality of life is severely re-
duced and the patients require continous medical support. The two major clinical variants 
are distinguished primarily on the degree and extent of skin involvement. However, dur-
ing recent years it became apparent that in clinical practice this classification fails to ad-
dress a number of patients presenting with SSc symptoms (Hunzelmann et al., 2008). For 
instance, a significant number of patients belongs to a subgroup with symptoms of sys-
temic sclerosis occuring simultaneously with those of other connective tissue diseases like 
myositis, Sjögren’s syndrome or lupus erythematodes. These patients are often classified as 
scleroderma overlap-syndrome and are characterized by typical auto-antibodies e. g. most 
frequently anti-U1-RNP- or anti-PmScl-antibodies. Furthermore, due to improved health 
care, patients present earlier in the course of the disease with symptoms suggestive of, but 
not conclusive for a diagnosis of definite systemic sclerosis, e. g. RP and scleroderma-spe-
cific antinuclear antibodies; these symptomes have been described as undifferentiated con-
nective tissue disease (UCTD) [19, 20].

The hallmark of SSc is fibrosis of the skin resulting early on in oedema, often the first in-
dication of SSc skin involvement, which is followed by fibrotic induration and finally atro-
phy. Several skin scoring methodologies have been developed with the modified Rodnan 
skin score having the broadest distribution (Kahaleh et al., 1986; Furst et al., 1998). It is as-
sessed by palpation of skin using a 0–3 scale (normal, mild, moderate or severe thickening) 
at seventeen areas. Following the skin score and the distribution of cutaneous induration 
is of major clinical importance, as patients with diffuse cutaneous scleroderma are much 
more likely to have significant heart and / or renal disease than those with the limited form 
of SSc. Furthermore early disability and premature mortality are observed in this group 
(Clements et al., 1990). The period when skin thickening is most rapidly is also a time in 
which decline in visceral function is most likely to occur (Seibold, 1994) (Fig. 1).
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Diffuse cutaneous SSc (dSSc)

dSSc is characterized by distal and proximal extremity and truncal skin thickening. Usu-
ally the elbows and knees are considered the dividing line. Leading symptoms of dSSC 
are: 1) onset of Raynaud’s syndrome within 1 year of onset of skin changes (puffy or hide-
bound); 2) presence of tendon friction rubs; 3) early and significant incidence of intersti-
tial lung disease, oliguric renal failure, diffuse gastrointestinal disease, and myocardial in-
volvement; 4) absence of anti CENP-B antibodies; 5) nailfold capillary dilatation and cap-
illary destruction; 6) anti-DNA-topoisomerase I antibodies (30%). In two large epidemio-
logical studies this subset accounted for about 30% of all SSc patients (Walker et al., 2007; 
Hunzelmann et al., 2008).

Limited Cutaneous SSc (lSSc)

Leading symptoms of lSSc are the following: 1) Raynaud’s syndrome for years (occasionally 
decades); 2) skin involvement limited to hands, face, and forearms (acral) or absent; 3) a 
significant late incidence of pulmonary hypertension, with or without interstitial lung dis-
ease; 4) a high incidence of anti centromer (CENP-B) antibodies (70–80%); 5) dilated nail-
fold capillary loops, usually without capillary dropout; 6) skin calcifications and teleang-
iectasia particularly affecting the face and hands; 7) occasional late development of small 
bowel malabsorption.

Recent studies suggest that systemic sclerosis sine scleroderma is a rare subset of SSc 
(around 1% of SSc patients) which should be included into the spectrum of SSc with lim-
ited cutaneous involvement and should not be considered as a distinct disorder (Poor-
moghim et al., 2000; Hunzelmann et al., 2008). Except for the absence of skin thickening, 
the group of patients with systemic sclerosis sine scleroderma had no significant differ-

Fig. 1. Longitudinal development of skin score in patients with diffuse systemic sclerosis  
( ) and limited systemic sclerosis (- - - -)
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ences in individual internal organ involvements, laboratory features, serum autoantibody 
type (e. g. anti-centromer) or survival rate compared with lSSc patients. There was a ten-
dency but no significant difference toward more pronounced pulmonary arterial hyperten-
sion and reduced carbon monoxide diffusing capacity (< 70% of predicted).

Scleroderma Overlap Syndromes

The most common overlap syndromes are Mixed Connective Tissues Disease (MCTD), 
Scleromyositis (PM-Scl-associated) and the Synthetase Syndrome (Jo 1-associated). Over-
lap syndromes account for about 10% of patients presenting with symptoms compatible 
with SSc (Hunzelmann et al., 2008). MCTD and the Synthetase Syndrome are more exten-
sively dealt with in Chap. 7. 

Scleromyositis is a scleroderma / polymyositis or scleroderma / dermatomyositis over-
lap disorder associated with antibodies directed to the nucleolar PM-Scl complex and as-
sociated with HLA-DR3 (Genth et al., 1990). In a recent study of 108 cases, 83% of patients 
had characteristic manifestations (Jablonska and Blasczyk, 1999). These findings include 
Raynaud’s syndrome, scleroderma-like and dermatomyositis-like cutaneous changes of the 
face and hands including hyperkeratotic changes on the fingers, myalgia and arthritis. Pul-
monary involvement occurs in about 30 to 60% of the patients (Marguerie et al., 1992). 
This syndrome is also a rather common subtype in children as about one third of the re-
ported cases in the study of Jablonska (1999) are children with a mean age of onset at nine 
years. The course of this overlap syndrome is considered to be benign and usually responds 
to small or moderate doses of corticosteroids.

Environmentally Related Scleroderma-Like Syndromes

A broad variety of environmental factors have been reported to induce scleroderma (re-
viewed in Straniero et al., 1989). However, with few exceptions (contaminated tryptophan, 
contaminated rape seed oil, vinyl chloride, trichloroethylene and most recently gadolin-
ium as the elicitor of a new disease entity i. e. nephrogenic systemic fibrosis) these cases are 
likely to represent random occurences. These scleroderma-like disorders often lack sev-
eral features of SSc, in particular the autoimmune phenomena (autoantibody synthesis). 
In this respect, there has been much concern and publicity on the role of silicone (e. g. in 
the form of surgical implants) as a possible environmental factor for connective tissue dis-
eases such as SSc, but despite several epidemiological studies, no link has been established 
(Janowsky et al., 2000).

In contrast, several studies indicate that silica dust-associated scleroderma can not be 
distinguished from SSc in terms of antibody profile and phenotype (Haustein and An-
deregg, 1998). This is supported by experimental data suggesting that silica dust induces 
pathophysiological events similar to SSc (Haustein and Anderegg, 1998).
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Diagnosis

As in many other chronic diseases, diagnosis is in general readily performed once the ill-
ness has fully developed. Due to the often smoldering disease onset and the uncharacteris-
tic changes ocurring early on in SSc, including Raynaud’s phenomenon, joint pain or swell-
ing, the clinical diagnosis of SSc and the differentiation from other diffuse inflammatory 
connective tissue diseases (rheumatoid arthritis, systemic lupus erythemtosus, polymyosi-
tis) or disorders characterised by abnormal extracellular deposition (e. g. amyloidosis) may 
be difficult. Although each of the diffuse inflammatory connective tissue diseases are clin-
ically distinct entities, they share some general analogies and often display a high level of 
clinical variability resulting not uncommonly in overlap syndromes which pose a particu-
lar diagnostic and therapeutic challenge.

Investigations related to the autoimmune phenomena and the vascular changes (e. g. cap-
illaroscopy) are therefore necessary to perform. In some cases, follow up of the patient over 
time will indicate whether the patient finally develops inflammatory connective tissue dis-
ease, overlap syndrome etc. or may experience remission of an early flare up of autoimmune 
phenomena reflecting undifferentiated connective tissue disease (Williams et al., 1999).

Autoantibody Profile

The identification of autoantibodies is mandatory in establishing the correct diagnosis, in-
dicating the prognosis and providing a guide to treatment and follow up (Fritzler, 1993). In 
several studies, more than 95% of patients show antinuclear antibodies (ANA) (Bunn et al., 
1998, Hunzelmann et al., 2008), thus making the diagnosis of SSc in a patient without ANA 
quite unlikely. Although there is no antibody which can be related to disease activity like 
the presence of anti-ds DNA antibodies in systemic lupus erythematosus, patient classifica-
tion according to serologic subsets can be meaningful. Nearly 85% of patients can be associ-
ated to one of seven SSc related antibodies (Table 1) and each of these antibodies describes 
a subset which to a different degree has characteristic clinical manifestations (Fig. 2).

Clinical Presentation

At clinical presentation, sclerodactily is present in about 95% of patients and Raynaud’s 
syndrome is present in about 90%. If none of these features (including ANA) is present, the 
patient is likely to have a disorder other than SSc.

Differential diagnosis includes in particular the generalized form of localized sclero-
derma, eosinophilic fasciitis, scleromyxoedema, scleroderma adultorum Buschke, amyloi-
dosis, porphyria cutanea tarda, nephrogenic systemic fibrosis and acrodermatitis chronica 
atrophicans in the inflammatory phase (Table 2) and rarely sclerodermiform genoderma-
toses. Furthermore, one has to be aware of the vast differential diagnoses of Raynaud’s phe-
nomenon in the patients presenting in the initial phase of the disease.
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Table 1. Clinical Characteristics of Autoantibodies Associated with Progressive Systemic Scle-
rosis

Antibody Antigen Comments Frequency

Scl-70 DNA-topoisomerase I increased risk for 
tumors

up to 70% of dSSc; 
10 to 20% of SSc

U1 RNP U1 small nuclear ribonucleo-
protein

overlap syndrome 
to SLE

Fibrillarin U3 RNP poor prognosis 10–20% of dSSc

RNA Polymerase 
I, III

sub units of RNA polymerase 20% of dSSc

centromere kinetochores, CENP-A, B, C, E limited disease 60–80% of lSSc; 
15% of SSc

Th / To Rnase P limited disease 2%

PM-Scl nuclear protein-complex characteristic skin 
changes

15% of overlap 
syndromes

Ku Nucleolar heterodimer overlap syndrome < 10% of overlap 
syndromes

Jo1 histidyl-tRNA synthetase SSc / polymyositis 
overlap

10% of overlap 
syndromes

Fig. 2. Antibody profile and clinical classification of progressive systemic sclerosis and over-
lap syndromes
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Table 2. Scleroderma-Like Disorders

I. Sclerotic disorders Scleredema adultorum Buschke

Scleredema diabeticorum

Scleredema amyloidosum

Scleromyxedema

Environmentally related scleroderma-like syndromes 
(i. e. nephrogenic systemic fibrosis)

Graft versus host disease

Porphyria cutanea tarda

Acrodermatitis chronica atrophicans

II. Sclerodermiform genodermatoses Werner Syndrome

Progeria

Acrogeria / Metageria

Fig. 3. Clinical phenotype of progressive systemic sclerosis and overlap syndromes. A. Dif-
fuse systemic scleroderma: diffuse sclerosis with hyperpigmentation of the trunk. B. Scle-
rodactyly with contractures and atrophy of the fingers. C. Cutaneous calcinosis. D. PM-Scl 
overlap syndrome: mechanic hands with hyperkeratosis of the fingers

A

C D

B
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Associated Diseases

Association of SSc with other autoimmune diseases is relatively common including pri-
mary biliary cirrhosis, Sjogren-syndrome (including the detection of anti-Ro / La antibod-
ies) and in the subset of overlap syndromes, dermatomyositis and polymyositis.

Therapy

The treatment of SSc is challenging due to the complex disease process and the difficulty 
to specifically treat distinct subgroups. SSc poses a particular problem to the medical sys-
tem due to the relative rarity of the disease requiring specialised care by the general prac-
ticioner. Therefore, diagnosis and care should be at least in part in the hands of specialists 
who have daily exposure to this disease and have access to a laboratory trained in autoim-
mune serology, to dermatohistopathology, and modern diagnostic radiologic procedures 
(e. g. CT, MRT, angiography). Cooperation with different subspecialties is often necessary 
to provide optimal care due to the nature of the disease affecting other organ systems than 
the skin (e. g. rheumatology, pulmonary medicine, nephrology, neurology). Specialized 
care should be provided in a setting where the outpatient facilities have also access to hos-
pital beds to ensure timely and appropriate treatment for patients presenting with exac-
erbation of their disease. Physical therapy which has access to treatment facilities to pre-
vent loss of function is another prerequisite for these specialised facilities. Patient sup-
port groups which to date in part make up for these shortcomings play an increasing role 
in communicating the special needs of these patients to society. In recent years the inter-
net has become a routine resource for the information of patients and recruitement for on-
going studies (e. g. http://www.sclero.org). Furthermore, the development of competence 
and communication based networks on a national (e. g. DNSS in Germany) and interna-
tional level (e. g. Eustar) has helped to significantly improve the level of care and the dis-
sipation of information. In 2009, for the first time evidence based recommendations for 
treatment of SSc have been published by the Eular Scleroderma trials and research group 
(Eustar) (Kowal-Bielecka et al., 2009) where most of the recommendations given below are 
described in more detail.

Immunosuppressive Agents

For most of the drugs with immunosuppressive properties, which have been used in the 
treatment of SSc, large well-controlled prospective clinical trials are lacking. To date in sys-
temic sclerosis (SSc) little evidence for the effectiveness of corticosteroid and immuno-
suppressive therapy exists with the exception of cyclophosphamide demonstrating a mod-
est effect on lung and skin involvement. Nevertheless, these potentially harmful drugs are 
frequently prescribed to patients with all forms of SSc (Hunzelmann et al., 2009). For in-
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stance, d-penicillamine seems to affect both collagen and the immune system thus making 
it an ideal candidate to treat SSc. Interestingly, it took until the mid 90 s to start a double 
blind randomized trial to investigate the effect of D-penicillamine in SSc. Unfortunately, 
no difference was found between a dose of 62.5 mg and 750 mg D-penicillamine daily in-
dicating lack of efficacy (Clements et al., 1999). Also photopheresis (extracorporeal photo-
chemotherapy) that has shown promise in several uncontrolled studies (Rook et al., 1992), 
failed in a recent crossover study to demonstrate a favourable effect (Enomoto et al., 1999). 
Several smaller trials investigated the use of cyclosporin A, which unfortunately was asso-
ciated with considerable toxicity, especially nephropathy (Denton et al., 1994). Methotrex-
ate, although its toxicity profile in patients with SSc was better than exspected, produced 
inconsistent results in two controlled studies (van den Hoogen et al., 1996; Pope et al., 
1998). The best available data exist for cyclophosphamide, which showed a modest, statisti-
cally significant benefit in a randomized controlled double blind trial (Tashkin et al., 2006) 
on both, lung and skin fibrosis.

Antifibrotic Agents

Interferon-γ is the most potent cytokine known to inhibit collagen synthesis. Several un-
controlled studies applying the cytokine over up to one year have been performed to in-
vestigate the potential role of interferon-γ in the treatment of SSc showing no major effect 
on the disease course (Hunzelmann et al., 1997). Interferon-α has also been shown to in-
hibit collagen synthesis (Duncan et al., 1995). However, a placebo controlled study of early 
diffuse SSc found no benefit for skin sclerosis and pulmonary function, but a greater mor-
tality in the active treatment arm (Black et al., 1998). Relaxin is a pregnancy-related hor-
mone that has tissue remodeling and antifibrotic effects. Relaxin has been tested in a phase 
2 trial where in the low dose group a significant improvement of the modified Rodnan skin 
score was found (p = 0.049) wheras in the high dose group no such effect was seen (Seibold 
et al., 2000).

Organ-Specific Therapies

Skin Involvement

General measures include skin protection from cold and trauma, skin care with moisten-
ing creams, lymph drainage and active physiotherapy. Calcium channel blockers or angio-
tensin II receptor type 1 antagonists can be given to decrease symptoms of Raynaud’s syn-
drome (Dziaio et al., 1999). In severe cases of finger tip ulcerations and impending digit 
amputation, intravenous prostacycline analogues may be of value (Zachariae et al., 1996; 
Pope et al., 2000). Bosentan, a dual endothelin receptor antagonist was shown in two ran-
domized studies to significantly reduce the number of new digital ulcers. The efficacy of 
phosphodiesterase-inhibitors concerning raynauds syndrome and digital ulcer healing is 
still under investigation. Ectopic calcifications or calcinosis when compromising blood cir-
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culation or causing symptoms may be removed surgically or by the use of CO2-laser (Bot-
tomly et al., 1996). Laser (i. e. argon or flashlamp pumped dye laser) therapy is the treat-
ment of choice to remove teleangiectasias, which may also involve the mucosa.

UV radiation (UVA1 or bath-PUVA) with small patients numbers in uncontrolled stud-
ies has been reported to be beneficial. In localized scleroderma, evidence for the efficacy of 
UVA1 or bath-PUVA is increasing although no double blind prospective study is available 
(Kerscher et al., 1996). Recent studies have shown that UVA irradiation alone, and more so 
in conjunction with photosensitizing agents, increases the expression, synthesis and acti-
vation of metalloproteinases. In addition, a variety of cytokines and soluble factors in vitro 
and in vivo are modulated by UVA and can affect connective tissue remodeling (Scharffet-
ter et al., 1991; Herrmann et al., 1993). Clinical and ultrasound evaluation revealed that the 
sclerotic lesions disappeared or markedly improved during PUVA bath photochemother-
apy in 13 of the 17 enrolled patients within less than three months. We have additional ex-
perience in 14 patients suffering from localized scleroderma who improved substantially 
from bath PUVA therapy as monitored by skin score, cutaneous elastometry and evalua-
tion of skin thickness by ultrasound analysis (Hunzelmann et al., 1998b). In a recent pub-
lication, the therapeutic potential of UVA1 therapy has been evaluated in localized sclero-
derma (Stege et al., 1998). This study corroborates and extends previous observations that 
in vivo UVA1 irradiation exposure of healthy human skin is associated with the induction 
of interstitial collagenase RNA expression in situ which may play a role in the remodelling 
of the fibrotic connective tissue.

Musculosceletal Involvement

Musculosceletal involvement, arthralgia and musculosceletal pain being the most frequent 
complaints, is common in scleroderma and may lead to secondary fibromyalgia. Muscle 
weakness and some increase in serum creatine kinase levels are quite common. Inflamma-
tory arthritis can occur but raises the suspicion of the presence of an overlap syndrome and 
only rarely results in mutilating arthritis. Corticosteroids should be avoided due to their 
long term side effects and association with nephropathy in higher doses exceeding 15 mg 
prednisone equivalents (Steen et al., 1998). Non steroidal anti-inflammatory agents should 
also be prudently chosen due to their potential side effects on renal function, blood pres-
sure and gastrointestinal function. The superiority of the use of cyclo-oxygenase 2 inhibi-
tors remains to be proven.

Renal Involvement

Acute renal crisis is a serious and potentially fatal SSc complication associated with an 
acute reduction on cortical blood flow, hyperreninemia, hypertension which occurs most 
likely in diffuse cutaneous scleroderma of less than four years duration. Many of these pa-
tients will progress to renal failure and dialysis or renal transplantation. Thus regular con-
trol of blood pressure (at least twice a week) is recommended to detect acute renal involve-
ment early on. Chronic renal involvement is asociated with a slowly progressive oblitera-
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tive vasculopathy. Before the advent of ACE inhibitor therapy and other improvements in 
the management of advanced renal disease, survival for longer than 3–6 months was al-
most unknown. Particularly in acute renal crisis, ACE inhibitors are the mainstay of treat-
ment significantly prolonging patient survival (Steen et al., 1990). Additional administra-
tion of intravenous prostacyclin may be considered. Nevertheless, prognosis of established 
renal crisis is still relatively poor with about one third of patients progressing to renal re-
placement therapy. Here, a five year kidney graft survival rate of 47% was reported compa-
rable to that of patients with SLE (Chang and Spiera, 1999).

Pulmonary Involvement

Pulmonary fibrosis in SSc affects to different degrees the parenchymal and the vascular 
system. In early disease, inflammatory alveolitis may precede and / or accompany intersti-
tial fibrosis leading to loss of pulmonary function as evidenced by decreased diffusing ca-
pacity and vital capacity. Bronchoalveolar lavage (in experienced hands) and high resolu-
tion chest computertomography will help to determine the degree of inflammation. Several 
studies indicate that alveolitis can be treated successfully with cyclophosphamide (White 
et al., 2000, Tashkin et al., 2006).

Pulmonary hypertension may most prominently develop in patients with limited cu-
taneous scleroderma of long duration with relatively little interstitial disease determining 
markedly the prognosis of these patients. Yearly screening investigations by echo are there-
fore strongly recommended in all SSc patients (Kowal-Bielecka et al., 2009; Hunzelmann 
et al., 2009). In case of a positive echocardiography or strong clinical suspicion right heart 
catheterization is mandatory. 

Besides the infusion or inhalation of prostacycline analogues, new drugs targeting dif-
ferent aspects of vascular pathology have become available, e. g. endothelin receptor an-
tagonists and phosphodiesterase-5 (PDE-5) inhibitors (Pigula et al., 1997; Badesch et al., 
2000; Hoeper et al., 2000; Rubin et al., 2002). Here, very recently treatment has been ap-
proved also for the WHO functional class II, extending previous approval for the use of 
bosentan and sildenafil in functional class for class III and IV (McLaughlin et al., 2009).

Gastrointestinal Involvement

The gastrointestinal tract is frequently involved with a frequency for the oesophagus in 
about 80%, the stomach, small intestine and large intestine in about 40–70% (Walker et al., 
2007; Hunzelmann et al., 2008). The pathology is characterized both by atrophy of the 
smooth muscles that line the gastrointestinal tract and involvement of the myenteric nerve 
plexus. Main symptoms associated are heartburn, esophageal dysfunction in the upper gas-
trointestinal tract, diarrhoea due to bacterial overgrowth, and fetal incontinence in the dis-
tal tract. Prokinetics (e. g. octreotide) are of limited use in severe constipation and recently, 
the prokinetic cisapride has been withdrawn from the market due to associated cardiac ar-
rythmias leading to death. Proton pump inhibitors and to a lesser extent H2-blockers are 
effective in controlling reflux esophagitis apart from typical conservative measures (no late 
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meals etc.). Barretts esophagus is a late sequel of reflux disease. Bacterial overgrowth and 
fungal infections (e. g. candida esophagitis) can be dealt with by intermittent antimicrobial 
therapy and antimycotics. Rarely, teleangiectasias may also be present on the mucosa rep-
resenting a potential source of occult intestinal bleeding.

Cardiac Involvement

The nature and severity of cardiac disease depends on the extent of myocardial fibrosis, a 
primary component of this disorder, and on the extent to which concurrent fibrosis of the 
lung and thickening and fibrosis of the small pulmonary arteries place an additional bur-
den on the circulation. Large perfusion abnormalities on thallium scans are predictive of 
shortened survival and an increased number of cardiac events (Steen et al., 1996). Also, in-
termittent vascular ischemia is observed which probably reflects similar pathophysiologi-
cal changes as observed in the peripheral vasculature (Raynaud’s syndrome). Arrhythmias 
are quite common in SSc but seldom meet the definition of severe arrhythmia. 

Novel Therapeutic Perspectives

The understanding of the pathophysiology of scleroderma still relies on the vascular, im-
mune system and the connective tissue as the most relevant components of the disease 
process. In recent years, research on SSc has particularly evolved along a better under-
standing of the interdependence of these components. This is reflected by the concept of 
trans-differentiation of fibroblasts to myofibroblasts, the recognition of hypoxia as a ma-
jor pathogenic factor, the potential role of surface receptor specific autoantibodies in SSc 
and the use of a variety of intracellular and extracellular strategies to inhibit the activity of 
TGF-ß in vivo including tyrosine kinase inhibitors and high dose immunosuppression (for 
review see Hunzelmann et al., 2010). Although until recently fibrosis was considered an 
end stage process which is not amenable to treatment, results of stem cell transplantation 
in patients with severe, rapidly progressing disease as well as clinical observation and ani-
mal studies clearly indicate, that fibrosis is at least in part reversible. 

Summary

Despite intense research efforts and major advances in the understanding of particular as-
pects of the disease process, the etiology of SSc is still unknown and the pathogenesis only 
partly understood. Survival has markedly improved over the past two decades, with the 10-
year survival rate approaching 80%, although to date with the exception of cyclophosph-
amide there is no effective disease-modifying treatment of SSc. The introduction of drugs 
that treat organ complications has changed markedly, the mortality and life quality of sub-
groups of SSc. The associated side effects and lack of efficacy in certain subgroups of organ 
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involvement indicate however, that the available treatment options are still unsatisfactory 
(e. g. in pulmonary fibrosis or kidney failure). Therefore, future treatments should be de-
signed to specifically target distinct pathogenetic pathways in SSc.
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Introduction

The skin represents one of the major organs afflicted by lupus erythematosus (LE). LE was 
in fact first described as a skin disease in the mid and late 19th century (Talbot, 1993) and 
denominated for the characteristic mutilations seen in some subtypes of the disorder. Ever 
since in 1936 systemic manifestation without skin symptoms was appreciated as a disease 
entity, the subject has differentially been dealt with in the dermatological and rheumato-
logical literature. Malar rash and discoid lesions are listed among the criteria defined by 
the American College of Rheumatology (ACR) for the diagnosis of systemic lupus erythe-
matosus (SLE) (Tan et al., 1982). Characteristic and defined entities encompassing various 
forms of acute, subacute and chronic cutaneous LE can be opposed to less characteristic 
skin manifestations like rashes and symptoms of cutaneous vasculitis (Provost, 2004). Both 
groups of symptoms may however be present at any stage of the disease development. 20% 
of all SLE cases present with initial skin manifestations and 50–70% of all SLE patients will 
eventually show skin symptoms during the course of their disease (Costner et al., 2003).

Classification

Chronic cutaneous lupus erythematosus (CCLE) comprises different clinical entities with 
discoid lupus erythematosus (DLE) as the most common form (Kuhn et al., 2007, Rothfield 
et al., 2006). In contrast to acute cutaneous LE (ACLE) and subacute cutaneous LE (SCLE), 
lesions are long-lasting for up to decades with occasional spontaneous remissions. Disfig-
uring atrophy and scarring with emotional discomfort for patients as well as an increased 
risk to develop into squamous cell carcinoma in long-standing DLE pose distinct medical 
problems (Costner et al., 2003, Patel and Werth, 2002). In many cases, symptoms are re-
stricted to the skin without major systemic inflammatory or autoimmune manifestations. 
This used to be undiscriminately called DLE until thirty years ago when it was clearly dis-
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sected from other forms, especially from what is now referred to as SCLE (Gilliam, 1977, 
Gilliam, Sontheimer, 1981). The term DLE should nowadays be restricted to thoses subsets 
of CCLE with morphologically distinct plaques irrespective of systemic involvement. 

In other, rather rare cases, DLE as well as further subsets of CCLE may present as the 
first or intercurrent manifestations of SCLE and SLE and will eventually result in systemic 
disease. Exact epidemiological data of the different CCLE subtypes as well as their rela-
tion to SLE and SCLE are not available partly due to the different perception over the last 
couple of decades and within dermatology and rheumatology. CCLE may be underesti-
mated within rheumatological literature and in case of absent systemic manifestations not 
be amply diagnosed at all. CCLE lesions, especially DLE lesions are found in up to 20% of 
SCLE patients and may predate manifestation of systemic disease. Further support of the 
relation as well as distinction of DLE and SLE is provided by the finding that DLE is pres-
ent in 15–30% of SLE patients at any time during their disease course and is the promi-
nent feature in 5–10% of such patients (Parodi and Rebora, 1997; Tebbe et al., 1997, Roth-
field et al., 2006). Classical DLE as termed at the time of first diagnosis will progress into 
SLE in 5–10% of cases (Parodi and Rebora, 1997; Tebbe et al., 1997). Such courses may ac-
count for different criteria of diagnosing SLE and varying medical check-up among differ-
ent medical specialists. Generalized DLE and DLE associated with high autoantibody ti-
ters have a higher chance to develop into systemic disease. However, the overall incidence 
of DLE is estimated ten-fold higher than that of SLE. At the same time, the female to male 
ratio of 3:2 to 3:1 for DLE is quite distinct from 9:1 in SLE indicating separate entities. Sim-
ilarly, the age of disease manifestation (20–40 years) is slightly higher in DLE than in SLE. 
The other CCLE subtypes show varying correlations to SLE and will be discussed below 
(Costner et al., 2003).

The issue of CCLE as a distinct and separate entity at the benign end of a spectrum of 
LE or a limited stage or concurrent manifestation within the chronological evolution of 
SLE has to be further evaluated. Especially, characteristic etiopathogenic factors as well as 
prognostic markers for CCLE remain to be elucidated. The final diagnosis of a distinct sub-
set of LE can only be made following careful case history, clinical manifestations at the skin 
and other organs and laboratory findings encompassing the criteria defined by the Amer-
ican College of Rheumatology (ACR). Alternative classification criteria for cutaneous le-
sions have been suggested by the European Academy of Dermatology and Venereology 
(EADV) and are currently debated. Being more specific, however less sensitive than the 
ACR criteria, they have so far not found their way into the rheumatologic literature (Par-
odi and Rebora, 1997).

Pathogenesis

Various causes and resulting inflammatory and immunological processes have been identi-
fied as relevant for the induction of cutaneous LE (reviewed by Lee and Sinha, 2006, Pelle, 
2006, Kuhn and Bijl, 2008). However, their particular role in individual clinical subsets of 
CCLE with respect to quantitative or qualitative differences has been barely addressed nor 
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clarified. Factors suspected to precipitate or aggravate cutaneous LE lesions are listed in Ta-
ble 1. Regarding a genetic background, various markers have been detected or suspected 
in LE (Lee and Sinha, 2006). These include HLA antigens, complement factor polymor-
phisms or deficiencies, namely C4 and C5 in DLE (Asghar et al., 1991; Nousari et al., 1999), 
cytokine and receptor-polymorphisms (Jacob, 1992), a deficiency of 21-hydroxylase-A 
with subsequent alterations of steroid homeostasis, isoforms of glutathione-S-transferase 
as well as genetically fixed varying responses to inflammatory stimuli regarding cytokine 
expression (Wenzel et al., 2009, Sontheimer, 2009), ICAM-1 or stress protein expression as 
well as matrix metalloproteinases (Jarvinen et al., 2007). Recently, the impact of apopto-
sis-related molecules and receptors like bcl-2 or Fas in LE has been addressed (see below) 
(Bachmann et al., 2002; Baima and Sticherling; 2001, Kuhn et al., 2006). Their dysregula-
tion in either keratinocytes (exaggerated apoptosis) or lymphocytes (decreased apoptosis 
with persistance of autoreactive lymphocytes) may be related to genetic factors as well. Re-
garding DLE, rather conclusive data have been found for a correlation to extended HLA 
phenotypes such as HLA-B7, Cw7, DR3 or HLA-Cw7, DR3, DQw1 as well as DQA1*0102 
with relative risks of 7.4 and 4.7, respectively. The role that genetic factors may play in the 
pathogenesis of DLE is stressed by the observed association of DLE with X-linked granu-
lomatous disease, a disorder that is characterized by deficient or reduced NADPH oxidase 
(Rupec et al., 2000).

Evidence for virus infections as etiologic factors for LE is provided by the detection of 
viral material like alphavirus or paramyxovirus in skin lesions, the aggravation of LE fol-

Table 1. Pathogenetically Relevant Factors for CCLE

Genetics HLA-antigens

Cytokine-polymorphisms

Cytokine-receptor-polymorphisms

Complement deficiency 

Deficiency of 21-hydroxylase-A

Inflammatory dysregulation Overinduction of cytokines 

ICAM-1 expression 

Matrix metalloproteinase expression

Heat shock protein expression 

Apoptosis-related markers (e. g. bcl-2, Fas)

Environmental Viral infections (alpha-virus, CMV as co-factor, paramyxovirus, 
Hep. C)

UV-radiation 

Isomorphic phenomenon (Köbner phenomenon) 

Cigarette smoking

Estrogen 

Certain drugs (questionable)
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lowing cytomegalovirus infections as well as a clinical, but probably accidental correlation 
of disseminated DLE lesions and SCLE with chronic hepatitis C. Altogether, evidence for 
viral induction is circumstantial and may in some cases be related to the induction of pro-
inflammatory cytokines like interferon-γ and a subsequent triggering of the disease rather 
than direct involvement of virus.

In contrast to SLE and SCLE, distinct drugs do not seem to be relevant for the induc-
tion of CCLE lesions. However, the environmental factor smoking is associated to the per-
sistence of DLE lesions as well as to a lack of therapeutic response to chloroquine (Gal-
lego et al., 1999; Jewell and McCauliffe, 2000, Kreuter et al., 2009). A relation of CCLE to 
hormones like estrogen has been reported but seems to be less important than in SLE and 
SCLE. Nonspecific injury to the skin (isomorphic response or Köbner phenomenon) was 
found to induce DLE lesions similar to psoriasis and lichen planus and may explain mani-
festations at unusual locations (Ueki, 2005).

A huge body of literature is in support of the influence of ultraviolet radiation in LE, the 
subsequent induction of inflammatory processes and its relation to autoantibody forma-
tion (Kind et al., 1993; Costner et al., 2003; Kuhn and Beissert, 2005, Bijl and Kallenberg, 
2006). As photosensitivity is a feature in up to 70% of SLE patients, it has been included as 
a criterion for diagnosis of SLE by the ACR. Regarding UV radiation and skin manifesta-
tions, 70% of SCLE patients are photosensitive and develop typical lesions after prolonged 
exposure to a combination of UVA and UVB (53%), UVB (33%) or UVA (14%) (Kind et al., 
1993). An increased expression of Ro / SSA antigen and nuclear antigens as well as anti-
Ro / SS-A antibodies have been related to UV-sensitivity in both cutaneous inflammation as 
well as in SLE (Mond et al., 1989, Oke et al., 2009, Reich et al., 2009).

Table 2. Specific LE Skin Symptoms

Acute cutaneous lupus erythematosus (ACLE) Localized (classical butterfly rash)

Generalized

Subacute cutaneous lupus erythematosus (SCLE) Annular

Papulosquamous

Chronic cutaneous lupus erythematosus (CCLE) Discoid (DLE)

Localized (above neck) 

Generalized (above and below neck)

follicular

Hypertrophic DLE 

Mucosal LE

Lupus panniculitis

Lupus profundus  
(Panniculitis and DLE)

Chilblain lupus 

Papulous mucinosis

Intermittent cutaneous lupus erythematosus (ICLE) Lupus erythematosus tumidus 
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UV-light is able to induce pro-inflammatory cytokines like TNF-α and IL-1 in both ke-
ratinocytes and lymphocytes. This leads to the induction of local inflammatory mediators 
like chemokines and lipid mediators which focus and amplify the subsequent inflamma-
tory response to the local level. Both resident skin cells (endothelial cells, fibroblasts, mast 
cells) are activated as well as migratory cells like monocytes and lymphocytes attracted to 
the dermal and epidermal compartment through an induction of different adhesion mole-
cules in a characteristic sequence of events (Bijl and Kallenberg, 2006).

The central involvement of autoantibodies in the pathogenesis of LE like anti-Ro / SS-A 
has been fostered by recent results on the expression and / or release of intracellular anti-
gens like the nucleoprotein SS-A on the keratinocyte surface upon UV radiation (Casci-
ola-Rosen et al., 1995; Bachmann et al., 2002, Reich et al., 2009). Alternatively, these an-
tigens are expressed on keratinocytes undergoing apoptosis upon UV-irradiation. Recent 
results correlated keratinocyte apoptosis with local disease activity at a low rate in CDLE 
and a high rate in ACLE (Baima and Sticherling, 2001, Kuhn et al., 2006). Consequently, 
keratinocytes are killed by antibody-dependent cellular cytotoxicity and the humoral im-
mune response is triggered and boosted by antigenic challenge (Tan, 1994; Bachmann 
et al., 2002). Immune complex formation at the onset of LE seems to be of minor impor-
tance as immune complexes are detected at the dermo-epidermal junction only as late as 
six weeks after UV-irradiation. At that stage, influx of inflammatory cells like monocytes 
and other changes characteristic for LE has already taken place. According to this concept, 
inflammatory and immunological pathways are overreacting or insufficiently counterbal-
anced due to a variety of environmental or genetic factors or a combination of both (Hus-
sein et al., 2008, Wenzel et al., 2009).

However, the concept of a UV-induced pathogenesis elaborated for cutaneous LE like 
ACLE and SCLE seems less conclusive for CCLE and does not yet convincingly explain its 
clinical characteristics and distinction from other forms of cutaneous LE. In DLE, photo-
sensitivity (predominently to UVB, but also UVA radiation) is found in only 40% of the pa-
tients and anti-SS-A antibodies are rarely detected. If positive, they may indicate incipient 
systemic disease. Other antibody specificities and pathogenic mechanisms have been sug-
gested, but not yet been proven to be relevant. Only few studies address specific differences 
of CCLE to other forms of cutaneous LE. Immunohistochemical analysis of activated cuta-
neous lymphocytes has demonstrated a local T helper 2 response with the preferential acti-
vation of dermal T cells (Furukawa et al., 1996; Denfeld et al., 1997; Stein et al., 1997). Ex-
pression of various cellular and extracellular proteins like keratins (de Berker et al., 1995), 
adhesion molecules (Tebbe et al., 1997) and extracellular matrix proteins (de Jong et al., 
1997) point to inflammatory processes common for chronic, hyperproliferative diseases 
with only partial distinction from other lichenoid skin reactions (McCauliffe, 1998, Hus-
sein et al., 2008, Sontheimer, 2009, Wenzel et al., 2009). The immunohistochemical dem-
onstration of the membrane attack complex (C5b-9) may further subdivide different sub-
sets of CCLE and suggests a pathogenic involvement (Magro et al., 1996). With respect 
to different subsets of inflammatory cells, CD4- and CD8-positive lymphocytes as well as 
macrophages constitute a major portion of the skin infiltrate in both SCLE and SLE (Hasan 
et al., 1999, Hussein et al., 2008) whereas dermal Langerhans cells are absent in both en-
tities (Sontheimer and Bergstresser, 1982). Recent results demonstrate the involvement of 
plasmacytoid dendritic cells (Obermoser et al., 2009). However, an increased frequency of 
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TCRγ / δ-positive T cells in DLE (Volc-Platzer et al., 1993) as well as the presence of gran-
zyme B-expressing CD-8-positive T cells (Grassi et al., 2009) suggest specific T-cell medi-
ated epidermal cytotoxicity in cutaneous LE.

Clinical Appearance / Classification

Several distinctly different clinical entities can be allocated to the group of CCLE (Table 2). 
They may be found as the one and only manifestation or associated with other forms of 
CCLE, localized or disseminated, both with and without systemic manifestations and a 
varying relation to SLE (Kuhn et al., 2007, Renner and Sticherling, 2009). The most com-
mon form is chronic discoid lupus erythematosus (CDLE or DLE). It is characterized by 

Fig. 1. A. Clinical presenta-
tion of chronic discoid lupus 
erythematosus. Typical sharply 
demarcated elevated ery-
thematous plaque. B. Chronic 
atrophic lesions of the face 
lead to disfiguration. C. In-
volvement of the scalp leads to 
cicatricial alopecia
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persistent, sharply demarcated, elevated erythematous plaques with adherent scales which 
may rarely ulcerate (Fig. 1A). Early stages are characterized by erythema and hyperpigmen-
tation. The characteristic painful sensation upon touching is caused by follicular plugging 
resulting in the so-called carpet-tack sign. Apart from that, atrophy and scarring can be 
found in the center of untreated lesions and may result in considerable disfiguration par-
ticularly when present in the face (Fig. 1B). A characteristic pitted, acneiform scarring is 
also a common residual feature of the perioral area including the lips.

DLE lesions predominantly occur in the light-exposed areas of skin like face, ears, neck 
and arms, but may be found in sun-protected areas as well as inguinal folds, palmo-plantar 
locations and the scalp. At the latter location, DLE may even be the only cutaneous mani-
festation in 10% of cases and thus presents a classical differential diagnosis of scarring al-
opecia. Altogether an involvement of the scalp can be found in about 60% of DLE patients 
(Costner et al., 2003) (Fig. 1C). With a distribution above the neck, the so-called localized 
form of DLE can be separated from a generalized DLE if present below the neck as well. 
Small, follicularly orientated erythematous papules of less than 1 cm in diameter present 
as follicular DLE at the elbows, but may occur at any other part of the body as well. Precip-
itation of DLE lesions by physical trauma (Köbner phenomenon) has already been men-
tioned above and may explain occurance at unusual locations.

If DLE lesions are distinctly proliferative, they are referred to as hypertro phic or verru-
cous DLE. They have to be separated from spinous cell carcinoma, keratoacanthoma and 
lichen planus by histology and immunohistochemistry (Perniciaro et al., 1995; Uy et al., 
1999, Sontheimer, 2009, Wenzel et al., 2009).

Another rare manifestation of CCLE is lupus profundus or lupus panniculitis, also re-
ferred to as Kaposi-Irgang disease (Caproni et al., 1995; Watanabe and Tsuchida, 1996; Kun-
dig et al., 1997; Uy et al., 1999; Martens et al., 1999, Massone et al., 2005, Kuhn et al., 2007). 
It can be found in about 2% of SLE patients, but presents more commonly without further 
or only mild signs of systemic manifestation in about 50% of patients. Severe nephritis is 
an uncommon event. In contrast to DLE, mainly women are affected by painful, firm sub-
cutaneous nodules of red-bluish colour and up to 1–3 cm diameter. Their main locations 
are the upper arms, buttocks and thighs, but chest, head and neck can be affected as well 
(Fig. 2A). The inflammatory process in the deeper dermis and subcutaneous tissue results 
in saucer-like depressions sometimes resembling lipathrophy. When DLE lesions are found 
on the overlying skin as is the case in 70% of patients, it is referred to as lupus profundus.

Chilblain or perniotic lupus is characterized by bluish-red patches and plaques at acral 
locations like nose, ears, fingers, toes, knees and elbows (Su et al., 1994; Fisher and Ever-
ett, 1996). These are painful upon pressure, especially when located at heels and knuckels 
where fissuring is quite common (Fig. 2B). It mainly occurs in cold climates and is possibly 
caused by the Köbner phenomenon. During further disease process, typical DLE lesions 
may appear and patches may ulcerate. As in lupus profundus, mild systemic symptoms like 
arthralgia can be found to fulfil three to four ACR criteria for diagnosis of SLE in up to 20% 
of patients. Due to its rare occurence, no definite association to SLE can be made. The term 
lupus pernio is often used synonymously for this entity, should however be restricted to cu-
taneous sarcoidosis as a totally unrelated disease and important differential diagnosis.

Another rare manifestation of CCLE, lupus tumidus, is characterized by excessive der-
mal mucin deposition resulting in urticarial plaques (Ruiz and Sanchez, 1999; Dekle et al., 
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1999, Kuhn et al., 2003; Schmitt et al., 2010). Compared to other CCLE types, it is charac-
terized by distinct photosensitivity which explains its main occurence at sun-exposed ar-
eas and the induction of lesions upon photoprovocation. Recently a clear distinction from 
the other CLE subsets was made and the name intermittent cutaneous lupus erythemato-
sus suggested for this new entity (Kuhn et al., 2009). With a male preponderance its peak 
incidence is around the 30–40th year of age. Differential diagnosis to lymphocytic infiltra-
tion and polymorphous light eruption can be very difficult both clinically and histologi-
cally (Costner et al., 2003).

Mucous membrane involvement (mucosal DLE) can be found among CCLE patients in 
up to 25% (Burge et al., 1989; Botella et al., 1999). It does not necessarily reflect systemic 
manifestation, specific or high antibody titers or high disease activity. It is, however, in-
cluded in the list of 11 diagnostic criteria for SLE defined by the ACR. Oral, mainly buccal 
manifestations are most common (Fig. 3), but nasal, conjunctival and anogenital mucous 

Fig. 2. A. Rare manifestations of chronic cutaneous 
lupus erythematosus. Lupus profundus or lupus 
panniculitis lead to saucer-like depressions resem-
bling lipatrophy. B. Chilblain or perniotic lupus is 
characterized by bluish-red patches and plaques 
located at the acra, such as the ears
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membranes may be affected as well. They present as painful erythematous patches which 
may ulcerate and cause atrophy in the long run. Sometimes mucosal DLE resembles lichen 
planus with honeycomb appearance. Squamous cell carcinoma as a long-term complication 
should be suspected and excluded in any case of asymmetrical induration of either mucosal 
or cutaneous lesions. Affliction of the lips (vermillion border, diffuse cheilitis especially of 
lower lip) can cause considerable discomfort and disfiguration. Mucosal DLE of the nose 
may result in nasal septum perforation especially in association with SLE. Similarly, ocular 
affections which are mainly located to the palpebral conjunctiva and lower eyelids can cause 
permanent loss of eye lashes, ectropion and stromal keratitis (Uy et al., 1999).

Annular erythema has in the past been regarded as a rare manifestion of CCLE. It will 
not be dealt with in this chapter since it is generally associated with SCLE and Sjogren’s 
syndrome (Watanabe et al., 1997).

Papular mucinosis may occur as early or only manifestation of CCLE and shows sim-
ilarities to lupus tumidus in respect to dermal mucin deposition (Kanda et al., 1997; Wil-
liams and Ramos-Caro, 1999, Sonntag et al., 2003, Kuhn et al., 2003). In contrast to lupus 
tumidus, more papular than plaque appearance and lack of inflammatory erythema can be 
found. Asymptomatic isolated or multiple lesions are located to the trunk, upper limbs and 
the face with less apparent photosensitivity than in lupus tumidus. The definite diagnosis 
may be only made upon immunohistochemical detection of linear or granular depositions 
of IgG, IgM and complement C3 at the dermo-epidermal junction whereas other histolog-
ical traits of LE are absent. Accordingly, differential diagnosis to other cutaneous mucino-
ses can be difficult.

Diagnosis

In contrast to skin manifestations associated with overt SCLE and SLE, patients with the 
different subtypes of CCLE will primarily present to dermatologists as long as systemic 
manifestations are missing. Once an internal organ involvement has occurred, these pa-

Fig. 3. Ulcers of the buccal 
mucosa in chronic cutaneous 
lupus erythematosus
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tients will be referred to general practitioners or rheumatologists for exclusion of systemic 
disease. Alternatively, general practitioners or rheumatologists may ask dermatologists to 
search for typical skin manifestations of LE in a suspected patient or to evaluate present 
skin symptoms as typical for or related to LE. In cases of CCLE, first line efforts will head 
at their definite diagnosis which as already outlined above may be sometimes difficult to 
establish.

The case history has to focus on LE-related symptoms like photosensitivity, arthralgia or 
arthritis, diffuse or areata-like alopecia, Raynaud’s phenomenon, Sicca symptoms, morn-
ing stiffness of joints, thrombosis, spontaneous abortion, atypical pneumonia and carditis 
as well as neurological disorders. To support the clinical diagnosis, histological as well as 
immunohistochemical examinations of skin lesions will be performed. Depending on the 
stage and acuity of LE, the typical histological findings include epidermal hyperkeratosis, 
epidermal atrophy, basal cell degeneration, thickening of the epidermal basement mem-
brane, liquefaction degeneration and mononuclear cell infiltrate at the dermo-epidermal 
junction as well as around blood vessels and adnexial structures. The dermato-histologi-
cal features of different LE types (ACLE, SCLE, DLE) may be very similar (Costner et al., 
2003; Ackerman, 2005). Often these parameters do not allow to clearly distinguish the dif-
ferent entities apart from quantitative differences in epidermal or especially follicular hy-
perkeratosis which are characteristic for DLE. Special histological features can be found in 
LE tumidus with its characteristic abundant, partly focal deposition of mucin among col-
lagenous fibers of the reticular dermis. Lupus panniculitis presents with a lobular pattern of 
perivascular and periadnexial mononuclear infiltration and partially necrobiotic changes 
of fatty tissue with fibrinoid deposits as well as focal calcinosis in the deep dermis.

Direct Immunofluorescence

The characteristic findings in direct immunohistochemical examination of lesional skin 
are granular immune deposits of mostly IgG, IgM and complement factor C3 in a contin-
uous line along the dermo-epidermal junction (so-called lesional lupus band test) (George 
et al., 1995; Cardinali et al., 1999). They will be only found in lesions of more than four 
to six weeks duration, an aspect which argues against their pathogenic relevance and the 
immediate involvement of immune complex mechanisms. Furthermore, the incidence of 
positive lupus band tests is higher in biopsies from upper body sites as more likely in biop-
sies from the face than from the trunk. However, neither does their absence exclude CCLE 
nor is their presence specific for LE. They may be found in sun-damaged skin, rosacea 
and polymorphic light eruption, often with deposits of IgM only. The significance of im-
mune deposits in non-lesional skin (non-lesional lupus band test) is much debated (George 
et al., 1995; Cardinali et al., 1999, Sticherling et al., 2008) and seems specific for SLE when 
IgG and two additional immunoglobulin subtypes (IgM, IgA) are detected. Skin biopsies 
for non-lesional skin may be taken from the the inner aspect of the upper arm (sun-pro-
tected) and the extensor aspect of the forearm (sun-exposed). In CCLE with no extracuta-
neous manifestations the latter two biopsies should be negative. The findings of the lupus 
band test have to be carefully interpreted together with other serological examinations. The 
currently available anti-DNA detection assays with both high sensitivity and specificity 
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may substitute the classical lupus band test at three site for all but lesional skin. Epidermal 
dust-like particles in a specific fine speckled pattern are generally associated with SCLE 
and anti-SS-A antibodies rarely detected in DLE. If present they may indicate more severe 
disease with progression to systemic manifestations (Costner et al., 2003). In patients with 
high titered anti-nuclear antibodies, especially anti-U1-RNP (which is typically associated 
with mixed connective tissue disease), positive epidermal nuclei can be found by direct im-
munofluorescence microscopy. This phenomenon most probably derives from an in vitro 
binding of high titer or high affinity antibodies. In vivo penetrating autoantibodies may be 
found as well. However, their significance for the disease manifestation as well as diagnos-
tic procedures remains to be elucidated (Golan et al., 1997). Using specific monoclonal an-
tibodies, the membrane attack complex (C5b-9) could be demonstrated in the epidermis of 
different subsets of CCLE and may allow further distinction (Magro et al., 1996). In lupus 
profundus as well as in SLE granular deposits of IgG and C3 may be occasionally found in 
dermal vessel walls indicating immune complex vasculitis. 

Serological Tests

Serological tests are critical for the confirmation of CCLE. Antinuclear antibodies of high 
titers and characteristic specificity will rarely be found without systemic manifestation. 
They may, however, be present in cases of generalized DLE which in turn has a greater 
risk to progress to SLE. Anti-Ro / SS-A antibodies can sometimes be detected by ELISA 
techniques, may however lack precipitating activity, i. e. immunodiffusion techniques are 
negative (Provost et al., 1996). Anti-DNA-antibodies are negative in classical DLE and 
other subsets of CCLE and if present indicate systemic disease (Provost et al., 1996; Cost-
ner et al., 2003; Tebbe et al., 1997, Sticherling et al., 2008). Anti-cardiolipin antibodies are 
mostly not detectable. They may be found in cases of lupus panni culitis and chilblain lupus 
indicating secondary antiphospholipid syndrome and progession to systemic disease (Ruf-
fati et al., 1995). Similarly, tests for complement consumption (e. g. CH50 test), detection of 
complement fragments and circulating immune complexes will mostly be negative or only 
slightly altered and should only be performed in cases of suspected systemic disease. Se-
rum levels of other serological molecules like soluble adhesion markers, neopterin and sol-
uble IL-2 receptor are related to disease activity (Costner et al., 2003), but have not yet been 
established as routine parameters.

Apart from the above examinations, basic clinical routine laboratory tests should be 
performed to exclude anemia, leukopenia, renal involvement (proteinuria, hematuria) and 
systemic inflammation. Accordingly, blood sedimentation rate (BSR), blood cell count, he-
patic enzymes, urine sediment and serum immunoglobulins should be checked. Patho-
logic findings are substantiated by further tests if necessary. Additional clinical tests like 
chest X-ray and evaluation of organ involvement (e. g. in ophthalmology, neurology, car-
diology) should only be performed based on clues in the individual case history or patho-
logic results of physical or laboratory examinations. The indication for routine testing of 
cutaneous sensitivity to ultraviolett light as well as photoprovocation is much debated in 
CCLE (Kuhn et al., 2001, Callen, 2006). However, the impact of these examinations with 
regard to stringency of sun protection and consequences for life-style supports their use-
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fulness in the clinical routine (Kind et al., 1993; Costner et al., 2003, Kuhn et al., 2001, 
Kuhn and Beissert, 2005).

CCLE patients should be monitored at 6 to 12-months intervals for further signs of sys-
temic disease, especially when anemia or leukopenia, persistent high ANA titers or ele-
vated blood sedimentation rates are found. Evaluated activity scores based on these clini-
cal and laboratory findings become increasingly available to monitor patients in a clinical 
or more likely study setting. These include the Systemic Lupus Activity Measure (SLAM) 
(Parodi et al., 2000) for SLE or the Cutaneous Lupus Erythematosus Disease Activity and 
Severity Index (Krathen et al., 2008, Bonilla-Martinez et al., 2008, Anonymous, 2007).

Therapy

Many of the following drugs have been extensively used in SCLE which is different in re-
spect to a more pronounced inflammatory and less hyperproliferative activity (Table 3) 
(Wallace, 2002, Callen, 2006, Sticherling et al., 2008). They will accordingly be discussed in 
detail in the context of SCLE. Therapy regimens and their intensity will be dictated by the 
extent of cutaneous as well extracutaneous involvement and thus have to depend on ample 
diagnostic procedures as outlined above. The scarring potential of CCLE demands early 
and aggressive treatment to avoid cosmetically and emotionally disturbing and irreversible 
disfiguration (Costner et al., 2003; Drake et al., 1996). Individual cases may require combi-
nations of different therapy regimens and frequently, disease relapses after lowering daily 
doses of drugs or stopping the treatment.

In cases of solitary or only few DLE lesions and absent systemic manifestations local 
therapy may suffice (Wallace, 2002, Callen, 2006, Ting and Sontheimer, 2001). This com-
prises local application of glucocorticosteroids (e. g. clobetasol propionate 0.05%, betame-
thasone dipropionate 0.05%, triamcinolone acetonide 0.1%, fluocinonide) twice daily for 
10–14 days as ointment, fluid (propylenglykol), tape / occlusive dressing or focal infiltra-
tion. Tazarotene which has been successfully used topically in a case of DLE with distinct 
hyperproliferation (Edwards and Burke, 1999) is no longer available. The calcineurin in-
hibitors pimecrolimus and tacrolimus have shown conflicting results upon topical use in 
cases of discoid and subacute cutaneous lupus erythematosus. The only limited number of 
studies of mostly low evidence levels advocate their use in SCLE and less convincingly in 
DLE (Sardy et al., 2009, Sticherling, 2010). 

In more severe or disseminated cases, antimalarials have been successfully used either 
alone or in combination (hydroxychloroqine, chloroquine, quinacrine) especially in DLE 
(Costner et al., 2003; Drake et al., 1996, Kalia and Dutz, 2007, Cooper and Magwere, 2007, 
Lesiak et al., 2009) with a delayed effect after a treatment period of three to four weeks. Hy-
droxychloroqine is usually used first-line starting with 400 mg /d or better dosed according 
to ideal weight and tapered after four to eight weeks to 200 mg /d upon clinical improve-
ment. In cases of insufficient response, it may be combined with 100 mg /d quinacrine, 
especially in lupus profundus and hypertrophicus (Cavazzana et al., 2009). Alternatively, 
chloroquine may be used at 250 mg /d. Glucose-6-phosphate deficiency should be excluded 
prior to therapy to minimize the risk of idiosyncratic reactions. Otherwise, neurotoxicity 
as well as muscular and hepatic toxicity may occur. Retinal toxicity should be monitored 
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by initial examination of the ocular fundus and thereafter every 6–12 months during ther-
apy. Retinal toxicity is low at daily doses below 6 mg / kg /d hydroxychloroquine (4 mg /
kg /d chloroquine) with no apparent maximal total life time dosis (Ochsendorf, 2004). Re-
cently, the inhibitory effect of cigarette smoking on the therapeutic efficacy of antimalari-
als has been demonstrated (Gallego et al., 1999; Jewell and McCauliffe, 2000, Kreuter et al., 
2009). This may be explained by the induction of hepatic microsomal enzymes leading to 
an accelerated metabolism of antimalarials. Initially, especially in cases of high inflamma-
tory activity or generalized disease, antimalarials may be combined with oral glucocorti-
costeroids well below 1 mg / kg /d prednisolone-equivalent which should be tapered within 
two to three weeks. Classical CCLE will however seldomly require such a regimen.

Table 3. Therapeutic Options for CCLE

Local therapy glucocorticosteroids

retinoids

calcineurin inhibitors 

inferferons

laser

cryotherapy

cosmetic surgery 

camouflage

Systemic therapy antimalarials

glucocorticosteroids 

dapsone 

methotrexate

azathioprine

mycophenolate mofetil / mycophenolic acid

thalidomide

retinoids

ciclosporin 

interferons

clofazimine

gold

cyclophosphamide

sulfasalazine

intravenous immunoglobulins

photopheresis

biologics?
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Dapsone (diaminodiphenylsulfone) may be alternatively used at 50–200 mg /d (Drake 
et al., 1996; Wozel, 1996, Costner et al., 2003, Abe et al., 2008). As with antimalarials, glu-
cose-6-phosphate deficiency should be excluded. Regular monitoring for hemolytic ane-
mia as well as hepatic disturbances and eventually methemoglobulinemia should be per-
formed at two week intervals during the first three months of therapy and monthly there-
after. The incidence and severity of anemia can be reduced by adding cimetidin or vita-
min C/E.

Thalidomide in a dose of 100 to 200 mg /d or even less, has been shown to be effective 
in DLE and especially lupus panniculitis (Drake et al., 1996; Warren et al., 1998; Geor-
gala et al., 1998; Ordi-Ros et al., 2000; Kyriakis et al., 2000, Costner et al., 2003, Sticherling 
et al., 2008). Peripheral irreversible neuropathy and fatigue present limiting side-effects in 
up to 50% of the patients. Furthermore, amenorrhoea or thromboembolic events may oc-
cur (Ordi et al., 1998). Regarding the well-known teratogenic effects of thalidomide, strict 
contraception is mandatory. To avoid relapses, slow reduction of therapeutic doses or long-
term treatment with low doses are recommended.

Retinoids present another therapeutic option in cases of insufficient response to above 
mentioned approaches. All three ever clinically available compounds (iso tretinoin, etreti-
nate, acitretin) have been used in LE, at a dosage of 0.5–1 mg / kg /d (Marks, 1995, Sticher-
ling et al., 2008). The teratogenic effects limit their use in women of childbearing age and 
require strict contraceptive measures. Apart from that, dryness of mucous membranes as 
well as skin, peeling of palms and soles and transient hair loss, hepatic disturbances includ-
ing drug-induced hepatitis, hypertriglyceridemia and hypercholesterinemia as well as pho-
totoxic effects present common and therapy-limiting side effects.

Controversial results have been reported on the use of interferons in LE. Both local and 
systemic interferon-α 2A have successfully been used in SCLE and DLE (Thivolet et al., 
1990; Costner et al., 2003). However, interferon-α treatment of chronic inflammatory and 
malignant diseases resulted in precipitation or exacerbation of SLE (Garcia-Porrua et al., 
1998). This potential adverse side effect stresses the importance to distinguish SLE from 
CCLE before starting the therapy. 

Case reports demonstrated the beneficial effects of clofazimine (100 mg /d), oral or par-
enteral gold (cave: mucocutaneous toxicity, hematological, renal and pulmonary toxicity), 
methotrexate (Bottomley and Goodfield, 1995, Kuhn et al., 2002), cyclophosphamide and 
azathioprine. Recently positive experience has been published on the use of mycophenolate 
mofetil (Mok, 2007). Sulfasalazine at a dose of up to 2 g /d has also been used successfully 
(Sabbagh et al., 1997) as well as immunomodulatory substances like ciclosporin (Saeki 
et al., 2000), leflunomide (Furst, 1999), systemic tacrolimus or fumaric acid esters (Jayne, 
1999). Intravenous immunoglobulins have been effective in recalcitrant CCLE as adjuvant 
therapy (Wallace, 2002, Callen, 2006). The impact of “biologics” namely antibodies, fusion 
proteins and soluble receptors still need to be evaluated in the context of CCLE (Lateef and 
Petri, 2010). Monoclonal antibodies against e. g. CD4 (Prinz et al., 1996), CD 20 or TNFα 
have only anecdotically been used in CCLE or in SLE only. As their efficacy still needs to 
be evaluated especially for CCLE they should be used only in cases of disseminated and 
refractory disease as last resort. Recently, positive effects of extracorporeal photopheresis 
have been reported in widespread and recalcitrant DLE (Richter et al., 1998; Wollina and 
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Looks, 1999). The therapeutic use of UV exposure in lupus is still controversial regarding 
photosensitivity and should be restricted to individual cases (Millard and Hawk, 2001). 

UV protection should be performed in all cases of CCLE as supportive measure. Its 
stringency does not need to be enforced as strictly as in SCLE in all but cases of proven 
UV sensitivity. This includes avoidance of the sun especially during midday and summer 
months, wearing of sun-protective clothing and application of broad-spectrum sun-screen 
with high UV protection factor. Titanium dioxide containing sun-screens have become 
available as convenient and very efficient physical sun-protection. 

In case of disfiguration camouflage is recommended (Boehncke et al., 2002; Penso-As-
sathiany et al., 2010). Alopecia may be hidden by ample hair dressing or hair pieces. Surgi-
cal approaches including hair transplantation or cosmetic surgery should only be initiated 
when the inflammatory disease activity has totally subsided or was stopped by therapeutic 
measures. Different approaches with laser therapy (Nunez et al., 1996; Nurnberg et al., 1996; 
Walker and Harland, 2000) and cryotherapy (Molin, 1999) have been used with varying 
success. However, when therapeutically applying physical procedures, one has to take into 
account the possibility of isomorphic provocation and aggravation of cutaneous disease.

Summary

Skin, to a similar extent as the joints, represents the most common organ involved in LE 
either as primary manifestation or during the course of disease. Nonspecific symptoms 
can be separated from the distinct and specific manifestations of acute, subacute, chronic 
and intermitted cutaneous LE. The latter may present as a disease confined to the skin or 
as a manifestation of systemic disease. In several subtypes of CCLE, mild involvement of 
the internal organs may be present which does not suffice for diagnosing SLE. The risk of 
further development into systemic disease is, however, present in 5–10% of CCLE. The 
pathogenesis of the different CCLE entities is not as conclusively known as for ACLE and 
SCLE. The impact of photosensitivity is comparatively low as are evident systemic autoim-
mune phenomena like high titered antinuclear antibodies. Similar to systemic disease, le-
sional skin of CCLE is characterized by positive immune deposits at the dermo-epidermal 
junction. The major subtypes of CCLE can present as solitary disease or combined with 
other subtypes. These are discoid lupus erythematosus (DLE), hypertrophic DLE, mucous 
membrane DLE, chilblain lupus, lupus tumidus and lupus panniculitis / profundus. In con-
trast to SCLE, lesions tend to show atrophy and scarring. Typical DLE lesions are rep-
resented by sharply demarcated erythematous plaques with hyperkeratosis and follicular 
plugging. In lupus panniculitis, deep inflammatory processes in the dermis and subcutis 
result in saucer-like defects often associated with typical overlying epidermal changes. En-
tities most intimately associated with systemic disease are chilblain lupus and lupus pan-
niculitis. Diagnostic procedures have to substantiate cutaneous and to exclude underlying 
systemic disease. Histological and immunohistochemical examinations have to be com-
bined with autoimmune serological tests as well as additional clinical laboratory tests de-
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pending on the findings of clinical examinations. Accordingly, therapeutic measures de-
pend on the extent of cutaneous involvement and the accompanying systemic manifesta-
tions. Early and aggressive treatment has to prevent irreversible scarring and disfiguration. 
Local therapy with glucocorticosteroids, retinoids, laser and cryotherapy may not suffice 
and has to be accompanied or substituted by systemic therapy. Antimalarial drugs, possi-
bly in combination with short term oral glucocorticosteroids, oral retinoids, dapsone, thal-
idomide and supportive UV protection are the most common regimens. Alternatively, clo-
fazimine, gold, interferons, methotrexate and azathioprine may be used. The impact of bi-
ologics is still a matter of debate. 
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Definition and Classification

Lupus erythematosus (LE) is a polyclonal T and B lymphocyte autoimmune disease thought 
to result from a complex interplay of genetic and environmental factors. Clinical expres-
sion of LE ranges in continuum from minor cutaneous lesions to life-threatening vital or-
gan dysfunction. Throughout this continuum skin manifestations are variable and com-
mon. In 1981 Gilliam and Sontheimer developed a classification system that divides lesions 
into LE specific and LE non-specific cutaneous disease. LE specific cutaneous disease in-
cludes three clinically, immunologically and genetically distinct disorders: acute cutane-
ous LE (ACLE), subacute cutaneous LE (SCLE) and chronic cutaneous LE (CCLE). Histo-
pathological differentiation between especially the first two disorders can be difficult.

This chapter focuses on the clinical features of SCLE and its management. SCLE is clini-
cally characterized by nonscarring, nonindurated, erythematous, papulosquamous and / or 
annular skin lesions occurring in a symmetric, photodistributed pattern. Patients with 
SCLE tend to exhibit milder systemic symptoms than those with unselected systemic LE 
(SLE). Although not mandatory for diagnosis, the majority of SCLE patients produce anti-
Ro / SSA autoantibodies.

Epidemiology

SCLE patients comprise approximately 3–32% of worldwide LE populations with the low-
est reported rates in Korean and Chinese populations (Sontheimer, 1989; Tebbe and Orfa-
nos, 1997; Lee, 1998). SCLE is most frequent in young to middle-aged Caucasian females, 
but it can occur at any age and onset over age 60 years is possible (Chlebus et al., 1998). 
Seventy percent of the original SCLE cohort reported by Sontheimer et al. (1979) was fe-
male with a mean age of onset of 43.3 years and a range of 16–67 years. Eighty-five percent 
of the initial SCLE cohorts was Caucasian and 15% was African American or Hispanic, 
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whereas the latter two groups comprised approximately 50% of the regional populations 
(Sontheimer et al., 1979). Other authors have reported similar demographic data (Callan 
and Klein, 1988, Black et al., 2002). There have been five case reports of SCLE occurring 
in children 18 months to 9 years old (Buckley and Barnes, 1995, Siamopoulou-Mavridou 
et al., 1989, Parodi et al., 2000, Ciconte et al., 2002, Amato et al., 2003). 

Etiology and Pathomechanisms

Programmed epidermal keratinocyte death in association with a lymphohistiocytic infiltrate 
is a hallmark histopathological feature of -LE specific skin disease. Abnormally high rates 
of epidermal keratinocyte apoptosis occurs in patient with cutaneous LE when exposed to 
a precipitating environmental stressors such as ultraviolet light (Orteu et al., 2001). Abnor-
mal exposure of autoantigens associated with apoptosis occurring within in a pro-inflam-
matory environment is thought to result in loss of immunological tolerance to such autoan-
tigens. Cytokines, cytotoxic drugs, cytotoxic T cells and UV light can induce keratinocyte 
apoptosis (Millard and McGregor, 2001). Apoptotic keratinocytes undergo programmed in-
tracellular proteolysis and present Ro autoantigen, DNA, ribonucleoproteins, and calreti-
culin on surface membrane blebs as they disintegrate. (Millard and McGregor, 2001; Racila 
et al., 2003). It has been proposed that anti-Ro / SSA and anti-La / SSB may bind to exposed 
autoantigen resulting in complement-mediated lysis or antibody-dependent cell-mediated 
cytotoxicity (ADCC) and cytotoxic T lymphocytes can induce keratinocyte lysis causing 
further release of epidermal cytokines. Partial / relative C1q deficiency may inhibit clearance 
of apoptotic debris and may lead to increased autoantibody production (Racila et al., 2003). 
The TNF-α G-308A polymorphism can lead to increased apoptosis and leukocyte migration 
into the skin and may promote the inflammatory pathway of apoptotic debris clearance. In-
ducible nitric oxide synthases in endothelial cells and keratinocytes may also be associated 
with dysregulated keratinocyte apoptosis and inflammation, but its role in the pathogenesis 
of photosensitive LE remains unclear (Orteu et al., 2001). Expression of the adhesion mol-
ecules ICAM-1, VCAM-1, E-selectin, and P-selectin is increased in cutaneous endothelial 
cells of CLE patients (Kuhn et al., 2002a). Local T-cell and endothelial activation are possibly 
involved in the persistence and extension of lesions (Norris, 1993). (Fig. 1 and Fig. 2).

Immunogenetics

The earliest immunogenetic studies on SCLE patients suggested an association with sev-
eral HLA class II phenotypes. HLA-DR3, a phenotype found in 25% of Caucasians in 
the US (Ahearn et al., 1982), was reported in some studies in at least half of SCLE pa-
tients (Sontheimer, 1989; Vasquez-Doval et al., 1992), while others reported a lower fre-
quency (Callen and Klein, 1988; Drosos et al., 1990; Cohen and Crosby, 1994). HLA-DR3 
expression has been associated with annular more than papulosquamous SCLE lesions 
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(Sontheimer et al., 1982; Herrero et al., 1988) and HLA class II phenotype expression has 
been even more closely associated with autoantibody production than with skin changes 
(Watson et al., 1991). HLA-DR3 and HLA-DR2 were first associated with the presence of 
anti-Ro / SSA antibody (Bell and Madisson, 1980; Sontheimer et al., 1982; Watson et al., 
1991), and subsequent work revealed that DQ alleles are the most frequent class II al-
leles associated with anti-Ro / SSA (Maddison, 1999). Very high levels of anti-Ro / SSA pro-
duction have been associated with the extended haplotype HLA-B8, DR3, DRw6, DQ2, 
DRw52 (Harley et al., 1986). (Fig 3).

Fig. 1. Potential factors involved in the pathogenesis of UV-induced cutaneous LE

A

B

Fig. 2. Cutaneous immune phenomena in lupus erythematosus. 
Apoptotic epidermal keratinocytes (Cytoid bodies) underneath the dermo-epidermal base-
ment membrane (A) and deposits of polyclonal immunoglobulins along the dermo-epider-
mal basement membrane (B)
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A distinct extended haplotype called the “high human immune responder” 8.1 ances-
tral haplotype (A*01, B*08, DRB1*0301, DQB1*0201, TNFAB*a2b3, C2*C) has also been 
linked with anti-Ro / SSA production (Price et al., 1999, Lio et al., 2001). Located on human 
chromosome 6, the 8.1 ancestral haplotype is in linkage disequilibrium with the gene for 
tumor necrosis factor-alpha (TNF-α), an important proinflammatory mediator of the cu-
taneous innate immune response. A single nucleotide polymorphism in the promoter re-
gion of TNF-α, G-308A, has been found to be associated with the SCLE phenotype (Werth 
et al., 2000, Millard et al., 2001a). Following exposure to UVB radiation in the presence of 
IL-1α, this promoter polymorphism produced exaggerated levels of TNF-α in human kera-
tinocytes, which may have a priming effect on the adaptive component of the LE autoim-
mune response (Werth et al., 2000).

Inherited deficiencies of C1q, C2, C3, and C4 complement have also been associated 
with SCLE (Callen et al., 1987; Johansson-Stephansson et al., 1989; M van Hees et al., 1992). 
It has been shown that homozygous complete congenital deficiency of C1q is the stron-
gest single genetic risk factor yet identified for the development of SLE (Korb and Ahearn, 
1997, Fishelson et al., 2001, Topaloglu et al., 2000, Walport et al., 1998, Barilla-LaBarca 
and Atkinson, 2000). Approximately 93% of individuals with a congenital C1q deficiency 
have developed early onset severe SLE with photosensitive cutaneous forms of LE among 
the most common disease presentation. Racila et al. (2003) recently reported a highly sig-
nificant association between a C1q coding region single nucleotide polymorphism (SNP), 
C1QA-Gly70GGA, and the SCLE phenotype. This SNP does not encode a different amino 
acid, but may alter C1q expression through an alternative splicing mechanism. Its presence 
correlates inversely with serum levels of C1q antigenic protein in SCLE patients. Since C1q 
binds calreticulin and is involved in clearance of cellular debris, C1q deficiency may result 
in decreased clearance of immunogenic material (Racila et al., 2003).

Environmental Factors

Photosensitivity. Photosensitivity is seen in the majority of SCLE patients. UV light can in-
duce the release of inflammatory mediators such as IL-1, TNF-α, IL-10 and oxygen free 

Fig. 3. Suggested algorithm for prescribing systemic 
medications in SCLE
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radicals at the level of the epidermis and dermis. In addition to natural light, cutaneous 
LE lesions have been provoked by exposure to psoralen with UVA (Dowdy et al., 1989; 
McGrath et al., 1990), UVB via unshielded fluorescent light (Rihner and McGrath, 1992; 
Kuhn et al., 2001), radiation therapy (Balabanova et al., 1997), and even photocopier light 
(Klein et al., 1995). In addition, many drugs which have been reported to induce SCLE le-
sions often have photosensitization as a side effect of their use. Several researchers have 
used standardized phototesting protocols which involve exposing specific patches of skin 
to precise amounts of UVR or natural light in order to demonstrate photosensitivity in 
these patients (Sanders et al., 2003; as reviewed in Kuhn et al., 2001). One such study was 
able to diagnose photosensitivity in 100% of SCLE patients despite the use of steroids, an-
timalarials, or methotrexate in several patients tested (Sanders et al., 2003). Their testing 
also demonstrated that the majority of skin reactions appeared after more than a 1-week 
delay, which the authors postulated, could explain why many patients who reported a neg-
ative history of photosensitivity were found to have a positive phototest. This evidence re-
affirmed the need to encourage all SCLE patients to use photoprotective measures despite 
history. 

Drugs. Several drugs are associated with the induction of SCLE lesions (Table 1). Thiaz-
ide diuretics (Reed et al., 1985; Fine, 1989; Parodi et al., 1989; Brown and Deng, 1995), cal-
cium channel blockers (Crowson and Magro, 1997; Gubinelli et al., 2003; Marzano et al., 
2003a) and angiotensin-converting enzyme (ACE) inhibitors (Patri et al., 1985; Fernan-

Table 1. Medications that may induce SCLE lesions

Diuretics Thiazides Antimicrobials Griseofulvin

Spironolactone Terbinafine

Calcium Channel Blockers Diltiazem Antihistamines Cinnarizine / 

Verapamil Thiethylperazine

Nifedipine

Nitrendipine

ACE inhibitors Captopril Sulfonylureas Glyburide

Cilazapril

Acid Blockers Ranitidine Chemotherapy Taxotere

Omeprazole

NSAIDS Naproxen Others Interferon beta-1a

Piroxicam Interferon alfa

Etanercept

Phenytoin

Beta Blocker Oxprenolol Procainamide

d-penicillamine

Lipid-lowering Pravastatin Psoralen-UVA

Simvastatin Insecticides
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dez-Diaz et al., 1995) have most commonly been reported. Others include spironolac-
tone (Leroy et al., 1987), interferon beta-1a (Nousari et al., 1998), procainamide (Sheretz, 
1988), d-penicillamine (Sontheimer, 1989), sulfonylureas (Sontheimer, 1989), terbinafine 
(Brooke et al., 1998; Callen et al., 2001; Bonsmann et al., 2001), oxprenolol (Gange and 
Levene, 1979), griseofulvin (Miyogawa et al., 1994), naproxen (Parodi et al., 1992), piroxi-
cam (Roura et al., 1991), phenytoin (Ross et al., 2002), etanercept (Bleumink et al., 2001) 
and PUVA (McGrath et al., 1990). The combination of the antihistamines cinnarizine and 
thiethylperazine was cited as the cause of annular SCLE lesions in one patient (Toll et al., 
1998). Personal anecdotal experience has suggested acid inhibitors such as omeprazole and 
ranitidine may also be a trigger for SCLE (RDS). Some hypothesize that hormones play a 
significant enough role in SCLE and that it may be reasonable to recommend that cuta-
neous LE patients avoid estrogen-containing contraceptives (Tebbe and Orfanos, 1997). 
However, no cases of SCLE have been reported as a result of oral estrogen use. A recent ret-
rospective study showed an association between certain medications and the onset of dis-
ease in 15 of 70 patients with Ro positive cutaneous lupus (Srivastava et al., 2003). Antihy-
pertensives were most commonly identified as possible triggers, in addition to statins, in-
terferon alfa, and interferon beta. In that review, clinical disease began between 4 and 20 
weeks, and improved 6–12 weeks after discontinuation of the offending drug. 

Drug-induced SCLE should be differentiated from classical drug-induced SLE. The for-
mer is associated with Ro / SSA autoantibodies and a characteristic photodistributed rash, 
whereas the latter is dominated by histone autoantibodies and systemic symptoms such as 
fever, arthritis, myalgias, and serositis (Brogan and Olsen, 2003). A lupus-specific skin rash 
is rarely present in the drug-induced form of SLE, and is much more commonly seen in 
idiopathic SLE (Rubin, 2002). The medications which typically trigger SCLE (Table 1) are 
distinct from those that trigger classical SLE (e. g., hydralazine, procainamide, isoniazid, 
minocycline, sulfasalazine, etanercept), with exceptions, probably reflecting different un-
derlying disease mechanisms. 

Cutaneous Manifestations

Before Gilliam and Sontheimer classified it as a distinct entity, lesions of SCLE were re-
ferred to with varied nomenclature including symmetric erythema centrifugum, dissem-
inated DLE, autoimmune annular erythema, subacute disseminated LE, superficial dis-
seminated LE, psoriasiform LE, pityriasiform LE, and maculopapular photosensitive LE 
(Sontheimer et al., 1979). (Fig 4).

Cutaneous lesions of SCLE typically begin with red macules or papules which evolve 
into psoriasiform and / or annular plaques on sun-exposed skin, characteristically the 
shoulders, upper back, extensor arms, V of the lower neck and upper chest, and back of 
the neck. The face is less commonly affected. Annular lesions tend to expand with central 
clearing and trailing scale. When active inflammation resolves, hypopigmentation is com-
mon, especially in the inactive centers of annular lesions. In Sontheimer’s original cohort 
half presented with predominantly papulosquamous and half were predominantly annular 
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lesions. Parodi reported similar findings (Parodi et al., 2000), whereas some cohorts have 
had a majority of annular lesions (Herrero et al., 1988; Chlebus et al., 1998; Black et al., 
2002) and some have had a majority of papulosquamous lesions (Molad et al., 1987; Callen 
and Klein, 1988; Cohen and Crosby, 1994). 

Atypical presentations of SCLE occur, including vesiculo-bullous forms. Well before the 
classification of SCLE as a subset of LE, Rowell et al. (1963), described EM-like (erythema 
multiforme) lesions in four so-called DLE patients who had a speckled ANA, rheuma-
toid factor and precipitating antibodies to the saline extract of human tissues (anti-Sj-T). 
Whereas EM and DLE can coexist, it has been suggested that Rowell’s syndrome should 
now be reclassified as SCLE (Roustan et al., 2000). Lyon et al. (1998) reported two cases of 
delayed diagnosis of SCLE because of the clinical and histologic similarities between SCLE 
and EM. Additional cases of EM-like SCLE lesions have been reported (Massone et al., 
2000). In one patient the lesions developed changes similar to toxic epidermal necrolysis 
(Bielsa et al., 1987). Marginal vesicles were clinically evident in 38% of annular SCLE le-
sions that Herrero et al. observed (1988).

Rarer presentations of SCLE have also been reported including a morbilliform exanthem 
(Sontheimer, 1985), exfoliative erythroderma (DeSpain and Clark, 1988; Parodi et al., 2000), 
pityriasiform lesions (Sontheimer, 1989; Parodi et al., 2000; Caproni et al., 2001), peculiar 
acral annular plaques (Scheinman, 1994), progressive generalized poikiloderma (Pramatarov 
et al., 2000; Marzano et al., 2003b), sunlight induced papulonodular mucinosis (Sonntag 
et al., 2003), generalized erythroderma with acral bullae preceeding SCLE (Mutasim, 2003) 
and annular SCLE lesions that were eventually replaced by morphea (Rao et al., 1990).

SCLE patients may have other LE specific skin lesions. Localized ACLE not uncom-
monly occurs in the setting of SCLE and is characterized by an erythematous, edematous 
malar rash in a butterfly pattern that usually spares the nasolabial folds (Sontheimer, 1989). 

A

B C

Fig. 4. Subacute lupus erythematosus: Volatile erythemato-papular exanthem of the entire 
integument. Predilection sites are the UV-exposed skin areas (A, C).
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Localized ACLE is usually more transient than SCLE and usually heals without scarring or 
pigmentary changes. Sontheimer has anecdotally suggested that the individuals who devel-
oped ACLE following SCLE might be predisposed to eventually developing findings of SLE 
such as nephritis (Sontheimer, 1989). 

Classical DLE is the most common form of CCLE and may be seen in some SCLE pa-
tients. DLE lesions are more common on the scalp and face and have more hypopigmen-
tation, hyperpigmentation, scarring, follicular plugging, and adherent scale than SCLE le-
sions. Induration was the most important clinical feature differentiating DLE from SCLE 
lesions (David-Bajar et al., 1992). Lupus panniculitis, often reported in association with 
DLE, has recently been reported in association with SCLE (Morgan & Callen, 2001).

SCLE patients may also have LE nonspecific skin findings. The most common are dif-
fuse alopecia, mucositis, livedo reticularis, periungual telangiectasias, small vessel vasculi-
tis, Raynaud’s phenomenon, cutaneous sclerosis (Sontheimer, 1989), and red lunulae (Wol-
lina et al., 1999). Dystrophic calcinosis cutis (Marzano et al., 1999), multiple HPV-11 cuta-
neous squamous cell carcinomas (Cohen et al., 1992), and erythema gyratum repens, a rare 
paraneoplastic eruption (Hochedez et al., 2001), have been case reported. 

Systemic Disease

Thirty to 63% of SCLE patients have four or more American College of Rheumatology 
(ACR) diagnostic criteria for SLE (Sontheimer, 1989; Parodi et al., 2000; Chlebus et al., 
1998, Black et al., 2002). Musculoskeletal symptoms such as arthritis and arthralgias are 
the most common systemic manifestations observed. Overall, most patients with SCLE 
tend to have mild systemic disease and it appears that isolated joint symptoms are a marker 
for milder disease. Some authors have reported musculoskeletal symptoms in 100 per-
cent of their SCLE cohorts (Molad et al., 1987; Johansson-Stephansson et al., 1989). Renal 
and central nervous system (CNS) disease has been seen in 20% or less of SCLE cohorts 
(Cohen and Crosby, 1994; Sontheimer, 1989; Johansson-Stephansson et al., 1989; Chlebus 
et al., 1998; Parodi et al., 2000, Black et al., 2002). SCLE cohorts who have nephritis, pap-
ulosquamous lesions, high ANAs (> 1:640), or who require high dose immunosuppressive 
therapy may have a worse prognosis (Sontheimer, 1985, Cohen and Crosby, 1994, Tebbe 
et al., 1997, Chlebus et al., 1998). Fatalities have rarely been reported in patients with severe 
systemic manifestations (Sontheimer, 1989; Gunmundsen et al., 1992).

Sjogren’s syndrome is the most common autoimmune disease associated with SCLE. 
The HLA-B8, DR3, DRw6, DQ2, and DRw52 extended haplotype is common to both 
Sjogren’s syndrome and SCLE cohorts (Provost et al., 1988). The association with HLA-DR 
is probably more related to high circulating Ro / SS-A autoantibodies rather than to SCLE 
skin lesions. High Ro / SS-A antibody titers have also been associated in Sjogren’s and LE 
patients with HLA-DQw1 / DQw2 (Harley et al., 1986; Hamilton et al., 1988). (Fig. 2). In 
early studies twelve percent of SCLE cohorts developed Sjogren’s syndrome. (Sontheimer 
et al., 1981). Subsequent studies with longer observation periods have reported the coin-
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cidence of Sjogren’s syndrome to be as high as 43% (Black et al., 2002). In SCLE patients, 
the presentation of Sjogren’s syndrome may be atypical. Rapidly progressive hypokalemic 
flaccid tetraparesis caused by a distal renal tubular acidosis was attributed to unrecognized 
Sjogren’s syndrome in an SCLE patient (De Silva et al., 2001). Furthermore, annular ery-
thema of Sjogren’s syndrome is considered to be the Asian counterpart of SCLE in white 
persons. These patients have annular lesions similar to SCLE; however, they lack histo-
pathologic findings at the dermal-epidermal junction of LE. It has been suggested that this 
is a subset of SCLE and that the relative absence of HLA DR3 in Japanese patients may ac-
count for the differences in disease expression (Haimowitz et al., 2000). 

Other autoimmune disorders associated with SCLE include rheumatoid arthritis (Cohen 
et al., 1986; Sontheimer, 1989, Pantoja et al., 2002), autoimmune thyroiditis (Sontheimer, 
1989; Ilan and Ben Yahuda, 1991), hereditary angioedema (Gudat and Bork, 1989), and au-
toimmune polyglandular syndrome type II (Schmidt’s syndrome) (Wollina and Schreiber, 
2003).

SCLE has been associated with various malignancies and some authors have suggested 
that SCLE is a paraneoplastic dermatosis (Brenner et al., 1997). Reported malignancies in-
clude lung, gastric, breast, uterine and hepatocellular carcinoma (Brenner et al., 1997, Ho 
et al., 2001), Hodgkin’s disease (Castenet et al., 1995), malignant melanoma (Modley et al., 
1989), and meningioma (Richardson and Cohen, 2000). The significance of these anec-
dotal observations remains to be determined and the authors do not routinely screen new 
SCLE patients for occult malignancy.

SCLE has been associated with a myriad of other diseases. Polymorphic light eruption 
(PLE), an inherited photosensitivity disorder, has frequently been associated with SCLE 
and they may have a common genetic predisposition (Millard et al., 2001b). Two-thirds 
of SCLE cohorts develop PLE and PLE cohorts have an increased relative risk of SCLE 
(Millard et al., 2001b). Case reports of prophyria cutanea tarda (Camp and Davis, 1997), 
Sweet’s syndrome (Goette, 1985), Crohn’s disease (Ashworth, 1992), gluten sensitive en-
teropathy (Messenger and Church, 1986), and X-linked Chronic Granulomatous Disease 
Carrier Status (Cordoba-Guijarro et al., 2000) have been associated with SCLE. Because of 
the infrequency of the latter reports, they may be incidental. 

Differential Diagnosis

The clinical diagnosis of SCLE is not always obvious. Annular lesions can be confused with 
erythema annulare centrifugum, granuloma annulare, erythema gyratum repens, autoin-
volutive photoexacerbated tinea corporis (Dauden et al., 2001), or EM. Papulosquamous 
lesions may be confused with photosensitive psoriasis, lichen planus, eczema, pitiryiasis 
rubra pilaris, disseminated superficial actinic porokeratosis, contact dermatitis, tinea fa-
ciei (Meymandi et al., 2003) and dermatomyositis. Lesional photodistribution, character-
istic histopathology and Ro / SS-A autoantibodies are useful in distinguishing SCLE from 
its differential diagnosis.
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Laboratory Findings

Serology. Whereas various autoantibodies have been found in SCLE cohorts, the Ro / SS-A 
autoantibody is the characteristic laboratory marker. Anti-Ro / SSA is present in approxi-
mately 70% of SCLE cohorts by the classical Ouchterlony double immunodiffusion tech-
nique (Sontheimer, 1989; Lee et al., 1994; Chlebus et al., 1998; Parodi et al., 2000) with 
its frequency ranging from 40–82% depending on the method of assay. ELISA (enzyme-
linked immunosorbent assay) has been shown to be the most sensitive test for determining 
Ro / SS-A autoantibodies (Lee et al., 1994) and is the assay technique currently used in most 
clinical laboratories in the USA. Anti-Ro / La autoantibodies have to be monitored carefully 
in affected women of childbearing age since they are considered the primary cause of neona-
tal LE (Fig 5). Unfortunately, up to 10% of the normal population demonstrate Ro antibod-
ies by such commercial ELISA techniques. Anti-La / SS-B usually occurs with less frequency 
and is seldom seen in the absence of anti-Ro / SS-A. Anti-nuclear antibody (ANA) tested 
with human substrate was found in 60–88% of SCLE cohorts and less frequent when ani-
mal substrate was used (Callen and Klein, 1988; Herrero et al., 1988; Ng et al., 2000; Reich-
lin, 2000). Other autoantibodies are present with varying frequencies in SCLE (Table 2).

Miscellaneous laboratory. Particularly if they have concomitant SLE, many SCLE pa-
tients have laboratory abnormalities including leukopenia, lymphocytopenia (Wenzel 
et al., 2002), thrombocytopenia, anemia, elevated erythrocyte sedimentation rate, elevated 
BUN and creatinine, hypergammaglobulinemia, proteinuria, hematuria, and urine casts. 

Table 2. Serological Findings in Patients with SCLE

Serology Frequency range (percent)

ANA 60–88

Anti-Ro / SS-A 40–82

Anti-La / SS-B 12–71

Anti-dsDNA  1–33

Anti-U1RNP  0–53

Anti-Sm  0–12

Anticardiolipin 10–16

Rheumatoid factor 36–48

VDRL (false positive)  7–33

Antithyroid 18–44

Antilymphoyte 33

Data obtained from Sontheimer et al. (1982); Sontheimer (1989); Johansson-Stephensson 
et al. (1989); Marschalko et al. (1989); Konstadoulakis et al. (1993); Cohen and Crosby 
(1994); Chlebus et al. (1998); Parodi et al. (2000); Ng et al. (2000); Wenzel et al. (2000) and 
Black et al. (2002)
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Complement levels may be depressed as a result of either genetic deficiency or consump-
tion secondary to immune complex formation.

