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Foreword

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



vi Foreword

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






Prefaces

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



Preface to the First Edition

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.
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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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Pathogenesis of Autoimmune Diseases

Martin Rocken and Tilo Biedermann

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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(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
a- and the B-chain. The B-chain is expressed together with a pre-a-chain; the definite TCR
a-chain replaces the pre-a-chain prior to the development of the CD4+CD8+, double pos-
itive status. Normally, T cells express only one pair of TCR a/B-chains. This subsequent re-
placement of the pre-a-chain by a definite TCR-a-chain however, may lead to the occur-
rence of T cells which express two receptors, one single 3-chain assorted with two different
and independent a-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-
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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 a-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
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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).



1 Pathogenesis of Autoimmune Diseases 5

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-y (IFN-y) 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 Thl 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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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-y (IFN-y) 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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Fig.2. Differentiation of T helper (Th) cells into either IFN-y producing Thl, IL-17 produc-
ing Th17, IL-10 or TGF-f 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: Naive Th cell

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-
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Alternative activation pathways of specific immunity

Fig.3. PAMPs tend to induce IL-12 producing DC that control the development of IFN-y
producing Th1 or Tcl 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 Tcl cells

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).
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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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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
etal,, 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
Rocken, 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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Fig. 4. Waves of inflammation as reflected by the migrating margins of eczema found during
tinea infection

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 NF«B are
the basis for this new understanding. Thus, PAMPs like immunostimulatory DNA bind-
ing TLRY, 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
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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-y dominated type 1 immune responses and DTHR (Zim-
mermann et al,, 1998). Thus, injection of immunostimulatory DNA motifs and trigger-
ing TLRY 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/Tcl 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 TLRY. 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 Th1l and Th17 cells in autoimmunity is a model for multiple sclerosis, the ex-
perimental allergic encephalitis (EAE): In this model both Thl 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

Thl 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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Fig.5. Different types of inflammation induced by either IFNy-producing Th1 and by IL-4-
producing Th2 cells

to be the effector cells of these immune responses. Like macrophages that are stimulated
in vitro in the presence of IFN-y, they produce large amounts of TNE, 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: TNFE, 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).
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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, IT 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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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-
TNEF-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.



1 Pathogenesis of Autoimmune Diseases 17

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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Autoantibody Detection Using Indirect
Immunofluorescence on HEp-2 Cells

Philipp von Landenberg

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:

. cell density and distribution on the microscope slide,

. number of mitoses (at least 3 to 5 mitoses per visual field at 200 x magnification),
. expression of target antigens for relevant autoantibodies,

. maintenance of morphology,

G = W N =

. 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 x 2 to 5min. 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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Table 1. Typical Nuclear and Cytoplasmic Fluorescence Patterns of Anto-Antibodies

Patterns
nuclear patterns

homogeneous

fine granular

coarse granular

nucleolar

centromere

nuclear dots

pleomorphic

cytoplasmatic patterns

homogeneous
granular
mitochondrial

cytoskeletal

HEp-2 Fluorescence

homogeneous or fine granular
nuclear fluorescence,
chromatin in metaphase positive

fine/intermediate granular
nuclear fluorescence,
negative metaphase chromatin

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

nucleolar fluorescence Scl-70
(chromosomal association)

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

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

heterogeneous staining
of interphase nuclei

cytoplasm homogeneous to fine
granular

fine to intermediate granular
cytoplasm (or granular dots)

fine-stitched cytoplasmatic
fluorescence

cytoskeleton associated
fluorescence

Common Antigens

dsDNA, nucleosomes, histones

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

U1-RNP, Sm

PM-Scl, Fibrillarin, Th/To

CENP-B

Sp100

PCNA

Rib-P (with positive nucleoli)
Jo-1
AMA-M2

Actin

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 0.01g/1L Evans Blue to make the fluorescence signal easier to dis-

tinguish. To complete the test, the microscope slides are covered with a mounting medium
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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 24h. 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.



