


Michael Hertl (ed.)

Autoimmune Diseases of the Skin

Pathogenesis, Diagnosis,
Management

Second, revised
and enlarged edition

SpringerWienNewYork



Prof. Michael Hertl, MD
Department of Dermatology and Allergology, Philipps University,

Marburg, Germany

This book was supported by Gesellschaft für Autoimmun-Krankheiten e.V.,
Schönkirchen bei Kiel

This work is subject to copyright.
All rights are reserved, whether the whole or part of the material is concerned, specifically
those of translation, reprinting, re-use of illustrations, broadcasting, reproduction by photo-

copying machines or similar means, and storage in data banks.

© 2001 and 2005 Springer-Verlag Wien · Printed in Austria
SpringerWienNewYork is a part of Springer Science + Business Media

springeronline.com

Product Liability: The publisher can give no guarantee for all the information contained
in this book. This also refers to that on drug dosage and application thereof. In each indi-
vidual case the respective user must check the accuracy of the information given by con-
sulting other pharmaceutical literature.The use of registered names, trademarks, etc.
in this publication does not imply, even in the absence of a specific statement, that such
names are exempt from the relevant protective laws and regulations and therefore free for

general use.

Cover illustration: M. Hertl
Typesetting: Composition & Design Services, Minsk 220027, Belarus

Printing: Druckerei Theiss GmbH, A-9431 St. Stefan im Lavanttal
Printed on acid-free and chlorine-free bleached paper

SPIN: 10975923

With 77 partly coloured Figures

Library of Congress Control Number: 2005920465

ISBN 3-211-20686-8 SpringerWienNewYork
ISBN 3-211-83598-9  1st edition  SpringerWienNewYork



Foreword

Based on recent advances in the understanding of the immunological patho-
genesis 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 pronounced
autoimmune background that has to be considered in the overall management
of these disorders. A significant portion of autoimmune diseases precipitate
primarily or secondarily at the skin. Understanding the cutaneous symptoms
may be therefore crucial for the diagnosis, classification and therapeutic man-
agement of organ-specific and systemic disorders that require special atten-
tion by the physician.

This book is set out to present the most recent scientific and clinically rel-
evant state-of-the-art-knowledge on the broad spectrum of autoimmune dis-
orders affecting the skin. It is meant to provide the most recent information
on these disorders for clinicians as well as practicioners in dermatology, medi-
cine, rheumatology, ENT, pediatrics, ophthalmology, orthopedics etc and for
basic scientists interested in human autoimmunity. Each book chapter dealing
with a distinct cutaneous autoimmmune disorder consists of an introduction
focusing on the state of knowledge regarding pathogenesis and epidemiology
followed by a practical guide how to identify and handle the particular disor-
der(s). Special attention is paid to genuine cutaneous autoimmune disorders
such as autoimmune bullous skin disorders including pemphigus, pemphigoid
and epidermolysis bullosa acquisita. These disorders 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 colla-
gen vascular disorders such as systemic sclerosis, lupus erythematosus, dermato-
myositis and overlap syndromes. These advances have provided the basis for
more specific therapeutic interventions. 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 ef-
fect of biologics in severe psoriasis vulgaris and psoriatic arthritis and the



modulatory effect of high dose immunoglobulins in dermatomyositis and se-
vere vasculitides. In addition to the book chapters on distinct clinical cutaneous
disorders, the introductory chapter explains basic immunological principles
leading to autoimmunity and the final chapter gives an overview of the mode
of action of novel immunomodulatory drugs. The present book which is ed-
ited 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 consti-
tutes a very successful effort to provide a handbook for those who are scien-
tifically or clinically interested in autoimmune disorders of the skin. I wish
the editor and the authors success with this endeavor.