Histopathology

The histopathologic features of LE specific skin disease include hyperkeratosis, epider-
mal atrophy, liquifactive vacuolar basal cell degeneration, and nodular perivascular and 
perifollicular mononuclear cell infiltrates. Some authors have reported degrees of LE spe-
cific features among LE subsets. SCLE has more epidermal atrophy, but less hyperkerato-
sis, basement membrane thickening, follicular plugging and inflammatory cell infiltrates 
when compared to DLE (David-Bajar and Bangert, 1997; Davis et al., 1984). Since the his-
tologic findings typically mirror the clinical findings, this is expected, and corresponds to 
the fine less adherent scale, lack of induration and less frequent alopecia of SCLE . Herrero 
et al. biopsied the border of annular vesicular lesions in a SCLE cohort group with a high 
frequency of anti-Ro / SSA and the HLA DR3 phenotype (Herrero et al., 1988). Epidermal 
necrolysis was prominent and the authors suggested this immunophenotype may correlate 
with the histologic findings. However, other authors have reported variable success in dif-

Fig. 5. Neonatal lupus erythematosus: 
Disseminated erythematous plaques at the 
face and trunk
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ferentiating LE subsets. Bangert et al. (1984) were unable to distinguish the histology be-
tween papulosquamous and annular SCLE lesions. 

Immunopathology

Lesional skin. Direct immunofluorescence (DIF) is an adjunctive diagnostic test for all sub-
sets of LE. DIF of lesional skin shows immunoglobulins (IgG, IgA, IgM) and complement 
components in a granular band-like pattern at the epidermal basement membrane (DEJ). 
In the original cohort (Sontheimer et al., 1979), 40 percent of SCLE patients had a nega-
tive DIF. Therefore a positive DIF can help to confirm the diagnosis of LE, but a negative 
test cannot rule it out.

Nieboer et al. (1988) observed a distinctive “dust-like particle” pattern of IgG deposi-
tion near the DEJ of lesional skin in 30% of SCLE patients. Valeski et al. (1992) correlated 
this pattern with the presence of Ro / SSA autoantibodies. However, Lipsker et al. (1998) 
retrospectively reviewed 4374 cutaneous DIF specimens and found a dust-like particle pat-
tern in only 66 specimens from 60 individuals. Of those 60 persons 85% had some form of 
connective tissue disease, 53% had SCLE and 36% had Ro / SSA antibodies. Lipsker et al. 
concluded that whereas these particles are highly suggestive of connective tissue disease in 
general, the dust-like pattern is not specific for SCLE. Furthermore, since some investiga-
tors have not been able to appreciate this DIF pattern due probably to differences in im-
munofluorescence microscopy techniques, its meaning remain controversial (David-Bajar 
and Davis, 1997).

Nonlesional Lupus Band Test (LBT). A ‘positive’ LBT shows a ‘band’ of immunoglobu-
lin and complement reactants at the DEJ of nonlesional skin. The diagnostic and prognos-
tic significance of the LBT is the subject of ongoing debate (Sontheimer and Provost, 1996; 
David-Bajar and Davis, 1997). Twenty-six percent of a SCLE cohort had a positive LBT 
when sun-protected flexor forearm skin was biopsied (Sontheimer and Gilliam, 1979). 
When three or more immunoreactants are present in the LBT of sun-protected skin, the 
diagnostic specificity for SLE is very high (Velthuis et al., 1992) and a positive LBT corre-
lates with a higher risk of lupus nephritis (Davis and Gilliam, 1984). It is unclear if the LBT 
provides added value to more available, less invasive testing such as serologic assays for 
double-stranded DNA autoantibodies. The greatest utility of the LBT may be in patients 
with atypical clinical and laboratory presentations of SLE.

Evaluation and management

Effective management of SCLE patients relies upon adequate baseline evaluation and on-
going surveillance during treatment. The initial history and physical should include a com-
prehensive review of systems in order to uncover evidence of systemic disease. Addition-
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ally, laboratory workup should include a complete blood count with differential, platelet 
count, erythrocyte sedimentation rate, urinalysis, and blood chemistry profile. In addition 
to histopathology and ANA, Ro / SS-A autoantibodies, determination of C3, C4 and CH50 
may also be helpful depending on clinical symptoms. Follow-up intervals for re-examina-
tion and laboratory monitoring should be customized to the individual patient as well as 
selected treatment modality. 

Adequate patient education is essential. Disease-provoking factors such as sunlight, 
artificial ultraviolet (UV) exposure, photosensitizing drugs and even tobacco use are all 
modifiable factors, and alteration of these may be of value in the course of the disease. If 
possible, potentially offending drugs should be eliminated. Initial medical therapy should 
focus on maximizing local measures before systemic agents are introduced.

Local Therapy

Protection from UV exposure. The importance of avoiding direct sunlight especially dur-
ing midday hours and summer months should be stressed. A relatively lower danger from 
UV radiation while outdoors can be realized if one’s shadow is longer than one is tall. SCLE 
patients should also be advised to avoid use of artificial tanning devices. Tightly woven 
clothing and broad-brimmed hats should be worn when outdoors. Specialty clothing lines 
which offer maximal UV protection are currently being marketed over the internet for 
those anticipating prolonged sun exposure. Examples of internet sites include www.sun-
precautions.com, www.sunproof.com and www.sunprotectiveclothing.com.

In order to achieve maximal shielding from sunlight, broad spectrum sunscreens 
should be used in conjunction with photo-protective clothing. Water resistant or water-
proof agents that block both UVA and UVB with a sun protection factor (SPF) of 30 or 
greater should be selected and generously applied. Since it has been shown that the amount 
of sunscreen that consumers put on is less than that applied under laboratory conditions 
when determining SPF ratings (Azurdia et al., 1999) it is important to use high SPF prod-
ucts to insure adequate protection under real-life conditions. Additionally, products with 
Parsol, 1789 (avobenzone), zinc oxide or titanium dioxide provide broad UVA protection, 
offering a possible added value for SCLE patients (Callen et al., 1991a). Standardized test-
ing to determine the best sunscreen for maximal protection in SCLE patients is needed. 
Stege et al. (2000) tested 3 commercially available sunscreens via photoprovocative test-
ing with UVA and UVB and showed that while all three sunscreens tested were at least 
somewhat beneficial, they differed significantly in their abilities to protect against devel-
opment of skin lesions and against the corresponding upregulation of ICAM-1 in exposed 
skin. These differences were found in spite of the fact that all 3 contained both Parsol, 1789 
and Titanium Dioxide. Sunscreens should be applied 30 min. before sun exposure and re-
applied after bathing or significant perspiration. Stick-type sunscreens formulated for the 
lips may be better tolerated around the eyes than other sun blocking products. UV block-
ing films such as Llumar® UV Shield™ (www.uv-shield.com) should be placed over home 
and automobile windows. Plastic films or shields may be applied over fluorescent lighting, 
which can be a small source of UV irradiation. Corrective camouflage cosmetics such as 
Dermablend® (www.dermablend.com) and Covermark® (www.covermark.com) offer the 
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dual benefit of being highly effective physical sunscreens as well as aesthetically pleasing 
cosmetic masking agents which can provide great psychological benefit for these patients.

Topical agents. Superpotent topical class I agents are appropriate initial agents in the 
management of SCLE. Twice daily application to lesional skin for two weeks followed by 
a two week rest period is recommended in order to minimize the risk of steroid atrophy 
and telangiectasia. Intralesional steroids are not as effective in the treatment of SCLE as 
they are in DLE. Additionally, most SCLE patients have lesions that are too numerous to be 
managed in this manner. Topical tacrolimus may be of some benefit especially on the face 
and on skin lesions with less hyperkeratosis (Bohm et al., 2003), without the skin atrophy 
side effect seen with topical steroids. A speculative review concerning the utility in SCLE 
of new technology for defecting the stratum corneum barrier has recently been presented 
(Ting and Sontheimer, 2001). Unfortunately, the majority of patients do not respond ade-
quately to local therapy, and systemic therapy is usually required. 

Systemic Therapy

Antimalarials. The aminoquinolone antimalarial agents have been the most efficacious 
of systemic agents used in the treatment of SCLE and represent first-line systemic ther-
apy (see Fig. 3). Up to 75 percent of patients have responded to one or a combination of 
drugs within this class (Furner, 1990a). Initial treatment should begin with hydroxychlo-
roquine sulfate not to exceed a dose of 6 mg / kg lean body mass/day. It requires 6–8 weeks 
to achieve equilibrium blood levels. If an adequate clinical response is achieved, the dose 
can be decreased to 3 mg / kg lean body mass/day for maintenance for at least one year in 
order to minimize recurrence. If there is no significant improvement by 2 months, quina-
crine hydrochloride 100 mg/day can be added (Feldman et al., 1994). If there is an inad-
equate response to this combination regimen after 4–6 weeks, chloroquine diphosphate 
3 mg / kg lean body mass/day can be substituted for hydroxychloroquine while continu-
ing quinacrine.

A rare, but well-known side effect of the antimalarial agents is retinal toxicity. When 
using either hydroxychloroquine or chloroquine, ophthalmologic evaluation is required. 
The current surveillance guidelines recommend follow-up ophthalmologic examination 5 
years after an initial baseline exam in uncomplicated individuals on hydroxychloroquine. 
Complicated individuals (i. e. those who have taken antimalarials for greater than 5 years, 
those taking larger than recommended daily doses, those with high body fat levels, those 
greater than 60 years of age, and those with liver or kidney disease) should have yearly 
screening examinations. (Marmor et al., 2002, Marmor, 2003) Examination should include 
fundoscopic assessment, visual field testing (including central fields with a red object) and 
visual acuity testing. The use of an Amsler grid at home may allow early self-detection of 
visual field defects. This is important since retinal changes may become irreversible if not 
found early. The risk of retinal toxicity may be minimized if certain daily doses of hydroxy-
chloroquine (6 mg / kg /day) and chloroquine (3 mg / kg / day) are not exceeded (Lanham 
and Hughes, 1982). Hydroxychloroquine and chloroquine should not be used together be-
cause of an enhanced risk of retinal toxicity. Quinacrine has not been shown to cause reti-
nal toxicity. However, it is associated with a higher incidence of side effects than the others, 
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including headaches, gastrointestinal intolerances, hematologic and dermatologic mani-
festations. Quinacrine is more likely to induce hemolysis in patients who are glucose-6-
phosphate dehydrogenase (G6PD) deficient (Trenholme and Carson, 1978).

All of the antimalarials have dermatologic side effects. Blue-black pigmentation of sun-
exposed skin, the palatal mucosa and nails has been seen with these agents. They can rarely 
cause a bleaching of lightly pigmented hair. The antimalarials can also induce a lichenoid 
hypersensitivity drug reaction in the skin which can be confused with the appearance of 
true cutaneous LE lesions including SCLE. Thus, if new skin lesions appear in an SCLE 
patient on antimalarial therapy, one should consider the possibility of a superimposed li-
chenoid drug reaction. Quinacrine can cause diffuse reversible yellowing of the skin, espe-
cially in fair-skinned individuals. Other potential side effects of the antimalarials include 
hematologic (e. g. bone marrow suppression, aplastic anemia), neuropsychiatric (e. g. toxic 
psychosis, grand mal seizures), cardiac (e. g. arrhythmias, cardiomyopathy) and muscu-
lar. These are less common than in the past, when higher daily dosage regimens of antima-
larials were used. Periodic laboratory monitoring of hematological and hepatic function is 
helpful in identifying any patient who might suffer an idiosyncratic reaction. Johansen and 
Gran (1998) reported two cases of ototoxicity associated with hydroxychloroquine. Hear-
ing loss has been associated with chloroquine and quinine in the past, but this was the first 
report of such with hydroxychloroquine.

There is evidence that patients with cutaneous LE who smoke are less likely to respond 
to antimalarial therapy than nonsmokers (Rahman et al., 1998; Jewell and McCauliffe, 
2000). In addition to the well-known dangers of smoking, this represents another reason to 
strongly encourage tobacco cessation in the SCLE patient. Appropriate referrals should be 
made if counseling or drug therapy is needed to accomplish this goal.

Thalidomide. Thalidomide is a potent anti-inflammatory agent which acts in part via 
downregulation of TNF-α, a proinflammatory cytokine which may be involved in the 
pathogenesis of SCLE as discussed above. Treatment with 50–300 mg / day can be very ef-
fective in otherwise-refractory cutaneous LE (Stevens et al., 1997; Georgala et al., 1998; 
Warren et al., 1998; Duong et al., 1999; Ordi-Ros et al., 2000). In general, about 75 percent 
of cutaneous LE patients will respond to antimalarial monotherapy or combination ther-
apy. It appears that thalidomide can be effective in 75 percent of antimalarial-refractory cu-
taneous LE. Because of the high rate (approximately 75 percent) of relapse after withdrawal 
of the medication, it has been suggested that low maintenance doses for long periods of 
time may be necessary (Ordi-Ros et al., 2000). Alternatively, other forms of therapy such as 
antimalarials can be used to maintain thalidomide-induced remissions. Since thalidomide 
is a potent teratogen, special precautions must be taken when prescribing the drug. Other 
second-line drugs should be considered in females of child-bearing potential. Thalidomide 
is available in the United States under the name Thalomid. Physicians and pharmacies are 
required to register with the manufacturer, the Celgene Corporation. Once registered, Cel-
gene will send the physician specially developed materials (System for Thalidomide Educa-
tion and Prescribing Safety (STEPS) to educate patients in the prevention of birth defects. 

Another important adverse effect of thalidomide is sensory neuropathy, which is some-
times irreversible. Routine clinical assessment for neuropathy is the single most effective 
means to detect the early development of neuropathy (Duong et al., 1999). Nerve conduc-
tion tests are recommended at baseline and periodically during treatment, but the role of 
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these is not well defined. Evidence of neuropathy, by either high clinical suspicion or by 
electrophysiologic data is an indication to withdraw the drug (Stevens et al., 1997). Other 
side effects of thalidomide include amenorrhea, drowsiness, weight gain, vomiting, consti-
pation, migraine headaches, and skin eruptions. Some of these side effects are improved 
on lower daily doses and when the drug is given at bedtime. A case of toxic pustuloderma 
secondary to thalidomide was reported in a patient with refractory cutaneous LE (Rua-
Figueroa et al., 1999). While clear evidence of thrombosis in SCLE patients on thalido-
mide is lacking, Piette et al. (2002) also warned about the potential thrombotic risk asso-
ciated with thalidomide therapy. There are known cases of thrombosis in cancer, Bechet’s 
syndrome, and SLE patients including one SCLE patient with antiphospholipid antibod-
ies (Flageul et al., 2000) on thalidomide therapy. The authors emphasized the need for in-
creased surveillence in SCLE patients treated with thalidomide. These concerns are espe-
cially valid since SCLE patients often have additional prothrombotic risk factors such as 
smoking, estrogen-containing contraceptive use, antiphospholipid antibodies, or stopping 
antimalarial therapy like hydroxychloroquine which has anti-thrombotic properties.

Dapsone. Dapsone (Diaminodiphenylsulfone) has been used successfully in some anti-
malarial-refractory SCLE cases (McCormack et al., 1984; Holtman et al., 1990; Neri et al., 
1999) but overall experience with this agent for cutaneous LE has been disappointing 
(Sontheimer and Provost, 1996; Callen, 1997). An initial dose of 25 mg twice daily can be 
increased to 200–300 mg / day as needed. Frequent monitoring is required to evaluate for 
potential renal, hepatic, and hematologic toxicity, including hemolysis and / or methemo-
globinemia that occur especially in patients deficient in G6PD enzyme activity. 

Retinoids. The synthetic retinoids, isotretinoin and acitretin, have been shown to sig-
nificantly improve SCLE lesions in doses of 1/2–1 mg / kg /day (Furner, 1990b; Richard-
son and Cohen, 2000). Their long-term use may be limited by the potential for teratoge-
nicity, mucocutaneous dryness, photosensitivity, hepatitis, hypertriglyceridemia, mood al-
teration, psuedotumor cerebri, and bony changes consistent with diffuse idiopathic skele-
tal hyperostosis (DISH) syndrome. 

Clofazimine and Gold. Although these agents have been successfully used in the treat-
ment of refractory cutaneous LE (Costner et al., 2004; Crovato, 1981), they are both limited 
by their potential for toxic side effects. 

Systemic corticosteroids and other immunosuppressive agents. These agents are usu-
ally reserved for those patients who have not responded to less toxic therapies. However, 
they may be needed before an adequate trial of less toxic drugs is completed in those pa-
tients with severe disease. Pulsed intravenous methylprednisolone at a dose of 1 g for three 
consecutive days provided improvement of SCLE patients in the presence of systemic LE 
(Goldberg and Lidsky, 1984). The side effects of steroids, especially when used over long 
periods of time are worrisome. They are more appropriately used as adjunctive treatment 
and tapered off if possible. Steroid-sparing agents that may be of benefit in refractory SCLE 
include methotrexate (Boehm et al., 1998, Kuhn et al., 2002b), azathioprine (Callen et al., 
1991b), cyclosporine, and mycophenolate. Mycophenolate is increasingly being reported 
as an effective option for refractory SCLE. Hanjani and Nousari (2002) reported one SCLE 
patient treated with 3 g /day of mycophenolate with complete resolution at 3 months and 
no flare by 10 months after failing multiple prednisone tapers and antimalarials. Schanz 
et al. (2002) presented two additional cases of antimalarial, azathioprine, and high dose 
steroid refractory SCLE which completely resolved within a few weeks on 2 g /day of myco-
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phenolate. In one patient this response was successfully maintained for over 24 months on 
a lower dose of at least 1 g /day. Mycophenolate offers a lower toxicity profile than some of 
the other immunosuppressants. A thorough understanding of potentially harmful side ef-
fects is imperative with all of these medications, and close monitoring is essential. 

Immune regulation. Five patients, including one SCLE patient with refractory cutane-
ous LE, who received infusions of chimeric CD4 monoclonal antibody showed improve-
ment and became more responsive to conventional treatments (Prinz et al., 1996). Intrave-
nous immunoglobulin may lead to improvement of cutaneous LE lesions (Genereau et al., 
1999; Goodfield et al., 2004), but its study and use is limited mostly by cost-prohibitive-
ness. Recombinant IFN-α 2a, allowed a complete response in two of four SCLE patients 
(Thivolet et al., 1990). However, the use of IFN-α has also been associated with the induc-
tion and / or exacerbation of SCLE (Srivistava et al., 2003) and SLE. Caution should there-
fore be used in this setting.

Fautrel et al. (2002) reported the resolution of SCLE in a rheumatoid arthritis patient 
using etanercept, an anti-TNFα recombinant biologic agent. Etanercept and infliximab 
have both been associated with the development of anti-double-stranded DNA antibod-
ies and a lupus-like syndrome in some RA and Crohn’s patients. A small number of case 
reports suggests the possibility of etanercept-induced SCLE (Bleumink et al., 2001). Thus, 
there is some concern regarding the induction or unmasking of cutaneous or systemic LE 
with the use of either of these agents in cutaneous LE. Rituximab (Rituxan), a recombinant 
monoclonal antibody which inhibits CD20 expressing B cells, has shown efficacy in small 
numbers of systemic and cutaneous LE patients (Perotta et al., 2002; Kneitz et al., 2002). Fi-
nally, other biologic drugs which inhibit antigen presenting cell-T cell interaction are spec-
ulated to be of benefit in SCLE, although more study is needed. Some examples include ale-
facept (Amevive), an inhibitor of the LFA3:CD2 interaction, and efalizumab (Raptiva), an 
inhibitor of the LFA-1:ICAM-1 interaction. 

Other. Two antineoplastic drugs, cyclophosphamide and cytarabine, were beneficial in 
refractory SCLE (Schulz and Menter, 1971; Yung and Richardson, 1995). Although sul-
fasalazine, phenytoin, danazol, dehydroepiandrosterone sulfate (DHEAS) and cefuroxime 
axetil have all been suggested in the treatment of cutaneous lupus, they have not been ef-
fectively used by the authors. 

Ultraviolet A-1 phototherapy (UVA-1). Finally, it has been suggested that cutaneous lu-
pus patients may benefit from low doses of longer wavelength (340–400 nm) UV irradia-
tion (Sonnichsen et al., 1993; McGrath, 1997). According to McGrath (1997), this modality 
reduced the need for medication and attenuated autoimmune antibody levels. These results 
should be interpreted with caution. Conflicting data indicate that UVA, including long 
wave UVA, may play a role in cutaneous LE (Lehmann et al., 1990; Nived et al., 1993). Ad-
ditionally, in an SLE murine model, UVA-1 irradiation was associated with increased renal 
disease and death (Cai et al., 2000). 

Prognosis

Because SCLE has been recognized for little over two decades, long-term outcomes of pa-
tients are not yet known. Most patients tend to have intermittent recurrent skin lesions 
without significant disease progression, while some may experience permanent remis-
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sions. Approximately 15 percent of patients developed active SLE in the original cohort. 
More recent studies addressing prognosis have revealed similar findings (Chlebus, 1998). 
In addition, an informal long-term prospective follow-up study of SCLE patients who pre-
sented from 1971–1995 in the Department of Dermatology at UT Southwestern Medical 
Center in Dallas was initiated by one of the authors (RDS, unpublished observation). To 
date, 18 of 130 patients have been evaluated. Mean duration of follow-up was 12.6 years. 
Thirty-nine percent had inactive skin and systemic disease at follow-up. The most com-
mon complaints other than skin lesions and photosensitivity were fatigue, arthralgias and 
Raynaud’s phenomenon. In addition, many patients had a subjective history of depression. 
Lesions were predominantly papulosquamous in this particular population. Facial involve-
ment, hypopigmentation and telangiectasias were common, while true scarring rarely oc-
curred. At least one, and possibly three, out of 130 died of causes related to SLE (pancreatic 
vasculitis). A larger number of SCLE patients needs to be examined in a prospective study 
to more firmly establish its course, ANA and Ro / SS-A prevalence, overlap with other con-
nective tissue diseases, as well as prognosis.

Summary

Lupus erythematosus is a multi-organ autoimmune disease which presumably results from 
a complex interplay of genetic and environmental factors. The clinical phenotype of LE 
ranges in continuum from minor cutaneous lesions to life-threatening vital multi organ 
dysfunction. Throughout this continuum, skin manifestations are variable and common. 
There is a commonly accepted classification system that divides lesions into LE specific 
and LE non-specific cutaneous disease. LE specific cutaneous disease includes three clini-
cally, immunologically and genetically distinct disorders: acute cutaneous LE (ACLE), sub-
acute cutaneous LE (SCLE) and chronic cutaneous LE (CCLE). Histopathological differen-
tiation between especially the first two disorders can be difficult. SCLE is clinically charac-
terized by non-scarring, non-indurated, erythematous, papulo-squamous and / or annular 
skin lesions occurring in a symmetric, photodistributed pattern. Patients with SCLE tend 
to exhibit milder systemic symptoms than those with unselected systemic LE (SLE). Al-
though not mandatory for diagnosis, the majority of SCLE patients produce anti-Ro / SSA 
autoantibodies. In SLE, musculoskeletal symptoms such as arthritis and arthralgias are the 
most common systemic manifestations observed. Overall, most patients with SCLE tend 
to have mild systemic disease and it appears that isolated joint symptoms are a marker for 
milder disease. The clinical diagnosis of SCLE is not always obvious. Annular lesions can 
be confused with erythema annulare centrifugum, granuloma annulare, erythema gyra-
tum repens, tinea corporis or erythema multiforme. Lesional photodistribution, character-
istic histopathology and Ro / SS-A autoantibodies are useful in distinguishing SCLE from 
its differential diagnosis. Most SCLE patients tend to have intermittent recurrent skin le-
sions without significant disease progression, while some may experience permanent re-
missions. Approximately 15 percent of patients develop active SLE. The most common 
complaints other than skin lesions and photosensitivity were fatigue, arthralgias and Ray-
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naud’s phenomenon. In addition, many patients had a subjective history of depression.The 
real prognosis of SCLE needs to be evaluated in a larger number of patients to more firmly 
establish its course, ANA and Ro / SS-A prevalence, overlap with other connective tissue 
diseases, as well as prognosis.
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Introduction

Dermatomyositis (DM), along with polymyositis (PM) and inclusion body myositis, is 
classified as one of the idiopathic inflammatory myopathies (IIM) (Callen, 2000; Plotz 
et al., 1995; Targoff, 1991). In 1975, Bohan and Peter published a landmark article in two 
parts that suggested a set of criteria to aid in the diagnosis and classification of DM and 
PM. Four of the five criteria related specifically to the muscle disease, 1) progressive prox-
imal symmetrical weakness 2) elevated muscle enzymes, 3) an abnormal electromyogram, 
and 4) an abnormal muscle biopsy, while the fifth was the presence of compatible cutane-
ous disease. At that time, it was felt that DM differed from PM only by the presence of cu-
taneous disease. Studies on the pathogenesis of the myopathy, however, have been contro-
versial, with some suggesting that the myopathies in DM and PM are pathogenetically dif-
ferent with DM being due to a vascular inflammation (Kuru et al., 2000) and other studies 
of cytokines suggesting that the processes are similar (Wanchu et al., 1999; Shimizu et al., 
2000; Sugiura et al., 2000; Nyberg et al., 2000). More recently, however, there has been in-
creasing evidence to support the concept that the pathogenetic mechanisms of the muscle 
disease in DM and PM differ significantly (Dalakas et al., 2003). In polymyositis, clonally 
expanded autoreactive CD8-positive T-cells invade myocytes expressing MHC class I an-
tigens and cause necrosis via the perforin pathway. In dermatomyositis, autoantigens seem 
to activate a humoral immune process in which complement is deposited in capillaries 
causing capillary necrosis and ischemia. 

Additional studies on the pathogenetic mechanisms involved in the myopathy have 
demonstrated abnormal levels of nitric oxide, elevation of circulating tumor necrosis fac-
tor receptors, elevated soluble CD40 expression, increased expression of interleukin-1-al-
pha within the muscle, and upregulation of type I interferon-α / β inducible genes in blood 
samples. Despite numerous studies focusing on the pathogenetic mechanisms of the myo-
pathy, the pathogenesis of the cutaneous disease is poorly understood. Although the exact 
pathogenesis has yet to be elucidated, DM is thought to occur when varying factors, such 
as a malignancy, medication, or infection, trigger an immune-mediated process in a genet-
ically predisposed individual.
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Epidemiology

A study published in 1990 reported an incidence of dermatomyositis of 5.5 cases per mil-
lion, with an increasing incidence noted over the two decades represented in the study pe-
riod (Oddis et al., 1990). A recent population-based study from Mayo Clinic found the in-
cidence of dermatomyositis to be 9.63 per million, with an incidence of clinically amyo-
pathic dermatomyositis of 2.08 per million (Bendewald et al., 2010). In addition, this study 
also found the incidence of dermatomyositis to be 13.98 per million in women and 4.68 
per million in men, supporting previous epidemiological data indicating that women are 
affected by dermatomyositis more often than men. The incidence of the juvenile form of 
dermatomyositis has been estimated to be 1.9 per million, with a female-to-male ratio of 
5:1 and median age of onset of 6.8 years (Symmons et al., 1995).

Classification and Clinical Appearance

Classification

Bohan and Peter (1975) suggested five subsets of myositis: 1) DM, 2) PM, 3) myositis with 
cancer, 4) juvenile DM / PM (most often diagnosed before age 16), and 5) myositis over-
lapping with another collagen-vascular disorder. In a subsequent publication, Bohan et al. 
(1977) noted that cutaneous disease may precede the development of the myopathy. It was 
more recently recognized that another subset of patients with disease that affects only the 
skin (amyopathic dermatomyositis [ADM] or DM-sine myositis) may occur as well (Eu-
wer and Sontheimer 1991, Sontheimer RD 2002, Gerami et al., 2006). A seventh subset 
known as inclusion body myositis (IBM) has been recognized, in which a unique pattern of 
weakness with prominent involvement of the wrist and finger flexors and quadriceps exists 
in the absence of cutaneous disease (Sayers et al., 1992). An eighth group exists in which 
characteristic cutaneous and / or muscle disease is drug-induced (Dourmishev and Dour-
mishev, 1999, Seidler AM and Gottleib AB, 2008). Sontheimer has proposed another sub-
set that classifies patients as having hypomyopathic dermatomyositis when skin disease is 
present in the absence of clinical weakness but with evidence of subclinical myositis on 
studies. Finally, post-myopathic DM refers to those patients in whom the myositis compo-
nent of the disease resolves with therapy while the skin disease remains active and often is 
challenging to manage (Sontheimer, 2002).

Cutaneous Manifestations

The characteristic and possibly pathognomonic cutaneous features of DM are the helio-
trope rash and Gottron’s papules. The heliotrope rash consists of a violaceous to dusky ery-
thematous rash with or without edema in a symmetrical distribution involving periorbital 
skin (Fig. 1). Sometimes this sign is quite subtle and may involve only a mild discoloration 
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along the eyelid margin. A heliotrope rash is rarely observed in lupus erythematosus (LE) 
and scleroderma. The differential diagnosis for the heliotrope eruption often includes an-
gioedema or dermatitis.

Gottron’s papules are found over bony prominences, particularly the metacarpophalan-
geal (MCP) joints, the proximal interphalangeal (PIP) joints, and / or the distal interpha-
langeal (DIP) joints (Fig. 2). They may also be found overlying the elbows, knees, and / or 
feet, referred to as Gottron’s sign. The lesions consist of slightly elevated, violaceous papules 
and plaques. There may be a slight associated scale and on some occasions there is a thick 
psoriasiform scale. Within the lesions, there is often telangiectasia. These lesions may be 
clinically confused with lesions of LE, or, at times, with papulosquamous disorders, such as 
psoriasis or lichen planus. Routine histopathological evaluation will aid in the differentia-
tion from psoriasis or lichen planus, but cannot reliably distinguish the cutaneous lesions 
of DM from those of LE.

Several other cutaneous features are characteristic of the disease despite not being 
pathognomonic. They include malar erythema, poikiloderma in a photosensitive distribu-
tion, violaceous erythema on the extensor surfaces, and periungual and cuticular changes. 
Nailfold changes consist of periungual telangiectasia and / or a characteristic cuticular 
change with hypertrophy of the cuticle and small, hemorrhagic infarcts within this hyper-
trophic area. Periungual telangiectasia may be clinically apparent or may be appreciated 
only by capillary microscopy. Poikiloderma (the combination of atrophy, dyspigmentation, 
and telangiectasia) may occur on exposed skin such as the extensor surfaces of the arm, the 
‘V’ of the neck (Fig. 3), or the upper back (Shawl sign). Patients rarely complain of photo-
sensitivity, despite the prominent photodistribution of the rash. This photosensitive poiki-
lodermatous eruption may be difficult to differentiate from LE. Facial erythema may also 
occur in DM. This change must be differentiated from LE, rosacea, seborrheic dermatitis, 
or atopic dermatitis. A helpful clue in distinguishing the mid-facial erythema of dermato-
myositis from that of LE is that it tends to involve the nasolabial folds, whereas LE classi-

Fig. 1. Facial erythema with periorbital edema are present in this woman with dermatomyosi-
tis. The periorbital changes represent the heliotrope eruption
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Fig. 3. Poikiloderma of the upper chest in a patient with dermatomyositis

Fig. 2. Gottron’s papules. Ery-
thematous scaly plaques are pres-
ent on the dorsal hands, particu-
larly over the bony prominences 
(MCP, PIP, and DIP joints). 
There are also marked peri ungual 
telangiectasia and cuticular 
overgrowth
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cally spares these areas. Scalp involvement in dermatomyositis is relatively common and is 
manifest by an erythematous to violaceous, psoriasiform dermatitis (Kasteler and Callen, 
1994). Clinical distinction from seborrheic dermatitis or psoriasis is occasionally difficult, 
but histopathologic evaluation is helpful. Scalp pruritus can be particularly challenging to 
manage in patients with DM. Nonscarring alopecia may occur in some patients and often 
follows a flare of the systemic disease. 

Rare cutaneous manifestations include vesiculobullous lesions (McCollough and Cock-
erell, 1998), an eruption that simulates pityriasis rubra pilaris (Requena et al., 1997), vascu-
litis, erosive lesions, as well as an exfoliative erythroderma (Miyagawa et al., 1992, Chander 
et al., 2009). In small case series it has been suggested that some of these cutaneous mani-
festations may be more common in patients with an associated malignancy.

A variety of other cutaneous lesions have been described in patients with DM that do 
not demonstrate the interface changes observed histopathologically with the pathogno-
monic or characteristic lesions. These include panniculitis, plaque-like mucinosis (Fig. 4) 
(Abernethy et al., 1996; Kaufman et al., 1998), a flagellate erythema (Nousari et al., 1999), 
urticaria, as well as mechanic’s hands (hyperkeratosis of the lateral fingers and palms) 
(Vleugels and Callen, 2009). 

Calcinosis is rare in adults, but affects between 23–70% of patients with juvenile DM 
(Dalakas, 1991, Fisler et al., 2002). In addition, reports have detailed the findings of gin-
gival telangiectasia (Ghali et al., 1999) and angiokeratomas (Shannon and Ford, 1999) in 

Fig. 4. Papular mucinosis-like lesions in a patient with dermatomyositis. Prominent papu lar 
lesions are present within the poikilodermatous eruption. Histopathology revealed deposi-
tion of massive amounts of mucin in the dermis
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children with DM. Finally, lipodystrophy is increasingly being recognized as a potential 
complication of juvenile DM as well (Heumer et al., 2001, Bingham et al., 2008).

Patients with DM can also develop the lesions of other collagen-vascular disorders as 
well as present with an overlap syndrome. In general, sclerodermatous cutaneous changes 
have been the most frequently reported in patients with overlap syndrome, however le-
sions of discoid lupus and rheumatoid nodules have also been reported.

Patients with DM are at times difficult to distinguish from patients with either systemic 
LE or subacute cutaneous lupus erythematosus (SCLE). The lesions of DM differ slightly 
in their distribution, occurring more over bony prominences, and they are frequently ac-
companied by severe pruritus; whereas LE lesions tend to occur between the knuckles and 
are usually asymptomatic. Routine skin biopsy is not helpful in the distinction between LE 
and DM. Immunofluorescence microscopy (IF) should be negative in DM and positive in 
LE, however, about 50% of SCLE patients have a negative IF, and IF may be falsely positive 
on sun-exposed skin. Serologic testing is also imperfect, since only 25% of DM patients are 
Mi-2 positive (which is specific for DM, but not sensitive), and on a single testing only 60–
70% of SCLE patients are Ro (SS-A) antibody positive.

Pruritus is a common symptom of the skin disease of dermatomyositis and can signif-
icantly affect the patient’s quality of life (Shirani et al., 2004, Hundley et al., 2006). In ad-
dition, pruritus is a feature that can occasionally help distinguish dermatomyositis from 
lupus erythematosus. The skin lesions of DM are also likely photoaggravated despite the 
lack of symptoms suggestive of photosensitivity reported by patients (Cheong et al., 1994). 
Clinical observations suggest that not only is the skin disease exacerbated by light, but 
muscle disease may also be worsened after sun exposure (Woo et al., 1985; Callen, 1993; 
Zuber et al., 1996; Callen, 1999). However, phototesting has not been able to reliably repro-
duce the skin lesions, thus, the wavelength of light that is responsible for the clinical mani-
festations (action spectrum) is not known.

Skin lesions of DM may precede the development of myopathy and may persist well af-
ter the control and quiescence of the myositis. Patients’ skin lesions may flare with sun ex-
posure, but only some of these patients will have a flare of their muscle involvement. Thus, 
in many instances the course of the skin lesions does not parallel that of the muscle dis-
ease.

Muscle Disease

Clinical and laboratory abnormalities suggestive of muscle disease are characteristic fea-
tures of DM (Wortmann, 2000). The myopathy primarily affects the proximal muscles, 
is usually symmetrical and is slowly progressive over a period of weeks to months. Ini-
tial complaints including myalgias, fatigue, or weakness manifest as an inability to climb 
stairs, to raise the arms for actions like hair grooming or shaving, to rise from a squat-
ting or sitting position, or a combination of these features. Tenderness upon palpation of 
the muscles is variable. An inability to swallow and symptoms of aspiration may reflect 
the involvement of striated muscle of the pharynx or upper esophagus. Dysphagia or dys-
phonia generally signifies a rapidly progressive course and may be associated with poor 
 prognosis.
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Systemic Features

Dermatomyositis is a multisystem disorder (Spiera and Kagen, 1998). Arthralgias and / or ar-
thritis may be present in up to one fourth of patients with inflammatory myopathy. The usual 
picture is one of generalized arthralgias accompanied by morning stiffness. The small joints 
of the hands, wrists, and ankles may be involved with a symmetric nondeforming  arthritis.

Esophageal disease as manifested by dysphagia is estimated to be present in 15% to 50% 
of patients with inflammatory myopathy. The dysphagia can be of two types: proximal dys-
phagia or distal dysphagia. Proximal dysphagia is caused by involvement of striated mus-
cle in the pharynx or proximal esophagus. This involvement correlates well with the sever-
ity of the muscle disease and is steroid-responsive. Distal dysphagia, which often presents 
as reflux, is related to involvement of nonstriated muscle and appears to be more frequent 
in patients who have an overlap syndrome with scleroderma or another collagen vascular 
disorder. Dysphagia is associated with a poor prognosis and correlates with the presence of 
pulmonary involvement.

Pulmonary disease occurs in dermatomyositis and polymyositis in approximately 15% 
to 30% of patients (Marie et al., 1998). Interstitial lung disease (ILD) is a primary process 
observed in DM / PM. It is more frequent in patients with esophageal involvement. Lung 
disease may also occur as a direct complication of the muscle disease, such as hypoventila-
tion or aspiration in patients with dysphagia, or may be a result of treatment, such as with 
opportunistic infections or drug-induced hypersensitivity pneumonitis. Data have sug-
gested that patients with myositis and the presence of Jo-1 antibodies have an increased 
risk of ILD. In fact, ILD will develop in up to 70% of patients with Jo-1 antibodies. Antisyn-
thetase syndrome is the constellation of ILD, myositis, polyarthritis, Raynaud’s, fever, and 
mechanic’s hands seen in patients with anti-transfer RNA autoantibodies. 

In a retrospective review of 70 patients with myositis-associated interstitial lung dis-
ease seen at Mayo Clinic between 1990 and 1998, most of the patients presented with either 
symptoms of lung disease or symptoms of myositis alone, whereas only 15 patients pre-
sented with the involvement of both simultaneously (Douglas et al., 2001). In general, the 
lung disease was at first felt to be a pneumonitis that was antibiotic resistant. Biopsy of the 
lung revealed non-specific interstitial pneumonitis or diffuse alveolar damage in a major-
ity of those who were biopsied. Only two patients had bronchiolitis obliterans organizing 
pneumonia (BOOP). It is unclear exactly how many of these patients had dermatomyosi-
tis, but perhaps between 8 and 12. Therapy included corticosteroids with or without an im-
munosuppressive agent, and the prognosis was poorer for this subset of patients with ILD 
than for unselected patients with myositis alone as demonstrated by a 5-year survival of 
60.4%. Patients with Jo-1 antibodies (19 of 50 who were tested) had roughly the same fea-
tures and prognosis as those who did not have this antibody. 

Clinically symptomatic cardiac involvement in patients with DM or PM is uncommon, 
but when present it is associated with a poor prognosis (Gon zalez-Lopez et al., 1996). Var-
ious abnormalities have been described which most commonly include conduction defects 
and rhythm disturbances. Although congestive heart failure, pericarditis, and valvular dis-
ease may occur, they are much less frequent. Depending on the report, cardiac manifes-
tations may occur in up to 50% of patients, but only a small proportion of these patients 
manifest symptoms. It is not known whether the identification of asymptomatic abnor-
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malities has an effect on long-term outcome, or even if the findings are more prevalent in 
DM / PM than in an age-matched control group.

Calcinosis of the skin or muscle is unusual in adults but occurs frequently in children 
and adolescents with DM. Calcinosis cutis is manifested by firm, yellow-white or skin-col-
ored nodules, which often occur over bony prominences. Occasionally, these nodules can 
extrude through the surface of the skin, in which case secondary infection may occur. Cal-
cification of the muscles is often asymptomatic and may be seen only on radiological ex-
amination. In severe forms, the calcinosis can cause loss of function, and rarely, bone for-
mation is possible.

Amyopathic Dermatomyositis

It is becoming more widely accepted that a subset of patients with dermatomyositis will 
have skin-limited disease, similar to patients with lupus limited to the skin rather than 
with systemic involvement. This is a change from the previous notion that all patients with 
dermatomyositis would have some degree of muscle involvement by definition if physi-
cians simply investigated sufficiently to find it. Within current nomenclature proposed 
by Sontheimer, clinically amyopathic dermatomyositis includes patients with both amyo-
pathic and hypomyopathic dermatomyositis (Sontheimer, 2002).

Amyopathic dermatomyositis, historically known as dermatomyositis siné myositis 
(Bohan et al., 1977; Rockerbie et al., 1989; Stonecipher, 1993; Cosnes et al., 1995), refers to 
the presence of biopsy-proven cutaneous manifestations of dermatomyositis in the absence 
of objective muscle inflammation (normal strength and normal muscle derived enzymes) 
for at least six months. By definition, these patients must not have received two consecu-
tive months or more of systemic immunosuppressive therapy in the first six months after 
skin disease onset and must not have received medications known to cause dermatomyosi-
tis-like skin changes (Sontheimer, 2002). These cases can be referred to as provisional amy-
opathic dermatomyositis until two years after diagnosis, at which point they can be called 
confirmed amyopathic dermatomyositis. Using these criteria, 10–20% of patients with der-
matomyositis seen in academic health centers have clinically amyopathic disease (Jorizzo, 
2002). This percentage is as high as 40% when considering patients with dermatomyositis 
seen specifically by dermatologists in a referral center (Klein RQ et al., 2007). 

Although amyopathic dermatomyositis presents with cutaneous disease indistinguish-
able from that of classic dermatomyositis, it is considered a distinct entity rather than a 
group of patients in which muscle abnormalities are not yet detectable. In the largest sys-
tematic review of adult-onset clinically amyopathic dermatomyositis, most patients had a 
normal EMG, muscle biopsy, and or muscle MRI when performed (Gerami et al., 2006). 

Hypomyopathic dermatomyositis includes patients with cutaneous findings and sub-
clinical myositis evident on laboratories, EMG, biopsy, and / or MRI, but no clinical weak-
ness or muscle tenderness. Importantly, these findings do not reliably predict the onset 
of clinically significant muscle disease at a later time and should therefore not necessarily 
warrant more aggressive therapeutic intervention. Sontheimer reported that none of the 
patients with hypomyopathic dermatomyositis in the series mentioned above had devel-
oped clinically significant muscle weakness at the time of follow-up despite an average du-
ration of skin disease of 5.4 years (Gerami et al., 2006).
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Cutaneous lesions and histopathology are indistinguishable from that of classic dermat-
omyositis. Similar to classic dermatomyositis, there is a female predominence, a peak onset 
in adults in the fifth and sixth decades, and a pediatric population affected by amyopathic 
dermatomyositis. Finally, similar to classic dermatomyositis, amyopathic deramtomyositis 
has associations with both pulmonary disease and cancer, mandating that these patients be 
followed for manifestations of both interstitial lung disease and malignancy.

Myositis and Malignancy

The previously controversial relationship of DM and PM to malignancy has been clarified 
in recent years (Hill et al., 2001). Overall, the reported frequency of malignancy in dermat-
omyositis has varied from 6% to 60%, with most large population-based cohort studies re-
vealing a frequency of about 20 to 25%.

Several Scandinavian studies have documented the increased frequency of malignancy 
in DM over the general population (Siguregeirsson et al., 1992; Chow et al., 1995; Ario 
et al., 1995; Hill et al., 2001). While polymyositis patients had a slight increase in cancer 
frequency, it was not highly significant and could be explained by a more aggressive cancer 
search creating a diagnostic suspicion bias. A recent study from New England, USA, also 
supported that malignancy is associated with dermatomyositis but not polymyositis (An-
tiochos et al., 2009). In this study, patients with malignancy-associated dermatomyositis 
were more frequently male and over the age of forty-five and were less likely to have inter-
stitial lung disease. As mentioned above, patients with amyopathic DM may also have an 
associated malignancy (el-Azhary and Pakzad, 2002). In the recent population-based study 
from Mayo Clinic, malignancy was present in 28% of patients (Bendewald et al., 2010), 
strengthening the best previously existing data that 18–32% of dermatomyositis patients 
have or will develop a malignancy. 

Malignancies may occur prior to the onset of myositis, concurrently with myositis, or 
after the onset of DM. In addition, the myositis may follow the course of the malignancy 
(a paraneoplastic course) or may follow its own course independent of the treatment of 
the malignancy. Studies demonstrating the benefits of cancer surgery on myositis as well 
as those showing no relationship of the myositis to the malignancy have been reported. In 
one retrospective study, independent factors associated with an underlying malignancy in 
dermatomyositis included age at diagnosis, rapid onset of skin and / or muscle symptoms, 
the presence of skin necrosis or periungal erythema, and a low baseline level of comple-
ment factor C4, whereas a low baseline lymphocyte count was a protective factor for asso-
ciated malignancy (Fardet et al., 2009). 

A wide variety of malignancies have been reported in patients with DM. Gynecologic 
malignancy, in particular ovarian carcinoma may be overrepresented in DM (Whitmore 
et al., 1994; Hill et al., 2001). In some Southeast Asian populations, nasopharyngeal can-
cer seems to be overrepresented (Peng et al., 1995, Hu et al., 1996, Huang et al., 2009). In 
the recent analysis of combined data from Scandinavia, Hill et al. (2001) again noted the 
increased association of ovarian cancer, but also noted increases in lung, pancreatic, stom-
ach, colorectal cancer, and non-Hodgkin’s lymphoma as well. Malignancy is more com-
mon in older patients (> 50 years) (Marie et al., 1998; Pautas et al., 2000), but reports of 
young adults with DM have appeared, suggesting that age alone should not dissuade the 
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physician from a careful evaluation in adult patients with DM (see below). The site of ma-
lignancy can be predicted by the patient’s age (e. g., malignancy in a young man is more of-
ten testicular cancer, whereas, in an elderly male, colon or prostate cancer would be more 
common). Of note, the increased risk of malignancy occurs with adult dermatomyositis, 
but not with the juvenile form of the disease. 

In the past, there was concern about whether the use of immunosuppressive therapies 
would predispose the patient to an excess cancer risk. This has not proven to be the case 
in several studies, with most cancers being reported within the first three years following 
diagnosis. There have been, however, cases of Epstein-Barr virus-associated lymphomas 
arising in patients with rheumatic diseases, including dermatomyositis, on methotrexate, 
which have resolved on discontinuation of immunosuppressive therapy without requiring 
additional therapy.

Juvenile (Childhood) Dermatomyositis (JDMS)

DM is much more common than polymyositis in children and adolescents (Pachman, 
1995). A fulminant course may be present, but most often the onset is indolent and chil-
dren are first thought to have viral infections or dermatitis. Delayed diagnosis is more 
common in the non-white population. Children may also have amyopathic disease. There 
is thought to be little to no increased risk of malignancy in children with JDMS.

Often JDMS is characterized as a vasculitis, but the major difference in clinical features 
between JDMS and adult DM is the greater potential for calcinosis in children. A recent 
report detailed the chronic nature of this disease in children, with many patients requir-
ing therapy to suppress their disease activity more than three years after diagnosis (Huber 
et al., 2000). Pachman et al. (2000) linked the presence of calcinosis and a prolonged course 
of disease with the TNF alpha-308A allele in their patients with juvenile DM.

In one study it was noted that the development of calcinosis was not related to initial 
therapy, but was associated with a lower score on an assessment instrument of physical 
function. Additional studies demonstrate that early and aggressive intervention with sys-
temic therapy seems to decrease the risk of development of calcinosis (Fisler et al., 2002, 
Al-Mayouf, 2000b, Pachman et al., 1998). Early aggressive therapy is often warranted in 
JDMS given that another retrospective study demonstrated improved outcomes and sus-
tained remission of disease in pediatric patients treated with this approach (Kim et al., 
2009). 

Children with JDMS should be followed by a pediatrician comfortable with monitoring 
their developmental milestones while on immunosuppressive therapy. In addition, both li-
podystrophy and metabolic abnormalities (including hypertriglyceridemia and insulin re-
sistance) have increasingly been recognized as potential complications of JDMS and should 
be screened for routinely (Huemer et al., 2001, Bingham et al., 2008).

Drug-Induced Dermatomyositis

The etiology of most cases of DM is unknown, however, in a small number of patients, 
the cutaneous manifestations are due to or exacerbated by drugs. This has been best doc-
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umented for hydroxyurea in which de-challenges and re-challenges have been performed 
(Daoud et al., 1997, Marie et al., 2000, Dacey and Callen, 2003). In a review of 70 reported 
cases, 51% were from hydroxyurea (Seidler, 2008). None of the cases associated with hy-
droxyurea had associated mysotis, however, greater than seventy-five percent of the non-
hydroxyurea cases reported myositis and several had associated pulmonary involvement.

HMG-CoA-reductase inhibitors and D-penicillamine have each also had multiple 
case reports. In addition, quinidine, non-steroidal anti-inflammatory drugs, gemfibrozil, 
omeprazole, etoposide, alfuzosin, cyclophosphamide, tegafur, phenytoin, imatinib mesy-
late, interferon alfa-2b, ipecac, sulfacetamide sodium ophthalmic drops, as well as the BCG 
vaccine have each also been linked to DM in at least one case report (Dourmishev and 
Dourmishev, 1999, Seidler, 2008). Notably, there have also been cases of drug-induced DM 
attributed to both etanercept and lenercept, a recombinant TNF receptor p55 immuno-
globulin fusion protein (Flendrie et al., 2005).

Diagnosis and Evaluation of the Patient with Dermatomyositis

The diagnosis of DM is suspected in patients with clinically compatible cutaneous find-
ings. Exclusion of other possible cutaneous conditions is aided by skin biopsy, which clas-
sically has an interface dermatitis and the presence of mucin in the dermis, however the 
histopathologic findings of LE can be identical. Both LE and DM can also demonstrate an 
interferon-α-inducible cytokine milieu, however, phenotypic profiling has also suggested 
some differences such as the relative lack of CD4 / CXCR3-positive mononuclear cells in 
LE as compared to DM (Magro et al., 2009). Once the presence of cutaneous disease has 
been established, a systematic investigation for the presence of muscle disease, systemic 
disease, and / or a potentially associated malignancy should ensue. 

Muscle involvement is suspected clinically. Enzymatic testing will often reveal eleva-
tions of muscle-derived enzymes, including creatine kinase (CK), aldolase, lactic dehy-
drogenase (LDH), alanine aminotransferase (ALT), or (aspartate aminotransferase (AST). 
The serum CK level seems to be the most specific and is a useful test for following response 
to therapy. Additional testing including electromyography (EMG), muscle biopsy, ultra-
sound, or MR imaging may be ordered in patients in whom other tests are inconclusive 
(Garcia, 2000). Muscle weakness may be caused by many other disorders including tox-
ins, infections, metabolic abnormalities, and neurologic disorders, and these causes must 
be excluded (Wortmann, 2000).

Serologic tests are often ordered, but their clinical application is at best controversial. 
Antinuclear antibody (ANA) testing is positive in approximately two-thirds of patients with 
DM, however, the presence has not been shown to influence the prediction of the course 
of the disease or its therapy. Numerous myositis-specific autoantibodies (MSAs) have been 
recognized, including Jo-1, Mi-2, PL-7, PL-12, EJ, OJ, KS, MJ, PMS1, SRP, YRS, and Zo, 
and some correlate with certain subsets of disease (Love et al., 1991, Mimori et al., 2007, 
Gunawardena et al., 2009). The anti-Jo-1 antibody is predictive of pulmonary involvement, 
but rarely occurs in DM patients. Anti-Mi-2 occurs in roughly 25% of DM patients and al-
though specific for DM, it is not sensitive. Targoff et al. (2000) described an antibody to 
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a 155 kd antigen or Se antigen (90–95 kd) that appears to be a marker of amyopathic DM 
(16 of 18 patients studied). The anti-155 kd antibody may also be associated with juvenile 
DM and might predict a chronic course. Another novel autoantibody, anti-CADM-140, 
has been identified in clinically amyopathic dermatomyositis. Anti-p155 / 140, an antibody 
specific to dermatomyositis that is not yet commercially available, may also be correlated 
with cancer-associated DM (Madan et al., 2009). In fact, in one study, testing for the anti-
155 / 140 antibody alone had 50% sensitivity and 96% specificity for detection of cancer-as-
sociated DM, with an excellent negative predictive value as well (Chinoy et al., 2007). Anti-
Ro (SS-A) antibody may rarely occur in DM as well. Finally, three other autoantibodies, 
U1RNP, Ku, and PM-Scl, have been found in myositis-overlap syndromes. Perhaps as fur-
ther studies are performed, serologic testing will become clinically useful. Until then, these 
tests are primarily reserved for investigation.

Once the diagnosis is confirmed, the patient should have a thorough evaluation. Evalu-
ation has several purposes: assessment of severity, prediction of prognosis, and identifica-
tion of associated disorders. The severity of the myositis often correlates with enzyme levels 
and degree of weakness. Patients should be assessed for esophageal, pulmonary, and car-
diac involvement with tests such as a barium swallow and / or esophageal motility studies, 
chest x-ray and / or high resolution chest CT, pulmonary function studies including diffu-
sion capacity, and an electrocardiogram.

An evaluation for malignancy should be considered in all adult patients with DM (Cal-
len, 1982, Callen, 2002). The type of evaluation is selected based upon the patient’s age and 
sex. The likelihood of malignancy increases with age and the sites vary depending on the 
patient’s age. It has been suggested that patients should be followed in conjunction with an 
internist with ongoing vigilance based on thorough medical histories, review of symptoms, 
complete physical examinations, and screening laboratory tests (Callen, 1994). Women 
need to undergo mammograms, pelvic ultrasound, Papanicolao smear, and CA-125 test-
ing; whereas men need Prostate Specific Antigen (PSA) testing. Some have advocated in-
cluding CT scans of the chest (rather than relying on a chest x-ray), abdomen, and pelvis as 
part of the routine malignancy work-up in adult patients with DM.

Malignancy evaluation is repeated annually for at least the first three-years following di-
agnosis as well as with any new symptoms. The overrepresentation of cancer in these pa-
tients seemingly approaches normal levels after three-years (Hill et al., 2001), thus, age-spe-
cific malignancy screening, along with evaluation of any abnormal symptoms or findings, is 
recommended for following patients more than three years after the initial diagnosis.

Course and Therapy

Several general measures are helpful in treating patients with DM. Bedrest is often valu-
able in the individual with progressive weakness; however, this must be combined with a 
range-of-motion exercise program to prevent contractures. Patients who have evidence of 
dysphagia should have the head of their bed elevated and should avoid eating meals imme-
diately before retiring. 
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All patients with muscle disease should be considered for exercise and rehabilitation 
programs because even in patients responding to pharmacologic interventions for myo-
sitis, a majority will develop sustained disability (Alexanderson H, 2009). Studies demon-
strate that patients with inflammatory muscle disease who participate in these programs 
have improved muscle strength and endurance and note reduced disease activity. In addi-
tion, improvement in strength has been demonstrated even in the course of active disease, 
rather than inducing flares in muscle involvement (de Salles Painelli et al., 2009).

In both adults and children, attention to general health maintenance principles and os-
teoporosis prevention is a key element of patient management. This can be accomplished 
by joint longitudinal care with an internist or pediatrician.

Corticosteroids and Immunosuppressive Agents

The mainstay of therapy for DM muscle disease or systemic involvement is the use of sys-
temic corticosteroids. Traditionally, prednisone is given at a dose of 0.5 to 1 mg / kg daily as 
initial therapy. The treatment should continue for at least one month after the myositis has 
become clinically and enzymatically inactive. At this point, the dose is slowly tapered, gen-
erally over a period lasting one and a half to two times as long as the period of active treat-
ment. Approximately 25% of patients with dermatomyositis will not respond to systemic 
corticosteroids, another 25–50% will develop significant steroid-related side effects. There-
fore, early intervention with steroid-sparing agents, primarily immunosuppressive agents, 
such as methotrexate, azathioprine, mycophenolate mofetil, high-dose intravenous immu-
noglobulin (IVIG), cyclophosphamide, chlorambucil, or cyclosporine may be an effective 
means of inducing or maintaining a remission (Sinoway and Callen, 1993; Villalba and Ad-
ams, 1996; Gelber et al., 2000; Vencovsky et al., 2000; Dalakas et al., 1993). High-dose IVIG 
is one of the only agents that has been evaluated in a randomized, placebo-controlled clin-
ical trial, which demonstrated benefit in both the muscle disease and cutaneous disease of 
DM (Dalakaas et al., 1993). Further open-label studies have demonstrated similar results 
(Cherin et al., 2002). 

Roughly one-half to three fourths of patients treated with an immunosuppressive agent 
will respond with an increase in strength, a decrease in enzyme levels, or a reduction in 
corticosteroid dosage. However, there are few double-blind, placebo-controlled studies 
that demonstrate the effectiveness of any of these agents.

Additional Therapeutic Options for Muscle and / or Systemic Involvement

Patients who fail to respond to these immunosuppressives may respond to pulse methyl-
prednisolone therapy (Callen et al., 1994; Sawhney et al., 2000; Al-Mayouf et al., 2000a), 
combination immunosuppressive therapy (Villalba et al., 1998), etanercept (Saadeh, 2000), 
infliximab (Hengstman et al., 2000), rituximab (Levine, 2005), oral tacrolimus (Ochi et al., 
2005, Mitsui et al., 2005), sirolimus (Nadiminti and Arbiser, 2005), total body irradiation 
(Kelly et al., 1988), or hematopoietic stem cell transplantation (HSCT, Saccardi et al., 2008, 
Wu et al., 2007). Notably, there have also been treatment failures reported with most of 
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these potential therapies. Early enthusiasm for plasmapheresis and / or leukapheresis was 
followed by a placebo-controlled study that failed to demonstrate effectiveness (Miller 
et al., 1992). 

Therapeutic Options for Cutaneous Disease

Even after the myositis and systemic disease of DM are controlled with corticosteroids 
and / or immunosuppressive therapy, the cutaneous disease often remains recalcitrant to 
therapy and can be particularly challenging to manage. In fact, there is known to be a 
discordant response to therapy between muscle and skin disease in DM (Dawkins et al., 
1998). For these reasons, there are subsets of patients in which cutaneous disease becomes 
the primary component of disease management. This includes patients with postmyo-
pathic dermatomyositis and those with clinically amyopathic dermatomyositis. In both of 
these subsets of patients, aggressive corticosteroid therapy is frequently not warranted.

Anecdotal experience supports the concept that systemic corticosteroids have varying 
degrees of efficacy for the cutaneous manifestations of dermatomyositis, with only a small 
subgroup of patients having excellent responses at doses that do not cause toxicity. In ad-
dition, many patients on toxic doses of systemic corticosteroids have little to no effect on 
their cutaneous disease or its associated symptoms. In sum, given the host of potential side 
effects of long-term systemic corticosteroid therapy as well as the refractory nature of the 
skin lesions in dermatomyositis, systemic corticosteroids are not considered the mainstay 
in therapy for cutaneous disease. 

Most patients with cutaneous lesions are photosensitive; thus, the daily use of a broad-
spectrum sunscreen with a high sun protective factor is recommended. Wide-brimmed 
hats, sun protective clothing, and behavioral modification should also be encouraged as 
skin manifestations are challenging to control without adequate photoprotection. Anti-
pruritics, both topical and oral, are often necessary given the prominent pruritus that is of-
ten associated with DM. Topical therapy with an appropriately selected corticosteroid or 
with a calcineurin inhibitor, such as tacrolimus or pimecrolimus, may be useful adjunctive 
therapy (Hollar and Jorizzo, 2004). 

Hydroxychloroquine HCL in dosages of 200 mg to 400 mg per day is effective in approx-
imately 80% of patients with DM in serving as a steroid-sparing agent (Woo et al., 1984). 
Patients who do not respond well to hydroxychloroquine can be switched to chloroquine 
phosphate 250 to 500 mg per day or can have quinacrine HCL 100 mg once or twice daily 
added to the regimen. One published report has supported the synergistic effect of com-
bination antimalarials in cutaneous dermatomyositis (Ang and Werth, 2005). Patients on 
continuous antimalarial therapy should have periodic ophthalmologic examinations and 
blood counts. It appears that patients with DM have a greater frequency of drug eruptions 
from antimalarials, thus patients should be warned about this possibility (Pelle and Cal-
len, 2002).

Methotrexate in doses of 15–35 mg per week has been reported to be useful for skin le-
sions of DM (Zieglschmid et al., 1995; Kasteler and Callen, 1997). These studies, however, 
are uncontrolled, open-label observations. The need for routine liver biopsy in the DM pa-
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tient treated with methotrexate is controversial, but patients who are obese, diabetic, or 
have abnormal liver function tests should potentially have periodic liver biopsies.

Only IVIG has been studied for the cutaneous disease of DM in a randomized-con-
trolled fashion (Dalakas et al., 1993). Other immunosuppressive agents have not been sys-
tematically studied specifically for the cutaneous lesions of DM, but anecdotal reports have 
demonstrated benefit from mycophenolate mofetil (Tausche and Maurer, 2001, Gelber 
et al., 2000, Edge et al., 2006), thalidomide (Stirling, 1998), dapsone (Konohana and Ka-
washima, 1994, Cohen JB, 2002), adjuvant leflunomide (Boswell and Costner, 2008), anti-
estrogen medications (Sereda and Werth, 2006), infliximab (Dold et al., 2007), etanercept 
(Saddeh, 2000), efalizumab (this drug has been withdrawn from the market) (Huber et al., 
2006), rituximab (Feist et al., 2008, Dinh et al., 2007), oral tacrolimus (Hassan et al., 2008, 
Martin Nalda et al., 2006, Yamada et al., 2004), sirolimus (Nadiminti and Arbiser, 2005), 
total body irradiation (Kelly et al., 1988), and HSCT (Wu et al., 2007) in some cases.

Calcinosis is a complication of DM frequently seen in children and adolescents and 
occasionally seen in adults. This process may be prevented by aggressive early treatment 
(Kim et al., 2009). The use of intravenous methylprednisolone may lessen the frequency 
and severity of this process (Callen et al., 1994, Pachman LM, 1994). Others have sug-
gested that immunosuppressives may similarly reduce the chance of calcinosis (Al-Mayouf 
et al., 2000b). Once established, calcinosis is difficult to treat. Although possible, sponta-
neous regression is unusual. Individual patients have been treated with low-dose warfarin 
(Matsuoka et al., 1998), oral aluminum hydroxide (Wang et al., 1988), probenecid (Harel 
et al., 2001), alendronate (Ambler et al., 2005), infliximab (Riley et al., 2008), IVIG (Schanz 
et al., 2008, Penate et al., 2009), HSCT (Holzer et al., 2010), pamidronate (Slimani et al., 
2010), electric shock wave lithotripsy (ESWL, Chan and Li, 2005), and / or surgical exci-
sion (Downey et al., 1988), however, no studies have documented the usefulness of these 
therapies in larger groups of patients. Reports of long-term administration of diltiazem are 
promising (Oliveri et al., 1996, Vinen et al., 2000, Abdallah-Lotf et al., 2005).

The prognosis of dermatomyositis varies greatly, depending on the series of patients 
studied. Factors that affect prognosis include the patient’s age, the severity of myositis, pro-
gressive disease, the presence of dysphagia, the presence of cardiopulmonary involvement, 
the presence of an associated malignancy, a longer duration of symptoms prior to diag-
nosis and initiation of therapy, and the response to systemic corticosteroid therapy (Ma-
rie et al., 1999; Iorizzo and Jorizzo, 2008). It seems to be well established by retrospective 
reports that the use of systemic corticosteroids and / or immunosuppressive therapies im-
proves the prognosis.

Summary

DM is a condition primarily of the skin and muscles, but other systemic features may oc-
cur. DM appears to be the predominant idiopathic inflammatory myopathy in children, 
whereas in adults, many patients lack skin disease (polymyositis or inclusion body myosi-
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tis). In addition, a subset of both adult and juvenile patients with DM have cutaneous dis-
ease in the absence of myositis, referred to as amyopathic DM. These patients are still at 
risk for malignancy and systemic disease. 

The pathogenesis of the muscle disease is becoming better understood, but the cutane-
ous disease mechanisms remain enigmatic. DM in adults is associated with malignancy 
and thus a careful evaluation of each patient should be part of their initial and follow-up 
assessments. Patients should also be evaluated for the presence of associated systemic dis-
ease, particularly esophageal, pulmonary, and / or cardiac disease. 

Corticosteroids, immunosuppressives, biologic agents, and / or intravenous immuno-
globulin are effective therapies for the myopathy of DM, whereas the skin disease is best 
managed with photoprotection, topical corticosteroids and / or topical calcineurin inhib-
itors, antimalarials, methotrexate, mycophenolate mofetil, and / or intravenous immuno-
globulin. Calcinosis occurs more frequently in children with DM, and early aggressive 
therapy may limit the chance of this complication. Overall, the prognosis of DM is good 
except for patients with malignancy, those with severe and progressive weakness, and those 
with cardiopulmonary dysfunction.
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Introduction

Since Klemperer proposed a concept on diffuse collagen disease in 1942, diseases occur-
ring in the connective tissue have been understood to reveal their clinical symptoms in 
various tissues and organs with a variety of findings. This concept consequently allowed us 
to believe in the presence of a disease appearing between two established diseases or being 
an overlapped or mixed form of two diseases.

Sharp had recognized a group of patients who have mixed clinical features of systemic 
lupus erythematosus (SLE), systemic sclerosis (SSc) and polymyositis (PM). All such pa-
tients had high titers of anti-extractable nuclear antigen (ENA) antibody and a good prog-
nosis. In 1972, Sharp et al. published a group of these conditions as a new disease entity: 
mixed connective tissue disease (MCTD).

The independent feature of the clinical entity of MCTD, however, was criticized by sev-
eral investigators including Reichlin et al. (1976), LeRoy et al. (1980) and Nimelstein et al. 
(1980) on the following two points. The clinical features of MCTD do not differ from those 
of anti-snRNP antibody-positive SLE patients and most MCTD patients progress to sclero-
derma during the observation period.

Nevertheless, MCTD has been a recognized disease all over the world having character-
istic mixed clinical features of several connective tissue diseases and autoantibody to U1s-
nRNP.

Etiopathogenesis

Anti-U1snRNP Autoantibodies

The etiopathogenesis of MCTD is not clear, a fact true of other connective tissue diseases. 
However, the function of U1snRNP to which anti-U1snRNP antibody reacts was clarified 
by Lerner and Steitz (1979) to be a splicing of the precursor of mRNA. The mechanism un-
derlying the production and pathogenic significance of anti-U1snRNP antibody has been 
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studied by many investigators and clarified in part. Query et al. (1987) described a fact 
of molecular mimicry between RNP antigen and retroviral p30gag antigen. They dem-
onstrated that 11 of 25 or 12 of 24 amino acids of the 70 kDa RNP antigen are homolo-
gous to those of Molony MuLV p30gag protein, and further observed that heteroimmune 
anti-p30gag antibody reacted to 70 kDa protein of RNP. Alarcon-Segovia et al. (1978) pre-
sented the attractive phenomenon of sufficient penetration of the anti-U1snRNP antibody 
but little penetration of anti-DNA antibody into the living cells. In their recent publication 
(Alarcon-Segovia et al., 1996), they demonstrated that anti-U1snRNP antibody penetrated 
into human mononuclear cells and induced apoptosis of the autoreactive lymphocytes at a 
higher frequency of 7.70% than control IgG at 1.21%, with the higher frequency believed to 
induce subsequently autoimmune disease. 

Other Autoantibodies

In addition to anti-U1snRNP antibody (Burdt et al., 1999), several auto antibodies have 
been found in patients with MCTD. These autoantibodies and their frequencies in the sera 
of MCTD patients were presented in Table 1. The pathogenic and clinical significance of 
these autoantibodies, however, remains unclear, in the same manner as anti-U1snRNP an-
tibody. Mairesse et al. (1993) tested serum samples from 18 patients with MCTD against 
human constitutive HSP 73 kDa protein and found a positive reaction with higher titers 
in all 18 patients, in contrast to the negative reaction of the sera of patients with rheuma-
toid arthritis (RA), SLE, SSc and PM. They concluded that anti-HSP 70kDa antibody could 
become a new diagnostic marker for MCTD. Anti-casein kinase II (CKII) antibody was 
found in 15% (8/52) of patients with MCTD, but in none of 52 healthy donors (Wiemann 
et al., 1993). The epitope of CKII was identified to be present in a subunit of the CKII mol-
ecule. However, they could not find any correlation between the occurrence of anti-casein 
kinase II antibody and anti-U1snRNP antibody. Anti-endotheial cell (EC) antibody was 
found in serum samples of 57% of patients with MCTD, and these antibody-positive pa-
tients were found to have higher levels of serum endothelin-1 at 7.3 ± 1.5 pg /ml (n = 12) by 
Filep et al. (1995). Both anti-EC antibody and endothelin-1 have been considered to par-
ticipate in the process of vascular damage in MCTD patients. The antibody to spliceosome 
(A2/hn RNP) was first described by Hassfeld et al. (1995) in the sera of 38% of patients 
with MCTD, and this antibody was considered to interact with other hnRNP proteins. This 
antibody to heterogeneous nuclear ribonucleoprotein complex (hn RNP-A2) was found at 
almost an equivalent frequency in the sera of patients with RA and SLE. However, in recent 
studies, an epitope difference between anti-A3/RA33 antibody in MCTD and those in RA 
or SLE was reported (Steiner et al., 1996; Skriner et al., 1997).

Anti-human endogenous retrovirus (HERV) p30gag antibody was detected in the sera 
of MCTD patients at a frequency of 33%, and also found at a similar frequency in the 
sera of SLE (48.3%) and Sjogren’s syndrome (35.0%) patients (Hishikawa et al., 1997). An-
tiphospholipid antibodies were found in MCTD patients at 15% (7 /48) with low titers and 
none of these antibody-positive patients demonstrated vascular lesions due to thrombo-
embolisms including pulmonary embolism. This findings differed from the reported 
thromboembolism of antibody-positive SLE patients (Komarireddy et al., 1997). However, 
anticardiolipin antibody has been reported to be associated with pulmonary hypertension 
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in patients with MCTD (Miyata et al., 1992, 1993). Anti-fibrillin-1 antibody was found by 
Tan et al. (1999) in the sera of 38% of MCTD patients. The fibrillin-1 is the major structural 
glycoprotein of connective tissue microfibrils, especially of elastic fibers. This antibody was 
similarly found in the sera of patients with diffuse SSc (37%) and CREST syndrome (51%). 
Similar results have been reported by Lund berg et al. (2000) on anti-fibrillin-1 antibody in 
MCTD and CREST syndrome. Recently, Sato et al. (2000) reported the presence of anti-
nuclear matrix antibody in the sera of patients with anti-U1RNP antibody at a frequency 

Table 1. Immunological Aberrations of Patients with Mixed Connective Tissue Disease

A. Autoantibodies to Frequency Reference

U1snRNP 100% Burdt et al., 1999

73 kDa HSP 100% Mairesse et al., 1993

Casein kinase  15% Wiemann et al., 1993

Endothelial cells  57% Filep et al., 1995

Spliceosome (A2/hn RNP)  38% Hassfeld et al., 1995

Human endogenous  
retrovirus p30gag

 33% Hishikawa et al., 1997

Phospholipid  15% Komatireddy et al., 1997

Fibrillin-1  34% Tan et al., 1999

Nuclear matrix 100% Sato et al., 2000

B. T cell characteristics

CD4 + CD45 + RA increased
(p < 0.01)

Becker et al., 1992 

TCR Vβ8 / Vβ11 / Cβ decreased
(p = 0.029)

Ikaeheimo et al., 1994

TCR Vβ1, 3, 4, 5.2, 14, 16 frequently used Okubo et al., 1994

TCR AV CDR3  
(common motif)

highly conserved
(p < 0.03)

Talken et al., 1999

C. HLA class II specificity

DR4 in American increased Hoffmann et al., 1990

DR4 (B15, DR4) in Finnish increased
(p < 0.05)

Ruuska et al., 1992

DR2 or DR4 in English  
(UCTD)

increased
(p = 0.007)

Gendi et al., 1995

DRB4* 0101, in Japanese increased Dong et al., 1993

DQB1* 0501
(p = 0.0051)

in Mexican increased Weckmann et al., 1999

U1snRNP: U1 small nuclear ribonucleoprotein, HSP: heat shock protein, hnRNP: hetero-
genous nuclear ribonucleoprotein, TCR: T cell receptor, Vβ: variable region of β-chain, AV: 
variable region of α-chain, CDR: complementary determining region, UCTD: undifferenti-
ated connective tissue disease
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of 100%. Higher titers of this antibody were detected in MCTD and SSc patients, and lower 
titers in SLE and undifferentiated connective tissue disease (UCTD) patients. They con-
sidered this antibody to be potentially useful in distinguishing MCTD or SSc from SLE or 
UCTD. This antibody to the nuclear matrix, a relatively insoluble component of the cell 
nucleus, was originally reported by Fritzler et al. (1984). 

Additional Immune Phenomena

The T cell population of MCTD patients has been characterized by several investigators. 
Becker et al. (1992) reported an increased percentage of CD4+ CD29+ T cells in MCTD 
patients compared with controls (p < 0.01 and p < 0.001, respectively). They considered this 
imbalance of the T cell population to likely enhance autoimmunity. A haplotype of TCR 
Vβ8/Vβ11/Cβ was reported to be reduced in Finnish MCTD patients (p < 0.029) compared 
to controls (Ikaeheimo, 1994). On the other hand, an increased frequency of TCR Vβ, 3, 4, 
5.2, 14 and 16 in Japanese MCTD patients was reported by Okubo et al. (1994). Holyst et al. 
(1997) reported that T cells in MCTD patients responding to 70 kDa, B or D protein of RNP 
antigen produced a higher level of IL-4 and IFN-γ, but a lower level of IL-2 and IL-6. Talkin 
et al. (1999) reported that the T cell receptor reactive to U1 70 kDa snRNP has hold a highly 
conserved common motif in the CDR 3 region of the α chain of the receptor.

The specificity of HLA class II antigen in MCTD patients has been investigated in sev-
eral studies. An increased frequency of HLA-DR4 has been found in North American pa-
tients (Hoffman et al., 1990). Similarly, an increased frequency of DR4 (B15, DR4) was 
found in Finnish patients compared with controls (p < 0.05) (Ruuska et al., 1992), and an 
increased association with DR2 or DR4 was found in the undifferentiated type of MCTD 
in English patients (p = 0.007, Gendi et al., 1995). An increased frequency of DRB4*0101 
and DQA1*03 was observed in Japanese MCTD patients compared with SLE patients 
(RR = 2.47 and 2.25, respectively, Dong et al., 1993). Finally, an increased frequency of 
DQB1*0501 was found in Mexican patients (p = 0.0051, Weckmann et al., 1999).

Increased serum levels of several proteins are present in MCTD patients. Filep et al. 
(1995) reported an increased level of serum endothelin-1. More over, patients with MCTD 
complicated by pulmonary hypertension showed increased serum levels of angiotensin 
converting enzymes (Ozawa et al., 1995), IL-1 and IL-6 (Okawa et al., 1994), and IL-6 and 
IgG anti cardiolipin antibody (Nishimaki et al., 1999).

Clinical Appearance

The clinical features of patients with MCTD vary and include those found in SLE, SSc, 
PM and occasionally RA. The frequency of each clinical findings differs slightly depending 
on the race of the patients studied and on the diagnostic criteria used. The frequencies of 
each findings observed in a multi-institutional study including 284 MCTD patients in Ja-
pan (Miyawaki et al., 1988) and those of a study involving 47 MCTD patients in the USA 

Reiji Kasukawa270



(Burdt et al., 1999) are presented in Table 2. As seen in this table, the findings observed at 
the highest frequency in both groups of patients were Raynaud’s phenomenon, polyarthri-
tis/arthralgia, swollen hands, sclerodactyly, pulmonary lesions and muscle symptoms. The 
second tier of the frequently observed findings include esophageal dysfunction, leukocy-
topenia or throm bo cytopenia and pleuritis and pericarditis. Rarely found clinical findings 
were alterations of the nervous system, renal lesions and diffuse sclerosis in both groups. 
One of the characteristic features of MCTD patients is swollen fingers or hands, a symp-
tom referred to “sausage-like fingers” (Fig. 1). No significant differences between MCTD 
and SLE in the features of facial erythema have been described. In Fig. 2, a photograph of 

Table 2. Clinical Findings of Patients with Mixed Connective Tissue Disease 

Japanese patients
(Miyawaki et al., 1988)
284 cases

US patients
(Burdt et al., 1999)
47 cases

Raynaud’s phenomenon 97.9%  96%*

Swollen fingers or hands 73.9  66

Anti-U1snRNP antibody positive 96.6 100

Arthritis 69.5  96 (arthralgia)

Sclerodactyly 50.2  49 

Reduced diffusion capacity 48.5  66 (pulmonary)

Pulmonary fibrosis 40.1         dysfunction

Restrictive changes of lung 33.5

Pulmonary hypertension 4.5  23

Muscle weakness 39.3  51 (myositis)

Myogenic pattern on EMG 35.4 

Elevated muscle enzymes 31.0

Leukocytopenia 37.7  53 (leukopenia /

Thrombocytopenia 8.9          lymphopenia)

Lymphoadenopathy 29.2  –

Esophageal hypomotility or dilatation 27.7  66

Facial erythema 19.5  53 (skin rash)

Pleuritis 6.5  43 (pericarditis)

Pericarditis 5.7

Anti-Sm antibody 11.5  22

Diffuse sclerosis 11.6  19

Proteinuria 7.8  11 (renal disease)

Urinary casts 1.8

* Cumulative findings
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Fig. 1. Swollen fingers and hands of a 58-year-old woman with mixed connective tissue 
disease

Fig. 2. Face of a 32-year-old woman with 
mixed connective tissue disease. Discrete fa-
cial erythema and slightly sclerotic skin at the 
nose and around the mouth
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the face of a MCTD patient with faded erythema and acrosclerosis is presented. Among 
these findings in MCTD patients, some show a tendency to diminish while others persist 
or increase during the observation period. A similar change in the clinical features of the 
patients during the observation period has been reported in several studies. The results of 
two studies done in Japan (Miyawaki et al., 1988) on 284 patients followed for a mean pe-
riod of 6 years, and those of a study in the USA (Burdt et al., 1999) on 47 patients followed 
for a mean period of 15 years were very similar. Diminished symptoms included myositis, 
arthritis, facial erythema, pleuritis/pericarditis in both studies. On the other hand, persis-
tent or increased symptoms were pulmonary lesions, scleroderma and esophageal dysfunc-
tion. Raynaud’s phenomenon remained almost unchanged in both groups.

Pulmonary hypertension in MCTD patients had been recognized in the early 1980’s 
by Esther et al. (1981), Graziano et al. (1983) and Sullivan et al. (1984). The prevalence of 
pulmonary hypertension in MCTD patients was reported to be 4% by Esther et al. (1981) 
and 3.9% by Miyawaki et al. (1988). Sharp stressed the clinical importance of pulmonary 
hypertension and included it in his diagnostic criteria as one of major symptoms (Sharp, 
1987). Pulmonary hypertension is the most critical symptom related to the prognosis 
of MCTD patients. Sawai et al. (1997) reported that the most frequent cause of death in 
MCTD patients is pulmonary hypertension, accounting for 11 of 32 (34%) autopsy cases 
with MCTD. In a comparison between MCTD patients and those with SLE and SSc, we 
reported that pulmonary hypertension in MCTD occurred more quickly and carried a 
shorter survival period than in other diseases (Kasukawa et al., 1990). Characteristic his-
topathological findings of pulmonary hypertension in MCTD patients include a marked 
internal thickening of the pulmonary arteries especially in the distal portion, and the hy-
pertensive pulmonary vascular change with plexiform lesions accompanied by or without 
pulmonary fibrosis (Hosoda et al., 1994; Sawai et al., 1997). The five-year survival rate of 
MCTD patients was reported to be 96.5% (Tojo et al., 1991).

Diagnosis

Since Sharp reported MCTD to be a distinct disease entity in 1972, criticism has been raised 
over its supposed independent nature. The main thrust of the criticism can be summarized 
as follows: the first is the difficulty in distinguishing patients whose symptoms could simul-
taneously satisfy two criteria for MCTD and other connective tissue diseases such as SLE 
(Reichlin, 1976) or SSc and the second is the shifting of clinical features of MCTD to those 
of other connective tissue diseases such as SSc or SLE during the observation period (LeRoy 
et al., 1980, Nimelstein et al., 1980; Black et al., 1992; van den Hoogen et al., 1994).

To address these problems, a classification criteria for MCTD was eagerly pursued. To 
date, three criteria for MCTD have been proposed: Alarcon-Segovia’s criteria (1976; revised 
in 1987), Sharp’s criteria (1987) and the criteria of The Research Committee of the Japanese 
Ministry of Health and Welfare for MCTD (JMHW, Kasukawa et al., 1987). The three sets 
of criteria for MCTD arranged by Smolen and Steiner (1998) are presented in Table 3. The 
reliability of the diagnostic criteria depends on their sensitivity and specificity when tested 
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Table 3. Characteristics of 3 Sets of Criteria for the Classification of Mixed Connective Tissue 
Disease* 

Reference Criteria Requirements for diagnosis

Alarcon-Segovia 
and Villarreal (1987)

A. Serologic Serological criterion plus at least
3 clinical criteria, including 
either synovitis or myositis.1.  Anti-RNP at a hemagglutina-

tion titer of  1:1600

B. Clinical

1. Edema in the hands

2. Synovitis

3. Myositis

4. Raynaud’s phenomenon

5. Acrosclerosis

Kasukawa et al. 
(1987)

A. Common symptoms At least 1 of the 2 common 
symptoms plus positive for 
anti-snRNP plus 1 or more 
of the mixed symptoms in at 

least 2 of the 3 disease categories.

1. Raynaud’s phenomenon

2. Swollen fingers or hands

B. Anti-snRNP antibody positive

C. Mixed symptoms

1. SLE-like findings

a. Polyarthritis

b. Lymphadenopathy

c. Facial erythema

d. Pericarditis or pleuritis

e. Leuko- or thrombocytopenia

2. SSc-like findings

a. Sclerodactyly

b.  Pulmonary fibrosis, restric-
tive  changes of lung, or 
reduced diffusion capacity

c.  Hypomotility or dilatation of 
esophagus

3. PM-like findings

a. Muscle weakness

b.  Elevated serum levels of 
muscle enzymes 
(CPK)

c. Myogenic pattern on EMG

Sharp (1987) A.  Major At least 4 major criteria 
plus anti-U1 RNP titer of at least
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on patients with objective disease and control diseases. Few studies have been performed 
to test the sensitivity and specificity of the proposed criteria for MCTD. The results of the 
five reported studies are listed chronologically in Table 4 (Kasukawa et al., 1987; Alarcon-
Segovia et al., 1989; Doria et al., 1991; Amigues et al., 1996; Smolen and Steiner, 1998). The 
sensitivity and specificity of these three criteria were found to be satisfactorily high except 
for the study of Amigues et al. (1996). In general, the criteria of Alarcon-Segovia are simple 

Reference Criteria Requirements for diagnosis

1. Myositis, severe 1:4000 (exclusion criterion: 
positivity for anti-Sm); 

2. Pulmonary involvement Or, 2 major criteria from among 
criteria 1, 2, and 3 plus 

a.  Diffusion capacity < 70% of 
normal values

2 minor criteria plus anti-U1 
RNP titer of at least 1:1000

b. Pulmonary hypertension

c.  Proliferative vascular lesions 
on lung biopsy

3.  Raynaud’s phenomenon or 
esophageal hypomotility

4. Swollen hands or sclerodactyly

5.  Anti-ENA  1:10,000 and anti-
U1 RNP positive and anti-Sm 
negative

B. Minor

1. Alopecia

2. Leukopenia

3. Anemia

4. Pleuritis

5. Pericarditis

6. Arthritis

7. Trigeminal neuropathy

8. Malar rash

9. Thrombocytopenia

10. Mild myositis

11. History of swollen hands

* snRNP = small nuclear RNP; SLE = systemic lupus erythematosus; SSc = systemic sclerosis; 
PM = polymyositis; CPK = creatine phosphokinase; EMG = electromyogram; ENA = ex-
tractable nuclear antigen (Smolen and Steiner: Arthritis Rheum 1998)

Table 3. (continued) Characteristics of 3 Sets of Criteria for the Classification of Mixed Con-
nective Tissue Disease* 
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and suitable for screening MCTD from various connective tissue diseases, whereas the cri-
teria of Sharp and JMHW are suitable not only for classifying MCTD as a connective tissue 
disease but also for analyzing each of the clinical features of MCTD patients.

Therapy

Therapeutic regimens for treating MCTD patients are similar to those used for patients 
with SLE, SSc or PM. The main therapeutic approach is the administration of systemic 
corticosteroids. Nonsteroidal anti-inflammatory drugs (NSAID) and vasodilatators are of-
ten used, and immunosuppressants are occasionally used. In our multi-institutional study 
done in Japan (Miya waki et al., 1988) on 284 patients with MCTD, the therapeutic methods 
used were as follows: corticosteroids in 230 cases (81.0%), vasodilatators in 123 (43.3%), 
NSAID in 109 (38.4%), prostaglandin or prostacyclin derivatives in 37 (13.0%), and immu-
nosuppressants in 16 (5.6%). In the above study, the correlation between doses of predni-
solone and prognosis was analyzed. Administration of 30 mg or more of prednisolone per 
day induced a better prognosis of MCTD patients (p < 0.05) than doses of less than 30 mg 
of prednisolone per day according to Radit and Mann-Whitney tests (Table 5, Miyawaki 
et al., 1988). Aside from these drugs, several other therapeutic methods have been used for 
MCTD patients, including anticoagulants, plasma exchange and O2 inhalation.

Table 5. Correlation between Doses of Prednisolone used for 284 Patients with Mixed Con-
nective Tissue Disease and their Prognosis for 6 Years at Mean (Miyawaki et al., 1988)

No. of patients who revealed the prognosis of 

Remission
125 (45.0%)

Unchanged
124 (43.7%)

Worse
12 (4.2%)

Deceased
16 (5.6%)

Unknown
4 (1.4%)

Not used  69  15 (21.7) 48 (69.6) 3 (4.3) 2772 (2.9) 1 (1.4)

**

Used 215 113 (52.6) 76 (35.3) 9 (4.2) 14 (6.5) 3 (1.4)

 

Less than 20 mg  54  22 (40.7) 28 (51.9) 1 (1.9)  2 (3.7) 1 (1.9)

ns

More than 20 mg 161  91 (56.5) 48 (29.8) 8 (5.0) 12 (7.5) 2 (1.2)

Less than 30 mg  88  36 (40.9) 46 (52.3) 1 (1.1)  3 (3.4) 2 (2.3)

*

More than 30 mg 127  77 (60.6) 30 (23.6) 8 (6.3) 11 (8.7) 1 (0.8)

* p < 0.05, ** p < 0.01, ns: not significant 
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Summary

Pulmonary hypertension in MCTD patients is the most critical factor affecting the prog-
nosis of MCTD patients. Corticosteroids are occasionally effective during the early stage of 
the disease. Anticoagulants (warfarin potassium), antiplatelets (ticlopidine hydrochloride), 
and vasodilatators (prostaglandin or prostacyclin derivatives, calcium antagonists) are 
used for the progressive stage of pulmonary hypertension. Digitalis products and diuret-
ics are used to treat heart failure in the advanced stage of pulmonary hypertension. A com-
bination of cyclophosphamide and cyclosporin A was reported to be effective against the 
pulmonary hypertension in MCTD patients (Dahl et al., 1992). However, to date no prom-
ising therapeutic methods have been established for both primary and secondary type of 
the pulmonary hypertension. Inhalation of NO in addition to O2 is effective against pul-
monary hypertension (Pepke-Zaba, 1991).
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Introduction

Sjögren’s syndrome (SS) is an autoimmune disorder characterized by dry eyes (kerato-
conjuctivitis sicca) and dry mouth due to lymphocytic infiltrates of lacrimal and salivary 
glands. The symptoms of dryness result from glandular destruction and the dysfunction 
in residual glands due to local production of cytokines and metalloproteinases. When the 
condition occurs without association with other autoimmune diseases, it is classified as 
primary Sjögren’s syndrome (“1° SS” ). However, SS is often found in conjunction with 
other autoimmune disorders such as rheumatoid arthritis (RA), systemic lupus erythema-
tosus (SLE), dermatomyositis, scleroderma (progressive systemic sclerosis, PSS), and pri-
mary biliary cirrhosis, and in these cases is termed secondary SS (2° SS).

The dermatologist and rheumatologist should be aware that although many clinical and 
laboratory features in 1°SS patients are similar to SLE patients, due to the low recognition 
of SS as a clinical entity among referring primary MDs who note a positive ANA and label 
the patient as SLE, many patients (especially among the older patients) who are labeled as 
SLE would better fulfill criteria for SS than for SLE (discussed below). 

There are overlaps of SS with other autoimmune diseases such as scleroderma (progres-
sive systemic sclerosis, or PSS), dermatomyositis, and rheumatoid arthritis. There is also a 
significant overlap with patients who have “fibromyalgia”, a poorly defined disorder char-
acterized by fatigue and a centralized pain syndrome. 

This chapter will concentrate on dermatologic manifestations of primary SS with em-
phasis on the ocular surface, oral manifestations, and cutaneous findings. 