28 Philipp von Landenberg

pattern on autoantibody possible disease
HEp-2 cells specificity
dsDNA
homo- "
geneous '%u .eosomes oystariolipiie
histones 7 erythematosus
pleomorphic PCNA
Ro (SS-A)
La (SS-B I/ Sjségren's
syndrome
fine ibos. P-prot
speckled
Sm
coarse Ku mixed
speckled U1-RNP ?MW
tissue disease
Sclk70
centromere CENP-A,B, ~\
RNA polym. o> systemic sclerosis
fibrillarin
nucleolar TolTh poly- / dermato-
NOR-90 7 myositis
PM-Sel
ANA neg.; Mi-2
ossib
ﬂylop.gm SRP anti-synthetase
Jo-1 etc.* syndrome
mitochondr. M2
prim. biliary
nuklear dots Sp100 cirrhosis

") further _anti-synthetases™: PL7. PL12. EJ. 0J.KS. Zo

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 x magnification (combination of 10 x eyepiece
and 40 x 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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«Fig. 2. Patterns of antinuclear autoantibodies on HEp-2 cells

A+B Homogeneous pattern: Homogeneous nucleoplasmic staining, strong homogenous
chromosomal staining in mitotic cells.

C  Pleomorphic (PCNA): Polymorphic nuclear staining, related to the cell cycle, from
nuclear homogeneous to fine or coarse granular.

D  Fine speckled: fine speckled nuclear in interphase cells, with no nucleolar decoration

Coarse speckled: coarse speckled nucleoplasmic with no nucleolar decoration

F Centromer: discrete speckled nucleoplasmic staining in interphase cells, strong centro-
meric dots decorated in the metaphase plate

G Nucleolar: strong homogeneous nucleolar staining with usually weak homogenous
nucleoplasmic staining

H  Nuclear dots: nucleoplasmatic coarse speckled, antigen sp100.

o

magnification x 400

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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Autoimmune Bullous Skin Disorders

3.1 Pemphigus

Michael Hertl and Riidiger Eming

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 1-2/10° (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 IT 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).
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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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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.

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



3 Autoimmune Bullous Skin Disorders 37

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
etal,, 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 Ca®+ 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-a and in-
terleukin 1. TNF-a 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).
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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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Table1. 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

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
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Fig. 4. Mucosal manifestations in pemphigus vulgaris. Involvement of the conjunctivae (a,
b), buccal mucosa (c), upper lip (d), vulva (e), and larynx (f)

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
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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)

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.

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

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-
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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)

Table2. Autoantigens of pemphigus vulgaris

Pemphigus Autoantigen Characteristics* Autoantibody

variant isotype

Pemphigus vulgaris Desmoglein 3 Initially (pathogen) IgG
Desmoglein 1 Common during disease de- IgG

velopment with the outcome
of cutaneous involvement

(pathogen)
Acetylcholine receptor Pathogenicity unclear IgG
IgA Pemphigus Desmoglein 1 Characteristic (IEN type) IgA
Desmoglein 3 Occasional (IEN type) IgA

Desmocollin 1-3 Characteristic (SPD type) IgA
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Table 2. (continued) Autoantigens of pemphigus vulgaris

Pemphigus Autoantigen Characteristics* Autoantibody
variant isotype

Pemphigus foliaceus Desmoglein 1 Initially (pathogenic) IgG
Plakins Rare (pathogenicity unclear) IgG
Paraneoplastic Desmoglein 3 Common (pathogenic) IgG, IgA
Pemphigus Desmoglein 1 Rare IgG
Plakins (pathogenicity unclear) IgG, IgA
170 kD protein Common IgG
(pathogenicity unclear)
Desmocollin 1-3 Hallmark!

(pathogenicity unclear)
Rare (pathogenic in vitro)

Drug-induced Desmoglein 1 Common IgG
Pemphigus (pathogenicity unclear) IgG
Desmoglein 3 Less common

(Pathogenicity unclear)

IgA Pemphigus Desmoglein 1 Characteristic (IEN type) IgA
Desmoglein 3 Occasional (IEN type) IgA
Desmocollin 1-3 Characteristic (SPD type) IgA

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

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.
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Table 3. Differential Diagnosis of Pemphigus

Disorder Characteristics*

Epidermolysis
bullosa

Autoimmune
bullous disorders

Infectious
diseases

Immunologic
diseases

Other diseases

Epidermolysis bullosa simplex

Pemphigoid

Linear IgA bullous dermatosis
Epidermolysis bullosa acquisita
Dermatitis herpetiformis Duhring

Impetigo contagiosa

Staphylococcal Scalded Skin
Syndrome

Herpes simplex Infection

Varicella Zoster Infection

Bullous systemic lupus
erythematosus

Erosive lichen planus
Erythema multiforme (EM)
Bullous drug reaction (SJS, TEN)

Subcorneal pustular dermatosis
(Sneddon Wilkinson disease)

Porphyria cutanea tarda

Bullosis diabeticorum

Traumatic/toxic blisters

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

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

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

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

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

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

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-
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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

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).
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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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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

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).
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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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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).