Erlangen, July 2001 Gerold Schuler
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Preface to the 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 re-
sults from dysfunction of the four humors. However, 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
determined 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 combining 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 ap-
propriate receptors be present on the cells for antigen to interact with them
and so stimulate their overproduction and liberation into the blood. According
to this description by Paul Ehrlich, the antibody ap-peared to be a polymor-
phous cytoplasmic agent with a unique feature – a highly organized combin-
ing 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 variety of other cell types prompted Ehrlich to say: “… the organ-
ism possesses certain contrivances 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 autotoxins … so that we might
be justified in speaking of a ‘horror autotoxicus’ of the organism. These con-
trivances 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 auto-
antibodies that were cytotoxic against spermatozoa in vitro, Ehrlich questioned
that they were able to induce pathology in vivo.

It took, however, more than fourty years that some distinct organ-specific im-
mune disorders were categorized as true autoimmune diseases. Among the first
identified were autoimmune orchitis, allergic encephalomyelitis, autoimmune



thyroiditis, pemphigus vulgaris and bullous pemphigoid. Noteworthy, some
of these disorders are exclusively mediated by circulating autoantibodies such
as the hemolytic anemias, thrombocytopenia, pemphigus, and pemphigoid
while others, such as allergic autoimmune encephalomyelitis and autoimmune
thyroiditis require the transfer of immunocompetent cells in addition to auto-
antibodies.

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
destruction of self-reactive clones. The observation that adult animals could
be rendered unresponsive 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 immunological tolerance are all based on Ehrlich’s concept of “hor-
ror autotoxicus”, i.e. acquired or active immune regulation of unwanted im-
mune responses against self. The finding that B lymphocytes generally require
the help of T lymphocytes in their antibody response 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 idiotype-
anti 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 sur-
veillance 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 responses. Major interest has recently focused on dendritic
cells, bone marrow-derived antigen presenting cells with potent capacity to
induce primary T-cell-mediated immune responses. However, accumulating
evidence has demonstrated that the dendritic cell system bears much more
plasticity than originally thought. Dendritic cells can arise from several differ-
ent 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 ma-
jor insights in the pathogenesis of autoimmune disorders which has implica-
tions for classification, diagnosis and therapy of these disorders. Classical
examples for well-characterized autoimmune disorders are myasthenia gra-
vis, pemphigus vulgaris, and hemolytic anemia. Furthermore, the availabil-
ity of recombinant forms of the major autoantigens of these disorders has
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provided critical tools to investigate autoimmunity versus immunological tol-
erance to these self proteins in affected patients and healthy individuals.

The increasing understanding of the mechanisms that lead to immunologi-
cal tolerance to self and the role that HLA and non-HLA alleles play in antigen
recognition by autoaggressive T cells may also lead to novel therapeutic strat-
egies. Several clinical studies have sought to restore immunological tolerance
to self by the administration of modified self peptides, such as the administra-
tion of altered peptide ligands of myelin proteins in multiple sclerosis. Immature
dendritic cells hold great promise as highly efficient tools to induce immuno-
logical tolerance to defined self proteins or peptides as demonstrated in murine
allograft rejection models. They may induce tolerance by inducing antigen-
specific anergy of autoreactive T cells and/ or by the induction of regulatory
T lymphocytes that inhibit the activation of autoaggressive T cells.

I am very grateful that internationally leading experts in the field of cuta-
neous autoimmune disorders spontaneously agreed to provide comprehen-
sive and well-illustrated overviews 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 Verlag 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 work-
ing 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 development of this book.

Erlangen, July 2001 Michael Hertl

Preface to the Second Edition

Thanks to the positive reception of the first edition of the book by the medi-
cal community 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 autoim-
mune disorders of the skin.

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

Marburg, January 2005 Michael Hertl
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1 Pathogenesis of Autoimmune Disease

Martin Röcken and Tilo Biedermann

Autoimmunity and Autoimmune Disease

The term autoimmunity signifies the presence of specific memory-type im-
mune 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-defined human antigens. Today it is
supposed that the production of these autoantibodies requires 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 develop-
ment of autoimmune disease requires trespassing of a large number of addi-
tional 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 autoimmune 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 autoreac-
tive T and B cells do normally not disappear during these periods of quiescence,
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 recog-
nition structure, the T cell receptor (TCR). According to the current state of



knowledge, the TCR is only functional as a cell bound structure. Due to the
low affinity for free peptide (Weber et al. 1992), the TCR recognizes only an-
tigens that are presented by major histocompatibility complex (MHC) mole-
cules. 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 adhesion molecules and costimulatory
molecules (reviewed in Biedermann et al. 2003).