Therapies will be reviewed, and we will concentrate on four basic areas: 
a) methods to improve lubrication of local manifestations of dryness involving the eye 

and mouth; 
b) recognition of associated problems of xeropthalmia and xerostomia, such as oral 

yeast infections, ocular blepharitis and gastro-tracheal reflux;
c) recognition and treatment of systemic manifestations of SS including vasculitis and 

lymphoproliferative features; 
d) assessment and therapy of fatigue and vague cognitive symptoms that are not clearly 

the result of a systemic autoimmune process, but are similar to symptoms of “fibromy-
algia” patients. 

Robert I. Fox and Carla M. Fox
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Background

The first description of SS is generally credited to Johann Mikulicz, who in 1892, described 
a 42-year-old farmer with bilateral parotid and lacrimal gland enlargement associated with 
a small round cell infiltrate (Mikulicz, 1892). Because the term “Mikulicz’s Syndrome” 
could encompass so many different entities including tuberculosis, other infections, sar-
coidosis, and lymphoma, the term “Mikulicz Syndrome” fell into disuse because it did not 
provide sufficient prognostic or therapeutic information (Daniels and Fox, 1992). The term 
is still occasionally used to describe the histologic appearance of focal lymphocytic infil-
trates on salivary gland biopsies. 

In 1933, the Swedish ophthalmologist Henrik Sjögren described clinical and histologic 
findings in 19 women, 13 of whom had probable rheumatoid arthritis, with dry mouth and 
dry eyes. Sjogren introduced the term “keratoconjunctivitis sicca” (KCS) for this syndrome 
to distinguish it from dry eyes caused by lack of vitamin A (“xerophthalmia”). 

In 1953, Morgan and Castleman presented a case study of a patient with Sjögren’s Syn-
drome in a clinical pathologic conference and rekindled interest in the condition origi-
nally known as “Mikulicz’s Disease,” and subsequently these patients have been termed 
“SS,” while the term Mikulitz is still occasionally used to refer to the lymphoepithelial is-
lands seen on glandular biopsy (Morgan and Castleman, 1953). 

The clinical features of the disease as we currently recognize SS in its florid form were 
outlined in 1956 by Bloch et al. (Bloch et al., 1956). There has been considerable debate 
about the classification criteria of milder forms of SS that are discussed below. 

Primary SS is a systemic autoimmune disorder with a prevalence of about 0.5% in the 
general population, with a female preponderance of 9:1, which is roughly similar to SLE 
(Bowman et al., 2004; Fox, Tornwall, and Michelson, 1999). This would make SS one of the 
three most frequent autoimmune disorders (Pillemer et al., 2001), although it has received 
far less research and therapeutic attention than SLE or PSS.

There are two age peaks of primary SS, with the first peak after menarche during 20’s 
to 30’s and the second peak incidence after menopause in the mid-50-year age range. In a 
multicenter study, 40 cases of SS with onset prior to age 16 were identified based on parotid 
gland swelling and characteristic autoantibodies at presentation and a mild course during 
7-year follow-up (Cimaz et al., 2003).

Criteria for Diagnosis

There is relatively little disagreement among rheumatologists regarding the clinical diag-
nosis of SS in a patient with: 

florid physical exam findings of keratoconjunctivitis on ocular exam
dry mouth (xerostomia) and parotid swelling; 
positive ANA and anti-SS-A/SS-B antibodies. 

Robert I. Fox and Carla M. Fox284



Until recently, there were multiple sets of diagnostic criteria for primary SS including those 
by American (Daniels and Fox, 1992; Fox, Robinson et al., 1986) and European (EEC) 
groups (Vitali, Moutsopoulos, and Bombardieri, 1994) that were so significantly different, 
diagnoses of “SS” rendered by European physicians were almost ten-fold when utilizing 
the EEC criteria than in two different US criteria (Fox, 1997). This discrepancy in diagnos-
tic criteria led to confusion in the research and clinical trial literature. 

The criteria in current use is the European-American Consensus Group Modification 
of the European Community Criteria for SS (Vitali, 2003) (Table I). There are 6 criteria un-
der this classification: 
1) Symptoms of dry eye
2) Signs of dry eye (Schirmer or Rose Bengal test, see below)
3) Symptoms of dry mouth
4) Salivary gland function test (scintigram, sialogram, abnormal flow)
5) Minor salivary gland biopsy
6) SS-A or SS-B autoantibodies

For a diagnosis of primary SS, patients must fulfill 4 criteria, one of them being either:
positive salivary gland biopsy (focus score > 1, see below); or 
positive SS-A or SS-B autoantibody. 

Several points about autoantibodies associated with SS are worth reviewing. Some authors 
use the terms SS-A or B (Sjögren Associated Antigen A or B) and some use the terms Ro and 
La (named after the patients sera that were initially used for identification of these antigens 
(Chan et al., 1989). The SS-A antigen was found identical to the Ro antigen. Gene clon-
ing has identified that the SS-A antigen contains a 60 kd and a 52 kd molecule that associ-
ate with a tRNA like structure (called hYRNA) that serves a function in mRNA processing. 
Also, a 48 kd molecule termed SS-B is associated with the SS-A/hYRNA complex(Chan 
et al., 1989; Ben-Chetrit, Fox, and Tan, 1990). 

The presence or absence of antibody to SS-A/SS-B has been found to be closely associ-
ated with specific HLA-DR loci. In Caucasian populations, the association is with the ex-
tended HLA-DR3 locus that also includes specific DQ and complement C4 alleles (Harley 
et al., 1986). In populations such as Chinese and Japanese where DR3 is infrequent, a differ-
ent extended HLA-DR haplotype is associated with these autoantibodies (Fei et al., 1991). 
As will be discussed below, a functional role for these antibodies (that bind to hYRNA in 
immune complexes) in pathogenesis has recently been identified. 

About 60% of 10 SS patients have anti-SS-A antibody and about half of the anti-SS- A 
patients have anti-SS antibody. It is very uncommon to have anti-SS-B in the absence of 
anti-SS-A antibody (Harley et al., 1986; Hamilton et al., 1988; Rader et al., 1989; Gaither 
et al., 1987; Sestak et al., 1987). 

Diagnosis of secondary SS has not yet been addressed by the American European Con-
sensus Group. However, in practice we usually require the patient to fulfill the criteria for 
10 SS and to additionally fulfill American College of Rheumatology (ACR) criteria for an 
established connective-tissue disease such as RA, SLE, dermatomyositis or myositis, PSS, 
or biliary cirrhosis. For ease of comparison, the diagnostic criteria for SLE and PSS are pro-
vided in Tables II and III. 

8 Sjögren’s Syndrome 285



8

Exclusions to the diagnosis of 10 SS include previous radiotherapy to the head and neck, 
lymphoma, sarcoidosis, graft-versus-host disease, infection with Hepatitis C virus, human 
T-lymphotropic virus type I, or HIV. Measurements of tear and saliva flow must be made 
in the absence of drugs that have anticholinergic side-effects. 

Table 1. International Consensus Criteria for Sjögren’s Syndrome

I. Primary SS

A. Ocular symptoms (at least 1 present)

1. Daily, persistent, troublesome dry eyes for more than 3 months

2. Recurrent sensation of sand or gravel in the eyes 

3. Use of a tear substitute more than 3 times a day

B. Oral symptoms (at least 1 present)

1. Daily feeling of dry mouth for at least 3 months

2. Recurrent feeling of swollen salivary glands as an adult

3. Need to drink liquids to aid in washing down dry foods

C. Objective evidence of dry eyes (at least 1 present)

1. Schirmer I test

2. Rose Bengal

3. Lacrimal gland biopsy with focus score ≥ 1

D. Objective evidence of salivary gland involvement (at least 1 present)

1. Salivary gland scintigraphy

2. Parotid sialography

3. Unstimulated whole sialometry (≤ 1.5 ml per 15 minutes)

E. Laboratory Abnormality (at least 1 present)

1. Anti-SS A or anti-SS B antibody

2. Antinuclear antibody (ANA)

3. IgM rheumatoid factor (anti-IgG Fc)

salivary gland biopsy or antibody to SS-A/SS-B.

C infection, AIDS, graft-versus-host disease, and medications that can cause dryness. 

symptom plus 2 objective tests for dry mouth and dry eyes at the time of their clinical entry 
into study cohort. 

ocular and oral dryness are fulfilled including either a minor salivary gland biopsy or anti-SS 
A/SS-B antibody.
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Although 1 SS patients are at increased risk for lymphoma, patients with pre-existing 
lymphoma are typically excluded from studies to ensure entry of a relatively homogeneous 
group into studies of therapy and prognosis. 

Table 2. Diagnostic Criteria of SLE

Criterion Definition:

A. Malar Rash

B. Rash over the cheeks

C. Discoid Rash

D. Red raised patches

E. Photosensitivity

F. Reaction to sunlight, resulting in the development of or increase in skin rash

G. Oral Ulcers

H. Ulcers in the nose or mouth, usually painless

I. Arthritis

J. Nonerosive arthritis involving two or more peripheral joints (arthritis in which the bones 
around the joints do not become destroyed)

K. Serositis

L. Pleuritis or pericarditis

M. Renal Disorder

N. Excessive protein in the urine (greater than 0.5 gm /day or 3 + on test sticks) and/or cellular 
casts (abnormal elements the urine, derived from red and/or white cells and/or kidney 
tubule cells)

O. Neurologic

P. Seizures

Q. (convulsions) and/or psychosis in the absence of drugs or metabolic disturbances which are 
known to cause such effects

R. Hematologic

S. Hemolytic anemia or leukopenia (white bloodcount below 4,000 cells per cubic millimeter) 
or lymphopenia (less than 1,500 lymphocytes per cubic millimeter) or thrombocytopenia 
(less than 100,000 platelets per cubic millimeter). The leukopenia and lymphopenia must 
be detected on two or more occasions. The thrombocytopenia must be detected in the 
absence of drugs known to induce it.

T. Immunologic

U. Positive LE prep test, positive anti-DNA test positive anti-Sm test or false positive syphilis 
test (VDRL).

V. Positive test for antinuclear antibodies in the absence of drugs known to induce it.
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Pitfalls in Diagnosis and Methodology

There are two common areas of confusion in clinical diagnosis regarding the specificity/
sensitivity of the ANA and of the minor salivary gland biopsy.

The ANA frequently is used as a “screening” test in patients with rheumatic disease 
symptoms. However, Tan et al. (Tan et al., 1997) reported that the frequency in “normal in-
dividuals” of a positive ANA titer using Hep 2 cells at titer 1:40 was 31.7% of individual, at 
1:80 was 13%, at 1:160 was 5%, and at 1:320 was 3.3%. 

Using a Bayesian analysis, Lightfoot et al. found similar results and calculated that the 
risk of an individual with an ANA 1:320 developing SLE or SS during a 10-year follow-up 
period was less than 5% (Lightfoot, 1997). 

The high incidence of ANA in the “normal population” is not commonly understood 
by either patients or primary care MDs who make the diagnosis of SLE or SS based on the 
finding of an abnormal autoantibody test result, but in the absence of characteristic clini-
cal findings.

The dermatologist may be asked to help confirm the diagnosis of SS with a minor sali-
vary gland biopsy (Daniels, 1992). The method of obtaining the biopsy is important to ob-
tain an adequate sample and to avoid injuring the nerve that innervates the lip. The biopsy 
should not be taken from a region of the buccal mucosa where there is inflammation, as 
this can give false positive results (Fox, Robinson et al., 1986; Fox and Howell, 1986; Bone 
et al., 1985). 

The biopsy is generally taken from the lower lip to the side of midline, as this site has 
less nonspecific fibrotic change. The minor salivary gland biopsy is performed on the in-
ner lower lip mucosa after local anesthesia. A vertical incision is made, and minor salivary 

Table 3. Diagnostic Criteria of Progressive Systemic Sclerosis (Scleroderma)

The American College of Rheumatology (ACR) criteria for the classification of sclero-
derma require one major criterion or two minor criteria, which are as follows:

Major criterion

Proximal scleroderma is characterized by symmetric thickening, tightening, and induration 
of the skin of the fingers and the skin that is proximal to the metacarpophalangeal or metatar-
sophalangeal joints. These changes may affect the entire extremity, face, neck, and trunk (thorax 
and abdomen; 

Minor criteria

Sclerodactyly includes the above major criterion characteristics but is limited to only the fingers.

Digital pitting scars or a loss of substance from the finger pad: As a result of ischemia, depressed 
areas of the fingertips or a loss of digital pad tissue occurs.

Bibasilar pulmonary fibrosis includes a bilateral reticular pattern of linear or lineonodular 
densities most pronounced in basilar portions of the lungs on standard chest roentgenograms. 
These densities may assume the appearance of diffuse mottling or a honeycomb lung and are 
not attributable to primary lung disease.
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glands exposed. Five glands are excised with scissors. The wound is sutured in the usual 
fashion (silk sutures can be used, which would be removed in one week, or alternatively, 
absorbable sutures can be used). The incision is closed with sutures that can be removed by 
the dermatologist or the rheumatologist. By undermining the mucosa, the nerves that run 
just below the surface will not be injured by the procedure and the patient will not suffer 
from a numb lip region as a result of the biopsy. 

An example of a salivary gland biopsy from a SS patient (Fig 1, Frame A) and from a 
normal individual (Fig 1, Frame B) is shown. The key features in reading the minor sali-
vary gland biopsy include an adequate number of valuable lobules (at least 4) and the de-
termination of an average focus score (a “focus” refers to a cluster of at least 50 lympho-
cytes) based on survey of at least 4 lobules. Lobules that have been ruptured due to non-
immune mechanisms (called “sialidentis” due to rupture of ducts that release mucus) need 
to be discarded from the quantization of the focus score (Daniels, 1984; Daniels and Wu, 
2000). 

Non-specific sialidentis including focal infiltrates, was a relatively frequent finding in 
minor salivary gland biopsies taken in a “control population” studied at National Institutes 
of Health (Radfar et al., 2002). However, most pathologists are not experienced in reading 
these samples. In one recent report, almost 50% of biopsies labeled as SS were reclassified 
when examined by a pathologist experienced in SS (Vivino, Gala, and Hermann, 2002). 

Fig. 1. Minor salivary gland biopsy from patients with Sjogren’s syndrome (A) and (B) from 
a patient with fibromyalgia (a histologically normal biopsy). Higher power views of the 
Sjogren’s biopsy are shown in C and D
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Overview of Pathogenesis and Correlation with Clinical Symptoms

In spite of extensive effort spent in studying the underlying cause of SS, the pathogenesis 
remains obscure. 
In broad terms, SS can be considered a multifactor complex disease in which environ-
mental factors are thought to trigger inflammation in individuals with a genetic predis-
position for the disease. In comparison to many other organ-specific autoimmune dis-
orders, the relative ease of minor salivary gland biopsy in SS provides researchers an op-
portunity to study the interaction of the immune system and the neuro-endrocrine sys-
tem. The pathogenesis results from the continued mutual stimulation of the “acquired” 
(HLA-DR dependent) response and the “innate” (HLA-DR independent) arm of the im-
mune system.

The pathogenesis of SS includes multiple different steps that are schematically shown 
in Fig. 2: 
a) The initial steps in pathogenesis probably involve intrinsic defects in the glandular epi-

thelial cells or their underlying stromal/dendritic cells (Tapinos et al., 1999). These cells 
would normally undergo a normal cycle of apoptosis but mutant mice with abnormal 
glandular apoptotic pathways develop a SS like disease. In animal models of SS (the 
NOD.SCID mouse), apoptotic changes of epithelial cells and local endothelial venules 
occur in the absence of functional lymphocytes (Robinson et al., 1996). 

b) Environmental triggers may include a viral infection of the glands or any intercurrent 
infection that stimulates dendritic or glandular cells to activate the HLA-independent 
“innate immune system.” The innate immune system utilizes Toll and Toll-like receptors 
that recognize conserved molecular patterns (pathogen-associated molecular patterns), 
which are shared by large groups of microorganisms and apoptotic products (Takeda, 
Kaisho, and Akira, 2003). 

Fig. 2 Pathogenetic events 
in Sjogren’s syndrome
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c) Continued migration of lymphocytes and dendritic cells to the gland in response to 
chemokines, adhesion to specific vascular adhesion molecules and later retention of T- 
and B-lymphocytes.(Jonsson, Gordon, and Konttinen, 2003). 

 Activation of T-lymphocytes and B-lymphocytes within the glands and in extraglandular 
sites occurs as a result of HLA-DR restricted antigen presenting cells in the presence of 
co-stimulatory molecules. This is called the “acquired immune system” that perpetuates 
immune response with memory lymphocytes and autoantibodies (Sawalha et al., 2003). 

d) Extraglandular manifestations occur as a result of lymphocytic infiltration into other 
tissues or generation of pathogenetic autoantibodies. The anti-SS-A and SS-B antibod-
ies form a complex with hYRNA that are involved in splicing functions (Scofield et al., 
1999). This protein/RNA complex exposes both single- and double-strand RNA compo-
nents and the complex traffics to the blebs on apoptotic cells where they can trigger the 
innate immune system (as described below(McClain et al., 2005; Sawalha et al., 2003; 
Heinlen et al., 2003; Arbuckle et al., 2003; Kaufman et al., 2001; Scofield et al., 1999). 

e) The innate and acquired immune systems can be mutually co-stimulatory (Santiago-
Raber et al., 2003). Studies on cytokine production in the salivary gland biopsies us-
ing gene profiling suggest an important role for Type I and Type II interferons in this 
perpetuation of the immune response (Jonsson, Gordon, and Konttinen, 2003; Ogawa 
et al., 2002). Plasmacytic dendritic cells and glandular epithelial cells can be potent 
sources of Type I IFN in the salivary gland. These cells express a series of Toll receptors 
that bind to conserved epitopes associated with infection (such as lipopolysacharide) or 
products of apoptotic cells. 

f) Glandular destruction may occur by perforin/granzyme-A methods as well as Fas/
Fas Ligand mechanisms (Bolstad et al., 2003). However, only partial destruction of the 
gland is noted in most patients, and it is likely that local production of cytokines, au-
toantibodies and metalloproteinases leads to dysfunction of the residual glandular tis-
sue (Konttinen et al., 1992; Konttinen and Kasna-Ronkainen, 2002). 

g) The sensation of “dryness” depends on a functional circuit that starts at the mucosal sur-
face (i. e., unmyelinated nerves of corneal membrane or oral mucosa) that send afferent 
nerves to specific areas of the mid-brain (Stern et al., 1998; Fox and Stern, 2002). The 
midbrain (salivatory and lacrimatory nuclei) then send efferent adrenergic and cho-
linergic nerves back to the glands to regulate secretion. This may help explain the high 
prevalence of sicca symptoms in non-SS patients including Alzheimer’s disease and fi-
bromyalgia.

In summary, it is now possible to propose a mechanism that includes the findings of ge-
netic association (HLA-DR), autoantibody production, immunohistrology, the results of 
gene expression profiling in the gland, and clinical symptoms of dryness. 

The organ distribution is determined by the homing pattern of the lymphocytes and 
dendritic cells. The tendency to lymphoma results from the chronic stimulation of the B-
lymphocytes in non-lymphoid organs where they are not down-regulated as efficiently as 
in lymphoid structures. In addition to these cellular features of SS, the patients continue to 
exhibit the antibody/complement-mediated features that they share in common with SLE 
patients. 
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Ocular Symptoms and Signs in the SS Patient

The characteristic ophthalmologic finding in SS is keratoconjunctivitis sicca, due to de-
struction of the lacrimal glands, leading to decreased lacrimal secretions. Patients may 
complain of dry eyes, irritation, soreness, foreign body sensation, pain, or photophobia. In 
severe cases, patients may have strings of mucous filaments attached to the cornea. 

When evaluating the patient with a complaint of dry eyes, it is important to determine 
whether the objective signs of dry eyes are commensurate with the patient’s symptoms.

Methods to measure the integrity of the corneal surface, tear film, and tear production 
include Rose-Bengal, fluorescein, and lissamine green dye staining, and the Schirmer’s test. 

Rose Bengal dye can detect punctate epithelial erosions of the cornea, and attached mu-
cous and devitalized cells. 

In the Schirmer’s test, a Whatman paper wick is folded over the lower eyelid, and the 
migration of tear fluid is measured over 5 minutes. Some ophthalmology texts mention 
that the latter test may be unreliable. A referral to the ophthalmologist is warranted for 
complete evaluation, as ocular complications can include corneal ulceration or perfora-
tion.

Ocular processes that mimic KCS include blepharitis (irritation and low grade infection 
of the Meibomian glands in the lids), herpetic keratitis (usually with ophthalmic distribu-
tion of shingles), conjunctivitis (both viral and bacterial), blepharospasm (uncontrolled 
blinking due to an increased local neural reflex circuit), sarcoidosis, and anterior uveitis 
(usually associated with marked photosensitivity). More commonly, modest dry eye symp-
toms and signs are exacerbated by anxiety, depression or medications (Pflugfelder, 1996)

Oral Symptoms and Signs in the SS Patient

Xerostomia is caused by destruction of the major and minor salivary glands. Dryness of the 
mouth can make it difficult to swallow food or even to talk, due to dryness of the buccal 
mucosa. Patients may have difficulty wearing dentures, mucosal surfaces in advanced dry-
ness may become dry and wrinkled, and saliva can become thick and stringy. As saliva also 
functions to protect the mouth from infection due to antimicrobial properties and me-
chanical flushing, SS patients are at risk for tooth decay, periodontal disease, and mucosal 
infections, such as candidiasis. 

Because a dry mouth is not necessarily a painful mouth, the sudden development of 
pain should stimulate a search for signs of angular cheilitis or oral candidiasis, including 
under dentures (Daniels, 2000). Salivary glands may become enlarged.

Saliva flow can be measured by sialometry, which measures saliva flow into a calibrated 
tube for 15 minutes. Parotid sialography can demonstrate distortion of normal ductules, 
and salivary gland scintigraphy can demonstrate decreased uptake and release of tracer. 
Salivary gland biopsy was mentioned previously.
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Health impact questionnaires specific for SS demonstrate the impact on social interac-
tions among women (who use meals as a significant source of socialization) as well as the 
expense of dental restorations in SS patients (Allison, Locker, and Feine, 1999). Physicians 
(Soto-Rojas and Kraus, 2002) do not generally recognize the contribution of oral symp-
toms to the patient’s quality of life. 

Dryness of the mouth cannot simply be attributed to the total destruction of the gland 
in the majority of SS biopsies. The residual glandular elements in the salivary gland (Fig. 1) 
appear dysfunctional even though they maintain their neural innervation (Konttinen et al., 
1992) and upregulation of their muscarinic receptors (Beroukas et al., 2002). The normal 
innervation of the gland is shown schematically in Fig. 3. The gland has an excess of recep-
tors beyond the number of neural synapses noted on electron microscopy, providing a tar-
get for the therapeutic use of secretagogues such as pilocarpine or cevimeline. (Fox, Kont-
tinen, and Fisher, 2001). The optimal glandular secretion is obtained when both M1 and 
M3 receptors are stimulated. 

Dryness of the oral mucosa stimulates unmyelinated nerves that go to the midbrain, 
which also receives input from higher cortical centers. If a net signal for secretion is needed, 
adrenergic nerves are sent to the glandular blood vessels while cholinergic nerves go to the 
gland (Stern et al., 1998). 

In patients with SS, the local environment of the inflamed gland leads to dysfunction of 
the residual glandular units due to release of cytokines, metalloproteinases, and autoanti-
bodies. 

Dryness in patients with Alzheimer’s disease and multiple sclerosis have been proposed 
to result from dysfunction of the subcortical white matter that signals the lacrimatory/
salivatory nuclei (Fisher et al., 1996). Symptoms of dry burning mouth have been associ-
ated with depression and anxiety (Bergdahl and Bergdahl, 2001), presumably reflecting the 
contribution of cortical factors on “functional” circuitry that regulates glandular function 
and/or the cortical sensation of dryness.

The sudden swelling of a unilateral gland suggests infection, while presence of swol-
len glands and/or lymphadenopathy raises the possibility of lymphoma, a process, which is 
markedly more frequent in SS patients. Both high resolution CAT scans and MRI imaging 
are helpful (Yousem, Kraut, and Chalian, 2000). Recent advances in MRI imaging have in-
dicated that studies using gadolinium imaging with fat subtraction views (called MRI con-
trast sialography) may allow excellent identification of the ductal structures as well as cys-
tic changes or lymphoma (Tonami et al., 2001). 

Another alternative is parotid ultrasound, particularly in centers where the radiologist 
has experience with this technique (Salaffi et al., 2000).

An additional important factor in the oropharynx of SS patients is gastro-tracheal re-
flux (Belafsky and Postma, 2003). Since saliva has elevated pH that normally neutralizes 
gastric acid reflux, the SS patient may be predisposed to not only gastro-esophageal reflux, 
but also reflux into the trachea that can mimic upper respiratory tract infection. Decreased 
mucous secretions can also lead to dryness of the pharynx and trachea. Application of rig-
orous methods to prevent and treat reflux may dramatically change our management of 
these recurrent problems. (Belafsky and Postma, 2003)

8 Sjögren’s Syndrome 293



8

Fig. 3. A. “Circuit” that controls normal tear flow or salivation and interruption of the circuit 
in patients with Sjogren’s syndrome. The stimulation of the ocular or oral mucosal surface 
leads to afferent nerve signals that reach the lacrimatory or salivatory nuclei in the medulla. 
Efferent neural signals stimulate both blood vessels and glandular epithelial cells. The med-
ullary signal may be affected by cortical inputs that reflect stimuli such as taste, smell, anxi-
ety, or depression. The efferent neural signal to the gland is mediated by acetylcholine. The 
gland contains recptors for acetylcholine of the muscarinic class, particularly M3 receptors 
(shown by arrow). B. In Sjogren’s syndrome, lymphocytic infiltrates in the gland secrete cy-
tokines that inhibt the release of neurotransmitters and the response of receptors that initiate 
glandular secretion
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Cutaneous Symptoms and Signs in the SS Patient

Cutaneous manifestations of SS include: 
Dry skin (xerosis)
Vasospastic disorders ranging from Raynaud’s to acrocyanosis
Macular, papular and vesicular rashes 
Infections such as varicella zoster
Palpable and non-palpable purpura due vasculitis, and 
Embolic lesions and thrombotic lesions
Acute or chronic thrombosis with lymphedema
Other associated skin conditions including urticaria or allergic skin eruptions

Complaints of dry skin occur in about 50% of SS patients (Bloch et al., 1956; Alexander 
and Provost, 1983; Ito et al., 1999). It is unclear whether or not the xerosis is due to infil-
trate of the eccrine or sebaceous glands, or dysfunctional response of the residual glands 
(Tapinos et al., 1999). In many biopsies from SS patients, dryness of the skin has been as-
sociated with lymphocytic infiltrates in the eccrine glands (Sais et al., 1998). Similar to SLE 
patients, antibody and complement fixation is often detected clinically “normal” skin. 

However, the extent of dryness of the skin and the clinical appearance termed “xero-
sis” is often more severe than that expected for the degree of lymphocytic infiltration (and 
glandular destruction). 

A common finding on deeper skin biopsy is “non-specific perivascular lymphocytic in-
filtrates.” Immuno-histologic studies have also indicated an increase in peri-vascular den-
dritic cells of both the mesenchymal and Plasmacytoid types. These histologic findings on 
SS skin biopsy are so common that the pathologist may often only mentions them “in pass-
ing,” while they emphasize that no leukocytoclastic vasculitic changes were present. But 
these “perivascular” lymphocytic (and dendritic) cell infiltrates may be the crucial factor 
in xerosis of SS. 

It has been proposed that cytokines, neural or vasoconstrive factors may be released 
from these peri-vascular lymphocytic and monocytic infiltrates, and may impair the nor-
mal function capacity of capillaries or sweat glands. This explanation of skin dryness would 
be analogous to the severe xerostomia in SS patients whose lip biopsy continues to show 
significant numbers of glandular acini and ducts between the focal lymphocytic infiltrates 
on minor salivary gland biopsy. 

The skin findings of SS include hyper-gammaglobulinemic purpura, and often oc-
cur on the legs in a symmetric fashion. The rash may exhibit palpable or non-palpable 
purpura. It is common to have onset after prolonged standing or after a long airplane ride 
(perhaps due to the lower atmospheric pressure at altitude).

In comparison, among a large cohort of patients with hyperglobulinemic purpura with-
out prior diagnosis of SS – about 50% were subsequently found to have SS (Kyle et al., 1971). 
The skin lesions are non-palpable and often associated with rheumatoid factor (especially 
IgM- kappa monoclonal rheumatoid factor) containing VKIIIb subclass of light chains 
(Fox, Carson et al., 1986; Fox, Chen et al., 1986). This is commonly associated with a type II 
mixed cryoglobulin. The differential diagnosis should immediately include unrecognized 
hepatitis C virus infection. 
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Skin biopsies generally show ruptured blood vessels and deposition of complement. 
It has been assumed that immune complexes become trapped at the bifurcation of small 
blood vessels, leading to complement activation by the immune complex. 

In one report, cutaneous vasculitis was found in 52 out of 558 (9%) of patients with pri-
mary SS (Ramos-Casals et al., 1998) appearing as purpura, urticarial lesions, and maculo-
papules. 

Within the vasculitis group, 27% had cryoglobulinemic vasculitis, and 21% had urticar-
ial vasculits. 

Most patients had small vessel vasculitis (leukocytoclastic), and only 2 had medium-
size vessel involvement- 
Compared to the patients without vasculitis, affected patients had a higher prevalence of 
systemic involvement, positive ANA, anti-Ro/SS-A antibodies, and rheumatoid factor. 

Cryoglobulinemia was associated with worse outcome. 
Features of cryoglobulinemia:
Cryoglobulins are immunoglobulins that precipitate from serum under laboratory con-
ditions of cold. 
False-negative results in testing for cryoglobulins are common. 
Sensitive testing for cryoglobulins requires an experienced laboratory that is set up to 
perform the collection in proper condition. 
While the patient is fasting (lipids can interfere with the assay), at least 20ml of blood 
should be drawn into a tube that has not been treated with anti-coagulant. 
The tube should be transported and centrifuged at 37 C, then kept for 72 hours at 4º C. 

Cryoglobulinemia is divided into three clinical subsets: Types I, II, and III. 

This classification is based on two features: 
(1) the clonality of the IgM component; and
(2) the presence of rheumatoid factor activity.

In its clinical manifestations, Type I cryoglobulinemia is usually quite distinct from 
types II and III. 
In contrast, substantial clinical overlap exists between Types II and III.

Type I cryoglobulinemia is associated with a monoclonal component and is often associated 
with a hematopoietic malignancy. 

The symptoms of hyperviscosity are more common with Type I and increased chance that 
symptoms such as neuropathy may be related to amyloid.

Type II and III cryoglobulinemia are often termed “mixed” cryoglobulinemias, as they 
are comprised of both IgG and IgM components. A low complement C4 (either as a C4 
null patient) or due to complement consumption are common, so disproportionate de-
crease in C4 levels are commonly found. 

In contrast to lupus glomerulonephritis, membranoproliferative glomerulonephritis 
due to cryoglobulenimia is usually a “later” presentation. 

Vasculitis associated with mixed cryoglobulinemia involves both small- and medium-
sized blood vessels. Small-vessel disease is more common than medium vessel disease.
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Vasculitis associated with mixed cryoglobulinemia may be caused by hepatitis C virus 
(HCV) infections and the diagnosis of SS does not rule out co-existent HCV.

It is also worth remembering that treatment with interferon alpha (either standard form 
or pegylated), the cornerstone of HCV infection, may exacerbate Type II mixed cryo-
globulins in their cutaneous or other manifestations. 

Virtually, all patients with Type II mixed cryoglobulinemia are rheumatoid factor posi-
tive. SS patients with monoclonal RF and type II mixed cryoglobulinemia have higher fre-
quency of developing non-Hodgkin’s lymphoma.

Peripheral nerve involvement is common in patients with cryoglobulenmic vasculitis, 
occurring in up to 80%. The most common type is a distal symmetric polyneuropathy with 
predilection for lower extremities. Mononeuritis multiplex may occur but is less common. 

For the treatment of cryoglobulinemia, please refer to Fox’s chapter on THERAPY OF 
EXTRAGLANDULAR MANIFESTATIONS.

Other authors have reported vasculitis in 30% of both primary and secondary SS pa-
tients (Bernacchi et al., 2004). Palpable purpura is also found in SS patients (Alexander 
and Provost, 1987) with biopsies showing leukocytoclastic vasculitis (Ramos-Casals et al., 
1998) and may be associated with central nervous system involvement (Provost, Watson, 
and Simmons, 1997) or pulmonary involvement (Konishi et al., 1997). 

Urticarial vasculitis has been reported in association with SS(O’Donnell and Black, 
1995). Urticarial vasculitis somewhat resembles urticaria, but lesions last typically for 3–4 
days, and can be painful. This type of vasculitis has also been reported in SLE patients.

Histopathology of SS vasculitis lesions has demonstrated classic leukocytoclastic vasc-
ulitis with neutrophilic destruction of small vessel walls with fibrinoid necrosis, and also 
a separate pattern of lymphocytic infiltrate of the vessel wall (Provost, Watson, and Sim-
mons-O’Brien, 1997; Provost and Watson, 1992). 

Patients with anti-neutrophil cytoplasmic antibodies (ANCA) are relatively uncommon 
in primary SS and when present are usually p-ANCA (perinuclear) antibodies. Caution 
must be used in interpreting the ANCA in SS patients since false positive results may re-
sult from the presence of other anti-nuclear antibodies (Merkel et al., 1997; Merkel et al., 
1996). 

Antibodies against endothelial cells have been found in a subset of SS patients, but are 
also detected in many other autoimmune disorders, and are not closely associated with 
skin vasculitis (Navarro et al., 1997). Anticardiolipin antibodies are found in a subset of SS 
patients and are generally IgA isotype, with lower incidence of thrombosis than found in 
SLE patients (Asherson et al., 1992).

Additional reported non-vasculitic cutaneous manifestations of SS include vitiligo, aneto-
derma, alopecia, and cutaneous lymphomas (Roguedas et al., 2004). The presence of aneto-
derma has been associated with B-Cell lymphomas (Jubert et al., 1993).

Additional cutaneous features include subcutaneous amyloid (Pablos et al., 1993) 
(Yoneyama et al., 2005). Erythema multi-forme-like, erythema perstans-like, and ery-
thema-nodosum-like lesions (Yamamoto, Katayama, and Nishioka, 1998) have been re-
ported along with Sweet’s syndrome (Roguedas et al., 2004; Ramos-Casals et al., 2004; Ber-
nacchi et al., 2004; Foster et al., 2005). 
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Raynaud’s has been reported in 30% of patients with primary SS, although the severe 
vasomotor instability should suggest the diagnosis of co-existent PSS (usually character-
ized by telangiectasis and calcinosis) or cryoglobulinemia (Pirildar et al., 2005; Ramos-
Casals et al., 2004; Manoussakis et al., 2004; Tektonidou et al., 1999). 

Closely related digital skin lesions (which often exhibit T-cell infiltrates on biopsy of the 
nail beds) with vasospasm induced by cold exposure are termed “chilblains” or “perniosis,” 
where there is a close association with anti-SS A antibody, and the lesions may precede ei-
ther SS or SLE by up to 10 years (Franceschini et al., 1999; Millard and Rowell, 1978; Rus-
tin et al., 1989). 

Attention to potential problems such as bland (atherosclerotic) or septic emboli, digital 
vasculopathy in smokers (Buerger’s disease), and mono-neuritis multiplex must be consid-
ered in the patient with cold cyanotic extremity. Severe ischemic or gangrenous changes, 
ulcerating dystrophic calcification with purulent or ulcerative changes, should suggest sys-
temic sclerosis, deep tissue plane infection and may constitute a medical/surgery emer-
gency. 

A sub-epidermal blistering dermatosis similar to bullous SLE, with antibodies to Type 
VII collagen, has been reported in a patient with primary SS who did not fulfill the SLE cri-
teria of the American Rheumatism Association at the time (Gyulai et al., 2002).

Among Asian SS patients, a specific cutaneous finding – annular erythema – of Sjögren’s 
syndrome (AE-SS) has been reported in a relatively high proportion of patients (Ruzicka 
et al., 1991; Mori et al., 2005; Watanabe et al., 1996; Watanabe et al., 1997; Katayama and 
Kohriyama, 2001; Katayama et al., 1994), including those with childhood onset (Miya-
gawa et al., 1995). Although this eruption appears similar to SCLE, histologically, it is dis-
tinguishable by coat-sleeve-like infiltration of lymphocytes around the appendages, similar 
to gyrate erythema. A Caucasian female with SS was reported to have AE-SS (Haimowitz 
et al., 2000). Many of these patients have antibody to the 60kd epitope of SS-A.

Because many SS patients are often taking multiple medications, the differential diagno-
sis of cutaneous eruptions always includes drug eruption. Patients can also have infectious 
processes, especially if they are immuno-suppressed due to treatment. A skin biopsy with 
direct immunofluorescence can be very helpful in distinguishing these latter two entities 
from vasculitis or other dermatoses associated with SS.

Systemic Findings in the SS Patient

Extraglandular disease manifestations (Table 4) are subdivided into nonvisceral (skin, ar-
thralgia, myalgia) and visceral (lung, heart, kidney, gastrointestinal, endocrine, central and 
peripheral nervous system). Cutaneous manifestations are discussed above. There is often 
a close overlap in the symptoms/signs between SLE and SS patients (Manoussakis et al., 
2004). Particular attention below is paid to conditions more common in SS patients.

The symmetric distribution and appearance of arthralgia/arthritis generally are similar 
to either RA or SLE (Manoussakis et al., 2004; Pease et al., 1993); also, patients may show a 
pattern termed “erosive” osteoarthritis (Fox, 2000). The emergence of an asymmetric swol-
len joint should suggest an additional process such as crystalline or infectious arthropathy.
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Myalgia and symptoms of weakness also occur frequently (Lindvall et al., 2002). Poly-
myositis may be associated with sicca symptoms. Other processes including polymyalgia 
rheumatica, inclusion body myositis, and myopathy due to medications (including statins 
and steroids) must be considered. Also, neurological problems including vasculitis, throm-
botic and paraneoplastic processes may present with weakness. Elevation of acute phase re-
actants, muscle enzymes, electromyogram or even muscle biopsy may be required. Myalgia 
attributed to associated fibromyalgia is common (Bonafede, Downey, and Bennett, 1995).

Interstitial pneumonitis and tracheobronchial sicca are the most common presenta-
tion of pulmonary involvement in SS (Quismorio, 1996). The classification of interstitial 
pneumonitis is undergoing change (Battista et al., 2003) with recognition of subsets in-
cluding lymphocytic interstitial pneumonitis (LIP), “usual interstitial pneumonitis (UIP),” 
bronchiolitis obliterans, and organizing pneumonia (BOOP), and non-specific pneumoni-
tis. Also, SS patients may have MALT or other types of lymphoma of the lung (Constan-
topoulos, Tsianos, and Moutsopoulos, 1992). Other causes include hypersensitivity lung 
and drug toxicity (including methotrexate or alkylating agents) as well as opportunistic in-
fections in patients receiving immunosuppressive medications must be considered (Kim 
et al., 2002). Of potential importance are reports of pneumonitis in patients receiving inf-
liximab (Chatterjee, 2004) and rituximab (Swords et al., 2004). 

Pericarditis and pulmonary hypertension can occur in SS patients (Gyongyosi et al., 
1996). Cardiovascular tests suggestive of autonomic neuropathy such as response of blood 
pressure to sustained hand grip, valsalva maneuver, heart rate response to deep breathing, 
and heart rate and blood pressure response to standing may be increased in SS patients 
(Andonopoulos et al., 1998). There is an increased incidence of congenital heart block in 
mothers bearing anti-SS antibody (Press et al., 1996), although other autoantibodies have 
also been suggested as causative agents in this condition (Li, Horsfall, and Maini, 1995; 
Borda et al., 1999), 

Renal manifestations include interstitial nephritis, (which is common in SS on provoc-
ative testing (Gamron et al., 2000). Some patients may present with hypokalemic paralysis 
(Siamopoulos, Elisaf, and Moutsopoulos, 1994), renal calculi, or osteomalacia (Fulop and 
Mackay, 2004). Deterioration in renal status should focus attention to medications includ-
ing nonsteroidal anti-inflammatory agents. Also, recently, a role for Chinese herbs in exac-
erbating renal disease has been recognized (Nishimagi et al., 2001). SS patients may develop 
glomerulonephritis (that is negative for anti-ds DNA antibodies) and this suggests the need 
to consider amyloidsisis, immune complex disorder, or unappreciated SLE with error in lab 
testing (Dabadghao et al., 1995). Interstitial cystitis symptoms are more common in SS pa-
tients (Leppilahti et al., 2003) and may be severe (Shibata et al., 2004). SS patients’ bladder 
symptoms may be exacerbated by their large fluid intake, and the antibodies to muscarinic 
cholinergic receptors found on bladder epithelial cells (Beroukas et al., 2001). 

Gastrointestinal manifestations include dysphagia that is partly due to xerostomia, but 
also may be due to esophageal dysfunction (Feist et al., 1999). In SS patients, mild atrophic 
changes in the antrum were more common than in control patients, but severe mucosal at-
rophy was rare (Collin, Karvonen et al., 1997). The patient with gastritis should be exam-
ined for helicobacter pylori, especially as this agent has been associated with MALT lym-
phomas in SS patients (Raderer et al., 2001). An association of sicca symptoms and pri-
mary biliary cirrhosis (PBC) has been noted (Invernizzi et al., 1998), but the difference 
in autoantibody profiles suggests that these are distinct processes in most patients (Tish-
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ler et al., 1995). In patients with PBC, treatment with ursodeoxycholic acid may be helpful 
(Zukowski et al., 1998). Celiac sprue has also been reported in association with SS (Sheikh 
and Shaw-Stiffel, 1995) and it is important to identify these patients that present with mild 
or atypical symptoms (Collin, Reunala et al., 1997).

Hypothyroidism appears commonly in SS patients (D’Arbonneau et al., 2003; Perez 
et al., 1995). Also among patients with autoimmune thyroid disease, SS may be present in 
about 10% of patients with autoimmune thyroid disease (Tektonidou et al., 2004). Although 
SS patients may exhibit immune responses to pancreatic antigens, the incidence of clinically 
significant pancreatic disease is low (Nishimori et al., 1993). SS patients have a blunted pitu-
itary and adrenal response to test with corticotropin releasing factor (Johnson et al., 1998).

Lymphoproliferative disease is a particular concern in SS patients since there is a 40-fold 
increased risk of lymphoma (Kassan et al., 1978). The types of lymphomas have been re-
viewed in a multicenter European study (Voulgarelis et al., 1999). In a recent series, most 
lymphomas in patients with SS were marginal zone B-Cell neoplasms, arose in diverse ex-
tranodal and nodal sites, and generally were not associated with viruses (Royer et al., 1997). 
However, there have been case reports of the association of SS with infectious agents such as 
Helicobacter pylori (Nishimura, Miyajima, and Okada, 2000), HHV-6 (Josephs et al., 1988), 
HTLV-1 (Nakamura et al., 2000) and EBV (Kamel et al., 1993). The emergence of lymphoma 
may be signaled by persistently enlarged parotid glands, regional or generalized lymphade-
nopathy, hepatosplenomegaly, pulmonary infiltrates, vasculitis, and hypergammaglobuline-
mia. None of these are specific, but should raise the index of suspicion for, particularly if ac-
companied by serologic features such as a falling hematocrit, high sedimentation rate, or the 
presence of monoclonal cryoglobulins. Further investigation might include biopsy of lymph 
node, bone marrow, or salivary gland, or imaging studies such as abdominal CT scanning.

Neurologic manifestations are reported in about 20% of SS patients (Delalande et al., 
2004) and may include central nervous system involvement, cranial neuropathies (Urban 
et al., 2001), myelopathy and peripheral neuropathies (Barendregt et al., 2001). Sensory 
neuropathies are most common, and epineural inflammatory changes have been found 
on nerve biopsy (Grant et al., 1997). The onset of an asymmetric motor and sensory neu-
ropathy may signal small or medium sized vessel vasculitis (Ramos-Casals et al., 2004). 
Ischemic neuropathies including optic atrophy may be associated with demyelinating and 
thromboembolic processes (Rosler et al., 1995). A syndrome of multiple sclerosis associ-
ated with cutaneous vasculitis was initially reported to occur in a very high frequency in 
SS patients at one medical center (Alexander et al., 1986) although a longer-term follow-up 
did not confirm the initial results (Simmons-O’Brien et al., 1995). The frequency of central 
demyelinating disease appears similar to SLE patients (Pender, 1999) with abnormal oligo-
clonal bands on lumbar puncture and abnormal brain MRI. However, it also important to 
point out that patients with multiple sclerosis (de Seze et al., 2001) and with Alzheimer’s 
disease have increased frequency of sicca complaints, probably as a result of abnormalities 
in the central outflow of cholinergic nerve fibers (Fisher, 1999). 

Psychiatric disorders including depression and anxiety have been described in many 
patients with SS, and the increased frequency suggests that this may be part of the under-
lying process (rather than simply a response to the stress of an autoimmune disorder)(Ut-
set et al., 1994). In both SS and SLE patients, these symptoms often precede the diagnosis 
of autoimmune disease (van Dam et al., 1994). Abnormalities in neuropsychimetric test-
ing (mainly frontal lobe and memory loss) and abnormalities in PET scanning in the brain 
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have been reported in SS patients (Lass et al., 2000; Belin et al., 1999). Although initial 
studies suggested a potential role for anti-ribosomal P antibodies, subsequent studies in SS 
did not confirm this result (Spezialetti et al., 1993). The subtlest are changes in cognitive 
function, with poor memory and concentration. Although infrequently mentioned by pa-
tients, these changes can be confirmed on formal cognitive testing. 

Complaints of fatigue and myalgia often termed “fibromyalgia” are common. The Med-
ical Outcomes Study Short-Form General Health Survey (SF-36) and VAS shows frequent 
symptoms of fatigue in both SS and non-SS patients complaining of sicca symptoms (Tens-
ing et al., 2001; Lwin et al., 2003). In SS patients, neither hemoglobin, ESR or CRP predicted 
fatigue. Sleep disturbances were a common cause of fatigue (Tishler et al., 1997).

Neonatal lupus may be found in the children of mothers with SS, SLE, and in a propor-
tion of mothers bearing antibodies against SS-A and SS-B antigens but lacking clinical SS 
(Buyon et al., 1996). Neonatal lupus has been associated with anti-SS-A (anti-Ro) antibod-
ies to the 52kD protein.

Table 4. Disease Manifestations and Therapy

Manifestation Therapy

Ocular
 Xerophthalmia
 Blepharitis
 Iritis/uveitis

Artificial tears- preserved/nonpreserved
Punctual occlusion
Topical cyclosporine
Topical androgen (in trial)
Topical purinogenic receptor agonist (in trial)
Topical (nonpreserved) steroids
Autologous serum tears
Lid scrubs for blepharitis
Bandage contact lens

Dental
 Xerostomia
 Periodontal
 Gingitivis
 Oral candida

Mechanical Stimulation

Regular Oral hygiene
Topical fluoride

Artificial saliva and lubricants

Secretagogues including
Pilocarpine
Cevimeline
Sailor
Anhydrous maltose lozenge

Interferon-alpha (in trial)

Oral candida therapy
Diet Modification

Gene therapies (pre-clinical)
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Manifestation Therapy

Joint/Muscle
Arthralgia/myalgia
Arthritis/myositis

NSAIDs
Antimalarials

DMARDs including
Methotrexate
azathioprine
Leflunomide
TNF inhibitors
Anti-CD20 (in trial)

Cutaneous

Raynaud’s
Hyperglobulinemia purpura
Mixed cryoglobulinemia

E. multipforme
E. annulare

Necrotizing vasculitis

Vitiligo, xerosis, alopeccia 
Amyloid
anetoderma

Embolic and thrombotic le-
sions due to pro-coagulants

Corticosteroids (topical and systemic)
Tacrolimus (topical)

Antimalarials

DMARDs for vasculitis
Cytotoxic agents

Ears, Nose, Throat
Sinusitis
Esophageal Reflux
Tracheal Reflux
Parotid/Submandibular 
Swelling
Hearing Loss

Moisturing Agents
Antibiotics/Antifungal

Proton pump inhibitors
Gastric motility agents
Diet Modification

Steroids and DMARDs

Cardiovascular 
Pericarditis
Cardiomyopathy
Pulmonary hypertension

Accelerated atherosclerosis

Pro-coagulants

Corticosteroids
DMARDs
including
Cyclophosphamide
Mycophenolic Acid
Rituximab
corticosteroids
ACE and IRB inhibitor
Calcium channel Blockers

Table 4. (continued) Disease Manifestations and Therapy
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Manifestation Therapy

Pulmonary
Interstitial pneumonitis

Pseudolymphoma and
lymphoma
Pleurisal effusions
Pulmonary emboli

Pulmonary hypertension

Steroids
DMARDS
and 
Cytotoxic agents
Endothelin receptor antgonist (bosantin)

Gastrointestinal
Atrophic gastritis

Biliary cirrhosis
Sclerosising cholangitis
Pancreatitis
Celiac sprue

Proton pump inhibitors
H2 blockers
Motility agents
Diet modification
Bile salt chelation

Hematolologic
Anemia
Leukopenia
thrombocytopenia
Pro-coagulants

Corticosteroids

DMARDs
Rituximab (in trial)
Anti-coagulation

Lymphoproliferative
Monoclonal gammopathy
Lymphadenopathy
Pseudolymphoma
Lymphoma
(MALT and non-MALT)

Corticosteroids
DMARDs including
Anti-malarials
Chemotherapy
Rituximab (in trial)

Renal
Interstitial nephritis
(type I and type II)
Hypokalemia 
(periodic paralysis)
Renal Calculi

Glomerulonephritis
(in absence of anti-DNA
antibodies)
Nephrogenic diabestes
Amyloid

Renal artery vasculitis and 
thrombosis

Bicarbonate
Corticosteroids
Avoid NSAIDs
DMARD

Choice of anti-hypertensive
(lacking anti-cholinergic activity)

Table 4. (continued) Disease Manifestations and Therapy
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Manifestation Therapy

Endocrine
Thyroid (hyper and hypo)
Autonomic neuropathy
Pancreatitis 
Blunted hypothalamic-adre-
nal axis response

Hormonal replacement
Replacement of gluco- and mineralocorticoids

Central Nervous System
Demyelinating
(brain including optic atrophy 
and spinal cord)
Seizures

Toxi-metabolic encephal-
opathy

Vasculitic stroke
Thrombotic stroke
Cranial neuropathy
(Trigeminal, Facial, Cochlear)
Autonomic neuropathy

DMARDs including
Cyclophosphamide
Corticosteroids
Anticoagulants

Peripheral Neuropathy
Sensory
Symmetrical 
Axonal sensori-motor

Asymmetric Motor
Mononeuritis multiplex

Corticosteroids and DMARDs

Fatigue
(Not due to Inflammatory
or endocrine cause)

Depression
Fibromyalgia

Hypnotics for sleep
SSRI s and SNSRIs

Differential Diagnosis

When approaching a patient with possible SS, it is important to rule out other causes of 
keratoconjunctivitis sicca, xerostomia, and parotid gland enlargement (reviewed in Kassan 
and Moutsopoulos ’04). Dry eyes can be caused by sarcoidosis, amyloidosis, medications, 
trauma or scarring, infection, inflammatory conditions such as blepharitis or pemphig-
oid, neurologic conditions impairing eyelid or lacrimal gland function, or hypovitamino-
sis A. Dry mouth can be caused by medications (antihypertensive, parasympatholytic, psy-

Table 4. (continued) Disease Manifestations and Therapy
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chotropic), amyloidosis, sarcoidosis, diabetes mellitus, infections, trauma, irradiation, or 
could be psychogenic. Endocrine disorders can affect the parotid gland, along with infec-
tions such as mumps, Hepatitis C or HIV. Pancreatitis, diabetes, cirrhosis, lymphoma, and 
lipid abnormalities can also lead to gland enlargement. Neurologic disorders associated 
with dryness include multiple sclerosis. 

It may also be crucial to differentiate SS from other rheumatologic autoimmune dis-
orders, especially when treatment decisions need to be made. The most common area of 
diagnostic confusion is between Sjogren’s and SLE. It is important to recognize that the 
group of patients we currently “lump” as SLE really comprise at least 3 subsets that have 
distinct patterns of HLA-DR associations, autoantibody profiles, and clinical features. One 
subset of the SLE patients lack glomerulonephritis and have arthritis and rash. This subset 
frequently has HLA-DR3, antibody to SS-A, and has great similarity to Sjogren’s syndrome. 
There are several ways to look at the relationship between 1° SS and SLE. One easy method 
is that SS is “SLE with only 4 of the 5 required criteria.” However, another distinction is the 
slight difference in underlying pathogenesis. 

SLE is generally characterized by antibody and complement mediated tissue damage 
(immune complex glomerulonephritis, pleural and pericardial effusion, thrombocytope-
nia and hemolytic anemia. Although these features may be present in SS patients, the char-
acteristic feature of these SS patients is their lymphoproliferative tendency. At the most ba-
sic level, the salivary and lacrimal glands are supposed to lack focal lymphoid infiltrates. 
Their presence as a characteristic of SS indicates the presence of homing receptors and 
dendritic cell architecture in extra glandular tissues that form the pathologic basis for their 
sicca symptoms. From a clinical standpoint, 1° SS patients specifically require attention to 
manifestations of lymphocytic infiltration into different tissues. This abnormality can re-
sult in interstitial nephritis, interstitial pneumonitis, as well as an increased risk of lym-
phoproliferative disease, such as lymphoma. 

The clinical overlap with PSS patients also may be considerable with variation in their 
patterns of autoantibodies, histocompatibility associations, and tissue biopsies. Some PSS 
patients have a fibrotic pattern on their lip biopsies while others have lymphocytic infil-
trates (suggesting more of an overlap syndrome “termed mixed connective tissue disease). 

Although RA is the most “common” autoimmune disorder associated with SS, the clinical 
features (of RA) (ocular dryness more than oral dryness), difference in pattern of ANA (rare 
occurrence of anti-SS A antibody) and different histocompatibility antigen suggest that these 
disorders (i. e., RA plus SS) are much less closely related to 10SS than is SLE with 20 SS. 

The initial evaluation needs to determine if the patient presents with evidence sugges-
tive of an objective autoimmune disease, not just a positive ANA, and this will involve spe-
cific autoantibody profiles, ophthalmologic studies, salivary flow studies, and/or minor lip 
biopsies. The patient may have the SS secondary to another autoimmune condition (RA, 
systemic sclerosis, etc) or as part of an overlap syndrome with another autoimmune con-
dition. Other conditions that mimic SS need to be evaluated. In addition to the ocular and 
oral evaluation, the workup for SS can also include complete history and physical, CBC, 
ESR, comprehensive metabolic panel (including liver and renal evaluation), serum immu-
noglogulins, TSH, urinalysis, CXR, lymph node or marrow biopsy, complement, ACE, and 
serologies for Hep B, Hep C, EBV, and HIV. Autoantibody serologies as discussed include 
ANA, anti-SS-A, anti-SS-B, anti-SM/RNP, anti-ds-DNA, and RF.
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Treatment

A. Cutaneous Therapy

Local treatment for cutaneous symptoms of Sjogren’s syndrome focuses on dry skin. If a 
patient suffers from more serious skin findings such as vasculitis, their disease may war-
rant systemic management. Treatment needs to be aggressive and may require higher dose 
corticosteroids or even cyclophosphamide. 

Treatment of dry skin in Sjogren’s syndrome is similar to managing xerosis in other 
conditions. The patient should moisturize with a fragrance-free cream moisturizer once or 
twice a day. Moisturizing is performed immediately after bathing or showering, while the 
skin is still damp, to prevent further evaporation from the skin. Sometimes in cases of ex-
treme dryness, an ointment is suggested, for its barrier and protective properties (such as 
petrolatum jelly or Aquaphor). If this is used, then application should be onto damp skin, 
as the ointment itself does not contain water. Excess greasiness can be blotted with a towel. 
Sometimes a moisturizing cream with beta or alpha hydroxy acid, or urea, can add extra 
moisture, but in cases of cracks in the skin, will sting and irritate. Excess, long, hot show-
ers or baths should be avoided, in addition to heavily fragranced cleansers. The usual rec-
ommendation is to cleanse with a moisturizing soap such as Dove fragrance-free bar, or a 
soap-free cleanser such as Cetaphil gentle cleanser or Aquanil cleanser. 

If the xerosis leads to pruritis, then safe anti-pruritic topical treatments are recom-
mended. Over-the-counter lotions containing menthol, camphor (Sarna Anti-Itch Lo-
tion), 2% lidocaine (Neutrogena Norwegian Formula Soothing Relief, Anti-Itch Moistur-
izer), and pramoxine (Aveeno Anti-Itch Concentrated Lotion) are readily available. Oral 
antihistamines should be used with caution because of their anticholinergic effects. Some-
times topical corticosteroids are used for pruritis, but their use should be limited due to 
long-term side effects such as skin atrophy, tachyphylaxis, and absorption. We generally 
do not like to use topical corticosteroids for more than a couple of weeks at a time, espe-
cially the ultra-potent ones, but even the mid-potency ones. In the case of inflammatory 
skin findings, local treatment with potent topical steroids can augment systemic treat-
ments. 

We always suggest constant daily sun protection for patients with autoimmune condi-
tions. Because the wavelength of light causing sun sensitivity in autoimmune conditions 
may not be in the UVB spectrum (290–320 nm), patients should use a broad spectrum 
sunscreen. SPF factors refer to UVB protection only, so patients cannot count on simply 
the SPF factor. Most sunscreens available now have added UVA protection (290–320 nm), 
commonly from chemical UVA absorbing compounds, such as Parsol, 1789 (avobenzone). 
However, we prefer physical sun blocks, since wavelengths outside of both UVB and UVA 
may affect the patient with autoimmune disease. Physical sunblocks contain titanium di-
oxide or zinc oxide, which reflect rays. One commonly available sun block is Neutrogena 
Sensitive Skin Sun Block SPF-30, which uses purely titanium dioxide as its active ingre-
dient. The most effective protection is sun protective clothing, since it will not wear off as 
sunscreens do. Obviously, avoiding excess sun contact altogether is prudent, such as trying 
to stay indoors during the intense sunlight hours of 10 AM to 2–4 PM. 
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B. Ocular Therapy 

Symptoms of dryness result from the increased friction as the upper eyelid moves over the 
surface of the eye. This movement is facilitated by the tear film that consists of a mixture 
of aqueous secretions and mucins produced by the lacrimal gland, and that contains a va-
riety of proteins and nutrients derived not only from the lacrimal glands but also from the 
sera (transported into the tears by the lacrimal glands). The tear film is stabilized by a lipid 
layer to prevent evaporation, and these lipids are made by Meibomian glands located at the 
edge of the lower lid; inflammation of these glands leads to blepharitis, which is a common 
problem in dry eye patients.

Artificial lubricants: Patients can use over-the-counter preservative-free artificial tears, 
lubricating ointments, and methylcellulose. The latter two are usually used at night since 
they are viscous. Preservatives can lead to topical irritation, especially in the dry eye, where 
the concentration can become high. Other prescription ophthalmologic drops (such as an-
tibiotics and glaucoma drops) may still have irritating preservatives. 

Various measures are employed to conserve the tear film for as long as possible: 
Side shields (e. g., Moist Eye Moisture Panels, Eagle Vision Inc., Memphis TN) can be fit-
ted into eyeglass frames, reducing the evaporation rate of normal or artificial tears. 
Ski or swim goggles are very effective at reducing evaporation, but social considerations 
limit their use. 
Wrap-around sunglasses are somewhat more acceptable socially. 
Other general measures to minimize the loss of tears include use of humidifiers, particu-
larly in rooms in which a lot of time is spent such as a bedroom, and the occasional use 
of a moist washcloth over the eyes.

Punctal occlusion

If frequent installation of artificial tears is inadequate or impractical, punctal occlusion is 
the treatment of choice. It is a highly effective method for maximizing the preservation of 
tears. This technique involves sealing of the lacrimal puncta, through which the tears nor-
mally drain away to the nose; 90 percent of drainage occurs through the inferior punc-
tum. Several different types of punctual plugs are available and plugs (called intra-cannic-
ular plugs) that do not protrude onto the corneal surface seem to be preferred (Hamano, 
2005). However, it should be noted that local infections and even pyoderma-like reactions 
have been reported around the plugs(Musadiq, Mukherji, and Sandramouli, 2005; Kim, 
Osmanovic, and Edward, 2005).

Some ophthalmologists begin with preliminary temporary plugs to ensure that punc-
tal occlusion does not result in excess tear accumulation. However, temporary plugs often 
do not adequately block the puncta. Thus, failure to improve comfort with these temporary 
devices does not preclude the use of permanent punctal occlusion. Also, temporary plugs 
might be used to avoid a permanent change in patients who might regain near-normal lac-
rimal function with appropriate therapy. The availability of intra-cannicular plugs (that do 
not protrude into the ocular surface) has the added advantage that they can be removed 
non-surgically. When indicated, laser or hand-held thermal cautery can be used for a per-
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manent closure. It is important to realize that punctal occlusion is a tear preservation strat-
egy; as a result, it is of little benefit, unless supplemented with artificial lubricants, in those 
with minimal to no tear production.

Recognition of certain environments that exacerbate dry eyes should lead to increased 
use of methods to prevent ocular complications. It may take 2 or 3 days to build (heal) the 
tear film but only 2–3 hours in a dry environment for it to be disturbed. For example: 

Travel to areas with low humidity and dry winds are obvious. 
Many large offices that use central heating/air conditioning are extremely dry. 
Trips in automobiles not only use dry heating and air conditioning, but also present ad-
ditional problems of pollution from the road. 
There has been recent recognition that the blink rate goes down dramatically among pa-
tients who sit at computer terminals for prolonged periods. 
Another important environment for complications including corneal abrasions is the 
operating room, where the humidity is very low, and particularly in the post-operative 
recovery room, where the patient frequently has non-humidified oxygen delivered by a 
face mask.

The increased frequency of use of artificial tears in these environments may help to prevent 
complications, and should even be started prophylactically.

Topical cyclosporine

The United States Food and Drug Administration approved the use of a cyclosporine oph-
thalmic emulsion (0.05 percent) based upon four studies that compared this agent to a cas-
tor oil-based vehicle in 1200 patients (Pflugfelder, 2004). One of the studies presented in 
abstract form noted a decrease of 38 percent in infiltrating CD3 positive T-Cells in the con-
junctival biopsies of 293 subjects receiving cyclosporine, versus a 15 percent increase in 
those receiving the vehicle alone (Sall et al., 2000). 

Among 877 patients randomly assigned to receive twice-daily instillation of cyclosporine 
(0.05 percent, 0.1 percent) or vehicle alone, there was increased wetting on Schirmer test-
ing in 15 percent of patients receiving the active drug (Strong et al., 2005). The most com-
mon adverse effect was a burning sensation in the eyes after administration; less frequent 
side effects were red eye, epiphoria, foreign body sensation, itching, and blurred vision.

A recent study (Tatlipinar and Akpek, 2005) examined cyclosporine 0.1% emulsion to 
evaluate cyclosporine 0.1% ophthalmic emulsion over a 1- to 3-year period in moderate 
to severe dry eye disease patients. Four hundred twelve patients previously dosed for 6 to 
12 months with cyclosporine 0.05% or 0.1% in prior Phase III trials were enrolled. Cor-
neal staining, Schirmer tests, and symptom severity assessments were conducted during 
the first 12-month extension, with a patient survey during the second 12-month extension. 
Mean duration of treatment was 19.8 months. 

Improvements in objective and subjective measures of dry eye disease were modest, 
probably because of prior treatment with cyclosporine. Most survey respondents said their 
symptoms began to resolve in the first 3 months of cyclosporine treatment during the pre-
vious Phase III clinical trials. No serious treatment-related adverse events occurred. The 
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results supplement the safety record of the commercially available cyclosporine 0.05% 
ophthalmic emulsion.

Topical Tacrolimus

Bourdoulay et al. (Berdoulay, English, and Nadelstein, 2005) reported the use of 0.02% tac-
rolimus in aqueous suspension on tear production in dogs with keratoconjunctivitis sicca 
(KCS). They suggest that this agent (which is water soluble, in contrast to relatively insol-
uble cyclosporin) may be a promising alternative to topical CsA for treatment of KCS and 
may be beneficial in patients with less than optimal response to topical CsA.

Topical nonsteroidal eye drops (such as indomethacin) have been found to provide 
symptomatic relief, but they should be used with caution and under close monitoring, 
and the treatment should be promptly discontinued if corneal epithelial defects develop or 
worsen during treatment (Aragona et al., 2005). Similarly, chronic use of topical cortisones 
has to managed carefully by the ophthalmologist, because of risk of glaucoma, cataracts, 
sclera melting, and infections.

Blepharitis management

Blepharitis commonly occurs with dry eyes, and detection and management can aid SS 
symptoms. The source of lipids in the tear film is the Meiobian glands that are predomi-
nately located in the margin of the eyelids near the eyelashes. In SS patients, inflammation 
of the lower glands is common and may be caused by “plugging” by viscous secretions (in-
cluding the overuse of ocular lubricants and ointments). Application of warm compresses 
followed by eyelid scrubs comprise the most critical elements of effective blepharitis con-
trol. This therapy removes the eyelid debris (which can be colonized by bacteria), and sta-
bilizes the tear film by releasing oily secretions from the meibomian glands, thus reducing 
tear evaporation

Scrubs can be performed with dilute baby shampoo or commercially available cleansing 
products (OCuSOFT Lid Scrubs or Novartis Eye-Scrub). 

C. Oral Therapy

One of the most important consequences of oral dryness is the loss of teeth. Saliva has 
multiple functions within the oral cavity that include: 

lubrication of the mucosa so that the tongue can help with cleaning out residual food 
that leads to dental plaque and bacteria; 
buffering of acids that reabsorb calcium from teeth; as well as
the ability to modulate viral, bacterial, and fungal populations in the mouth. 

It is extremely important that the SS patient regularly floss their teeth after meals, re-
ceive regular professional dental hygiene treatments including fluoride treatments (dis-
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cussed below) at frequent intervals such as every 3 months (Papas et al., 1993), and recog-
nize the role of dietary factors with respect to the correlation between sucrose intake and 
caries(Papas, Joshi, Belanger et al., 1995; Papas, Joshi, Palmer et al., 1995). Although fre-
quently grouped together, it is important to consider dental caries as distinct from peri-
odontal disease. 

The loss of teeth in SS patients results from a combination of low oral pH that facilitates 
loss of dental calcium and the alterations of oral flora that lead to accelerated decay(Suzuki 
et al., 2005; Soto-Rojas and Kraus, 2002; Christensen et al., 2001; Schiodt et al., 2001; Isidor 
et al., 1999; Robinson et al., 1997; Yamamoto et al., 1997). 

These problems have been recently reviewed by Wu et al. (Wu and Fox, 1994; Wu, 
2003). For individuals with very low to no salivary production, the amount of phosphate 
and calcium ions available for incorporation onto the tooth surface and enhancement of 
the remineralization process may be limited. These individuals could possibly benefit from 
the exogenous addition of calcium phosphate ions commercially available as a toothpaste, 
in specialized chewing gums, and as a solution. 

A double-blind clinical trial examined the efficacy of a dentifrice containing calcium 
phosphate and found modest benefit in the prevention of root caries, but no benefit on cor-
onal caries was noted (Wu, 2003). These findings are consistent with the observation that 
individuals with salivary dysfunction are prone to root and incisal caries, rather than cor-
onal caries. 

Another clinical trial examined the caries preventive effect of a mouth rinse containing 
casein derivatives coupled to calcium phosphate in patients with Sjögren’s syndrome and 
dry mouth secondary to radiation therapy (Hay and Morton, 2003). The mouthwash failed 
to show complete efficacy (Wu, 2003). The majority of studies supporting the addition of 
calcium and phosphate as an aid to remineralization have been primarily short-term stud-
ies in animals and humans. There is currently no agreed-upon formulation/concentration 
of calcium phosphate or consensus on how often exposure should occur which could in-
fluence the results of any clinical trial. Definitive proof would require large long-term clin-
ical trials, which are notoriously difficult and expensive(Hay and Morton, 2003; Hay and 
Thomson, 2002). 

Artificial sweeteners that are not fermentable by acid-producing bacteria have also been 
implicated in the promotion of the remineralization process(Pers, d’Arbonneau et al., 
2005). Convincing data primarily from studies done with children has shown that cer-
tain natural sweeteners such as xylitol and sorbitol (usually in a chewing gum formula-
tion) have a significant anti-caries effect. There has been some suggestion that the caries-
preventative effect of xylitol/sorbitol is due to the effect of chewing alone, via the produc-
tion of saliva(Wu and Fox, 1994; Wu, 2003). But other mechanisms have been suggested 
including: the growth inhibition of caries-inducing bacteria, the selection of xylitol-resis-
tant strains with a resultant shift to less virulent and cariogenic strains, and the binding 
of xylitol to surface receptors on Strep. mutans species modulating their function(Pers, 
d’Arbonneau et al., 2005; Pers, Daridon et al., 2005).

The mainstay in the prevention of dental caries remains fluoride (Daniels and Wu, 
2000). A high dose 5% sodium fluoride varnish is currently available in the United States, 
but apparently not as widely used in the United States as in Europe where it was developed 
and tested primarily in children. 
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Two mechanisms by which topical fluoride promotes remineralization include: 
1) the development of a crystalline protective veneer (varnish) at the site of demineraliza-

tion; and, 
2) inhibition of bacterial metabolism and thus reduction of their acid production. 

The theoretical advantage of using the varnish is not only in the higher level of fluoride 
but also in the sustained release delivery system. One in-vitro study determined that a sin-
gle application of the varnish could release fluoride for up to 6 months (Wu, 2003). Var-
nish application is fast and easy and does not necessarily require professional prophylaxis 
prior to application, and can be applied directly to the root and incisal surfaces that are 
most vulnerable to decay in the SS patient population(Castillo and Milgrom, 2004; Cas-
tillo et al., 2001).

Chlorhexidine (CHX) is a topical antimicrobial agent that is used to decrease the intra-
oral bacterial load thought to contribute to periodontal disease and caries(Banting et al., 
2000). In addition, CHX has an antifungal effect that is relevant to the SS population. In 
our experience, the available CHX oral rinses have not been well tolerated by the SS patient 
group. Chlorhexidine is now being developed in the varnish format and as a chlorhexi-
dine-fluoride combination varnish that may be more acceptable to the SS population. 

Oral Candidiasis is treated with Nystatin or clotrimazole troches or oral suspensions. 
Dentures should be cleansed regularly. 

Saliva substitutes are generally not tolerated by patients. 
Medications that increase oral dryness such as antihistamines and diuretics should be 

avoided if possible.

D. Secretagogues   

Two muscarinic agonists – pilocarpine and cevimeline – have recently been approved as 
secretagogues for the treatment of symptoms of xerostomia in Sjogren’s syndrome (SS)
(Papas et al., 1998). These agents stimulate the M1 and M3 receptors present on salivary 
glands, leading to increased secretory function. 

Pilocarpine was initially used for treatment of radiation xerostomia and subsequently 
for SS (Katelaris, 2005; Wall, Magarity, and Jundt, 2002; Fox, Konttinen, and Fisher, 2001). 

In our experience, pilocarpine has a shorter onset of action but also a shorter duration 
of action with suggesting dosing 4 times a day. This leads to a narrow window between ef-
ficacy and side effects of sweating. 

Cevimeline (also known in neuropharmacology literature as AF102) was originally de-
veloped for treatment of Alzheimer’s disease (where M1 agonist activity is neuroprotec-
tive) and found to increase salivation through its M1 and M3 agonist activities (Fox, Kont-
tinen, and Fisher, 2001). It was subsequently shown effective in increasing saliva flow and 
symptom improvement in SS (Petrone et al., 2002). 

Cevimeline is generally used three times a day. However, we recommend gradually in-
creasing the dose and taking about 30 minutes before meals. Initially, patients may have 
some increased symptoms of gastric acidity (also stimulated by the muscarinic receptors) 
and this can be minimized by use of a proton pump inhibitor while initiating therapy. 
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E. Systemic Therapy for Extraglandular manifestations of SS

Nonvisceral manifestations such as arthralgia and myalgia are generally treated with salicy-
lates, nonsteroidal agents and often hydroxychloroquine. As in SLE patients, corticosteroids 
are effective but limited by their usual side effects including osteoporosis, diabetes, cardio-
vascular and mood disruption. In addition, SS patients have increased problems with corti-
costeroids including acceleration of their periodontal disease and oral candidiasis. Another 
problem in the SS patient is decreased tolerance of NSAIDs due to dysphagia secondary to 
decreased salivary flow and esophageal motility (Belafsky and Postma, 2003) as well as the 
increased frequency of GERD noted above. In terms of NSAIDs for the treatment of arthral-
gias in the SS patient, generic NSAIDS can be prepared as a topical cream or as a rectal sup-
pository by a “compounding pharmacy” for the patient with difficulty swallowing tablets.

Among the “slow-acting” drugs, antimalarials (hydroxychloroquine) have proven use-
ful in decreasing the arthralgia, myalgia and lymphadenopathy in SS patients (Fox et al., 
1988; Fox et al., 1996), similar to its benefit in some SLE patients (Wallace, 1994). We have 
used hydroxychloroquine (6–8 mg / kg / day) in SS patients where there is elevation of 
erythrocyte sedimentation rate (ESR) and polyclonal hyperglobulinemia. In a European 
study, Kruize et al. (Kruize et al., 1993) also found that hydroxychloroquine improved ESR 
but did not increase tear flow volumes. When taken at the proper dose (6–8 mg / kg / day), 
hydroxychloroquine has a very good safety record, although there remains a remote possi-
bility (probably less than 1/1,000) (Bernstein, 1991) of significant build-up in the eye. For 
this reason, periodic eye checks (generally every 6–12 months) are recommended so that 
the medicine can be discontinued if there is any significant build-up. 

For visceral involvement including vasculitic skin lesions, pneumonitis, neuropathy 
and nephritis, corticosteroids are used in a manner similar to SLE patients. Drugs such as 
hydroxychloroquine, azathioprine and methotrexate are used to help taper the corticoster-
oids (Deheinzelin et al., 1996). Methotrexate appeared more useful than azathioprine in SS 
(Skopouli et al., 1996; Price et al., 1998).  It is likely that leflunomide will prove useful in 
selected SS patients (Wallace, 2002) similar to its role in SLE patients. In some SS patients, 
cyclosporine may be used (Dalavanga et al., 1990) but the tendency towards interstitial ne-
phritis in many Sjögren’s patients limits the usefulness of the drug. For patients with sicca 
symptoms and PBC, the use of urosedeoycholic acid is important (Zukowski et al., 1998).

For life-threatening illness, cyclophosphamide is occasionally required (Fox, 2000). 
However, the increased frequency of lymphoma in SS patients requires caution in the use 
of cyclophosphamide and has suggested its use as a “pulse therapy” rather than daily ad-
ministration. Because of side effects, the use of mycophenolic mofetil is currently being ex-
plored as an alternative to cyclophosphamide in treatment of vasculitis (Gross, 1999).

One pilot study suggested that one tumor necrosis factor inhibitor (infliximab) might 
be beneficial (Steinfeld et al., 2001), but subsequent multicenter trials failed to confirm 
these results (Marriette, 2003). Similarly, double-blind studies have not shown significant 
benefit with etanercept (Zandbelt et al., 2004; Sankar et al., 2004).  As in other autoimmune 
disorders, there is increasing interest in B-Cell depletion through the use of monoclonal 
anti-CD20 antibody (rituximab) (Cohen, Polliack, and Nagler, 2003).

Outcome measures in SS are important and have been the subject of recent confer-
ences (Bowman, 2002), with assessment subdivided into: 
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a) exocrine (including sicca symptoms and signs) and-nonexocrine disease activity and 
systemic symptoms (objective evidence of extraglandular activity and damage (present 
for over 6 months); 

b) health-related and generic quality of life (including fatigue); c) standard approaches to 
adverse events/toxicity; and d) health economic aspects. The use of biomarkers similar 
to SLE (Illei et al., 2004) including autoantibodies, chemokines and cytokines may sup-
plement clinical measurements.

Summary

Cutaneous manifestations of Sjogren’s syndrome (SS) include: 
Dry skin (xerosis)
Vasospastic disorders ranging from Raynaud’s to acrocyanosis
Macular, papular and vesicular rashes 
Infections such as varicella zoster
Palpable and non-palpable purpura due vasculitis, and 
Embolic lesions and thrombotic lesions
Acute or chronic thrombosis with lymphedema
Other associated skin conditions including urticaria or allergic skin eruptions

Complaints of dry skin occur in about 50% of SS patients. It is unclear whether or not the 
xerosis is due to infiltrate of the eccrine or sebaceous glands, or dysfunctional response of 
the residual glands. In many biopsies from SS patients, dryness of the skin has been asso-
ciated with lymphocytic infiltrates in the eccrine glands. Similar to SLE patients, antibody 
and complement fixation is often detected clinically “normal” skin. 

However, the extent of dryness of the skin and the clinical appearance termed “xero-
sis” is often more severe than that expected for the degree of lymphocytic infiltration (and 
glandular destruction). 

A common finding on deeper skin biopsy is “non-specific perivascular lymphocytic in-
filtrates.” Immuno-histologic studies have also indicated an increase in peri-vascular den-
dritic cells of both the mesenchymal and Plasmacytoid types. These histologic findings on 
SS skin biopsy are so common that the pathologist may often only mentions them “in pass-
ing,” while they emphasize that no leukocytoclastic vasculitic changes were present. But 
these “perivascular” lymphocytic (and dendritic) cell infiltrates may be the crucial factor 
in xerosis of SS. 

Treatment of SS is generally symptomatic, with most patients requiring treatment only 
for dryness. Adequate explanation is essential; many subjects, for example, may not realize 
that their central heating or air conditioning creates a drying environment or that a windy 
day is likely to make their eyes dryer. Simple measures such as humidifiers, sips of water, 
chewing gums, and simple replacement tears will be adequate in the majority of subjects. 
The rest should be told of the wide range of artificial fluids available and encouraged to try 
several different formulations.
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Treatment of other manifestations of SS has been influenced by our treatment of other 
connective tissue diseases. The most serious (and fortunately rare) complications such as 
vasculitis and neurologic disease probably require immunosuppression with drugs such as 
cyclophosphamide, as in systemic lupus erythematosus. 

Because many lupus symptoms mimic other illnesses, are sometimes vague and may 
come and go, lupus can be difficult to diagnose. Diagnosis is usually made by a careful re-
view of a person’s entire medical history coupled with an analysis of the results obtained 
in routine laboratory tests and some specialized tests related to immune status. Currently, 
there is no single laboratory test that can determine whether a person has lupus or not. To 
assist the physician in the diagnosis of lupus, the American Rheumatism Association is-
sued a list of 11 symptoms or signs that help distinguish lupus from other diseases. A per-
son should have four or more of these symptoms to suspect lupus. The symptoms do not all 
have to occur at the same time
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Introduction

Psoriasis vulgaris is an HLA-associated inflammatory disorder, which affects ~ 2% of the 
Caucasian population. It presents with a characteristic type of skin lesions which appear as 
sharply demarcated reddish plaques of variant size covered with intensive silvery scaling. 
In a significant proportion of patients psoriasis also involves the joints, sometimes leading 
to severe arthritis.

Psoriasis has been documented already in ancient times. The earliest descriptions are 
attributed to Celsus (25 a. c. to 50 p. c.) (Dirckx, 1983) and to the 3rd Book of Moses in the 
Book of Leviticus, chapter 13, of the Old Testament (Glickman, 1986). Here, psoriasis is as-
sumed behind the term “zaraath”. In 1801 psoriasis was clearly distinguished from leprosy 
by Robert Willan (1757–1812) (Leach and Beckwith, 1999). Since then, pathophysiology 
and therapy of psoriasis have remained an intellectual challenge. 

Epidemiology and genetics of psoriasis

The true incidence of psoriasis is difficult to determine. The prevalence varies in different 
parts of the world between 0.1% to 3%. In Western industrialized nations it is estimated to 
affect 1.5–2% of the population, with worldwide approximately 100 million affected indi-
viduals. 

Psoriasis has a strong hereditary background. The concordance in monozygotic twins 
is 65 to 70% (Brandrup et al., 1982; Farber et al., 1974), compared to 15 to 20% in dizy-
gotic twins. The risk of first-degree relatives to acquire psoriasis ranges from 8 to 23%. The 
inherited predisposition involves various gene loci. Many of them are related to inflam-
mation and immunity. They include PSORS1 (psoriasis susceptibility locus) on chromo-
some 6p21.3, PSORS2 on 17q24-q25, PSORS3 on 4qter, PSORS4 on 1cen-q21, PSORS5 
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on 3q21, PSORS6 on 19p13, PSORS71p35-p34, PSORS8 on 16q12-q13, and PSORS9 on 
4q31 (http://www.ncbi.nlm.nih.gov/Omim). Potential other psoriasis gene loci are 16q 
und 20p (Nair et al., 1997). Some of these gene loci are identical to gene loci of atopic 
childhood eczema (20p, PSORS2, PSORS4) (Cookson et al., 2001). A strong association 
has been observed with single nucleotide polymorphisms in the IL12B and IL23R genes. 
Interestingly, these genetic associations are shared between psoriasis and Crohn’s disease, 
a chronic immune-mediated inflammatory bowel disease (Tsunemi et al., 2002, Cargill 
et al., 2007). Psoriasis susceptibility is furthermore influenced by polymorphisms in var-
ious cytokine alleles (IL-1, IL-6, IL-10, IL12, TNF-α) (Tsunemi et al., 2002; Reich et al., 
2002; Asadullah et al., 2001; Arias et al., 1997). Copy number variations with multiplica-
tion of genes coding for proinflammatory anti-microbial peptides may enhance the risk 
for acquiring psoriasis further (Hollox et al., 2008). Recent observations point to a role of 
gene deletions related to epidermal barrier function (de Cid R et al., 2009). PSORS1 con-
tributes approximately 30–50% to the genetic predisposition (Trembath et al., 1997). It re-
flects the association of psoriasis with HLA-Cw6 that was identified as the first correlate 
of the genetic predisposition (Russel et al., 1972). In northern Europe and the U.S.A. two 
thirds of the psoriasis patients are HLA-Cw6 positive (Elder et al., 2001). Experimental 
results suggest that the association of psoriasis with HLA-Cw6 might reflect a select ca-
pacity of this HLA-allele to present particular skin-selective proteins as autoantigens to 
T cells, which may subsequently become activated in an autoimmune response (Besgen 
et al., 2010). Approximately 10% of the HLA-Cw6 positive individuals acquire psoriasis. 
Because of this relative association it still remains uncertain whether HLA-Cw6 itself or 
a closely adjoining gene polymorphism represents the actual risk allele (Nair et al., 2000). 
HLA-Cw6 is inherited as a conserved set of genes (extended haplotype, EH57.1 / I) that 
involves the HLA molecules Cw6-B57-DRB1*0701-DQA1*0201-DQB1*0303 and partic-
ular alleles of corneodesmosin, MICA (class I major histocompatibility complex chain-
related gene A), and HCR (Schmitt Egenolf et al., 1996; Tazi Ahnini et al., 1999; Jenisch 
et al., 1999; Asumalahti et al., 2002; Gonzalez et al., 1999). Each of these alleles has single 
nucleotide polymorphisms (SNP) that are associated with psoriasis and make them po-
tential candidates for risk alleles.

For PSORS2 on 17q24-q25 the situation is much better defined. It carries a particular 
psoriasis-associated SNP that is located between SLC9A3R1 (EBP50 / ERM-binding phos-
phoprotein 50 kDA or NHERF1) and NAT9 (Helms et al., 2003). The SNP affects a binding 
site for the transcription factor, RUNX1, and, at least experimentally, ablates RUNX1 bind-
ing and RUNX1-regulated expression of SLC9A3R1. SLC9A3R1 codes for a linker protein 
that binds members of the ezrin-radixin-moesin family via a PDZ domaine (Reczek et al., 
1997). It is involved in both, epithelial membrane function and the formation of the im-
munologic synapse, and it mediates inhibitory signals during T cell activation (Itoh et al., 
2002). Since SLC9A3R1 is expressed in the upper epidermal layers and in resting T cells ab-
lation of RUNX1 binding may contribute to both epidermal dysregulation and exagger-
ated T-cell activation of psoriatic skin lesions. An altered RUNX-mediated gene expression 
has also been suggested for lupus erythematosus and rheumatoid arthritis, making RUNX-
related immune dysregulation a potential mechanism of autoimmunity (Tokuhiro et al., 
2003; Prokunina et al., 2002).
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HLA-Cw6 and psoriasis-subtypes

The biologic role of the HLA-Cw6 in psoriasis is still unknown. Yet, HLA-Cw6 as the ma-
jor risk allele defines several clinical aspects of psoriasis. Acute-exanthematic, socalled gut-
atte psoriasis shows a high prevalence for HLA-Cw6 (Mallon et al., 2000). Homzygosity for 
HLA-Cw6 confers a higher risk for psoriasis than heterozygosity (Gudjonsson et al., 2003). 
HLA-Cw6 is furthermore associated with an early onset of the disease and a positive fam-
ily history for psoriasis (Queiro et al., 2003). 

Two subtypes of non-pustular psoriasis have been defined by the age of disease on-
set, HLA-expression and family history (Christophers and Henseler, 1985). Type 1 rep-
resents approximately two thirds of the psoriasis patients. It is characterized by the pres-
ence of HLA-Cw6, a positive family history for psoriasis, and an early disease manifesta-
tion usually before the age of 40 years, with a maximum of onset at the age of 16 (females) 
or 22 (males) years. Type 2 psoriasis is characterized by a late onset with a maximum at the 
age of 60 (females) or 57 (males) years, and by an overrepresentation of HLA-Cw2. Other 
HLA-alleles found more frequently in non-pustular psoriasis are A2, A24, B13, B27, B37, 
Cw7, Cw8 and Cw11 (Henseler, 1998). Unlike type 2 psoriasis, type 1 psoriasis is selec-
tively associated with streptococcal throat infection as major environmental trigger of pso-
riasis onset (Weisenseel et al., 2002).

Histopathology

The histopathologic picture of psoriasis depends on stage and localisation of the lesion. 
Early lesions display quite unspecific changes with dilatation of the papillary capillaries, 
oedema and a mononuclear infiltrate, from which fewer cells exocytose into the lower epi-
dermis (Braun-Falco and Christophers, 1974). Only then, epidermal changes develop with 
parakeratosis (incomplete cornification) and disappearance of the granular layer. At this 
stage the phenomenon of the “squirting papillae” occurs, with release of neutrophilic gran-
ulocytes (Pinkus and Mehregan, 1966) from the dermal capillaries. They accumulate as 
Munro microabscesses within the parakeratotic layer or, intermingled with epidermal cells 
(Ragaz and Ackerman, 1979), as spongiform pustules of Kogoj beneath the parakeratotic 
stratum corneum (Gordon and Johnson, 1967). Increased numbers of mast cells are ob-
served in the dermis.

The fully developed lesions are characterized by acanthosis (thickening of the epider-
mis), elongated rete ridges with often club-shaped dermal papillae and thinning of the su-
prapapillary layers of the epidermis (Fig. 1). The granular layer is absent. Parakeratosis may 
be accompanied by ortho-hyperkeratosis. Only the intra-epidermal pustules or microab-
scesses, however, represent fully pathognomonic features of psoriasis. They become pre-
dominant in pustular psoriasis, with spongiform macropustules in a degenerated epider-
mis (Shelley and Kirschbaum, 1961).
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Gene expression analysis

Large scale gene expression analysis of affected and unaffected psoriatic skin as well as skin 
from healthy individuals demonstrated that more than 1300 genes are differentially ex-
pressed in psoriatic inflammation. These genes are particularly relevant for wound heal-
ing and epidermal regeneration, inflammation and immunity, epidermal proliferation and 
differentiation, the JAK-STAT-signalling cascade, neurogenesis, melanogenesis, and the 
pathogen defence. They reflect the different compartments involved in the pathogenic cas-
cade (Bowcock et al., 2001; Zhou et al., 2003). Interestingly, gene expression revealed no 
difference between type 1 and type 2 psoriasis patients.

Environmental factors

Throat infections with group A ß-haemolytic streptococci are the most frequent trigger 
of psoriasis onset, but may also induce relapses. Reports on the incidence of streptococ-
cal throat infection preceding first psoriasis onset range from 56 to 97% (Norrlind, 1954; 
Tervaert and Esseveld, 1970). Elevated serum antibody titres against streptococcal anti-
gens (Streptolysin O, DNAse B) are found in ~ 50% of patients with chronic plaque psoria-
sis. Other triggering factors are drugs (mainly lithium, ß-adrenergic blocking agents, anti-

Fig. 1. Histopathology with 
acanthosis, parakeratosis, loss of 
granular cell layer
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malaria agents, IFN-α, Interleukin-2), withdrawal of steroids, alcohol, emotional stress and 
hypocalcaemia, to name the most frequent ones. These factors somehow seem to act on the 
genetic predisposition to turn the latent state into the full psoriatic phenotype. 

Immune mechanisms in the pathogenesis of psoriasis

Several fully reversible features shape the clinical appearance of psoriasis. They include a 
strong increase in keratinocyte proliferation and epidermal turnover, accumulation of neu-
trophilic granulocytes, inflammatory changes with elongation of the papillary capillaries, 
and a mononuclear infiltrate with activated T cells. 
Accordingly, the cause of psoriasis has been assumed in a disturbed growth regulation of 
keratinocytes, abnormal function and chemotaxis of neutrophilic granulocytes, or in de-
fects in the cAMP-cascade or arachidonic acid metabolism, to name some of the former 
approaches. Intensive analysis of these compartments, however, did not reveal clues to ex-
plain the pathogenesis of psoriasis. 