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-
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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 170kD 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 Pfiitze 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

PV® PF* PNP*® IgA-P° Evidence Dose* Most common side
Level® effects *
Systemic o (+) I Initially 1-2 Ulcus ventriculi et duo-
glucocorticoids mg/kg/d p.o. deni, diabetes mellitus,
(Prednisolone) hypertension, osteo-

porosis, aseptic bone
necrosis, opportunistic
infections, Cushing’s
syndrome, glaucoma,

cataract
Azathioprine + + (+) (+) I 1-2.5 mg/ Caveat: Thiopurine
kg/d p.o. methyl transferase

activity! pancytopenia,
hepatopathy, neph-
ropathy, nausea

Mycophenolate + +  + (ED) I 1-3 g/d p.o. pancytopenia, hepatop-
Mofetil athy, nausea, gastroin-
testinal symptoms
Cyclophosph- + + + (+) I-1I 100-200 Pancytopenia,
amide mg/d p.o. hemorrhagic cystitis,
ori.v.-Pulse  hepatopathy, stomati-
Therapy (750 tis, nausea, alopecia,
mg/m* BSA) infertility, increased
incidence of cancer;
teratogenicity
Chlorambucil + + + - v 0.1-0.2 mg/  Pancytopenia, seizures,
kg/d p.o. neuropathy, hepatopa-
thy, exanthems, infer-
tility, diarrhea
Methotrexate + + - - v 10-20 mg/  Pancytopenia, he-
Woche p.o.  patopathy, stomatitis,
herae nephropathy, nausea,
infertility, alopecia,
teratogenicity
Ciclosporin A (+) (+) - - I-II 2.5-5 mg/ hypertension, neph-
kg/d p.o. rotoxicity; increased

incidence of cancer
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Table 4. (continued) Treatment of pemphigus

PV® PF®* PNP* IgA-P* Evidence Dose* Most common side
Level” effects *

Diaminodi- +  + - + LIV 1-2 mg/kg/d Caveat: Glucose-6-

phenyl Sulfone p.o. phosphate acitivity,

(DADPS) methemoglobinemia,
hemolytic anemia,
agranulocytosis,
hepatopathy

Retinoids (Acit- - - - + v Initial: Exfoliative dermatitis;

retin) 0.5-1.0 mg/  alopecia, hyperlipi-

kg/d p.o; demia, teratogenic-
Maintenance ity!, no concomitant
dose: 0.5 mg/ treatment with

kg/d p.o. methotrexate or tetra-
cyclines
Immunoad- + + (+) - II-1v 3-4x/Week  Anaphylactic reac-
sorption in 3-4 week  tions, hypogamma-
intervals globulinemia
Intravenous + + (+) (+) I-11 2 glkg/ Caveat: selective IgA
Immunglobulin month i.v. deficiency, anaphylax-
(IVIG) (cycle) ia, nephropathy, head

ache, nausea, fever

Rituximab (anti + + + + I-1vV 2x1lgiv. Anaphylaxia, severe

CD20) (days 1 infections, cardiac
and 15) or  insufficiency, rarely:
375 mg/m*>  progressive multifocal
BSA (days leukencephalopathy
1,8,15,22) (PML)

§ PV, Pemphigus vulgaris; PE, 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, IT - 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

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-
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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 (1-2mg/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
etal., 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 2g/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 (500-750mg/m?2 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 2mg. 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
etal,, 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 (5mg/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 10-15mg/ 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 7.5mg/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. atleast 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/m? 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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3.2 Bullous Pemphigoid: Clinical Features,

Diagnostic Markers, and Immunopathogenic Mechanisms

Giovanni Di Zenzo, Emmanuel Laffitte, Giovanna Zambruno
and Luca Borradori

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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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.

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
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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.