B cells are characterized by the production of antigen recognition struc-
tures, the B cell receptor and immunoglobulins. They produce immunoglo-
bulins mainly when stimulated appropriately through T-B-cell interactions
(Lanzavecchia 1985). However, besides antigen specific signals, induction of
immunoglobulin production by B cells requires CD40-CD40L interactions and
cytokines (Banchereau et al. 1994). In contrast to the TCR, immunoglobulins
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 antigens.

T cells develop in the thymus and B cells in the bone marrow. Importantly,
the structure of the TCR is definitely determined in the thymus. Thus, the
thymus constitutes an important site of education which ultimately determines
the specificity of the ensuing T cells (Kisielow and von Boehmer 1995). In con-
trast, the structure of the immunoglobulin recognition site is not terminally
fixed when B cells leave the bone marrow and mature B cells undergo so-
matic mutation and the affinity of the antigen recognition site of secreted
immunoglobulins 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 inde-
pendent immunoglobulin-like chains, the �- and the �-chain. The �-chain is
expressed together with a pre-�-chain; the definite TCR �-chain replaces the
pre-�-chain prior to the development of the CD4+CD8+, double positive sta-
tus. Normally, T cells express only one pair of TCR �/�-chains. This subse-
quent replacement of the pre-�-chain by a definite TCR-�-chain however,
may lead to the occurrence of T cells which express two receptors, one single
�-chain assorted with two different and independent �-chains. Thus, one T
cell may have two, entirely independent specificities (Kretz-Rommel and Ru-
bin 2000; Stockinger 1999).

2 Martin Röcken and Tilo Biedermann



Once the double positive status is achieved, T cells interact with thymic
MHC molecules. This interaction of the double positive cells, which are highly
sensitive to death signals, 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 ne-
glect. Only a small proportion of T cells, smaller than 10%, survives this se-
lection 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 selection, TCR structures with high
affinity for self may not only lead to deletion; another mode is temporary sup-
pression of the TCR. If a T cell with two distinct TCR �-chains then receives
at the same time a survival signal by the second receptor, this cell may be-
come positively selected and result in a peripheral T cell population with two
distinct TCR; one corresponding 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 develop-
ment of B cells recognizing abundant antigens in the periphery delete about
90% of self-reactive T and B cells. This phenomenon is termed as central tol-
erance. However, roughly 10% of these cells survive (Blackman et al. 1990;
Kisielow et al. 1988). Moreover, not all antigens are presented 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 local-
ization. Thus, the mature immune system encounters a larger spectrum of
antigens in the periphery than in the thymus. Tolerance against these anti-
gens requires a multitude of mechanisms which are summarized under the
term peripheral tolerance. While central tolerance is mainly based on deletion
of potentially autoreactive T cells, a larger spectrum of mechanisms consti-
tutes 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 demonstrated for antigens that were presented in
large numbers, thus during infection or following injection of superantigens
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(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 or-
gans or following a stroke. However, this phenomenon has not yet been ana-
lyzed in more detail.
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Fig. 1. Modes of intrathymic selection of T cells. T cells with a very high affinity T cell receptor
(TCR) for self major histocompatibility complexes (MHC) die from active deletion, those with
an intermediate affinity are positively selected and those with low affinity will die from

neglect



Another mechanism is suppression of TCR expression. This has been shown
with pregnant 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 after pregnancy, but low during pregnancy.
These T cells are also functionally silenced. During pregnancy, female mice
become even tolerant to otherwise highly immunogenic tumor cells express-
ing this same antigen (Alferink et al. 1998). Thus, suppression of a TCR ex-
pression is closely associated with the occurrence of peripheral tolerance
and may contribute to it. These data, even though very elegant, do not ex-
clude that other mechanisms significantly contribute to peripheral tolerance
(Alferink et al. 1998; Schonrich et al. 1991).