T cell activation in psoriasis 

Recent progress in the understanding of psoriasis vulgaris has suggested that activation 
of the specific cellular immune system, particularly T cells, in the skin is an essential step 
in disease manifestation, and that it is responsible for all the different lesional psoriatic 
changes including the increased keratinocyte proliferation (Fig. 2) (Valdimarsson et al., 
1986, Nickoloff and Nestle, 2004). This role was first suggested in 1976 by the ability of cy-
closporine A to clear psoriasis (Mueller and Hermann, 1976), but in order to convince of 
the pivotal position of T cells in the realisation of a genetic predisposition which includes 
HLA-association and – less stringently – other gene loci (Henseler, 1997; Trembath et al., 
1997; Tomfohrde et al., 1994), further observations were necessary. They were based mainly 
on the therapeutic efficacy of other immunosuppressive regimens such as FK506 (Michel 
et al., 1996), monoclonal CD3 and CD4 antibodies (Weinshenker et al., 1989; Prinz et al., 
1991; Nicolas et al., 1991), or a T cell-selective toxin, DAB389IL-2 (Gottlieb et al., 1995), but 
also of immunomodulatory cytokines such as IL-10 (Asadullah et al., 1998). 

The T cells accused for mediating psoriasis constitute a dense inflammatory infiltrate 
in the papillary dermis and, to a much lesser degree, in the epidermis. The majority of 
the dermal T cells are CD4+, while CD8+ T cells represent the majority of the epidermal 
T cell infiltrate (Bos et al., 1983). According to the expression of the low molecular iso-
form of the tyrosine-phosphatase CD45 (CD45RO) the lesional psoriatic T cells are mem-
ory T cells (Bos et al., 1989). Accumulation of these T cells within the psoriatic skin lesions 
is mediated by the interaction of various glycoprotein ligands and chemokine receptors 
on the T cell surface (cutaneous lymphocyte-associated antigen / CLA, intracellular adhe-
sion molecule-1 / ICAM-1, CD11a / LFA-1, chemokine receptor / CCR10) with various ad-
hesion molecules on the vascular endothelium of the papillary venules (P-selectin, E-selec-

9 Psoriasis Vulgaris and Arthopathica 329



9

tin, ICAM-1, chemokine CCL27) (Prinz, 2003). CLA and CCR10 characterize T lympho-
cytes of inflammatory skin diseases. They mediate binding of T cells to the endothelium of 
the postcapillary venules and thus promote extravasation and migration into the dermal 
extracellular matrix. 

Functional analysis of T cells isolated and cloned from these infiltrates revealed that a 
substantial proportion was capable of stimulating the proliferation of keratinocyte by the 
secretion of mediators (Prinz et al., 1994; Bata-Csorgo et al., 1995). Whether a particular 
hyperresponsiveness of psoriatic keratinocytes to growth promoting signals from T cells is 
involved in this effect is still a matter of investigation. Studies on cytokine secretion fur-
thermore suggested, that the lesional T cells represent a particular regulatory T cell sub-
set. They produce a particular cytokine pattern that by its biological activities should be 
able to mediate the features of psoriasis (Vollmer et al., 1994; Kagi et al., 1994). Today, 
these T cells are being identified as Th17 or Th22 cells. They develop under the influence 
of IL-23. IL-23 is a heterodimeric cytokine, which consists of two protein chains, IL-23p19 
and IL-12p40, which it shares with another cytokine, IL-12. IL-23 promotes the differen-
tiation of naïve T cells into Th17 cells. The cytokine pattern of Th17 cells is dominated by 
IL-17, IL22, IFN-γ and TNF-α. These cytokines mediate epidermal hyperplasia, acantho-
sis, hyperparakeratosis and orthohyperkeratosis (Nestle et al., 2009). An over-expression 
of IL-23p19 and IL-12p40 (precursors of IL-23) has been seen at the mRNA level in psori-

Fig. 2. Immunopathogenesis of psoriasis
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atic skin lesions, compared to uninvolved skin (Lee et al., 2004). IL-23 is produced by tis-
sue-resident and / or recruited immune cells, such as dendritic cells and possibly keratino-
cytes. The pathogenic role of IL-23 and of Th17 cells in psoriasis is supported by the ge-
netic association with polymorphisms in the genes for IL23 and its receptor, and by the 
clinical findings that therapeutic p40 antibodies (ustekinumab, briakinumab), which neu-
tralize the biologic activity of IL-12 and IL-23 are highly efficient psoriasis treatment. anti-
TNF-α agents can reduce IL-23p19 and IL-12p40 mRNA levels, and a reduction of IL-23 
levels by cyclosporin A, UV-therapy and biological agents correlates to clinical improve-
ments in psoriasis patients (Nestle et al., 2009). The role of IL-23 and TH17 cells in the pso-
riatic inflammation may be considered as a functional correlate of the genetic association 
with the IL12B and IL23R genes.

Regulatory T (Treg) cells are characterized by their ability to suppress the activation and 
proliferation of CD4+ and CD8+ effector T cells via mechanisms that either require direct 
contact with antigen presenting cells or by releasing IL-10 or transforming growth factor 
beta 1 (TGF-b1). Treg cells express CD4, CD25 and the specific transcription factor Foxp3. 
They account for between 1–5% of the total population of peripheral CD4+ cells. Dysfunc-
tion of Treg cells has been implicated in the pathogenesis of autoimmune diseases such as 
multiple sclerosis, rheumatoid arthritis and autoimmune polyglandular syndrome type II. 
In psoriasis, Treg function and proliferation are both defective (Nestle et al., 2009). This 
combination may result in a failure to constrain the activation and proliferation of patho-
genic T cells, contributing to the ongoing inflammation seen in psoriasis. Hence strate-
gies that correct Treg function or increase the Treg: pathogenic T cell ratio may be poten-
tial treatments for psoriasis.

Molecular analysis of TCR usage in psoriatic skin lesions has provided strong evidence 
in favour of an antigen-driven lesional T cell response. The TCR usage within psoriatic 
skin lesions appears highly restricted, with repetitive TCR rearrangements being reflected 
by the presence of clonally expanded T cell populations (Chang et al., 1994; Menssen 
et al., 1995). The same clonally expanded T cell populations were associated with the le-
sional psoriatic immune response over prolonged periods of time and in relapsing disease 
(Chang et al., 1997; Menssen et al., 1995). Extensive cloning and sequencing of TCR rear-
rangements of several BV gene families in repetitive biopsies from the same patients indi-
cated that the lesional T cell receptor usage is quite stable in general, with hardly any varia-
tions in the selected TCR rearrangements over time. These results emphasize that the pso-
riatic immune response involves a restricted subset of clonally expanded T cells. It is ap-
parently induced against antigens, which are continuously present within the psoriatic skin 
lesions, and it shows no signs of epitope spreading. Instead, identification of a conserved T 
cell receptor ß-chain (TCRB) CDR3-motif within multiple lesions from different patients 
suggested that the psoriatic immune response is not only preserved within individual pa-
tients but that a common psoriatic antigen may be driving responses in different patients 
(Prinz et al., 1999). Potential autoantigens were identified by molecular mimicry with an-
tigens from Streptococcus pyogenes, which is the main infectious trigger of psoriasis. They 
include keratin 6, keratin 17, ezrin, maspin, peroxiredoxin 2 and hsp27. (Gudmundsdottir 
et al., 1999., Besgen et al., 2010). Identical T-cell clones in psoriatic skin lesions and tonsils 
of patients with streptococcal-driven psoriasis as well as the improvement of psoriasis fol-
lowing tonsillectomy in these patients support that T cells may represent a cellular link be-
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tween streptococcal infection and psoriatic immune activation (Diluvio et al., 2006) Thus, 
at least in a subset of patients psoriasis may be driven by a cross-reactive T-cell mediated 
streptococcal-driven immune response. 

Clinical manifestations of psoriasis 

Acute guttate and chronic plaque psoriasis

Psoriasis presents with two major clinical forms of manifestation, acute guttate psoriasis 
and chronic plaque psoriasis, as well as several less frequent clinical variants, mainly pustu-
lar psoriasis, erythrodermic psoriasis, and psoriasis arthritis (Fig. 3).

The classical psoriatic skin lesion is a well-defined sharply demarcated plaque of salmon 
pink colour covered with a variable amount of silvery scales (erythemato-squamous 
plaques). It is characteristic of chronic plaque psoriasis. Scratching off the scaling reveals a 
glossy, red, dry membrane that upon further removal develops small bleeding points from 
the elongated papillary capillaries (Auspitz sign). Chronic psoriatic plaques show mostly 
uniform appearance. They are usually symmetrically distributed with a preference for cer-
tain predilection sites: extensor side of joints (particularly knees and elbows), umbilicus, 
anal cleft, genital region, ears, and scalp. The extend may vary from a few small lesions to 
extensive confluent plaques that cover large areas of the body. 

Acute guttate psoriasis shows small pinpoint lesions with often only little scaling that 
are tightly scattered over trunk and limbs, less frequently also on face and scalp. It develops 
as acute, exanthematic form particularly after streptococcal throat infections in first onset 
psoriasis, but also in acute psoriasis relapses. 

Modification by site 

The scalp is often involved with inflammation and scaling that extends approximately 1 cm 
onto the forehead. Taenia amiantacea can be considered as the most severe form of shell-
like, firmly adherent scales. Although hair loss is not a prevailing sign of scalp psoriasis, a 
diffuse reversible inflammatory effluvium may develop.

Fingernails and toenails may be affected in two different ways: psoriasis of nailbed and 
hyponychium leads to subungual hyperkeratosis, onycholysis, and yellow discoloration (oil 
drop). Small indentations (pitting), grooves and ridges of the nail result from psoriatic in-
volvement of the nail matrix. 

In flexual psoriasis skin lesions show an “inverse” distribution pattern. They affect mainly 
axillae, groins, and submammary folds. Due to maceration scaling is usually absent. 

Psoriasis of palms and soles is characterized by scaling, hyperkeratotic erythemata or in-
tra-epidermal yellow, later on brown pustules. 
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Clinical variants 

Accumulation of neutrophilic granulocytes in small intra-epidermal microabscesses is a 
pathognomonic feature of psoriatic skin lesions. If this aspect becomes more pronounced 
macroscopic visible sterile pustules develop on the skin, leading to pustular psoriasis. Two 
main forms are distinguished: psoriasis of early onset may develop into pustular psoria-
sis under certain circumstances such as withdrawal of internal steroids or external irrita-

Fig. 3. Different clinical manifestations of psoriasis
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tion or high eruption pressure (psoriasis cum pustulatione, generalized pustular psoriasis 
von Zumbusch). The second group of pustular psoriasis usually develops later in life, often 
shows an atypical (flexual, acral = inverse) distribution and may display pustulation from 
onset on (palmoplantar pustular psoriasis of the Barber Type, acrodermatitis continua sup-
purativa of Hallopeau, annular pustular psoriasis, generalized pustular psoriasis von Zum-
busch). In both groups localized or generalized forms are distinguished. 

In erythrodermic psoriasis psoriatic inflammation has become generalized with highly 
inflammatory, exfoliative erythema and profuse scaling of the whole skin. Together with 
generalized pustular psoriasis it represents the most severe form of psoriasis and may be-
come live-threatening. 

Psoriatic arthritis is defined as the association of psoriasis with peripheral or spinal ar-
thropathy and negative serological tests for rheumatoid arthritis. The incidence of arthritis 
in psoriasis patients ranges from ~ 5 to 40%, depending on the diagnostic criteria included. 
In 65% of psoriatic arthritis patients psoriatic skin lesions preceded arthritis, in 16% joint 
and skin affection appeared simultaneously, and in 19% skin lesions developed after arthri-
tis onset. HLA-B27, but also HLA-A2, B38, and DR4 confer an increased risk for psoriatic 
arthritis. Psoriatic arthritis affects men and women almost equally. The average age at on-
set in most studies is 36–40 years. Psoriatic arthritis affects both peripheral joints and the 
axial skeleton.

The classification of Wright and Moll distinguishes five subgroups of psoriatic arthritis 
(Moll and Wright, 1973). Peripheral asymmetric mono- or oligoarthritis is most common 
(~ 70%). It preferentially affects single interphalangeal joints and usually is accompanied 
by a sausage-like digital swelling. Distal interphalangeal arthritis (~ 5–10%) involves the 
distal interphalangeal joints. In mutilating psoriatic arthritis (arthritis mutilans, ~ 5%) mul-
tiple interphalangeal joints and adjacent bone are destroyed by osteolysis with subsequent 
telescope-like shortening of the fingers, ankylosis and arthrogenic contractures. Symmetric 
psoriatic polyarthritis (~ 15%) is similar to rheumatoid arthritis, but usually less severe and 
rheumatoid factor-negative. Psoriatic spondylarthritis (~ 5%) is clinically similar to spon-
dylitis ancylopoetica and affects spine and / or sacroiliac joints. As additional type pustular 
arthro-osteitis is characterized by psoriasis pustulosa palmoplantaris and osteoarthritis of 
the sternocostoclavicular joints (Edlund et al., 1988). 

The peripheral arthritis generally presents as an inflammatory arthritis, manifesting 
with pain and tenderness over the affected joints, with or without swelling. The distribu-
tion of affected joints is often in a “ray” pattern, involving all three joints of an affected 
digit, whereas other digits are spared. This is in contradistinction to rheumatoid arthritis, 
where the joints at the same level tend to get involved, leading to a symmetric distribution. 
A typical feature of psoriatic arthritis is the reddish discoloration over the inflamed joint. 
Morning stiffness, a feature of inflammatory arthritis is only detected in 50% of patients 
with psoriatic arthritis. Dactylitis, or sausage digit, is also a typical feature of psoriatic ar-
thritis, which may occur in about half the patients. Dactylitis results from inflammation of 
both the joints and tendons, leading to swelling and tenderness of the whole digit. It is as-
sociated with a higher rate of erosions in the affected digits. Psoriatic arthritis patients also 
suffer from tendonitis or tendosynovitis which may affect the flexor tendons of the fingers, 
the wrist as well as the Achilles tendon and the plantar fascia. Enthesitis, or inflammation 
at the site of tendon insertion into bone, particularly at these latter sites, is also common 
(Ritchlin et al., 2009).
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Spondylitis, which includes sacroiliac and apophyseal joint involvement, may present 
with inflammatory back pain, which usually occurs at rest and immobility and improves 
with activity and exercise. It often wakes the patient up at night and responds to walking 
around or taking a shower. It is associated with prolonged morning stiffness. But spon-
dylitis in psoriatic arthritis may be also totally asymptomatic. The sacroiliac changes may 
be asymmetrical in psoriatic arthritis and is often less severe than that seen in ankylosing 
spondylitis (Taylor et al., 2006).

The understanding of psoriatic arthritis has significantly improved recently. It is now 
being considered as a complex inflammatory disorder of the joints, bone, soft and connec-
tive tissue. As distinct features, psoriatic arthritis may comprise synovialitis with new bone 
formation and bone destruction, tenosynovitis, ostitis and periostitis, and enthesitis. En-
thesitis may represent the primary lesion of psoriatic arthritis. The Classification of Pso-
riatic Arthritis (CASPAR) group, which includes 30 international centers, studied 588 pa-
tients with psoriatic arthritis and 536 patients with other forms of inflammatory arthritis 
to derive classification criteria for psoriatic arthritis (Taylor et al., 2006). Based on logistic 
regression analyses, classification and regression tree analyses, classification criteria were 
derived. In order to apply the criteria, a patient must suffer from an inflammatory muscu-
loskeletal disease including peripheral arthritis, spondylitis or enthesitis. Once the pres-
ence of a musculoskeletal inflammatory condition is established, if the patient accumulates 
three or more points of the following, they can be classified as psoriatic arthritis with over 
90% certainty. The criteria include the presence of psoriasis, which, if current, provides two 
points. If not current, either a history of psoriasis or a family history of psoriasis may be 
counted as one point. The presence of nail lesions provides a point, as does the presence of 
dactylitis, either current or documented by a rheumatologist. A negative rheumatoid fac-
tor provides one point, as does the presence of fluffy periostitis adjacent to joints. Although 
the criteria were derived from patients with long-standing disease, they have recently been 
confirmed both in an early psoriatic arthritis clinic and in a family medicine clinic, both 
providing high sensitivity and specificity, thus suggesting that they may be used as diag-
nostic criteria (Gladman, 2009).

There are common extra-articular features in psoriatic arthritis. The major feature is 
psoriasis. Nail lesions occur in much higher frequency among patients with psoriatic ar-
thritis than in those with uncomplicated psoriasis. Although it had been thought that pa-
tients with psoriatic arthritis have more severe psoriasis, recent studies demonstrate that 
there is no direct relationship between the extent and severity of psoriasis and joint man-
ifestations. Other extra-articular manifestations include ocular involvement, which may 
present as conjunctivitis or iritis. It occurs in 7–33% of patients with psoriatic arthritis. 
Aortic incompetence was reported in less than 4% of patients with psoriatic arthritis and 
usually develops late in the course of the disease. These extra-articular manifestations are 
similar to those observed in other spondyloarthropathies (Gladman, 2009).

Course of psoriasis

The course of psoriasis is unpredictable. After onset, approximately 60% of the patients suf-
fer from chronic persistent or recurring psoriasis with frequent relapses. In the remaining 
40% of patients complete and prolonged remission may develop. 
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Diagnosis

The diagnosis of psoriasis is usually made on clinical grounds by the combination of ery-
thematous plaques, affected predelection sites, nail changes, and a positive familiar history. 
Diagnostic difficulties of atypical manifestation such as in seborrhoic or flexual psoriasis as 
well as in palmoplantar psoriasis may require histopathological support. 

Comorbidities

A landmark study based on a cohort of almost 3000 patients found an association be-
tween psoriasis and diabetes mellitus, obesity, heart failure and hypertension (Henseler 
and Christophers, 1995). The metabolic syndrome which compromises abdominal obe-
sity, arterial hypertension, abnormal oral glucose tolerance and abnormal blood lipids is 
the most important comorbidity of psoriasis (Griffiths and Barker, 2007). Other comor-
bidities include Crohn’s disease and ulcerative colitis, depression and cancer. Patients with 
psoriasis have a fivefold increase in risk of developing type 2 diabetes and double the risk 
of myocardial infarction. Psoriasis is associated with an independent risk for cardio-vascu-
lar morbidity and increased mortality (Mallbris et al., 2004, Gelfand et al., 2006). A large, 
population based study found that life expectancy was about four years shorter in patients 
with severe psoriasis than in healthy controls (Gelfand et al., 2007). Pathophysiologically 
the increased cardiovascular mortality of patients with psoriasis seems to be a consequence 
of the “psoriatic march” (Boehncke et al., 2007, Boehncke et al., 2009). Psoriasis and its 
comorbidities produce a systemic inflammatory burden. Systemic inflammation in turn 
causes insulin resistance, a state in which the equilibrium between proatherogenic and an-
tiatherogenic effects of insulin is shifted towards proatherogenic effects. This shift expe-
dites endothelial dysfunction, which leads to atherosclerosis and eventually myocardial 
infarction if coronary arteries are involved. Several cross sectional studies have indepen-
dently described a correlation between psoriasis severity and the patients` blood levels 
of adipokines, soluble mediators interfering with insulin functions. The mechanisms out-
lined here suggest a metabolic state comparable to that in patients developing type 2 diabe-
tes mellitus (Davidovici et al., 2010). Treatment decisions of patients with psoriasis should 
take into account patients’ comorbidities to identify contraindications and comedication to 
avoid drug interactions.

Management of psoriasis

Therapy should take into consideration that psoriasis often is a life long recurring but not 
life threatening disease. Due to the large clinical variability of psoriasis, therapy has to be 
adapted individually. The mode of therapy has to consider the individual extend, locali-
sation, acutity and duration of psoriasis, sex and age of the patient, social and private as-
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pects, and patient compliance. Fore a more detailed information evidence-based guide-
lines for the treatment of psoriasis have recently become available (Nast et al., 2006, Pathi-
rana et al., 2009). 

General measures:

Patients should occasionally be examined for inflammatory foci (oto-laryngologic, den-
tal) that may serve as constant triggers of relapses. Streptococcal throat infection should be 
treated antibiotically. Tonsillectomy may be beneficial particularly in early psoriasis trig-
gered by streptococcal sore throat. Triggering drugs and alcohol should be avoided, when-
ever possible. The influence of diet is unclear. It might be advisory in severe and refrac-
tory psoriasis to avoid meet and sausages from cattle and pig because of the fat-content in 
precursors of arachidonic acid that may fuel psoriatic inflammation unspecifically (Adam, 
1995). 

Therapy should address the different aspects of psoriatic skin lesions: it should suppress 
keratinocyte proliferation, be anti-inflammatory and immunosuppressive.

Topical therapy

Dithranol (anthralin) was introduced into psoriasis therapy by Unna and Galewsky in 
1916 (Farber, 1992). It replaced chrysarobin, a natural tree-bark extract that was not avail-
able any more during the 1st world war. Dithranol still represents a kind of gold standard. 
Its mode of action involves a cytostatic effect. It may be used in combination with UVB 
light (Ingram regimen) or as short contact application. Since it is highly irritative it is used 
in low concentrations that during the course of treatment are cautiously increased. Dithra-
nol formulations have to be protected from oxidation by the addition of salicylic acid. As a 
disadvantage, dithranol stains the skin as well as cloth with a brownish discoloration. 

Coal tars have been known for their antipsoriatic effects since long. They probably act 
cytostatically. Tars are mainly used as creams or ointments and as bath in combination 
with UV light (Goeckerman regimen). In experienced hands they represent an effective, al-
though by now old-fashioned approach particularly for chronic plaque psoriasis. Because 
of the high content in potentially carcinogenic polycyclic aromatic hydrocarbons and occa-
sional reports on the occurrence of skin cancer in tar-treated areas, tar should be used with 
care. It definitely is not the first line of treatment anymore. 

Topical steroids are effective in clearing psoriatic skin lesions. The mode of action in-
volves anti-inflammatory and immunosuppressive effects. In addition to the disadvantages 
of long-term use (atrophy, systemic resorption etc.), steroid treatment induces rebounds 
that are usually more recalcitrant to further treatment. In order to reduce side effects and 
enhance efficiency, steroids should be used in combination with other treatment modali-
ties, such as topical vitamin D or A analogues. 

Vitamin D analogues (calcipotriol, tacalcitol) inhibit proliferation and enhance differ-
ention of epithelial cells via binding to vitamin D-receptors. Furthermore, they suppress T 
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cell activation. They are quite effective in reducing psoriasis activity, but may leave a resid-
ual erythema. Advantages are ease of application and the absence of staining. Because of 
the potential of calcium mobilization from bone their use should be restricted to a certain 
amount used for a certain area in a certain interval according to the manufacturers’ advice. 
Efficacy is enhanced when combined with topical steroids, tazarotene, or phototherapy.

A topical vitamin A analogue is tazarotene. It is a retinoic acid receptor-specific acet-
ylenic retinoid, which is effective for the topical treatment of patients with stable plaque 
psoriasis. The low systemic absorption and rapid systemic elimination of tazarotene results 
in limited systemic exposure. Topical application may produce reversible skin irritation. 
The efficacy of monotherapy can be greatly increased when combined with topical steroids, 
vitamin D analogues, UVB or photochemotherapy.

Topical calcineurin inhibitors have not yet been approved for the treatment of psoria-
sis vulgaris. Their use in psoriasis vulgaris however is based on the results of clinical stud-
ies which demonstrated efficacy especially under occlusion for tacrolimus and pimecroli-
mus. Subsequent investigations demonstrated the efficacy of topical calcineurin inhibi-
tors in the treatment of psoriasis lesions in intertriginous areas and facial psoriasis (Jacobi 
et al., 2008).

Phototherapy and photochemotherapy

Basically, two different modes of UV-light therapy are used in psoriasis treatment: UV-B 
therapy, and UV-A photochemotherapy. Both can be applied as partial or whole body ther-
apy. A natural form of phototherapy is helio-/thalasso-therapy (climate therapy) in the 
Dead Sea area, which, however, seems to produce shorter remissions than office based UV-
therapy (Koo and Lebwohl, 1999).

The most effective therapeutic UV-B spectrum for psoriasis lies between a wavelength 
of 304 and 314 nm. A lamp emitting a narrow UVB band at 311 nm is available. Narrow 
band UV-B is superior to broadband UV-B in terms of efficacy and reduced carcinogenic-
ity. UV-B efficacy is increased by combination with dithranol (Ingram regimen), vitamin 
D or A analogues. 

Psoralen and UV-A (PUVA) therapy, also termed photochemotherapy, is mainly used 
as a combination of 8-methoxypsoralen (8-MOP) with subsequent UV-A-radiation. 
8-MOP, while formerly given systemically, is now largely applied topically either as bath 
or as cream. Following photoactivation by UV-A in the skin 8-MOP induces crosslinking 
of DNA-strands and thus inhibits DNA-replication and RNA-transcription. Various stud-
ies demonstrated a tendency for PUVA being superior to narrowband UV-B. Because of 
the higher degree of cutaneous immunosuppression and long-term carcinogenic hazard, 
however, PUVA should be applied with caution. It remains the mainstay for psoriasis pa-
tients with high PASI scores who do not respond or that cannot be controlled adequately 
by narrowband UV-B. A history of skin cancer, exposure to treatment with arsenic or cy-
closporine A are relative contraindications (Morison et al., 1998; Halpern et al., 2000).

According to a large survey of the literature by Koo and Lebwohl (Koo and Lebwohl, 
1999), PUVA and Ingram-regimen seem to induce the longest remissions of all treatment 
modalities.
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Systemic therapy

Systemic therapy is indicated particularly in patients with moderate to severe psoriasis. 
Rotation of available therapies should always be considered to minimize long-term toxicity 
and allow effective treatments to be maintained for many years.

Four drugs are mainly used in systemic therapy: Methotrexate, acitretin, cyclosporine 
A, and fumaric acid esters. Rarely used are hydroxyurea and 6-thioguanine. Mycopheno-
late mofetil, a novel lymphocyte-selective immunosuppressant, seems to be less potent 
than initially expected. Further studies are necessary to decide whether it is a therapeu-
tic alternative for patients with psoriatic arthritis. FK506, although effective, has not yet 
gained a place in psoriasis therapy. 

Methotrexate represents an efficient anti-psoriatic drug. It is a dihydrofolate reductase 
inhibitor and has anti-proliferative and immunosuppressive effects. It usually is given as 
bolus therapy once a week. When liver function is carefully monitored and additional he-
patotoxic hazards are avoided (alcohol) methotrexate appears save even in long-term us-
age (Roenigk, Jr. et al., 1998). 

Acitretin is the active metabolite of the retinoid etretinate. It replaced etretinate because 
of its decreased lipophilicity and shorter elimination half life (50h versus 80 days). Yet, a 
minor fraction of acitretin is metabolised back into etretinate. Because of the teratogenic 
hazards of retinoids and the long-term storage of etretinate in subcutaneous fat, women 
have to avoid pregnancy for two years after acitretin therapy. Although acitretin has benefi-
cial effects on psoriasis as monotherapy, its main domain is the combination with UV-B or 
PUVA therapy (Re-UVB, Re-PUVA). In particular when started before onset of photother-
apy, it can significantly enhance the efficiency of both UV-B and PUVA. Furthermore, it 
is often effective in stabilizing pustular psoriasis and acrodermatitis continua suppurativa 
Hallopeau. It may furthermore enhance the efficacy of TNF-α antagonists in these condi-
tions (Brenner et al., 2009).

A 75 year old female patient with severe pustular psoriasis von Zumbusch (Fig. 4A) 
was treated with acitretin, initially 50mg per day and 0.1 % triamcinolone ointment. Af-
ter two weeks she showed a significant improvement of her skin lesions with a disappear-
ance of pustules and erythema (Fig. 4B) and the treatment was reduced to acitretin 30 mg 
per day with topically applied bland emollients. This stable skin condition is ongoing dur-
ing this treatment.

Cyclosporine A can efficiently improve psoriasis, probably by its immunosuppressive ef-
fects on T cells, but also antigen-presenting cells such as dendritic cells or mast cells. Its use 
is limited by nephrotoxic side effects and subsequent arterial hypertension. Furthermore, it 
increases the risk of cutaneous malignancies in patients with previous extensive photother-
apy. Short-term usage for a few months in order to induce remission in recalcitrant and se-
vere psoriasis appears as the main indication of this drug (Lebwohl et al., 1998).

Fumaric acid esters were introduced into psoriasis therapy nearly 30 years ago. They 
have proved to be safe and effective in patients with severe chronic plaque psoriasis. At the 
moment it is licensed in Germany. It seems to act as immunomodulator that induces a Th1-
Th2 shift, and it inhibits the formation of proinflammatory cytokines by blocking NFκB-
mediating pathways. Former reports on renal toxicity ask for a close monitoring of renal 
function. Lymphopenia usually develops without clinical signs of immunosuppression. In 
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some patients severe flushing and diarrhoea may impede further usage. No data are avail-
able on the use of fumaric acid esters in combination regimens (Mrowietz et al., 1999). 

Biologics. Novel anti-psoriatic drugs have recently been developed on the basis of ge-
netically engineered monoclonal antibodies or recombinant fusion proteins. Due to their 
efficacy and select biologic activity they have revolutionized the treatment of psoriasis. Bi-
ologics aim mainly at the exaggerated lesional psoriatic immune response and offer novel, 
efficient approaches for the treatment of psoriasis and psoriatic arthritis. Among others 
they involve: 

monoclonal antibodies against TNF-α (such as infliximab, adalimumab and goli-
mumab) or soluble TNF-α-antagonists (etanercept) (Jacobi et al., 2006); 
monoclonal antibodies to IL-12 and IL-23 (ustekinumab and ABT-874) (Rozenblit and 
Lebwohl, 2009);
an antibody against LFA-1 / CD11a (efalizumab) which has been withdrawn due to ad-
verse events in Europe but is still available in the U.S.A.; 
a genetically engineered recombinant fusion protein that interferes with T cell activa-
tion (alefacept) (Chaarani and Lebwohl, 2010); 

In addition, clinical trials of certolizumab pegol, a PEGylated Fab`fragment of an anti-
TNFα monoclonal antibody, show promising results for treating rheumatoid arthritis and 
suggest that it may be applicable for treating psoriasis and psoriatic arthritis in the future 
(Rozenblit and Lebwohl, 2009).

It is beyond the purpose of this chapter to review these drugs in more detail. It needs to 
be stressed, however, that these approaches have different efficiencies in controlling psori-
atic inflammation. As compared to the established psoriasis treatment modalities they of-

Fig. 4. A 75 year old female patient with severe pustular psioriasis von Zumbusch before 
(Fig. 4A) and two weeks after treatment with acitretin (Fig. 4B)
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fer as a particular advantage a lack of organ toxicity and drug interference, and, from the 
current point of view, they have a good safety profile. By interfering at select steps of the 
psoriatic inflammatory cascade, they have clarified the pathogenesis of psoriasis much bet-
ter, and they represent a revolution in the ability to control the disease in high need pa-
tients. Of course, they should be active also in mild to moderate psoriasis, but according to 
the high costs of treatment their use will probably be limited to more severe indications. 

The advent of targeted biologic therapies for psoriasis has also changed the management 
of psoriatic arthritis. TNF-α antagonists may improve joint inflammation and prevent joint 
destruction as demonstrated by their blocking radiographic progression of joint disease.

Psychological aspects

A major aspect in psoriasis is the reduction in health related quality of life with reduction 
in physical and mental functioning. It is comparable to that seen in other severe diseases 
such as cancer, arthritis, hypertension, heart disease, diabetes, and depression (Rapp et al., 
1999). Therefore, psychological intervention and support may be necessary in patients that 
are emotionally and socially handicapped.

Summary

Psoriasis affects ~ 2% of the Caucasian population. It presents with a characteristic type 
of skin lesions which appear as sharply demarcated reddish plaques covered with silvery 
scaling. Psoriasis has only recently gained acceptance as T cell mediated disorder. There-
fore, its presentation in a book on autoimmunity may still raise objections. On closer sight, 
however, psoriasis fulfils many criteria of an autoimmune disease: it has a hereditary back-
ground with a strong HLA-class I-association; microbial infections contribute to disease 
onset; and T cells apparently play an essential role in disease manifestation. Especially 
Th17 and Th22 cells are important in psoriasis pathogenesis. The cytokine pattern of Th17 
cells is dominated by IL-17, IL22, IFN-γ and TNF-α. These cytokines mediate epidermal 
hyperplasia, acanthosis, hyperparakeratosis and orthohyperkeratosis in psoriasis. Yet, only 
the identification of the putative autoantigens will finally prove its autoimmune nature. 

Psoriasis presents with two major clinical forms of manifestation, acute guttate psoriasis 
and chronic plaque psoriasis, as well as several comorbidities including psoriasis arthritis. 
The metabolic syndrome is the most important one. Furthermore psoriasis is associated 
with an independent risk for cardio-vascular morbidity and increased mortality. Therapy 
should address the different aspects of psoriasis and its comorbidities. Therefore, it is im-
portant that patients with psoriasis and psoriasis arthritis are diagnosed early and treated 
sufficiently at the onset of the disease to control the inflammatory process and to prevent 
joint destruction and disability. Newer therapies especially the biologics may be more ef-
fective than the older drugs, but will likely demonstrate the same need for early institution 
to prevent disease progression.
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Introduction

Urticaria is conventionally classified as acute, intermittent or chronic (Greaves, 2000a). The 
cause of acute urticaria is often recognized by the patient if it is due to an IgE-mediated hy-
persensitive reaction, and will not be considered further. Intermittent urticaria – frequent 
bouts of unexplained urticaria at intervals of weeks or months – will be discussed here on 
the same basis as the ordinary presentation of chronic urticaria but may have a definable ex-
ternal trigger, such as food or drug intolerance. The latter is conventionally defined as the 
occurrence of daily or almost daily whealing for at least six weeks with or without angio-
edema. The etiology of chronic urticaria has conventionally been regarded as obscure and 
hence the term idiopathic is often applied. However, there is increasing evidence that up to 
50% of patients with ‘idiopathic’ chronic urticaria have autoimmune chronic urticaria. The 
diagnosis is important since it carries conceptual, prognostic and therapeutic implications. 
Contact urticaria and angioedema without wheals will not be dealt with in this account.

Classification of Chronic Urticaria 

Chronic urticaria is defined in this chapter as any pattern of urticaria showing continu-
ous activity for 6 weeks or more. In the latest European consensus classification of urticaria 
chronic urticaria the inducible urticarias (physical and cholinergic) are excluded from the 
definition of chronic disease (Zuberbier, 2009). The clinical subtypes of chronic urticaria 
are illustrated in the pie chart of Fig. 1. The frequency of these subtypes is based upon the 
authors’ experience at the St John’s Institute of Dermatology in UK. Whilst there may well 
be minor differences, it is likely that the frequency distribution of these subtypes will be 
essentially similar in most centres in Europe and North America (Greaves, 1995, 2000b). 
However, our experience suggests that the incidence of angioedema, especially that com-
plicated by ordinary chronic urticaria is substantially lower in Japan and south Asian coun-
tries (Tanaka et al., 2006 and MWG unpublished observation).
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10
Physical Urticarias

These comprise about one third to one fourth of all urticaria patients seen in the authors’ 
services. The diagnosis is mainly made by careful history taking, appropriate clinical ex-
amination and is confirmed by positive physical challenge testing. Updated guidelines for 
physical challenge protocols have been published recently (Magerl, 2009). It is important 
to identify patients in whom a physical urticaria is the main, if not the only, cause of the pa-
tient’s symptoms. In this case, further investigation is not indicated, with rare exceptions 
(see below). Almost invariably, patients with this diagnosis are over-investigated by the 
time they are referred to the urticaria clinic. Skin prick testing, ImmunoCAP™ tests (pre-
viously known as RAST: radioallergosorbent tests), food exclusion diets, etc, are not nor-
mally indicated in patients with a physical urticaria with the exception of food-dependent 
exercise-induced urticaria, a rare variety of urticaria, which develops following exercise af-
ter food ingestion.

It is also important to appreciate that different physical urticarias can occur concur-
rently in the same patient; cold and cholinergic urticarias represent a well recognised ex-
ample. Furthermore, chronic spontaneous urticaria is often associated with dermogra-
phism or delayed pressure urticaria. The investigation and management of chronic urti-
caria should be influenced by establishing the relative contributions of coexisting forms of 
chronic urticaria to the patient’s overall disability.

Symptomatic Dermographism

This common physical urticaria presents mainly in teenagers or adults of either sex. Like 
most physical urticarias, individual itchy wheals, produced by gentle stroking or rubbing of 
the skin, last less than 30 minutes before fading (Fig. 2). Angioedema and mucosal wheal-
ing do not occur but pruritus is troublesome and there are no systemic symptoms. The eti-

Fig. 1. Chronic urticaria. Frequency of different subtypes in the authors’ practices. The pro-
portions are probably not very different elsewhere
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ology is unknown although skin reactivity can be passively transferred to non-human pri-
mates by intracutaneous injection of donor serum from a dermographic patient (Murphy 
et al., 1987). As with the majority of physical urticarias, investigations are pointless and 
any role for food items has not been substantiated. The prognosis is for eventual improve-
ment in two to three years in most patients. Low sedation antihistamines such as lorata-
dine 10 mg, cetirizine 10 mg or fexofenadine 180 mg are usually effective in relieving the 
itch, although additional treatment by a sedative antihistamine, such as hydro xyzine 25 mg 
at night, may also be useful. Up-dosing non-sedating second generation H1 antihistamines 
and using combinations of H1- and H2-anti histamines may be useful. A small open study 
of patients responding poorly to fexofenadine showed a benefit on pruritus and whealing 
from narrow-band ultraviolet B phototherapy that lasted for 6 to 12 weeks from stopping 
treatment (Borzova, 2008).

Cholinergic Urticaria

Cholinergic urticaria is common in children and young adults, although rare in the elderly. 
Historically, this type of urticaria has been classified as a physical urticaria. However, the 
consensus report on “definition, classification, and diagnosis of urticaria” (Zuberbier et al., 
2009) classifies this urticaria as a special type of urticaria, apart from physical urticarias on 

Fig. 2. Symptomatic Dermog-
raphism. Upper left hand 
panel: use of a graduated 
dermographo meter to test 
for sensitivity to a dermo-
graphic stimulus. Upper 
right hand panel: graded 
wheal and flare response to 
a range of pressures. Lower 
panel: gentle stroking by the 
round end of a pen with the 
gentle pressure may readily 
disclose abnormal reaction of 
patients

10 Chronic Urticaria as an Autoimmune Disease 351



10

the grounds that the etiology involves sweating, for which the commonest stimulus is rais-
ing the body core temperature rather than the application of an external physical stimu-
lus. Symptoms of cholinergic urticaria, typically widespread pruritic monomorphic mac-
ulopapular lesions, develop in conditions causing sweating, such as exercise, hot bath tak-
ing, or emotional stimuli (Hirschmann et al., 1987) (Fig. 3). If the patient rests, cools off or 
relaxes, the eruption subsides in 15–45 minutes. Typical areas of predilection include the 
face, neck, fronts of elbows, wrists and popliteal fossae, although almost any area of the 
body can be involved. It may be accompanied by angioedema and systemic symptoms in-
clude wheezing or, rarely, symptoms of non-allergic anaphylaxis. Cholinergic urticaria can 
be disabling, especially when provoked by occupational or emotional triggers. The diagno-
sis is established by appropriate challenge testing (Commens et al., 1978) (exercise, a hot 
bath or difficult mental arithmetic) and/or skin test with acetylcholine. No further investi-
gations are indicated.

Clinical variants include persistent cholinergic erythema (Murphy et al., 1983), in 
which the rash is evident even at rest, and exercise-induced cholinergic urticaria with 
angio edema (Lawrence et al., 1981). Cholinergic urticaria can be distinguished from ex-
ercise-induced angioedema or anaphylaxis because the latter cannot be induced by passive 
heating in a hot shower or bath.

The pathomechanisms are incompletely understood. The local wheals can be blocked 
by atropinisation of the skin indicating involvement of acetyl choline, and histamine release 
has also been confirmed – presumably derived from mast cells (Herxheimer, 1956). Wheal 
and flare reaction to autologous sweat and histamine release from their basophils have 
been demonstrated in some populations of patients with cholinergic urticaria (Adachi 
et al., 1994, Takahagi et al., 2009). These reactions appear to be mediated by specific IgE, 
but the antigen in human sweat has not been identified yet. Fukunaga et al. (2005) pro-
posed that cholinergic urticaria should be classified into two distinct subtypes; the first 
(non-follicular) subtype shows strong skin test reactions to autologous sweat but not autol-
ogous serum and the second (follicular pattern) shows weak positive reactions to sweat but 
positive reactions to autologous serum although the significance of these findings remains 
unclear. Cholinergic urticaria is not currently thought to have an autoimmune etiology.

Fig. 3. Cholinergic Urticaria. 
Typical monomorphic sym-
metrical maculopapular erup-
tion evoked by heat or exertion 
or stress
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The prognosis is for gradual improvement over the course of months or years in most 
patients, although the authors have several patients in whom cholinergic urticaria remains 
unremitting. The condition normally responds reasonably well to avoidance of provoking 
factors, together with regular daily treatment by an H1-antihistamine, especially in chil-
dren. Some patients can achieve a degree of exercise tolerance by taking light exercise to 
bring out a minor exacerbation of symptoms several hours before undertaking more vigor-
ous exercise or sport. Other drugs that may be beneficial when taken in conjunction with 
an H1 antihistamine include montelukast (Feinberg, 2008), hysocine butyl bromide (Ujiie 
et al., 2006), propranolol (Pachor, 1987) or danazol (Wong, 1987).

Cold Urticaria

This less common physical urticaria occurs in children and adults. Whealing is rapidly pro-
voked by exposure to cold fluids or cold surfaces (Fig. 4). Angio edema of the oropharynx 
is a potential risk, e. g. after sucking an iced lolly but is not often a problem. Systemic symp-
toms are common and may be severe – especially when provoked by extensive body im-
mersion, as in sea-bathing. Cold urticaria is due to histamine release (Keahey et al., 1980), 
and cold-reactivity can be passively transferred to non-human primates by donor serum 
from affected individuals (Misch et al., 1983). The transferable factor has been variously 
attributed to IgE or IgM. Rarely cryoglobulins can be identified in sufferers’ serum. These 
are usually sought routinely but positive results are exceptional. No other routine investi-
gations are worthwhile.

In adults cold urticaria may be highly disabling especially in outdoor workers. It re-
sponds rather poorly to antihistamine treatment in all but the mildest cases and in chil-
dren. Cold tolerance treatment (repeated cold exposure to induce a temporary refractory 

Fig. 4. Cold Urticaria. Local 
whealing response to applica-
tion of an ice cube for 10 min
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state) is effective but requires a highly motivated patient (Bentley-Phillips et al., 1976). 
Some remain crippled by cold sensitivity despite all these measures. 

Delayed Pressure Urticaria

This common and disabling physical urticaria may resemble angioedema in that the wheals 
are characteristically deep and of more than 24 hours’ duration (Lawlor et al., 1989a). As 
its name suggests, whealing occurs following a latent period of 2–4 hours after application 
of pressure perpendicular to the skin. Common examples of triggering factors include a 
tight waistband, tight footwear and golf club, tennis racquet, or steering wheel grips. Pain 
is more characteristic than itch although both may occur, and there is no angio edema and 
no mucosal involvement. A skin biopsy reveals an inflammatory infiltrate in which eosino-
phils are prominent but there is no vasculitis. Mild systemic symptoms are common in-
cluding arthralgia and fatigue. The pathomechanisms in delayed pressure urticaria are un-
known. Up to 40 per cent of patients with chronic ‘spontaneous’ urticaria in Caucasian 
populations, but possibly less population of Japan and Asian countries, have accompanying 
delayed pressure urticaria (Sabroe et al., 1999a, Morioke et al., 2010), and it is doubtful if it 
ever occurs as an isolated clinical entity.

Treatment is very difficult. Early claims of the value of the antihistamine cetirizine have 
not been substantiated and antihistamines are usually poorly effective. Non-steroid anti-
inflammatory agents are also usually disappointing and in severely disabled patients sub-
stantial dosage with oral steroids (e. g. prednisone 30–40 mg daily) may be necessary to 
control symptoms. Sulphasalazine and anti-leukotrienes may be effective for patients with 
predominant delayed pressure urticaria who are not sensitive to non-steroidal anti-inflam-
matories (Engler, 1995).

Other Physical Urticarias

These are rare, and include solar urticaria (Ramsay, 1977), aquagenic urticaria (Sibbald 
et al., 1981), vibratory angioedema (Lawlor et al., 1989b) and heat contact urticaria (Koro 
et al., 1986). Although it may be useful to determine the action spectrum needed to evoke 
solar urticaria, generally no further investigations are needed beyond establishing the di-
agnosis by appropriate challenge tests. Antihistamine therapy is helpful to varying degrees 
in members of this group, which will not be discussed further. The reader is referred to 
more detailed accounts of these physical urticarias published elsewhere (Black, 2004) 

Food Additive-Evoked Chronic Urticaria

Many patients with chronic urticaria believe they have an ‘allergy’ to food items but this is 
probably never the case in adults with continuous spontaneous wheals. The rare exception 
is young children where food allergy is said occasionally to present as chronic urticaria. 
The relationship between food intolerance (also known as pseudoallergy) and chronic ur-
ticaria has been investigated in several recent studies (Magerl, 2010, Bunselmeyer, 2009). 
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Although dietary pseudoallergens may worsen chronic spontaneous urticaria in up to 30% 
of patients (Magerl, 2010) it is probably a cause in less than 10% as evidenced by exclusion 
followed by positive open rechallenge (Bunselmeyer, 2009). The gold standard for diagno-
sis should be placebo-controlled double-blinded challenge testing (Pastorello, 1995; May, 
1985) and in our urticaria clinics chronic urticaria can be demonstrably attributable to a 
food additive in no more than eight per cent of patients. 

Urticarial Vasculitis

Urticarial vasculitis is included in some classifications of urticaria (Grattan, 2007) because 
the clinical presentation overlaps considerably with chronic spontaneous urticaria even 
though it is also included in classifications of small vessel vasculitis. The defining feature 
is the finding of small vessel vasculitis on lesional skin biopsy. A full description of the eti-
ology, pathomechanisms, clinical presentation, investigation and treatment is outside the 
scope of this article. However, the subject has been comprehensively reviewed (O’Donnell 
and Black, 1995). 

Etiology

In the majority of patients, no cause is evident but recognised etiological factors include 
virus infections (hepatitis B and C and HIV) and paraproteinaemia. Urticarial vasculitis 
may also be the first, or very early, clinical manifestation of autoimmune disease (lupus, 
Sjögren’s syndrome), ulcerative colitis or Crohn’s disease. Drug hypersensitivity may also 
be an occasional cause.

Clinical Presentation and Investigation

In contrast with chronic spontaneous urticaria, individual wheals are typically of duration 
greater than 24 hours. Itching is variable and may be less prominent than painful tender-
ness. Some staining of the skin may be evident due to purpura and wheals may show a pre-
dilection for pressure-bearing areas, such as the waistband. There may be associated sys-
temic symptoms of which arthralgia is especially common. Angioedema may be seen. Ur-
ticarial vasculitis tends to pursue a chronic unremitting course. 

Treatment

Urticarial vasculitis responds poorly to H1-antihistamines. Other drug treatments include 
dapsone, antimalarials and colchicine although the evidence for these is mainly anecdotal. 
Systemic steroids may be effective but, given the frequently prolonged duration of the dis-
ease, systemic complications are almost inevitable. Other measures worth considering in 
selected patients include intravenous immunoglobulin, parenteral gold injections, omali-
zumab, rituximab and plasmapheresis.
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Chronic Spontaneous Urticaria (Ordinary Urticaria)

This is conventionally defined as the daily, or almost daily, occurrence of wheals and itch-
ing for 6 weeks or more (Greaves, 1995) (Fig. 5). The difference between acute urticaria 
that appears daily for more than a few days and chronic spontaneous urticaria with dis-
ease duration for just a few months is not clear, in terms of pathomechanism but it is likely 
that autoimmune urticaria more often presents as chronic than acute disease. Average du-
ration of chronic spontaneous urticaria is two–three years, but most patients eventually 
move into remission.

Etiology

If the small subgroup of patients substantiated to be reactive to a food additives or other di-
etary pseudoallergens is discounted, then, at least until recently, the cause in the remainder 

Fig. 5. Chronic Spontaneous 
Urticaria. This 11 year-old 
child was treated elsewhere 
with a prolonged course of 
systemic steroids. The child is 
clearly Cushingoid, and still 
has widespread urticaria
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was unknown (idiopathic). There have been several reports implicating local and/or sys-
temic infections of viruses, bacteria, and fungi, such as hepatitic C virus (Kanazawa et al., 
1996), Helicobacter pylori (H.pylori) (Wedi et al., 1998; Schnyder et al., 1999), and candida 
(Henz BM et al., 1998). However, they are either anecdotal or may be exacerbatory rather 
than causative for some populations of patients. In a study reported by one of us (MWG), 
although upwards 40 per cent of chronic urticaria patients had evidence of H.pylori infec-
tion, treatment of this produced no higher remission rate than when the same treatment 
was given to chronic urticaria patients who did not have evidence of H.pylori (Burova 
et al., 1998). Parasite infestation is not a cause in industrialized countries, but may be im-
portant in some developing countries (Wolfrom et al., 1995). Aspirin is a recognized cause 
of exacerbations of established chronic urticaria in around 25% of patients (Grattan, 2003) 
and may induce acute or intermittent urticaria in others but is probably never a cause of 
chronic disease. The observation that histamine releasing activity could be demonstrated 
in the serum of some patients with chronic idiopathic urticaria (Grattan et al., 1986) even-
tually led to the recognition of autoimmune urticaria as an important subset of patients 
with this condition (Grattan, 1991, Hide et al., 1993) (see below).

Pathomechanisms

Histamine is clearly implicated in the pathogenesis of the wheals and itch. Although his-
tamine, derived from dermal mast cells, is a major contributor to the itch, its role in the 
wheals, which last several hours and may be relatively poorly responsive to H1-antihista-
mines, is less clear. Probably mast cell-derived cytokines, proteases and eicosanoids are 
also involved. Blood baso phils and eosinophils are also present in skin biopsy material 
from wheals of all ages and may also be a source of vasoactive mediators (Sabroe et al., 
1999b; Ying et al., 2002; Caproni et al., 2003). 

Clinical Features and Investigation

Characteristically the wheals are intensely itchy, of less than 24 hours’ duration individu-
ally and clear without marking the skin. Angioedema occurs in up to 50 per cent and af-
fects skin and/or mucous membranes. Systemic symptoms are minimal in the majority but 
can be disabling for severely affected patients. Delayed pressure urticaria occurs concur-
rently in up to 40 per cent of patients (Sabroe et al., 1999a). When delayed pressure urti-
caria is an accompanying feature, it is important to establish whether this physical urticaria 
or the accompanying spontaneous wheals and angio edema are the principal causes of the 
patient’s disability, since no further investigations are worth while for pure delayed pres-
sure urticaria. The incidence of chronic spontaneous urticaria complicated by angioedema 
and delayed pressure urticaria, appears not so high in Japan and Asian countries according 
to the authors’ experiences (Tanaka et al., 2006, Morioke et al., 2010).

Chronic spontaneous urticaria may be a seriously disabling condition, causing occu-
pational, social and personal disability of the same order as those consequent upon severe 
coronary artery disease (O’Donnell et al., 1997).
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Patients with chronic urticaria are almost invariably over-investigated. No laboratory 
investigations are normally indicated in the first instance for anti-histamine responsive 
disease. Efforts should be directed at excluding urticarial vasculitis (by skin biopsy) and 
a differential white blood cell count (for eosinophilia) in areas where parasite infestation 
is endemic. Checking thyroid function and autoantibodies can be rewarding to detect pa-
tients with associated thyroid autoimmunity. In severely affected patients, poorly respon-
sive to H1-antihistamines, referral to a specialised unit for investigation for auto immune 
chronic urticaria should be considered (see below).

Treatment

General measures are important including a cool work and domestic environment, avoid-
ance of alcohol indulgence, taking non-steroidal anti-inflammatory drugs including aspi-
rin, and wearing tight clothes. Although almost inevitably associated with modern living, 
stress, fatigue and intercurrent virus infections should at least be recognised by patients as 
the probable causes of occasional flare-ups of chronic urticaria.

H1-antihistamines are the mainstay of drug treatment. It is important to establish the 
diurnal periodicity of symptoms (itch occurs predominantly in the evening and at night) 
in timing the dose. Most patients require a daily morning dose of a low sedation antihis-
tamine. Up-dosing second generation antihistamines to four-fold above licence has been 
recommended for non-responders (Zuberbier, 2009) and this recommendation has been 
supported recently by well-conducted clinical studies for cold urticaria (Siebenhaar, 2009) 
and chronic spontaneous urticaria (Staevska, 2010). It has been proposed that H1-anti-
histamines may exert an ‘anti-allergic’ action independently of H1 receptors (Hayashi and 
Hashimoto, 1999). This consists of down-regulation of adhesion molecule expression lead-
ing to reduced eosinophil and neutrophil migration and possibly a mast cell ‘stabilising’ ef-
fect. However, such actions of H1-antihistamines may occur only with regimens involving 
well above the licensed dosages.

If a sedating H1 antihistamine is prescribed at night, it is important to draw the patient’s 
attention to the possibility of significant impairment of cognitive function the next morn-
ing (Pirisi, 2000). Topical application of 1% menthol in aqueous cream may be appreciated 
by patients by providing rapid but temporary relief from pruritus.

H2-antihistamines (e. g. ranitidine or cimetidine) have a small statistically significant 
additive effect when combined with H1-antihistamines but may be clinically useful for 
some patients. Cysteinyl leukotriene receptor antagonists may be effective in some patients 
especially those with delayed pressure urticaria. The efficacy of montelukast by itself or in 
combination with H1-antihistamine has been shown by controlled trials (Pacor, 2001; Erb-
agci, 2002). On the other hand, others have proved negative (Reimers, 2002). Aggravation 
of urticaria by aspirin in combination with other leukotriene antagonists has been reported 
(Ohnishi-Inoue et al., 1998). 

Oral steroids in short tapering courses can be useful in emergencies when rapid control 
is necessary. However, they are not recommended as a routine treatment of chronic urti-
caria, due to concern about side effects from long term administration (Fig. 5). 
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Autoimmune Chronic Urticaria

Between 30 and 50 per cent of patient with chronic spontaneous urticaria have biologically 
functional autoantibodies against the high affinity IgE receptor on mast cells and baso-
phils or less commonly against IgE itself (Niimi et al., 1996). In these cases the antibody is 
deemed to be the cause of the disease. These patients are described as having autoimmune 
chronic urticaria (Grattan, 1991, Hide et al., 1993; Hide et al., 1994).

Etiology

The reason why these autoantibodies are present and causative in some patients with 
chronic urticaria and not others is unclear. Genetic factors are probably important. 
Chronic urticaria patients whose sera were positive for anti-FcεRI or anti-IgE autoanti-
bodies showed a highly significantly increased frequency of HLA DRB1*04 (DR4) alleles 
(O’Donnell et al., 1999). There is also a positive association with other autoimmune dis-
eases, notably autoimmune thyroid disease in patients with autoimmune urticaria (Leznoff 
et al., 1983; Leznoff and Sussman, 1989). One of us (MWG) has previously suggested that 
H.pylori infection could lead to development of anti-FcεRIα autoantibodies by molecular 
mimicry (Greaves, 2001).

Pathomechanisms

Most patients with autoimmune chronic urticaria have IgG autoantibodies directed against 
the α chain of the high affinity IgE receptors (FcεRIα) expressed on dermal mast cells or 
blood basophils (Niimi et al., 1996). Histamine release evoked by these antibodies from ba-
sophil leucocytes of healthy donors can be inhibited by prior incubation with human re-
combinant α chain. Some of them bind to FcεRIα, regardless of the binding of IgE. How-
ever, the binding of most of these types of autoantibodies are interfered with competitively 
by IgE to various degrees (Hide et al., 1995). Removal of IgE (by lactic acid stripping) en-
ables the autoantibody to release histamine but reconstituting the IgE on the surface of the 
basophils inhibits release (Niimi et al., 1996). Precise epitope mapping on FcεRIα has not 
yet been carried out. In about nine per cent of patients with chronic spontaneous urticaria, 
the IgG autoantibody reacts with the Fc portion of IgE itself. Studies looking at binding of 
monoclonal antibodies to the IgE heavy chain suggest that these functional anti-IgE au-
toantibodies probably bind to the 4th constant domain (Grattan and Francis, 1999). For 
histamine release to occur, either anti-FcεRIα or anti-IgE autoantibodies normally cross-
link adjacent high affinity IgE receptors through the α chain or IgE respectively (Fig. 6).

The role of complement activation is controversial. Our own data, which indicated that 
the histamine-releasing activity of anti-FcεRIα autoantibodies was heat-stable in basophil 
assays, argues against complement involvement. The heat-resistance of histamine releas-
ing activity in sera of patients with chronic urticaria has been also observed by other au-
thors (Zweiman et al., 1996; Tong et al., 1997). However, other authors, using specific in-
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hibitors of complement components, decomplemented sera and/or the reconstitution with 
C5, have reported evidence that in some circumstances the reaction between anti-FcεRIα 
autoantibodies and dermal mast cells may be complement-dependent (Fie biger et al., 1998; 
Fagiolo et al., 2000; Kikuchi and Kaplan, 2002). Kikuchi and Kaplan (2001) showed the his-
tamine release activity of serum IgG from 2 out of 6 patients was substantially enhanced by 
serum with complement, whereas that from the other 4 patients was not, suggesting a het-
erogeneity of anti-FcεRI autoantibodies in terms of the complement dependency for hista-
mine release. The population density of FcεRI on the surface of dermal mast cells and baso-
phils, and/or the binding avidity of autoantibodies may be crucial – a low population den-
sity and a moderate binding avidity may allow monovalent binding of the autoantibodies 
with complement activation. The subclasses of IgG in autoimmune urticaria are predomi-
nantly IgG1 and IgG3, which may readily activate complement (Fiebiger et al., 1998).

Subsequent intracellular events involve the activation of protein tyrosine kinases lyn 
and syk via immunoreceptor tyrosine kinase activation motifs located on the intracellular 
portions of the β and γ chains of FcεRI (Rivera J, 2002).

Fig. 6. Autoimmune Chronic Urticaria: Pathomechanisms. Schematic representation of a 
dermal mast cell. The high affinity IgE receptor (FcεRI) is represented by γ1 and γ2, β and α 
chains. The α chain possesses two domains (α1 and α2). In this instance IgG anti-FceRI binds 
to, and cross-links via α2 domain. ITAM = Immunoreceptor Tyrosine Kinase Activation Mo-
tif. Lyn, Syk = protein kinases. PKC = protein kinase C
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That these anti-FcεRI and anti-IgE autoantibodies are functional is indicated by evi-
dence listed in Table 1.

Can autoimmune chronic urticaria be regarded as an autoimmune disease? Removal 
of the antibodies by plasmapheresis leads to temporary remission of the urticaria (Grat-
tan et al., 1992). The antibody also reproduces the urticarial wheal when introduced as 
an autologous serum injection into human skin, and causes histamine release from der-
mal mast cells and blood basophils (Niimi et al., 1996). Reproduction of urticaria in an an-
imal model by sensitisation to the α chain of FcεRI has not yet been carried out even with 
a transgenic mouse expressing human FcεRIα (Fung-Leung, 1996). However, it should be 
noted that urticarial eruptions are not apparently observed even in the systemic anaphylac-
tic reactions induced by antigen in animals, such as rodent and guinea-pigs. 

Increased histamine releasability from dermal mast cells and basophils is an important 
additional factor in the pathogenesis (Sabroe et al., 1998). Numerous previously published 
reports have shown that although mast cell numbers and histamine content of skin are 
essentially normal in chronic urticaria, various chemical histamine-releasing agents (co-
deine, compound 48/80) cause exaggerated whealing when injected into uninvolved skin 
of patients with chronic urticaria (Juhlin and Michaelsson, 1969, Smith CH et al., 1992). 
This enhanced histamine releasability is possibly due to the action of cytokines or neuro-
kines released locally. These cytokines also cause up-regulation of adhesion molecule ex-
pression, leading to the substantial leucocyte infiltrate characteristic of the histological ap-
pearances of autoimmune urticaria.

The organ selectivity of anti-FcεRIα autoantibodies is puzzling. Human lung mast cells 
express FcεRIα, but patients with anti-FcεRI autoantibodies get urticaria without pulmo-
nary symptoms. If complement is involved in evoked histamine release by anti-FcεRIα au-
toantibodies, then this anomaly is explicable since dermal but not lung mast cells express 
complement receptors. Alternatively, local cytokine and micro-circulatory differences be-
tween lung and skin may restrict access of the autoantibodies to tissue mast cells in the 
lungs. There is also functional heterogeneity between dermal and lung mast cells (Low-
man et al., 1988). 

Table 1. Functional Properties of Anti-FcεRIα and Anti-IgE Autoantibodies

1.  Cause whealing in human skin following intradermal injection  
(see autologous serum skin test) (Sabroe et al., 1999c)

2.  Release histamine from dermal mast cells and blood basophils (Niimi et al., 1996)

3.  Reduce numbers of circulating blood basophils

4.  Serum levels are proportional to disease activity (Grattan et al., 1992, 2000; Zweiman B et al., 
1996; O’Donnell BF et al., 1998)

5.  Removal by plasmapheresis results in remission of chronic urticaria in autoantibody positive 
patients (Grattan et al., 1992)

6.  Effectiveness of other immunomodulative therapies, such as ciclosporin and intravenous im-
munoglobulin (Grattan et al., 2000, O’Donnell BF et al., 1998) and Omalizumab that reduces 
both IgE and subsequently FcεRI (Kaplan et al., 2008)
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Clinical and Histological Features

Detailed comparative reviews of the symptoms, clinical presentation and natural history of 
autoimmune and the other spontaneous chronic urticaria has failed to reveal differences 
sufficiently distinctive to be of diagnostic value (Sabroe et al., 1999a). However, the dis-
ease does tend to run a more aggressive and protracted course in patients who possess anti-
FcεRI autoantibodies than those without an auto immune etiology. Patients with autoim-
mune urticaria also tend to be less responsive to routine antihistamine treatment than other 
spontaneous, non-autoimmune urticaria patients. Again, the difference is not so conspicu-
ous as to be useful as a discriminating marker for an autoimmune etiology on its own.

Sabroe et al. reported that the peripheral blood basophil leucocyte count is greatly re-
duced in patients with anti-FcεRIα autoantibodies compared with patients who did not 
have these antibodies (Sabroe et al., 1998). This is not an original observation; Rorsman 
(1961) noted almost 45 years’ ago that chronic urticaria was associated with basopenia in 
some patients with chronic ‘idiopathic’ (but not physical) urticaria. The fate of the cells is 
of interest; degranulation or destruction in the peripheral blood is an obvious possibility. 
Indeed, Kaplan’s group found the increase of basophils in skin of chronic idiopathic urti-
caria with or without autoantibodies as well as T cells, eosinophils and neutrophils (Ying 
et al., 2002). The alternative of redistribution into the lesional skin of chronic urticaria may 
account for the basopenia. 

Sabroe (1999b) carried out a detailed histological study of skin biopsy material from pa-
tients with autoimmune and other spontaneous urticaria. No significant differences were 
found apart from reduced numbers of activated eosinophils (EG2+) in lesional skin of au-
toimmune patients in which the wheal biopsied was more than 12 hours’ old. There is no 
vasculitis in auto immune urticaria. More recently Kaplan’s group also found no difference 
in either the numbers of inflammatory cells or the pattern of cytokine expressions between 
patients with and without autoantibody (Ying et al., 2002). 

Diagnosis

As pointed out above, there are no clinical or histological features that can be used as a par-
adigm in diagnosis (Sabroe et al., 1999a). The cornerstone of diagnosis is clearly detection 
of functional anti-FcεRIα or anti-IgE autoantibodies in serum of patients with chronic ur-
ticaria. The autologous serum skin test is a useful screening procedure with a very high 
negative predictive value for functional autoantibodies (Konstantinou et al., 2009). This 
test is based upon the original finding by Grattan (1986) that the serum of some patients 
with chronic ‘idiopathic’ urticaria would cause a red wheal upon autologous injection into 
the patient’s uninvolved skin. This test has now been optimised for sensitivity and specific-
ity of in vitro basophil histamine release (Sabroe et al., 1999c).

Autologous serum, collected during exacerbation of the chronic urticaria, is injected 
into uninvolved skin of the forearm in volume 0.05 ml. An equal volume of normal saline 
acts as a vehicle control. The local response is measured at 30 minutes and is deemed pos-
itive if the wheal is red in colour and the diameter is at least 1.5 mm diameter greater than 
the saline control (Fig. 7). This autologous serum skin test (ASST) is positive in about 40 
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per cent of patients with chronic spontaneous urticaria (Table 2). In this test, false negative 
reactions are rare, but false positives may occasionally occur and some of the sera probably 
contain other wheal-producing mediators including a ‘mast cell specific’ factor. This non-
immunoglobulin mediator retained by 30 KD ultrafiltration membranes was reported by 
us (Kermani et al., 1995) and appears to be present in about eight per cent of patients with 
chronic spontaneous urticaria. It requires further characterisation. There is one study that 
showed no correlation between ASST and clinical features in chronic spontaneous urti-
caria, except for the frequency of complication with angioedema (Nettis et al., 2002). How-
ever, ASST shows a reasonable concordance with in vitro measurements of serum anti-
FcεRI or anti-IgE autoantibodies, which also significantly correlated with clinical severities 
(Sabroe et al., 1999a; Zweiman et al., 1996). 

A positive autologous serum skin screening test requires confirmation by in vitro analy-
sis for anti-FcεRIα and anti-IgE autoantibodies. The current gold standard consists of dem-
onstration by bioassay that either blood basophils or dermal mast cells release histamine 
or other mediators upon incubation with the patient’s serum. Low IgE healthy donor baso-
phils predominantly detect anti-FcεRI autoantibodies, whereas high IgE basophils detect 

Fig. 7. Autologous Serum Skin 
Test. PBS = Phosphate-buffered 
saline; serum: undiluted 
0.05 ml. Both serum and hepa-
rinized plasma show positive 
results at 30 min
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anti-IgE autoantibodies and anti-FcεRI autoantibodies that are non-competitive with IgE. 
Low IgE basophils may be directly obtained from low IgE (1 IU/mml) donors or prepared 
by lactic acid treatment of ordinary donors’ leukocytes. To distinguish between the two 
types of autoantibody, it is desirable to carry out inhibition experiments utilising human 
recombinant α-chain and monoclonal IgE. However, for practical purposes, this is usually 
unnecessary. In our hands, 25 per cent of chronic spontaneous urticaria sera can be con-
firmed to contain anti-FcεRIα autoantibodies, whereas about nine percent have anti-IgE 
auto antibodies (Niimi et al., 1996, Sabroe et al., 1999a).

As high as 76 per cent of chronic sponaneous urticaria patients were found to have anti-
FcεRIα autoantibodies by Kaplan’s group using a rat basophilic leukaemia cell line express-
ing α-chain of human FcεRI, which integrates chimeric FcεRI with endogenous rat β and γ 
chains of the receptor and using release of β-hexosaminidase as an indicator of cell degran-
ulation (RBL-48) (Tong et al., 1997). This figure is even higher than that they observed by 
human basophils (52%). In our hands, however, the sensitivities of RBL-48 cell and other 
cell lines expressing human FcεRIα for anti-FcεRIα antibodies are not as high as human 
basophils obtained from healthy donors (unpublished observation). Further studies with 
a standardized condition may be necessary to establish the usability of RBL cells express-
ing human FcεRIα.

Some investigators have used immunoassays (immunoblotting, ELISA, immunoprecip-
itation) (Fiebiger et al., 1995, 1998; Sabroe et al., 1998; Kikuchi and Kaplan, 2001). These 
assays measure immunoreactive FcεRIα autoantibodies and show false positives when 
compared with bioassays. False positives are particularly prone to occur in autoimmune 
diseases including Sjögren’s syndrome, dermatomyositis, pemphigus and pemphigoid (Fie-
biger et al., 1998). However, unlike the anti-FcεRIα autoantibodies in urticaria, which are 
of subtype IgG1 and IgG3, these antibodies are predominantly of the IgG2 and IgG4 sub-
types. More important, they are non-functional, being inactive (non-histamine-releasing) 
against basophil leucocytes. Kikuchi and Kaplan (2001) showed no correlation between 
positive histamine release activity and immunoblotting in sera of patients with chronic ur-
ticaria. The ELISA, though initially promising, has not yet confirmed expectations in terms 
of specificity and demonstration of linearity between level of antibody and immunore-
activity. Horn et al. (1999) detected substantial amount of anti-FcεRIα antibodies in sera 
from healthy donors and demonstrated that these antibodies are cross-reactive with teta-
nus toxoid by ELISA. He used recombinant protein consisting of two moieties of the ex-
tracellular part of human FcεRIα flanking one moiety of human serum albumin. Although 
the affinities of such autoantibodies against the recombinant FcεRIα were low (3.4×10-6 
and 7.1×10-7 M), healthy donor sera containing these autoantibodies showed histamine re-
lease activity as well as sera of patients with chronic spontaneous urticaria, using basophils 
treated with IL-3. They recently cloned anti-FcεRIα autoantibodies from healthy donors 
and patients with chronic spontaneous urticaria. Both autoantibodies had the same amino 
acid sequence and showed the activity of histamine release from basophils that were not 
occupied by IgE (Pachlopnik et al., 2004). On the other hand, immunoreactivity against 
FcεRIα in ELISA studied by Fiebiger et al. (1998) and that in immunoblotting by the au-
thors (Sabroe et al., 2002) were significantly correlated with basophil histamine release ac-
tivities (p<0.0001, x2; data were re-calculated by the authors). Moreover, studies of IgE and 
FcεRI revealed that cross linkage between FcεRI and FcγRII may inhibit histamine release 
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from human mast cells and basophils (Tam et al., 2004) and binding of certain types of mo-
nomeric IgE could activate FcεRI by itself (Pandey et al., 2004). It is feasible that autoanti-
bodies against FcεRI could mimic either of such functions. Taken together, the over all as-
sessment of functional autoantibodies with histamine releasing assay with human baso-
phils, or possibly mast cells, should be the gold standard for the detection of pathological 
autoantibodies. 

Published literature on anti-FcεRIα autoantibodies incidences and positive reactions in 
autologous serum skin test in chronic urticaria is listed in Table 2.

Treatment of Autoimmune Urticaria

The routine treatment of autoimmune chronic urticaria is essentially the same as that for 
non-autoimmune urticaria. All patients with chronic urticaria should receive antihista-
mines commencing with a low-sedation antihistamine such as loratadine 10 mg, cetirizine 
10 mg, ebastine 10 mg or fexofenadine 120 to 180 mg, (in Japan, fexofenadine is licensed for 
120 mg; 60 mg each in morning and evening) usually administered in the morning. Since 
pruritus is mainly a problem in the evening and at night, it is useful to give a second dose of 
the same antihistamine in the evening or before retiring for the night. This represents a to-
tal daily dosage in excess of the licensed recommended dosage. In patients troubled by se-
vere nocturnal pruritus, a sedative antihistamine such as hydroxyzine 25 mg may be indi-
cated. However, patients should be warned that impairment of cognitive function may be a 
problem the following morning (Pirisi, 2000).

Patients with autoimmune chronic urticaria may respond poorly to the above antihis-
tamine regime. Systemic steroids are unsuitable as long term treatment for chronic ur-
ticaria although short tapering courses may be useful to meet specific contingencies. In 
patients with recalcitrant autoimmune chronic urticaria, which is causing significant 
disability, ciclosporin may be effective (Grattan et al., 2000). The dosage for an adult is 
3–4 mg / kg / day for three to four months on a tapering schedule. There is rarely a rebound 
withdrawal. About one-third of patients remain in remission after ciclosporin has been 
withdrawn; one-third relapse but only mildly and one-third relapse to their former pre-
treatment level of disease activity and may have to be recontinued on ciclosporin. Authors’ 
experiences suggest that patients with functional autoantibodies are more likely to respond 
well than those without. Chronic autoimmune urticaria is not a licensed indication for 
ciclosporin and the usual precautions regarding renal function, blood pressure monitoring 
and unwanted interactions with other concurrently administered drugs metabolised via 
the cytochrome P450 enzyme pathway have to be considered.

We have previously reported positive results using more aggressive forms of immuno-
therapy including intravenous immunoglobulin (O’Donnell et al., 1998) and plasmaphere-
sis (Grattan et al., 1992) in selected patients with autoimmune urticaria. We ought to em-
phasise that these treatment modalities are temporary symptom-relieving rather than cu-
rative. Nevertheless, it is noteworthy that histamine releasing activity of treated patients 
decreased or diminished in accordance with urticarial symptoms after the treatments, en-
dorsing the pathological role of autoantibodies and rationales for immunotherapies for 
chronic autoimmune urticaria. 
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More selective immunotherapeutic strategies might include administration of block-
ing humanized structure-based peptides recognizing the antibody-binding sites on the 
α-chain. Down regulation of the εRI population density on mast cells can be achieved by 
administration of anti-IgE antibodies reactive with the C3 domain of the IgE heavy chain 
(MacGlashan et al., 1987) so it is of considerable interest that there have increasing number 
of reports of the effectiveness of omalizumab (anti-IgE) for both spontaneous and physical 
urticarias. Understanding the mechanism of action of omalizumab in urticaria should pro-
vide further insights into the pathogenesis of the disease.
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Introduction

Lichen planus (LP) is a noncontagious, inflammatory, pruritic, papular mucocutaneous 
disease of unknown etiology that most commonly affects middle-aged adults. In 1869 Er-
asmus Wilson described the cutaneous “leichen planus” in 50 case histories and recorded 
oral lesions in 3 of his patients (Wilson, 1869). Weyl and Wickham noted the surface mark-
ings on the papules and pointed out the importance of these marks in establishing the clin-
ical diagnosis of LP (Weyl, 1885; Wickham, 1895). After Neumann, Weyl, Caspary, and 
Poór, Darier described the histopathology of LP (Darier, 1909), the only important addi-
tion has been the demonstration of “colloid bodies” at the dermoepidermal junction by 
Thyresson and Moberger (1957). The direct immunofluorescence findings in LP have been 
extensively studied for the first time by Barthelmes and Haustein (1970) and Baart de la 
Faille Kuyper and Baart de la Faille (1974) as well.

LP has a worldwide distribution. The prevalence of LP in the general population is of 
the order of 0.9 to 1.2% (Scully & El-Kom, 1985). It appears initially during the fifth or 
sixth decade and affect women preferentially. LP of childhood is unusual, but familial cases 
have been observed (Copeman, 1978). A weak association with HLA-A3, B8, B16, B35 and 
a significantly increased HLA-DR1 (DRB1* 0101) antigen frequency has been reported in 
patients with idiopathic LP (Simon jr et al., 1984; Powell et al., 1986; La Nasa et al., 1995). 
In addition, TNF-α, IFN-γ, and IL-18 gene polymorphisms contributing to susceptibility 
to LP were described, very recently (Carrozzo et al., 2004; Bai et al., 2007).

The cause of LP remained undissolved. Evidence points to the possibility that an al-
teration of epidermal cell antigens (bacterial / viral infections, contact sensitizers, trauma 
etc.) induces a cell-mediated immune response similar to that seen in cutaneous graft-ver-
sus-host-reaction (cGVHR). Drugs may induce lichenoid eruptions (LDE). LDE (prob-
ably by an allergic type IV reaction) produces mucocutaneous lesions that are clinically 
and histologically indistinguishable from (idiopathic) LP. LDE usually appear as a symmet-
ric eruption on the trunk and extremities and sometimes fail to exhibit classic Wickham 
striae. Medications commonly associated with the development of LDE are antimalari-
als, gold, penicillamine, methyldopa, ß-blockers, angiotensin-converting enzyme inhibi-
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tors, spironolactone, lithium, cinnarizine, nonsteroidal anti-inflammatory drugs, thiazide, 
phenothiazine derivatives, allopurinol, tetracycline, and sulfonylurea agents (Ellgehausen 
et al., 1998).

There have been several reports of patients with LP in association with autoimmune dis-
orders, notably with systemic lupus erythematosus, thymoma, myasthenia gravis, dermat-
omyositis, ulcerative colitis, primary biliary cirrhosis, chronic active hepatitis, pemphigus 
vulgaris, dermatitis herpetiformis, bullous pemphigoid, alopecia areata, vitiligo, Sjögren's 
syndrome, morphea, and systemic sclerosis suggesting there may also be an immunologi-
cal basis for classical LP (Simon jr, 1985, review).

Immune Pathogenesis

Direct immunofluorescence studies of lesional and uninvolved skin in patients with LP 
demonstrated an irregular deposition of fibrin and complement along the dermoepidermal 
junction, especially in the dermal papillary region and around hair follicles, in the active 
papular lesions. The colloid bodies fluoresced brightly with IgM and with other immuno-
globulins and complement components (Barthelmes & Haustein, 1970; Baart de la Faille-
Kuyper & Baart de la Faille, 1974; Simon jr et al., 1983). In 1984, Olsen et al. described 
an LP-specific antigen (LPSA) found by indirect immunofluorescence in the granular or 
spinous layer of the epidermis of lesional tissue (Olsen et al., 1984). The circulating anti-
LPSA antibodies are more likely to be markers of the disease than to be causative.

Touraine et al. (1975) and Saurat et al. (1975) reported a lichenoid eruption that oc-
curred in two men who had received allogenic bone marrow transplants from their sis-
ters. Now, it seems likely that this lichenoid tissue reaction is a later and more chronic 
manifestation of a GVHR in which the target appears to be the basal cell layer of the epi-
dermis. The clinical picture and the histologic as well as direct immunofluorescence find-
ings were essentially the same as those in idiopathic LP. Recently, immunopathological in-
vestigations of lesional skin in GVHR patients revealed intraepidermal a predominance of 
CD3+CD8+CD11a+CD16+CD25+CDw137+T-lymphocytes and a net-like specific positive 
staining when exposed to HLA-DR, CD54, CD36, CD21, CD16, and CD1 monoclonal an-
tibodies (Simon jr & Hunyadi, 1992; Anasetti, 2004). Cutaneous GVHR occurs most com-
monly in patients undergoing bone marrow transplantation, following peripheral blood 
stem cell transfer, after solid organ transplant, but is also seen in fetuses obtaining ma-
ternal leukocytes via maternal-fetal transfusion and in blood transfusions transplanting 
immunocompetent cells into immunodeficient recipients. The precise pathophysiology of 
GVHR is not known. However, several studies demonstrate that acute GVHR occurring in 
humans is induced by donor T-lymphocytes reactive against recipient cells expressing dif-
ferent tissue antigens. TNF-α plays a key role in this process. On the other hand, T-cells 
recognizing host-specific antigens are present in the blood and the skin of patients with 
chronic GVHR (Aractingi & Chosidow, 1998). Recently, a significant association between 
polymorphism of the TNF-α, IFN-γ, IL-10, and IL-6 genes and the development of severe 
GVHR has been demonstrated (Takahashi et al., 2000; Cavet et al., 2001).
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The pathologic process in LP is a cell-mediated response localized to the dermoepider-
mal junction and characterized by degeneration of keratinocytes in the basal layer and dis-
ruption of the basement membrane. The basement membrane zone is an interface com-
posed of epidermal basal cell surface glycoproteins, laminin, fibronectin, type IV collagen, 
and supporting mesenchymal extracellular proteoglycans. These proteins and oligosaccha-
rides may be identified immunohistochemically by monospecific antibodies and high-af-
finity lectins, respectively. Evidence from oral LP suggests that CD8+ lesional cytotoxic T-
lymphocytes recognize a LP-specific antigen associated with MHC class I on lesional ke-
ratinocytes. The nature of this antigen is unknown. The antigen may be an autoreactive 
peptide, defining LP as an autoimmune disease. On the other hand, it may represent an ex-
ogenous antigen (viral or other infectious agent, contact allergen, drug), or an unidentified 
immunogenic target (Sugerman et al., 2000). 

The earliest features of LP are changes in, and close to the epidermal basal cell layer, 
which may occur in the absence of demonstrable changes in the dermis. Studies concern-
ing the evolution of lesions of LP demonstrated, that one of the first observable changes is 
the appearance of Langerhans cells (Ragaz & Ackerman, 1981). Shortly after the appearance 
of Langerhans cells, basal keratinocytes undergo flattening and hydropic changes, and their 
nuclei become injured at an early phase of the mitotic cycle. The changes of basal cells in LP 
are accompanied by a dense mononuclear inflammatory T-lymphocyte infiltration at the 
subepidermal area and at the dermoepidermal interface, the location of which makes a re-
lationship most likely to the basal epithelial changes. T-lymphocytes may become activated 
via antigen-presenting cells or accessory cells (epidermal keratinocytes) in association with 
members of the MHC II and various cytokines. CD4+ T-lymphocytes may also propagate 
CD8+ cytotoxic T-lymphocytes (cellular cooperation, release of specific  cytokines). 

In the course of examining keratinocyte-lymphocyte interactions in vitro, Nickoloff 
et al. (1988) reported prominent adherence by both allogeneic and autologous T-lympho-
cytes and monocytes to cultured keratinocytes after pretreatment of keratinocytes with 
IFN-γ. The binding of these mononuclear cells to IFN-γ-treated keratinocytes involves the 
lymphocyte function-associated antigen-1 (LFA-1) molecule on T-cells and the intercel-
lular adhesion molecule-1 (ICAM-1) induced by IFN-γ or TNF-α on keratinocytes (Grif-
fiths et al., 1989). Biopsy specimens from lesional skin of LP patients exhibited intraepider-
mal specific positive stainings when exposed to ICAM-1 (CD54), HLA-DR, NF-kappaB, 
CXCL9, 10, 11, CD1, and CD120a antibodies (Malmnäs Tjernlund, 1980; Simon jr, 1988; 
Griffiths et al., 1989; Simon jr & Gruschwitz, 1997; Iijima et al., 2003; Santoro et al., 2003). 
CD54 and vascular cell adhesion molecule-1 (VCAM-1) expressions in lesional keratino-
cytes in LP, similar to that in various cutaneous inflammatory conditions (Lange Wantzin 
et al., 1988; Griffiths et al., 1989), may be important initiators of keratinocyte-lympho-
cyte interaction, whereas HLA-DR expression in keratinocytes seems to be more impor-
tant in postadherence antigenic recognition and / or presentation to activated T-lympho-
cytes (Messadi et al., 1988).

In LP, the cellular infiltrate is predominantly composed of T-lymphocytes and mono-
cytes as detected by hetero- and monoclonal antibodies, nonspecific esterase, lysosyme, 
and, selectively by peanut agglutinin lectin (Walker, 1976). The role of these T-lympho-
cytes, probably antigen activated T-cells, is not quite clear, however, autoradiographic 
investigations revealed a three to four times higher lymphoblast proliferation rate in 
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LP lesions than in psoriasis or contact dermatitis (Lachapelle & De la Brassine, 1973). 
Langerhans cells in the epidermis and dermis may also be identified with the use of light 
microscopy by formalin resistent sulfhydril dependent nucleoside triphosphatase, ultra-
structurally by the presence of Birbeck's granules, immunohistochemically by monoclo-
nal antibodies or S-100 calf brain protein. Their participation in LP, and close vicinity to 
the T-lymphocytes, combined with local and systemic release of various cytokines (e. g. 
TNF-α, IFN-γ, RANTES, IL-1-α, IL-6, IL-8) both in the skin and in the serum, would 
seem to provide antigen processing activity and the induction of a hypersensitivity reac-
tion (Giannotti et al., 1983; Soehnchen et al., 1992; Zhang et al., 2008). In addition, solu-
ble mediators of cell damage produced by T-cells may induce keratinocyte apoptosis and 
formation of colloid bodies.

Examinations of different lymphocyte subpopulations in cutaneous inflammatory in-
filtrate of active LP revealed the existence of T-lymphocytes of both the CD4+ and the 
CD8+ phenotypes. In early phases of LP lesions, the lymphocytes observed in close con-
tact with large, non-lymphoid cells, were identified as CD4+T-cells (Bhan et al., 1982). 
In the late phases of LP lesions, intraepidermal lymphocytes almost constantly exhibited 
CD8-positivity (Simon jr & Keller, 1984). The dermoepidermal interface, from the patho-
genetic point of view probably the most important zone, showed a predominance of HLA-
DR+CD25+LFA-1+TNF-R+CCR5+CXCR3+CCL5+CXCL9+CXCL10+CD3+CD8+TCRγδ+T-
lymphocytes (Malmnäs Tjernlund, 1980; Simon jr & von den Driesch, 1994; Gadenne 
et al., 1994; Simon jr & Gruschwitz, 1997; Iijima et al., 2003).

ICAM-1 (CD54) is a ligand for LFA-1 on the surface of lymphocytes, which enhances 
the interaction of lymphocytes with the antigen presenting cells, and activated, lesional 
keratinocytes. Laminin-5 as well as collagen types IV and VII are increased in lesional 
LP, thus allowing enhanced binding of ß1-integrin-positive lymphocytes to the basement 
membrane. The close interaction between lymphocytes and basement membrane leeds to 
release of certain metalloproteinases produced by lymphocytes to alter extracellular ma-
trix proteins, and the process eventuates in basement membrane disruption, apoptosis, and 
subepidermal cleft formation. TNF-α upregulates the expression of matrix metalloprotei-
nase (MMP)-9 in lesional T-lymphocytes, thus further enhancing basement membrane 
disruption and triggering apoptosis (Ramirez-Amador et al., 1996; Gunduz et al., 2006; 
Zhou et al., 2009).

The exact mechanisms contributing to apoptosis of keratinocytes in LP are not com-
pletely known. Possible mechanisms include T-cell surface CD95L binding CD95 on the 
keratinocyte, T-cell secreted TNF-α binding to the TNF-αR1 receptor on the keratinocyte 
surface, and T-cell secreted granzyme B entering the keratinocyte via perforin-induced 
membrane pores as well, resulting in activation of the keratinocyte caspase cascade, lead-
ing to keratinocyte apoptosis (Sugerman et al., 2000; Ammar et al., 2008). 

Immunological characterization of different T-lymphocyte subpopulations in periph-
eral blood of LP patients, by means of the indirect immunofluorescence technique using 
monoclonal antibodies, clearly documented a reduced percentage of the CD8+T-cell sub-
set, normal pan T-, CD4+T-, and B-lymphocyte values as compared to the controls (Simon 
jr & Keller, 1984). The phytohemagglutinin response of lymphocytes from LP patients was 
in the same range as that of healthy controls (Cerni et al., 1976). 

A markedly diminished, to the severity of the disease related natural killer cell activ-
ity against K562 target cells was revealed in patients with extensive erosive LP of oral mu-
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cosa, generalized acute eruptive and moderate cutaneous LP as compared to that of pa-
tients with non-erosive LP of oral mucosa and healthy controls. IL-2 failed to restore com-
pletely reduced natural killer cell activities in all groups of patients investigated (Simon jr 
et al., 1989).

The in vitro effect of peripheral blood lymphocytes on syngeneic oral epithelial cells us-
ing a modified 51Cr release macro-assay in patients with LP resulted in a substantial lym-
phocytotoxicity in comparison to the controls. This positive lymphocytotoxicity is probably 
generated by sensitized effector lymphocytes via specific recognition of foreign antigenic 
structures on syngeneic oral target cells (Simon jr et al., 1983). Similar results were found 
using CD8+ T-cell lines and clones cultured from LP lesions against autologous lesional 
keratinocytes, recently (Sugerman et al., 2000). These findings may be regarded as a func-
tional evidence for the pathogenetic role of CD8+ cytotoxic T-cells in the course of LP.

Clinical features

Lichen planus, lichenoid eruptions

The cutaneous lesions of LP consist of pruritic faintly erythematous to violaceous, flat-
topped, polygonal papules, occasionally showing central umbilication. A thin, transparent 
scale may be discerned atop the lesions. A network of fine white lines or puncta referred to 
as Wickham striae is present in many well-developed papules (Fig. 1).

LP lesions are usually distributed symmetrically, the disease tends to involve the flex-
ural areas (wrists, arms, legs), preferentially. The thighs, lumbar area, trunk, neck, and the 
dorsal surfaces of the hands with the nails may also be affected. The face and scalp are usu-

Fig. 1. Typical purple polygonal papules of LP
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ally spared in classic LP. Inverse LP affects the axillae, groin, and inframammary regions. 
Nail changes include longitudinal ridging and splitting of the nail plate, onycholysis, ptery-
gium formation, or complete loss of the nail plate. Mucous membranes are in more than 
half of the patients additional sites of involvement. Erosive mucosal LP is extremely painful 
often pursues a chronic course with little tendency to spontaneous resolution. It may pre-
dispose to squamous cell carcinoma, but the risk is fairly low. In generalized LP, the erup-
tion often spreads within 1–3 month from onset of the disease. Koebner’s isomorphic re-
sponse (LP develops at the site of exogenous irritation) is common (Fox & Odom, 1985; 
Boyd & Neldner, 1991).

Clinical variants

Several distinctive variants of LP need to be recognized, since lack of characteristic skin 
changes in these cases makes the clinical diagnosis difficult. The prototypic papule of LP 
can be altered / modified in morphology, configuration or anatomic distribution. 

Linear LP. Linear group of typical LP papules, are usually located on the extremities. 
The linear pattern may develop secondary to trauma in zosteriform or segmental arrange-
ment or even in the site of healed herpes zoster.

Annular LP. Annular lesions develop from a ring of typical LP papules that progress 
peripherally and produce central clearing. Annular lesions are common on the penis and 
scrotum but may occur on the trunk or extremities. 