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
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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 (Buidinger et al.,
1998). A predominance of the class II HLA allele DQ1*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 DQB1*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 DRF1¥04, DRP1*1101 and DQP1*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; Lindelof 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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Table1. A survey of published ELISA studies in bullous pemphigoid.

Study BP  Control IIF* Anti- Recombinant protein® Se* Sp
sera sera (%) gen (%) (%)

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

etal., 1997

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

etal, 1998 P-C-terminus 380 100

(AA 1365-1413)
Husz S 43 60 NK BP180 Combination of 3 peptides 91.0 88.0
et al., 2000 BP230 (BP180: AA 507-528;

BP230: AA 1814-1834,
AA 1793-1813)

Hata Y. 83 40 100 BP180 E-ectodomain (AA 490-1497) 66.3 95.0
Gl 200 P-NC16A (AA 490-566) 70 925
Kobayashi M. 64 538 100 BP180 P-NCI16A (AA 490-566) 844 98.9
et al., 2002
Hofmann SC. 116 100 100 BP180 E-NC16A+ Col 15 80.0 99.0
et al., 2002 (AA 490-811)
E-C-terminus 47.0 97.0
(AA 1351-1497)
Sakuma- 102 94 100 BP180 NCI6A (commercial kit)? 89.0 979
Oyama Y.
et al., 2004
Mariotti F. 78 107 100 BP180 P-NCI6A (AA 490-562) 82.0 100
GRS Combination of 2 P-frag- 410 99.1

ments (AA 1080-1107,
AA 1331-1404)

Thoma- 127 51 NK BP180 E-ectodomain (AA 485-1497) 953 94.0

Liszly nzs(l;(‘)i' BP230  Combination of 3 eukaryotic ~81.5  64.8
St fragments (N: AA 1 1307;

C1: AA 1881-2649;

C2: AA 2077-2649;)
Kromminga A. 56 76 100 BP230 Combination of 5 E-fragments 62.5 93.4
etal., 2004 (N1: AA 1-671;

N2: AA 607-1073;

N3: AA 1014-1758;

C1 AA 1710-2189;

C2: AA 2137-2649)
Tsuji-Abe Y. 14 447 100 BP180 NCI6A (commercial kit)* 786 989
etal,, 2005
Yoshida M. 239 430 100 BP180 NCI6A (commercial kit)? 69.9 98.8
GEE Do) 109 BP230  Combination of 2 P-fragments 724  99.5

(N: AA 1-979;

C: AA 1870-2650)



3 Autoimmune Bullous Skin Disorders Al

Table1. (continued) A survey of published ELISA studies in bullous pemphigoid.

Study BP Control IIF' Anti- Recombinant protein® Se* Sp
sera sera (%) gen (%) (%)

Sitaru 118 107 94 BP180 Tetramers of NC16A 89.8 878

et al., 2007

Di Zenzo 49 80 96 BP180+ Combination 100 82

etal,, 2008 BP230  of 1P and 2 E-fragments

BP180-NC16A/ BP180-ECD/
BP230-NH2term

Feng 42 24 100 BP180 NCI6A (commercial kit)? 97.6 96
et al., 2008

Tampoia 20 82 100 BP180 NCI16A (commercial kit)® 90 97.6
etal, 2009 BP230  BP230 (commercial kit)? 60  97.6

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

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.
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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.

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
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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; Schicke 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
etal, 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 97/120kDa 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 B4 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 10-30g 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
etal., 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 (Reguiai 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 NH,- 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 (Rieckhoft-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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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 a6p4. 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.

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 (BPAGI-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 a6p4 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, Andri et al., 1997; Fontao et al., 2003) connect the keratin filaments to
the basal plasma membrane, while the transmembrane hemidesmosomal proteins BP180
and the a6P4 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. 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 120kDa
molecule 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
etal,, 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.

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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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 a-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 (Blidinger 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-DQP1*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 (Biidinger et al., 1998).

Since Th1 cytokines (such as IFNY) 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 IFNy 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 (Giinther 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-27/" 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, y6T 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)NCI14A 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-Bickdahl
et al., 1994; Verraes et al., 2001; Shimanovich et al., 2004; Nelson et al., 2006;) (Fig. 6).
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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 (M®), 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 al-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.

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-Backdahl 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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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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