One important example demonstrating the requirement for additional
mechanisms was given by mice that simultaneously express a peptide anti-
gen of the lymphocytic choriomeningitis virus (LCMV) by the endocrine pan-
creas and T cells with a TCR transgenic for the LCMV peptide (Ohashi et al.
1991; Oldstone et al. 1991). These animals have autoreactive 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
animals. Nevertheless, these animals do not develop overt autoimmune dis-
ease, showing that, besides the target organ, the expression of an endoge-
nous potentially immunogenic peptide 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 missing adhe-
sion molecules or the absence of co-stimulatory signals (von Herrath et al. 1995).
However, it may also be due to expression of autoantigens at immunologi-
cally privileged sites, the expression of apoptosis inducing molecules capa-
ble 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 spec-
trum of co-stimulatory T cells expressed by T cells. Most importantly, T cell
functions are determined by the cytokines they produce. Naive T cells pro-
duce only interleukin (IL-) 2 when stimulated by peptides and professional
antigen presenting cells (APC; (Weinberg et al. 1990). Subsequently, T cells
develop towards memory cells that are theoretically capable of producing 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 distinct sets of cytokines associated with well defined functional
phenotypes (Mosmann and Sad 1996; Rocken et al. 1992; Rocken et al. 1996).

T cells that produce predominantly IL-2 and interferon-� (IFN�) are asso-
ciated with inflammatory, cell mediated immune responses. When express-
ing the CD4 molecule they are named Th1, when expressing the CD8 molecule,
they are named Tc1 cells and induce ‘type 1’ immune responses (Arnold et al.
1993; Racke et al. 1994; Katz et al. 1995; Kolb et al. 1995; Powrie 1995; Rocken et
al. 1996; Adorini and Sinigaglia 1997). These types of immune responses are
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required for the control of infections with viruses, funghi or parasites. How-
ever, when directed against autoantigens, they may cause inflammatory auto-
immune diseases. These inflammatory autoimmune diseases are normally well
localized to one single organ or a group of organs that share a common anti-
gen. These T cells do not only induce direct tissue destruction, they also in-
duce 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 cytokines 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 capacity to switch the immunoglobu-
lin isotype of human B cells towards IgE and probably also IgG4 (Mosmann
and Coffman 1989). Thus, Th2 cells do not generally extinct immune responses.
They may even induce autoimmune responses and probably also autoimmune
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). However, when directed against epitopes that are associated
with type 1-mediated inflammatory autoimmune disease, type 2 immune
responses may exert anti-inflammatory, protective effects. Treating Th1 medi-
ated diseases with Th2 cells or the cytokine IL-4 that most potently induces
Th2 and suppresses Th1 has been demonstrated in animal models of organ
specific autoimmune disease and skin inflammation. Most importantly, howe-
ver, this therapeutic strategy was also effective in humans suffering from
psoriasis, a Th1 mediated autoimmune disease of the skin (Ghoreschi et al.
2003).

A third, probably increasingly important population are IL-10 producing
regulatory or Tr cells. In contrast to all other phenotypes, these Tr 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 diseases,
since Tr are obviously capable of silencing both, type 1 and type 2 immune
responses (Groux et al. 1997; Akdis et al. 2000). Referring to the historical at-
tribution given to CD8+ T cells, suppressor T cells experience a time of re-
naissance. These CD4+ T cells are capable to suppress autoaggressive immune
reactions and were found to express CD25, GITR, CTLA-4, and most impor-
tantly 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 tran-
scription 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 development will help to answer the questions in regard
to the significance these cells may play in the therapy of autoimmune disease.
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Activation and Differentiation of T Cells

All organs are drained by dendritic APC (DC). These DC are normally con-
sidered as potent stimulators of T cells that prime primarily for interferon-�

(IFN�� producing CD4+ and CD8+ T cells (Schuler and Steinman 1997;
Schuler et al. 1997; Banchereau and Steinman 1998). DC acquire this capac-
ity 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 activa-
tion 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 activation 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 matura-
tion of the specific T cells but also determines their differentiation. Thus, the
maturation 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 to type 1, type 2 or Tr T cells. De-
pending on the functional T cell phenotype they induce, APC and DC are op-
erationally termed DC1, DC2 or DCr (Kalinski et al. 1999; Moser and Murphy
2000) (Fig. 2).