Bullous LP. Rare variant of LP characterized by the development of bullae on preex-
isting LP papules. The bullae, which appear mostly on the extremities with mild constitu-
tional symptoms, usually resolve in a few month. Bullae arising from normal skin in LP pa-
tients are more characteristic of lichen planus pemphigoides, which is a unique condition 
with circulating IgG autoantibodies reacting to 180- and / or 200-kDa antigen within the 
basement membrane zone. 

Erosive / ulcerative LP. This is a very rare variant of LP presenting with chronic, pain-
ful bullae and ulcerations of the soles of the feet, and sometimes of the mucous membranes 
associated with cicatricial alopecia of the scalp and permanent loss of the toenails. The le-
sions on the feet tend not to heal but have a definite risk of development of a squamous cell 
carcinoma in the chronic ulcerations.

Hypertrophic LP. The extensor sides of the shins and interphalangeal joints are prefer-
entially affected with highly pruritic, lichenified, violaceous, or hyperpigmented plaques 
(LP verrucous). The lesions are often symmetric, sometimes show accentuated, elevated 
follicle swellings and chalky hyperkeratoses. Scarring occurs after healing of the lesions. 
Malignant degeneration is relatively common. 

Atrophic LP. In some cases, atrophy of LP papules may produce sharply demarcated, 
whitish, atrophic maculae. These lesions can coalesce and form larger plaques most com-
monly on the trunk or lower extremities. This LP variant is rare and needs to be distin-
guished from lichen sclerosus et atrophicus and guttate morphea.
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Follicular LP. This form of LP may occur alone or simultaneously with other types of 
mucocutaneous changes of LP. It forms isolated or aggregated, pinhead-sized red papules, 
which carry a conical acuminated hyperkeratosis (LP acuminatus). Sites of predilection in-
clude the trunk, neck, sacral region, and the proximal extremities. Follicular LP of the scalp 
also occurs in an isolated form and leads to scarred alopecia (LP follicularis decalvans, 
frontal fibrosing alopecia). This condition affects more women than men. Perifollicular er-
ythema and acuminate keratotic plugs are characteristic features. The symptom combina-
tion of follicular LP on the trunk and on the scalp with nail dystrophy has been described 
as Lassueur-Graham-Little syndrome. 

Actinic LP. This variant is more common in the tropics, especially in children and 
young adults on sun-exposed parts of the body such as the face, the back of the hands, the 
lower forearms, and the chest. The extremely pruritic papular lesions are hyperpigmented 
with violaceous-brown color, which frequently show annular configuration. The course is 
subacute, and the condition tends to heal spontaneously.

Mucosal LP. This form of LP can affect the mucosal sites of mouth, glans penis, vulva, 
vagina, collum uteri, anus, conjunctiva, nose, larynx, trachea, esophagus, stomach, urethra, 
bladder, and tympanic membrane.

Oral LP is present in some 60–70% of dermatological patients with LP. As the sole man-
ifestation of the disease, it makes up 15% to 35% of the patient populace. The buccal mu-
cosa (bilateral) and the tongue are most often affected but the gums, floor of the mouth, 
palate, and lips have also been documented. The mucosal lesions consist of lacy, reticulated 
white streaks (Fig. 2), white papules and plaques, and erythematous, atrophic or ulcerated 
patches with painful, burning sensations.

Particular clinical forms are characteristic for certain regions of the oral mucosa. Retic-
ular LP is the most common type. It affects the buccal mucosa predominantly. The margins 
of the tongue show generally lace-like and / or erosive LP, the dorsal surface exhibits usually 

Fig. 2. Reticular LP in buccal mucosa.
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round, white plaques or smooth atrophic areas. Most cases of carcinoma appear to arise in 
patients with longstanding erosive / atrophic LP of the tongue or buccal mucosa. Gingival 
involvement of LP may potentially lead to the picture of desquamative gingivitis (Scully & 
El-Kom, 1985). 

Lesions of the male genitalia are observed in about 25% of cases. The glans penis is 
most commonly affected, exhibiting annular lesions frequently. Similar changes can oc-
cur on the scrotal skin as well. Occasionally, the glans penis has erosive lesions and is the 
only site of LP involvement (Alinovi et al., 1983). The female genitalia demonstrate gener-
ally patches of leukoplakia or erythroplakia, with variable atrophy. Desquamative vaginitis 
is most commonly due to LP. The labia minora agglutinate and vaginal adhesions in asso-
ciation with burning pain, may prevent sexual intercourse (Edwards & Friedrich jr, 1988; 
Soper et al., 1988).

Cutaneous graft-versus-host-reaction (cGVHR)

Mucocutaneous lesions of GVHR develops in 20 to 80% of posttransplant cases after allo-
geneic bone marrow infusion or haemopoietic stem cell transplantation. Cutaneous erup-
tions of GVHRs occur after autologous and syngeneic transplantation in up to 10% of pa-
tients. There are two forms: i) in the acute form the cutaneous eruption begins between the 
fifth and fiftieth day; ii) in the chronic form appears two to six months after grafting. Some 
patients experience both forms of cGVHR, sequentially (Harper, 1987).

Fig. 3. Disseminated lichenoid GVHR.
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In acute cGVHR the eruption generally begins with tender erythematous macules on 
the upper trunk, neck, hands, feet, face, and forehead. As a cGVHR evolves, the distribu-
tion of erythematous macules increases, becoming confluent over broad body surfaces. 
At later stages, erythroderma may ensue. Generalized erythroderma with bullae forma-
tion and desquamation portend a poor prognosis. The clinical picture of subepidermal 
bullae with a necrotic roof in these patients greatly resembles toxic epidermal necrolysis. 
Oral and / or ocular involvement in acute cGVHR may occur but are less common then in 
chronic cGVHR (Volc-Platzer, 1992; Aractingi & Chosidow, 1998).

The incidence of a chronic cGVHR, divided artificial into lichenoid and sclerodermoid 
forms, is roughly 25%. This two forms of chronic cGVHR clearly overlap in many patients. 

In the lichenoid form, which may also occur soon after transplantation, erythematous 
to violaceous polygonal papules appear acrally and may be seen on the palms and soles. 
In addition, lichenoid cGVHR favors the ears, periorbital region, trunk, buttocks, hips, 
and thighs as well. In some cases lichenoid papules can occur around hair follicles. LP-like 
cGVHR can also affect the nails, with onychatrophia and pterygium. The disseminated li-
chenoid eruption in chronic cGVHR is clinically indistinguishable from LP (Fig. 3). Pru-
ritus and postinflammatory hyperpigmentation are also present. Oral involvement is typ-
ical, with white lacy patches and / or painful erosions on the tongue and buccal mucosa 
(Fig. 4).

The sclerodermoid form of a chronic cGVHR greatly resembles scleroderma with vari-
ably distributed, hyper- and / or hypopigmented, somewhat atrophic plaques. Some pa-
tients develop only few sclerodermoid plaques, other ones develop widespread disease as-
sociated with alopecia, chronic cutaneous ischemia with ulceration, joint contractures and 
debilitating fasciitis. Of note, acrosclerosis and Raynaud phenomenon are uncommon in 
chronic sclerodermatous GVHR, in contrast to systemic sclerosis. The mucosa of the gums, 
palate, and lips can become atrophic and occasionally ulcerate. Sicca symptoms often ac-

Fig. 4. Erosive buccal lesions in a patient with lichenoid GVHR.
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company the sclerodermoid form due to diminished salivary and lacrimal output (Volc-
Platzer, 1992; Aractingi & Chosidow, 1998).

Despite the apparent simplicity of the traditional classification of GVHR into acute and 
chronic phases, defined as number of days after transplantation, this separation is not that 
precise. The lichenoid chronic GVHR may be observed as early as day 30 after transplan-
tation and acute GVHR may appear / persist after day 100 in some cases. Moreover, atyp-
ical variants of cGVHR have been described that do not fit into this diagnostic classifica-
tion either. 

Diagnosis

The diagnosis of LP, LDE, cGVHR rests fundamentally on the combination of anamnestic 
data, clinical, histopathologic, and immunofluorescence / immunohistochemical findings. 
Special immunophenotypic and T-cell receptor genotypic analyses are sometimes required 
to define the underlying pathology manifesting as lichenoid dermatitis more precisely.

The clinical differential diagnosis of lichenoid dermatoses, depending on the manifes-
tation of the disease, involves generalized granuloma annulare, psoriasis guttata, papular 
sarcoid, lichen amyloidosus, scabies, pityriasis rosea, pityriasis rubra pilaris, and papular 
secondary syphilis. Mucous membrane lesions may be confused with leukoplakia, mucous 
patches of syphilis, candidiasis, oral hairy leukoplakia, lupus erythematosus, chronic ulcer-
ative stomatitis, paraneoplastic pemphigus, and cicatricial pemphigoid.

Therapy

Lichen planus, lichenoid eruptions

Apart from the very rare instances of possible malignant transformation (ulcerative LP, 
LP verrucosus, erosive / atrophic mucosal LP), LP is a benign disease with spontaneous re-
missions and exacerbations. Consequently, any treatment strategy must be safe and un-
likely to aggravate the disease. Avoidance of potentially provocative medications (Ellge-
hausen et al., 1998), unless absolutely required, and minimizing trauma to skin and mu-
cosal tissues are recommended. Patients with actinic LP must be protected by sunscreens. 
Oral erosive / atrophic LP lesions are painful and are frequently associated with poor oral 
hygiene. For these patients, good oral hygiene (the use of an antibacterial mouthwash e. g. 
chlorhexidine) and regular professional dental care need to be encouraged.

Evaluating the efficacy of different forms of treatment in cutaneous LP is difficult since 
LP tends to regress spontaneously after varying amounts of time. A large variety of top-
ical and systemic therapies are available, and this range of options may be attributed to 
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the chronicity, symptomatology, and variable responsiveness of the disease. In mild cases, 
treatment should be symptomatic: antihistamines for pruritus and topical glucocorticoids 
for their antipruritic and anti-inflammatory effects. Severe, acute cases may benefit from 
a tapered course of systemic glucocorticoids or retinoids for two to eight weeks. Relapses 
may occur, however, chronic systemic glucocorticoid use should be avoided. Narrowband 
UVB, ultraviolet A1, PUVA photochemotherapy (or bath PUVA) solely or combined with 
systemic retinoids may have beneficial effect in such cases. Systemic cyclosporine admin-
istration has many side effects, therefore it should be considered as a drug of last resort. 
Hypertrophic LP may also benefit from intralesional glucocorticoids, or topical gluco-
corticoids under occlusion, or tar preparations. Peroxisome proliferator-activated recep-
tor gamma agonists seems to be helpful in management of lichen planopilaris of the scalp. 
Efalizumab and alefacept have been used for generalized or erosive LP. Ulcerative and hy-
pertrophic LP of the palms and soles is frequently disabling and uncomfortable. Use of 
split-thickness skin grafts to cover these lesions has been proved an effective way to man-
age such patients (Lendrum, 1974; Simon jr, 1990; Simon jr & Hunyadi, 1990; Simon jr & 
von den Driesch, 1994; Boyd, 2000; Saricaoglu et al., 2003; Polderman et al., 2004; Fiven-
son & Mathes, 2006; Mirmirani & Karnik, 2009).

Non-erosive LP of mucous membranes generally does not need any treatment and may 
resolve spontaneously. Erosive oral and / or genital LP can be exceptionally difficult to con-
trol, but may respond to high potency topical glucocorticoids (in Orabase or intralesional), 
topical retinoic acid (tretinoin or isotretinoin gel), cyclosporine rinses, and topical pime-
crolimus or tacrolimus (FK-506) (Hodgson et al., 2003). Recently, 308-nm UVB excimer 
laser showed encouraging results in these patients (Kollner et al., 2003). Topical anaes-
thetics also provide symptomatic benefit for patients who have difficulty with eating and 
chewing. Newer antifungal agents may be useful in mucosal LP with evidence of Candida 
 colonization.

Systemic treatment with oral glucocorticoids and retinoids may be considered for par-
ticularly severe erosive mucosal LP lesions, but remissions are short-lived and the risk of 
serious side-effects is high. Nevertheless, oral glucocorticoids may be of value in the man-
agement of acute episodes, when topical or intralesional glucocorticoids alone failed to 
achieve adequate control. In recalcitrant cases, steroid sparing agents such as azathioprine, 
mycophenolate mofetil, methotrexate or cyclosporine are generally added. Anecdotal re-
ports have suggested improvement in mucosal erosive LP with a number of systemic agents 
including griseofulvin, dapsone, hydroxychloroquine, low-molecular-weight heparin, and 
thalidomide. The administration of low dose cyclophosphamide, the effective inhibitor of 
denovo protein sysnthesis, for the treatment of severe oral LP, unresponsive to the afore-
mentioned therapies, appears to induce remissions that are sustained. Extracorporeal pho-
tochemotherapy has recently been examined for the treatment of erosive LP, mainly in-
volving oral and vulvar tissues. All patients experienced complete remission, and some 
have showed a durable response. Surgical excision, CO2 laser, Nd: YAG laser, and cryother-
apy have all been used for treatment of recalcitrant mucosal LP. In general, surgery is re-
served for removal of dysplastic areas in patients at high risk. Patients under a great deal of 
stress frequently show improvement when their emotional environment is altered (Boyd, 
2000; Setterfield et al., 2000).
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Cutaneous graft-versus-host-reaction (cGVHR)

The best way of treating (c)GVHR is to prevent it from occurring by irradiating blood 
products before transfusion. Patients receiving allogeneic transplants are placed on meth-
otrexate, cyclosporine, or both before marrow infusion. Recent data indicate that FK-506 
is more effective than cyclosporine in the prevention of GVHR when each drug is used in 
combination with methotrexate (Hiraoka et al., 2001).

If acute GVHR has already occurred, initial therapy usually includes systemic glucocor-
ticoids. Anti-thymocyte globulin, azathioprine, mycophenolate mofetil, pentostatin, cy-
closporine, FK-506, and monoclonal antibodies, directed against effector cell populations 
(CDw52, CD25) or cytokines (TNF-α), are used separately or in combination. Narrow-
band UVB, PUVA or extracorporeal photochemotherapy may be useful in the treatment 
of patients with acute cGVHR. Keratinocytes treated with UV-A and UV-B are known 
to produce immunosuppressive cytokines. Depletion and morphologic alterations of den-
dritic cells also occur (Queen et al., 1989; Aubin et al., 1995; Hale et al., 1996; Richter et al., 
1997; Dall'Amico & Zacchello, 1998; Grundmann-Kollmann et al., 2002).

Chronic GVHR is treated similar to acute GVHR. Glucocorticoids, cyclosporine, aza-
thioprine, mycophenolate mofetil, and methotrexate are administered in various combina-
tions, depending on the severity of the disease. Tacrolimus ointment, pimecrolimus cream 
or PUVA treatment generally control widespread lichenoid GVHR effectively (Volc-Platzer 
et al., 1990; Choi & Nghiem, 2001). Mucous membrane manifestations may improve with 
these therapies as well. It is unclear whether PUVA (or bath PUVA) is able to reverse the 
cutaneous changes in sclerodermatous GVHR (Aubin et al., 1995). Ultraviolet A1 photo-
therapy may be considered as an appropriate approach for these patients (Calzavara Pin-
ton et al., 2003). Extracorporeal photochemotherapy has also been reported as beneficial 
(Greinix et al., 2000).

Summary

Lichenoid dermatoses encompass, based on the microscopic pattern of inflammation and 
skin response, a significant group of dermatologic conditions whose pathophysiologic 
mechanisms are currently unknown. Lichen planus (LP), the prototype, is an inflamma-
tory disorder with characteristic purple, polygonal, pruritic papules of the skin and may 
be accompanied by mucosal lesions. There are many similar clinical variants described, 
ranging from lichenoid drug eruptions (LDE) to association with other diseases such as 
the cutaneous graft-versus-host-reaction (cGVHR). This chapter delineates some of the re-
cent aspects of the etiopathogenesis, clinical manifestations and treatment modalities of 
LP, LDE, and cGVHR.
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Introduction

Vasculitis of small blood vessels of the skin, i. e. arterioles, capillaries and venules, is found 
in cutaneous leukocytoclastic vasculitis (CLA) as well as in systemic vasculitides. CLA is 
restricted to the skin, whereas ANCA-associated and immune complex-mediated systemic 
vasculitides – except polyarteritis nodosa – are characterized by an involvement of pre-
dominantly small vessels affecting various organs including the skin.

Primary systemic vasculitides, where no underlying disease or agent is known, are dis-
tinguished from secondary vasculitides, i. e. secondary from other diseases of either au-
toimmune or other origin. ANCA-associated and immune complex-mediated vasculiti-
des are the major immunopathogenetic categories which involve small vessels (Table 1) 
(Gross, 2003).

Pathophysiology

ANCA-associated vasculitides

Substantial evidence from in vitro experiments and animal models supports the view, that 
anti-neutrophil cytoplasmic antibodies (ANCA) have a role in the immunopathogenesis 
of Wegener`s granulomatosis (WG) and microscopic polyangiitis (MPA), giving rise to the 
“ANCA-cytokine sequence theory” (Fig. 1.) (Gross et al., 1991, Gross, 2003). The main tar-
get autoantigens proteinase 3 (PR3) in WG and myeloperoxidase (MPO) in MPA are con-
stituents of neutrophil azurophilic granula. ANCA (usually with MPO specificity) are less 
frequently detected in Churg-Strauss syndrome (CSS). High constitutive membrane PR3 
(mPR3) expression is associated with an increased risk of relapse and increased relapse 
rate in WG (Rarok et al., 2002). Following cytokine priming, PR3 and MPO are translo-
cated from intracellular azurophilic granules to the membrane of neutrophils. Binding of 
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Fig. 1. ANCA-cytokine sequence theory: Cytokine primed polymorphonuclear leukocytes 
(PMN) translocate and express intracytoplasmic proteinase 3 (PR3) or myeloperoxidase 
(MPO) on their cell surface. PR3 or MPO become accessible to anti-neutrophil cytoplasmic 
antibodies (ANCA). ANCA bind via Fc and Fab proportions to PMN. Activated PMN adhere 
to endothelial cells via adhesion molecule interaction and release oxygen radicals (ROS) and 
other substances. As a consequence endothelial damage is found (Gross et al., 1991, Gross, 
2003)

Table 1. Small vessel vasculitides affecting the skin

Primary systemic 
vasculitis

ANCA-associated vasculitis
1. Wegener’s granulomatosis (WG)
2. Microscopic polyangiitis (MPA)
3. Churg-Strauss syndrome

Immune complex-mediated primary systemic vasculitis
1. Cutaneous leukocytoklastic angiitis (CLA)
2. Henoch-Schönlein purpura (HSP)
3. Essential cryoglobulinemic vasculitis (ECV)

Secondary systemic
vasculitis

Immune complex-mediated secondary systemic vasculitis
1. Rheumatoid vasculitis (RV)
2. HCV-associated CV
3.  Secondary vasculitis or CV in SLE, Sjögren’s syndrome 

and other connective tissue diseases
4.  Secondary vasculitis or CV in infectious diseases, e. g. bacterial 

endocarditis
5. Paraneoplastic vasculitis

Abbreviations: ANCA = anti-neutrophil cytoplasmic antibody; HCV = hepatitis C virus; 
SLE = systemic lupus erythematosus
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the ANCA to both mPR3 or mMPO and the Fc-γ(R)eceptor is necessary for the full ac-
tivation of the neutrophils (Falk et al., 1988, Jenne et al., 1990, Falk et al., 1990, Csernok 
et al., 1990, Porges et al., 1994, Kocher et al., 1998). Moreover, neutrophil extracellular 
traps (NETs) containing the target-autoantigens PR3 and MPO are released from ANCA-
stimulated neutrophils, thereby perpetuating the autoimmune response against neutrophil 
components and triggering vasculitis (Kessenbrock et al., 2009).

ANCA-activated neutrophil granulocytes up-regulate gene expression of inflammatory 
mediators and release cytokines such as IL-8 and leukotrienes (Grimminger et al., 1996, 
Yang et al., 2002). Production of IL-8 by ANCA stimulated neutrophils and monocytes 
within the intravascular department and / or endothelial cells may frustrate transendothe-
lial leukocyte migration and favor premature degranulation with subsequent endothelial 
damage (Cockwell et al., 1999). ANCA also favor firm adhesion of rolling neutrophil gran-
ulocytes and promote their migration in vitro (Radford et al., 2001). Pauci-immune, necro-
tizing vasculitis is seen as a result of the complex interaction of ANCA, neutrophil gran-
ulocytes and endothelial cells. An in vivo animal model has provided further support of 
the pivotal role of ANCA and neutrophil granulocytes for the induction of vasculitis (Xiao 
et al., 2002).

Granulomatous lesions in WG and CSS

The inciting agent(s) triggering the pathophysiological cascade in ANCA-associated vascu-
litides are still unknown. One of the most striking features of WG and CSS is their inherent 
propensity for granulomatous inflammation of the upper and / or lower respiratory tract. 
The earliest symptoms of WG and CSS are usually confined to the upper and / or lower air-
ways and herald generalisation with systemic vasculitis in both diseases. Moreover, so-
called “grumbling disease” related to persistent granulomatous disease activity within the 
ENT tract and / or lower respiratory tract is seen in many WG- and CSS-patients, who are 
defined as being otherwise in clinical remission, and precedes relapses. Thus, granuloma-
tous inflammation plays a role both in local tissue destruction (e. g. saddle nose defor-
mity) and in triggering systemic vasculitis (Lamprecht & Gross, 2008, Lamprecht et al., 
2009). Interestingly, about 10% of the WG-patients remain in the localized stage (i. e. WG-
restricted to the respiratory tract). Localized and generalized WG as well as ANCA-posi-
tive and -negative CSS are characterized by differences in predisposing genetic risk factors 
(Wieczorek et al., 2008, Wieczorek et al., 2010).

Barrier dysfunction with abnormal microbial mucosa-invasiveness and -composition 
triggering inflammation plays a crucial role in many chronic inflammatory diseases such 
as Crohn‘s disease. More recently, impaired respiratory ciliar function, which could pre-
dispose to chronic granulomatous inflammation, has been demonstrated in WG (Ullrich 
et al., 2009). Intriguingly, neoformation of ectopic lymphoid structures within chronic in-
flamed tissue and T-cell alterations are found in WG as well as in other autoimmune dis-
eases such as rheumatoid arthritis and Sjögren’s syndrome (Voswinkel et al., 2006, Müller 
et al., 2008, Capraru et al., 2008). In animal models infectious agents trigger chronic in-
flammation with ectopic lymphoid structure neoformation, subsequent break of tolerance 
and induction of autoimmune disease (Lang et al., 2005).
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Immune complex-mediated vasculitides

Deposition or in situ formation of immune complexes in the vessel wall may result in the 
subsequent evolution of vasculitis. Additional factors such as the size of the complexes, 
composition, charge, complement activation, hydrostatic pressure on the wall and effi-
ciency or ineffectivity of reparative mechanisms determine, whether the initial lesion will 
eventually progress to a necrotizing vasculitis (Gross, 2003). Immune complexes formed in 
antigen excess circulate until the aforementioned factors contribute to their deposition in 
blood vessel walls. Activation of neutrophils, up-regulation of endothelial adhesion mol-
ecules and cytokine release facilitate further leukocyte recruitment. The membrane at-
tack complex of complement plays a significant role in altering the endothelial cell mem-
brane integrity. Activated neutrophils release proteolytic enzymes, especially collagenases 

Fig. 2. Immune complex vasculitis. 
A. Clinical presentation with pete-
chial purpura of the lower legs. 
B. Histopathology with diapedesis 
of erythrocytes and fragmentation 
of neutrophil granulocytes. C. De-
positis of immune complexes 
around dermal blood vessels 
detected by direct immunofluores-
cence microscopy
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and elastases, along with free oxygen radicals that further damage the vessel wall (Claudy, 
1998).

Cryoglobulinemic vasculitis (CV) is an immune complex-mediated vasculitis predom-
inately affecting small vessels. Cryoglobulins are cold-precipitable monoclonal or poly-
clonal immunoglobulins. Cryoglobulins can induce cold-dependent activation of comple-
ment and hypocomplementemia, followed by leukocyte attraction and vessel damage (Wei 
et al., 1997). The skin is frequently involved. CV is usually found in the presence of type II 
cryoglobulinemia, i. e. mixed monoclonal IgMκ and polyclonal IgG cryoglobulinemia. The 
monoclonal IgM component often (> 75%) has rheumatoid factor activity (Ferri & Mascia, 
2006). The non-enveloped HCV core protein is a constitutive component of type II cryo-
globulins and might contribute to cryoprecipitation in hepatitis C virus (HCV)-associated 
CV. Binding of HCV core protein to the globular domain of the C1q receptor on the sur-
face of both leukocytes and endothelial cells may favor the interaction of HCV core pro-
tein-containing type II cryoglobulin and endothelial cells (Sansonno et al., 2003).

Clinical classification and manifestations

Classification

ANCA-associated, pauci-immune vasculitides (WG, MPA, CSS) and immune complex-
mediated vasculitides (CLA, Henoch-Schönlein purpura / HSP, essential CV / ECV) com-
prise the group of primary systemic vasculitides affecting predominantly small vessels ac-
cording to the definition of the Chapel Hill Consensus (CHC) conference. Further, large 
vessel vasculitides (giant cell arteritis and Takayasu arteritis) and vasculitides of medium-
sized vessels (polyarteritis nodosa and Kawasaki disease) are discerned (Jennette et al., 
1994).

Skin manifestations

The typical aspect of CLA and skin involvement in systemic small vessel vasculitides is 
the palpable purpura (Csernok and Gross, 2000). Purpura is a manifestation mainly of the 
postvenule capillary vasculitis. The lower limbs are most frequently affected by the palpa-
ble purpura due to the higher hydrostatic pressure in these vessels (Hautmann et al., 1999). 
Hydrostatic pressure may also account for the accentuation of the purpura during the day 
seen in some patients. Petechiae may occur secondary to widespread capillary damage. Ur-
ticaria vasculitis results from a progression of small vessel vasculitis to fibrinoid necrosis in 
postcapillary venules, i. e. necrotizing vasculitis. Urticaria typically persists for more than 
24 hours in these cases (Schur, 1993).

Small hemorrhages with slightly nodular character at the tips of the fingers (Osler’s 
nodes) and on the palms, especially on the thenar eminences (Janeway lesions) are seen in 
secondary immune complex-mediated small vessel vasculitides in infectious endocardi-
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tis. These lesions indicate an important differential diagnosis with regard to the etiology 
of vasculitis (Schur et al., 1993). Pyoderma gangrenosum or dermatitis ulcerosa may be en-
countered in several systemic diseases, e. g. inflammatory bowel diseases, and in small ves-
sel vasculitides (Powell et al., 1985)

Nailfold splinter hemorrhages and infarcts are vasculitic manifestations mainly of the ar-
terioles and small arteries. The vasculitis may progress and include small arteries causing 
cutaneous ulcers and acral necrosis. Pathologic examination often reveals fibrinoid necro-
sis and thrombosis with little inflammatory infiltration. Vasospasm of dermal ascending 
arterioles with hyperperfusion of unaffected vessels gives rise to livedo reticularis. Progres-
sion to livedo vasculitis may result in purpura, cutaneous nodules and ulceration predomi-
nantly of the lower extremities (Schur, 1993).

Systemic vasculitis

Constitutional signs such as malaise, weight loss, fever, arthralgia and myalgia may pro-
ceed other symptoms of systemic vasculitis. Multi-organ involvement may be found in ev-
ery systemic small vessel vasculitis. However, mono- or oligosymptomatic courses may 
be encountered at times. Vasculitides differ with respect to the preferential involvement 
of distinct vascular areas (Table 2): Pulmonary-renal syndrome is more likely in WG and 
MPA, whereas other diseases such as systemic lupus erythemtosus (SLE) less often cause 
this syndrome. Purpura and renal involvement are common in CV, pulmonary infiltrates 
in WG and CSS, polyneuropathy and gastrointestinal vasculitis in CV and CSS, and car-
diac involvement in CSS. Proceeding nasal obstruction, crusting, epistaxis and / or otitis 
media and mastoiditis is often found in WG. Episcleritis is seen in WG and MPA. Asthma 
bronchiale, eosinophilia and pulmonary infiltrations together with cardiac involvement 
and / or polyneuropathy are typically seen in CSS. Severe renal disease is less frequent in 
CSS compared to WG and MPA. Neuropathy and cardiac disease are frequently encoun-
tered in severe CSS. Coronary arteritis and myocarditis are the principle causes of morbid-
ity and mortality in CSS (Jennette and Falk, 1997; Sablé-Fourtassou et al., 2005). CSS may 
evolve over a period of time starting with allergic rhinitis, asthma bronchiale. Thereafter, a 
hypereosinophilic syndrome with infiltrative eosinophilic disease, e. g. eosinophilc pneu-
monia and gastroenteritis will ensue, and finally small vessel vasculitis with granulomatous 
lesions is seen in CSS (Lanham et al., 1984). The triad of arthralgia, purpura and weakness 
(so-called Meltzer’s triad) is frequently seen in essential CV (ECV) and in HCV-associated 
CV. CV frequently involves the kidneys and peripheral nerves (Ferri & Mascia, 2006). Pur-
pura, cutaneous ulcers and polyneuropathy in a patient with long-standing rheumatoid ar-
thritis (RA) is suggestive of rheumatoid vasculitis (RV). Purpura, arthritis, and abdominal 
pain in a child with a nephritic sediment is found in Henoch-Schönlein purpura (HSP). 
HSP has a peak incidence at the age of five years. The disease often begins after an upper re-
spiratory tract infection (Jennette and Falk, 1997).

Small vessel vasculitides may affect different structures within the same organ or body 
region giving rise to a variety of symptoms: Affection of the ear in WG may include sen-
soneurinal deafness due to vasculitis of the inner ear and / or cochlear nerve, otitis media, 
and mastoiditis. CSS and CV may cause abdominal pain due to gastro-intestinal vasculi-
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tis or vasculitis of the gall bladder. Renal involvement in immune complex-mediated vasc-
ulitis may result in mesangioproliferative and other forms of glomerulonephritis, whereas 
focal and segment necrotizing glomerulonephritis is more common in ANCA-associated 
vasculitis (Jennette and Falk, 1997). Renal vasculitis of small and medium sized renal ar-
teries is seen at least in one third of the patients with cryoglobulinemic glomerulonephri-
tis (D’Amico, 1998, Ferri & Mascia, 2006). Pulmonary small vessel vasculitis may result in 
dyspnoea, cough, hemoptysis due to either bronchial ulcerations or frank hemorrhagic al-
veolitis. Full-blown pulmonary-renal syndrome will cause renal and respiratory failure. 
Central nervous involvement may cause cranial nerve palsies, seizures, stroke and other 
symptoms. Cardiac involvement may be indicated by arrhythmias due to coronariitis or 
myocarditis, pericardial effusion, and angina pectoris (Jennette and Falk, 1997).

Table 2. Typical aspects of ANCA-associated vasculitides (WG, MPA, CSS) and immune com-
plex-mediated vasculitides (CLA, CV, sec. SVV in SLE, RV)

Vasculitis Clinical findings Laboratory findings Histology

WG Starts in the upper 
respiratory tract,
pulm.-renal syndr.

Compl. ↔ or ↑,
C-ANCA,
PR3-ANCA

Granulomatous 
lesions,
pauci-imm. vasc.

MPA Pulm-renal syndr. Compl. ↔ or ↑,
P-ANCA,
MPO-ANCA

Pauci-imm. vasc.

CSS Asthma, pulmonary
infiltration, PNP,
cardiac involvement

Eosinophilia,
compl. ↔ or ↑,
less often: ANCA

Pauci-imm. vasc., 
eosinophil
infiltration

CLA Purpura Compl. ↔ or ↓ Leukocyt. vasculitis

ECV, HCV-ass. CV Purpura, arthralgia,
weakness, PNP, GN

Compl. ↓, RF,
cryoglobulin, HCV-ab., 
HCV-RNA

Imm. compl. vasc.

Sec. vasculitis in SLE Purpura, PNP, GN, 
cerebral vasculitis

Compl. ↓, ANA, 
ds-DNA ab., anti-Sm ab.

Imm. compl. vasc.

RV Purpura, ulcers, PNP Compl. ↓, RF Imm. compl. vasc.

HSP Purpura, arthralgia, 
GN, abdominal pain

Compl. ↓, IgA ↑ Imm. compl. vasc. 
with IgA

Abbreviations: ANCA = anti-neutrophil cytoplasmic antibody (Immunofluorescence pat-
terns: C-ANCA = cytoplasmic pattern ANCA, P-ANCA = perinuclear pattern ANCA; 
ELISA: PR3-ANCA = proteinase 3 ANCA, MPO = myeloperoxidase ANCA), WG = We-
gener’s granulomatosis, MPA = microscopic polyangiitis, CSS = Churg Strauss syndrome, 
CLA = cutaneous leukocytoclastic angiitis, CV = cryoglobulinemic vasculitis (ECV = essen-
tial CV, HCV-ass. CV = hepatitis C virus associated CV), sec. = secondary, GN = glomerulo-
nephritis, PNP = polyneuropathy, RA = rheumatoid arthritis, SVV = small vessel vasculitis, 
SLE = sytemic lupus erythematosus, RV = rheumatoid vasculitis, ab. = antibody, Imm. compl. 
vasc. = immune complex-mediated vasculitis, Compl. = complement, ANA = antinuclear ab., 
ds-DNA ab. = double strand DNA ab, Leukocyt. vasc. = leukocytoclastic vasculitis, Immune 
compl.–med. vasc. = immune complex-mediated vascultis
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Secondary vasculitides in SLE and other connective tissue diseases or rheumatoid ar-
thritis are usually preceded by typical symptoms of their underlying autoimmune disease. 
Thus, rheumatoid vasculitis is usually encountered after previous long-lasting rheumatoid 
arthritis. In case of unusual symptom constellations paraneoplastic vasculitis, secondary 
vasculitis in infectious diseases such as bacterial endocarditis, and drug-induced vascu-
litides should be excluded. It has to be kept in mind, that small vessel vasculitides are also 
seen in primary immunodeficiencies, e. g. bare lymphocyte syndrome (TAP-deficiency and 
others), CVID, hyperimmunoglobulinemia D and periodic fever syndrome (HIDS), and 
tumor necrosis factor receptor-associated periodic syndrome (TRAPS) (Moins-Teisserenc 
et al., 1999, Sais et al., 1996, Lamprecht et al., 2004)

Diagnosis

Clinical parameters

A detailed patient history, physical examination and focused laboratory investigation are 
vital in diagnosing vasculitic disorders. The goals of the work-up include identification of 
a cause of the disease and / or the underlying immunopathogenetic mechanism, classifica-
tion of the disease, and determination of the disease activity and extent. A detailed patient 
history and physical examination should give rise to a preliminary diagnosis. CLA requires 
a detailed drug history as drugs cause ca. 10% of vasculitic skin lesions. Drugs that have 
been implicated are penicillins, aminopenicillins, sulfonamides, allopurinol, thiazides, hy-
dantoins and propylthiouracil (Jennette and Falk, 1997).

Laboratory tests

Laboratory tests are used to ascertain the type of vasculitis. Erythrocyte sedimentation rate 
(ESR) and C-reactive protein (CRP) indicate inflammation. Low complement levels are 
seen in immune complex-mediated vasculitides including CV, whereas normal or elevated 
complement levels are found in ANCA-associated vasculitides. Furthermore, low comple-
ment levels may indicate hereditary complement deficiencies, which may cause SLE-like 
diseases with secondary vasculitides. C-ANCA are strongly associated with “classic” WG. 
The principle target antigen for C-ANCA in WG is PR3. Only few WG patients (< 5%) have 
a P-ANCA with MPO specificity. Despite their high sensitivity and specificity for WG, C-
ANCA and PR3-ANCA may be found in other diseases than WG, e. g. subacute bacterial 
endocarditis or severe CV (Choi et al., 2000). Rheumatoid factor (RF) may be found in var-
ious conditions such as RV, CV and endocarditis. Autoantibodies, e. g. ANA, ds-DNA an-
tibodies, anti Sm, anti SSA, anti-SSB etc., will be seen in secondary vasculitides in SLE, 
Sjögren’s syndrome and other connective tissue diseases. Low level autoantibodies such as 
ANA and RF may also be found in CV. ANA may be seen in RV and a variety of other dis-
eases. Serum levels of IgA are elevated in half of the patients with HSP. As infections may 
cause secondary vasculitis, HBV, HCV, HIV, and bacterial infections should be excluded. 
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Serial blood cultures may be necessary. ALT and AST may not necessarily be elevated in 
HCV-associated CV. Procalcitonin may help to differentiate between autoimmune diseases 
and bacterial infections and sepsis (Lamprecht et al., 2009b).

Additional diagnostics

Echocardiography should rule out vegetations on the heart valves. Primary immunodefi-
ciencies also have to be considered. Quantitative assessment of immunoglobulin classes in-
cluding IgD, lymphocyte subpopulations, standardized cutaneous tests for various T-cell 
specific antigens, complement levels, MHC-class I and II expression, tests for the assess-
ment of the functional status of various neutrophils, lymphocytes etc., and molecularge-
netic analysis of mutations of the MEFV-gene (Familial Mediterranean fever), MVK-gene 
(HIDS), or TNFRSF1A-gene (TRAPS) may be necessary in selected patients (Lamprecht 
et al., 2009b).

Arteriogramms are helpful in identifying vasculitis of medium-sized arteries, e. g. re-
nal, coronar or intestinal vessels, or even larger arteries. These vascular areas may some-
times be involved in addition to the small vessel vasculitis. The definite diagnosis of vasc-
ulitis is dependent on the demonstration of vascular involvement by biopsy. Biopsy speci-
men should be obtained from clinically involved tissue. Applying immunohistochemistry 
is helpful in distinguishing immune complex mediated from pauci-immune (ANCA-asso-
ciated) vasculitides (Lamprecht et al., 2009b)

Therapy

Cutaneous leukocytoclastic vasculitis (CLA)

CLA is usually limited to a single episode that resolves spontaneously within weeks or a 
few months. Approximately 10% will have recurrent disease at intervals of months to years. 
Drugs that could cause the disease should be stopped. Oral corticosteroid therapy is indi-
cated in severe cutaneous disease. Progressive, steroid resistant CLA is rarely encountered 
and may necessitate additional immunosuppressive therapy such as azathioprine. Criti-
cal reevaluation of the diagnosis should also take place in such cases (Jennette and Falk, 
1997).

ANCA-associated vasculitides (WG, MPA, CSS)

Induction of remission is achieved with combined oral corticosteroids and oral cyclophos-
phamide in life threatening conditions and severe, progressive vasculitis in WG, MPA and 
CSS. Oral cyclophosphamide at 2 mg / kg / day is preferentially used in severe conditions 
(“Fauci’s scheme” or “NIH standard”), whereas cyclophosphamide i.v. (15 mg / kg every 3 
weeks) may be an alternative in patients with less severe disease (Reinhold-Keller et al., 
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1994, Jayne et al., 2003). Reduction of the corticosteroid dose should be started carefully as 
cyclophosphamide therapy becomes effective after 7–10 days. Tapering of corticosteroids 
is aimed at reaching the lowest effective dose after having achieved a stable remission for 
more than three months. Doses should at least range below the so-called “Cushing” level 
at this time in order to prevent adverse effects (Jayne et al., 2003, Lamprecht et al., 2009b). 
Rituximab is effective in refractory cases (Jones et al., 2009).

Corticosteroids and cyclophosphamide predispose patients to serious adverse effects. 
Cyclophosphamide causes premalignant hemorrhagic cystitis, ovarian and testicular fail-
ure and myelodysplastic syndrome (Hoffman et al., 1992; Reinhold-Keller et al., 2000). 
Mesna is beneficial in avoiding hemorrhagic cystitis (Reinhold-Keller et al., 2000). Less 
toxic treatment is highly desirable. WG- and MPA-patients without life threatening disease 
manifestations can be treated with methotrexate (0.3 mg / kg / week i. v.) and corticosteroids 
for the induction of remission (De Groot, 2005). Azathioprine is given for the maintenance 
of remission after induction of remission with cyclophosphamide (Jayne et al., 2003). Al-
ternatives for the maintenance of remission in WG and MPA are methotrexate and lefluno-
mide (Metzler et al., 2007). Nasal S. aureus carriage is associated with activity of WG in the 
upper respiratory tract. A prophylaxis with trimethoprim / sulfamethoxazole results in a 
significant reduction in the relapse rate (Stegeman et al., 1996).

CSS is often controlled with high-dose corticosteroid treatment. Refractory and relaps-
ing disease may require addition of a cytotoxic drug similar to the treatment of WG and 
MPA (Jennette and Falk, 1997). Interferon-α (IFN-α) therapy has been reported to induce 
remission in CSS and substantial reduction of the prednisolone requirement in patients 
who had attained incomplete remission with cyclophosphamide or methotrexate. The 
mechanism of action of IFN-α in CSS has not been clearly established, but switch in the cy-
tokine profile as well as down-regulation of IgE receptors on eosinophils and lymphocytes 
may be relevant (Tatsis et al., 1998; Metzler et al., 2008). The Th2-type cytokine IL-5 may 
be a another target for therapy in CSS. Treatment with mepolizumab, a monoclonal anti-
IL-5-antibody, was efficiently steroid-sparing in the hypereosinophilic syndrome (not as-
sociated with FIP-PDGFR mutation) and in prednisolone-dependent asthma with sputum 
eosinophilia. Mepolizumab is currently tested in CSS in an open-study (Nair et al., 2009).

Cryoglobulinemic vasculitis

Essential CV, i. e. non-infection or other disease related CV, is treated similar to the treat-
ment protocol for WG and MPA. Plasmapheresis has been recommended in life-threaten-
ing conditions, progressive glomerulonephritis and polyneuropathy. Rituximab and PEG-
IFN-α plus ribavirin induce remission in severe and refractory HCV-associated cryoglob-
ulinemic vasculitis. Based on the currently available evidence, combined treatment with 
rituximab and PEG-IFN-α plus ribavirin should be considered as first line treatment in pa-
tients with active disease resistant to anti-viral treatment and patients with severe mani-
festations and activity of cryoglobulinemic vasculitis (e. g. rapidly deteriorating renal func-
tion, gastro-intestinal vasculitis, central nervous system (CNS) involvement, hyper-viscos-
ity syndrome). PEG-IFN-α plus ribavirin without preceding rituximab may be efficient 
in less severe cases. In HCV-negative “idiopathic” cryoglobulinemic vasculitis rituximab 
represents a new treatment option in cases resistant to conventional immunosuppressive 

Peter Lamprecht and Wolfgang L. Gross398



therapy, too. Moreover, IFN-α has been reported to induce remission in 2 cases of severe 
HCV-negative cryoglobulinemic vasculitis, presumably based on its anti-proliferative ef-
fect (Ferri & Mascia, 2006, Saadoun et al., 2008).

Henoch-Schönlein Purpura

HSP has a good prognosis in general. Pulmonary disease, rapidly progressive renal failure 
and peripheral polyneuropathy are uncommon (Jennette and Falk, 1997). Adult onset HSP 
is rare. Corticosteroids and azathioprine may be beneficial in patients with progressive re-
nal insufficiency (Bergstein et al., 1998).

Miscellaneous secondary vasculitides

RV shows histopathological similarities to polyarteritis nodosa and requires equally ag-
gressive therapy. Intermittent intravenous pulse cyclophosphamide plus methylpredniso-
lone for the induction of remission has been demonstrated to improve healing of vascu-
litic lesions including leg ulcers and neuropathy. Pulse therapy results in a lower incidence 
of relapse and a lower mortality compared to other treatments. Comparatively high doses 
of cyclophosphamide (15–20 mg / kg per pulse) and short treatment intervals (14 and 21 
days) are necessary to control the often aggressive course of the disease (Scott & Bacon, 
1984). Although there are no controlled studies for the maintenance of remission in RV, 
practical considerations suggest to treat the patient with DMARDS used in RA, prefera-
bly methotrexate.

Secondary vasculitis in SLE is treated with intermittent intravenous pulse cyclophos-
phamide and corticosteroids according to the Austin’s scheme. The original Austin’s scheme 
included monthly intermittent intravenous bolus cyclophosphamide (0.5–1.0 g / m2 body 
surface area) plus low-dose oral prednisolone (starting with up to 0.5 mg / kg per day) 
(Austin et al., 1986; Boumpas et al., 1991). Secondary vasculitides in other connective tis-
sue diseases are treated analogous to the Austin’s scheme in SLE.

Secondary vasculitis in bacterial endocarditis is treated with antibiotics. Paraneoplastic 
vasculitis may require treatment similar to the treatment protocol for WG and MPA for the 
vasculitic manifestations, e. g. cutaneous ulcers, acral necrosis, or polyneuropathy. Therapy 
of the underlying neoplasm is essential for the control of the vasculitis. Rheumatic symp-
toms and vasculitis secondary to primary immunodeficiencies may improve upon intrave-
nous immunoglobulin administration in some disease conditions, e. g. CVID (Sais et al., 
1996) and in TAP deficiency (Gadola et al., 2000).

Summary

Small vessel vasculitides affecting the skin are seen in primary systemic vasculitides, i. e. 
the ANCA-associated vasculitides (WG, MPA, CSS) and the immune complex-mediated 
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vasculitides (ECV, HSP, CLA). Secondary immune complex-mediated vasculitides, e. g. in 
SLE and other connective tissue diseases, paraneoplastic conditions, and in infectious dis-
eases, also frequently involve small vessels of the skin. Diagnosis is made upon a detailed 
patient history, physical examination, focused laboratory investigation, and demonstration 
of vasculitis by biopsy. Stage-adopted therapy aims at inducing and maintaining remission 
of the respective vasculitis. Treatment of underlying diseases may be necessary in second-
ary vasculitides.
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Introduction

This chapter focuses on cutaneous manifestations observed in autoimmune rheumatic dis-
eases, particularly the main systemic vasculitides, rheumatoid arthritis and relapsing poly-
chondritis. Clinical correlation between these manifestations and internal organ involve-
ment is highlighted.

Skin Manifestations in Systemic Vasculitis

Even though a certain number of syndromes have been described, a patient may present 
with symptoms that overlap with another clinical diagnosis making a diagnosis “at first 
sight” impossible. Skin manifestations are frequently observed in almost all-systemic vasc-
ulitis (Carlson et al., 2006, Kluger et al., 2008, Crowson et al., 2003, Fiorentino, 2003). Some 
of them correspond to a skin localization of the systemic vasculitis while others result from 
a different pathologic process. As biopsy of dermatological lesions is easy to obtain, it has a 
great interest in confirming the diagnosis. However, its contribution to determine the type 
of vasculitis is not guaranteed. In fact, neither clinical nor pathologic features of the skin 
are specific of a given type. Furthermore, skin and systemic vasculitis may be coincident, as 
when skin involvement is drug-induced or follows a transient viral infection.
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Skin Manifestations

Skin manifestations of vasculitis

Clinical features

Skin vasculitis presents as a spectrum of clinical lesions including erythema, purpura, pap-
ules, pustules, nodules, livedo, necrosis, ulcerations and bullae. These various lesions come 
often altogether giving a pleomorphic appearance of the eruption. 

Palpable purpura is unquestionably the most frequent manifestation. Lesions usually 
begin as tiny red macules that later become papules and plaques ranging from several mil-
limetres to several centimetres. Larger lesions are ecchymotic. Color range may change 
from red to purple to brownish yellow, as extravasated blood is progressively broken. Pal-
pable purpura is most common on the legs, ankles and feet but other areas of the body can 
be affected (Fig. 1).

Urticarial vasculitis is characterized by the presence of wheals that persist two to three 
days unlike ordinary urticaria expected to clear within 24 hours. Pruritus is less intense. 
Lesions may become purpuric. They are mainly located on the trunk and the limbs (Fig. 2). 
Elsewhere, other papules, neither purpuric nor urticarial, may also correspond to skin vas-
culitis, especially when found on the outer aspects of the limbs. Some papules appear red 

Fig. 1. Infiltrated purpura of the ankles
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to purple, then become brown to yellow and follow a chronic evolution as in erythema el-
evatum diutinum.

Pustular vasculitis is usually non-follicular, underlined by erythema. Other frequently 
observed pustules may result from secondary infection of necrotic lesions.

Nodules of vasculitis are typically inflammatory, tender, red and small-sized (Fig. 3). 
They are mainly located on the lower limbs (legs, soles), where they can be surrounded by 
livedo reticularis, but are also observed on other sites such as the dorsal aspect of upper 
limbs or rarely the trunk. Nodules may also gather in groups along the course of superfi-
cial arteries.

Livedo reticularis is a reddish blue mottling of the skin in a “fishnet” reticular pattern. It 
is typically irregular with broken meshes (Fig. 4). Some infiltrated areas are found on care-
ful examination. When associated with vasculitis, livedo persists indefinitely with some 
fluctuations in intensity and extensiveness as temperature varies. 

Necrosis results from the obstruction of dermal vessels (Fig. 5). Its extension and depth 
are highly variable depending on extension and depth of involved vessels. Localized ne-
crotic lesions may turn into vesicles. Pustules may appear due to secondary infection. 
When necrosis is extensive, painful purpura is followed by a black necrotic plaque with ac-
tive purpuric border and bullous lesions. After removal of necrotic tissue, ulcerations of 
various sizes take place. 

Fig. 2. Urticarial vasculitis on the limbs
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Fig. 3. Nodules on the lower limbs in a pa-
tient with cutaneous periarteritis nodosa

Fig. 4. Infiltrated, irregular livedo reticu-
laris of vasculitis (livedo racemosa) 
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Histopathology and clinical-pathological correlation (Crowson et al., 2003)

The hallmark pathologic pattern of purpuric lesions is leukocytoclastic vasculitis of the 
small dermal vessels. Post-capillary venules are preferentially involved. Leukocytoclastic 
vasculitis is characterized by vascular alterations and dermal cellular infiltrates. 

Vascular alterations consist of endothelial cell swelling, activation of nuclei, wrinkling of 
nuclear membranes, necrosis with deposition of fibrinoid material and sometimes throm-
bosis. The fibrinoid material is predominantly made of fibrin but also contains necrotic en-
dothelial cells and deposits of immuno-reactants (immunoglobulins and / or complement 
proteins). 

Dermal infiltrates vary in intensity. They are usually peri-vascular but at times widely 
dispersed. Neutrophils with nucleus fragmentation (karyorrhexis or leukocytoclasia) are 
the main cells. In other cases or at a later stage, lymphocytes and monocytes may predom-
inate.

In some patients, especially those with immune complex-mediated vasculitis and ex-
tensive complement activation, dermal small-vessel vasculitis generates focal oedema with 
subsequent urticaria.

Nodular vasculitis results from inflammation of vessel walls at the dermo-hypodermal 
junction or in subcutaneous fat. When arterioles are involved, pathologic features become 
similar to those observed in cutaneous polyarteritis nodosa. Endothelial swelling and fi-
brinoid necrosis of the media are often severe with inconstant thrombosis. Invasion of the 
vessel wall with neutrophils is usual in the acute phase although leukocytoclasis is less fre-
quently observed. In other cases, the infiltrate can be initially granulomatous. In the heal-
ing phase, the vessel wall is invaded by granulation tissue and replaced by a fibrous scar. 
Continuous proliferation of capillaries occurs. 

In summary, palpable purpura and papular lesions such as urticaria correspond to a leuko-
cytoclastic or lymphocytic vasculitis of the small vessels of the dermis. Nodules correspond 
to a vasculitis of arterioles or vessels at the dermo-hypodermal junction or in the subcuta-
neous fat. Necrosis and livedo occur when either small and / or larger vessels are involved.

Other skin manifestations associated with systemic vasculitis.

Extravascular necrotizing granuloma

Initially described by Churg and Strauss in 1951 as a manifestation of allergic angii-
tis (Churg-Strauss syndrome), the extravascular granuloma has been further reported 

Fig. 5. Necrotic lesions secondary to a 
vasculitis involving both the superficial 
and deep dermal vessels.
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in a large variety of other systemic vasculitis and connective tissue diseases (Guillevin 
et al., 1999, Davis et al., 1997, Obermoser et al., 2002). Papular or nodular lesions vary 
in size, from 2 mm to 2 cm or more, and colour, from red to purple. Central crusting 
and / or ulceration are frequent. Rarely, other aspects are reported like vesicles, pus-
tules, arciform plaques or firm mass. Sites of involvement are the extensor aspects of 
the elbows, the fingers where they are usually multiple, often symmetrical, and less fre-
quently the buttocks, the scalp, the knees, the hands, the dorsum of feet, the neck, the 
forehead, the ears… 

Histological features include endothelial necrosis and oedema, fibrinoid necrosis of the 
collagen and granulomas containing eosinophils, histiocytes and lymphocytes. The centre 
of the granuloma consists of basophilic fibrillar necrosis in which bands (sometimes lin-
ear) of destroyed tissue are interspersed with poly-morpho-nuclear leukocytes and leuko-
cytoclastic debris. This necrotic area is surrounded by a granulomatous mass of histiocytes, 
often in a palisade array. Decrease or absence of elastic fibres is observed in foci of degener-
ated collagen. No relationship is noted between the clinical appearance of lesions, the his-
tological features, and the associated systemic disease. However, tissue eosinophilia is more 
frequently reported in patients with Churg-Strauss syndrome. The profound alteration of 
the T-cell response including Th1 and Th17 responses, anomalously NK-receptor-express-
ing ‘NK-like’ T cells, and dysfunctional regulatory T cells could facilitate and sustain gran-
uloma formation and autoimmunity (Lamprecht et al., 2009).

Panniculitis 

Cutaneous eruption consists of recurrent crops of erythematous, oedematous and tender 
subcutaneous nodules. The nodule size is around 1 or 2 cm but could be much larger. In 
lobular panniculitis, lesions are usually of symmetrical distribution on the thighs and the 
lower legs. They usually regress spontaneously with hypopigmented and atrophic scar due 
to fat necrosis. Occasionally, they may suppurate. In septal panniculitis, nodular lesions are 
primarily located over the extensor aspects of the lower limbs. They regress spontaneously 
without atrophic scar. 

A lobular infiltrate of lymphocytes, plasma cells, and histiocytes with fat necrosis is 
common in lobular panniculitis while in septal panniculitis the infiltrate surrounds ves-
sels of the septa.

Pyoderma gangrenosum 

Pyoderma gangrenosum lesions usually begin as deep-seated, painful nodules or as super-
ficial hemorrhagic pustules, either de novo or after minimal trauma. They further break 
down and ulcerate discharging purulent and haemorrhagic exudates. Ulcers spread reach-
ing 10 cm or more, partially regress or remain indolent for a long period. The irregular 
edges are raised, red or purplish, undermined, soggy and often perforated. The most com-
monly affected sites are the lower extremities, the buttocks and the abdomen but other ar-
eas of the body may be involved. Lesions are usually solitary but may arise in clusters, 
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which then coalesce to form polycyclic irregular ulcerations. When healing occurs, an 
atrophic and often cribriform scar is left. 

The histological features consist of a large, sterile abscess in which thrombosis of small- 
and medium-sized vessels, haemorrhage and necrosis are present. Neutrophils are numer-
ous but epithelioid, giant, and mononuclear cells are also seen especially in forms that are 
more chronic. Leukocytoclastic or lymphocytic vasculitis may be observed, particularly in 
the active border of the lesion. These changes are not pathognomonic and the diagnosis is 
essentially based on the clinical aspects.

Granuloma 

Granulomatous lesions with neither vasculitis nor central necrosis may be observed in sys-
temic vasculitis, especially Wegener’s granulomatosis. Clinical aspect is highly variable 
ranging from papules, nodules, subcutaneous infiltration, and pseudo-tumour to chronic 
ulcers. Any site of the body may be involved: breasts, scrotum, face, gums… Other granu-
lomatous diseases have to be considered in the differential diagnosis like sarcoidosis, meta-
static Crohn’s disease, mycobacterium infections, and foreign bodies granulomas.

Superficial thrombophlebitis 

Thrombophlebitis of a superficial vein is sometimes clinically evident due to the presence 
of painful induration of the vein with redness and increased heat. In other cases, the clini-
cal aspect is a non-specific red nodule and diagnosis is only confirmed by histological ex-
amination of a deep skin biopsy. Such lesions are essentially observed in thromboangiitis 
obliterans, Behçet’s disease, Crohn’s disease and relapsing polychondritis.

Gangrene 

Gangrene resulting from arterial occlusion may be observed in all vasculitis involving me-
dium or large-sized arteries. It is initially characterized by a sharply demarcated blue-black 
colour of the extremities. The main differential diagnoses are thrombosis, without inflam-
mation of the vessel walls, and emboli. Angiography visualizes occlusion or stenosis of ar-
teries and does not help distinguishing these different pathologic processes. 

Raynaud’s phenomenon 

Bilateral Raynaud’s phenomenon may occur in 5 to 30% of randomly questioned popula-
tion. It is classically associated with all types of vasculitis. However, its prevalence is un-
known in many vasculitis and its diagnostic value is very low. In contrast, unilateral Ray-
naud’s phenomenon suggests an obstructive arterial disease and is mainly observed in Ta-
kayasu’s arteritis.
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Interstitial granulomatous dermatitis (IGD) 

IGD is a histological term describing the association of a characteristic inflammatory infil-
trate and other clinical findings including linear cord-like lesions (Fig. 6). It is an uncom-
mon disorder. Skin manifestations include typical erythematous, asymptomatic, palpable 
cords on the lateral aspects of the trunk (the rope sign) or slight burning and multiple, bi-
lateral, somewhat symmetrical, erythematous plaques, mainly involving the lateral chest 
wall, abdomen and medial thighs (Crowson et al., 2009).

Histopathologically, IGD is quite distinct and characterized by a dense, diffuse dermal 
inflammatory infiltrate composed primarily of histiocytes distributed interstitially and in 
palisaded array. In the deep reticular dermis, small foci of degenerated collagen are envel-
oped by large numbers of neutrophils and ⁄or eosinophils. 

IGD may be associated with various auto-immune vascular diseases, including rheuma-
toid arthritis, SLE, Still’s disease, Churg-Strauss syndrome, microscopic polyangiitis, thy-
roiditis and vitiligo. Although its cause remains unknown, its association with autoim-
mune diseases makes an immune complex-mediated pathogenesis likely. 

Dermatological Findings in the main systemic vasculitides (Table 1)

Henoch-Schönlein purpura 

The association of purpuric lesions with arthritis, gastrointestinal symptoms, and IgA ne-
phritis is considered as a distinctive entity among the group of angiitis and called Henoch-
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Fig. 6. Palpable cord on the lateral aspects of the 
trunk (the rope sign) of interstititial granuloma-
tous dermatitis.
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Schonlein purpura. Synonyms for this illness are Henoch-Schonlein syndrome, anaphylac-
toid purpura, allergic purpura and haemorrhagic capillary toxicosis. This type of vasculi-
tis predominantly occurs in children although all ages can be affected. There is no seasonal 
pattern but higher incidence in winter and lower incidence in summer have been recorded. 
In adults over 41 years of age, a malignancy, especially solid tumours, may be associated 
with this vasculitis. There were no distinctive features of HSP associated with malignancy. 
Although the frequency of this association has not been evaluated extensively, adult pa-
tients without indentifiable triggers of HSP should be evaluated for underlying malignancy 
(Mitsui et al., 2009, Solans-Laqué et al., 2008).

Skin lesions begin as a crop of red macules, some of which resolve in the early stage 
while others become papular, urticarial or purpuric. In some cases, the characteristic urti-
carial component of the rash is missing and purpura is the only sign. When inflammation 
and exudation are severe with involvement of all superficial vessels, haemorrhagic vesi-
cles, bulla, necrosis, and ulcers develop. The sites of predilection are the extensor aspects 
of the limbs, the buttocks, the back, and occasionally the face. Rarely, oral mucosa is in-
volved. Lesions occur in successive waves then resolve spontaneously. On histology, early 
changes are essentially those of leukocytoclastic vasculitis with extravasation of erythro-
cytes. In the later stages, mononuclear cells may predominate. The superficial dermal ves-
sels are quite exclusively involved. The frequency of dermal IgA vessel deposits varies de-
pending on series. These IgA deposits are sometimes included in the diagnostic criteria 
of dermatology series and thus are present in 100% of cases. Inversely, these deposits are 
present in only 50% of patients of nephrology series where IgA nephropathy is present in 
100% of cases. These dermal IgA deposits are not specific of Henoch-Schonlein purpura; 
they may be encountered in a large variety of cutaneous vasculitis (Tancrede-Bohin et al., 
1997).

Table 1. Dermatologic manifestations in systemic vasculities

Systemic vasculitis Most frequent  
dermatologic lesions

Most typical  
dermatologic lesions

Henoch-Schönlein purpura Purpura, Urticaria Purpura, 
Urticaria

Essential cryoglobulinemic vasculitis Purpura Pigmented
purpura

Polyarteritis nodosa Purpura Nodules,
Livedo

Microscopic polyangiitis Purpura, Nodules Purpura

Churg and Strauss syndrome Purpura Extravascular
necrotizing 
granuloma

Wegener’s granulomatosis Purpura Oral ulcers 
Gingival 
hyperplasia
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Cryoglobulinemic vasculitis

Cryoglobulins are immunoglobulins that persist in the serum, precipitate with cold tem-
perature, and resolubilize when rewarmed. Three types have been described. Mixed type 
II and III cryoglobulins induce mainly vasculitis by immune-complex deposition while 
monoclonal Type I cryoglobulin induces more vessels occlusions than an inflammatory 
vasculitis. Main causes of mixed cryoglobulinemia include mainly hepatitis C chronic in-
fection, B-cell lymphoproliferative disorders and autoimmune diseases (systemic lupus 
and Sjögren’s syndrome). Nowadays, “essential” mixed cryoglobulinemia represents barely 
between 10 to 30% of all cases (Ferri, 2008)

Skin manifestations occur in 60% to100% of patients with symptomatic cryoglobuline-
mia (Cohen et al., 1991). They are a frequent presenting complaint and often come along 
with arthralgia and weakness. The disease has a tendency to wax and wane. Women out-
number men with a sex ratio W / M of 1.3 / 1. The average age of onset is 50 years. The in-
terval between the first skin manifestation and diagnosis of cryoglobulinemia varies from 
0 to 10 years. Palpable purpura of the lower extremities is the main manifestation, pres-
ent from 30 to 100% of the patients. The lesions may extend progressively to the abdomen. 
Purpura often displays seasonal triggering (winter time, cold exposure) or related to pro-
longed standing, physical exertion, or trauma. Purpuric lesions can first start by a preced-
ing burning sensation and leave a brown residual pigmentation (dermite ocre) within 10 
days. Post-inflammatory pigmentation is noted in 40% of patients and can retrospectively 
evoke the diagnosis. Infarction, haemorrhagic crusts and ulcers are present in 10 to 25% 
of patients. Widespread necrotic areas, head and mucosal involvement, livedoid vasculi-
tis, Raynaud’s phenomenon and cold induced acrocyanosis are relatively more common in 
type I cryoglobulinemia. 

On histology, purpura corresponds to a leukocytoclastic vasculitis of the small dermal 
vessels. DIF studies have shown IgM, IgG, and C3 deposits in some patients with acute vas-
culitis. In type I cryoglobulinemia, thrombosis is the main histological feature, sometimes 
associated with vasculitis.

As HCV infection is the main identified etiology of essential mixed cryoglobulinemia 
(especially type II), the influence of this infection on clinical presentation has been studied. 
Globally, the clinical and histological aspects of purpura are not different wether HCV in-
fection is present or not (Dupin et al., 1995).

Polyarteritis nodosa (PAN)

According to the names and definitions of vasculitis adopted by the Chapel Hill consen-
sus conference on the nomenclature of systemic vasculitides, classic polyarteritis nodosa 
(PAN) is characterized by a necrotizing inflammation of medium-sized or small arteries 
without glomerulonephritis or vasculitis in arterioles, capillaries or venules (Jennette et al., 
1994). 

Systemic PAN is actually very rare; its evolution is acute with skin manifestations differ-
ent from those observed in chronic cutaneous PAN. 
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The skin hallmarks of cutaneous PAN are nodules. These cutaneous or subcutaneous 
nodules are the first sign of the disease and appear in groups along the course of superfi-
cial arteries. They measure between 5 and 25 mm in diameter and are mainly located on 
the lower legs, especially around the knees and on the feet. Arms, trunk, head, and but-
tocks also can be involved. The number of nodules is highly variable, according to each 
flare. Each nodule displays a course ranging from a few days to more than 2 months. 
Nodules may leave a violaceous livedoid color or pigmentation that persists for months 
to years. Livedo reticularis may precede, come along, or follow the onset of nodules. In 
PAN, livedo reticularis is typically located on the lower limbs, the dorsal aspects of upper 
limbs and rarely the trunk. The fishnet reticular pattern is irregular with broken meshes. 
On careful examination, infiltrated areas of the fishnet pattern are palpable. Painful ul-
cerations are frequently associated with tender and firm plaques resulting from coales-
cent nodules (Fig. 7). Some patients may present atrophic, ivory-colored, stellate-shaped 
scars (atrophie blanche) (Mimouni et al., 2003). These clinical features are characteristic 
of cutaneous PAN which, by definition, only affects small arteries of the skin. A full-thick-
ness excison of an active inflammatory nodule will show a necrotizing arteritis with vari-
able amounts of fibrinoid necrosis and leukocytoclasia, edema, and inflammatory cells. 
DIF may show non specific immunoglobulins IgM and complement deposits (Diaz-Pérez 
et al., 2007).

These chronic, benign limited cutaneous forms of periarteritis nodosa are in fact fre-
quently associated with arthralgia and pure sensitive neuropathy. Systemic acute disease 
rarely occurs in the course of cutaneous PAN.

Cutaneous manifestations, occurring during systemic PAN, have been reported from 
28% to 60% , 44% in our experience (Kluger et al., 2008). They were one of the present-
ing manifestations in 33% of cases. The most frequent skin lesions were palpable purpura 
(19%), livedo (17%) and nodules (15%). Other manifestations may be observed such as ur-
ticaria, transient erythema, superficial phlebitis, Raynaud’s phenomenon, splinter haemor-
rhages, digital necrosis. Localized oedema is usually associated with underlying muscular 
involvement. Although this systemic disease mainly affects the medium-sized arteries of 
the kidney, liver, heart and gastrointestinal tract, the most common cutaneous finding was 
small vessel leukocytoclastic vasculitis. 

Fig. 7. Fibrous ulcerations and livedoid 
vasculitis during the course of cutane-
ous PAN. Erythematous periphery of the 
ulcers indicates the beginning of ulcer 
healing under immunosuppressive therapy
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Microscopic polyangiitis (MPA)

The microscopic form of PAN, now called microscopic polyangiitis (MPA), is defined as a 
systemic vasculitis of small-sized vessels (i. e. capillaries, venules or arterioles) without ex-
travacular granuloma. MPA is associated with segmental necrotizing glomerulonephritis 
and anti-neutrophil cytoplasm antibodies (ANCA) of the myeloperoxidase type. 

Dermatologic manifestations occur in 25 to 60% of patients (Kluger et al., 2008, Guil-
levin et al., 1999). Purpuric lesions of the lower limbs are the most frequent. Other lesions 
have been reported such as erythematous macules, vesicles, bullae, splinter haemorrhages, 
annular purpura, nodules, palmar erythema, erythema elevatum diutinum, oral ulcers, fa-
cial oedema and pyoderma gangrenosum-like lesion. All these skin lesions rapidly disap-
pear with treatment. 

Leukocytoclastic vasculitis of the small vessels of dermis is usually observed. Some-
times, arterioles or smaller vessels of the deep dermis and subcutaneous fat are also in-
volved, explaining the nodular appearance of skin lesions. DIF is usually negative but the 
presence of vascular deposits of immunoglobulins and complement does not exclude the 
diagnosis. Of note, neither the cutaneous manifestations, nor the skin histological studies 
contribute to the distinction between PAN and MPA (Kluger et al., 2008).

Churg and Strauss syndrome

In 1951, Churg and Strauss defined allergic granulomatosis as a distinct entity occurring in 
asthmatic adults and associated with fever, eosinophilia, systemic vasculitis and extra-vas-
cular granulomas. 

Skin lesions have been observed in 40 to 75% of cases depending on series. They are 
rarely (6%) the presenting symptom (Davis et al., 1997, Guillevin et al., 1999). Palpable 
purpura, petechia, ecchymoses, hemorrhagic bullae on lower extremities are the most fre-
quent cutaneous manifestation (50%). Cutaneous nodules (30%) or papules are also very 
frequent, sometimes with an urticarial appearance, located on the lower limbs or on the 
extensor side of the elbows, fingers, scalp and / or breast. Lesions of the fingers are usually 
multiple, often symmetrical, and most commonly localized at both lateral sides of the dis-
tal inter-phalangeal joint. These nodules or papules of the upper limbs have frequently cen-
tral crusting or ulceration. Their consistence is usually firm. A pustular or vesicular com-
ponent is rarely noted. Various other dermatologic lesions have been reported: maculo-
papules resembling erythema multiforme, ulcerations, livedo reticularis, patchy and mi-
gratory urticarial rash, nail fold infarction with splinter haemorrhages, and facial oedema 
(Davis et al., 1997).

Histologically, three distinct patterns – that can be associated on a biospy – are noted 
during CSS: i) a small vessel eosinophil rich neutrophilic vasculitis of the superficial and 
mid dermis, ii), dermal eosinophilia and iii) palisading neutrophilic and granulomatous 
inflammation with degenerated collagen bundles (so called “red” granulomas). Nodules 
correspond to granulomatous vasculitis, or necrotizing vasculitis of arterioles of the deep 
dermis or hypodermis (similar to those observed in PAN) or to extra-vascular granuloma. 
Conversely extra-vascular granuloma correlates, in the majority of patients, with papules 
and nodules on the extensor aspects of the elbows. Finally, histological findings of skin le-
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sions can be disappointing, typical granuloma and eosinophilia not being detected in more 
than half of patients. Skin lesions rapidly respond to systemic corticosteroids and eosino-
philia may be absent. DIF is usually negative.

Wegener’s granulomatosis

Wegener’s granulomatosis (WG) is a systemic vasculitis characterized by granulomatous 
necrotizing inflammatory lesions of the upper and lower respiratory tractus, usually ac-
companied by rapidly progressing glomerulonephritis. Any other organ system may be af-
fected. Detection of ANCA is an essential clue to the diagnosis. In this systemic vasculi-
tis, ANCA have typically a diffuse cytoplasmic immunfluorescence pattern (C-ANCA) and 
anti-proteinase 3 specificity (Guillevin et al., 1997). 

Dermatologic lesions are frequently encountered and occasionally may be the initial 
manifestations (8–13%). Their prevalences during the course of the disease, varies accord-
ing to the series (Guillevin et al., 1997, Hoffman et al., 1992) from 12 to 67% of cases. 

Palpable purpura of the lower extremities is undoubtedly the most frequent clinical 
manifestation. It is usually secondary to leukocytoclastic vasculitis affecting mainly the 
small vessel (post-capillary venules) of the upper dermis but also larger vessels, especially 
in case of associated necrosis (Francès et al., 1994).

Oral ulcers are present in 10% to 50% of cases depending on series. Unlike aphthae, 
they are persistent and not recurrent (Fig. 8). Their number and localization are highly 
variable. They were observed on cheeks, tongue, floor of the mouth, lips, palate, gingivae, 

Fig. 8. Cheek ulceration in a patient with 
Wegener Granulomatosis
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tonsils, posterior palate. Genital ulcers are uncommon although penile necrosis has previ-
ously been described. Histopathologic findings of oral ulcers in WG tend to be nonspecific, 
showing only acute and chronic inflammation (Patten et al., 1993). In a few cases, an ex-
travascular granuloma has been reported (Francès et al., 1994).

Papulo-necrotic lesions are ulcerated papules that are present on the extensor surfaces 
of the limbs closed to elbows, knees, hands and feet. They can occur as well on the face and 
scalp. Occasionally, they can resemble erythema elevatum diutinum and may be associated 
with IgA paraproteinemia. Found in 10% of WG, patients these lesions may be mistaken 
for rheumatoid nodules. Unlike rheumatoid nodules, they tend to ulcerate and are mobile 
within the dermis (Fiorentino, 2003). They correspond to leukocytoclastic or granuloma-
tous vasculitis involving small vessels or to extra-vascular granuloma. 

Nodules are quite frequent, mainly localized on the limbs. They are related to a ne-
crotizing vasculitis involving medium-sized arterioles of the deep dermis or hypodermis, 
which may be suggestive of periarteritis nodosa for the pathologist. In other cases, these 
nodules are related to granulomatous vasculitis of medium-sized arterioles, to extra-vascu-
lar granuloma or non specific septal panniculitis.

Extensive and painful cutaneous ulcerations may precede in weeks to years other sys-
temic manifestations. These ulcers are sometimes described as “pyoderma gangrenosum-
like lesions”, especially when they follow a localized traumatism or the breakdown of pain-
ful nodules or pustules. However, they usually lack the typical raised, tender, undermined 
border of pyoderma gangrenosum. Sometimes numerous, they are located on the limbs, 
the trunk, the face (pre-auricular area), the breasts (mimicking adeno-carcinoma with 
possible nipple retraction and galactorrhea) and the perineum. The histopathologic pat-
tern of pyoderma-like ulcerations differs from that observed in pyoderma gangrenosum as 
it is characterized by foci of palisaded neutrophilic and granulomatous dermatitis, prom-
inent granulomatous and neutrophilic necrotizing vasculitis and basophilic collagen de-
generation.

Digital gangrene is occasionally reported. An unusual and distinctive gingivitis con-
sidered pathognomonic of WG in early stages occurs in some patients (Manchanda et al., 
2003). This gingivitis is characterized by an exophytic hyperplasia with petechial flecks 
and a red, friable, granular appearance that begins focally in the interdental papillae and 
quickly spreads to produce a segmental or panoral gingivitis (Fig. 9). It may be associated 
with alveolar bone loss and tooth mobility. Pain and bleeding are common. Biopsy speci-
mens generally show chronic inflammation with histiocytes and eosinophils, in some in-
stance forming microabscesses. Giant cells are often present.

Fig. 9. Gingival hyperplasia in a patient 
with Wegener Granulomatosis
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Florid xanthelasma is usually associated with longstanding granulomatous orbital and 
periorbital infiltration. 

Although WG is considered a pauci-immune systemic vasculitis based on the absence 
of immune deposits in renal biopsies of patients with active disease, a susbstantial num-
ber of skin biopsies showed immune deposits (24–71%). C3 deposition in and around der-
mal vessels is the most frequent finding. IgM, IgG and / or IgA deposits may also be de-
tected without similar immune deposits in the kidney biopsies (Brons et al., 2001, Daoud 
et al., 1994).

Dermatologic lesions of WG may correlate with the activity, distribution and course of 
the disease, thus serving as prognostic indicators (Barksdale et al., 1995). They were found 
to be associated with a higher frequency of articular and renal involvement (Francès et al., 
1994). According to the Mayo clinic series (Daoud et al., 1994), patients with cutaneous le-
sions had an 80% chance of kidney involvement developing during the course of the dis-
ease whereas the overall risk was 33.4% in this study group. 

A correlation was also demonstrated between the histopathologic subgroups and dif-
ferent clinical courses of WG. Patients with leukocytoclastic vasculitis had more rapidly 
progressive and widespread WG than patients with granulomatous skin lesions or patients 
without skin lesions. A marked excess of joint and musculoskeletal symptoms and renal 
disease was seen in patients with leukocytoclastic vasculitis. Patients with granulomatous 
inflammation had less systemic involvement and progressed at a slower rate than that of 
the patients with leukocyctoclastic vasculitis (Barksdale et al., 1995).

Localized WG may be localized in lungs, sinus or skin. When present only on skin, ul-
cerations and nodules are proeminent on the face and not on the limbs as in systemic dis-
ease (Kuchel et al., 2003). Cutaneous lesions may also be associated with sole sinus involve-
ment. This bipolar WG has usually a subacute or chronic course without life-threaten-
ing localization. Generally, patients suffer from chronic sinusitis and nodules of the limbs. 
These localized subtypes of WG are characterized histologically by the presence of gran-
uloma or granulomatous vasculitis. PBMCs from localized WG exhibited higher sponta-
neous IFN-gamma and IL10 production (Muller et al., 2000). A larger fraction of in situ 
CD4(+)CD28(-) T-cells displayed CCR5 expression compared to generalized WG (Lam-
precht et al., 2003). This immune blood and tissue response may explain the best prognosis 
of these localized subtypes. However severe multi-organ system involvement may develop 
several years later requiring a long-term follow up.

Takayasu arteritis (TA)  
(Perniciaro et al., 1987, Francès et al., 1990, Skaria et al., 2000, Pascual-Lopez et al. 204)

TA is a rare chronic inflammatory arteriopathy of unknown origin that predominantly af-
fects the aorta and its main branches. Two, eventually overlapping, stages of this disease 
have been distinguished: a first systemic nonspecific inflammatory stage followed by an oc-
clusive stage characterized by inflammation of the media and adventitial layers of the large 
vessels wall resulting in vascular stenosis and / or aneurysm formation. 

Skin manifestations have been reported in 2.8 to 28% of patients. Some are directly re-
lated to large vessels occlusion such as unilateral Raynaud’s phenomenon, digital gangrene 
or unilateral digital clubbing. Other skin manifestations were frequently thought to be re-
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lated to this vasculitis i. e. ulcerated or non ulcerated nodules of the lower limbs, pyoderma 
gangrenosum, livedo reticularis, papular or papulo-necrotic lesions, superficial phlebitis, 
Sweet lesions. Other manifestations are occasionally related without evident relationship 
with TA: urticaria, angioedema, erythema multiforme, erythematous eruptions and “der-
matitis”. The prevalence of these different skin lesions greatly varies from Asian to Euro-
pean countries. In northern America and Europe, acute or sub-acute inflammatory nod-
ules are the most commonly observed skin lesions. Erythema induratum corresponds to 
ulcerated sub-acute nodular lesions. The histological features of these nodules are variable. 
They may correspond to granulomatous or necrotizing vasculitis of small-sized or me-
dium-sized arterioles of the dermis or hypodermis, extra-vascular granuloma, septal or 
lobular panniculitis. Usually, there is no correlation between the localization of the nod-
ules and alterations of large vessels revealed by angiography. Furthermore, these nodules 
can occur at any stage of the disease. Tuberculoid infiltration has been reported in biop-
sies from papular or papulo-necrotic lesions raising the problem of an infectious origin of 
the disease. These lesions mainly occur at the occlusive stage of the disease. In Japan, pyo-
derma gangrenosum-like lesions are frequent, especially at the occlusive stage; this type of 
lesions has also been reported in patients from Northern Africa. The relationship between 
skin manifestations and TA is based on the absence of other aetiology and on the parallel 
course of skin lesions and vasculitis. Whatever is the stage of the disease, recurrence of skin 
lesions is strongly suggestive of arteritis reactivation.

Giant cell arteritis (GCA)

GCA is a systemic vasculitis with a predilection for small- to medium-sized cranial arter-
ies in elderly patients. It represents less than 1% of all cutaneous vasculitis. Skin manifesta-
tions are often observed in the late stages of the disease (Currey, 1997). Therefore, they are 
actually rare due to an early diagnosis. According to a French retrospective study of 260 pa-
tients, cutaneous symptoms represent only 2% of the inaugural symptoms and they don’t 
develop solely (Becourt-Verlomme et al., 2001).

Classically, scalp and temples are tender and red. Tender cordlike nodules are palpable 
over the course of temporal, occipital or facial arteries. Pulsations in these arteries are di-
minished or absent. Exceptionally, multiple scalp aneurysms have been reported..

The majority of other skin lesions are the consequence of ischemia related to cranial ar-
teries occlusion and localized on the tongue and the scalp. Glossitis occurs in 10% of pa-
tients, and may sometimes be revealing. The tongue has a red, raw-beef colour and may be-
come blistered, scaling or gangrenous. Necrosis usually occurs in the anterior two-thirds 
(Monteiro et al., 2002, Matsushima et al., 2003, Campbell et al., 2003). Lesions may start as 
crusts of the scalp that misdiagnosed for herpes zoster lesions. Bullae, ulcers or massive ne-
crosis may then affect the scalp. Patients with scalp necrosis represent a subgroup of severe 
GCA with older age of onset and frequent serious complications such as visual loss, gan-
grene of the tongue or nasal septum necrosis. The mean interval between onset of symp-
toms of GCA and scalp necrosis is 3.0 months. Under treatment, scalp healing is complete 
or satisfactory in 75% of cases. In other cases, skin grafts are possible. Less severe chronic 
ischemia of the scalp leads to thinning or loss of hair. Ischemic skin lesions of the neck or 
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the cheeks are occasionally reported. Rarely, vessels of the lower limbs are involved leading 
to ischemic ulcerations or distal gangrene. Skin biopsy of the border of ulceration or ne-
crotic tissue is rarely contributive since granulomatous vasculitis has been shown in only 2 
of 24 biopsies from patients with scalp necrosis. Other skin manifestations have been pub-
lished as case-reports: nodules of the lower limbs with granulomatous vasculitis in the hy-
podermis or septal panniculitis, butterfly rash with transient oedema. Senile purpura is 
frequent on sun-exposed skin areas in elderly patients, especially when treated with corti-
costeroids. However, palpable purpura of the lower limbs due to vasculitis is exceptional.

Skin Manifestations in Rheumatoid Arthritis (Ra)

Extra-articular complications including dermatologic manifestations occur in more ag-
gressive and long-standing forms of RA (Sayah et al., 2005, Yamamoto, 2009). Three main 
distinctive pathological patterns are recognized , namely extravascular palisading inflam-
mation, active vasculopathy encompassing lymphocyte-dominant, neutrophil rich and 
granulomatous vasculitis, and interstitial and / or subcuticular neutrophilia. In most cases 
an overlap of the three reaction patterns is seen (Magro et al., 2003).

Palisading Granulomas

Rheumatoid nodules 

Classic rheumatoid nodules are present in about 25% of patients and are the most com-
mon extra-articular manifestation of RA (Fig. 10). About 90 percent of patients with rheu-
matoid nodules are rheumatoid factor positive. They generally develop as a later manifes-
tation of active arthritic disease though some nodules can form prior to joint disease. In-
volved most often are areas prone to mild, repetitive irritation such as extensor surfaces of 

Fig. 10. Rheumatoid nodules
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the forearms, the elbows, the hands – especially the fingers joints –, sacral prominences, 
the Achilles’ tendon and less often the ears and the head. Rarely, rheumatoid nodules may 
be located in tendons, synovium, bones, sclera, dura, even vocal cords and internal organs, 
particularly the lungs and the heart. The size of these mostly indolent, hard, flesh-coloured, 
dome-shaped nodules varies from 5 to 15 mm; they may be visible above the skin level or 
palpable only subcutaneously or even in the soft parts. The characteristic histological fea-
tures of rheumatoid nodules are dense deposits of fibrin surrounded by palisades of histi-
ocytes, lymphocytes, plasma cells, and occasionally neutrophils and neutrophilic dust. The 
majority of patients with rheumatoid nodules suffers from severe forms of sero-positive 
RA, which subsequently lead to a clinically poorer outcome. Only rare complications of 
nodules are noted such as ulcerations, infections, sepsis, and fistula formation require sur-
gical intervention. Accelerated growth of rheumatoid nodules (rheumatoid nodulosis) can 
be observed in RA patients under treatment with methotrexate.

Other cutaneous granulomas in rheumatoid arthritis

Pseudorheumatoid nodules are mostly seen in children but also in some adults of whom not 
all have rheumatic disease. They mainly occur on scalp and lower legs and are considered a 
deep, or juxta-articular form of granuloma annulare. 

Palisaded neutrophilic granumomatous dermatitis (PNGD) is a rare dermatologic condi-
tion which shows various clinical and histopathological features. In our opinion, this entity 
is similar to interstitial granumatous dermatis (IGD). Initial lesions can be urticarial and 
later evolve to skin-coloured nodules. On the elbows, they may clinically resemble rheu-
matoid nodules. In other patients, cutaneous plaques, or linear cords are seen, especially 
on the lateral aspects of the trunk. The histologic appearance of PNGD vary from diffuse 
interstitial inflammation composed of lymphocytes, histiocytes and eosinophils and lit-
tle neutrophils to dense neutrophilic infiltrates with degenerated collagen, leukocytoclas-
tic debris and palisading granuloma with fibrosis and scant neutrophilic debris. Cutane-
ous mucinous nodules described mostly in Japanese patients with rheumatoid arthritis may 
represent another variant of PNGD clinically and pathologically characterized by extensive 
subcutaneous mucin deposition.

Rheumatoid Vasculitis (RV)

RV is a rare inflammatory condition of the small- and medium-sized vessels that affects a 
subset of approximately 1 to 5% of the patients with established RA (Genta et al., 2006). It is 
defined as an exclusion diagnosis after having ruled out all other causes of vasculitis during 
RA (infection, drug hypersensitivity, malignancy, or other vasculitides :WG, cryoglobuline-
mia, PAN…). Skin is the most commonly affected in 90% of the cases with focal digital in-
farcts with nailfold involvement appearing as dark perinungual macules (Bywaters lesions), 
maculopapular erythema, palpable purpura, haemorrhagic blisters, ulcers, and gangrene. 
Petechiae and purpura occur mostly in the lower extremities and has no specific character-
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istics. Ulcers are usually deep, painful, with a punched-out aspect and tend to be found in 
the lower extremities in unusual locations, such as the dorsum of the foot or the tibia. More-
over, subcutaneous nodules, livedo reticularis, atrophie blanche, pyoderma gangrenosum 
and erythema elevatum diutinum have been also reported. Chen et al. described three dif-
ferent pathological pattern upon histology of cutaneous lesions of RV : i) dermal necrotizing 
venulitis with predominance of neutrophilic infiltrates (leucocytoclastic vasculitis) related 
to purpura, haemorrhagic bullae, maculopapular erythema and erythema elevatum diuti-
num; ii) acute or healed arteritis at the junction of dermis and subcutis, histologically re-
sembling cutaneous polyarteritis nodosa, in nodules, livedo reticularis and ulcerations and 
iii) coexistence of arteritis and dermal venulitis in subcutaneous nodules, atrophie blanche 
and purpura. DIF disclosed dermal small vessel wall depositions of immunoglobulin (IgM) 
and / or C3 (Chen et al., 2002). Cutaneous RV overlaps both the characteristics of cutaneous 
necrotizing venulitis and cutaneous polyarteritis nodosa. Leucocytoclastic vasculitis in RA 
patients does not necessarily indicate a favourable prognosis (Chen et al., 2002). 

Neutrophilic Dermatoses

Pyoderma gangrenosum (PG)

PG is the most severe of this heterogeneous group of inflammatory neutrophilic skin dis-
eases; it may occur in about 10% of patients with RA, more often in women, but is also 
seen in association with other chronic inflammatory and autoimmune disorders such as 
Crohn´s disease or with lymphoproliferative malignancies or presents as an idiopathic dis-
order without apparent underlying disease.

PG start with single or multiple small bullous lesions or pustules, mostly on the legs, in 
the abdominal or genital-anal area; however, PG can occur elsewhere including on mu-
cous membranes. The initial lesions may coalesce and rapidly progress to mature into ul-
cerative superficial granulomas and large necrotic and painful ulcers with a purulent base 
and characteristic reddish-blue undermined borders that extend centrifugally (Fig. 11). 
Single lesions can show a size of 20 cm in diameters and more, multiple lesions tend to 

Fig. 11. Pyoderma gangrenosum of the arm 
in a patient with Rheumatoid arthritis
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be smaller The PG ulcers can take years to heal and often requires high-dose corticos-
teroids and / or immuno-suppressant treatment leaving behind atrophic often hyperpig-
mented scars. 

Rheumatoid neutrophilic dermatitis (RND) 

RND is a rare cutaneous finding in patients with severe RA. Clinically, the eruption is char-
acterized by symmetric erythematous papules or plaques. Sometimes, vesicles are seen on 
the extensor surfaces of the arms and hands. 

On histological examination, a dense interstitial dermal neutrophilic infiltrate without 
signs of leukocytoclastic vasculitis is seen. In most cases, topical treatment with potent cor-
ticosteroids is sufficient.

Acute febrile neutrophilic dermatosis (Sweet´s syndrome) may closely resemble RND on 
histology. Clinically, this prototype of neutrophilic dermatosis has a more acute onset with 
fever and develops with markedly inflamed and edematous coin- or dome-shaped tender 
infiltrates and plaques, often in the shoulder areas and on the face. 

Cutaneous Side Effects of RA Treatment

It is estimated that up to 40% of RA patients develop cutaneous drug toxicity in the course 
of their treatment. These reactions are mild in most cases, occur within the first few weeks 
of treatment, and manifest as vasculitis, urticaria or skin rash. Rash may be maculo-pap-
ular, vesiculous, bullous or pustular , often affecting the whole integument and the mu-
cosal surfaces; the most severe of these allergic drug reaction to anti-rheumatic drugs are 
the Stevens-Johnson syndromes (SJS) and the toxic epidermal necrolysis (TEN, Lyell syn-
drome) which bears a mortality of more than 40 percent especially in the elderly.

Non-steroidal anti-inflammatory drugs (NSAID)

Skin reactions to aspirin are rare (< 1%) in the general population but much more com-
mon among patients with asthma or chronic urticaria. These reactions are mostly of a non-
immunological nature but related to pharmacologic intolerance and linked to arachidonic 
acid metabolism and leukotriene release. On the other side, NSAID´s such as the many 
pyrazol and pyrazolon derivates including oxicam belong together with antibiotics, anti-
HIV- medications, anti-epileptic drug thiazide-type diuretics, and allopurinol to those 
drugs with a high risk for allergic skin reactions, ranging from transient rash resembling 
viral exanthema to toxic epidermal necrolysis (TEN). However, the absolute risks of Ste-
vens Johnson syndrome (SJS) and TEN associated with NSAID treatment are low; oxicams 
have higher risks of SJS and TEN than the other NSAID and patients who recently began 
treatment should be carefully monitored (Ward et al., 2010). Selective cyclo-oxygenase-2 
inhibitors have been less frequently reported to be associated with serious drug reactions; 
in fact, it seems that they are well tolerated by most of the NSAID-sensitive and aspirin-in-
tolerant patients. 
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Disease-modifying antirheumatic drugs

Sulfasalazine or its major metabolites 5-aminosalicylic acid and sulfapyridine can cause an 
itchy rash that usually resolves once the drugs are stopped. Sulfasalazine causes a pecu-
liar orange-tinged discoloration of sweat. Rare adverse muco-cutaneous side effects in-
clude oral ulcerations, hypersensitivity syndrome (lichenoid skin eruption, leukocytope-
nia, thrombocytopenia, fever) and SJS or TEN.

Chloroquine and hydroxychloroquine are known to induce pruritus, increased photo-
sensitivity, premature greying of hair and characteristic greyish-blue hyperpigmentation of 
glaborous skin and mucosal surfaces. Since antimalarials were claimed to exacerbate psori-
asis and psoriatic arthritis, they are not usually prescribed in these conditions.

Muco-cutaneous side effects to gold compounds (oral or intramuscular) are not infre-
quent and are estimated to occur in about 10 to 20 percent of treated patients. Within 
weeks or after a delay of several months, generalized skin rash closely resembling lichen 
planus, pityriasis rosea or eczema may be seen; urticarial, hyperpigmented (Chrysiasis) or 
vasculitic lesions are less frequent; SJS and TEN are extremely rare. The gold dermatitis 
often responds to topical treatment with mid-potent corticosteroids and continuation of 
treatment in lower dosage may be tried.

Cutaneous toxicity from d-penicillamine can be a major problem requiring definite dis-
continuation of the drug; besides eczematous or lichenoid skin rashes as seen with other 
antirheumatic medications, d-penicillamine can uniquely induce or exacerbate autoim-
mune diseases such as SLE, dermatomyositis, myasthenia gravis and – most notably – 
pemphigus vulgaris or foliaceus. D-penicillamine contains sulfhydril groups that are spec-
ulated to interact with the pemphigus autoantigens desmoglein 1 and 3.

Biologics

The introduction of biological therapies that target specific proinflammatory cytokines 
have gained great impact as new treatment options for patients with RA.

Adverse reactions to the IL-1 blocker anakinra and to the TNF-α inhibitors infliximab, 
etanercept and adalimumab have been estimated to occur in about 25% of RA patients 
treated with biologics (Scheinfeld, 2004, Lee et al., 2007).

These cutaneous reactions are of special interests to dermatologists, since most of the 
biologics are also used for inflammatory skin disorders such as psoriasis.

Local reactions

Inflammatory reactions at injection sites are common, up to 60%, in RA patients under-
going treatment with anakinra. Reaction occurs within the first month as well-defined 
erythema and oedema involving the injection sites (Vila et al., 2005). More severe reac-
tion such as a case of wells’ cellulitis of the thigh has been reported at the site of injection 
(Livory et al., 2008). Similar erythematous or edematous lesions occur mostly within 12 to 
24 hours following subcutaneous injection of etanercept and usually disappear within 3 to 
5 days without topical treatment.
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A matter of concern are generalized cutaneous reactions seen either immediately or 
with a delay of several days in 10 to 20% of RA patients after intravenous administration of 
infliximab; these reactions present with a disseminated erythematous flush or with acute 
urticaria and pruritus; when these skin reactions recur with the following injections or are 
accompanied by systemic symptoms such as fever, dizziness or hypotension, withdrawal of 
infliximab treatment may become necessary. However, anaphylactic reaction to infliximab 
requiring intensive care intervention is very rare.

Skin infections

About one third of skin changes related to treatment with biologics are infections, such as 
pityriasis versicolor; herpes simplex or bacterial infections are less frequent. 

Inflammatory skin eruptions

Generalized or localized inflammatory skin reactions resembling atopic dermatitis, ec-
zema, or psoriasis are the most frequent cutaneous adverse effects related to treatment with 
biologics. Psoriasiform eruptions seem to be a class effect common to infliximab, etaner-
cept or adalimumab; the eruption may already appear after the first injection or several 
months after, and tend to become pustular often resembling palmoplantar pustular psoria-
sis, especially in RA patients treated with infliximab; but psoriasis vulgaris may also occur. 
The mechanisms involved remain elusive. In some patients, the switch to another TNF al-
pha-blocker results in clearing of the skin; in others discontinuation of biologics altogether 
and instalment of an anti-psoriatic treatment is necessary. 

Sarcoid-like granulomatosis is rare but not exceptional in patients treated with TNF 
blockers (Fig. 12). It does not seem to be related to gender, rheumatic disease or the type 
of anti-TNF drug used. Clinical manifestations are mainly pulmonary and cutaneous. Dis-
continuation of anti-TNF usually leads to recovery. When anti-TNF is required to con-
trol the underlying rheumatic disease, a switch from a soluble receptor format to mono-

Fig. 12. Sarcoid like lesions in a patient 
with rheumatoid arthritis treated with 
adalimumab.
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clonal antibodies and the converse may be recommended as recurrence is not usual (Da-
ïen et al., 2009). 

Of note, anecdotal case of psoriasis (Gonzales-Lopez et al., 2008) and interstitial granu-
lomatous reaction (Regula et al., 2008) have been reported with anakinra. 

Drug-induced lupus erythematosus

Antinuclear antibodies (ANA) are a frequent serologic finding in RA patients treated with 
TNF alpha inhibitors. Lupus-like skin manifestations resembling subacute or discoid cu-
taneous lupus erythematosus, or lupus erythematosus tumidus are, however, very rare and 
are estimated to occur in less than 0.5 percent of RA patients treated with TNF alpha inhib-
itors. About two third of these patients have typical systemic manifestations characterized 
by arthritis, polyserositis, myositis, vasculitis and other complications including renal dis-
ease; serologically, antibodies to double-stranded DNA and hypocomplementemia are of-
ten present. TNF alpha-induced SLE differs markedly from drug-induced SLE due to other 
medications (Vedove et al., 2009). Other patients develop discoid lupus erythematosus 
with erythemato-squamous lesions in UV-exposed skin, alopecia, chilblain-like lesions, 
and vasculitis or overlap syndromes such as mixed connective tissue disease. In many pa-
tients, the lupus reaction resolves after withdrawal of the TNF alpha-blocker treatment.

Besides LE or lupus-like syndromes other autoimmune diseases may develop under 
therapy with biologics; these include hypocomplementemic systemic vasculitis and IgA-
nephritis.

Cutaneous Manifestations In Subsets Of Rheumatoid Arthritis

Cutaneous manifestations of Felty syndrome are rheumatoid nodules, hyperpigmentation 
and leg ulcers. The incidence of rheumatoid nodules in Felty syndrome is about 70 per-
cent and thus much higher than in RA. The leg ulcers may be secondary to pyoderma gan-
grenosum or medium-sized vessel vasculitis with ulcerations. They are frequently refrac-
tory with a risk of secondary infection, due to underlying immune defects present in some 
patients with Felty syndrome.

Juvenile onset Still’s disease is in up to 90 percent characterized by a typical transient, 
pink macular rash over the trunk, axillae face and extremities that is non-pruritic and co-
incides with acute febrile episodes of the disease. The patient’s skin is hypersensitive often 
demonstrating urticarial dermographism. Other cutaneous features include persistent lin-
ear plaques and periorbital edema and erythema. Rheumatoid nodules are rare but may 
appear in the course of treatment with methotrexate.

The transient, asymptomatic skin rash of adult-onset Still’s disease also accompanies fe-
ver spikes and shows a characteristic salmon-pink colour. The rash is most often macular 
or slightly urticarial and appears over pressure points. Persistent red-brownish papules and 
plaques may be also seen in adult patients with Still’s disease.

The differential diagnosis of the rash in Still’s disease includes various viral exanthe-
mas, drug eruptions, and erythema marginatum rheumaticum seen in acute rheumatic fe-

13 Skin Manifestations of Rheumatic Diseases 427



13

ver. This rapidly spreading annular erythema occurs mostly on the trunk and is -in con-
trast to Still’s disease- not associated with fever spikes. The presence of neutrophilic infil-
trates in the dermis was frequently observed in adult-onset Still’s disease eruption (Kief-
fer et al., 2009).

Dermatologic Manifestations of Relapsing Polychondritis  
(Francès et al., 2001)

Relapsing polychondritis (RP) is a rare disease which is characterized by attacks of chon-
dritis, occurring in a relapsing-remitting pattern. More than 30 percent of patients have an 
associated disease, mainly of autoimmune origin (table II).

Inflammatory episodes generally last a few days or weeks and may subside spontane-
ously or upon treatment; recurrences after weeks or months occur and result subsequently 
in cartilage destruction. Auricular chondritis is the most frequent (85%), causing pain, 
redness, and swelling of the cartilaginous portion of the pinna, sparing the non cartilag-
inous lobe (Fig. 13). Biopsy of the auricular cartilage is no more necessary for diagnosis. 
The histology shows perichondrial inflammation and the loss of the normal cartilaginous 
basophilia. After several attacks, the pinna may become soft and sloppy with a cauliflower 

Table 2. Main conditions associated with relapsing polychondritis and  /  or with smiliar man-
ifestations

Autoimmune diseases Vasculitides

Rheumatoid arthritis Leukocytoclastic

Systemic lupus erythematosus Wegener’s granulomatosis

Sjögren syndrome Polyarteritis nodosa

Mixed connective tissue disease Microscopic polyangitis

Thyroid autoimmune disease Churg-Strauss syndrome

Diabetes mellitus Behçet’s disease

Hematologic disorders Takayasu arteritis

Myelodysplastic syndromes Intestinal diseases

IgA myeloma Crohn’s disease

Others Ulcerative colitis

Skin diseases Others

Vitiligo Reiter’s syndrome

Psoriasis Ankylosing spondylitis

Alopecia areata

Lichen planus
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aspect (Fig. 14); sometimes it is stiff due to calcifications. Nasal chondritis (65%) is less in-
flammatory, presenting with nasal pain, stuffiness, rhinorrhea and sometimes epistaxis. 
The characteristic saddle-nose deformity may appear secondly or without previous inflam-
matory episodes. Respiratory tract chondritis, though uncommon at presentation, occurs 
in up to 50% of patients, and may be lethal. Costochondritis (35%) induce parietal pains 
which may also compromise respiration.

Dermatologic manifestations are sometimes the presenting feature of RP (12%), no-
ticed subsequently in more than 1/3 of patients of a large series (Francès et al., 2001). They 
are non specific including nodules on the limbs, purpura, oral or complex aphthosis, pap-
ules, sterile pustules, superficial phlebitis, livedo reticularis, ulcerations on the limbs, dis-
tal necrosis. They appeared concomitantly or not with attacks of chondritis. Pathological 
features included inflammatory or thrombotic vascular lesions, neutrophil infiltrates as in 
neutrophilic dermatosis, inflammation of the dermis or subcutis. Patients with and with-
out dermatologic manifestations have similar clinical manifestations of RP. However, the 
frequency of dermatologic manifestations (> 90%), age at first chondritis and male / female 
ratio seems higher when RP is associated with myelodysplasia; so, their presence in an old 
man warrants repeated blood cell counts to detect a smouldering myelodysplasia. 

Fig. 13. Auricular chondritis sparing the 
earlobe

Fig. 14. Soft and sloppy pinna with a cauliflower aspect.

13 Skin Manifestations of Rheumatic Diseases 429



13

The frequency of aphthosis lead Firestein et al. in 1985 (Firestein et al., 1985) to cre-
ate the term “MAGIC syndrome” (Mouth And Genital ulcers with Inflamed Cartilage). All 
other skin lesions observed in RP such as leukocytolastic vasculitis, septal panniculitis, su-
perficial phlebitis, or neutrophilic dermatosis, also may be observed in Behçet’s disease as 
well as in Crohn’s disease. So the distinction between associated disease or other condi-
tions sharing clinical manifestations is sometimes difficult. 

Summary

Dermatologic manifestations are currently observed in autoimmune rheumatic diseases, 
particularly in the main systemic vasculitides, rheumatoid arthritis and relapsing poly-
chondritis. In systemic vasculitides, some skin lesions correspond to a skin localization of 
the systemic vasculitis while others result from a different pathologic process. As biopsies 
of dermatological lesions are easy to obtain, they have a great impact on confirming the di-
agnosis. However, its contribution to determine the type of vasculitis is not guaranteed. In 
fact, neither clinical nor pathologic features of the skin are specific of a given type. The re-
sult of the biopsy has to be correlated to direct immunofluorescence data, medical history, 
physical examination, laboratory and radiological findings leading to the correct diagno-
sis and effective treatment. 

Rheumatoid nodules and vasculitis are the most frequent extra-articular manifes-
tation of rheumatoid arthritis, often indicative of advanced disease and poor prog-
nosis. Cutaneous side effects of antirheumatic drugs range from transient skin rashes 
to life-threatening toxic epidermal necrolysis. Biological therapies induce local reac-
tions, skin infections and inflammatory lesions such as psoriasiform eruptions which 
seem to be a class effect. Sarcoid-like granulomatosis is rare but not exceptional. An-
tinuclear antibodies are a frequent serologic finding in rheumatoid arthritis pa-
tients treated with TNF alpha inhibitors while lupus-like skin manifestations are rare.  
The most frequent dermatologic manifestations in relapsing chondritis are aphthosis with 
sometimes complex aphthosis, nodular or purpuric lesions, and superficial phlebitis. His-
tologically these dermatological lesions correspond to non specific inflammatory infil-
trates, vasculitis or thrombosis. Similar dermatological manifestations are observed in Be-
hçet’s syndrome and in inflammatory bowel diseases. Old men with relapsing polychondri-
tis and dermatologic manifestations have usually a myelodysplasia.
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Introduction

Vitiligo (from vitula (latin) = calf, vitium (latin) = mistake) is an acquired idiopathic epi-
dermal pigment loss which can occur anywhere on the body. The onset of the disease can 
be at any time in life. Besides rare spontaneous repigmentation in most cases vitiligo is an 
unpredictable progressive disorder. 

The incidence of vitiligo in Europe is around 0.5%. A recent analysis of the published 
data shows that the worldwide incidence is ranging from 0.04–2.16% in adults and from 
0.06–1.2% in children (Fig. 1), but only 28% of the patients are actually very concerned 
about this disease and actually seek medical help (Johnson and Roberts, 1978, Krüger et al. 
submitted). However, those concerned patients or the parents of affected children are con-
fronting Dermatologists worldwide. Despite major efforts the cause of this ancient dis-
ease is yet unknown. Most publications describe decreased numbers of functioning mel-
anocytes or the complete absence of these cells in the depigmented epidermis (Ortonne 
and Bose, 1993, LePoole et al., 1993a, LePoole et al., 1993b, Xie et al., 1999, Schallreuter 
et al., 2008a). A study by Tobin et al. proved that melanocytes are still present, even in long 
standing vitiligo (Tobin et al., 2000). In addition there are many reports invoking partici-
pation of keratinocytes and Langerhans cells in the pathogenesis of this disease (for review 
Schallreuter et al., 2008a). Several hypotheses have been put forward in effort to elucidate 
the sudden depigmentation process but none of them can explain conclusively the plethora 
of clinical and basic scientific data (LePoole et al., 1993a, Gauthier et al., 2003, Dell’Anna 
and Picardo, 2006, Schallreuter et al., 2008a). The most popular hypothesis is still selective 
autoimmunity to melanocytes.

Considering the substantial in vivo and in vitro evidence for generation / accumulation 
of ROS and recently reactive nitrogen species (RNS) in the epidermis and consequently in 
the system of patients with vitiligo (for review Schallreuter et al., 2008a, Salem et al., 2009), 
it is the aim of this contribution to dissect and translate the possible effect of ROS / RNS on 
pro and contras of various hypotheses including autoimmunity in vitiligo.
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Clinical picture and classification

The classical skin lesion of vitiligo shows chalk white patches in different sizes and location 
sometimes associated with early greying of the hair or bundles of white hair (poliosis). The 
disease is usually diagnosed by eye but a distinct fluorescence of the depigmented epider-
mis upon Wood’s light examination (UVA 351 nm) exposure due to the presence of oxi-
dised pterins proves the diagnosis (Schallreuter et al., 1994a). A comparison of vitiligo and 
laser induced leucoderma is shown in Fig. 2A/B. Notably, the same fluorescence is present 
in Piebald lesions pointing to the involvement of redox imbalance in this disorder besides 
the well established genetic defect (Vafaee et al., 2009). Acute vitiligo is often character-
ised by multiple pinpoint needle sized white lesions or by a mottled expression of the skin 
colour mimicking trichrome / quadrichrome vitiligo or fungal infection (Fig. 2C). Vitiligo 
can be associated with pruritus in the progressive depigmenting skin (Schallreuter et al., 
2008a) and Koebnerisation is present in more than 40% of the patients (Ortonne and Bose, 
1993, Schallreuter et al., 2008b). 

The view on, whether vitiligo is truly associated with other autoimmune diseases is con-
troversial. In our clinic association of classical autoimmune disorders together with vitiligo 
is a rather rare event. The majority of patients presents only vitiligo (unpublished data on 
> 6000 patients, KUS). These data are in agreement with an earlier clinical study involving 
320 German patients with vitiligo which failed to support a strong association with classi-
cal autoimmunity disorders (Schallreuter et al., 1994d).

Fig. 1. Worldwide prevalence of vitiligo. 
Analysis is based on published data. Childhood 
vitiligo (in white), adult vitiligo (in yellow)
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Vitiligo shows several characteristic clinical patterns which can involve the entire skin 
surface including mucosa, palms and soles. The clinical location of the white spots has 
formed the basis for classification of subtypes. 

Focal vitiligo appears in one or more isolated macules anywhere on the body.
Segmental vitiligo is characterised by unilateral appearance in dermatomal or near der-
matomal distribution. This form can be mixed with generalised vitiligo (Schallreuter 
et al., 2008b) (Fig. 3A).
In Blaschkolinear vitiligo the depigmentation pattern follows Blaschko lines. It can oc-
cur isolated or in association with vitiligo vulgaris (Schallreuter et al., 2007a). 
Generalised vitiligo (vitiligo vulgaris) is often characterised by symmetrical distribution 
of white areas anywhere on the integument.
Acrofacial vitiligo involves distal digits and acrofacial as well as genito-anal areas.
Universal vitiligo describes depigmentation in > 80% of the entire integument.
Inflammatory vitiligo is characterised by a red, often slightly scaly border around the 
depigmented lesion.

Here it should be mentioned that a new classification has been put forward by the Euro-
pean task force group (Taïeb and Picardo, 2007). Classification in segmental vitiligo (SV) 
and nonsegmental vitiligo (NSV) do not account for mixed forms and those occur and are 
not extremely rare.

Fig. 2. Differential diagnosis of clinical leucoderma upon WOOD’s light (351 nm) exami-
nation
A Vitiligo vulgaris
 i. Clinical picture 
 ii. N.B. Presence of bluish fluorescence is characteristic for vitiligo.
B Laser induced leucoderma
 i. Clinical picture
 ii. N.B. Absence of any fluorescence under WOOD’s light
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Frequently vitiligo can be associated with Halo Nevi. Whether this entity is part of vit-
iligo or whether it presents an own disorder has been subject of several controversies. Re-
cently it was shown that Halo Nevi are an independent entity which can occur together 
with vitiligo but these lesions seem to have their own distinct pathogenesis and clinical 
outcome (Schallreuter et al., 2003b).

Pathomechanisms in vitiligo – What do we know?

I. ROS and RNS induced stress in vitiligo

Although most studies have concentrated on the fate of pigment forming cell in the path-
gogenesis of vitiligo, there are several lines of evidence that vitiligo is a disease affecting 
the entire epidermis including keratinocytes and Langerhans cells (Nordlund and Or-
tonne, 1992, Prignano et al., 2009, Schallreuter et al., 1999a, Schallreuter, 1999b, Schall-

A

B

a b

Fig. 3.
A Segmental vitiligo mixed with generalised vitiligo (vulgaris) 
 a. Before treatment
 b. After treatment with low dose narrowband UVB activated pseudocatalase (PC-KUS)
 NB. The repigmentation of segmental vitiligo is considerably slower!
B Acute facial vitiligo 
N.B. Pinpoint sized depigmentation which is characterised with high H2O2 levels evidenced 
by in vivo FT-Raman spectroscopy
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reuter et al., 2008a, Salem et al., 2009, Tobin et al., 2000). Various degrees of vacuolation 
and deposition of debris in all epidermal cells including dilation of the rough endoplasmic 
reticulum and mitochondrial alteration have been documented (Moellmann et al., 1982, 
Bhawan and Bhutani, 1983, Boissy et al., 1991, Tobin et al., 2000, Prignano et al., 2009). In 
2000 these data were reconciled on the basis of H2O2-mediated stress (Tobin et al., 2000). 
Signs for oxidative stress were even observed in melanocytes and keratinocytes under in 
vitro conditions unless these cells were not protected by anti-oxidant enzymes, for instance 
catalase (Medrano and Nordlund, 1990, Tobin et al., 2000). Low epidermal catalase lev-
els in epidermal suction blister tissue extracts from patients with vitiligo supported the in-
volvement of a perturbed redox imbalance in this disease (Schallreuter et al., 1991). These 
early data were confirmed in vitro showing that melanocytes established from the non-le-
sional skin of these patients contained lower than normal catalase activities (Yohn et al., 
1991, Maresca et al., 1997). Here it is notable that the expression of catalase mRNA remains 
unaltered (Schallreuter et al., 2004). The proof of H2O2-mediated oxidative stress in viti-
ligo has been accomplished in vivo® by depigmented epidermis using non-invasive Fou-
rier Transform (FT) Raman spectroscopy (Schallreuter et al., 1999a). Importantly, epider-
mal H2O2 can be reduced by a synthetic catalyst that oxidises H2O2 to O2 and H2O, thus 
mimicking the reaction catalysed by natural catalase. The active catalyst is a low dose NB-
UVB-activated bis MnIII (EDTA)2 (HCO3-)2 complex and has been named pseudocatalase 
PC-KUS (Schallreuter et al., 1995b, Schallreuter et al., 2008a, Schallreuter et al., 2008b). 
This pseudocatalase can arrest the progress of the disease after topical application in 95% of 
all patients and it initiates repigmentation in those patients, who hold a normal L-pheny-
lalanine metabolism, regardless of the duration and expansion of the disease (Schallreuter 
et al., 1995b, Schallreuter et al., 1999a, Schallreuter et al., 2008b). 

The biochemical basis for the accumulation of H2O2 and the recent identification of re-
active nitric oxide species (RNS) based on the presence of 3-nitro tyrosine residues in pa-
tient’s skin has been target of much research (for review Schallreuter et al., 2008a, Salem 
et al., 2009). In the skin of patients with vitiligo several sources have been identified and 
documented. 
1. Increased NADPH-oxidases activities from neutrophils and macrophages of the perile-

sional infiltrate (Darr and Fridowich, 1994, Marks et al., 1996). 
2. Increased epidermal monoamine oxidase A activities (Schallreuter et al., 1996a).
3. Increased epidermal TNFα levels (Moretti et al., 2002, Schallreuter et al., 2008a).  
4. Photo-oxidation of epidermal 6-biopterin and sepiapterin (Rokos et al., 2002).
5. Increased estrogen / progesterone mediated H2O2-generation (Anderson et al., 2003).
6. Perturbed phenylalanine hydroxylase activity via 7BH4 due to deactivation of 6BH4 re-

cycling (Schallreuter et al., 1994a, Schallreuter et al., 2005, Pey et al., 2006). 
7. Epidermal xanthine oxidase activity contributes to H2O2 oxidising its product uric acid 

to allantoin (Shalbaf et al., 2008).
8. Increased epidermal inducible nitric oxide synthase (Schallreuter et al., 2005, Salem 

et al., 2009). 
9. Increased peroxynitrite formation (ONOO-) (Salem et al., 2009).

Taken together, to date there is ample evidence that epidermal H2O2 / ONOO- accumula-
tion in vitiligo is a fact. 
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What are possible consequences of mM H2O2-concentrations in the epidermis of these 
patients? 

Most important for the contribution presented herein is the question, whether we can 
link these findings to the autoimmune response in this disease.

H2O2-mediated oxidation affects the epidermal anti-oxidant defence machinery and its repair 
mechanisms

H2O2 concentrations in the mM range deactivate catalase due to oxidation of the por-
phyrin ring as well as methionine and tryptophan residues in the structure of the en-
zyme active and the cofactor NADPH-binding site (Aronoff, 1965, Maresca et al., 2006, 
Wood and Schallreuter, 2006, Gibbons et al., 2006, Wood et al., 2008). The net result is a 
decrease in protein expression and activities (Schallreuter et al., 1991, Schallreuter et al., 
2008a, Salem et al., 2009). 
The same mode of action has been recognised for thioredoxin reductase due to oxida-
tion of the enzyme active and the NADPH cofactor binding site (Gibbons et al., 2006). 
Low enzyme activities and low protein expression have indeed been shown in vitiligo 
(Schallreuter et al., 1986, Schallreuter et al., 1987, Schallreuter et al., 2008a). Moreover, 
low glutathione peroxidase serum levels have been documented (Beazley et al., 1999). 
Oxidation of methionine sulfoxide reductase A leads to compromised protein repair 
after oxidation of methionine residues to methionine sulfoxide. Low epidermal en-
zyme levels and activities were demonstrated in vitiligo (Schallreuter, 2006a, Schallreu-
ter et al., 2008d).

In summary, in vitiligo H2O2 alters its entire degradation machinery due to oxidation of 
methionine, tryptophan and cysteine / selenocysteine residues in the structure of antioxi-
dant enzymes. In addition, in the presence of ONOO-, nitration of tyrosine and cysteine 
residues needs to be taken into account as effective contributors to alter protein structure 
and folding. 

H2O2 affects the essential cofactor (6R)-L-erythro 5,6,7,8 tetrahydrobiopterin (6BH4) 
and consequently cofactor dependent mechanisms 

In 1994 it was proven that the fluorescent compounds present in vitiliginous skin are oxi-
dised pterins (Schallreuter et al., 1994a, Schallreuter et al., 1994b). Accumulation of epider-
mal oxidised pterins revealed the presence of a defective de novo synthesis / recycling / reg-
ulation of the essential cofactor (6R)-L-erythro 5,6,7,8 tetrahydrobiopterin (6BH4) in vi-
tiligo (Schallreuter et al., 1994a, Schallreuter et al., 1994b). It is the defective recycling of 
6BH4 causing formation and accumulation of its isomer 7BH4 which in turn inhibits phe-
nylalanine hydroxylase (PAH), thus preventing the turnover from L-phenylalanine to L-ty-
rosine (Davis et al., 1992, Pey et al., 2006). L-phenylalanine build up was documented in 
vivo by FT-Raman spectroscopy (Schallreuter et al., 1998). Moreover, H2O2-mediated oxi-
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dation leads to deactivation of the rate limiting recycling enzyme 4a-carbinolamine dehy-
dratase (PCD) (Schallreuter et al., 2001) (Fig. 4). H2O2 rapidly oxidises 6BH4 to L-biopterin 
and this oxidation product is cytotoxic to melanocytes with an LC50 1 × 10-7 M (Schallreu-
ter et al., 1994c). Further investigation revealed the presence of pterin 6-carboxylic acid as 
the final oxidation product of L-biopterin and other pterins. This photo-oxidation coin-
cides with the generation of H2O2 (Rokos et al., 2002). Hence, defective pterin synthesis 
coupled to oxidative stress can directly influence melanocyte populations and integrity in 
vitiligo primarily due to the cytotoxicity of L-biopterin and other oxidised pterins. 

Fig. 4. Defective 6BH4 synthesis leading to 7BH4 production in vitiligo. Both epidermal 
melanocytes and keratinocytes have the full capacity for de novo synthesis / recycling of 6BH4 
(Schallreuter et al., 1994a, Schallreuter et al., 1994b). The rate limiting step for the de novo 
synthesis of 6BH4 is GTP-cyclohydrolase I (GTP-CH-I) which is regulated by H2O2 (Shimizu 
et al., 2003). This enzyme is also controlled by L-phenylalanine (positive feedback) via the 
GTP-CH-I feedback regulatory protein (GFRP), as well as several cytokines (TNFα, IL-2, 
IFNγ, MGF). 6BH4 down regulates GTP-CH-I via GFRP. Furthermore, 6BH4 is the essential 
cofactor (a) for phenylalanine hydroxylase to metabolise L-phenylalanine to L-tyrosine in 
melanocytes and keratinocytes, and (b) for tyrosine hydroxylase to convert L-tyrosine to L-
dopa in catecholamine biosynthesis in epidermal keratinocytes and melanocytes. It is also a 
regulator of tyrosinase activity in melanocytes, inhibiting the enzyme by an allosteric mecha-
nism. The recycling of 6BH4 is catalysed by the rate-limiting pterin-4a-carbinolamine dehy-
dratase (PCD) via quinonoid dihydropterin (qBH2) and its reduction by dihydropteridine 
reductase (DHPR) in the presence of NADH. If 6BH4 is overproduced, as in vitiligo, then 4a-
hydroxy-BH4 is non-enzymatically converted to high levels of 7BH4, which in turn inhibits 
phenylalanine hydroxylase, yielding a compromised L-tyrosine supply.
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H2O2 compromises the epidermal cholinergic signal

Iyengar was the first to report high epidermal acetylcholine levels in patients with vitiligo 
(Iyengar, 1989). Later this result was confirmed and the mechanism behind could be ex-
plained by H2O2-mediated deactivation of the enzyme active site of both acetylcholinest-
erase and butyrylcholinesterase (Schallreuter et al., 2004, Schallreuter et al., 2006b, Schall-
reuter et al., 2007b). In addition, it was shown that the tetramerisation domain as well as 
the EF-hand calcium binding domain are affected in the latter enzyme (Schallreuter et al., 
2007c, Grando et al., 2006). The presence of high epidermal acetylcholine levels have been 
implicated in pruritus in the case of acute vitiligo (Schallreuter et al., 2008a). Moreover, el-
evated acetylcholine levels are in agreement with impaired sweating in these patients (El-
wary et al., 1997).

H2O2 affects POMC cleavage and POMC-derived peptides 

Decreased epidermal α-MSH levels have been reported in vitiligo (Thody et al., 1993, Spen-
cer et al., 2007). These results were reconciled in the context of H2O2-mediated oxidation 
affecting POMC cleavage as well as the structure and function of POMC-derived peptides 
including ACTH, α-MSH and β-endorphin whereas β-MSH is not affected (Spencer et al., 
2007; Spencer et al., 2008, Spencer and Schallreuter, 2009). 

H2O2 affects epidermal calcium homeostasis in vitiligo

The influence of oxidative stress on calcium uptake / efflux has been known for a long time 
(Marks et al., 1996). Studies on the transport of radio-labelled 45calcium within keratino-
cytes and melanocytes established from the depigmented epidermis of patients with viti-
ligo revealed a significant decrease in the rates for calcium uptake in these cells (Schallreu-
ter et al., 1988, Schallreuter et al., 1996b). Since extracellular calcium concentration con-
trols the kinetics for its uptake and efflux, this was a fundamental observation. In this con-
text it is of interest that dendritic outgrowth of melanocytes requires calcium (Hara et al., 
1994). In vitiligo several calcium dependent mechanisms have been identified as target for 
H2O2-mediated oxidation, including POMC-cleavage via the prohormone convertases and 
furin (Spencer et al., 2008), albumin (Rokos et al., 2004), butyrylcholinesterase (Schallreu-
ter et al., 2006b) and calmodulin (Schallreutert et al., 2007d). Calcium is also directly in-
volved in L-phenylalanine transport via the sodium / calcium ATP-ase antiporter system 
and the uptake can be severely hampered in vitiligo (Schallreuter et al., 1999c, Schallreuter 
et al., 2005). Since the majority of eumelanin is synthesised in melanocytes from autocrine 
conversion of L-phenylalanine to L-tyrosine via PAH, then the perturbation of calcium ho-
meostasis in these cells could contribute significantly to impaired melanogenesis in vitilig-
inous melanocytes (Schallreuter et al., 1996b, Schallreuter et al., 1999c, Schallreuter et al., 
2008c). This assumption is in agreement with low epidermal PAH and high epidermal phe-
nylalanine levels in patients compared to controls (Schallreuter et al., 2005). 
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In vitiligo epidermal H2O2 is transferred to the vascular system 

After reduction of epidermal H2O2 with a topical applied pseudocatalase PC-KUS epider-
mal and systemic enzyme levels recover (Schallreuter et al., 2008a, Salem et al., 2009). In this 
context it was shown that systemic H2O2 levels influence the cholinergic pathway via acetyl-
choline esterase (Schallreuter et al., 2004) and dihydropteridine reductase (DHPR), the last 
step in 6BH4 recycling (Hasse et al., 2004). Based on these results it was concluded that the 
systemic redox-status is under control of epidermal H2O2 and that this ROS is transferred 
from the epidermal compartment to the vascular system in patients with vitiligo. 

Increased DNA damage does not induce skin cancer in patients with vitiligo despite the presence 
of high H2O2- and ONOO– levels 

Considering that oxidative stress in vitiligo is massive, the question arises, how do these 
patients combat with this constant threat? 

Clearly under these oxidative conditions DNA damage would be an expected must. 
Here it is noteworthy that these patients have persistent elevated levels of functioning wild 
type p53 protein in their entire skin (Schallreuter et al., 2003, Salem et al., 2009). Given 
that the p53 tumour suppressor protein is constitutively expressed and its nuclear presence 
is important in response to any genotoxic stress (Jiminez et al., 1999), this avenue was re-
cently re-explored (Salem et al., 2009). 

It was recognised that elevated epidermal p53 levels in the cytosol and in the nucleus 
are associated with significantly increased DNA damage as evidenced by significantly in-
creased 8-oxo guanine (8-oxoG) levels in patient’s skin and plasma. The presence of this 
oxidised DNA base is linked to up-regulated epidermal hOgg1, APE1 and DNA poly-
merase β levels, pointing to enhanced short patch base excision repair (BER). Moreover, 
functionality of the up-regulated p53 in vitiligo including phosphorylation of p53 via ATM 
and acetylation via PCAF was proven by the presence of phosphorylated ser 9 & ser 15 and 
acetylated lys 373 & lys 382 residues of increased p53 protein in association with induction 
of Gadd45, p21 and PCNA. The presence of significantly up-regulated epidermal Bcl2 pro-
tein expression in association with decreased cytochrome c, capase 3 and acetylcholinest-
erase levels argues against the presence of increased apoptosis in vitiligo (Boissy and Nord-
lund, 1997, van den Wijngaard et al., 2000, Tobin et al., 2000, Kemp et al., 2001, Schallreu-
ter et al., 2003a, Salem et al., 2009). Induction of epidermal p76MDM2 levels in association 
with normal p90MDM2 expression could provide a conclusive rationale for the constant 
up-regulated p53 in this disease. Besides accumulation of epidermal H2O2 there are signif-
icantly elevated epidermal 3-nitro tyrosine levels present in vitiligo which in turn point to 
the presence of ONOO-, thus adding this radical to the list of oxidative stress inducers in 
vitiligo (Salem et al., 2009).

Why show these patients no increased photo-damage / premature aging and high num-
bers of solar induced non-melanoma skin cancer despite the presence of abnormal high 
H2O2 and ONOO- levels and the absence of pigment in the affected skin (Calanchini-
Postizzi and Frenk, 1987, Westerhof and Schallreuter, 1997, Schallreuter et al., 2002, Sa-
lem et al., 2009)?
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p53 has many functions including induction of DNA repair via base patch excision. In 
addition this protein has a DNA binding domain which can directly act as DNA repair. In 
this context it was shown that the binding capacity of human wild-type p53 is significantly 
enhanced in the presence of 10-3 M H2O2 and ONOO- concentrations (Salem et al., 2009). 
Hence, up-regulated p53 in vitiligo could act in two ways to support DNA repair which 
could in turn explain the normal prevalence of solar induced skin cancer and the absence 
of premature skin aging despite massive oxidative stress and partial absence of pigment 
(Calanchini-Postizzi and Frenk, 1987, Schallreuter et al., 2002, Salem et al., 2009). Conse-
quently it is tempting to invoke p53 as a possible master conductor in the scenario of vit-
iligo.

II. The neural hypothesis

For a long time it was believed that neurochemical mediators, released from nerve endings, 
can cause destruction of melanocytes in vitiligo. It was proposed that some intermediates 
or endproducts of catecholamines destroy the pigment (reviewed in Nordlund et al., 1988). 
Moreover, it was suggested that abnormal release of catecholamines from autonomic nerve 
endings contributes to an etiological role in the onset of vitiligo via toxic catecholamine 
generated radicals (Picardo et al., 1993). Taking into consideration that the human skin 
holds the capacity for autocrine catecholamine synthesis and degradation, contribution of 
these in loco produced neurotransmitters are becoming even more valid in the pathogenesis 
of vitiligo (Schallreuter et al., 1992). Both keratinocytes and melanocytes express tyrosine 
hydroxylase (TH) isoform I, the rate limiting step for catecholamine synthesis (Schallreu-
ter et al., 1995a, Marles et al., 2003). Moreover, the presence of autocrine synthesis / regu-
lation of the essential cofactor for the aromatic hydroxylases (6R)-5,6,7,8-tetra hydrobiop-
terin in epidermal cells has been extensively documented (Schallreuter et al., 1994a; Schall-
reuter et al., 1994b). Without this cofactor neither L-phenylalanine nor L-tyrosine and L-
tryptophan could be metabolised via the aromatic hydroxylases. Moreover, this cofactor is 
also required by the nitric oxide synthases (NOS) (Thöny et al., 2000). 

In the above context it has been reported that patients with active vitiligo have ele-
vated noradrenaline levels in skin and plasma, as well as high levels of catecholamine me-
tabolites in their urine which even correlate with early phase disease activity (Schallreu-
ter et al., 1994b, Morrone et al., 1992, Cucci et al., 2003). Increased noradrenaline syn-
thesis in the epidermis of these patients causes the induction of the two catecholamine 
degrading enzymes monoamine oxidase A (MAO-A) and catecholamine-O-methyl-trans-
ferase (COMT) (LePoole et al., 1994, Schallreuter et al., 1996a). Here it should be noted 
that adrenaline can stimulate melanogenesis via the β2-adrenoceptor induced cAMP signal 
(Gillbro et al., 2004, Sivamani et al., 2009). Since melanocytes are noradrenergic cells due 
to the lack of phenylethanolamine-N-methyltransferase (PNMT) activity, these cells rely 
on keratinocyte produced adrenalin. But keratinocytes established from patients with viti-
ligo have significantly lower PNMT activities (Schallreuter et al., 1994b). Therefore the net 
results are low adrenalin- and high noradrenalin levels in the epidermal compartment of 
these patients. Given that β2-adrenoceptors downregulate immature Langerhans cell func-
tion leading to down regulation of antigen presentation there is good evidence that cate-
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cholamines are major players in the immune response (Seiffert et al., 2002). Besides ele-
vation of noradrenalin levels, epidermal dopamine levels are also elevated in vitiligo (Park 
et al., 2007). This metabolite is cytotoxic to melanocytes. Since dopamine induces ROS 
production and quinone toxicity, it could be an additional contributor to the loss of func-
tioning melanocytes in affected individuals (Park et al., 2007). In this context it should also 
be noted that a significantly higher sensitivity to quinones has been documented in periph-
eral blood lymphocytes from patients with vitiligo (Schallreuter et al., 2006c).

Considering that melanocytes synthesise both catecholamines and melanin by the ox-
idation of L-tyrosine via L-dopa to L-dopaquinone and the latter metabolite generates in-
doles and ROS, both catecholamine- and melanin precursors have the potential for con-
tribution to the depigmentation process in vitiligo (Boissy and Manga, 2004, Kroll et al., 
2005, Picardo et al., 1993, Dell’Anna and Picardo, 2006, Park et al., 2007). 

III. Virus and vitiligo

Virus has been implicated in the pathogenesis of vitiligo (Grimes et al., 1996, Grimes et al., 
1999). Using PCR techniques, cytomegalovirus (CMV) and Epstein Barr virus (EBV) were 
detected in the epidermis of patients with this disorder. A later study on the same subject 
involving 72 German patients with vitiligo compared to healthy controls (n = 70) could not 
confirm those results (Würfel et al., 2000). Despite of these controversial findings, a vi-
ral involved ‘hit / run’ mechanism cannot be excluded. In fact, it has been shown in animal 
models that virus infection can trigger an autoimmune response due to molecular mim-
icry of viral peptide sequences activating in turn subsets of T-cells. In these models the vi-
rus, causing autoimmunity, escaped detection after the onset of the disease (Herrath and 
Oldstone, 1996, Morse et al., 1999). Taken together, viral induced T-cells could act against 
melanocytes. However, it would also be possible that virus can attract leukocytes and mac-
rophages leading in turn to the ‘oxygen burst’ via NADPH-oxidase concomitant with the 
production of ROS, such as superoxide anion radical (O2−) and H2O2, thus feeding back to 
the ROS pool in vitiligo.

IV. Genetic factors in vitiligo

The use of FT-Raman spectroscopy for in vivo analysis of the depigmented epidermis 
proved the presence of high levels of H2O2 by following the peak at 875 cm-1 (Schallreu-
ter et al., 1999a). In addition, all patients tested have higher phenylalanine levels in their 
depigmented skin documented in vivo by the same method paralleled by low epidermal 
PAH activities (Schallreuter et al., 1994a, Schallreuter et al., 1998, Schallreuter et al., 2005). 
Moreover, an impaired phenylalanine metabolism has also been recognised in the systemic 
turnover of L-phenylalanine in this patient group (n > 1000) after receiving an oral loading 
with this essential amino acid (Schallreuter et al., 1998). Interestingly, 40% of the patients 
tested, revealed pathological L-phe / L-tyr ratios, similar to phenylketonurea heterozygotes, 
some patients present a mild hyperphenylalaninaemia and others have an impaired L-phe-
nylalanine up-take (Schallreuter et al., 1998, Schallreuter et al., 2005, Schallreuter unpub-
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lished results). Despite major effort, so far there is no evidence for any mutation on the 
PAH gene nor in the transporter gene (Schallreuter et al., 2005). The defective recycling 
of 6BH4 via pterin 4a-carbinolamine dehydratase (PCD) suggested another possibility of a 
polymorphism in this gene (Schallreuter et al., 1994a, Schallreuter et al., 1994b), but it was 
shown that PCD is directly deactivated by H2O2-mediated oxidation (Schallreuter et al., 
2001). Examination of the PCD gene revealed only wild type enzyme (Schallreuter et al., 
2001). Another report suggested that vitiligo might be caused by a mutation in GTP-cyclo-
hydrolase I (GTP-CH-I), the rate limiting enzyme for 6BH4 synthesis (De la Fuente-Fer-
nandez, 1997), but this result could also not be substantiated (Schallreuter and Blau, 1997, 
Blau et al., 1996). An attempt to search for a possible mutation in the regulatory protein 
GFRP revealed again only wild type sequence for the 6BH4 binding domain. 

However, there is some evidence for polymorphism in the catalase gene of affected indi-
viduals which could account for vitiligo susceptibility (Casp et al., 2002, Wood et al., 2008). 
The involvement of the catalase gene in vitiligo would certainly correlate with ROS induc-
tion and its consequences discussed above. Although computer simulation of those docu-
mented SNPs strongly supports that the enzyme structure is substantially altered by H2O2-
mediated oxidation, these data need confirmation by functional studies with catalase con-
taining the documented SNPs (Wood et al., 2008). Other genetic studies support ‘autoim-
mune’ vitiligo strongly linked with autoimmune disease associated genes including AIS1, 
AIS2, and SLEV1 while AIS3 has been put forward for vitiligo without any association of 
other autoimmune diseases (Spritz et al., 2004). Moreover, a possible contribution of in-
nate immune response via NALP1 SNPs has been postulated (Jin et al., 2007). 

V. Autoimmunity and vitiligo – bringing the facts together

Question number 1

Could formation of neoantigens through ROS / RNS mediated oxidation and failing 
degradation / turnover foster production of autoantibodies in vitiligo? 

Various antibodies are present in the circulating periphery of patients with vitiligo (Naugh-
ton et al., 1983a, Naughton et al., 1983b, Naughton et al.1986a, Naughton et al., 1986b, Gal-
braith et al., 1988, Farrokhi S et al., 2005). There is some debate how these antibodies arise 
but there is not yet a common consensus (Kemp et al., 2007). A correlation has been de-
scribed between the frequency and the level of melanocyte antibodies and disease activ-
ity (Harning et al., 1991). Antibodies are directed against antigens of different sizes (Cui 
et al., 1992, Cui et al., 1993, Cui et al., 1995). Several autoantigens were identified includ-
ing tyrosinase, TRP1, TRP2, melanosomal matrix protein gp100 (Pmel17), the melanocyte 
transcription factor SOX 10 and melanocyte concentrating hormone receptor (MCHR1) 
(Kemp et al., 2007). Whether melanocyte autoantibodies are indeed able to cause vitiligo is 
still under dicussion. There is some evidence that these antibodies destroy melanocytes un-
der in vitro conditions via complement mediated cytotoxicity or per se in an antibody de-
pendent cellular manner (Norris et al., 1998).
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Over the past much research has focused on the detection of antibodies against tyrosi-
nase and tyrosinase related proteins 1 and 2 (TRP-1 and TRP-2) (Song et al., 1994, Baharav 
et al., 1996, Kemp et al., 1997a, Kemp et al., 1997b, Kemp et al., 1998 and Okamato et al., 
1998). Since tyrosinase is a glycoprotein which is extremely stable to proteolytic digestion, 
it appeared to be a good candidate for the elicitation of an immune response (Laskin and 
Piccinini, 1996). In addition to tyrosinase, TRP-1 and TRP-2 are other key proteins in con-
trol of pigmentation. TRP-1 is a melanosomal membrane associated protein which has 
43% sequence homology with tyrosinase and it controls both the activity and stability of 
this key enzyme (Halaban and Moellmann, 1990, Orlow et al., 1993). Halaban and Moell-
mann were the first to demonstrate that TRP-1 has catalase / peroxidase activities and these 
authors suggested that it functions by protecting tyrosinase from oxidative degradation 
(Halaban and Moellmann, 1990). In this context, it has been established that H2O2 exer-
cises a concentration dependent dual action ranging from activation to inactivation. H2O2 
in higher concentrations is a potent competitive inhibitor of human tyrosinase. Moreover, 
superoxide anion radical is a better activator of the enzyme compared to molecular oxygen 
(Wood and Schallreuter, 1991). Thus, melanogenesis including the end product melanin 
has been considered as effective anti-oxidant defence mechanism protecting the melano-
cyte against oxidative stress (Wood et al., 1999). Jimbow et al. reported that melanocytes 
established from perilesional skin of patients with vitiligo expressed a TRP-1 containing 11 
additional amino acids at the C-terminal end of its sequence. This sequence was identical 
to murine TRP-1 (Jimbow et al., 2001). The initial transcript for human and murine TRP-1 
shows 93% sequence homology (Boissy et al., 1998). However, post-translational process-
ing via an unidentified protease occurs in the human system producing a protein lacking 
11 residues from the C-terminal. It was proposed that this protease appears to be lost, in-
hibited or inactivated in vitiligo (Jimbow et al., 2001). Interestingly, in vitiliginous melano-
cytes the murine form of TRP-1 is expressed and this protein loses its function for protect-
ing melanosome integrity due to defective interactions with both tyrosinase as well as the 
melanosome chaperone calnexin (Jimbow et al., 2001, Manga et al., 2000). Animal models 
lacking active TRP-1 develop an adaptive autoimmune response to melanocytes, thus pro-
viding a good example in support of a potential role triggering an immune response (Ru-
tault et al., 1999, Austin and Boissy, 1995). 

To date the results obtained on tyrosinase antibodies in vitiligo are controversial. Xie 
et al. could not confirm the presence of antibodies to tyrosinase in 54 patients’ sera (Xie 
et al., 1999). These authors reported a non-specific protein co-migrating with tyrosinase at 
62 kD (Xie et al., 1999). Therefore, it was concluded that this protein most likely gave false 
positive results as reported by Song et al. (Xie et al., 1999, Song et al., 1994). Kemp et al. have 
re-examined these antibodies and this group delineated epitope regions on tyrosinase react-
ing with the antibodies utilised (Kemp et al., 1999). Accordingly, three epitope regions were 
found in the centre of the tyrosinase molecule (i. e. amino acids 240–255, 289–294 and 295–
300) and two others towards the C-terminal end (i. e. amino acids 435–447 and 461–479). 
The centrally located epitopes had sequence homology with regions of TRP-1 and TRP-2, 
which consequently could explain the cross reactivity observed for these closely related pro-
teins (Kwon, 1993, Yokoyama et al., 1994). Two of the five patients examined cross-reacted 
with both TRP-1 and TRP-2 and one patient reacted only with the 289–294 and 295–300 re-
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gions of tyrosinase (Kemp et al., 1999). Two patients reacted only with tyrosinase 435–447 
and 461–479 and did not recognise TRP-1 or TRP-2 (Kemp et al., 1999). Based on these 
results, it can be concluded that multiple autoantibodies to tyrosinase could occur. Simi-
lar low frequencies for TRP-1 and TRP-2 were found in vitiligo patients (i. e. 5 out of 53) 
(Kemp et al., 1997a, Kemp et al., 1997b, Kemp et al., 1998). It should be mentioned that dur-
ing the period from 1994 to 1999 autoantibodies to tyrosinase in vitiligo have lost their sci-
entific significance from 61% down to 0–5% (Xie et al., 1999, Song et al., 1994, Kemp et al., 
1999). Recently haptenation of tyrosinase due to oxidation of cysteine residues in the se-
quence of the enzyme via catechols has been put forward to explain the presence of tyrosi-
nase antibodies in vitiligo (Westerhof and d’Ischia, 2007). Given that H2O2-mediated oxi-
dation of methionine 374 in the active site of tyrosinase completely abrogates enzyme ac-
tivity and that methionine sulfoxide cannot be repaired under these conditions as MSRA 
and MSRB are also subject to deactivation by H2O2-mediated oxidation, both altered pro-
teins could offer ground for the formation of neoantigens, if complete degradation is not in 
place (Schallreuter et al., 2008d, Wood et al., 2009). Here, it is tempting to add the forma-
tion of thyroid peroxidase and other tissue antibodies as the result of protein alteration due 
to ROS / RNS induced changes and incomplete clearing of the affected proteins or protein 
fragments. This concept could be certainly valid in the case of Hashimoto-thyreoditis. 

Question number 2

ROS / RNS and induction of T-cell response – the possible link to auto immunity in vitiligo? 

Given the in vivo and in vitro evidence for ROS / RNS in vitiligo, it is tempting to analyse 
their possible role in the cellular immune response. ROS are instrumental in regulating cel-
lular functions (Sahaf et al., 2003; Cross and Templeton, 2006). As discussed above in the 
case of vitiligo production of ROS / RNS is associated with oxidative stress, which in turn 
is characterized by a major shift in the cellular redox-balance and by ROS-mediated dam-
age (Valko et al., 2007; Salem et al., 2009). However, ROS can also induce changes in the 
redox-balance to regulate cellular activity (Saran, 2003). Redox regulation involves subtle 
oxidations that might involve modifications in proteins by, for example, modifying meth-
ionine residues and cysteine cross-linking to name a few, in turn altering protein function 
(Hogg, 2003; Sahaf et al., 2005; Laragione et al., 2003; DeYulia et al., 2005). Importantly, T-
cells have been shown to be targets for redox regulation (Gmunder et al., 1990; Angelini 
et al., 2002) and it is documented that exposure of T-cells to ROS down regulates T-cell ac-
tivity (Gelderman et al., 2006; Gringhuis et al., 2000; Forman and Torres, 2001). Hence, T-
cells require a reducing milieu for optimal proliferation and activation. In addition to the 
extracellular redox level, intracellular redox levels also influence T-cells, where a decrease 
in the intracellular redox-balance impairs T-cell function. Apart from the observation that 
ROS influence activation of T-cells, it has been shown that the type of T-cell response is 
also influenced by ROS. Some more support to this scenario could stem from the cellular 
infiltrate in the perilesional skin of patients (Prignano et al., 2009). The presence of this in-
filtrate indicates the likelihood of a biological ‘oxygen burst’ leading to the generation of 
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superoxide anion radical (O2−) from O2 via NADPH-oxidase (Darr and Fridovich, 1994, 
Marks et al., 1996, Stark, 1998). In inflammatory reactions O2− concentrations can increase 
up to 20-fold. After disproportionation this concentration would produce a 10-fold in-
crease in H2O2 (Darr and Fridovich, 1994). However, the numbers of infiltrating neutro-
phils and macrophages as well as T-cells are usually very low or even absent in long lasting 
disease. Therefore, it is very difficult to assess the H2O2 contribution deriving from this in-
filtrate. In this context it is important to remember that cells in the perilesional epidermis 
in vitiligo show the same degree of vacuolation (i. e. lipid peroxidation) as cells in lesional 
and non-lesional skin (Tobin et al., 2000, Schallreuter et al., 1999a). Given that H2O2 can 
also activate peripheral blood dendritic cells by up-regulating surface markers known to be 
involved in T-cell interactions (Rutault et al., 1999) and this H2O2 driven process can pro-
mote interaction with MHC class II molecules (DQ and DR) as well as costimulatory mol-
ecules CD 40 and CD 86 (Rutault et al., 1999), it is also possible that a direct immune re-
sponse can be stimulated via ROS. More support stems from an observation that dendritic 
cells promote T-cell proliferation after exposure to H2O2 (Rutault et al., 1999). The effect of 
H2O2 can be blocked in vitro upon the addition of the anti-oxidant N-acetyl cysteine (Ru-
tault et al., 1999). In the same context, it has been shown that solar simulated irradiation 
up-regulates epidermal Langerhans cell B7.1 and B7.2 costimulatory molecules (Laihia and 
Jansen, 1997). Again H2O2 is generated by UVB (311 nm) and UVA 340nm (Schallreuter 
et al., 1999a). Therefore it is tempting to conclude that H2O2 modulates also the response of 
epidermal Langerhans cells and other dendritic cells in vitiligo (Tobin et al., 2000, Schall-
reuter et al., 1999a, Laihia and Jansen, 1997). These data could directly link oxidative stress 
from H2O2 to the onset of an adaptive immune response (Laihia and Jansen, 1997). 

To date there is a plethora of evidence for the involvement of cytotoxic T-cells in the skin 
and in peripheral blood of these patients. T-cells are more prevalent in vitiligo perilesional 
skin than in lesional and non lesional skin. The infiltrate consists mainly of CD8 with lesser 
CD4 cells (Le Poole et al., 1996). It is currently believed that granzyme / perforin in T-cells 
mediates melanocyte cytotoxicity. In this context it has been proposed that in the absence of 
regulatory T-cells, cytotoxic T-cells enter the skin followed by targeting melanocytes caus-
ing in turn cellular damage and finally depigmentation (Oyarbide-Valencia et al., 2006). 

Along this line there are reports that vitiligo occurred in patients after bone marrow 
transplantation where donor-derived alloreactive cytotoxic T-lymphocytes have been im-
plied in the onset of the pigment loss (Cathcart and Morrell, 2007). In some cases the do-
nor had vitiligo and the host developed the disease. Consequently adoptive transfer of the 
disease after allogeneic peripheral stem cell transplant has been put forward (Neumeis-
ter et al., 2000). Moreover, vitiligo occurred also in immune suppressed HIV positive indi-
viduals. Here the question arises, could the virus be the trigger factor as discussed above? 
Clearly these data strongly support immunological triggered vitiligo. However, one could 
also argue that these individuals might have been potential carriers for vitiligo suscepti-
bility and that the onset of the disease was triggered by a severely perturbed cellular ho-
meostasis including dramatic changes in the redox-balance and ROS related stress re-
sponse. Considering the numbers of immune suppressed patients, the incidence of vitiligo 
would be expected to be significantly higher in these special patients if immunosuppres-
sion would be a strong contributor in the onset of vitiligo.
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Newer treatment concepts

Based on the evidence provided herein, to date there is no doubt that epidermal genera-
tion / accumulation of H2O2 and ONOO- plays a central role in vitiligo.

This concept is in agreement with the clinical observation, that patients with this disor-
der, regardless of the time of onset and duration of the disease, age, gender and skin pho-
totype respond to a topically applied pseudocatalase (PC-KUS) with a reduction of epi-
dermal and systemic H2O2 accumulation concomitant with repigmentation (Schallreuter 
et al., 2008a, Schallreuter et al., 2008b, Salem et al., 2009) (Fig. 5B).

Fig. 5.
A Epidermal oxidative stress in acute vitiligo
 Toluidine blue staining
  NB. The extensive vacuolation (V) is based on lipid 

peroxidative damage due to H2O2 (Tobin et al., 2000).
B  Extensive facial vitiligo in skin phototype VI
 (Fitzpatrick Classification)
 a Before treatment
 b  After treatment with low dose narrowband UVB 

activated pseudocatalase (PC-KUS)
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Despite substantial evidence for autoimmunity in vitiligo, the use of topical or systemic 
immuno suppressive drugs in the treatment is disappointing. Topical application of tac-
rolimus and pimecrolimus as local treatment modalities are effective in the repigmenta-
tion of facial vitiligo but fail the management of other body areas. Apart from pseudocat-
alase (PC-KUS) the most promising treatment at the present time seems to be the use of 
NB-UVB (311nm) with increasing doses twice or 3 times per week at least over 1 year. The 
precise mechanism of action remains to be established (Westerhof et al., 1999, Hamzavi 
et al., 2004). Oral supplementation of an antioxidant pool containing vitamin C and E, 
polyunsaturated fatty acid and α-lipoic acid significantly improved the clinical effective-
ness of NB-UVB (Dell’Anna et al., 2007) supporting a role for ROS mediated stress in vit-
iligo. The many different approaches of the current treatment modalities are summarised 
in Fig. 6 underlining the dilemma in the search of an effective management for the affected 
patient.

Summary and conclusion 

What is the overall take home message?

Vitiligo affects the entire epidermal compartment and not only melanocytes. These pa-
tients have no increased risk to develop skin cancer despite the absence of pigment and 
massive oxidative stress via H2O2 and ONOO-. The disease is associated with DNA damage 
which is effectively repaired by a functioning persistent up-regulated wild type functioning 
p53 coupled to induction of both short patch and long patch base excision repair as well as 

Antioxidantien

Vitiligo

PUVA PAUVAKUVA
UVB 280-320nm

UVB311nm

Excimer

Corticosteroide

Calcipotriol

Calcineurinantagonisten

Punchgraft

Melanozyten-
transplantation

Blistergraft

MSH-Analoga

Pseudokatalase PC-KUS

CHIRURGIE
LICHT

EXTERNA

UVB-IPL

Fig. 6. Current treatment modalities for vitiligo
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Fig. 7. Proposed autoimmune cascade in vitiligo. Production and accumulation of ROS 
(H2O2) / RNS (ONOO-) leads to DNA-damage associated with increased 8-OHG levels in 
skin and in plasma (Salem et al., 2009). Both DNA damage and ROS / RNS induce and acti-
vate wild type p53 which in turn induces short patch and long patch excision repair (Schall-
reuter et al., 2003, Salem et al., 2009). H2O2 leads to oxidation of many protein structures 
including the entire antioxidant enzyme machinery leading to deactivation or loss of full 
functionality (for review Schallreuter et al., 2008a). Methionine sulfoxide is reduced to me-
thionine by MSRA and MSRB, but the enzymes are subject to H2O2-mediated oxidation 
(Schallreuter et al., 2008d, Gibbons et al., 2006). The net results are altered proteins (for 
review Schallreuter et al., 2008a). Normally these are eliminated from the system via protea-
some / ubiquitin degradation. However, in the case of leaky clearing protein fragments or 
complete oxidised / nitrated proteins neoantigens can be formed after B-cell activation pro-
viding ground for antibody production. ROS-activated dendritic cells and Langerhans cells 
initiate a cellular immune response (Rutault et al., 1999, Kemp et al., 2007). Furthermore 
ROS / RNS can stimulate and activate T-lymphocytes leading to immune response including 
cytokine release (TNFα, γIFN, Il 1β, Il 6 etc) (Oyarbide-Valencia K 2006). Both ROS / RNS 
can stimulate NFkB affecting a number of cellular processes including inflammation, cellular 
proliferation, transformation and tumorigenesis. Epidermal generation of H2O2 and its ac-
cumulation is supported by low catalase levels and a leaky catalase due to various SNP’s in the 
gene (Schallreuter et al., 1991, Casp et al., 2002, Wood et al., 2008). Enhanced autoimmune 
reactivity could be paired with the respective autoimmune genes recently identified (Spritz 
et al., 2004, Jin et al., 2007). However, there is evidence for direct cellular melanocyte toxic-
ity due to quinones, phenols and oxidised pterins to name a few (Schallreuter et al., 2007, 
Boissy et al., 2004, Schallreuter et al., 1994c). Moreover, cellular homeostasis can be affected 
by impaired calcium-uptake, perturbed L-phenylalanine up-take, cAMP-signalling and many 
more. Taken together, there is substantial evidence for different pathways leading to vitiligo.
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enhanced DNA-binding capacity in the presence of H2O2 and ONOO-. Degradation of p53 
is prevented by p76 MDM2. There is no evidence for increased skin cancer / photodamage 
and epidermal apoptosis in this disease (Schallreuter et al., 2003a, Salem et al., 2009).

Evidence to date supports ROS mediated T-cell activation and T-cell response as well 
as the possibility of neoantigen formation due to H2O2 / ONOO--mediated oxidation / ni-
tration of proteins. Considering that normally oxidised proteins and oxidatively-modified 
biomolecules are cleared by the proteasome / ubiquination system or lysosomes, it could 
be possible that H2O2-mediated oxidation and the presence of ONOO- and its protonated 
peroxinitrious acid (ONOOH) leads to dysfunction or even deactivation of this impor-
tant machinery (Grune et al., 1997, Halliwemm, 2002, Ullrich and Hofrichter, 2007). Pre-
liminary data from our lab support a dysfunctional degradation axis (Schallreuter, unpub-
lished results). At this point it is tempting to propose incomplete proteasomal degrada-
tion / ubiquination for ineffective clearing of altered proteins leading in turn to the forma-
tion of antibodies against melanocytes and other tissues which then can elicitate a cellular 
immune response in this disease. The proposed cascade is summarised in Fig. 7.

Whether other autoimmune disorders are a conditio sine qua non in the pathomech-
anism of vitiligo remains to be shown. In the light of epidermal and systemic H2O2 accu-
mulation, it is tempting to speculate that environmental (exogenous) or systemic (endog-
enous) trigger factors could be the mechanisms for the ‘hit’ that increases H2O2 produc-
tion via NADPH-oxidase in the microenvironment. This could tip the balance and cause 
the initial loss of constitutive pigment due to the generation of hydroxyl radicals (OH ) 
from H2O2 via the UV-catalysed Haber-Weiss reaction in susceptible individuals. How-
ever, in the subsequent process of the disease, the origin of H2O2 derives from various 
sources, which could well foster the ‘run’ mechanism, where H2O2 activates T-cell prolifer-
ation with consequent activation of T-cell clones (Rutault et al., 1999, LePoole et al., 2004). 
The abundance of ONOO- in the epidermis of patients opens new avenues. Our knowledge 
on the effect of ONOO- in vitiligo is just at the tip of an ice berg. 

In conclusion, there is strong evidence that autoantigens / autoantibodies and T-cell re-
sponse play a major role in the pathogenesis of vitiligo. 

However, it is tempting to propose that the clinical picture of vitiligo might be rather a 
clinical symptom for different vitiligo / depigmentation entities. Some support for this hy-
pothesis stems from vitiligo-like depigmentation in association with melanoma, or syn-
dromes including Vogt-Koyanagi-Harada syndrome, Schmidt’s syndrome and the autoim-
mune polyglandular-syndromes.

Very recently significant associations between generalized vitiligo and SNPs at sev-
eral loci previously associated with other autoimmune diseases were detected. These in-
cluded genes encoding major-histocompatibility-complex class I molecules and class II 
molecules PTPN22, LPP, IL2RA UBASH3A and C1QTNF6. Moreover, associations SNPs 
in two additional immune-related loci, RERE and GZMB and in a locus containing TYR 
(P=1.60×10−18), encoding tyrosinase were documented.
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Classification / Clinical appearance

Alopecia areata (AA) is the symptomless loss of hair in either small circumscribed patches 
(Fig. 1), which may remain discrete or may expand into total loss of all scalp (Fig. 2) and 
even body hair. AA is a common human disease with a lifetime risk of 1.7% in the gen-
eral population (Safavi et al., 1995). It is characterized by a reversible patchy hair loss most 
commonly involving the scalp although other regions of the head, including eyelashes and 
beard, may also be affected. The typical patient with AA notes the sudden appearance of a 
circular patch of hair loss. Areas of activity in the lesion may be indicated by the presence 
of “exclamation mark” hairs (Fig. 3) which are usually 2–4 mm long and may have a dark 
expanded tip and a depigmented root. The disease may sometimes lead to complete scalp 
baldness (Alopecia areata totalis) or even total body hair loss (Alopecia areata universalis). 
AA band-like hair loss in parieto-temporo-occipital area is described as Alopecia areata 
ophiasis (Alkhalifah et al., 2010). AA may be observed at any age and has no clear sex pre-

Fig. 1. Patchy alope-
cia areata: Two small 
round bald patches in 
a child.
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dominance. However, AA is more likely to first occur in adolescents suggesting a potential 
relationship to hormonal activity. AA is not life-threatening but it is psychologically and 
socially disturbing.

The course of AA is unpredictable and typically characterized by phases of acute hair 
loss followed by spontaneous hair regrowth and waxing and waning of the lesions. How-
ever, in severe forms hair loss can persist for many years. Very often AA shows a mild 
clinical course with only a few small bald patches and hair regrowth after some weeks or 
months. However, the severe forms are usually chronic. The prognosis for AA is defined 

Fig. 2. Alopecia areata totalis: Involve-
ment of the entire scalp. 

Fig. 3. Exclamation point hairs at 
advancing edge of patch of alopecia 
areata.
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by the age at disease onset, duration, nail signs, the extent of hair loss and the presence of 
atopic dermatitis. This means that a patient with AA universalis for many years, with a first 
episode of AA during childhood, associated nail changes and atopic dermatitis, has only a 
small chance to experience hair regrowth.

No other organs are affected by AA except for the nails, which may show typical signs of 
AA such as small pits, red spotted lunulae or verticular ridging (Fig. 4). Nail involvement 
tends to be associated with more wide spread AA (Kasumagic-Halilovic and Prohic, 2009). 
Sometimes small nail pits are the first signs of developing AA and hair loss may occur later. 
Only exceptionally nails may fall off (Onychomadesis) due to a severe nail AA and some-
times all nails are affected. 

There are some publications which describe the association of AA with other autoim-
mune diseases, such as vitiligo or an increased association with type 1 diabetes mellitus in 
relatives of patients (Muller and Winkelmann, 1963; Wang et al., 1994). However, there is 
considerable debate about the practical value of these observations and whether there is a 
truly significant relationship. In our view, only Hashimotos thyroiditis tends to be more 
common in AA affected individuals (Kurtev and Iliev, 2005). 

Just as hair loss is sudden, hair regrowth occurs without any indicators. The initial hair 
regrowth after an episode of AA is often white due to a delay in repigmentation of hairs. In-
terestingly, the last hairs to be affected by AA are white hairs, explaining how scalp hair can 
appear to become white overnight (Helm and Milgrom, 1970). 

Fig. 4. Mild nail dystrophy in alopecia 
areata with pitting and ridging.
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Diagnosis

The clinical history of abrupt onset of patchy hair loss, the lack of infection, black dots, ex-
clamation mark hairs, are all suggestive of the diagnosis of AA and in most cases the di-
agnosis of AA can be made clinically. There is no blood test to confirm or to rule out the 
diagnosis. In rare cases differential diagnosis such as chronic discoid lupus erythemato-
sus, lichen planopilaris, syphilis, traction alopecia, metastasis to the scalp, mycosis fungoi-
des or alopecia mucinosa must be taken into consideration. Especially in AA of the diffuse 
type it might be difficult to make the diagnosis. Then a scalp biopsy is indicated (Alkhali-
fah et al., 2010).

Histopathology

Histopathological features of AA include peri- and intrafollicular lymphocytic infiltrates 
involving only anagen hair follicles with subsequent miniaturization of these follicles 
(Whiting, 2003). The lymphocytic infiltrate is located around the hair bulb with some lym-
phocytes invading the hair follicle (Fig. 5). As a consequence, edema, microvesiculation, 
pigment incontinence, keratinocyte cell apoptosis, and vacuolar damage may be seen in 
and around the affected hair follicles (Tobin, 1997). Destruction of hair follicles or scarring 
usually does not occur in AA and therefore hair regrowth is possible at any time point of 
the disease, either spontaneously or due to a successful treatment. The process usually in-
volves terminal hairs but can affect vellus hairs as well.

Molecular genetics – the present knowledge

AA has been proposed to be an autoimmune disease based on several indirect observa-
tions in humans and animal models of the disease (McElwee et al., 1999c). Genetic influ-
ence has been clearly demonstrated in most other autoimmune diseases and one would ex-
pect that AA is no exception. AA is a complex disease which does not segregate according 
to the rules of Mendelian inheritance (Van der Steen et al., 1992a; Shellow et al., 1992; Co-
lombe et al., 1995; Sharma et al., 1996a). As with other autoimmune diseases, AA is most 
likely a polygenic disorder where susceptibility is dictated by several major genes and the 
phenotype may be modified by numerous minor genes. 

Rodent models

Isolated examples of AA have been identified in several species. However, the limited 
characterization or availability of these examples restricts their usefulness in any genetic 
research for AA (McElwee et al., 1998b). Two rodent models have been developed and 
characterized for use in AA research, the Dundee experimental bald rat (DEBR) and the 
C3H / HeJ mouse (Michie et al., 1991; Sundberg et al., 1994). Both models are inbred 
strains. Despite their inbred nature, rodents may have a wide variety of hair loss presenta-
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tions from isolated patches, or diffuse AA, to near universal hair loss. AA in both rodent 
models has been shown to be an autosomal polygenic trait with partial phenotype pene-
trance by analysis of breeding programs.

The DEBR, originally a hybrid between BDIX and Wistar rats, has been intercrossed 
for over 35 generations. Two separate inbred DEBR sub-strains exist, one black hooded 
and the other brown, but with similar AA phenotype properties. Hair loss is associated 
with a primarily CD4+ and CD8+ lymphocytic cell infiltrate of anagen stage hair follicles 
and production of hair follicle specific antibodies (Zhang and Oliver, 1994; McElwee et al., 
1996). Spontaneous expression of AA develops in 42% of individuals with onset from 7 
months of age in both males and females. Hair loss typically first develops in symmetri-

Fig. 5. Histopathol-
ogy of alopecia areata. 
Lymphocytes are 
clustered around the 
hair bulb and extend 
into the dermal papilla 
(LM × 100).
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cal bald patches on the flanks. Multiple patches may develop to affect the head, dorsal and 
ventral skin with approximately 15% of affected individuals reaching a near universal hair 
loss state. DEBR have been cross bred with PVG / OlaHsd rats yielding 21% affected F1 off-
spring (Oliver, personal communication) suggesting PVG / OlaHsd rats contain few AA 
susceptibility genes. PVG / OlaHsd rats may be one of several strains suitable for use in an 
intercross or backcross breeding strategy to identify AA susceptibility and severity modify-
ing genes by linkage disequilibrium.

C3H / HeJ mice have existed as a unique inbred strain at the Jackson Laboratory since 
1947, but onset of the AA phenotype was first observed in several individuals of a C3H / HeJ 
mouse colony in 1993. The mouse breeding pattern permitted tracing the genetic history of 
the affected mice to a single breeding pair at generation F198 (Sundberg et al., 1994), sug-
gesting a genetic modification of the strain in one parent. The frequency of spontaneous 
AA expression in aged mice, up to 18 months old, increased to approximately 20% in 3–4 
generations for over 300 mice evaluated (Sundberg et al., 1994). Both males and females 
are affected with initially ventral hair loss typically developing in females from 6 months 
and in males from 10 months of age. Hair loss may progress to the dorsal surface and reach 
near universal loss in 10% of affected individuals. Histopathology shows all affected ana-
gen stage hair follicles to be affected by non-scaring focal inflammation of primarily CD4+ 
and CD8+ lymphocytes and hair follicle specific autoantibodies are present at a high titer 
(Tobin et al., 1997; Freyschmidt-Paul et al., 1999).

Recent studies have demonstrated that all adult C3H / HeJ mice are susceptible to AA. 
Grafting skin from spontaneous AA affected mice to normal haired C3H / HeJ mice consis-
tently promotes onset of AA 8–10 weeks after grafting (McElwee et al., 1998a). Skin grafts 
from AA affected mice to the histocompatible C3H / OuJ and C3HeB / FeJ inbred strains 
promotes AA onset with a similar phenotype and pathology, but in only 40% of graft re-
cipients (McElwee et al., 1998a). Crosses between C3H / HeJ mice with AA and mice from 
the closely related strain with no history of age associated alopecia, yielded F1 and sub-
sequent generation mice with an AA expression frequency of 10–12% (Sundberg et al., 
1994). The AA induction technique suggests that while inbred C3H / HeJ mice may all be 
genetically susceptible, the AA phenotype must be activated. It is possible that the environ-
ment provides a trigger for initial disease onset. The apparent reduced susceptibility of the 
C3H / OuJ and C3HeB / FeJ strains to AA suggest that these strains carry fewer AA suscep-
tibility genes as compared to the C3H / HeJ strain. The segregation pattern of phenotypes 
suggests that AA in laboratory mice is under the control of one or more dominant gene al-
leles.

C3H / HeJ mice cross bred with C57 / BL6J mice yield 7% of affected F1 generation mice 
(10% affected females, 2% affected males). Intercross studies are in progress with up to 13 
candidate gene loci under investigation supporting the hypothesis that AA is a polygenic 
disease (Sundberg et al., 2003, 2004).

Human epidemiology

There is a higher incidence of AA in genetically related individuals. This suggests that at 
least some people are genetically predisposed to develop AA. The triggers for the onset 
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of AA may be environmental, but the resistance of the AA lesion to treatment, its persis-
tence and regression, and its extent over the body may be influenced by the presence and 
interaction of multiple genes. Several studies suggest that AA has a genetic basis (Van der 
Steen et al., 1992a; Colombe et al., 1995). AA with similar times of onset or similar hair loss 
patterns has been reported in monozygotic twins (Hendren, 1949; Weidman et al., 1956; 
Bonjean et al., 1968; Stankler, 1979; Cole and Herzlinger, 1984; Scerri and Pace, 1992; Al-
saleh et al., 1995). Families with several generations of AA affected individuals also sug-
gest AA may be a genetically determined disease (Shelton and Hollander, 1942; Goldstein 
and Chipizhenko, 1978; Hordinsky et al., 1984; Valsecchi et al., 1985; Van der Steen et al., 
1992a; Sharma et al., 1996a; Sharma et al., 1996b).

Epidemiological studies provide basic evidence for AA susceptibility genes. Numerous 
studies suggest AA may be more frequently expressed in genetically related individuals. 
Typically, 10 to 20% of patients with AA indicate at least one other affected family member 
(Table 1). In contrast, the lifetime risk of AA expression in the general population has been 
suggested to be 1.7% (Safavi et al., 1995). Familial incidence may be significantly higher 
than reported in epidemiological studies as the marked psycho-social consequences of hair 
loss inhibit some individuals from seeking diagnosis. In addition, some may not be aware 
of their hair loss if it is limited or develops in an area not immediately visible to the indi-
vidual.

A strong association has been observed between AA and trisomy 21 (Down’s syn-
drome). From 1000 patients and 1000 control subjects, Du Vivier and Munro observed 
60 cases of trisomy 21 individuals with AA versus 1 control (Du Vivier and Munro, 1975). 
Carter and Jegasothy identified 19 cases of AA in 214 trisomy 21 affected patients and the 
statistical relationship is further supported in other studies (Wunderlich and Braun-Falco, 
1965; Carter and Jegasothy, 1976). The genetic mutation for autoimmune polyendocrinop-
athy syndrome type 1 (AIRE, autoimmune regulator gene) (Finnish-German APECED 
Consortium 1997) is also associated with a 29 to 37% prevalence of AA (Betterle et al., 
1998). These studies suggest that candidate gene loci for AA susceptibility may be present 
on human chromosome 21.

Associations of AA with other autoimmune diseases have also been reported. Between 
7% and 27% of AA affected patients may also have a thyroid disease, including goiter pres-
ence, myxedema and Hashimoto’s thyroiditis (Cunliffe et al., 1969; Milgraum et al., 1987; 
Shellow et al., 1992; Puavilai et al., 1994). Co-expression of vitiligo and AA has also been 
reported at between 4% and 9% (Muller and Winkelmann, 1963; Main et al., 1975). How-
ever, the statistical significance of these disease associations when compared to appropriate 
control populations has been disputed elsewhere (Salamon et al., 1971; Gollinck and Orfa-
nos, 1990; Schallreuter et al., 1994). Numerous case reports detail concordant presence of 
AA with other autoimmune diseases, such as diabetes and myasthenia gravis, although the 
statistical significance is unknown (McElwee et al., 1998b).

HLA genes

Human leukocyte antigen (HLA) genes on human chromosome 6 code for the major his-
tocompatibility complex (MHC) proteins that are important in presentation of antigens 
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and self recognition by immune cells. MHC class I antigens comprise the HLA-B, HLA-
C and HLA-A loci in this order. MHC class II is coded by genes in the HLA-D region that 
is subdivided into gene clusters HLA-DP, HLA-DQ, and HLA-DR (Vogel and Motulsky, 
1997). MHC class I antigens are expressed on almost all nucleated cells. CD8+ lymphocytes 
have the capacity to recognize cellular antigens presented in association with MHC class 
I via their T cell receptors. In contrast, MHC class II antigens are normally expressed on 
antigen presenting cells (APCs), such as macrophages and Langerhans’ cells, and expres-
sion may be induced on other nucleated cells during inflammatory processes such as AA 
(Messenger and Bleehen, 1985; Bröcker et al., 1987). CD4+ lymphocytes may recognize an-
tigen plus MHC class II complexes on APCs. Different MHC proteins may have superior 
presenting properties for particular antigens compared to other MHC complexes and con-
sequently some antigen-MHC complexes will be more effective in their activation of lym-
phocytes than others. In part, this may determine the ability of lymphocytes to respond to 

Table 1. Incidence of alopecia areata in reported epidemiological studies

Percentage 
with family history

Geographic location Source

 3% UK Barber 1921

20% UK Brown 1929

20% France Sabouraud 1929

19% UK Anderson 1950

10% USA Muller and Winkelmann 1963

 3.4% Italy Olivetti and Bubola 1965

 6.3% Portugal Bastos Araujo and Poiares Baptista 1967

25% UK Cunliffe et al., 1969

17% Sweden Gip et al., 1969

27% USA Sauder et al., 1980

24% UK Friedmann 1981

11% Belgium De Weert et al., 1984

 6.6% Germany Lutz and Bauer 1988

18% Netherlands De Waard 1989

11.4% Germany Gollinck and Orfanos 1990

16% Germany Van der Steen et al., 1992

42% USA Shellow et al., 1992

11.5% Korea Ro Bi 1995

 9% India Sharma et al., 1996a

12.4%* India Sharma et al., 1996b

*children aged 16 or younger
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the hair follicle antigen(s) targeted in AA and may define how potent an immune response 
against a particular antigen will be. 

Genetic research in other autoimmune diseases has shown HLA encoding alleles to seg-
regate with specific disease phenotypes. However, inconsistent results have been found 
with analysis of HLA class I haplotypes of the A and B series and AA. Some studies re-
port statistically significant associations, but other studies found no HLA class I associa-
tion (Kuntz et al., 1977; Zlotogorski et al., 1990). HLA-A2, B40 and Aw32, B18 have each 
been reported as associated with AA (Hordinsky et al., 1984; Valsecchi et al., 1985). Asso-
ciations between HLA-B12 in Finnish patients, HLA-B18 in Israelis, B13 and B27 in Rus-
sians have also been suggested (Kianto et al., 1977; Hacham-Zadeh et al., 1981; Averbakh 
and Pospelov, 1986).

Genetic analysis studies in AA have primarily focused on the HLA-D genes (MHC class 
II encoding) as the most likely region for genes that regulate susceptibility, severity of, 
or resistance to disease (Duvic et al., 1991). Consistent associations have been observed 
between class II haplotypes and AA including DR4 (Friedman, 1985; Frentz et al., 1986; 
Orecchia et al., 1987; Duvic et al., 1991; de Andrade et al., 1999), DR5 (Friedman, 1985; 
Frentz et al., 1986; Orecchia et al., 1987), DR6 (de Andrade et al., 1999), DR7 (Averbakh 
and Pospelov, 1986) and broad antigen DQ3 (Welsh et al., 1994; Colombe et al., 1995; Co-
lombe et al., 1999). More recent research has shown allele DRB1*1104 (DR11) to be pres-
ent with significant increased expression in patients with AA (Colombe et al., 1995; Co-
lombe et al., 1999) and this was confirmed in other studies (Morling et al., 1991; Welsh 
et al., 1994; Duvic et al., 1995). Allele DRB1*0401 (DR4) was strongly associated with AA 
totalis or universalis sub-groups (Colombe et al., 1999). DQB1*0301 (DQ7 by serology) 
was also significantly expressed only in association with AA totalis and universalis (Co-
lombe et al., 1995; Duvic et al., 1995; Colombe et al., 1999). Other studies implicate other 
DQB1 alleles, DQB1*0302, DQB1*0601, and DQB1*0603, in AA (de Andrade et al., 1999). 
The current consensus is that AA in humans has a genetic basis, but is not always in a fa-
milial aggregation (Van der Steen et al., 1992; Colombe et al., 1995).

It has been suggested that the HLA gene products, the MHC antigens, could be impor-
tant for the presentation of an unknown AA antigen. Aberrant expression of MHC pro-
teins within AA affected hair follicles is frequently found, but the question of its true signif-
icance remains (Messenger and Bleehen, 1985; Bröcker et al., 1987). There are many more 
alleles that code for other factors within, and outside of, the immune system that may be 
vital in the development of AA. 

Non HLA genes

The HLA gene region is likely to be only one of several gene loci involved in AA, but 
limited research has been conducted in other areas of the genome. One investigation has 
shown an association between AA and allele 2 of a 5 allele polymorphism for the IL-1rn 
gene on human chromosome 2 that codes for the IL-1 receptor antagonist (Tarlow et al., 
1994). Results indicated allele 2 was present in 41% of controls versus 44% in individuals 
with patchy AA, 66% of those with alopecia totalis and 77% of alopecia universalis affected 
individuals (Tarlow et al., 1994). Allele 2 is known to influence IL-1ß production. Gal-
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braith et al. identified the IL-1ß-1,2 genotype as significantly increased in frequency for in-
dividuals with extensive, but not patchy, AA further suggesting that the severe form of dis-
ease may be associated with increased IL-1ß production (Galbraith et al., 1999). 

Genes for immunoglobulin heavy (Gm) and light (Km) chain genotypes on human 
chromosome 14 have also been implicated in AA susceptibility (Galbraith et al., 1984; Gal-
braith and Pandey, 1989) with the suggestion that IL-1ß (IL-1ß-1,2) and light chain (KM-
1,3) genotypes may interact to increase AA susceptibility (Galbraith et al., 1999). TNFα 
gene polymorphisms, or adjacent genes in the HLA region may also influence AA suscep-
tibility (Galbraith and Pandey, 1995; Cork et al., 1996). Involvement of all these gene loci, 
as susceptibility or severity modifying genes, is consistent with an autoimmune pathogen-
esis of AA.

More recently, investigation of AA genetics has progressed to genome wide association 
studies. Data is still preliminary, but at least one investigation of 804 unrelated AA affected 
individuals and 2229 controls suggested potential linkage to seven distinct loci (Petukhova 
et al., 2010).

Conclusions

Rodent model research has shown that AA is an immune mediated disease and strongly 
suggests that the mechanism is autoimmune in nature (McElwee et al., 1999c). It is prob-
able that AA susceptibility and severity modifying genes will primarily be involved in the 
immune system, but other susceptibility genes may control hair follicle function. From ob-
servation in humans and animal models, AA can be described as a polygenic disease with 
a variable spectrum of severity. While previous research studies have understandably fo-
cused on the HLA region and identification of marker genes segregating with the AA phe-
notype, there is a clear need for genome wide association studies to define further candi-
date susceptibility, severity modifying, and possibly resistance gene loci. Human popula-
tion analysis suggests potential gene loci may be located on Chromosomes 2, 6, 14, and 
21 (Du Vivier and Mundo, 1975; Colombe et al., 1995; Duvic et al., 1995; Galbraith et al., 
1999). Careful categorization of DNA samples based on phenotypic presentation of hair 
loss in the individual will be important for defining sub-categories of AA. It might be pos-
sible to define specific alleles with association to particular AA phenotypes such as patchy 
AA, AA totalis, or AA universalis.

Pathogenesis 

Circumstantial evidence for AA as an autoimmune disease

The complete pathogenesis picture for AA has yet to be determined. However, recent re-
search has made much progress in our understanding of the disease mechanism. There is 
numerous circumstantial evidence in support of the notion that AA is fundamentally an 
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inflammation driven disease and may be autoimmune in nature. Observation of a peri- 
and intra-follicular inflammation of the target anagen hair follicle primarily by T lympho-
cytes in both humans and animal models is the most compelling morphological evidence 
(Perret et al., 1984; Ranki et al., 1984; Zhang et al., 1994; Sundberg et al., 1994). In addition 
to a lymphocytic infiltrate there is increased presence of antigen presenting cells such as 
macrophages and particularly Langerhans cells around, and sometimes within, dystrophic 
hair follicles (Wiesner-Menzel and Happle, 1984; Zhang et al., 1994). Furthermore, inflam-
matory markers include up regulation of ICAM and ELAM expression on the endothelium 
of blood vessels closely associated with affected hair follicles (Nickloff and Griffiths, 1991; 
McDonagh et al., 1993; Zhang et al., 1994). Changes in cytokine levels, particularly acti-
vating cytokines such as IL-2 and IFN-γ, have been noted during AA inflammation with 
corresponding alteration of cytokine concentrations after successful topical counter irri-
tant therapy (Hoffmann et al., 1994). MHC class I and II expression on hair follicle epithe-
lial structures normally devoid of MHC expression is associated with hair follicle inflam-
mation and AA (Bröcker et al., 1987; McDonagh et al., 1993). Certain MHC class II hap-
lotypes seem to be associated with predisposal of the individual towards AA, a common 
observation in autoimmune diseases (Duvic et al., 1991; Colombe et al., 1999). Hair folli-
cle specific IgG autoantibodies have been found in increased concentrations in the periph-
eral blood of AA affected individuals compared to normal, non-affected humans (Tobin 
et al., 1994a, Tobin et al., 1994b). AA may respond to a range of immunomodulatory treat-
ments (Hoffmann and Happle, 1999). All these and other circumstantial evidence (McEl-
wee et al., 1999c; McElwee et al., 2002b) are of some assistance in understanding the patho-
genesis of AA. However, detailed characterization and functional studies are required to 
demonstrate the significance of these circumstantial observations and to elucidate disease 
mechanisms. Primarily due to ethical limitations, functional studies cannot readily be con-
ducted in humans. Consequently, animal models of human AA are required. 

Immune system targets

AA is generally believed to have an autoimmune pathogenesis (Paus et al., 1993; McDon-
agh and Messenger, 1996). While the evidence in support of this idea is compelling, the 
primary requirement to prove the autoimmune nature of AA, to identify a self antigen as 
the primary target that can initiate the disease mechanism and lead to development of the 
phenotype, has yet to be proven. Without this evidence, AA can only be described as a pu-
tative autoimmune disease. Using a SCID-human model of AA, Gilhar et al. claimed mel-
anogenesis related antigens to be inciting agents for the activation of pathogenic cells in-
volved in AA (Gilhar et al., 2001). Circumstantially, there are several claimed cases of se-
lective pigmented hair loss and white hair survival in AA affected individuals (Plinck et al., 
1993; Messenger and Simpson, 1997; Camacho, 1997). Much has been made of this ob-
served phenomenon in defining potential targets of inflammation in AA. However, there 
are many more unreported examples of AA affected individuals losing both pigmented and 
non-pigmented hair and in a mouse model of AA white hair can be successfully targeted 
by inflammatory cells (McElwee et al., 2001a). 
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While it is quite possible for melanocyte derived antigens to be involved in AA, they 
need not be the primary agents in precipitating disease onset. Downstream of the disease 
activation event it is likely that the phenomena of epitope spreading (Chan et al., 1998) re-
sults in the targeting of numerous antigenic epitopes from diverse sources within the hair 
follicles. Logically, one would expect the primary target for follicular inflammation to be a 
key component in hair fiber production, the targeting of which would lead to growth ces-
sation. While follicular dermal papilla cells may be a candidate source of the primary an-
tigenic target for inflammatory cells (Nutbrown et al., 1996), the most likely source of the 
primary inciting agent are follicular keratinocytes. Circumstantial evidence in support of 
this view includes the identification of hair follicle specific autoantibodies which target 
keratinocyte derived epitopes and that intra-follicular penetrating inflammatory cells in 
humans and animal models primarily take up residence in keratinocyte comprised root 
sheath and matrix locations (McElwee et al., 2003b). However, beyond these speculations, 
little is known about the nature of the antigenic targets on which inflammatory cells focus 
in AA. It is quite possible that different clinical AA presentations may be associated with 
different antigenic epitope targeting patterns. 