When residing in peripheral organs, DC are continuously processing nu-
merous antigens delivered by the local milieu. At this stage, DC have little
migratory and antigen presenting capacity. Recent data suggest that the few
immature and quiescent DC that migrate from peripheral organs to the drain-
ing lymph node are not capable of activating T cells to become autoaggres-
sive. 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 Tr phenotype (Jonuleit et al. 2000). In sharp con-
trast, DC start to mature and to leave their residing site after an appropriate
stimulus. Among those innate signals highly conserved so called ‘pathogen
associated molecular pattern’ (PAMP) derived from infectious agents, such
as bacterial DNA, bind to Toll-like receptors (TLR) and are increasingly recog-
nized as most relevant activators of DC. These innate signals transform APC
not only from an antigen processing towards an antigen presenting cell,
capable of attracting naive and memory T cells into lymph nodes. These innate
signals also determine the differentiation of APC towards either a DC1, DC2
or DCr phenotype and, in consequence, their capacity to direct the functio-
nal phenotype of the future immune response, directed against either self
or foreign antigens (Banchereau and Steinman 1998; Kalinski et al. 1999;
Moser and Murphy 2000). This concept was expanded by disclosing regu-
latory mechanisms underlaying DC induced immune responses. Thus, PAMPs
present during the initial activation of DC generally instruct DC to produce
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IL-12 and PAMPs tend to promote Th1 development leading to a proper
anti-infectious immunity (Fig. 2, 3). However, some PAMPs and other signals
lead to an inappropriate Th2 immunity in response to microbes (Fig. 2). Inter-
estingly, these Th2 reactions can be switched to effective Th1 reactions, a mech-
anism that may also regulate autoimmunity. Paradoxically, 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). These
paradox functional consequences achieved by IL-4 were investigated by the
sequential analysis of immune responses. Immune responses in general develop
via the consecutive activation of DC and then T cells. Thus, the contrasting ef-
fects of IL-4 on immune responses with opposing functional phenotypes are
a result from IL-4 signaling in early DC activation leading to a Th1 pheno-
type and from IL-4 induced T cell differentiation inducing Th2 cells during a
later stage.

In addition to TLR signaling, there are also PAMP and TLR independent
pathways that drive T cell immunity through DC modulation. Thus, apoptotic
cell material and 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 under-
laying an activation of autoreactive lymphocytes (Mocikat et al. 2003) (Fig. 3).
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Fig. 2. Differentiation of T helper (Th) cells into either IFN� producing Th1 or IL-4 producing
Th2 cells. The differentiation of Th into either Th1 or Th2 phenotypes is driven by the
functional phenotype of the stimulating dendritic cells (DC), draining the site of inflammation.
The ‘innate’ stimuli initiating both, activation and migration of the DC, also influences the

differentiation of these migrating DC into either a DC1 or DC2 phenotype



Activation of Self-Reactive T and B Cells

Autoimmune diseases require the presence of autoreactive T cells and, in the
case of immunoglobulin 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 re-
quire a series of destabilizing events. One important aspect is the activation
and reactivation of potentially autoreactive T cells (Rocken et al. 1992). How-
ever, induction of autoreative T cells or B cells alone does not induce or predis-
pose for autoimmune diseases. For example, in individuals, which are genetically
predisposed of developing autoimmune diabetes, the relative risk of becom-
ing diabetes increases significantly if their T cells respond vigorously against
endogenous antigens from pancreatic islet cells. In sharp contrast, individu-
als from the same population are largely protected against autoimmune dia-
betes, when they exert high immunoglobulin titers but weak T cell responses
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Fig. 3. PAMPs tend to induce IL-12 producing DC1 that control the development of IFN�

producing Th1 or Tc1 cells. These type 1 immune responses are effective against microbes
but may also be involved in tissue destruction during autoimmune diseases. Alternatively,
DC1 may also be generated under the influence of activated natural killer (NK) cells and lead

to Th1 or Tc1 cells



against the same antigens (Harrison et al. 1993). This further underlines 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 inducing barriers. Epidemiologic data sug-
gest that the realization of autoimmune diseases is often preceded by infec-
tious diseases and attention was given to the events by which infections may
abolish the status of tolerance (Sinha et al. 1990; Matzinger 1994). At least
three mechanisms are thought to contribute to this phenomenon: reactiva-
tion of tolerant T and B cells, induction of autoreactive T cells by molecular
mimicry and modification of the cytokine pattern during the course of infec-
tious diseases.

Breaking T and B Cell Tolerance

Experiments with transgenic or non- transgenic mice have shown that, in
principle, tolerant T and B cells can be reactivated by infectious agents. Infec-
tions are capable of restoring in silenced T cells the capacity to produce
cytokines (Rocken et al. 1992; Racke et al. 1994). This phenomenon was ex-
tended to the situation of transplantation induced tolerance (Ehl et al. 1998).
Similarly, reactivity and immunoglobulin production by B cells that were si-
lenced either by exogenous or transgenic endogenous antigens can be re-
stored with mitogens, including bacteria derived lipopolisacchrides (Louis et
al. 1973; Goodnow et al. 1991). 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 situation is given
by double transgenic mice that bear a TCR recognizing a transgenic self-
antigen expressed by hepatocytes. Injection of bacterial DNA motifs that acti-
vate DC and promote DC1-development by these activated DC did also induce
transient liver damage, as evidenced by an increase of transaminases. Howe-
ver, this phenomenon was short lived and no data are available proving that
autoimmune disease can be the direct consequence of polyclonal T cell acti-
vation (Limmer et al. 1998). In small animal models, induction of autoim-
mune disease by bacterial DNA motifs or more complex bacterial lysates such
as complete Freund’s adjuvans required, in addition, always immunization
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with an antigen that mimics peptide motifs of the targeted self antigen
(Bachmaier et al. 1999). Thus, in normal mice bacterial DNA motifs 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 structur-
ally related to self-antigens are essential for the induction of autoimmunity.
This concept is further supported by functional and structural analysis of T
cell epitopes of infectious agents and potential self-antigens. Chlamydia
peptides can share functional similarities with peptides expressed by mam-
malian heart muscle, while other infectious agents share important peptide
sequences with potential self-antigens such as myelin basic protein. This as-
pect is especially significant since molecular mimicry does not require molec-
ular identity. Studies with altered peptide ligands have shown that induction
of cytokine production or T cell proliferation requires only poor structural re-
lation as long as important anchor positions are conserved (Gautam et al.
1994; Wucherpfennig and Strominger 1995). Various examples 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 infec-
tions 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 pas-
sive vaccination against hepatitis (Tessari et al. 1996; Degitz and Röcken 1997).

Despite the experimental prove for both, re-activation of tolerant T cells
and for molecular mimicry, the exact role of infections in the pathogenesis of
autoimmune diseases remains open. One important alternative would be the
direct infection and molecular alteration through infectious disease. One im-
portant example is chronic active hepatitis, where relatively weak immune
responses follow the slowly progressing wave of infected hepatocytes and thus
slowly destroy the liver. In this situation, activation of the T cell mediated im-
mune responses, associated with a short aggravation of the hepatitis may
lead to reduction and control of the viral load and cure from chronic progres-
sive hepatitis (Berg et al. 1997; Gerlach et al. 1999; Moradpour and Blum
1999). In the skin a very similar phenomenon is visible during fungal infec-
tions. The border, the clinically manifest eczema, reflects the immune reac-
tion against a large burden of fungi. Inside the inflammatory margin, the
eczema and the fungal load are significantly milder. In the case of fast grow-
ing 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 nippostrongylus brasiliensis can not only restore reactivity in si-
lenced CD4+ T cells but also induce IL-4 production by these silenced T cells
(Rocken et al. 1992; Rocken et al. 1994; Rocken et al. 1996).