The humoral immune system in AA

Autoantibodies against hair follicle antigen have been identified in both humans and an-
imal models of AA with significantly increased frequency compared to the general popu-
lation. Tobin et al. demonstrated production of antibodies with heterogeneous targeting 
of hair follicle structures and similar heterogeneity of morphological targeting has been 
found in mouse and rat models of AA (McElwee et al., 1996a; Tobin et al., 1997). Trichohy-
alin and specific keratins have been defined as targets for some of the antibodies (Tobin 
et al., 2003). The diversity of autoantibody production with no consistent structure tar-
geting observed in serum samples from different patients, suggests autoantibodies are not 
the dominant factor in AA development. Other evidence also supports this view with time 
line evaluation studies on a mouse model for AA indicating cellular targeting for the fol-
licle occurs prior to an upregulation in genes associated with antibody production (Car-
roll et al., 2002). Transfer of serum from AA patients to skin in a SCID-human model also 
failed to regenerate the disease phenotype (Gilhar et al., 1992). However, this does not in-
validate antibody investigation. Autoantibodies in serum from AA patients may hold im-
portant clues to the targets for cellular inflammation in AA. Autoantibodies may yet be 
shown to play a secondary role in the disease pathogenesis. One small study involving the 
transfer of equine AA-derived antibodies to normal haired mice promoted an increase in 
telogen state hair follicles, although no apparent development of cellular inflammation was 
induced and systemic AA did not develop (Tobin et al., 1998). Autoantibodies then may 
play a secondary role accentuating the chronic disease state but it seems unlikely they are 
the primary mediators of AA.
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The cellular immune system in AA

In many autoimmune diseases and animal models of autoimmune disease lymphocytes are 
identified as the primary disease mediator. Most commonly, CD4+ lymphocytes have been 
identified as the primary pathogenic cell subset retaining the ability to transfer many auto-
immune diseases, but other subsets including CD8+ cells have also been identified as im-
portant in disease pathogenesis (eg. Ablamunits et al., 1999; Huseby et al., 2001). The pre-
dominantly CD4+ and CD8+ lymphocyte inflammation of hair follicles suggests these cells 
to be the primary instigators of the disease phenotype in AA. Depleting the inflammatory 
cell number with immunosuppressive therapies reinforces the general view that these cells 
hold the key to hair growth inhibition in AA (Freyschmidt-Paul et al., 2001). In rodent 
models this has been taken a step further with the selective removal of CD4+ or CD8+ cells 
by injections of monoclonal antibodies. Depletion of one or other lymphocyte population 
permits hair regrowth, but with replacement of the depleted cell population the AA pheno-
type redevelops (McElwee et al., 1996b; McElwee et al., 1999b; Carroll et al., 2002).

Recent cell subset transfer studies have further characterized the importance of CD4+ 
and CD8+ lymphocytes in AA. Human AA-affected, skin-derived cells have been shown 
to reinduce inflammatory hair loss in xenografts of previously AA affected skin grafted to 
scid / scid mice (Gilhar et al., 1998). Separation of CD4+ and CD8+ cell subsets and their 
transfer to this model suggested each cell type alone was not capable of reinducing hair 
loss, but in combination hair loss redeveloped (Gilhar et al., 2002). In C3H / HeJ mice 
subcutaneous injection of CD8+ cells led to the rapid development of localized hair loss 
at the site of injection but no further development of hair loss. In contrast, injection of 
CD4+ / CD25- cells resulted in little localized hair loss but successful transfer of the dis-
ease systemically with the development of multiple alopecia patches (McElwee et al., 2005). 
Thus, it is the CD4+ / CD25- cell population in the C3H / HeJ mouse model that retains the 
capacity to transfer the systemic AA phenotype to naïve hosts and most likely promotes 
AA via promotion of APC activity and subsequent stimulation of hair follicle autoreactive 
CD8+ cells. This pathogenic activity defines the CD4+ / CD25- cell population as a key com-
ponent of AA and a prime target for the development of therapeutic strategies. CD8+ cells, 
although apparently the primary effectors of the actual hair loss phenotype, are largely un-
der the control of CD4+ / CD25- cells.

Mechanisms of cellular action on the hair follicle

It seems then that the cellular immune system is the principal promoter of AA. The question 
remains how might leukocytes act on hair follicles to promote hair loss. Studies so far impli-
cate a combination of mechanisms. Cytotoxicity may be mediated through Fas – Fas ligand 
(FasL) interaction. The binding of Fas expressed on target cells by FasL on activated lym-
phocytes leads to apoptosis of the Fas expressing cell. This mechanism of tissue destruction 
is not MHC restricted and has the potential to damage innocent bystander cells not directly 
targeted by the pathogenic lymphocyte clones. Fas – FasL signaling is also believed to pro-
mote antigen presentation (Siegel et al., 2000). In the C3H / HeJ mouse model for AA, Fas 
and FasL are significantly differentially expressed in skin infiltrating lymphocytes and Fas 
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is highly expressed on human and mouse dystrophic hair follicle keratinocytes (Bodemer 
et al., 2000; McElwee et al., 2002a; Freyschmidt-Paul et al., 2003). Histocompatible mice de-
ficient in Fas or FasL are comparatively resistant to the induction of AA. This resistance was 
in part localized to the skin as Fas and FasL deficient skin transplanted to AA affected mice 
resisted immune activity and continued to grow hair (Freyschmidt-Paul et al., 2003). The 
possibility of an autocrine and paracrine action of Fas and FasL within and between hair 
follicle keratinocytes may add to the action of the inflammatory infiltrate and may explain 
why FasL deficient hair follicles were also relatively resistant to AA. 

Perforin, produced by cytotoxic T cells, is a potent mediator of cell lysis (Russell and 
Ley, 2002). For perforin induced lysis of target cells to occur, the T cell receptor of an au-
toreactive cell must ligand with the relevant antigenic peptide presented in conjunction 
with MHC on the target cell. Whether perforin mediated cell destruction occurs in AA is 
unknown, but the presence of highly activated CD8+ cells within dystrophic hair follicles 
and the high expression of MHC molecules on hair follicle keratinocytes circumstantially 
suggests MHC restricted, perforin mediated, tissue damage could occur. Granzymes, that 
may gain access to target cells via perforin or induce apoptosis independent of perforin 
through binding cell surface receptors (Motyka et al., 2000), have been identified as highly 
expressed in human AA (Bodemer et al., 2000; Carroll et al., 2002). Inducible nitric oxide 
synthase expression is apparent during mouse AA development which may suggest a role 
for nitric oxide in disease pathogenesis (McElwee, personal observations). 

Lymphocytes need not have close contact with hair follicle keratinocytes to exert an ef-
fect. Cytokines such as TNFα may have a negative impact on the survival of hair follicle ke-
ratinocytes in AA (Janssen et al., 2003). IFNγ may inhibit cell proliferation and promote 
keratinocyte expression of MHC molecules that will aid other inflammatory mechanisms 
(Schroder et al., 2004). Other cytokines may negatively regulate keratinocyte cell prolifer-
ation and encourage hair follicles to truncate their growth cycle and enter a telogen rest-
ing state (Randall, 2001). Overall, cytokines may be significant modulators of hair follicle 
disruption.

Disease modulating factors

While the fundamental mechanism of AA is essentially self contained it is likely there are 
exterior factors that influence the disease course. Thus far various, candidate genetic influ-
ences have been identified in human and rodent model AA (described elsewhere). In addi-
tion, environmental factors are also probably involved in determining an individual’s sus-
ceptibility to AA. Influencing factors may be both susceptibility and severity modifiers of 
AA and act in two ways: They may modify an individual’s general susceptibility to a disease 
activation event. Alternatively, they may be involved in determining the future prognoses 
for hair loss in terms of extent, hair loss pattern, duration or chronicity of disease, and / or 
resistance to treatment, once onset of overt hair loss has been initiated. 

Recently, using the C3H / HeJ mouse model, IFNγ has been identified as a key player 
in precipitating onset of hair loss (Freyschmidt-Paul et al., 2006). Injecting IFNγ into mice 
known to be genetically susceptible to AA brings forward the time at which AA onset de-
velops and increases the frequency of mice expressing the AA while transgenic knockout 
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mice genetically deficient in IFNγ are incapable of developing AA. In the real world, IFNγ 
expression is increased in response to a variety of insults, particularly infectious agents 
(Schroder et al., 2004). It is generally accepted that an infectious agent might promote au-
toimmune disease onset through mimicry of antigenic epitopes (Wucherpfennig, 2001). 
If an infectious agent expresses antigens that are similar to self antigens found naturally 
in hair follicles then exposure to the pathogen may elicit a cross reactivity to the hair fol-
licle located antigens. However, the knowledge that IFNγ is involved in disease develop-
ment suggests that there need not be a specific relationship between pathogen-expressed 
antigens and hair follicle antigens. Rather, responses to the general “viral load” might play 
a key role in AA for some (Stewart and Smoller, 1993; Kissler et al., 2001). It is conceivable 
then that an individual genetically susceptible to AA might experience onset of hair loss 
subsequent to infectious agent exposure or exposure to any other factor that promotes in 
an increase in IFNγ. Chronic exposure or cumulative exposure to multiple pathogens may 
increase the level of susceptibility to disease onset.

Increased levels of IFNγ alone are unlikely to induce AA onset in any one individual. If 
this were true, AA would be expressed with a much higher frequency within the popula-
tion than is the case. It is likely that multiple genetic and environmental factors must inter-
act correctly for actual disease onset to occur. Rodent model research has shown that hor-
mones can influence the degree of susceptibility to AA induction. Ovariectomized mice 
had a relatively reduced rate of AA development compared to estradiol supplemented 
mice. In contrast mice supplemented with testosterone were fully resistant to AA develop-
ment compared to gonadectomized mice (McElwee et al., 2001b). Hormonal influence in 
humans is suggested by old case reports asserting temporary hair growth in AA affected 
women during the late stages of pregnancy or improvement with onset of menopause (Sab-
ouraud, 1913; Lévy-Franckel, 1925; Walker, 1950). Model research has also shown that in-
creased dietary soy oil content can reduce AA susceptibility (McElwee et al., 2003a). While 
this is of little practical value in understanding human AA, it demonstrates the potential 
influence of environmental factors on AA susceptibility. 

To protect against inappropriate immune system activation and to calm down activated 
immune cells after a pathogenic challenge has been cleared, immune regulatory mech-
anisms are exploited. CD4+ / CD25+ cells have been identified as one of probably several 
lymphocyte regulatory cell subsets that can restrain pathogenic cell activity. CD4+ / CD25+ 
cells are essential for maintaining homeostasis, are able to suppress the induction of auto-
immune disease, suppress CD4+ / CD25- cells, and can inhibit the effector function of au-
toreactive CD8+ cells (Suri-Payer et al., 1998; Gao et al., 1999; Annacker et al., 2001). Lit-
tle is currently known about immune regulatory mechanisms in human AA. Studies in 
the skin graft induced AA mouse model have revealed that CD4+ / CD25+ cell levels drop 
significantly on activation of AA and prior to the onset of overt hair loss (Zöller et al., 
2002). In contrast, sham grafted mice are able to maintain CD4+ / CD25+ cell numbers and 
quickly recover normal inflammatory cell numbers after injury. This apparent active de-
pression of regulatory cells in AA challenged mice may be a key factor in AA susceptibility. 
CD4+ / CD25- cells or CD8+ cells from AA affected mice transferred to unaffected mice can 
induce some form of AA, but if CD4+ / CD25+ cells are added to the mixture the disease on-
set is partially inhibited (McElwee et al., 2005). This indicates the potential importance of 
regulatory cell failure in AA development. Why regulatory cells fail appropriately and re-
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strain onset of AA is not known but further examination of CD4+ / CD25+ cells and other 
regulatory cells may reveal significant insights into AA susceptibility and development. 

There are likely other factors that modulate AA. Stress has been suggested as a potential 
instigator of autoimmune diseases possibly through glucocorticoid modulation of inflam-
matory cytokine expression (Elenkov and Chrousos, 2002). Stress has also been postulated 
as a potential influence on AA development although the evidence is largely circumstantial 
(Mehlman and Griesemer, 1968; Colon et al., 1991; Liakopoulou et al., 1997; Kavak et al., 
2002). Recent studies with the AA mouse model suggest that AA onset is associated with 
significant changes in the hypothalamic-pituitary-adrenal (HPA) tone and activity cen-
trally and peripherally in the skin and lymph nodes. Exposing AA affected mice to stress 
further exacerbated changes in AA mouse HPA activity and the mice had a deficit in habit-
uation to repeated restraint stress (McElwee et al., 2009).

AA frequency and severity is apparently associated with a greater frequency of allergies 
as compared to the general population (Muller and Winkelmann, 1963; Ikeda, 1965; Pend-
ers, 1968; De Waard-van der Spek et al., 1989; Weise et al., 1996). Whether there is a di-
rect relationship whereby an allergic response is capable of increasing immune system sen-
sitivity and instability such that AA susceptibility increases, or whether the increased fre-
quency of allergies in AA patients is merely a reflection of genetically determined immune 
system sensitivity remains to be determined. Other promoters of the immune system in 
autoimmune diseases may include drugs and toxins (Bigazzi, 1994; Elkayam et al., 1999; 
Holsapple, 2002). In principle, one or more of these factors may modulate the immune sys-
tem in AA, but in practice little is known about the effects of environmental stimuli on AA 
in rodent models or humans. 

With time and changes in factors that may influence AA, so the degree of susceptibility 
to AA will fluctuate. While an individual may have a genetic susceptibility to AA that may 
be regarded as an unmovable baseline, additional factors may increase or depress overall 
AA susceptibility. Only if an individual receives multiple signals that cumulatively increase 
the susceptibility to disease above a threshold level for expression will an episode of AA ac-
tually develop. This may also help explain why the presentation of the AA phenotype is so 
varied. Individuals with chronic extensive AA, versus those with an isolated AA patch, may 
have a dominant genetic susceptibility to disease and relatively minor environmental mod-
ification of this genetic susceptibility. In others who whose AA waxes and wanes, or who 
present with multiple episodes of AA expression and remission may be more greatly im-
pacted by environmental factors and their changing influence with time.

Disease initiation

We still do not know the disease phenotype precipitating event, but one hypothesis is that 
AA develops in susceptible individuals due to a failure in hair follicle immunoprotection. 
Anagen stage hair follicles are regarded as immune privileged sites (Westgate et al., 1991; 
Paus et al., 1999), but follicle immunoprotection is likely only transient due to the nature 
of the hair follicle cycle. Research suggests the onset of catagen is associated with an infil-
tration of immune cells, candidate antigen presenting cells (Parakkal, 1969; Westgate et al., 
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1991; Paus, 1996; Eichmüller et al., 1998). Regression of the hair follicle in catagen involves 
high levels of apoptosis and significant remodeling of the lower transient portion of the 
hair follicle (Weedon and Strutton, 1981; Lindner et al., 1997). It is possible then that the 
immune system is constantly exposed to low levels of hair follicle derived antigens as hair 
follicles cycle through catagen and given the ability of dendritic cells to present apoptosis 
derived antigens. Autoimmune disease is not regarded as an all or nothing event. Rather, 
there are degrees of autoreactivity and a threshold level above which overt autoimmune 
disease is induced (McElwee et al., 2001b; Ludewig et al., 2001). A reflection of this may be 
the low level of hair follicle specific antibodies found in some humans and rodents in the 
absence of overt AA (Tobin et al., 1994a; Tobin et al., 1994b; Tobin et al., 1997). If however, 
catagen regression became disordered and the immune cell infiltrate associated with cata-
gen inappropriately presented antigenic peptides in association with expression of costim-
ulatory molecules, antigen presentation to the immune system might breach the thresh-
old for stimulation of autoreactive cells. In a genetically susceptible individual, resident in 
a permissible environment, AA might follow. 

Summary

Overall, we still cannot claim AA is an autoimmune disease with complete confidence, but 
all the evidence produced so far points in that direction and provides compelling support-
ing evidence. Circumstantial evidence from observing the state of humans with AA has 
been supplemented with indirect, functional evidence from a variety of animal models. In 
the near future, animal model and human genome screening will likely define loci involved 
in AA susceptibility and resistance. With further research, the contribution of specific 
genes to the disease onset may provide much information on the disease pathogenesis. 

Therapy

Various methods to treat AA have been described, but for many of them only anecdotal 
reports exist and the alleged treatment success might be attributed to spontaneous remis-
sion. Because of the high rate of spontaneous hair regrowth in AA, the only treatments that 
can be regarded as evidence-based are those proven to be effective either after exclusion of 
spontaneous remission by treating every patient on one half of the scalp only or in a dou-
ble-blind, placebo controlled study including a very large number of patients. Further-
more, studies evaluating a treatment for AA should preferably include patients with AA to-
talis, AA universalis and extensive patchy AA (> 25% scalp hair loss) persisting longer than 
3 months, because these patients have a worse prognosis than patients with limited patchy 
AA. These patients are also the ones who are most in need of an effective treatment. Any 
treatment has to be suitable for long-term therapy, because AA is a disease that can persist 
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for many years or even life. Hence, all therapeutic approaches showing severe side-effects 
are inappropriate for AA in the long run. 

Immunosuppressive Treatment

Corticosteroids

Topical, intralesional, and systemic corticosteroids have been used for the treatment of AA 
with different rates of success and side effects.

Topical corticosteroids 

Corticosteroid creams, ointments or lotions are frequently used for the treatment of AA. 
However, only two placebo-controlled studies fulfilling the criteria of evidence-based med-
icine reported a treatment response, both using clobetasol propionate 0.05% (Tosti et al., 
2003; Tosti et al., 2006). In 9% of patients with patchy AA treated with a clobetasol propi-
onate 0.05% foam hair regrowth > 75% was observed, 20% of patients experienced hair re-
growth > 50% (Tosti et al., 2006). However, patients with AA totalis or AA universalis did 
not respond to treatment with the clobetasol foam. A more effective treatment for patients 
with AA totalis or AA universalis is the application of clobetasol propionate 0.05% oint-
ment under occlusion. Tosti reported a treatment success of 17.8% in patients with AA to-
talis and AA universalis when clobetasol propionate 0.05% ointment was applied under 
occlusion 6 nights a week for 6 months (Tosti et al., 2006). Therefore, topical corticoster-
oids can only be recommended when clobetasol propionate 0.05% is used and even then it 
will only be effective in a subgroup of patients with severe AA when occlusive application 
is used or exclusively in patients with patchy AA, when clobetasol-foam is applied. 

Intralesional corticosteroids

Intralesional injections of corticosteroid crystal suspensions, primarily triamcinolone ac-
etonide, have been used for the treatment of AA for more than 40 years (Kalkoff and Ma-
cher, 1958). Several studies reported hair regrowth at the site of injection in the majority 
of cases (Kalkoff and Macher, 1958; Orentreich et al., 1960; Porter and Burton, 1971; Fülöp 
and Vajda, 1971; Abell and Munro, 1973; Frentz, 1977). Most of these studies tried to ex-
clude spontaneous hair regrowth by comparing the injected sites of the scalp with unin-
jected areas, especially in alopecia totalis. However, in practice it is impossible to treat the 
whole scalp by intralesional injections of corticosteroids and so this treatment is only indi-
cated in patchy AA with longstanding bald areas. Apart from the sometimes painful proce-
dure of injection, permanent skin atrophy can occur after injection. Taken together, intral-
esional injection of corticosteroids is a reasonable treatment in selected cases of longstand-
ing small patches of AA, but has potentially significant side effects. 
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Systemic corticosteroids

Since 1975 several authors have performed pulsed administration of corticosteroids in sin-
gle doses, given once monthly in order to reduce the side effects of corticosteroids to an ac-
ceptable level. Major side effects have not been observed in pulsed administration of cor-
ticosteroids to AA patients, side effects that occurred were striae, nausea, flushing, head-
ache, polymenorrhea, fatigue, palpitations, dyspnea, and giddiness. The way pulse therapy 
was performed varied between the studies; some authors applied the corticosteroids intra-
venously, using either 500 mg methylprednisolone i.v. for 3 days or 8 mg methylpredniso-
lone / kg body weight on 3 consecutive days at 4-week intervals for at least 3 courses. Other 
groups applied the corticosteroids orally with a median dose of 5 mg prednisolone / kg 
body weight once monthly for 3–9 months or 80 mg predonine for 3 consecutive days 
once every 3 months (reviewed in Freyschmidt-Paul et al., 2001, 2003; Kurosawa et al., 
2006; Luggen and Hunziker, 2008; Seiter et al., 2001). Some authors observed cosmeti-
cally acceptable hair regrowth in patients treated by pulsed administration of corticoster-
oids, but their studies were not controlled and the majority of patients responding to treat-
ment had patchy AA, which usually shows a high rate of spontaneous remission. Hence, 
the observed hair regrowth after treatment may as well be due to spontaneous remission. 
Moreover, other studies reported a treatment failure after corticosteroid pulse therapy, es-
pecially in patients suffering from AA totalis and universalis (reviewed in Freyschmidt-
Paul et al., 2001, 2003; Kälin and Hunziker, 2008; Luggen and Hunziker, 2008; Seiter et al., 
2001). Therefore, controlled studies are urgently required to prove the efficacy and long-
term value of this treatment. In particular, the efficacy in interrupting acute phases of rapid 
hair loss by pulsed administration of oral corticosteroids should be investigated. 

Photochemotherapy (PUVA)

Several studies have been performed on the treatment of AA with PUVA using either oral 
application of 8-methoxypsoralen (8-MOP) with ultraviolet A radiation (UVA) of the scalp 
or the whole body, or topical application of 8-MOP and UVA radiation on the scalp, includ-
ing one study with topical application of psoralen via the PUVA-turban (Larkö and Swan-
beck, 1983; Claudy and Gagnaire, 1983; Lassus et al., 1984; Mitchell and Douglass, 1985; 
Healy and Rogers, 1993; Taylor and Hawk, 1995; Behrens-Williams et al., 2001). Some in-
vestigations seemed to show good results (Claudy and Gagnaire, 1983; Lassus et al., 1984; 
Healy and Rogers, 1993; Taylor and Hawk, 1995; Behrens-Williams et al., 2001, Whitmont 
and Cooper, 2003), but there were no controls in any of the studies. Moreover, there were 
a high number of AA recurrences in most of the studies (between 30% and 50% of suc-
cessfully treated patients) after initial hair regrowth that strongly decreases the efficacy of 
PUVA treatment for AA (Claudy and Gagnaire, 1983; Lassus et al., 1984; Healy and Rog-
ers, 1993; Taylor and Hawk, 1995). This high number of relapses is most likely due to the 
fact that regrown hair inhibits the UVA light from reaching the skin. Technical improve-
ments, such as a comb emitting UVA light, have been tried, but so far no results have been 
reported. Unfortunately, a continuous hair regrowth after the initial response has to be ac-

15 Alopecia Areata 481



15

tively maintained for several years in most cases of AA, bearing an increased risk of skin 
malignancies after long-term PUVA therapy.

308 nm-excimer laser 

Using the immunosuppressive properties of the 308 nm-excimer laser, four within-patient 
controlled studies have been performed recently, that demonstrated a successful treatment 
of patchy AA in children and adults. Treatment was performed for about 3 months in 24–
27 sessions using 0.2–7.6 J / cm2 resulting in a cumulative dose varying between 3.9 and 
52.6 J / cm2. However, the 308 nm-excimer laser was not able to treat AA totalis or AA uni-
versalis in these studies (Zakaria et al., 2004; Gundogan et al., 2004; Al-Mutiri, 2007, 2009). 
Within an observation period of 6 months after treatment about 50% of the successfully 
treated patients showed a recurrence of hair loss. Therefore, the 308 nm Excimer laser 
might be a therapeutic option for patchy AA, but further studies are needed to assess the 
safety and the long-term results of this treatment.

Immunomodulatory treatments

Diphenylcyclopropenone and squaric acid dibutylester

AA has been treated with contact sensitizers for more than 25 years. Dinitrochloroben-
zene (DNCB) was the first sensitizer that was used for the treatment of AA (Happle and 
Echternacht, 1977), but because it has been shown to be mutagenic in the Ames test, it can 
no longer be used (Happle, 1979, 1985). Today diphenylcyclopropenone (DCP) or squaric 
acid dibutylester (SADBE), that are not mutagenic in the Ames test, are widely used in Eu-
ropean states and in Canada.

Treatment protocol

Treatment with contact sensitizers is preceded by sensitization of the patient with 2% DCP 
solution on a small area of the scalp. Two weeks later, treatment is initiated by application 
of a 0.001% DCP solution, followed by weekly application of increasing concentrations 
of DCP until a mild eczematous reaction is obtained. In this way, an appropriate eliciting 
concentration of DCP for each patient is identified. This concentration has to be applied 
once a week to induce a mild eczematous reaction that is characterized by itching and ery-
thema, without blistering or oozing. SADBE is used in those patients who become tolerant 
to DCP. It is applied in the same way and shows a similar rate of response. 

Initial hair regrowth is usually visible after 8–12 weeks. Treatment has to be continued 
once weekly until complete hair regrowth is obtained. Treatment intervals are then de-
creased and eventually treatment may be discontinued. However, if a relapse occurs after 
discontinuation of therapy, treatment can be restarted immediately to stop further progres-
sion of AA and induce renewed hair growth. Treatment should initially always be applied 
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on one half of the scalp and the other side left untreated to exclude a spontaneous hair re-
growth coincidental to treatment initiation. Treatment is continued on both sides only af-
ter the treated side has shown a response in the form of better hair growth on the treated 
side (Fig. 6).

Side effects

A mild eczematous reaction and enlargement of retroauricular lymph nodes are desired 
reactions and inherent to treatment. They are usually well tolerated if the patients are in-
formed that these reactions are desirable for the therapeutic effect. Undesired side effects 
are noted in 2–5% of patients (Hoffmann and Happle, 1996). Vesicular or bullous reactions 
sometimes occur at the beginning of treatment before the individual appropriate concen-
tration has been determined. Dissemination of allergic contact dermatitis, urticarial or er-
ythema multiforme-like reactions may occur (Perret et al., 1990) but can be successfully 
treated with topical corticosteroids. Pigmentary disturbances such as postinflammatory 
hyperpigmentation with spotty hypopigmentation (“dyschromia in confetti”) have been 
observed, especially in patients with dark skin, but resolved within 1 year after discontin-
uation of treatment in most cases (Hoffmann and Happle, 1996; van der Steen and Hap-
ple, 1992). Apart from these acute and subacute side effects, no long-term side effects have 
been reported after 20 years of DCP (23 years of SADBE) treatment worldwide of about 
10,000 patients, including children. However, it should be borne in mind that DCP and 
SADBE are not approved therapeutic substances. 

Fig. 6. Treatment of alopecia areata with a contact sensitizer. Unilateral contact dermatitis 
after application of a contact sensitizer on the left side of the scalp (a); unilateral hair growth 
on the treated side (b); complete hair growth after treatment of boths sides (c).
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Clinical trials

More than 25 studies have been performed to test the efficacy of AA treatment with a con-
tact sensitizer. The most significant controlled studies are listed in Table 2. In contrast to 
corticosteroid and PUVA treatment studies, the majority of contact sensitizer treatment 
studies were controlled, most of them using the untreated side of the scalp as a control. 
When comparing the rates of response obtained in various therapeutic modalities, one 
should bear in mind that spontaneous regrowth is excluded in these controlled, within-
patient studies, but not in the uncontrolled ones. The response rate of treatment with a 
contact sensitizer varies between 29% and 78% (see Table 2). The differences may be ex-
plained in part by the different extent and duration of AA prior to treatment in the pa-
tients of each study, and in part by differences in the method of treatment. However, the 
median response rate of all studies is 49%, rendering contact sensitizers an effective thera-
peutic tool for AA.

Mode of action

The mode of action of the treatment with contact sensitizers is so far poorly understood. It 
has been shown that treatment with a contact sensitizer changes the composition and lo-
calization of the perifollicular infiltrate in humans and in the C3H / HeJ mouse-model for 
AA (Happle et al., 1986; Freyschmidt-Paul et al., 1999). In both, mice and men, the local-
ization of the inflammatory infiltrate shows a shift from peribulbar before treatment to the 
upper dermis after therapy. However, in human AA the CD4:CD8 ratio changes from 4:1 
before to 1:1 after therapy, while in mice successful treatment with a contact sensitizer is 
associated with an increase in the number of CD4+ cells and a decrease in the number of 
CD8+ cells. Hoffmann et al. demonstrated that after treatment with a contact sensitizer the 
mRNA-expression of IFN-γ is reduced while the expression of IL-10 is increased (Hoff-
mann et al., 1994). Whether this is due to a Th1-Th2 shift or whether it is caused by the in-
troduction of regulatory T-cells with a type 2 cytokine profile is the object of current in-
vestigations. Immunohistochemical studies furthermore have shown in humans and in the 
C3H / HeJ mouse-model of AA, that treatment with a contact sensitizer reduces the ab-
errant expression of MHC-I and MHC-II molecules on the lower hair follicle epithelium 
(Bröcker et al., 1987; Freyschmidt-Paul et al., 1999). From these data it can be concluded 
that treatment with a contact sensitizer restores the immune priviledge of the lower hair 
follicle epithelium.

Other treatments

Irritant contact dermatitis – anthralin

While treatment of AA with an allergic contact dermatitis has been proven to be effective, 
treatment of AA with an irritant contact dermatitis has never been shown to be success-
ful in a controlled study. In a half-side controlled study, using 0.1% anthralin that resulted 
in a mild irritant contact dermatitis, no difference between treated and untreated side was 
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Table 2. Treatment of alopecia areata with contact sensitizers, controlled studies including 
patients with severe, longstanding disease

Reference Contact 
Sensitizer

Clinical form of AA 
(number of patients)

Con-
trolled 
study

Num-
ber of  
patients

Cosmetical-
ly accept-
able hair 
regrowth

Patchy 
AA

AA 
totalis

AA uni-
versalis

Happle et al., 
1983 

DCP   5 22  0 Yes (ULT)  27 68%

Happle et al., 
1984 

DCP   8 37  0 Yes (ULT)  45 58%

Ochsendorf 
et al., 1988 

DCP  18  8  1 Yes (ULT)  27 37%

Macdonald Hull 
and Norris, 1988 

DCP   8 20  0 Yes (ULT)  28 29%

Monk, 1989 DCP   0 14 Yes (ULT)  14 43%

Steen van der 
et al., 1991 

DCP  78 32 29 Yes (ULT) 139 50.4%

Macdonald Hull 
et al., 1991 

DCP   4  8  0 Yes (ULT)  12 
children

33%

Macdonald Hull 
et al., 1991 

DCP  33 45  0 Yes (ULT)  78 55%

Hoting and 
Boehm, 1992 

DCP  11 20 14 Yes (ULT)  45 51%

Gordon et al., 
1996 

DCP  12 36  0 Yes (ULT)  48 38%

Schuttelaar et al., 
1996 

DCP  10 16  0 Yes (ULT)  26 
children

32%

Weise et al., 1996 DCP  43 22 40 Yes (ULT) 105 48%

Cotellessa et al., 
2001

DCP  14 42  0 Yes (ULT)  56 48%

Wiseman et al., 
2001

DCP 113 35  0 Yes (ULT) 148 77.9%

Avgerinou et al., 
2007

DCP  48  6 Yes (ULT)  54 39%

Happle et al., 
1980 

SADBE  26 27  0 Yes (ULT)  53 70%

Case et al., 1984 SADBE  11 10 Yes (ULT)  21 52%

Caserio 1987 SADBE   2  5  7 Yes (ULT)  14 29%

Micali et al., 
1996 

SADBE 129  8  0 Yes (ULT) 137 64%

ULT, unilateral treatment, untreated side serves as control
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observed (Nelson and Spielvogel, 1985). Therefore, anthralin cannot be recommended for 
the treatment of AA.

Minoxidil

Because the antihypertensive agent minoxidil causes hypertrichosis as a side-effect, Weiss 
et al. attempted to use it as a treatment for various forms of hair loss, including alopecia 
areata (Weiss et al., 1984). But all studies that claim successful treatment of AA with minox-
idil did not fulfill the criteria of evidence based treatment of AA (Weiss et al., 1984; Fiedler-
Weiss et al., 1986; Price, 1987a, b; Ranchoff et al., 1989). Six other placebo-controlled studies 
performed by various groups did not show a statistically significant difference between the 
hair growth of patients treated with the placebo or with minoxidil (Frentz, 1984; Maitland 
et al., 1984; Vanderveen et al., 1984; White and Friedmann, 1985; Vestey and Savin, 1986; 
Fransway and Muller, 1988). In three of these studies cosmetically acceptable hair regrowth 
was not even observed in any patient (Vanderveen et al., 1984; White and Friedmann, 1985; 
Fransway and Muller, 1988). In summary, minoxidil is not useful in the treatment of AA.

Biologics

Based on the knowledge that AA is a T-cell mediated autoimmune disease, various bio-
logicals which have been proven to be effective in psoriasis-therapy also have been tried to 
treat AA. However, neither TNF-α inhibitors like etanercept or infliximab nor the LFA-3 
inhibitor alefacept were shown to be effective in treating AA (Price et al., 2006; Strober 
et al., 2009). It seems that TNF-α inhibitors may actually worsen the course of the disease 
(Eggefagh et al., 2004; Hernandez et al., 2009).

Summary

Alopecia areata is regarded as a T-cell mediated autoimmune disease that is directed 
against a so far unknown autoantigen of the hair follicle. There is a genetic predisposition 
to develop AA, whereas environmental triggers have so far not been identified. The diag-
nosis can be established by characteristic clinical features of AA including its severe forms 
AA totalis and AA universalis. Nail changes may help confirm the diagnosis. In some cases 
a histopathological examination may be necessary, whereas other laboratory investigations 
are unnecessary. Because of the high rate of spontaneous remission, the efficacy of a ratio-
nal treatment for AA has to be proven in controlled studies. An ideal treatment should be 
highly effective but associated with only minor side effects. According to the rules of evi-
dence-based medicine, treatment with a contact sensitizer is at present the most effective 
treatment of AA showing only mild side effects. However, it is a time-consuming and in 
some cases ineffective therapeutic approach, which is why it is necessary to develop new, 
more specific forms of treatment.
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Introduction 

Atopic dermatitis (AD) is a chronic inflammatory skin disease, which is characterised by 
relapsing eczema and intense pruritus. It affects about 15–20% of children and 1–3% of 
adults in the industrialized countries.

The atopic career starts frequently after the 2nd month of life with AD. AD is often as-
sociated with food allergy in about 30% of children (Sampson, 2004). Most common are 
sensitizations against hen’s egg and cow’s milk. Additionally, allergic asthma may occur to-
gether with sensitizations against indoor allergens such as house dust mites. Later on, con-
comitant allergic rhinitis and sensitizations against pollen, mainly birch and grass-pollen, 
may appear in adolescence until adulthood (Spergel and Paller, 2003). About 70% of adult 
patients suffer from the extrinsic form of AD, which is defined by an elevated level of IgE 
and / or specific sensitizations against allergens.

AD patients may be sensitized against multiple allergens including microbial anti-
gens such as enterotoxins of Staphylococcus aureus (S. aureus), Malassezia sympodialis (M. 
sympodialis), Candida albicans or Aspergillus fumigatus (Novak et al., 2003; Reefer et al., 
2007). 

The clinical features of AD change during lifetime from typical involvement of the 
cheeks in infancy and flexural eczema in childhood to a variable clinical picture in adult-
hood, which includes minimal forms of AD such as hand- or lid eczema. Beyond, severe 
disseminated forms exist, which are very difficult to treat.

In some AD patients, especially in those suffering from severe adult forms, no clear 
connection between the symptoms and exposure to environmental allergens exists. Since 
scratching due to intense pruritus represents a characteristic feature of AD patients and 
human proteins might be released through scratching-related tissue damage, it was hy-
pothesized that reactivity to self proteins could represent a trigger factor, which contrib-
utes to the chronification of the disease (Valenta et al., 1996). 
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Definition

Autoreactivity is defined as antigen-antibody response to self-antigens (Zeller et al., 2008). 
In contrast to autoimmunity, which results from the production of autoantibodies against 
self-antigens, autoreactivity is caused by structural similarities between environmental an-
tigens and IgE-binding self antigens as kind of a molecular mimicry (Zeller et al., 2008). 

Sensitivity of human beings to human dander was first described a long time ago 
(Keller, 1924; Hampton and Crooke, 1941). After many years, methods were developed 
which made it possible to gain more detailed insights into the molecular background of 
this phenomenon, including isolation of cDNAs of IgE-binding proteins or the production 
of recombinant self antigens. Consequently, more than 50 years later, cross reactivity be-
tween birch profilin and human profilin as well as a plethora of other IgE reactive self anti-
gens were detected (Valenta et al., 1991). 

Molecular background of IgE autoreactivity

The analysis of the molecular structure of allergens revealed remarkable similarities be-
tween environmental allergens and human proteins (Valenta et al., 1991). For example, 
birch pollen allergen Bet v 2 was demonstrated to share significant sequence homology 
with human profilins (Valenta et al., 1991). The phenomenon of IgE autoreactivity has been 
partially identified with the help of a complementary DNA (cDNA) library which had been 
screened with serum IgE from a patient sensitized to birch pollen (Valenta et al., 1991). 

Since skin test challenges with human profilins performed in individuals sensitized to 
Bet v 2 did not induce any allergic reactions, it has been speculated that the affinity of cross 
reactive IgE against Bet v 2 to bind to IgE receptors on the surface of effector cells might 
not be high enough to provoke a type 1 reaction. 

Conversely, there are other self antigens such as Manganese Superoxide Dismutase 
(MnSOD) with striking structural similarities to exoallergens, which have been shown to 
induce positive reactions in skin test challenges (Zeller et al., 2008). This might mirror dis-
tinct affinity of IgE antibodies to autoallergens and environmental allergens. Recent data 
from research work revealing the crystal structure and the immunological functions of 
allergens and related self antigens show that the phenomenon of autoreactivity may be 
mainly caused by a molecular mimicry between shared B cell epitopes (Zeller et al., 2008 
88; Fluckiger et al., 2002; Glaser et al., 2006). This B cell cross reactivity depends on simi-
larities and characteristics of the conformation of B cell epitopes (Natter et al., 1998). The 
structure of B cell epitopes is extremely complex and can only be revealed by the use of an-
tigen-antibody complexes, followed by co-crystallisation of the complex and analysis of its 
x-ray structure (Limacher et al., 2007). To date, it is possible to reveal the 3-dimensonal 
structure of many allergens, which allows the comparison of the structural composition of 
allergens and related human proteins. Nevertheless, structural similarities between envi-
ronmental allergens and self antigens are far from being completely elucidated.
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Sensitization to self antigens in AD patients 
is already detectable in early infancy

Screening of sera from adult AD patients revealed that about 23% of patients with mod-
erate to severe forms of AD display IgE reactivity to human proteins. Conversely, healthy 
controls and patients with other inflammatory skin diseases such as psoriasis, did not show 
any autoreactivity to atopy related autoantigens (Mothes et al., 2005). 

The most intensive IgE reactivity to human proteins was observed in patients suffering 
from severe AD (Valenta et al., 1996). Beyond, an increased level of IgE autoantibodies was 
demonstrated during flare-ups or seasonal allergen exposure (Natter et al., 1998). Autore-
activitiy occurs mainly in patients with the extrinsic form of AD, which goes along with el-
evated serum IgE and / or high number of specific sensitizations to aeroallergens. However, 
autoreactivity has also been shown in some patients with the non-allergic (intrinsic) form 
of AD (Mothes et al., 2005).
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Fig. 1. Mechanisms which might lead to IgE-autoreactivity in AD: Deficient skin barrier as 
well as release of human proteins by scratching or other triggers and a molecular mimicry 
between exoallergens and human proteins leads to the development of IgE autreactivity. 
Later on, cross linking of FceRI on effector cells and antigen presenting cells might occur, 
leading to the release of mediators and chronification of skin inflammation. Abbreviations: 
LC=Langerhans cell; B=B cell; T=T cell.
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Very severe xerosis, ichthyosis and dishydrosis of the skin were other features of AD pa-
tients with IgE autoreactivity, furthermore, those patients suffered much more often from 
recurrent bacterial and viral infections and had an early onset of the disease (Mothes et al., 
2005). Systematic screening of sera from children with AD younger than 1 year for auto-
reactive IgE showed that already about 15% of the infants display autoreactivity. Most of 
those children had sensitizations against food allergens. Autoreactivity was furthermore 
detectable in 80% of children older than 2 years with total serum IgE levels > 1000 kU / l 
IgE. Thus, it has been supposed, that the mechanism of sensitization against self antigens 
may already start at very early time points of life together with the onset of first sensitiza-
tions to exogenous allergens (Mothes et al., 2005).

Self antigens in AD

Screening of sera from individuals with allergic diseases and healthy controls for IgE reac-
tivity to a human epithelial cell line (A431) derived from an epidermoid mammary carci-
noma by western blotting revealed IgE reactivity to several human proteins in AD patients 
(Valenta et al., 1996). 

Some antigens expressed in the skin (e. g. ara KER) might be released in response to in-
flammation and scratching of the skin lesions (Natter et al., 1998).

Conversely, other autoantigens expressed in various tissues (e. g. ara NAC) are supposed 
to be transported as antigen-antibody complexes to cells expressing the high affinity recep-
tor for IgE (FcεRI) (Natter et al., 1998). In this context, it has been assumed, that complexes 
of IgE antibodies and autoantigens, which bind to effector cells such as mast cells, baso-
phils and eosinophils, induce mediator release (Natter et al., 1998). Moreover, IgE autoan-
tibodies may also play a role during delayed type skin reactions which are characteristic for 
AD. IgE autoantibodies might be presented to T cells by antigen presenting cells such as 
dendritic cells (Natter et al., 1998).

Recently, it could be demonstrated that serum IgE autoantibodies target cells of the re-
spiratory epithelia and epidermal keratinocytes and might cause tissue damage by induc-
tion of interferon (IFN)-γ release of these cells (Mittermann et al., 2008) Figure 1.

About 140 IgE-binding self antigens have been identified so far, which seem to be asso-
ciated with AD (Zeller et al., 2009). Below, the most important self antigens and their po-
tential relevance in AD are described. 

Hom s 2

Hom s 2 is the α-chain of the nascent polypeptide-associated complex (α-NAC), an evolu-
tionary conserved protein, which has been attributed to play a role in the transport of poly-
peptides from the ribosome to appropriate cellular locations.
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Recent data show, that recombinant Hom s 2 was able to release IFN-γ from cultured 
blood mononuclear cells of atopic and non-atopic individuals (Mittermann et al., 2008). 
This might be of particular immunologic importance in view of the capability of IFN-γ to 
promote tissue damage and keratinocyte apoptosis, which might influence the course and 
severity of AD.

Hom s 4

Hom s 4 is an IgE-reactive autoantigen belonging to a subfamily of calcium binding pro-
teins. It is cross reactive to calcium binding allergens from plants and fish such as Phl p 7 
and Cryp c 1. Whereas Hom s 4 could induce only a weak histamine release from the pa-
tients’ basophils, it is capable of inducing Th1-autoreactivity by the release of IFN-γ, which 
may contribute to the chronification of skin inflammation in AD patients.

Human Acid Ribosomal P2 Protein (P2-protein)

Aspergillus fumigatus (A. fumigatus) is an ubiquitous mould which acts as an agent for a 
broad spectrum of bronchopulmonary diseases. Its major allergen Asp f 1 is a ribotoxin.

IgE-cross reactivity between P2 protein from A. fumigatus and human and aspergillus 
MnSOD could be shown in vitro by ELISA and Western blot experiments. Moreover, it was 
demonstrated in vivo, that the protein is able to provoke positive skin test reactions (Cra-
meri et al., 1996; Mayer et al., 1999).

Malassezia sympodialis and “Head and Neck Dermatitis”

The lipophilic yeast Malassezia sympodialis (M. sympodialis) colonizes the seborrhoic ar-
eas of the head, breast and shoulders after puberty. Sensitizations against M. sympodialis 
are frequent in AD patients, especially in those showing an accentuation of eczema in the 
head and neck area, the so called “head and neck dermatitis”.

Several allergens of M. sympodialis have been identified to contribute to cross reactiv-
ity between human M. sympodialis and human proteins. Genes coding for M. sympodia-
lis allergens (Mala s 1 and Mala s 5–13) have been cloned and sequenced (Schmid-Gren-
delmeier et al., 2006).

Interestingly, cross reactivity between human MnSOD and MnSOD from M. sympodi-
alis are caused most likely by sequence similarities between the enzyme form M. sympodi-
alis (Mala s 11) (Schmid-Grendelmeier et al., 2006) and human MnSOD.
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MnSOD is an essential enzyme which is inducible by UV-radiation, mechanical trauma, 
and chronic inflammation (Hirose et al., 1993). It has been shown to be upregulated in ec-
zematous areas (Schmid-Grendelmeier et al., 2006) and a high rate of specific sensitiza-
tions against human MnSOD could be demonstrated in AD patients. Consequently, pa-
tients sensitized to M. sympodialis show frequently positive atopy-patch-test reactions to 
M. sympodialis. Furthermore, human MnSOD expression is frequently upregulated in ec-
zematous skin lesions of AD patients, which underlines the clinical relevance of this self 
antigen to aggravate eczema (Schmid-Grendelmeier et al., 2006). Moreover, other allergens 
of M. sympodialis have been shown to crossreact with human proteins:

Mala s 6 belongs to the cyclophilin pan-allergen family (Glaser et al., 2006). Cyclophi-
lins are cytosolic proteins important for protein folding through enzymatic catalysis. Af-
ter revealing the 3D structure of Mala s 6 and comparing it to the structure of human cy-
clophilin, a high grade of similarity between the two structures was discovered, which may 
explain their cross reactivity detected by Western blot analysis and inhibition ELISAs (Gla-
ser et al., 2006).

Thioredoxins (Trx) from M. sympodialis (Mala s 13) and Aspergillus fumigatus are 
small redox proteins which are located in all living cells. They have been revealed to be 
cross reactive structures to human thioredoxins and have been shown to be able to provoke 
type I-reactions (Limacher et al., 2007).

As a clinical consequence of these findings, a reduction of the colonization with M. 
sympodialis by topical or systemic antifungal treatment can lead to an improvement of 
eczema in patients with “Head an Neck Dermatitis” and sensitizations to M. sympodialis 
(Darabi et al., 2009).

Summary

A subgroup of AD patients characterized by a severe form of the disease, high serum IgE 
levels and an early age of onset, displays IgE reactivity to self antigens, which share struc-
tural similarities with environmental allergens. This process of autosensitization appears to 
start in early infancy together with the development of first skin lesions and first allergic re-
actions of the children. Sensitization to self antigens is supposed to be facilitated by chronic 
tissue damage caused by permanent scratching and skin inflammation, although the exact 
pathophysiologic mechanisms are largely unclear.

Autoreactivity might explain the severe courses in some of the patients suffering from 
nearly constant flares of the disease independently of exposition to environmental trig-
ger factors. However, autoreactivity is still a controversial issue because cross reactivity be-
tween environmental allergens and self antigens is never complete and ELISA and west-
ern blot analysis are not sensitive enough to show the grade of the antigen-anibody bind-
ing affinity.

Taken together, autoreactivity in AD patients remains a field, in which much more re-
search work is required to characterize more potential self antigens in AD and prove their 
assumed function in the pathogenesis of AD.
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Eosinophils under physiologic conditions

Under physiologic conditions, the distribution of eosinophils is restricted to few organs: 
the hematopoietic and lymphatic organs such as the bone marrow, spleen, lymph nodes 
and thymus (Rothenberg, Hogan, 2006) and in the gastrointestinal tract with the exception 
of the esophagus (Straumann, Simon, 2004). Recent studies reported the essential role of 
eosinophils in mammary gland branch formation (Guon-Evans et al., 2000) and matura-
tion of the pubertal uterus in mice (Guon-Evans et al., 2001). The baseline tissue levels of 
eosinophils are controlled by eotaxin-1 (Matthews et al., 1998). 

Eosinophils are generated and differentiate in the bone marrow, from where they are 
released into the circulation. In the peripheral blood, they represent 1% to 5% of the leu-
kocytes (Osgood et al., 1939). Eosinophil numbers and activation are under control of eo-
sinophil hematopoietins, such as interleukin (IL)-3, IL-5, and GM-CSF. For eosinophilia, 
IL-5 particularly plays a critical role by regulating the production, differentiation, activa-
tion, trafficking, and survival of eosinophils (Sanderson, 1992).

Eosinophil infiltration in autoimmune bullous diseases

Eosinophil infiltration is found in a broad spectrum of skin disorders. It is a characteris-
tic feature of allergic diseases and parasitic infestations, but it is also observed in auto-im-
mune diseases, hematologic diseases, as well as in association with tumors, and bacterial or 
viral infections (Simon, Simon, 2007). The presence or absence of eosinophils in skin spec-
imens is often taken as a criterion for differential diagnoses by dermatopathologists. For 
instance, for the diagnosis of early lesions of bullous pemphigoid (BP), the presence of eo-
sinophils in the upper dermis might be a hint even in the absence of blisters. In addition to 
BP, eosinophils have also been observed in other autoimmune bullous diseases including 
cicatricial pemphigoid (Heiligenhaus et al., 1998), pemphigoid gestationis (Borrego et al., 
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1999), pemphigus vulgaris (Emmerson, Wilson-Jones, 1968), pemphigus foliaceus (Osteen 
et al., 1976), pemphigus vegetans (Pearson et al., 1980), dermatitis herpetiformis (Blen-
kinsopp et al., 1983), linear IgA disease (Caproni et al., 1999), and epidermolysis bullosa 
aquisita (Ward et al., 1992) (Fig. 1). With regard to the spectrum of autoimmune diseases, 
eosinophilia is a striking feature in eosinophilic fasciitis, but has also been reported in 
systemic sclerosis and localized scleroderma (Falanga et al., 1987). Furthermore, in mor-
phea profunda and lupus panniculitis, eosinophils may be present in the tissue (Peters, Su, 
1991). Graft versus host reactions containing eosinophils may histologically mimic drug 
hypersensitivity (Marra et al., 2004). In chronic urticaria, including autoimmune variants, 
the inflammatory infiltrates of the wheals contain eosinophils (Sabroe et al., 1999).

In hematoxylin & eosin (H&E) stained skin specimens, eosinophils are remarkable as 
round shaped cells stuffed with coarse eosinophil granules. Disrupted oval shaped eosino-
phils may also be found, and have been reported in subacute and chronic eczematous le-
sions. Extracellular granular proteins can be detected in varying amounts either as separate 
deposits or as a thin coating on collagen bundles. The latter are called flame figures. Both 
phenomena have been observed in BP (Borrego et al., 1996, Beer et al., 1994, Watanabe 
et al., 1998). Immunofluorescence staining using antibodies directed against eosinophilic 
cationic protein (ECP) or major basic protein (MBP) allows a more sensitive detection of 
eosinophils and extracellular granular protein depositions than H&E staining. 

Eosinophil activation and mediator release

Eosinophils that are primed by IL-5 or IFN-γ and activated by lipopolysaccharide from 
gram-negative bacteria were reported to release mitochondrial DNA in a catapult-like 
manner (Yousefi et al., 2008). Granule proteins, such as ECP and MBP, were shown to co-
localize with the extracellular DNA structures, indicating that eosinophils are involved in 
acute defence mechanisms against pathogens. In contrast to DNA, the release of granule 
proteins occurs through exocytosis or piecemeal degranulation (Logan et al., 2003, Sce-
pek et al., 1994). In classical exocytosis, single secretory granules are extruded to the cell 

Fig. 1. Eosinophis in autoimmune bullous diseases. (A) Eosinophils in the dermis and blister 
of bullous pemphigois. (B) Eosinophil spongiosis in pemphigus foliaceus. (C) Eosinophils 
and Neutrophils in the papillary dermis of dermatitis herpetiformis.
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exterior, whereas in compound exocytosis the fusion of intracellular granules precedes 
their release through a single fusion pore (Logan et al., 2003). Piecemeal degranulation 
has been identified as mechanism by which cytoplasmic secretory vesicles containing cyto-
plasmic crystalloid granules with core components are released from eosinophils (Scepek 
et al., 2004). In addition to the classical eosinophil hematopoietins IL-3, IL-5 and GM-CSF, 
eosinophils can be activated by complement, eotaxin, IL-13, pro-inflammatory cytokines, 
such as TNF-α and IFN-γ, immunoglobulines (Schmid-Grendelmeier et al., 2001; Hogan 
et al., 2008, Yousefi et al., 2008), as well as bacteria or viruses via Toll-like receptors (TLR) 
(Plötz et al., 2001; Mansson, Cardell, 2009). 

The distinct functions of eosinophils 

The primary function of eosinophils has been related to the protection against helminth 
parasites (Klion, Nutman, 2004). Recently, a novel mechanism of eosinophil function in 
innate immunity has been reported. By releasing mitochondrial DNA and granule pro-
teins, eosinophils form extracellular structures, which are able to bind and kill bacteria in-
vading the gastrointestinal tract (Yousefi et al., 2008). Furthermore, eosinophils are ac-
cused to cause tissue damage (Frigas et al., 1991; Klion, Nutman, 2004). In addition, eo-
sinophils play an important role in repair and remodelling processes as well as in immuno-
modulation (Jacobsson et al., 2007; Straumann et al., 2010). The role of eosinophils under 
pathological conditions has mostly been studied in parasitic infections and in bronchial 
asthma. However, in skin diseases, eosinophils are much less investigated. 

The cytoplasmic granules, which are belived to be important for tissue damage, are com-
posed of four distinct populations that can be identified under electron microscopy: pri-
mary and secondary granules, small granules and lipid bodies (Kariyawasam, Robinson, 
2006). The cytotoxic cationic proteins are stored in the secondary granules that are formed 
by a core containing major basic protein (MBP) and a matrix composed of eosinophil 
cationic protein (ECP), eosinophil peroxidase (EPO) and eosinophil derived neurotoxin 
(EDN) (Peters et al., 1986). MBP is highly cytotoxic (Gleich et al., 1979). Because of its cat-
ionic nature, it affects the charge of surface membranes resulting in disturbed permeabil-
ity, disruption and injuring of cell membranes (Kroegel et al., 1987). ECP damages target 
cell membranes through the formation of pores or transmembrane channels (Young et al., 
1986). ECP and EDN have been identified as ribonucleases (Gleich et al., 1986) and possess 
antiviral activity (Rosenberg, Domachowske, 2001). Eosinophils store abundant amounts 
of ECP and may release it upon repetitive stimulation with the same agonist, implying that 
mature eosinophils do not require a significant ECP resynthesis (Simon et al., 2000). 

Eosinophils exhibit immunoregulatory functions by producing a large number of cytok-
ines that modulate the activation and function of leukocytes, such as dendritic cells, mac-
rophages, lymphocytes, mast cells and neutrophils, and of resident tissue cells, including 
epithelial cells, endothelial cells and fibroblasts (Jacobson et al., 2007). Depending on the 
tissue and inflammatory response, eosinophils modulate and / or sustain either T helper 1 
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(by releasing e. g. IL-2, IL-12, IL-18, IFN-γ) or T helper 2 (by production of IL-4, IL-5, IL-
13, IL-25) immune responses (Lamkhioued et al., 1996; Ohno et al., 1996; Schmid-Gren-
delmeier et al., 2002; Lampinen et al., 2004; Jacobson et al., 2007; Wang et al., 2009). On 
the other hand, eosinophils may promote acute inflammation (TNF-α) or might also be 
involved in the regulation of T regulatory cells (Casale et al., 1996; Spencer et al., 2009). 
Moreover, eosinophils produce tumor growth factor (TGF)-β, which is involved in Th17 
cell differentiation, a newly identified T helper subtype producing IL-17 and IL-22 (Dee-
nik, Tangye, 2007). 

Eosinophils express a number mediators that are implicated in remodelling including fi-
broblast growth factor (FGF)-2, IL-4, IL-6, IL-11, IL-13, IL-17, IL-25, TGF-β, nerve growth 
factor (NGF), matrix metalloproteinase (MMP)-9 and vascular endothelial growth factor 
(VEGF) (Kay et al., 2004; Foley et al., 2007). TGF-β by autocrine-paracrine actions may 
stimulate eosinophils to generate IL-11, another cytokine with fibrogenic potential (Foley 
et al., 2007). Furthermore, eotaxin (CCL11) was shown to exhibit a direct profibrogenic ef-
fect on fibroblasts (Puxeddu et al., 2006). Eotaxin is secreted by a various resident and in-
flammatory cells, e. g. epithelial cells, to recruit eosinophils into the tissues, but it is also re-
leased by eosinophils (Rothenberg, 1999). Moreover, MBP interacts with IL-1 and TGF-β 
and thus stimulates lung fibroblasts (Rochester et al., 1996). EPO products that are gener-
ated by infiltrating eosinophils may affect endothelial cells and thus promote the throm-
botic diathesis characteristic of the hypereosinophilic syndrome (Wang et al., 2006). By se-
creting metalloproteinases, especially MMP-9, eosinophils may also directly affect remod-
elling (Wiehler et al., 2004).

Fig. 2. Potential roles of eosinophils in autoimmune bullous diseases
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Eosinophils in bullous pemphigoid

The histopathology of BP reveals eosinophil infiltration in and below blisters and along the 
basement membrane (Blenkinsopp et al., 1983). Moreover, eosinophils are found in non-
blistering, urticarial or eczematous lesions of BP (Strohal et al., 1993). Eosinophils migrate 
through the basement membrane and can be detected in newly formed blisters after 12 to 
24 hour (Iryo et al., 1992). Peripheral blood eosinophilia has been observed in 50% of BP 
patients ranging between 5% and 43% (Bushkell et al., 1983). 

BP is associated with T cell activation reflected by the production of both Th1 (IFN-γ) 
and Th2 cytokines (IL-4, IL-5 and IL-13) (Ameglio et al., 1998; Rico et al., 1999). Patients 
with active BP exhibit increased IL-5 levels and eosinophil numbers in the blood com-
pared with patients in clinical remission and healthy controls (Engineer et al., 2001). Fur-
thermore, serum eotaxin levels are increased in BP patients correlating with disease ac-
tivity (Frezzolini et al., 2002; Nakashima et al., 2007). IL-5 as well as eotaxin are abun-
dantly found in blister fluids. The production of IL-5 is associated with blood eosinophilia 
and significant eosinophil infiltration in the skin of BP patients as well as disease intensity 
(Ameglio et al., 1998; Wakugawa et al., 2000). Upon exposure of eosinophils to blister flu-
ids from BP lesions an increased survival has been observed that was inhibited by blocking 
IL-5 and IL-3 (Borrego et al., 1996). IL-5, eotaxin and eotaxin receptor CCR3 are expressed 
by skin infiltrating cells (Frezzoloini et al., 2002). Eosinophil priming with IL-5 and subse-
quent stimulation with immunue complexes of the IgG, IgA or IgE types resulted in an in-
creased production of the Th2 chemokines eotaxin and MCP-4 (Abdelilah et al., 2006). 

In addition to IL-5 and eotaxin, which are essential for the recruitment, activation and 
survival of eosinophils at the inflammatory tissue, immunoglobulins as well as complement 
are able to activate eosinophils. Whether BP180 and / or BP230 autoantibodies of the IgG 
or IgE types are able to directly activate eosinophil has not been investigated so far. Eosino-
phils exhibit CD16, the Fc gamma receptor, and degranulate upon stimulation with IgG im-
mune complexes (Davoine et al., 2004). The presence of Fc epsilon RI-positive eosinophils 
has also been suggested (Kasahara et al., 2001). Furthermore, IL-5 primed eosinophils re-
lease granule proteins upon stimulation with complement C5a (Simon et al., 2000). 

Already in the 1980ies, it has been hypothesized that in the presence of complement, 
eosinophils release enzymes and reactive oxygen onto the basement membrane causing 
tissue destruction and blister formation in BP (Sams, Gammon, 1982). Eosinophil gran-
ule protein depositions have been observed in both blistering and evolving lesions (Bor-
rego et al., 1996). Analogous to BP, eosinophils and extracellular MBP deposition have 
been found in pemphigoid gestationis (Scheman et al., 1989). ECP can be detected in blis-
ter fluid (Czech et al., 1993). Serum ECP levels are elevated in BP patients compared with 
controls (Caproni et al., 1995). MMP-9 has been reported to be expressed by eosinophils 
in lesional skin as well as in the blister fluids of BP (Stahle-Bäckdahl et al., 1994). More-
over, MMP-9 cleaves the extracellular, collagenous domain of BP180 autoantigen in vitro 
(Stahle-Bäckdahl et al., 1994). Taken together, eosinophils are thought to be critically im-
plicated in blister formation by releasing toxic granule proteins (ECP, MBP) and prote-
olytic enzymes (Stahle-Bäckdahl et al., 1994; Caproni et al., 1995; Wakugawa et al., 2000).
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It should be noted, that, although there is strong evidence that eosinophils are impor-
tant players in the pathogenesis of BP, their direct contribution and the molecular mecha-
nisms are not fully understood (Fig. 2). Recently, it has been demonstrated in SCID mice 
that IgE basement membrane zone antibodies induce BP like lesions with eosinophil infil-
tration and blister formation (Zone et al., 2007). However, other established mouse models 
were not suitable for studying the role of eosinophils in BP (Leighty et al., 2007).

Eosinophils in other autoimmune bullous diseases

Compared to BP, in other autoimmune bullous diseases, eosinophils have less been stud-
ied. Eosinophilic spongiosis can be observed in early pemphigus including pemphigus fo-
liaceus (Brodersen et al., 1978). Although eosinophils are a common feature in cutaneous 
drug reactions, the presence of eosinophil spongiosis may not discriminate drug-induced 
pemphigus from pemphigus vulgaris (Landau, Brenner, 1997). The presence of eosinophils 
may be due to IL-5 as part of the mixed Th1 / Th2 cytokine profile that has been found in 
pemphigus vulgaris (Rico et al., 1999). Complement fixing antibodies were shown to in-
duce eosinophil infiltration in pemphigus (Iwatsuki et al., 1983). Charcot-Leyden crystals 
that are derived from eosinophil granule proteins have been observed in pemphigus vege-
tans (Kanitakis, 1987). 

Although neutrophils and leukocytoklasis are typical for dermatitis herpetiformis, oc-
casionally undermingled eosinophils can be seen in the papillary dermis (Blenkinsopp 
et al., 1983). Furthermore, both neutrophils and eosinophils are the predominant infil-
trating cells in linear IgA bullous dermatosis (Caproni et al., 1999). Epidermolysis bullosa 
aquisita following GM-CSF therapy has been related to eosinophil infiltration and deposi-
tion of EPO and MBP at the dermal-epidermal junction (Ward et al., 1992).

Eosinophils as therapeutic targets

Corticosteroids that are widely used for the treatment of autoimmune bullous diseases af-
fect most cells that contribute to inflammation and blister formation. They inhibit cytokine 
and chemokine release of infiltrating immune cells, in particular T cells, as well as resident 
cells and thus decrease the production, activation and survival of eosinophils. Moreover, 
corticosteroids exhibit direct effects on eosinophils, i. e. by causing apoptosis (Meagher 
et al., 1996). However, long-term corticosteroid therapy is accompanied by a number of 
side effects, which might be relevant in particular in elderly patients. Therefore, specific 
targeting of cells and / or cytokines relevant in the pathogenesis of autoimmune bullous 
diseases is a promising approach. 

Since the eosinophilopoietin IL-5 critically regulates eosinophil numbers and activa-
tion, antagonizing IL-5 or its receptor by specific antibodies is thought to be useful in treat-

Dagmar Simon and Hans-Uwe Simon510



ing eosinophilic diseases. Anti-IL-5 antibody therapy has been shown to be effective in 
eosinophilic diseases such as hypereosinophilic syndrome, eosinophilic esophagitis, and 
bronchial asthma (Plötz et al., 2003; Rothenberg et al., 2008; Stein et al., 2006; Haldar et al., 
2009; Nair et al., 2009). It drastically decreases eosinophil numbers in the peripheral blood 
and to some extent in the tissues (Plötz et al., 2003, Straumann et al., 2010). In HES and in 
bronchial asthma, anti-IL-5 therapy had a significant steroid-sparing effect (Rothenberg 
et al., 2008, Nair et al., 2009). Moreover, it was shown to reduce remodelling in bronchial 
asthma (Phipps et al., 2004) and eosinophilic esophagitis (Straumann et al., 2010). Clinical 
trials investigating an anti-IL-5 receptor antibody in asthma have just started. So far, stud-
ies evaluating anti-IL-5 therapy in autoimmune bullous diseases such as BP have not been 
performed yet. 

Blocking chemokines and its receptors represents another approach to downregulate 
eosinophil inflammatory responses. Eotaxins are chemokines that are involved in eosino-
phil recruitment into the tissue and remodeling. Blocking eotaxins by a monoclonal anti-
body and inhibiting the receptor for eotaxins, CCR3, are current strategies to treat eosino-
philic diseases. 

Summary

Eosinophils may be present in most of the autoimmune bullous diseases, in particular in 
BP. In BP, the number of eosinophils as well the levels of eosinophil derived products in 
the peripheral blood correlate with disease severity. However, the exact mechanisms how 
eosinophils are recruited and activated as well as their pathogenic role is not fully under-
stood. The detectable eosinophil granule proteins and cytokines point to the possibility 
that eosinophils play a role in tissue damage, immunomodulation and / or remodeling. It 
should be noted, however, that the pathogenic role of eosinophils in autoimmune bullous 
diseases remains unclear. Clinical trials with novel drugs that specifically target eosino-
phils, cytokines or their receptors may provide new insights into the pathogenesis of these 
diseases, besides the analysis of clinical efficacy. 
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What are paraneoplasias?

Paraneoplasias (paraneoplastic signs, syndromes or diseases) are accessory expressions of 
malignancies which are neither caused directly by the primary tumor itself nor by metas-
tases, but represent distant effects of the neoplastic process. They are thought to be caused 
by the production of biologically active mediators (hormones, peptides, cytokines), tumor-
related immune reactions or metabolic disturbances, or other as yet unidentified mecha-
nisms. Paraneoplasias are a time-honored concept which were first put forward by the neu-
rologist Denny-Brown (Denny-Brown, 1948) and readily accepted by dermatology. Para-
neoplasias attracted attention not only because of their potential to provide insight into 
tumor biology but also because they might make possible the earlier detection of malig-
nant tumors. Paraneoplastic syndromes have been recognized in many fields of medicine, 
prominently in neurology, hematology, nephrology and endocrinology; in dermatology 
alone, more than 50 skin signs / diseases have been labeled as paraneoplasias (Callen, 2008; 
DeWitt et al., 2008; Nguyen et al., 2008). 

Fuzziness of the term “paraneoplasia”. In the past decades, we have witnessed an enthusi-
asm in dermatology to unveil new paraneoplasias which led to an undue expansion of this 
disease group and to a blurring of the concept. Several developments have contributed to 
confusion: 
1. Cause and effects are not always held apart. By definition, the malignancy is the cause 

of paraneoplasias, and it is not reasonable to use this term for diseases in which malig-
nant tumors may arise due to the disease proper or to common underlying pathomech-
nisms. So, dermatitis herpetiformis is not a paraneoplasia even if lymphomas of the 
bowels may arise in the setting of gluten sensitivity. Similarly, systemic scleroderma is 
not, even if lung cancer may rarely arise in fibrotic lungs, and erythropoietic protopor-
phyria is not, although hepatic carcinoma may develop. 

2. Skin neoplasias should not be called themselves paraneoplasias. So, Bowen´s disease 
is not, although it may be accompanied by internal malignancies – it is not caused by 
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these. Paget´s disease of the nipple is not, because it represents the cutaneous extension 
of an underlying mammary duct carcinoma. 

3. Simple signs, particularly if nonspecific, are not good candidates for the paraneoplasias, 
though they are clearly a valuable help for being aware of internal cancer in the manage-
ment of skin patients. So, pseudoichthyosis is associated with many diseases leading to 
malnutrition, including some neoplasms. In others, skin signs may be a direct and ex-
pectable effect of the tumor’s hormonal activity, such as the flush symptom in carcinoid 
syndrome, and diffuse hyperpigmentation associated with ACTH-secreting neoplasms 
(e. g. small cell carcinoma of the lung). Interestingly, hirsutism accompanying ovarian 
carcinoma has never been included in the paraneoplasia group. 

4. Associations which lack a certain degree of statistical likelihood should not be called 
paraneoplasias. Bullous pemphigoid and herpes zoster are examples in kind, and so 
is the paraneoplastic subacute cutaneous lupus erythematosus which has been de-
scribed in very few instances as compared to the general incidence of SCLE.

5. Skin signs which per se may be found both in malignant and non-malignant dis-
ease pose the problem of specificity. So, it is often stated in reviews that hypertricho-
sis lanuginosa acquisita is a paraneoplasia in close to 100% although up to 10 non-
malignant conditions are often listed in which excessive hair growth may occur as 
well. 

Criteria for the classification of skin signs as “paraneoplastic”. For paraneoplasias, it is 
obviously the core problem to distinguish between causal relationship vs. by chance coin-
cidence of (internal) neoplasms and skin signs. Helen O. Curth (Curth, 1971) was hith-
erto the only author to suggest criteria for this distinction: concurrent onset (the neoplasm 
is detected at the same time as the skin sign or shortly thereafter), parallel course (remis-
sions and recurrences of neoplasm and skin sign occur at approximately the same time), 
uniform type or site of the causative neoplasm, statistical association and genetic linkage. 
Curth’s criteria are still cited in most reviews; however, only the statistical association and 
the temporal linkage of paraneoplasias and neoplasms have remained as meaningful and 
useful parameters. These purely clinical parameters are, of course, flexible and provided for 
a good deal of ambiguity.

General features of skin paraneoplasias. Most skin paraneoplasias (SP) are rare or very 
rare conditions which cover a wide spectrum of clinical appearances. Epidemiological data 
are fragmentary or not existent for most SP; it is evident, though, that most malignancies 
are not accompanied by SP, making SP rare even for their respective neoplasms. SP may be 
strongly (up to close to 100%) or weakly linked to malignancies – which led to the distinc-
tion of “obligatory” vs. “facultative” SP. In most SP, we know very little on the pathogenesis. 
SP are often resistant to standard therapeutic measures.

What would be an “ideal” SP? This should be a conspicuous and unmistakable sign, pref-
erably not found otherwise in clinical dermatology – a sign specific for individual tumors 
or groups of tumors which arises early in the neoplastic process thus allowing timely di-
agnosis and treatment. This is the case in some instances, but in general the clinical reality 
differs from this idealized model: 
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Concurrent onset. Logic dictates that the cause (malignancy) precede the effect (SP). Still, 
the malignancy may become clinically apparent only months or even years after the emer-
gence of the SP. Conversely, the SP may develop late in the course of the associated neo-
plasm (e. g. acquired ichthyosis in lymphomas).

Parallel course. It is a cardinal feature of SP that clinical symptoms recede when a remission 
of the malignancy is accomplished, and recur when the latter relapses. While this is true of-
ten enough, it is not invariably the case. Some SP stay on while the neoplasm regresses (e. g. 
Leser-Trélat, hypertrichosis lanuginosa), or improvement sets in with delay (necrolytic mi-
gratory erythema) or remains incomplete (acanthosis nigricans). For SP associated with 
monoclonal gammopathy, the question of therapeutic intervention does not apply. 

Uniqueness of the clinical appearance of SP. The clinical picture of many SP is indeed un-
ambiguous. Nevertheless, the evaluation may be complicated by the fact that these are 
easy diagnoses but may also arise as non-paraneoplasias. This is best illustrated by acan-
thosis nigricans which is not linked to malignancy in 80% but to up to 50 different non-
malignant conditions, most often insulin resistance and obesity. In obese females suffer-
ing from e. g. uterine carcinoma, it may thus be imposible to decide if their acanthosis 
nigricans is due to obesity or the malignancy. This dilemma has provoked the establish-
ment of categories like “pseudoacanthosis nigricans” or “benign and malignant acantho-
sis nigricans” but most authors agree that the SP and non-SP variants are fairly indistin-
guishable, except that, as an SP, acanthosis nigricans tends to develop more rapidly and 
extensively. Similar quantitative differences exist between SP- and non-SP variants of 
dermatomyositis, and erythema gyratum repens: this figurate erythema differs from or-
dinary variants only by the number, extent and migratory rapidity of lesions. The same 
may be true for the Leser-Trélat sign which is not accepted as a SP by all: it differs from 
ordinary eruptive seborrheic keratoses only by the enormous amount of lesions and in-
flammation. In a few instances, an SP may closely resemble other, related entities which 
are not SP but can be differentiated by laboratory tests: the SP anti-epiligrin pemphigoid 
is clinically equivalent to other kinds of mucous membrane pemphigoid (but features 
autoantibodies against epiligrin / laminin-332); paraneoplastic pemphigus resembles se-
vere pemphigus vulgaris (but displays a different autoantibody profile). 

“Paraneoplasia without malignancy”. For probably all clinical entities, non-SP variants exist 
parallel to SP variants, even in those SP with an almost 100% association with malignan-
cies (e. g. Bazex syndrome, tripe palms, necrolytic migratory erythema). It is thus tempting 
to postulate that none of the SP is characterized by completely independent clinical lesions 
which are not found otherwise (Bazex syndrome may be an exception) – but they are often 
distinct because of the number and extent of their lesions. Moreover, there is no SP which 
does not ever arise in the absence of a malignancy.

Specificity of SP for individual malignancies. In very few instances, a specific SP is linked to 
a specific malignancy (e. g. glucagon producing pancreatic carcinoma and necrolytic mi-
gratory erythema); in many, there is a predilection for a distinct group of malignancies, but 
in others SP can be found linked to many malignancies with little predilection. 
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Clinical entities

The purpose of this text book is to present the autoimmune diseases of the skin. Only very 
few of the SP are definite autoimmune dermatoses, the vast majority is not or is linked to 
ill-defined inflammatory processes which may, of course, include immune mechanisms.

1. “Hyperkeratotic ” SP. 

This group comprises non-inflammatory SP which are characterized by epidermal hyper-
plasia. They are thought to be caused by the effects of growth factors.

Acanthosis nigricans (AN) (Fig. 1) is a prototypical SP: it was the first to be described (see 
5) and is probably the best known and best documented SP of all. AN is much more often 
(80:20) associated with nonmalignant conditions (hereditary diseases, endocrinopathies 
– particularly insulin resistant diabetes, obesity) than with malignancies. As a SP, AN has 
been found associated with a wide spectrum of tumors, but gastrointestinal, especially gas-
tric adenocarcinomas are the most common (ca 90%): in the latter, AN is found in approxi-
mately 1/35 cases compared to only 1/6000 cases in the general cancer population (DeWitt 
et al., 2008). 

AN is a generally non-pruritic symmetric eruption which occupies the large body folds 
and the neck but may be more widespread in more advanced stages, including face, palms 

Fig. 1. Acanthosis nigricans: hyperpig-
mentation, velvety surface and multiple 
acrochorda of the axillary fold.

Peter Fritsch520



and soles and even the lips and oral mucosa. The presenting sign is an ill-defined hyper-
pigmentation (“dirty neck”) in which gradually small and then larger papillomas arise, re-
sulting in a velvety and then irregular texture. Acrochordons and wart-like lesions may de-
velop. Histopathology shows acanthosis, papillomatosis and hyperkeratosis and (at times) 
increased epidermal melanin. There is no inflammation except in lesions of the oral mu-
cosa and in association with scratching.

The pathogenesis is still unresolved. In “benign” AN, elevated insulin levels are held re-
sponsible, in the “malignant” type hypotheses first centered on insulin like growth factors, 
later on dysregulation of the transforming growth factor α-epidermal growth factor re-
ceptor-axis. More recently, activation of epidermal fibroblast growth factor receptor 3 has 
been put forward – in mice, activating mutations of this receptor result in an AN-like clin-
ical picture.

Removal of the malignancy results in improvement or even resolution of AN. Topical 
therapies are only moderately effective.

SP related to acanthosis nigricans. “Tripe palms” represent an extremely rare SP which 
coincides in 75% with AN and is considered an analogous process modified by the ana-
tomical individuality of palms and soles. It is characterized by a diffuse thickening of pal-
mar skin with a prominent rugged surface texture due to disproportionately hypertrophic 
dermatoglyphics (tripe – a simile to the corrugated mucosa of the bovine stomach). As an 
isolated SP, tripe palms are highly associated with pulmonary carcinoma.  

Leser-Trélat sign. This sign is defined as the sudden and massive development of sebor-
rheic keratoses which are often inflamed and pruritic. Excessive numbers of seborrheic 
keratoses are a commonplace finding in elderly persons, and since large series of patients 
did not reveal a significant increase in malignancies, the qualification as SP is uncertain. 
Arguments in favor are a sometimes observed overlap with AN as well as the occurrence in 
young adults with internal malignancies (mostly of the gastrointestinal tract). The lesions 
of Leser-Trélat do not readily regress when the malignancy is removed.

Acquired ichthyosis is a not uncommon finding characterized by generalized hyperkera-
tosis and scaling resembling ichthyosis vulgaris. It occurs most often in malnourished pa-
tients in whom dryness of the skin, catabolism due to consuming infectious (HIV!) or 
other systemic disease, and nutritional and / or hygienic neglect interact. It is no surprise 
that internal malignancies are among the chief causes of this sign. Acquired ichthyosis can 
be associated with many types of malignancies, but there is a high predilection for lympho-
mas, especially Hodgkin’s lymphoma. This is again not surprising because Hodgkin’s lym-
phoma often displays dryness of the skin and pruritus sine materia even in its early stages. 
Acquired ichthyosis arises often late in the disease, but remission can be observed when 
the malignancy is successfully treated.

Bazex syndrome (acrokeratosis neoplastica, BS) (Fig. 2) is a very rare condition which is 
possibly the only SP with a unique clinical profile not duplicated by other dermatoses – al-
though it may be confused with psoriasis in its initial stages. BS is both a hyperkeratotic 
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and an inflammatory disorder. It develops typically in men over 50 years and is associated 
in close to 100% to malignancies, mostly squamous cell carcinomas of the oropharynx or 
(less common) lung and esophagus. 

BS is an erythemato-papulosquamous eruption which symmetrically affects the acral 
regions (fingers / toes but also nose and ears – clinical hallmark!) and progresses to involve 
hand and feet (typically sparing the central parts), nails (paronychia, onychodystrophy, on-
ycholysis, ridging) and later the extensor surfaces of the extremities, face and trunk. Le-
sions are initially erythematous, later hyperkeratotic and scaling and may become erosive 
and crusted. Bullae arise infrequently (hand and feet). Differential diagnoses include pso-
riasis, dermatophyte infection and eczema. Histopathology exhibits psoriasiform features, 
but also epidermal vacuolar degeneration and dyskeratosis, and superficial lymphohistio-
cytic inflammation.

The pathogenesis is unclear. Hypotheses put forward include immune reactions against 
epidermal or basement membrane antigens which may cross react with tumor antigens, or 
a dysbalance of growth factors.

BS tends to arise in the early stages of the underlying malignancy and to regress upon 
successful removal. Attempts at symptomatic treatment of BS are largely ineffective.

Hypertrichosis lanuginosa acquisita is not a hyperkeratotic SP but it similarly repre-
sents a growth stimulus on lanugo hair follicles caused by as not yet identified growth fac-
tors. Clinically it is characterized by the sudden appearance of excessively long, fine non-
pigmented lanugo hairs, particularly in the face. It has to be distinguished from acquired 
hypertrichosis in the context of systemic disease (e. g. HIV infection, porphyria cutanea 
tarda) and from hypertrichosis caused by drugs (e. g. phenytoin, minoxidil, cyclosporine). 

Fig. 2. Acrokeratosis neoplastica Bazex: 
Hyperkeratotic plaques at the finger tips. 
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As a SP, it tends to arise late in the course of the neoplasm (most often of the lungs and co-
lon, but a variety of other tumors have been recorded). 

2. Inflammatory paraneoplasias of the skin

Erythema gyratum repens (EGR) (Fig. 3) is a “classic” SP which formally belongs to the 
group of figurate erythemas. Its hallmark are thus polycyclic macular and urticarial le-
sions which enlarge (migrate) and may display scaling on their inner slopes. It is not the 
morphology of the lesions, however, which sets EGR apart from all other types of figu-
rate erythemas but their enormous number and their relatively quick concentric migration 
(ca 1 cm / day). There results a distinctive picture of parallel serpiginous lines and bands 
(“wood grain design”) which may cover most of the body except the acral areas and face. 
EGR may be very pruritic. Histopathology is nonspecific.

The appearance of EGR is striking and distinct, but localized as well as atypical forms 
have been described in which the characteristic array of lesions is absent. In such cases, dif-
ferential diagnosis from other types of e. g. erythroderma, erythema anulare centrifugum, 
pityriasis rubra pilaris, subacute cutaneous lupus erythematosus and others may be diffi-
cult. It is therefore surprising that EGR is said to be associated with internal malignancies 
in 80% – most commonly lung cancer, but many other types of malignancy have been re-
corded as well. EGR should thus qualify as an “obligatory” SP, but many instances have 
been reported where no malignancy was found, or where it was linked to “benign dis-
eases”, such as tuberculosis, pregnancy and bullous dermatoses. As a SP, EGR tends to de-
velop months before the malignancy becomes manifest. It occurs predominantly in per-
sons over 60 years and in males (2:1). It improves with removal of the tumor, but is resis-
tant to symptomatic therapy.

The pathogenesis of EGR is unclear. IgG and C3 deposits have been detected by im-
munofluorescence and electron microscopy at the epidermal basement membrane in in-
stances (Letko et al., 2007), but the significance of these findings remains to be elucidated. 

Necrolytic migratory erythema (Glucagonoma syndrome, NME) (Fig. 4). NME is an 
exceptional SP because it is characterized by a highly typical clinical and histopathologi-
cal appearance and by a typical profile of laboratory values, is highly specifically associated 

Fig. 3. Erythema gyratum repens: Figurate 
erythemas of the trunk with concentric 
migration pattern.
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with glucagon producing pancreatic islet tumors, and its pathogenesis is fairly well under-
stood.

NME is a very rare SP, occurs in persons well in their second half of life and has no gen-
der predilection. It is a systemic disease which usually presents with weight loss, malaise, 
weakness, neuropsychiatric disturbances, diabetes and diarrhea. Skin signs include ten-
der dermatitis-like erythematous patches with occasional blistering, erosions and crusts 
which appear in the groins, anogenital areas (where painful fissures may arise) and but-
tocks, in the distant extremities and in the face with a predilection for the perioral region. 
The lesions tend to expand to large areas with pronounced circinate borders. Oral lesions 
include stomatitis, atrophic glossitis and angular cheilitis. Histopathology displays dysker-
atosis and necrosis in the upper Malpighian layers, neutrophilic infiltration and a psorias-
iform reaction of the epidermis (parakeratosis, loss of the granular layer). Prominent labo-
ratory signs include hyperglycemia, often excessively high glucagon serum levels, normo-

Fig. 4. A. Necrolytic migratory erythema 
in glucagonoma syndrome: erythematous 
and erosive lesions of the periorbital and 
perioral regions. B. Necrolytic migratory 
erythema (chronic lesion): vacuolization 
and dyskeratotic keratinocytes of the up-
per spinous layer, parakeratosis.
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chromic anemia, abnormal liver function tests and low levels of serum amino acids, total 
protein, and often zinc deficiency.

The pathogenesis appears to be predominantly due to metabolic disturbances (Dewitt, 
2008). Glucagon has been shown to use up tissue pools of amino acids (histidine, trypto-
phan) by stimulating gluconeogenesis and amino acid oxidation. Epidermal protein defi-
ciency develops and in turn leads to necrosis of the upper stratum spinosum, producing 
eroded erythematous lesions. Diarrhea and malabsorption often result in deficiencies of vi-
tamins (B2, B3, B6), zinc, and essential fatty acids. The resulting clinical image is a compos-
ite of the complex nutritional dysregulation. A number of other entities may mimic the der-
matological and systemic symptoms of NME in the absence of an islet cell tumor (“pseudo-
glucagonoma syndrome”): pancreatitis, acquired zinc deficiency syndrome, inflammatory 
bowel disease, pellagra and others. These entities must be considered in the differential di-
agnosis; the glucagonoma must be verified or ruled out by imaging techniques. The der-
matological differential diagnosis is particularly important because NME in its early stages 
may be easily mistaken as intertrigo, seborrheic dermatitis or candidiasis.

Complete removal of the glucagonoma results in remission of NME. Although NME 
often arises in late stages, surgical reduction of the tumor load may still lead to improve-
ment. In contrast to many other SP, conservative treatment of NME may lead to ameliora-
tion (correction of nutritional deficiencies, administration of the glucagon antagonist so-
matostatin).

3. Collagen vascular diseases

Dermatomyositis is a classic complex disease entity which is covered extensively in Chap-
ter 6. It is also a classic SP in adult patients – its risk of association with internal malignan-
cies is estimated at 25–30%, most often with breast and ovarian cancer in females, and co-
lonic and pulmonary cancer in males – but a host of other underlying neoplasms have been 
reported. Females are involved more often and succumb to the disease more frequently 
than males. The signs of dermatomyositis are usually the presenting complaints; neoplasms 
already may be detectable in about 20% but may also become manifest years later. Regu-
lar cancer screening is therefore recommended for several years. Following removal of the 
malignancy, dermatomyositis remits but relapses when metastatic disease develops.

Considerable pains have been taken to better identify the subgroups most prone for 
association with cancer. It is generally agreed that the adult but not the juvenile type of 
dermatomyositis qualifies as a SP. Similarly, polymyositis and amyopathic dermatomyo-
sitis are not significantly linked to neoplastic disease. Clinical symptomatology and lab-
oratory profile of dermatomyositis is the same for both SP and non-SP varieties, except 
that the former may be more severe and progress more rapidly. 

It is unclear by which mechanisms malignancies trigger the symptoms of dermato-
myositis. 

Lupus erythematosus and systemic scleroderma. Both disease entities are not generally 
considered as SP although anecdotal reports exist to suggest such association.
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Several cases of subacute cutaneous LE (but not of systemic or chronic discoid LE) have 
been described in association with internal malignancies (Trüeb et al., 1999). In all, the 
courses of LE and of the tumor (most often pulmonary carcinomas) were parallel.

There appears to exist a certain tendency in advanced systemic scleroderma with respi-
ratory tract involvement to develop lung cancer and cancer of the tongue. Such statistical 
association is not supported by large series, and is very low at any rate (3%) but may be sig-
nificant for cancer of the tongue. There is nothing to suggest, though, that the scleroderma 
is caused by these cancers as the definition of a SP would require.

Paraneoplastic vasculitis. Necrotizing cutaneous vasculitis as a SP is an old paradigm 
which is referred to in many reviews. The incidence appears to be very low (less than 2%) 
and is supported by anecdotal evidence mainly. It is most often encountered in patients 
with paraproteinemia (multiple myeloma) or lympho / myeloproliferative disorders (e. g. 
hairy cell leukemia), occasionally with a variety of solid tumors. The relationship between 
neoplasms and the putative SP is tenuous in many instances; the mechanisms operative are 
immune complex formation and deposition. 

Paraneoplastic vasculitis should be differentiated from paraneoplastic Raynaud syn-
drome and paraneoplastic acral vascular syndrome (Poszepczynska-Guine et al., 2002).

4. Autoimmune bullous diseases

Paraneoplastic pemphigus (PNP) is fully covered in Chapter 3.1. PNP appears to be a 
truly “obligatory” paraneoplasia which is linked to just a small number of lymphoprolifera-
tive neoplasms: NHL, chronic lymphocytic leukemia, thymoma and, most notably, to Cas-
tleman disease (16% of PNP – particularly in pediatric cases). Association with solid tu-
mors is exceptionally rare. Interestingly, the courses of PNP and of the underlying malig-
nancy are not well correlated. PNP may arise prior to or following the emergence of the 
malignancy. Treatment of the latter does not always or markedly improve the skin symp-
toms, and pulmonary involvement (see below) may persist despite tumor eradication. One 
exception is apparently the Castleman tumor which is found most often in young patients: 
if of the solitary type, the chances of complete elimination are high, and a complete remis-
sion of PNP does ensue.

PNP is considerably rarer than pemphigus vulgaris, but its actual incidence is not 
known. Clinical hallmark is a severely inflammatory and extensive involvement of the oral 
mucosa which does not respond well to conventional treatment. The clinical appearance is 
more polymorphous than that of pemphigus vulgaris: blisters, multiforme-like erythemas 
and lichenoid lesions are found. Histopathology mirrors this polymorphous character by 
exhibiting acantholysis, lichenoid and interphase changes. 

PNP is caused by pathogenic IgG autoantibodies against desmogleins 1 and 3. In ad-
dition, antibodies are found against proteins of the plakin family (such as desmoplakin 
and others). Direct immunofluorescence shows intercellular IgG and complement depos-
its, and complement deposits at the junction zone. As a unique feature, the antibodies do 
not bind to epidermal antigens only but also to simple columnar or transitional epithelia 
(such as in the rat bladder which is used as a diagnostic substrate). The pathogenesis is not 
fully elucidated. In addition to autoantibodies, cellular immune reactions are likely to be 
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involved in the formation of lichenoid and multiforme-like lesions. In the newborn mouse 
model, injection of antibody produces only acantholysis. Recently, dysregulated secretion 
of IL-6 (which is known for its capacity to drive immunoglobulin production) has been 
considered as a main causative factor. Serum IL-6 is highly elevated in PNP; Castleman 
tumors and some subsets of CLL and NHL have been shown to produce high amounts of 
this cytokine. 

PNP is in 40% complicated by pulmonary involvement (bronchiolitis obliterans) which 
may be a cause of death. As a skin disease, PNP is very resistant to traditional therapeutic 
regimens, and the patients are troubled and incapacitated by the painful PNP lesions. 

Antiepiligrin cicatricial pemphigoid (AECP) (Fig. 5) is a relatively rare but distinct sub-
set of mucous membrane pemphigoid which is defined by tissue specific pathogenic au-

Fig. 5. Mucous membrane pemphigoid: 
Different stages of progressive conjuctival 
involvement with end stage symblepharon
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toantibodies against laminin 332 (formerly laminin 5). An increased risk of internal cancer 
(RR 6,8) (Egan et al., 2001) has been determined which is not shared by the other subtypes 
of mucous membrane pemphigoid caused by autoantibodies against the ß4integrin sub-
unit (Letko et al., 2007).The malignancies involved are predominantly solid tumors of the 
respiratory and digestive tract, occasionally lymphoproliferative disorders. AECP tends to 
arise only shortly before the neoplasm is detected, and the courses of SP and tumor prove 
largely parallel. 

Patient sera contain circulating IgG antibodies which are bound to the dermal side of 
NaCl split human skin; in immunoblot, they prove reactive with the α subunit of laminin 
332. AECP is clinically indistinguishable from other types of cicatricial pemphigoid except 
for a higher tendency for skin involvement. 

Laminin 332, previously termed epiligrin or laminin 5, is a major adhesive component 
of the epidermal basement membrane. It is localized to the border between the lamina lu-
cida and lamina densa and has been shown by immunoelectron microscopy to form a 
link between anchoring filaments and the lamina densa and the anchoring fibrils beneath. 
Laminin 332 and / or its subunits are highly expressed in a variety of human cancers and 
appear to play a relevant role in cancer biology. Tumor cells are capable of regulating the 
activity of laminin 332 by proteolytic processing; cleavage of laminin 332 down-regu-
lates their adhesive activities but up-regulates cell locomotion (Sadler et al., 2007). 

5. Neutrophilic dermatoses

Sweet syndrome (SS) is a not infrequent classical acute, relapsing dermatosis which is 
characterized by acute fever, blood neutrophilia, distinct (papular, erythematous, vesicle-
like) skin lesions and variable involvement of internal organs. Histologically, SS exhibits a 
dense diffuse neutrophilic infiltrate of the upper dermis and massive edema. The classical 
type of SS is triggered by a variety of infections; the malignancy-associated type (approx-
imately 20% of cases) is most often found with acute myelocytic leukemia, less often with 
myelodysplastic syndrome, other types of leukemias and lymphomas (Buck et al., 2008). 
An association with solid tumors is exceptional. Clinical features of the malignancy-asso-
ciated SS do not differ clearly from those of the classic type; there is no female preponder-
ance, however, and the frequency of relapses may be increased. The pathophysiology is not 
well understood, a disturbance of cytokine regulation (particularly of GMCSF) has been 
considered (Cohen et al., 2007). 

Pyoderma gangrenosum (PG) is likewise a not infrequent classical dermatosis featuring 
dense neutrophilic infiltrates of the skin which, however, lead to the necrotic breakdown 
of the affected tissue. The resulting ulcers are excessively painful and tend to enlarge rap-
idly. PG is associated with other systemic diseases in more than half of the cases, includ-
ing arthritis, inflammatory bowel disease, monoclonal gammopathy (IgA, up to 20%) and 
various, predominantly hematologic malignancies (10–20%, acute myeloid leukemia, mul-
tiple myeloma). Interestingly, malignancy-associated PG often becomes manifest as “atyp-
ical”, i. e. bullous PG, the most acute clinical subset of PG. The pathophysiology of PG is 
unclear. It appears to be a candidate for the newly established disease category of “autoin-
flammatory syndromes”.
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6. Paraneoplasias associated with plasma cell dyscrasia and monoclonal gammopathy

POEMS syndrome (PS) (Fig. 6) is a uncommon complex multisystem disorder with 
prominent skin involvement. It represents a monoclonal plasma cell proliferative disor-
der (most often IgG κ light chain), is in close to 100% linked to osteosclerotic myeloma 
and often (10–20%) associated with Castleman disease. It differs from monoclonal gam-

Fig. 6. A. POEMS syndrome: hyperpigmentation, ascites and glomeruloid hemangiomas (in-
set). B. Glomeruloid hemangiomas: vascular channels resembling the architecture of renal 
glomeruli. 
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mopathy of unknown significance (MGUS), one of its main differential diagnoses, by the 
nature of the paraprotein (IgG λ light chain in MGUS) and its clinical expression: MGUS 
is asymptomatic for long periods of time, whereas PS displays prominent end organ dam-
age. POEMS is an acronym for the main clinical features (P – polyneuropathy, O – organ-
omegaly, E – endocrinopathy, M – monoclonal gammopathy, S – skin changes); to this list, 
however, a number of other important symptoms must be added: edema (pleural effusion, 
ascites), pulmonary hypertension and restrictive lung disease, arthralgias, cardiomyopa-
thy, thrombocytosis and thrombotic diathesis, polycythemia and others. Elevated levels of 
VEGF, TNFα, IL-1 and IL-6 are regularly found, the levels correlating with disease activ-
ity (Dispenzieri, 2005).

Skin changes are seen in 50–90% of patients: diffuse hyperpigmentation, hypertricho-
sis, skin thickening and formation of “glomeruloid” hemangiomas – a type of capillary an-
gioma which clinically resembles senile angiomas, but differs histologically with vascular 
channels resembling renal glomeruli. Glomeruloid hemangiomas are considered diagnos-
tic for PS; not surprisingly, they may also occur at times in healthy individuals and those 
with unrelated conditions (Lee et al., 2008).

VEGF is thought to play a major role in the pathogenesis of PS. It could at least explain 
some of the skin changes, organomegaly and edema formation, possibly also neuropathy 
(myelin edema and non-compacted myelin lamellae are a characteristic abnormality in 
POEMS) (Vallat et al., 2008).

PS sets in usually around 50 years of age. Presenting signs are most often a periph-
eral sensory / motor polyneuropathy and endocrine dysfunction (diabetes, hypothyroid-
ism, erectile dysfunction). PS is a chronic disease but can less often take a fulminant 
course. The median survival time in a large series has been found 13.8 years (Dipenzieri 
et al., 2003). Main causes of death are cardiorespiratory failure, infection, capillary leak 
syndrome and inanition, but interestingly not progression to multiple myeloma. Treat-
ment focuses on radiation therapy to eliminate Castleman disease and osteosclerotic my-
eloma; medical treatment rests on chemotherapy (cyclophosphamide, melphalan, corti-
costeroids). Recently, autologous hematopoietic stem cell transplantation and the anti-
VEGF monoclonal antibody bevacizumab have proved highly effective (Dipenzieri et al., 
2003).

Schnitzler syndrome (SchS) is a relatively new acquisition (Schnitzler L, 1972) to the 
realm of paraneoplasias which appears to be fairly rare with around 100 published cases. 
SchS is characterized by two major criteria (chronic urticaria with often daily eruptions, 
and monoclonal gammopathy, most frequently IgM κ), and a number of minor criteria (in-
termittent fever, arthralgias and bone pain, hepato / splenomegaly, lymphadenopathy, ra-
diologically demonstrable bone densities, leuko- and thrombocytosis) (DeKoning et al., 
2007; Claes K et al., 2008). Bence Jones protein is found in up to 30% of cases. SchS mark-
edly affects the quality of life due to pruritus (which may be mild at the beginning), bone 
pains, fever, fatigue and weakness, but the life expectancy is not significantly reduced when 
compared with the general population (DeKoning et al., 2007). In the course of SchS, how-
ever, lymphoproliferative diseases may develop with an estimated 10 years risk of 15% (or 
possibly more, most often Waldenström macroglobulinemia, more rarely IgM myeloma or 
B cell lymphomas). The risk for amyloidosis A is increased (DeKoning et al., 2007; Claes 
K et al., 2008).
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The diagnosis of SchS is principally one of exclusion (for differential diagnoses see 
DeKoning et al., 2007). The urticarial lesions do not differ much from those of plain urti-
caria (though they may persist somewhat longer, are mainly located on the trunk and are 
not accompanied by angioedema); histopathology is non-contributory. Immunofluores-
cence revealed paraprotein deposits at the dermoepidermal junction zone and in dermal 
capillaries in a subset of cases (but such deposits are found in Waldenström disease as well 
where no wheals are formed). Circulating IL-6 levels and IL-1 secretion from PBMC were 
found increased. Although various autoantibodies were discovered, an autoimmune basis 
for the disease is not evident.

The pathogenesis of SchS was enigmatic for long time and is still not fully elucidated. 
Some features, however, are parallel to some of the hereditary periodic fever syndromes, 
now included in the so called autoinflammatory diseases group (Masters et al., 2009). This 
disease category is characterized by generalized inflammation (e. g. fever, skin rashes, ar-
thritis) without evidence of infection, high-titer autoantibodies or autoreactive T cells. 
They are thus considered not a dysregulation of the adaptive but of the innate immune sys-
tem, caused by mutations in various relevant genes, e. g. the TNF-αR gene or the NLRP3 
gene which encodes NALP3 (cryopyrin) – an intracellular pattern recognition receptor 
mediating monocyte and macrophage IL-1ß secretion. SchS is a disease of advanced age, 
getting manifest at average at 50 years, whereas the fever syndromes are of neonatal onset. 
SchS was therefore hypothesized to be an (acquired?) autoinflammatory disease, with IL-
1ß playing a major pathophysiological role (DeKoning et al., 2007; Eiling et al., 2007a). Re-
cently, a gain-of-function mutation in the NLRP3 gene was described in one patient with 
SchS and in 4 asymptomatic first degree relatives, suggesting an hereditary basis for SchS as 
well – possibly representing a genetic predisposition which needs a second factor to trigger 
disease manifestation (Loock et al., 2010).

Previous efforts to treat SchS with traditional methods, including corticosteroids, in-
terferon, colchicine and many others, were disappointing. In contrast, the IL-1 receptor 
blocker anakinra results in rapid and complete symptom relief, just as in the cryopyrin-as-
sociated periodic fever syndromes (Schuster et al., 2009; Eiling et al., 2007b).

Scleromyxedema (Fig. 7) is the systemic form of lichen myxedematosus, a rare syndrome 
characterized by mucin deposits in the skin leading to a scleroderma-like induration (face, 
upper extremities); deposits are less marked in internal organs (coronary vessels, kidneys, 
peripheral nerves and others). It is a slowly progressive incapacitating disorder which is 
associated with a monoclonal gammopathy (IgG λ light chain) in up to 80%. Myeloma 
(or much more rarely other lymphoproliferative diseases) develop in less than 10%. The 
pathophysiology of the disease is unclear.

Normolipemic diffuse plane xanthoma is a rare non-Langerhans cell histiocytosis char-
acterized by flat yellow plaques predominantly of the face. It is frequently (but not always) 
associated with monoclonal gammopathies (IgG) and has been reported in myeloma and 
other lymphoproliferative disorders. It is believed that paraproteins and lipoproteins form 
complexes which are taken up by the histiocytes. 

Necrobiotic xanthogranuloma is likewise a rare instance of a non-Langerhans cell histi-
ocytosis which is characterized by papulonodular lesions predominantly of the face (espe-
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cially periorbital region) with a tendency to become atrophic and / or ulcerated. Histopa-
thology shows a granulomatous infiltration of inflammatory cells, foam cells and Touton 
giant cells, with sharply delineated necrotic areas. It is associated in 80% with a monoclonal 
gammopathy (most often IgG κ). Myeloma arises in 10% of patients, less often Hodgkin or 
non-Hodgkin lymphomas. The pathogenesis is unclear.

Amyloidosis L (AL) is a classic systemic disease in which amyloid chains are formed from 
monoclonal immunoglobulin light chains (VL domain). AL is thus linked to plasma cell 
dyscrasias and can occur in any of them. The incidence is highest in subjects with MGUS 
(80%); in myeloma, amyloid L deposits occur in about 15%. 

Cryoglobulinemia type I is characterized by the presence of a single monoclonal immu-
noglobulin (IgM or IgG) with the properties of cryoglobulins, i. e. precipitation in cold 
temperatures. It is almost always associated with hematologic malignancies, in particular 
with multiple myeloma or B-cell lymphomas. Dermatological expressions, if any, are Ray-
naud syndrome, acrocyanosis, and a noninflammatory occlusive arteriopathy leading to 
purpura, necroses and at times gangrene, most often of the lower leg. In contrast, type II 
mixed cryoglobulinemia typically presents as cutaneous necrotizing vasculitis; it may be 
associated with a number of systemic disorders (connective tissue and hepatic diseases, in-
fections), among these lymphoproliferative diseases.

7. Miscellaneous

Acquired C1 esterase inhibitor dysfunction has been described in a few instances of sys-
temic lymphoproliferative disease, monoclonal gammopathy and lupus erythematosus. 

Fig. 7. Scleromyxedema: pearl-like arrangement of indurated opaque papules retroauricularly 
and on the abdomen.
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Multicentric reticulohistiocytosis (MRH) is an uncommon member of the non-Langer-
hans cell histiocytoses group. It is characterized by mucocutaneous papulonodular lesions, 
predominantly of the fingers and hands, more rarely of the face, arms and legs, by severe 
arthritis (hands or, more infrequently, the large joints) and variable involvement of inter-
nal organs (muscles, cardiopulmonary and respiratory systems, eyes and thyroid gland). 
Presenting sign is often severe polyarthritis, accompanied by systemic symptoms (fever, 
weight loss, weakness). The cutaneous lesions of MRH may remit spontaneously; joint in-
volvement may become stable but leads to progressive destruction in up to 50%. MRH may 
be associated with autoimmune diseases and chronic infections. It is also associated in up 
to 30% with internal malignancies of various kinds (often pulmonary and breast carcino-
mas). MRH would thus certainly qualify as a paraneoplasia, but surprisingly, there is no in-
dication for a parallel course with the given malignancy. 

Thrombophlebitis migrans (Trousseau syndrome, TS) was the first paraneoplasia to be 
described (Trousseau et al., 1865) and still is, at the same time, one of the most relevant and 
practically important associations of internal malignancies. Unfortunately, there is some 
blurring of terminology (Varki, 2007): clinical hallmark of the syndrome is the recurring 
nature of superficial and deep phlebothrombosis (often complicated by pulmonary embo-
lism), which leads to the impression of a migratory process. Later, it was recognized that 
TS often encompasses the features of chronic disseminated intravascular coagulation, in-
cluding platelet-rich microthrombi, microangiopathic hemolytic anemia, verrucous endo-
carditis and thromboembolic events (Sacket al., 1977). Today, the term is often used as a 
synonym for malignancy-associated hypercoagulability in general. It should be reserved, 
however, for thromboses emerging while the neoplasm is still occult – because in more ad-
vanced stages, multiple additional factors appear which may promote blood coagulation 
(infections, chemotherapy, dehydration, mechanical factors and others).

Venous thromboembolic events (VTE) are the second leading cause of death in malig-
nant disease. There is an overall 7x increased relative risk for VTE across all types of malig-
nant neoplasms (Sack et al., 1977). It is higher for specific malignancies (gastrointestinal, 
pancreatic, pulmonary, renal, ovarian, and brain) and runs as high as 28x for hematologi-
cal disorders. The risk is markedly increased around the time of detection of the neoplasm 
and in metastatic disease, and it is additionally considerably higher in patients undergoing 
surgery, chemotherapy, antiangiogenetic and hormonal therapy. 

Multiple mechanisms may be (and usually are) involved in creating a thrombophilic 
milieu in cancer patients, and many of them are operative well before the neoplasm is de-
tected, as e. g. shown by the elevation of coagulation activity markers (fibrinopeptides, D-
dimer and others) (Noble and Pasi, 2010). The mechanisms overlap and may specifically 
shape the risk profile and clinical course in individual neoplasms. Many originate from 
the phenotypic changes of the tumor cells proper, consequent to oncogene (ras, EGFR, C-
MET, HER-2) or tumor suppressor gene mutations (p53, PTEN) (Rak et al., 2006). Can-
cer cells produce substances with procoagulant, antifibrinolytic (plasminogen activator in-
hibitor) and profibrinolytic as well as proaggregating activities; they release proinflamma-
tory (TNFα) and pro-angiogenic cytokines (VEGF), and they interact with the host vascu-
lar cells and blood cells via adhesion molecules.
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One of the most important and probably longest known procoagulant mediators pro-
duced by cancer cells is tissue factor (TF), the initiator of the extrinsic coagulation path-
way. TF is constitutively expressed by cancer cells; in addition to its local action, it may be 
released from cancer cells as TF-laden vesicles. Other relevant cancer cell activities are: the 
expression of the tumor coagulant – a cysteine protease only expressed in malignant tissue 
which directly activates factor X; deficient activity of von Willebrand factor cleaving pro-
teases; down-regulation of thrombomodulin and thrombospondin.

Importantly, VTE and tumor progression are linked in a two-way association – the pro-
coagulant milieu enhances tumor growth and metastasis formation (promotion of tumor 
angiogenesis, mitogenesis, migration, “sealing off ” of tumors etc). Several mechanisms 
have been detected, the most relevant being linked to TF expression.

Treatment of TS is directed at the management of the VTE and the elimination of the 
malignancy. For the former, anticoagulation therapy with unfractionated heparin is recom-
mended (Varki, 2007) in view of its broad biological activities which may be more suited in 
dealing with a multifaceted coagulation disturbance than low molecular weight heparins. 
Screening for occult neoplasms is mandatory in any event of spontaneous (“unprovoked”) 
VTE. Not surprisingly, the likelihood to detect undiagnosed malignancies is higher the 
more extensive the screening is (Carrier et al., 2008) – which does not answer the ques-
tion up to which point of diagnostic endeavors the criteria of improvement of quality of life 
and  /  or cost-effectiveness are met. 

Summary

Cutaneous paraneoplasias include a number of dermatoses which are associated in a vari-
able degree with internal malignancies. They are a very heterogenous group of diseases, 
differing greatly in their clinical appearance and pathogenesis (which is not well under-
stood in most of them). Most of the paraneoplasias are very rare. Some of the more re-
cently described entities promise a better insight in the mechanisms of cancer pathophysi-
ology. Dermatology has taken a keen interest in the paraneoplasias, particularly because of 
the expectation that they may lead to earlier detection of malignancies at a time when they 
are more likely to be curable. 
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Introduction

Autoimmune diseases represent the clinical manifestation of a complex dysregulation of im-
mune mechanisms and regulatory networks finally resulting in loss of self-tolerance. In re-
cent years the principal insight into underlying immune processes has greatly advanced. 
Novel therapeutic strategies in autoimmunity aim at specifically targeting defined cellular 
and humoral components of the immune system, thus trying to reduce severe side effects 
and comorbidity which currently arise from broad unspecific high-dose immunosuppres-
sive therapies. Due to a more defined understanding of basic immune mechanisms shap-
ing the complex network of chronic inflammation and autoimmunity, these diseases have at-
tracted a plethora of promising therapies targeting a variety of cell surface molecules, soluble 
mediators and intracellular proteins that are of importance for the function of immune cells. 
Monoclonal antibodies directed against defined receptors on the surface mostly of B-lym-
phocytes and to a lesser extent of T-lymphocytes as well as soluble receptor fusion proteins 
interfering with important inflammatory mediators, such as tumor necrosis factor alpha, 
have been the dominant tools recently applied in various autoimmune and chronic inflam-
matory disorders. Moreover, stem cell therapy and small molecule inhibitors are being vali-
dated in clinical trials for the treatment of different autoimmune disease. This chapter aims at 
providing a concise review of the most recent developments and their corresponding clinical 
translation in dermatological diseases and closely related rheumatic autoimmune disorders.

Antigen Specific Approaches for the Therapy of Autoimmune Diseases

The majority of therapies approved for autoimmune diseases involve global immunosup-
pressive and immunoregulatory strategies, respectively, inhibiting inflammatory (auto)im-
mune processes. Although partly effective in controlling autoimmune dysregulation, these 
drugs harbour numerous side effects leading to severe comorbidity and thus continous im-
munosuppressive therapy is mostly not feasible. So far, none of the currently applied thera-
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pies in autoimmunity has been able to induce long-term, drug-free remission in any auto-
immune disease. In this context, over the past decades great emphasis has been placed on 
therapeutical efforts to restore immune tolerance in autoimmune disorders. A highly de-
sired alternative approach is the attempted induction of antigen-specific tolerance to the 
respective autoantigen. However, precise knowledge about the molecular and cellular tar-
gets of the autoimmune response are mandatory to design new and more specific strategies 
in a given autoimmune disorder. However, recent studies revealed that here are numer-
ous pitfalls and limitations to the translation of preclinical findings to the clinic (Luo et al., 
2010). The following section will focus on the clinically most advanced strategies, that have 
recently concentrated on autoimmune diabetes mellitus (type 1 DM) and multiple sclero-
sis (MS) (St Clair, 2009). 

Therapy by Autoantigen Administration

In type 1DM, glutamic acid decarboxylase (GAD) and insulin have been identified as ma-
jor autoantigens (Miller et al., 2007). The Diabetes Prevention Trial demonstrated that in 
relatives of patients with type 1DM who are at high risk of developing type 1DM, neither 
treatment with oral insulin nor subcutaneous insulin injection prevented a delayed the on-
set of diabetes compared with controls (Diabetes Prevention Trial-Type 1 Diabetes Study 
Group, 2002; Skyler et al., 2005). The authors discussed several reasons for the lack of ef-
fect in these two prevention studies, such as different dosing schemes and therapy regi-
mens (Diabetes Prevention Trial-Type 1 Diabetes Study Group, 2002; Skyler et al., 2005). 
Thrower et al. conducted a first-in-man phase I safety study using an HLA-DR4-restricted 
proinsulin epitope for intradermal administration in a total of 36 type 1 DM patients 
(Thrower et al., 2008). The peptide was injected at two different doses (30 μg vs 300 μg; 
n = 18 each group) at 0, 1 and 2 months. This randomized, open-label study assessed two 
aspects: the dosing regimen was well tolerated and study patients did not show signs of sys-
temic hypersensitivity, and secondly peptide administration did not induce or reactivate 
proinsulin-specific proinflammatory T cells, and proinsulin-specific IgG antibodies were 
not detected (Thrower et al., 2009). Interestingly, four of 18 patients from the low-dose 
group demonstrated peptide-specific, IL10-positive T cells. Promising results were demon-
strated in a recent placebo-controlled randomized trial including 70 young type 1 diabet-
ics of recent onset treated with two subcutaneous injections of a GAD alum vaccine (Lud-
vigsson et al., 2008). While insulin secretion gradually decreased in both study groups, 
fasting C-peptide levels declined from baseline levels significantly less over 30 months in 
the GAD-alum group compared to the placebo group (Ludvigsson et al., 2008). Within the 
GAD-alum treated group, peripheral blood mononuclear cells (PBMC) demonstrated se-
cretion of IL-5, IL-10, IL-13 and IL-17 as well as Foxp3 and TGFß-expression upon GAD 
stimulation at month 15 compared to baseline (Ludvigsson et al., 2008). Although GAD-
alum treatment did not change the insulin requirement, this vaccine treatment might con-
tribute to the preservation of residual insulin secretion in patients with recent-onset type 1 
diabetes. Recently, a dose escalation phase I/II trial showed preservation of ß-cell func-
tion (as measured by stable C-peptide levels) in type I DM patients, using a DNA plas-
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mid encoding a full-length human proinsulin (BHT-3021) (Steinman, 2010a). 12 weekly 
intramuscular injections of this vaccine improved glycemic control for up to 12 months 
whereas insulin secretion decreased in the placebo group as expected (Steinman, 2010a). 
A very similar approach was taken in a phase I/II randomized double-blind placebo-con-
trolled trial including 30 patients with relapsing-remitting multiple sclerosis (RRMS), ap-
plying a tolerizing DNA vaccine (BHT-3009) encoding full human myelin basic protein 
(MBP) (Bar-Or et al., 2007). BHT-3009 treatment was safe and well tolerated. Compared 
to the placebo group, the vaccine induced beneficial antigen-specific immune changes in-
cluding a marked decrease in IFNγ+, MBP-reactive CD4+ T cells from peripheral blood 
and myelin-specific autoantibodies from spinal fluid. Clinically, BHT-3009 treatment pro-
vided favorable trends on brain MRI (Bar-Or et al., 2007). The MBP peptide MBP8298 
(dirucotide) is of potential therapeutic interest, as it contains both an HLA-DR2 restricted 
T cell epitope and an immunodominant B cell epitope defined by residues aa85-96 in MBP. 
In a phase II placebo-controlled trial MBP8298 was given intravenously to 32 MS patients 
(Warren et al., 2006). Although no difference in clinical outcome was apparent, there was 
a significant reduction in MBP-specific autoantibodies in cerebrospinal fluid in most of 
the MBP8298-treated patients (Warren et al., 2006). Two phase III trials (MAESTRO-01 
and -03) of MBP8298 for secondary progressive MS are ongoing, but preliminary results 
of MAESTRO-01 indicate that the MBP-peptide did not meet its primary endpoint in de-
laying disease progression (St Clair, 2009). So far, the results of antigen-specific immuno-
therapies in different autoimmune disorders have demonstrated variable clinical success. 
However, currently ongoing and future studies have to clarify the ideal route of adminis-
tration, i. e. soluble peptide injection, orally or nasally applied peptides or DNA vaccina-
tion. Moreover, the timing of immunotherapy in autoimmune diseases seems to be another 
crucial, most likely disease-related, aspect. Up to now, the different clinical studies suggest 
that antigen-specific therapies seem to be safe and well tolerated. Among the very prom-
ising methods of inducing tolerance for the prevention and treatment of autoimmune dis-
eases, is intravenous treatment with antigen-coupled, ethylene carbodiimide (ECDI)-fixed 
splenocytes (Miller et al., 2007). In various studies it has been shown that antigen-coupled 
cells can induce anergy in vitro and peripheral tolerance in vivo (Miller et al., 2007). Espe-
cially in the EAE mouse model, antigen-coupled cells have been successfully applied both 
in preventive experimental settings and for ameliorating the progression of established dis-
ease (Smith and Miller, 2006; Sriram et al., 1983; Vandenbark et al., 1996). Based on these 
encouraging preclinical data, future clinical investigations have to evaluate the safety and 
effectiveness of this therapeutic approach in autoimmune patients.

Targeting cellular components of the immune system

B cell targeted strategies

B cells fulfill a variety of important functions which in the context of autoimmunity ini-
tiate and perpetuate inflammatory immune mechanisms, respectively (Shlomchik, 2009). 
For a long time, autoantibody secretion and resulting immune complexes have been con-
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sidered the main pathogenic contribution of B cells in autoimmune diseases. Now, it has 
become obvious that B cells exert different (auto) antibody-independent mechanisms 
that are crucial in chronic inflammation, including antigen presentation to T cells, espe-
cially in situations when antigen is limited (Lanzavecchia, 1990) and the release of cytok-
ines and chemokines (Martin and Chan, 2006). Recently, a new subset of B cells (CD19+, 
CD24hi, CD38hi) exhibiting regulatory capacity has been identified (Blair et al., 2010). In 
this study, CD19+, CD24hi, CD38hi B cells have been shown to suppress the differentia-
tion of T helper 1 cells partially by the secretion of IL-10 (Blair et al., 2010). There is evi-
dence that in SLE patients, these regulatory B cells might be impaired in their suppressive 
function (Blair et al., 2010). Moreover, Yang et al. demonstrated that BAFF increased the 
number of IL-10-secreting B cells in vitro and in vivo (Yang et al., 2010). In mice, BAFF-
induced IL-10+ B cells showed a distinct CD1dhi, CD5+ phenotype mainly derived from 
marginal zone B cells (Yang et al., 2010). Due to their central role, B cell targeted thera-
pies have been applied in various autoimmune disorders (Levesque, 2009). Several B cell 
targeting strategies are currently being investigated and clinically applied, respectively. In 
general, these approaches include either direct B cell killing using depleting antibodies, or 
agents interfering with B cell survival or differentiation factors. Furthermore, abrogation of 
B cell receptor and co-stimulatory signaling and alteration of lymphoid microarchitecture 
(ectopic lymphoid neogenesis) might be promising targets of B cell therapy in autoimmune 
diseases (Sanz and Lee, 2010). 

Anti-CD20 antibody therapy

The chimeric IgG1 anti-CD20 antibody, rituximab, is by now the best studied B cell di-
rected antibody in autoimmunity and in addition to its use in B cell lymphomas, it has 
been approved for the treatment of active rheumatoid arthritis (RA) refractory to ther-
apy with anti-tumor necrosis factor (TNF) by the FDA in 2007. CD20 is a transmembrane 
phosphoprotein expressed on most B cells from late stage pre-B cell until terminal plasma 
cell differentiation (Cragg et al., 2005). The CD20 molecule is a particularly suitable tar-
get for immunotherapy, as it is neither shed from the surface of CD20+ B cells after anti-
body binding nor internalized or downregulated (Press et al., 1987). Several mechanisms 
have been identified to explain the B cell depleting properties of anti-CD20 antibodies, in-
cluding complement dependent cytotoxicity, direct induction of apoptosis and, most im-
portantly, antibody dependent cell mediated cytotoxicity (Clark and Ledbetter, 2005). The 
success of B cell depleting strategies provided the impetus for further investigations of this 
approach in other autoimmune diseases, such as systemic lupus erythematodes (SLE), id-
iopathic thrombocytopenic purpura (ITP), primary Sjorgen’s Syndrome (pSS), systemic 
sclerosis (SSc), vasculitides and blistering autoimmune diseases of the skin, mostly pem-
phigus (Nagel et al., 2009a). Two large, randomized, placebo-controlled phase II/III trials 
of rituximab in moderate-to-severe nonrenal lupus and lupus nephritis failed to meet the 
superiority endpoints (Merrill et al., 2010b). In these investigations, rituximab was com-
pared to placebo in an adjuvant setting combined with conventional immunosuppressive 
therapy. In the EXPLORER study a benefit in clinical response was noticed at 1 year in Af-
rican American and Hispanic SLE patients and improved platelet counts in patients with 
baseline thrombocytopenia (Merrill et al., 2010b). Although inducing profound depletion 
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of circulating B cells, several studies demonstrated that rituximab does not significantly 
reduce levels of total IgM, IgA and IgG in RA, SLE and Wegener’s granulomatosis (Cam-
bridge et al., 2003; Vallerskog et al., 2007; Ferraro et al., 2008). Moreover, after anti-CD20 
antibody treatment, there is no statistically significant decline in antibodies to common 
pathogens (CMV, EBV) or recall antigens such as tetanus toxoid (Ferraro et al., 2008). A 
recent study by Nagel et al. showed even an increase in anti-VZV-IgG and anti-EBV-IgG 
in 11 pemphigus patients treated with rituximab (Nagel et al., 2009b). A very interesting 
aspect of B cell directed therapies in autoimmune disorders is the correlation of autoanti-
body titers and clinical response. While in systemic autoimmunity such as RA and SLE, 
the relationship between B cell depletion, clinical response and autoantibody titers are in-
consistent (Cambridge et al., 2006; Cohen, 2006), in organ specific disorders like pem-
phigus, the rituximab induced decline in autoantibodies correlates well with clinical re-
sponses (Ahmed et al., 2006; Joly et al., 2007; Eming et al., 2008). Within the group of blis-
tering skin disorders, pemphigus has been mostly treated with anti-CD20 antibodies. To 
date, the data of rituximab in pemphigus is primarily based on numerous case reports 
and smaller cohort studies (Schmidt et al., 2009). A phase III trial comparing rituximab 
with standard oral corticosteroids is currently ongoing at the University Hospital of Rouen, 
France. One evident rationale for applying rituximab in pemphigus is the removal of pre-
cursors of autoantibody-secreting plasma cells. Studies by different groups provided evi-
dence for the important role of autoreactive CD4+ T cells in the initiation of the autoim-
mune response in pemphigus (Wucherpfennig et al., 1995; Lin et al., 1997; Tsunoda et al., 
2002; Hertl et al., 2006). Based on these matching in vitro and in vivo findings, the deple-
tion of autoreactive B cells as antigen presenting cells might exert an indirect effect on au-
toreactive, desmoglein 3-specific CD4+ T cells. A recent study demonstrated a statistically 
significant decrease in desmoglein 3-reactive CD4+ T cells in peripheral blood of pemphi-
gus patients on rituximab treatment (Eming et al., 2008). In a cohort of 11 pemphigus vul-
garis patients treated with rituximab (4 × 375 mg / m2), the frequency of desmoglein 3- re-
active, peripheral Th1 (interferon-γ+) and Th2 (IL-4+) cells were determined over a pe-
riod of 12 months after rituximab treatment (Eming et al., 2008). The frequencies of to-
tal CD3+CD4+ T helper cells remained unaffected by rituximab, whereas the frequencies 
of autoreactive Th1 and Th2 cells decreased significantly over 6 and 12 months after ritux-
imab therapy, respectively. Moreover, the frequencies of interferon-γ+ tetanus toxoid-reac-
tive Th1 cells were not affected by rituximab, suggesting that desmoglein 3-specific CD4+ 
T cells strongly depend on autoreactive B cells as antigen presenting cells (Eming et al., 
2008). In autoimmune blistering diseases, rituximab has been mostly applied to treat pem-
phigus vulgaris and pemphigus foliaceus. The excellent clinical efficacy of rituximab treat-
ment in refractory and severe pemphigus has been documented in several, mostly mono-
center, smaller cohort studies. A multicenter study using a single cycle of rituximab in 14 
pemphigus vulgaris and 7 pemphigus foliaceus patients who previously did not respond 
to immunosuppressive therapy showed that 18 of 21 patients experienced complete re-
mission within 3 months after rituximab (4 × 375 mg / m2) therapy (Joly et al., 2007). Dur-
ing follow-up, 9 pemphigus patients relapsed after a mean of 19 months in this study (Joly 
et al., 2007). Ahmed et al. combined rituximab with high-dose intravenous immunoglobu-
lin (IVIG) treatment in 11 pemphigus vulgaris patients previously showing an inadequate 
response to immunosuppression and IVIG alone (Ahmed et al., 2006). During the first 2 
months patients received three weekly infusions of rituximab (375 mg / m2) followed by 
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IVIG (2 g / kg) in the fourth week while in months 3–6, rituximab was administered once 
per month plus a single infusion of IVIG (2 g / kg). Nine of 11 patients experienced a com-
plete remission within 7–9 weeks after the first rituximab infusion, lasting 22 to 37 months, 
whereas 2 patients showed a relapse 12 months after beginning of the study (Ahmed et al., 
2006). Recently, Schmidt et al. summerized the clinical experience with rituximab in pem-
phigus (Schmidt et al., 2009). Of 103 published pepmphigus vulgaris patients treated with 
rituximab, 79 patients (77%) showed either a complete remission (defined as clinical re-
mission and no further medication required) or a clinical remission (healing of all clini-
cal lesions on immunosuppression), while 21 patients at least showed a partial clinical re-
sponse, i. e. healing of > 50% of initial lesions at baseline) (Schmidt et al., 2009). The results 
of 20 pemphigus foliaceus patients included in this review were very similar to the ones ob-
tained in pemphigus vulgaris. In about 10% of the pemphigus patients severe infections 
were reported; 3% of these were fatal events whereas infusion-related adverse events were 
rarely reported (Schmidt et al., 2009). 

Second generation anti-CD20 monoclonal antibodies and small modular 
immunopharmaceutical proteins 

Rituximab is a chimeric antibody carrying murine Fab fragments that might induce the 
development of human anti-chimeric antibodies (HACAT) potentially limiting its efficacy 
and habouring the risk of allergic reactions in form of infusion-related adverse events. 
Moreover, complement dependent cytotoxicity (CDC) has been shown to be one mecha-
nism of B cell depletion by rituximab. The activation of the complement system is another 
potential risk of infusion-related adverse events. Based on these findings, new humanized 
and fully human anti-CD20 monoclonal antibodies have been developed and are currently 
in clinical evaluation. Finally, other anti-CD20 antibodies are likely to recognize different 
epitopes of the CD20 molecule, theoretically accompanied by more effective B cell deple-
tion. Ocrelizumab is a humanized anti-CD20 monoclonal antibody recognizing the same 
epitope as rituximab. It is being applied in different phase I/II studies for the treatment of 
RA, MS and lupus nephritis in SLE (Tarner, 2009). Genovese et al. published results of a 
phase I/II trial in moderate to severe RA (Genovese et al., 2008). Although CDC was ex-
pected to be reduced, infusion related reactions appeared more often compared to the pla-
cebo group (Genovese et al., 2008). However, in this study patients initially did not receive 
steroid-based premedication. In addition to MTX, patients received 200 mg  and 1000 mg  
ocrelizumab, respectively, and demonstrated a ACR 20, 50 and 70 response of 50, 20 and 
8% (for 200 mg) and 50, 28 and 18% (1000 mg) versus 22, 7 and 2% in the placebo group 
(Genovese et al., 2008). Severe adverse events including infections were not significantly in-
creased compared to placebo. Similar results of a European study applying ocrelizumab in 
RA were reported at the EULAR congress in 2008 (Tak et al., 2008). Based on the currently 
available data, ocrelizumab seems to induce clinical responses in RA similar to rituximab 
(Tarner, 2009). Veltuzumab is a humanized anti-CD20 antibody with complementarity de-
termining regions (CDR) indentical to rituximab except for the replacement of asparagine 
with aspartic acid at position 101. In vitro studies revealed that veltuzumab exhibits higher 
binding affinities to CD20 compared with rituximab and CDC activity by veltuzumab ap-
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pears to be enhanced (Milani, Costillo, 2009). Preclinical studies for the treatment of RA 
are being conducted. Ofatumumab is a fully human anti-CD20 monoclonal antibody. So 
far, abstracts on preliminary results of phase I and II studies in refractory RA patients, most 
of them receiving MTX with or without prednisone, have been recently reported (Øster-
gaard, 2008b). In the phase II study, 226 RA patients received 2 infusions of ofatuzumab in 
three different dosing categories (300, 700 and 1000 mg). 24 weeks after start of treatment 
all dosing groups of the intention to treat population demonstrated statistically significant 
clinical efficacy by ACR 20 rates. These positive results were confirmed at 48 weeks, sug-
gesting that compared to placebo, ofatuzumab induced a sustained clinical response in RA 
(Østergaard, 2008a). This promising clinical outcome prompted the initiation of ongoing 
phase III clinical investigations. In contrast to the above mentioned monoclonal antibod-
ies, TRU-015 and SBI-087 are CD20-specific single chain variable fragments (scFv), also 
known as small modular immunopharmaceutical proteins (SMIP). Due to their small mo-
lecular weight these constructs are thought to have an improved tissue penetration com-
pared to complete antibodies. TRU-015 binds to CD20 on pre- to mature B cells. A recent 
phase I, open label, dose-escalation trial in RA demonstrated dose-dependent B cell deple-
tion, no dose-limiting toxicity and an acceptable tolerability profile (Burge et al., 2008). Up 
to date, there is only limited data on the clinical efficacy of TRU-015 in RA available, due to 
the small number of patients included in the current studies. Preliminary results show that 
ACR 20 rates seem to be comparable with the other anti-CD20 agents tested in RA. Stud-
ies are being conducted to asses the long-term efficacy and safety in the treatment of RA 
and lymphoma. Currently, phase I studies in RA and SLE are ongoing to evaluate the other 
SMIP SBI-087. In summary, these new anti-CD20 agents have been generally well tolerated 
in clinical studies with infusion reactions the most commonly reported adverse events. As 
expected with huanized and fully human antibodies, they have been associated with less 
immunogenicity and compared with rituximab with fewer infusion reactions (Burge, 2008; 
Hutas G, 2008; Castillo, Milani, 2009).

Anti-CD22 antibody (epratuzumab)

CD22 is a lektin-like type I transmembrane glycoprotein (135kDa) expressed on imma-
ture B cells and at higher levels on mature circulating (IgD+, IgM+) B cells until the tran-
sitional stage whereas differentiated plasma cells lack CD22 expression (Tedder et al., 
2005). Consisting of 7 immunoglobulin-like domains, CD22 mediates adhesion of B cells 
to oligosaccharides bearing 2.6-linked sialic acid residues present on most leucocytes 
(Engel et al., 1995). In addition to its function as a homing receptor for recirculating B 
cells, CD22 might attenuate B cell receptor signaling by cytoplasmatic inhibitory domains 
(O’Keefe et al., 1996). CD22-deficient mice exhibit a reduced number of mature B cells, 
hyperreactivity to B cell receptor signaling and an increased risk for developing a lupus-
like disease (Samardzic et al., 2002; Jellusova et al., 2010). Epratuzumab is a humanized 
monoclonal IgG1 anti-CD22 antibody preferentially depleting naïve and transitional B 
cells, leading to a reduction of 35–50% of peripheral B cell counts (Carnahan et al., 2007). 
In contrast to rituximab, anti-CD22 treatment does not induce apoptosis and CDC (Car-
nahan et al., 2007). Epratuzumab has been applied in phase I/II trials for the treatment of 
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Sjögren’s syndrome and SLE, respectively. In a study with 16 Sjögren’s syndrome patients, 
epratuzumab led to at least a 20% improvement in at least two parameters including lac-
rimal fluid, salivary flow, fatigue and IgG levels in 53% of the patients at 6 weeks. A 50% 
improvement in at least 2 of the above mentioned symptoms were recorded in 45% of the 
patients at week 32 (Steinfeld et al., 2006). Circulating B cell counts were moderately de-
creased by 39–54% and epratuzumab was given in four infusions of 360 mg / m2 every 
other week (Steinfeld et al., 2006). Dörner et al., assessed the efficacy and safety of epratu-
zumab in 14 SLE patients reporting a modest decline in circulating B cell numbers and at 
least a 50% improvement of clinical activity (as quantified by BILAG score) in all the pa-
tients (Dörner et al., 2006). Preliminary results of interrupted phase III trials in SLE dem-
onstrated a clinically relevant response, a steroid sparing effect and an improvement in 
life quality, indicated by a 2.5–3-fold increase in SF-36 quality of life assessment at week 
48 compared to the placebo group. (Petri, 2008). So far, epratuzumab demonstrated a 
promising clinical efficacy and safety profile in these clinical conditions, prompting larger 
phase III trials in the future. 

Anti-CD19 antibody 

Except for the early stages of B cell development, CD19 is expressed by all B cells and at 
low levels on antibody secreting plasma cells (Levesque and St Clair, 2008). The anti-CD19 
anti body MDX-1342 results in B cell depletion and elimination and is currently in phase 
I trials for RA. Currently, it remains unclear whether anti-CD19 antibody treatment will 
lead to more profound B cell depletion than anti-CD20 therapy (Levesque, 2009). 

Inhibitors of B cell survival and signaling factors

In various autoimmune disorders there is growing evidence that the release of cytokines 
and growth factors by inflamed nonlymphoid target tissues, such as the synovium in RA 
or the kidneys in lupus nephritis, and infiltrating cells are important mediators of B cell ac-
tivation (Groom and Mackay, 2008). In the context of autoimmune disorders, B cell toler-
ance and homeostasis are of major interest and thus, factors influencing B cell maturation 
have been thoroughly investigated in various autoimmune diseases (Daridon et al., 2009). 
The B cell activating factor from the tumor necrosis family (BAFF) or B lymphocyte stimu-
lator (BlyS) has been identified to influence B cell differentiation and survival. Its complex 
function for B cell tolerance is not completely defined, yet (Mackay and Ambrose, 2003; 
Schneider, 2005). However, BAFF drives the maturation of B cells mainly at early transi-
tional stages and has been suggested to interfere with humoral tolerance by rescuing auto-
reactive B cells from apoptosis (Mackay et al., 2003). BAFF is able to transduce signaling on 
B cells by three different receptors, B cell maturation antigen (BCMA), transmembrane ac-
tivator and calcium modulator and cyclophilin ligand interactor (TACI) and BAFF recep-
tor (BAFF-R) (Zhang et al., 2005). Another ligand of the TNF family, a proliferation-induc-
ing ligand (APRIL), is closely related to BAFF and shares binding to BCMA and TACI. De-
pending on their maturation status, B cells express BAFF-R, BCMA and TACI in different 

Rüdiger Eming and Ingo H. Tarner544



intensities, whereas BAFF-R is also expressed by activate and regulatory T cells. BCMA has 
been identified on plasma blasts and plasma cells (Bossen et al., 2008). Furthermore, there 
is evidence that BAFF-BAFF-R interaction mainly triggers the generation and maintenance 
of mature B cells, whereas BAFF induces T cell independent B cell activation, immunoglob-
ulin switching and B cell homeostasis by binding to TACI (Sasaki et al., 2004). BAFF and 
APRIL can form biologically active heterotrimers that are significantly increased in sys-
temic autoimmune diseases, probably due to an overexpression. However, the functional 
relevance of these heterotrimers is currently not completely understood (Roschke et al., 
2002). Transgenic mice overexpressing BAFF develop a lupus-like autoimmune disorder 
including the production of anti-DNA autoantibodies, autoimmune nephritis and glandu-
lar infiltrations by B cells resulting in Sjögren-like disease (Groom et al., 2002). Moreover, 
BAFF overexpression resulted in hypergammaglobulinemia and dysregulation of B cell sub-
sets with increased marginal zone B cells, mature and transitional type 2 B cells (Mackay 
et al., 1999). In SLE, RA and Sjögren’s syndrome, various studies have found substantially 
increased levels of BAFF, APRIL and BAFF / APRIL heterotrimers in serum and target tis-
sues, further enhancing the pathogenic relevance of raised BAFF and APRIL in systemic au-
toimmunity (Pers et al., 2005; Seyler et al., 2005). Some investigations demonstrated a pos-
itive correlation of elevated BAFF / APRIL serum levels and autoantibody titers and clinical 
activity, respectively (Jonsson et al., 2005; Zhang et al., 2005). In Sjögren’s syndrome it has 
been shown that the level of circulating BAFF in the serum before B cell depleting therapy 
influences the duration of mature B cell depletion (Pers et al., 2007) and moreover, BAFF is 
dramatically enhanced during B cell depletion probably supporting re-emerging B cell dif-
ferentiation (Edwards and Cambridge, 2006). The concept that impaired BAFF expression 
and dysregulation of the BAFF / APRIL system enforce the maturation of autoreactive B cell 
clones, provides the rationale for therapeutically targeting this system.

Therapeutic approaches targeting BAFF and APRIL

Two different strategies have been developed to target BAFF either by applying an anti-
BAFF antibody or using a BAFF-R fusion protein, respectively. Belimumab (Lympho Stat 
B) is a fully human IgG1 anti BAFF monoclonal antibody targeting soluble BAFF with high 
affinity thus preventing binding of BAFF to its receptors (Baker et al., 2003). Briobacept 
(BR3-Fc) is a recombinant BAFF-R-Ig fusion protein, uniquely blocking soluble and mem-
brane bound BAFF, as it does not bind to APRIL. So far, briobacept has been applied in two 
phase I trials for the treatment of RA, providing pharmacodynamic and pharmacokinetic 
data, but lacking an assessment of its clinical efficacy, yet (Fleischmann, 2006; Shaw, 2007; 
Shaw M, 2007). Briobacept was well tolerated with minor local reactions at the injection 
sites. Immunological effects included a 50–70% decrease in naïve CD19+CD27- B cells, a 
10% reduction of total immunoglobulin levels and a doubling of CD19+CD27+ memory 
B cells (Shaw, 2007). Belimumab is currently assessed in seven active NIH trials, including 
different phase II/III studies in SLE and one phase II trial in RA (Tarner, 2009). With re-
spect to tolerability and safety, all studies including around 800 patients demonstrate a fa-
vorable safety profile of belimumab without increased incidence of severe infections and 
malignancies, respectively. Belimumab treatment led to a significant reduction in circu-
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lating B cells and immunoglobulin levels including disease-related autoantibody titers de-
creased. However, the clinical responses to belimumab in SLE and RA demonstrated mod-
est efficacy. The phase I trial in SLE did not show meaningful clinical responses irrespective 
of the dosing regimen. Furthermore, in the randomized, double-blind placebo-controlled 
phase II study in SLE, the primary endpoint at week 52 was not achieved (Chatham, 2008). 
A subgroup analysis revealed that autoantibody positive patients demonstrated a higher in-
cidence of clinical responses, as measured by “SLE responder index” (Furie, 2008). Results 
of a two year open-label extension study showed that belimumab at a dose of 10 mg / kg ev-
ery four weeks led to a significant stabilization of disease activity and reduced flare rates 
(Furie, 2008). Atacicept, a decoy receptor TACI-Ig prevents binding of BAFF and APRIL 
to the TACI receptor on B cells and has been studied in a phase I trial in RA and a phase Ib 
trial in RA and SLE (Tak et al., 2008). Atacicept induced a marked reduction of immuno-
globulins, especially of IgM, and in RA there was a decrease in rheumatoid factor and anti-
CCP-antibodies, while pathogen specific, protective antibodies, such as anti-tetanus toxoid 
antibodies, in 11 RA patients remained unchanged (Dall’Era et al., 2007). By flow cytom-
etry analysis, atacicept induced a reduction in all B cell subsets, with the most prominent 
reduction was noticed in naïve B cells. As seen in SLE, atacicept induced a brief initial in-
crease in memory B cells in RA, with no effect on T cells and monocytes (Tak et al., 2008). 
Both in SLE and RA, clinical benefits were moderate and no serious infections were noted 
(Dall’Era et al., 2007; Tak et al., 2008). Although there are promising results of the above 
mentioned clinical trails using different strategies of interfering with B cell activation, mat-
uration and differentiation in autoimmune diseases, the field still lacks precise knowledge 
of the relative functions of BAFF and APRIL and their receptors. The indirect effect on 
plasma cells by BAFF inhibition and theoretically synergistic effects with B cell depleting 
strategies are required to be evaluated in the future. 

Strategies of blocking T-B cell interactions and germinal center reactions 

For autoantibody-mediated autoimmune diseases, T cell help is thought to be crucially 
linked to B cell memory and plasma cell induction concentrated in the germinal center. 
Therefore, blockade of T cell help and targeting pathways of the germinal center reaction 
are possible objects of selective cellular therapy. This strategy is clinically already available 
by the recombinant fusion protein CTLA-4 Ig (abatacept) consisting of the extracellular 
domain of CTLA-4 linked to the Fc portion of IgG1. Abatacept was approved in 2005 for 
the treatment of refractory RA showing inadequate response to previous anti-TNF treat-
ment. Currently, abatacept is being evaluated in various phase II trials for the treatment in 
SLE, vasculitis syndromes, systemic sclerosis and ankylosing spondylitis. Recently, Mer-
rill et al. reported results of a 12-month exploratory phase II trial to evaluate abatacept in 
non-life-threatening SLE (Merrill et al., 2010a). In this study, SLE patients received abata-
cept (approx. 10 mg / kg) or placebo combined with prednisone (30 mg / d) for one month 
and then tapered. Abatacept did not show a meaningful clinical effect, since primary and 
secondary endpoints were not met. Compared with placebo, abatacept led to significantly 
higher severe adverse events that require further assessment. Blocking the CD40/CD40L 
(CD154) interaction in SLE using the humanized antibody ruplizumab (BG9588) resulted 
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in good clinical responses, a decreasing anti-dsDNA autoantibodies, a 50% improvement 
of proteinuria in lupus nephritis and led to reduced plasmablasts (Boumpas et al., 2003). 
However, thromboembolic events occurring during the early trial phase resulted in its 
early termination, probably related to CD154 expression on activated platelets (Mirabet 
et al., 2008). IDEC-131 is another humanized anti-CD154 antibody that was well tolerated 
and safe in a phase I trial in SLE, but failed to demonstrate clinical benefits in a SLE phase 
II-trail (Kalunian et al., 2002). Lymphotoxin is essential as survival factor for stromal cells 
providing the cellular basis for secondary lymphoid organs. A decoy receptor, lymphoto-
xin-ß receptor – IgG1 (baminercept, BG9924) is able to inhibt binding of lymphotoxin on 
activated T and B cells and has been investigated in randomized phase II trials in RA pa-
tients showing an inadequate response to MTX (Genovese, 2009). Baminercept was dosed 
with 1 and 3 mg/kg leading to best improvements of ACR score at day 77. Up to 30% of the 
patients experienced flu-like symptoms after the first dose representing the most frequent 
side effect. The clinical value of strategies targeting the germinal center reaction will be de-
termined in future studies. 

T cell targeted strategies

Alemtuzumab (Campath-1H) is a humanized monoclonal antibody directed against CD52, 
a glycoprotein present on all T- and B lymphocytes, monocytes and eosinophils, but it is 
not expressed by hematopoietic precursors (Gilleece and Dexter, 1993). The exact function 
of this abundantly expressed protein remains unclear. Alemtuzumab rapidly induces a pro-
found lymphopenia with CD4+ T cells being particularly slow to recover, taking 5 years to 
reach pre-treatment levels (Coles et al., 2008). Anti-CD52 antibody treatment is licensed 
for the treatment of chronic lymphocytic leukemia (CLL), but has been applied in various 
autoimmune diseases, in renal transplantation and non-myeloablative conditioning prior 
to stem cell transplantation (Jones and Coles, 2009). Since the early 1990s alemtuzumab 
has been studied for the treatment of relapsing-remitting MS (RRMS). CAMMS-223 was 
a multicenter, randomized, single-blind phase II trial designed to compare alemtuzumab 
with interferon beta 1a in early active MS. 334 patients with active MS were randomized ei-
ther to interferon beta-1b subcutaneously three times a week or alemtuzumab at one of two 
doses (12 or 24 mg  daily i.v.) on five consecutive days. Alemtuzumab was shown to reduce 
the risk of relapse and the risk of sustained accumulation of disability by more than 70% 
compared with interferon (Coles et al., 2008). These clinical observations were paralleled 
by changes in brain volume as measured by MRI. Between 12 and 36 months post-alemtu-
zumab an increased brain volume was noticed suggesting a restoration of brain structure 
(Coles et al., 2008). The CAMMS-223 trial revealed more infectious events in the alemtu-
zumab group than in the interferon beta I treated patients, largely due to mild-to-moderate 
respiratory tract infections, whereas malignancies were not statistically more frequent af-
ter alemtuzumab therapy. However, the principal adverse event of alemtuzumab is the oc-
currence of novel autoimmunity arising months to years after treatment. Typically, 20–30% 
of these patients develop some kind of thyroid autoimmunity, mostly Graves’ disease and 
in the CAMMS-223 trial 2.8% of the patients developed ITP (Coles et al., 2008). One obvi-
ous explanation for its efficacy in the treatment of MS is the ability of anti-CD52 antibody 
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Table 1. Strategies for therapeutic targeting of B cells, T cells and plasma cells in autoium-
mune diseases

Molecular 
target

Effect on cellular targets Agent Reference

T cell B cell Plasma cell*

T cell targets
T cell receptor 
complex

induces T 
cell apopto-
sis / anergy; 
induces Treg

anti-CD3 
mAb
otelixizumab
tepilizumab

Bisikirska 
et al., 2005; 
Chatenoud 
and Bluestone, 
2007; Keymeu-
len et al., 2005

Co-stimulatory 
receptors
CD154 / CD40L blocks T – B 

cell interac-
tion 

inhibits early B 
cell activation; 
GC formation

probably 
inhibits the 
generation

anti-CD154 
mAb
ruplizumab
toralizumab

Davis et al., 
2001; Ka-
lunian et al., 
2002

CTLA-4 blocks 
costimula-
tion; CD28-
CD80/86 
interaction

blocks costimu-
lation;
CD28-CD80/86 
interaction

CTLA-4-Ig
abatacept

Emery et al., 
2010; Maxwell 
and Singh, 
2009; Merrill 
et al., 2010a

CD2 prevents T 
cell (CD2) 
– APC 
(LFA-3) 
interaction

LFA3-Ig
alefacept

Kraan et al., 
2002; Krueger 
et al., 2002; 
Roberts et al., 
2010

Other 
T cell targets
CD25 inhibits T 

cell activa-
tion / expan-
sion; blocks 
IL-2 recep-
tor binding

anti-CD25 
mAb
basiliximab
daclizumab

Bielekova et al., 
2009; Bielekova 
et al., 2004

B cell depletion

CD20 reduces 
activation 

depletion depletes 
precursors 

anti-CD 20 
mAb
rituximab
ocrelizumab
ofatumumab
veltuzumab
Tru-015
SBI-087

Edwards and 
Cambridge, 
2006; Levesque 
and St Clair, 
2008; Merrill 
et al., 2010b

CD19 depletion depletes 
precursors; 
plasma blasts 
and some PC 

anti-CD19 
mAb
MDX-1342

Tedder, 2009
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Molecular 
target

Effect on cellular targets Agent Reference

T cell B cell Plasma cell*

Proteasome kills activated B 
cells / GC cells

kills PC bortezumib Neubert et al., 
2008

CD22 depletes / inhib-
its proliferation

depletes 
precur-
sors / inhibits 
differentia-
tion

anti-CD22 
mAb
epratuzumab

Carnahan et al., 
2007; Dorner 
et al., 2006; 
Steinfeld et al., 
2006; Tedder 
et al., 2005

B cell survival /  
differentiation
BAFF reduces survival 

of naive and 
transitional 
cells; reduced 
GC survival

depletes some 
precursors

anti-BAFF 
mAb
belimumab;
BAFF-R-Ig 
(BR3-Fc)
briobacept

Chatham, 2008; 
Furie, 2008

Fleischmann, 
2006; Shaw, 
2007

BAFF & APRIL reduces survival 
of naive and 
transitional 
cells; reduced 
GC survival

reduces BM 
PC; depletes 
short / long 
lived PC

TACI-Ig
atacicept

Dall‘Era et al., 
2007; Tak et al., 
2008

GC reaction / 
homing
Lymphotoxin-ß disrupts GC re-

action, ectopic 
lymphogenesis

LT-ßR-Ig
baminercept

Genovese, 2009

CD154 / CD40L see above
CTLA-4 see above
T & B cell targets
CD52 depletion depletion anti-CD52 

mAb
alemtuzumab

Gilleece and 
Dexter, 1993; 
Jones and 
Coles, 2009

Mechanisms range from preclinical studies to phase III clinical trials. The described biologic 
effects are mainly derived from animal models and human studies if available. 
*  The effects on plasma cells are rather deducted from effects of the respective intervention 

on the (auto) antibody levels than from direct experimental evidence.
 Animal modles of SLE; preclinical data; 

APC: antigen presenting cell; BM PC: bone marrow-derived plasma cells; BAFF: B cell acti-
vating factor; Ig: immunoglobulin; IL-2: interleukin-2; GC: germinal center; LT-ß: lympho-
toxin-beta; mAb: monoclonal antibody; PC: plasma cell; TACI: transmembrane activator 
and calcium-modulating and cyclophilin ligand interactor; Treg: regulatory T cell 

Table 1. (continued) Strategies for therapeutic targeting of B cells, T cells and plasma cells in 
autoiummue diseases
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treatment to induce a long-lasting lymphopenia. However, the occurrence of autoimmu-
nity after alemtuzumab treatment and the lack of severe infectious events suggests that the 
patients are not profoundly immunocompromised. There is recent evidence that one puta-
tive effect of alemtuzumab is the homeostatic reponse it induces. Cox et al. showed that the 
circulating lymphocyte pool is dramatically altered by alemtuzumab (Cox et al., 2005). Es-
pecially, while memory T cells are reduced, there is a predominance of regulatory T cells 
(CD4+CD25hiFoxp3+), possibly providing a “tolerogenic environment” for newly gener-
ated lymphocytes. This latter finding somewhat contradicts the novel development of au-
toimmunity after alemtuzumab (Jones and Coles, 2009). Another T cell directed thera-
peutic strategy includes Fc receptor non-binding (FcR)-non-binding anti-CD3 antibod-
ies that have been shown to minimally deplete T cells but might induce a tolerogenic state 
of the T cells by altering TCR-signaling (Chatenoud and Bluestone, 2007). Anti-CD3 anti-
bodies modulate the TCR-CD3 complex resulting in the T cells becoming “blind” (also re-
ferred to as antigenic modulation). In type I DM, FcR-non-binding CD3-specific antibod-
ies are thought to induce remission by two mechanisms, first induction of T cell apopto-
sis and anergy and secondly induction of adaptive regulatory T cells secreting transform-
ing growth factor beta (Chatenoud and Bluestone, 2007). The early results of anti-CD3 
antibody treatment in Type I DM have been promising. Keymeulen et al. demonstrated 
that otelixizumab, an anti-CD3-antibody, maintained ß-islet cell function better than pla-
cebo in a randomized, placebo controlled trial including 80 new-onset type I diabetics 
(Keymeulen et al., 2005). More recently, it was shown that tepilizumab (hOKT3γ1), an-
other anti-CD3 antibody, preserved pancreatic ß-cell function associated with activation 
of CD8+CD25+ regulatory T cells in peripheral blood (Bisikirska et al., 2005). Based on 
these promising findings, phase III clinical trials are ongoing to confirm these results in a 
larger cohort of type I DM patients. In this context, a very interesting report by Ilan et al. 
showed that oral administration of OKT3 antibody in humans exerts a dose-dependent 
immunologic effect in T cells and dendritic cells (Ilan et al., 2010). For 5 days, healthy vol-
unteers (three per group) received orally administered OKT3 antibody in a dose range of 
0.2 to 5.0 mg  daily and immune parameters were measured thereafter on days 5, 10 and 30 
(Ilan et al., 2010). In this observational study, no severe side effects were reported and the 
development of human anti-mouse antibodies was not noticed. There were interesting im-
munologic changes including enhanced T cell proliferation, increased TGF-ß/L-10 secre-
tion, decrease in Th1 and Th17 reponses and lower IL-23/IL-6 expression by dendritic cells 
(Ilan et al., 2010).

Cellular therapies

Hematopoietic stem cell transplantation 

As detailed above, autoimmunity results from failure of the immune system to discriminate 
“immunologic self ”, e. g. own organ structures from “non-self ”, such as pathogens. This 
complex dysregulation of the immune system includes both cellular and humoral factors 
of the innate immune system as well as the tightly regulated adaptive immune response. 
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For systemic autoimmune diseases, such as SLE, the multilayered interaction of autoreac-
tive B- and T cells has become increasingly evident (Shlomchik, 2009). Thus, the approach 
of correcting the autoaggressive immune aberrations by resetting the immune system ap-
pears very attractive. Moreover, there is evidence that autoreactive long-lived plasma cells 
could maintain chronic inflammation and autoimmune processes by persistent autoanti-
body secretion (Manz et al., 2006). Several studies demonstrate that plasma cells are resis-
tant to immunosuppression, irradiation and anti-CD20 antibody treatment (Anolik et al., 
2004; Radbruch et al., 2006). Thus, the depletion of autoreactive long-lived plasma cells 
by immunoablation followed by autologous hematopoietic stem cell transplantation might 
be a key-point for the success of sustained control of disease activity at least in some au-
toimmune diseases, such as SLE. The results of pioneering animal experiments using var-
ious autoimmune models suggested that stem cell therapy might be beneficial for patients 
with severe refractory autoimmune diseases. Animal models of collagen-induced arthri-
tis (CIA) and experimental autoimmune encephalomyelitis (EAE) demonstrated that he-
matopoetic cell transplantation (HCT) can ameliorate autoimmune diseases and induce 
tolerance, respectively (Ikehara et al., 1985). Moreover, appreciation of the potential cure 
of autoimmune diseases was fostered by illustrative case reports of patients with coincident 
autoimmune disease and hematologic malignancy who remained in long-term remission 
of both diseases after allogeneic transplantation (Marmont, 2004). Since 1996, especially 
the European League Against Rheumatism (EULAR) and the European Group of Blood 
and Marrow Transplantation (EBMT) have encouraged the exploration of hematopoetic 
stem cell transplantation (HSCT) in severe autoimmune diseases (Sullivan et al., 2010). 
Since then, more than 1500 autoimmune patients have received an HCST (Tyndall and 
Gratwohl, 2009). The clinical experience with HCST in autoimmunity is further supple-
mented by three large multinational randomized trials for systemic sclerosis (ASTIS), mul-
tiple sclerosis (ASTIMS) and Crohn’s disease (ASTIC study). Currently, randomized phase 
III studies are recruiting patients in the USA with these three autoimmune conditions (Sul-
livan et al., 2010). The ultimate goal of this therapy is to induce durable medication-free re-
mission by correcting the autoreactive immune aberration. 

Clinical experience with HSCT in autoimmune diseases

A recent analysis of the EBMT / EULAR database included nearly 1000 patients who un-
derwent an HSCT for the indication of autoimmune diseases (Tyndall and Gratwohl, 
2009). The leading indications for autologous HSCT comprised MS in 353 patients, SSc 
in 176, RA in 86, SLE in 85, vasculitis in 29 patients and other autoimmune disorders in 
fewer patients including inflammatory bowel disease and neurological disorders (Tyndall 
and Gratwohl, 2009). A recent retrospective analysis of more than 400 MS patients dem-
onstrated that 60–70% of MS patients having received HSCT showed a 3-year progression-
free survival and treatment-related mortality (TRM) was reported in 1–2% (Mancardi and 
Saccardi, 2008). In SSc, recent reports demonstrated that HSCT seems to be able to re-
verse fibrosis (Fleming et al., 2008; Nash et al., 2007) and to improve microvasculariza-
tion (Aschwanden et al., 2008). In a series of 26 patients transplanted for SSc, 81% demon-
strated a beneficial response (Vonk et al., 2008). TRM with HSCT has decreased over time 
from 17% in a cohort of 41 patients to 9% in a subsequent analysis of 65 patients (Nash 
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et al., 2007). Two prospective multicenter randomized trials of HSCT for SSc are currently 
ongoing in Europe and the US (van Laar et al., 2008). In one of these studies event-free 
survival, defined as survival without mortality, relapse or progression of SSc, was 64.3% 
at 5 years and 57.1% at 7 years (Vonk et al., 2008). A retrospective analysis of 53 SLE pa-
tients treated with HSCT, recorded in the EBMT / EULAR database, was previously re-
ported (Jayne et al., 2004). Survival at 48 weeks was 62% and 50% of the patients achieved 
a 5-year disease free survival and TRM was 12% (Jayne et al., 2004). Additional results of 
phase I and II studies have been reported in Europe and the USA (Tyndall and Gratwohl, 
2009). HSCT treatment for vasculitic disorders included, among others, cryoglobulinemia, 
Wegner’s granulomatosis and Behcet’s disease (Daikeler et al., 2007). Farge et al. performed 
a retrospective observational study on all first autologous HSCT for autoimmune diseases 
refractory to approved therapies that were reported to the EBMT registry between 1996–
2007 (Farge et al., 2010). 900 patients were analyzed and the primary end-points for anal-
ysis were overall survival, progression-free survival and TRM at 100 days post transplan-

Table 2. Indications for hematopoietic stem cell transplantation in autoimmune diseases

Autoimmune disease Number of patients

Multiple sclerosis 352

Connective tissue diseases

176

 85

 11

  3

Arthritis

 86

 40

  3

Inflammatory bowel disease

 15

Vasculitis

  7

  6

  2

  2

  1

Until March 2008, nearly 1000 patients were registered in the The European League Against 
Rheumatism (EULAR) / The European Group for Blood and Marrow Transplantation (EBMT) 
database as having received an HSCT for the indication of autoimmune disorders. Shown are 
selected indications of the complete database; modified from (Tyndall and Gratwohl, 2009)
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tation (Farge et al., 2010). Among all patients, the 5-year survival was 85% and the pro-
gression-free survival 43%, although these results varied depending on the type of auto-
immune disease. The 100-day TRM was significantly associated with the experience of the 
transplant center and the type of autoimmune disorder, but there was no significant corre-
lation with the transplant technique (Farge et al., 2010). Progression-free survival was sig-
nificantly correlated with age less than 35 years, the diagnosis and whether transplantation 
was performed after the year 2000 (Farge et al., 2010). The authors conclude that this larg-
est cohort studied worldwide proves autologous HSCT to induce sustained remission for 
more than 5 years in patients with severe autoimmune diseases refractory to conventional 
therapies. The most relevant determinant of outcome was the type of autoimmune disease 
rather than the transplant technique (Farge et al., 2010). 

Evidence for immune resetting by HSCT in autoimmunity

The rationale for applying HSCT in autoimmune diseases is to regenerate a new and self-
tolerant repertoire of immune cells. A study by Roland Martin’s group demonstrated in 7 
MS patients who had been treated with autologous HSCT the regeneration of a new, na-
ïve T cell repertoire emerging from the thymus (Muraro et al., 2005). Compared with pre-
therapy, analysis of the T cell receptor repertoire showed an overall broader clonal diversity 
and renewal of clonal specificities (Muraro et al., 2005). A more recent study by Alexan-
der et al. in 7 SLE patients treated with autologous HSCT demonstrated that clinical remis-
sion correlated well with the depletion of autoreactive immunologic memory (Alexander 
et al., 2009). Anti-dsDNA autoantibodies and protective pathogen-specific antibodies dis-
appeared after autologous HSCT treatment in these patients, whereas recent thymic emi-
grants (CD31+CD45RA+CD4+ T cells) reoccurred with a doubling in absolute numbers 
compared with age-matched healthy controls at 3-year follow-up. Morever, the authors no-
ticed an increase in CD4+CD25bright Foxp3+ T cells from 2 to 7 years after HSCT, sug-
gesting a restoration of impaired immune regulation seen in active SLE patients (Alexan-
der et al., 2009). 

Future aspects of autologous HSCT in autoimmune disorders 

The data of patients registered in the EBMT / EULAR database suggest a reduction in TRM 
most likely due to more precise patient selection (Sullivan et al., 2010). The focus in the 
field is to initiate planned and to complete ongoing prospective randomized clinical trials 
to validate the effectiveness and toxicity of HSCT in autoimmune diseases. 

Mesenchymal stem cells for autoimmune diseases

Within the past years there has been substantial interest in mesenchymal stem cells (MSC) 
for the treatment of chronic inflammatory and autoimmune diseases. MSC have been ap-
plied as vehicles for gene therapy, as anti-inflammatory and immunomodulatory cells and 
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to support the engraftment of hematopoietic stem cells (Passweg and Tyndall, 2007). Both 
in vitro and in vivo MSC are able of differentiating to various cell lineages including mus-
cle, bone and myelosupportive stroma (Horwitz et al., 2005). MSC can be isolated from dif-
ferent organs including adipose tissue, skeletal muscle, bone marrow, cord blood and pla-
cental products (Tyndall and Gratwohl, 2009). MSC are defined by the expression profile 

Table 3. Proposed mechanisms for immune modulation by mesenchymal stem cells

Immunomodulatory properties Proposed mechanism Reference

Immunosuppressive effect on T cell 
proliferation and cytokine release
(enhanced after proinflammatory 
stimuli, i. e. TNFα, IFNγ, IL-6)

Soluble factors:
TGF-ß; hepatocyte growth fac-
tor (HGF); HLA-G; indoleam-
ine 2.3 dioxygenase (IDO); 
nitric oxide

(Di Nicola et al., 2002; 
Krampera et al., 2003)

Induction of T cell anergy / unre-
sponsiveness

Partially reversible by IL-2; also 
shown: divison arrest anergy 

(Glennie et al., 2005; 
Zappia et al., 2005)

Immunosuppressive effects on mac-
rophages and attenuating sepsis

Release of prostaglandins, 
i. e. PGE2, PGE1, PGE3, PGI2; 
PGE2 induces IL-10 secretion 
by macrophages

(Nemeth et al., 2009)

Antigen presentation Upregulation of MHC class 
I / II under inflammatpry con-
ditions; antigen cross-presenta-
tion to CD8+ T cells

(Chan et al., 2008; 
Francois et al., 2009)

Secretion of proinflammatory cytok-
ines; chemotaxis

Upon IFNγ-stimulation: secre-
tion of IL-6, CXCL10, CCL2, 
CCL8, sICAM-1

(Hoogduijn et al., 2010)

Inhibition of generation and matura-
tion of dendritic cells 

Various soluble factors; dose-
dependent inhibition of both 
CD34+ and monocyte-derived 
dendritic cells

(Nauta et al., 2006)

Inhibition of antibody secretionby 
B cells

Third party MSC suppress 
alloantigen-specific antibody 
production in mixed lympho-
cyte cultures; cell-cell contact 
independent mechanism, but 
cell-cell contact enhances 
inhibitory function of MSC

(Comoli et al., 2008)

Induction of CD4+CD25+ T cells 
with regulatory function

Unknown mechanism (Maccario et al., 2005)

Mesenchymal stem cells (MSC) have been shown to exert various immunomodulatory func-
tions in vitro and in vivo. The most prominent effects of MSC are listed in this table. CXCL10: 
chemokine (C-X-C motif ) ligand 10; CCL2: chemokine (C-C motif ) ligand 2; IFN-γ: inter-
feron-gamma; TNFα: tumor necrosis factor-alpha; IL-2: interleukin-2; IL-6: interleukin-6; 
TGF-ß: transforming growth factor-beta; HLA-G: human leucocyte antigen-G; PGE: prosta-
glandin E; MHC: major histocompatibility complex 
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of certain cell surface markers and functional properties, as they lack unique cell surface 
markers (Pittenger et al., 2002). MSC express surface markers such as CD13, CD29, CD44, 
CD73, CD90 and CD166 but they are negative for CD34, CD45, CD80, CD86, HLA class II 
and HLA class I low separating them from hematopoietic stem cells which are CD13, CD34 
and CD45 positive (Hoogduijn et al., 2010; Tolar et al., 2010). This expression profile sug-
gests that MSC are of low immunogenic-genicity. MSC demonstrate a robust proliferation 
potential in vitro and they can clonally regenerate. Especially their immunomodulatory, 
antiproliferative capacities make MSC an interesting therapeutic candidate in the treat-
ment of autoimmune diseases and acute graft versus host disease (GvHD) (Tyndall et al., 
2007; Dazzi and Marelli-Berg, 2008). The exact immunosuppressive effect of MSC remains 
to be completely understood. However, clinical effectiveness of MSC may not require en-
graftment of large cell numbers or further differentiation into clinically affected or specific 
tissues. There is evidence suggesting that therapeutical benefit might be achieved by local 
release of antiproliferative and immunomodulatory factors (Tyndall and Gratwohl, 2009). 
Human MSC suppress T and B cell proliferation in mixed lymphocyte reactions in a dose-
dependent, MHC-independent manner which does not require cell-cell contact (Aggarwal 
and Pittenger, 2005). Depending on the experimental setting, multiple mechanisms of im-
munosuppression have been described including transforming growth factor-beta (TGF-
ß) (Di Nicola et al., 2002) IL-1 receptor antagonism (Ortiz et al., 2007), HLA class I G 
(HLA-G) and recently MSC have been shown to express Toll-like receptors (TLR) which 
might contribute to the anti-inflammatory effects on macrophages (Nemeth et al., 2009). 

Mesenchymal stem cells in animal models and clinical experiences

In EAE models, MSC treatment demonstrated both histological and clinical improvement. 
Early treatment with MSC showed better results which were reversed by IL-2 treatment, 
suggesting rather an anergy inducing effect of MSC in these models (Zappia et al., 2005). 
In murine arthritis models, MSC application showed mixed outcomes in collagen induced 
arthritis models (Augello et al., 2007; Djouad et al., 2005). Recent results of a phase II study 
in acute, steroid-resistant GvHD showed favorable clinical results without immediate tox-
icity. Thirty of 55 patients had a complete response, with reduced TRM at 12 months and 
higher overall 2-year survival (Le Blanc et al., 2008). MSC in SSc patients were normal in 
respect to proliferation and specific differentiation (Larghero et al., 2008). Several ongoing 
phase I / II trials of MSC treatment in MS, SLE, type I diabetes and Chrohn’s disease aim at 
exploring their effectiveness in these autoimmune diseases (Tyndall and Gratwohl, 2009). 

Targeting the fibrotic pathway in systemic sclerosis 

With regard to its therapeutic management, SSc continues to be one of the most complex 
systemic autoimmune diseases. In addition to autoimmune inflammation and vasculopa-
thy, extensive fibrosis is considered a fundamental etiopathogenic factor (Gabrielli et al., 
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2009). Thus, selective therapies interfering with fibrotic pathways are considered among 
the most promising novel therapeutic strategies in SSc (Ramos-Casals et al., 2010). A va-
riety of potential molecular targets have been identified including Abelson kinase (c-abl), 
platelet derived growth factor (PDGF), connective tissue growth factor (CCN2) and TGF-
ß (Denton et al., 2005). Surprisingly, a pilot phase I/II study of a human monoclonal an-
tibody against TGF-ß1 (CAT-192) in SSc failed to meet the efficacy outcomes (Denton 
et al., 2007). Pathological activation of tyrosine kinases (TK) might enhance carcinogene-
sis, vascular remodeling and fibrogenesis (Beyer et al., 2010). Recently, TK inhibitors have 
been explored for the treatment of SSc (Distler and Distler, 2009). Imatinib mesylate is a 
small molecule TK inhibitor effectively blocking the activity of c-abl by binding to its ATP-
pocket (Distler and Distler, 2010). Moreover, imatinib mesylate interferes with PDGF sig-
naling by blocking the TK activity of its receptor (Savage and Antman, 2002). By simul-
taneously targeting two important proliferative pathways activated in SSc, imatinib me-
sylate represents an interesting small molecule for the treatment of this autoimmune dis-
ease. Several preclinical studies using various experimental animal models of dermal, renal 
and lung fibrosis provided in vivo evidence that imatinib might reduce even established fi-
brosis (Akhmetshina et al., 2009). Two pilot studies in refractory chronic GvHD reported 
an antifibrotic effect of imatinib (Magro et al., 2008; Olivieri et al., 2009). Furthermore, 
several case reports demonstrated beneficial effects of imatinib mesylate in refractory SSc 
(Beyer et al., 2010). Based on these promising results of imatinib mesylate in SSc, clinical 
trials have been initiated (Ong and Denton, 2010). An interim analysis of a phase II open-
label study including 30 patients with SSc showed that imatinib led to an improved skin 
score at 12 months, associated with corresponding histological improvement (Akhmet-
shina et al., 2009). Previous clinical trials in CML patients showed that imatinib is well tol-
erated with discontinuation of the treatment in < 1% of patients due to severe side effects 
(Distler and Distler, 2009). So far, in SSc the most common, but often self-limited, adverse 
events included edema (80%), nausea (73%), myalgia (60%) and fatigue (53%) (Ong and 
Denton, 2010). To evaluate the safety and toxicity of imatinib in SSc, larger clinical stud-
ies are manfatory. Currently, several clinical trials of imatinib for the treatment of fibrosis 
in SSc are ongoing. Dasatinib and nilotinib, two novel inhibitors of c–abl and PDGFR, rep-
resent interesting alternatives to imatinib in the anti-fibrotic treatment in SSc (Distler and 
Distler, 2010). Additionally, there is recent evidence that nilotinib might exert positive ef-
fects on the proliferative vasculopathy (Akhmetshina et al., 2008). Furthermore, the inhibi-
tion of Src kinases that regulate the activation of c-abl, might be an additional therapeutic 
effect of dasatinib (Skhirtladze et al., 2008). 

Targeting cytokines and cytokine receptors

The identification of new cytokines and other soluble mediators affecting immune re-
sponses is probably among the most dynamic area of biomedical research. Translational 
research projects aim at exploring newly identified immune mediators for their potential 
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therapeutic benefit. In the category of immunomodulating therapies targeting cytokines, 
monoclonal antibodies against the IL-6 receptor (IL-6R) and the IL-12/23 p40 receptor 
subunit, rank as the most exciting of these recent developments. 

Anti-Il-6 receptor antibody (tocilizumab)

Tocilizumab is a humanized monoclonal antibody against the alpha chain of the IL-6R pre-
venting binding of IL-6 to both membrane-bound and soluble IL-6R and finally prevent-
ing its biological activity (Nishimoto and Kishimoto, 2008). IL-6 is a multifunctional cy-
tokine involved in the acute immune response, in the regulation of hematopoiesis, in the 
production of acute phase proteins in the liver and in B cell proliferation and differenti-
ation (Kishimoto, 2005). Interrestingly, IL-6 together with TGF-ß is also involved in the 
differentiation of Th17 cells, whereas TGF-ß in the absence of IL-6 has been reported to 
promote differentiation of CD4+CD25brightFoxp3+ regulatory T cells (Sakaguchi, 2004). 
High levels of IL-6 have been found in synovial fluid from inflamed joints of acute RA pa-
tients, causing angiogenesis by the induction of vascular endothelial growth factor (VEGF) 
(Ushiyama et al., 2003). Multiple phase III studies demonstrated that tocilizumab rapidly 
reduced RA disease activity and improved the functional status (Genovese et al., 2008). 
Furthermore, tocilizumab slows radiographic progression with improvement in bone and 
cartilage turnover markers (Hashimoto et al., 2010). Tocilizumab has first been approved 
in 2005 in Japan for the treatment of Castleman’s disease and in 2008 the approval was ex-
tended to the treatment of RA, juvenile arthritis and Still’s syndrome. Since the beginning 
of 2010, tocilizumab is approved by the FDA for the treatment of RA patients who did 
not respond to anti-TNF treatment. In murine models of lupus, IL-6 and IL-6R expres-
sion has been shown to be associated with disease activity (Nagafuchi et al., 1993; Ryffel 
et al., 1994). Moreover, lupus patients demonstrate elevated IL-6 serum levels correlating 
with disease activity and with anti-dsDNA autoantibodies in some studies (Richards et al., 
1998). In lupus nephritis, an increased urinary excretion of IL-6 in acute patients has been 
shown (Peterson et al., 1996). Taken together, there are increasing preclinical models and 
clinical observations that IL-6 plays an important role in lupus. A recent open-label phase 
I, dosage-escalation study assessed the safety of IL-6R inhibition by tocilizumab and pre-
sented preliminary results on clinical and immunological efficacy in SLE (Illei et al., 2010). 
In this study, 16 SLE patients with mild to moderate disease activity received tocilizumab 
given intravenously every other week for 12 weeks, followed by a 8-week follow-up pe-
riod. Three dosing groups included 2 mg / kg, 4 mg / kg and 8 mg / kg. Overall-tocilizumab 
was well tolerated, but it induced dose-dependent decrease in neutrophil counts. One pa-
tient was withdrawn due to neutropenia. In 8 of 15 patients there was a significant decrease 
of > 4 points in the disease activity index. Moreover, arthritis improved in all affected pa-
tients and anti-dsDNA autoantibodies decreased by a median of 47% (Illei et al., 2010). To-
gether with a 7.8% decrease in total IgG levels, the frequency of circulating plasma cells de-
creased significantly, suggesting a specific effect of anti-IL6R treatment on autoantibody-
secreting plasma cells (Illei et al., 2010). This pilot study demonstrates improved clinical 
and serological markers of lupus activity and encourages further studies to establish treat-
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ment regimens, safety and efficacy in SLE. Finally, other clinical applications of anti-IL-6R 
treatment are currently being investigated such as vasculitis syndromes (Nishimoto and 
Kishimoto, 2008). 

Anti-IL-12/23 monoclonal antibody (ustekinumab) 

The differentiation of naïve CD4+ T cells into distinct lineages with different effector func-
tions has been limited to Th1 and Th2 subsets for many years. Recently, the diversifica-
tion of CD4+ T effector cells has been enlarged by the discovery of new functional sub-
sets, including Th9, Th17 and Th22 cells, facilitated by the identification of new cytok-
ines and differentiation factors (Zhou et al., 2009). In the context of autoimmunity, the 
characterization of IL-17-secreting CD4+ T cells (Th17 cells) was of particular interest. 
The identification of Th17 cells as a distinct CD4+ T cell subset was mainly achieved in 
murine models of autoimmunity, such as EAE, CIA and inflammatory bowel diseases. 
The initial concept that these inflammatory autoimmune disorders were principally Th1-
driven, IFNγ-mediated diseases, has been challenged by the finding that IFNγ- and IFNγ-
receptor-deficient mice, respectively, were not resistant but even more susceptible to auto-
immune reactions in the central nervous system (Krakowski and Owens, 1996). Further-
more, Il-23, a IL-12 family member, shares the p40 subunit with IL-12 and its receptor is 
composed of the IL-12ß1 and IL-23R chains (Oppmann et al., 2000). These findings led 
to studies demonstrating that IL-23 is critically linked to autoimmunity in these models 
(Cua et al., 2003; Murphy et al., 2003). Investigations in humans demonstrated that Th17 
cells express CCR6, CCR4, RORC and IL23R and they secrete IL17A, IL-17F, IL-22 and IL-
26 and the chemokine CCL20 (Acosta-Rodriguez et al., 2007; Annunziato et al., 2007). A 
proportion of human Th17 cells produce IFNγ in addition to IL-17A, therefore these cells 
were described as Th17/Th1 cells (Boniface et al., 2008). Thus far, modulation of Th17 cell 
function has largely proceeded using monoclonal antibodies to the p40 subunit of IL-12 
(heterodimer of p35 and p40) and IL-23 (heterodimer of p19 and p40), targeting both IL-
12 dependent Th1 and IL-23-promoted Th17 cells (Steinman, 2010b). Two completely hu-
manized anti-IL12/23 p40 antibodies, ustekinumab (IgG1κ) and briakinumab /ABT-874 , 
were successfully applied in psoriasis (Kimball et al., 2008; Krueger et al., 2007). Two large 
multicenter, randomized, placebo-controlled clinical trials (PHOENIX 1 and 2) demon-
strated an excellent clinical response with 67% of patients achieving a PASI 75 response at 
week 12 to ustekinumab treatment (that is, an improvement of the Psoriasis Area and Se-
verity Index of at least 75% relative to baseline) (Leonardi et al., 2008; Papp et al., 2008). 
Patients who were randomized to ustekinumab received 45 mg or 90 mg doses subcutane-
ously at weeks 0 and 4, followed by the same dose every 12 weeks. A recent randomized, 
placebo-controlled phase II study demonstrated very similar clinical results using briaki-
numab/ABT-874 in moderate to severe chronic plaque psoriasis in five different dosing 
and frequency combinations versus placebo for 12 weeks (Kimball et al., 2008). At week 
12, PASI 75 results were achieved depending on the treatment ranging from 63% (200 mg 
single dose) up to 93% (200 mg  weekly for 12 weeks). ABT-874 was well tolerated and the 
most common adverse event was injection-site reaction, whereas the most common infec-
tious event were upper respiratory tract infection (Kimball et al., 2008). For both antibod-
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ies, ustekinumab and briakinumab, clinical responses were very similar to those seen with 
anti-TNF treatment that has been approved for psoriasis for several years. In Crohn’s dis-
ease several lines of evidence support an important role of IL-23, including IL-23R poly-
morphisms strongly associated with susceptibility to Crohn’s disease (Duerr et al., 2006). 
In addition, elevated transcripts encoding IL-17A and IL-6 are detected in biopsies from 
patients with active Crohn’s disease (Holtta et al., 2008) and different groups succeeded 
in cloning Th17 /Th1 cells from the lamina propria of Crohn’s patients (Annunziato et al., 
2007; Pene et al., 2008). Based on these results, studies were conducted evaluating the clin-
ical effectiveness of anti-IL12/23 antibody treatment in Crohn’s disease. Mannon et al. in-
cluded 79 patients with active Crohn’s disease in a multicenter, randomized, placebo-con-
trolled phase II study, applying the anti-IL12/23 antibody briakinumab in different dosing 
groups (Mannon et al., 2004). Briakinumab treatment achieved the primary and secondary 
endpoints versus placebo in Crohn’s disease activity index after seven weekly injections. 
The clinical remission correlated with a decrease of IL-12, IFN-γ and TNFα secretion by 
mononuclear cells of the colonic lamina propria (Mannon et al., 2004). Interestingly, in the 
second study, the use of ustekinumab in 104 patients with moderate to severe Crohn’s dis-
ease, induced a clinical response especially in patients previously treated with anti-TNF 
antibodies (infliximab) (Sandborn et al., 2008). In both trials there were no significant tox-
icities reported. In contrast to the promising results of anti-IL12/23 antibody treatment in 
psoriasis and Crohn’s disease, ustekinumab did not induce a significant clinical response in 
a phase II trial treating relapsing-remitting multiple sclerosis (Segal et al., 2008). In this in-
vestigation, the primary endpoint, the reduction of new gadolinium positive lesions, was 
not achieved compared to placebo treated patients (Segal et al., 2008). These clinical results 
in MS patients are in contrast to impressive preclinical data on the influence of blocking 
the IL-12 p40 family in EAE models (Cua et al., 2003). 

Summary and Conclusions

The character of treatment for autoimmune diseases is dramatically changing due to the 
constant identification of new targets and the subsequent development of corresponding 
agents. The enormous efforts in identifying new target structures are based on a substan-
tially refined understanding of the underlying autoimmune disorder. B cells symbolize this 
recent development, since they attract a lot of attention as key players in the dysregulation 
of autoimmune mechanisms. It has been appreciated that B cells are not restricted to (auto) 
antibody dependent functions, but they demonstrate various effects contributing to the 
complex procedures finally resulting in clinical symptoms of autoimmunity. Consequently, 
new targets directly affecting B cell function and interfering with (auto) antibody release, 
respectively, are being developed and evaluated for their clinical benefit. High clinical need 
for better therapeutic outcomes still exists for many autoimmune disorders, although ma-
jor progress since the initial introduction of the biologic agents, at least for treatment of 
diseases such as rheumatoid arthritis, psoriasis or pemphigus, has been made. It can be ex-
pected that additional monoclonal antibodies and fusion proteins directed against newly 
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identified targets as well as pharmacologically improved compounds directed against ex-
isting targets will be brought to the clinic. Translational research and the decision for some 
therapeutic agents to move to clinical application has mainly been based on preclinical, 
and that means animal, studies. It has been a disappointing experience that in some cases 
results from animal studies poorly predicted successful application in humans. Thus, fac-
tors that need to be considered in the future include deeper knowledge of the pathogenic 
mechanisms, the identification of valuable biomarkers assessing efficacy and safety and fi-
nally the more defined characterization of optimum treatment paradigms and most appro-
priate patient populations for the use of new therapeutic agents. 
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