In conclusion, increasing understanding of the TLR-mediated activation
if innate immune cells and their link to adaptive immunity has helped to cre-
ate a concept that also applies to the activation of autoreactive T and B cells.
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Thus in a series of models, activating innate immunity via TLR has turned on
or increased the adaptive immune response. These data emphasize the power
of infectious diseases in mounting immune responses and in modulating the
cytokine phenotype of established immune responses. PAMPs binding to TLR
and regulating the transcription of pro-inflammatory genes through NF�B
are the basis for this new understanding. Thus, PAMPs like immunostimulatory
DNA binding TLR9, like lipopolysachharides binding TLR4 and others are
capable of activating DC, B cells, and probably also T cells. Instructing IL-12
producing DC via TLR9 can be achieved by injection of TLR9 ligands into
mice. Using the model of progressive, Th2-mediated leishmaniasis infection
in susceptible BALB/c mice, Zimmermann et al. showed that immunostimula-
tory DNA motifs are capable of reverting even fully established type 2 im-
mune responses into IFN� dominated type 1 immune responses and DTHR
(Zimmermann et al. 1998). Thus, injection of immunostimulatory DNA motifs
and triggering TLR9 overcame the tolerance towards the parasite and re-
stored control over Leishmania major in animals with a large parasite burden.
In view of such a powerful Th1-inducing capacity, it was likely that similar
immunostimulatory motifs are also capable of breaking self-tolerance and
induce autoreactive Th1/Tc1 cells that cause inflammatory tissue destruc-
tion. Indeed, it was shown very recently that viruses provide TLR signals re-
quired for bypassing regulatory T cell-mediated tolerance (Yang et al. 2004).
PAMPs may therefore be considered as the leading group of danger signals
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Fig. 4. Waves of inflammation as reflected by the migrating margins of eczema
found during tinea infection



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 endogenous ligands can also trigger TLR and activate auto-
reactive lymphocytes (Ulevitch 2004). Systemic lupus erythematosus is charac-
terized by the production of autoantibodies against nucleic-acid-containing
macromolecules such as chromatin or ribonucleoprotein particles. DC and B
cells are effectively activated by immune complexes containing chromatin, a
process that involves TLR9. This activation leads to proliferation of autoreac-
tive T and B cells providing direct evidence for TLR promoted autoimmunity
mediated by endogeneous ligands (Leadbetter et al. 2002; Boulé et al. 2004).

Autoimmune Disease

Autoimmunity is a prerequisite for autoimmune disease. However, the events
that lead from autoimmunity to an overt inflammatory disease are still un-
clear. 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 auto-
immune 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 autoim-
mune encephalitis, when transferred into naive mice (Racke et al. 1994).

T Cells

A comparison of various models for organ-specific, inflammatory autoim-
mune disease unrevaled that organ specific inflammatory autoimmune dis-
eases are primarily induced by T cells of the proinflammatory Th1 phenotype.
It is assumed that both, CD4+ and CD8+ T cells are involved under most con-
ditions, but the exact role of CD8+ T cells remains unclear. Adoptive transfer
of polarized Th1 cells alone is normally enough for inducing the disease. In
this context it is of interest that ex vivo analysis of the cytokine phenotype of
T cells associated with inflammatory autoimmune diseases normally reflects
a type 1 phenotype. This is valid for models of autoimmue diseases in small
animals and for the analysis of autoimmune responses in humans with organ-
specific autoimmune 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).
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B Cells and Immunoglobulins

Probably the best example for an immunoglobulin-mediated disease is pemp-
higus vugaris. In patients, this disease is associated with little inflammation
and seems to be directly mediated by the binding of autoreactive immuno-
globulins to the desmogleins that guarantee the adherence between kerati-
nocytes (Amagai et al. 1991). Indeed, transfer of patient sera and monoclonal
antibodies directed against desmoglein 3 into the skin of new-born mice
can directly induce acanthosis (Rock et al. 1989). This critical role for a direct
binding of immunoglobulins to desmoglein structures is further supported
by the observation that in patients with pemphigus vugaris the disease ac-
tivity correlates closely with the serum levels of the autoantibodies (Hertl
2000). Such a close association is unusual for other autoimmune diseases, in-
cluding lupus erythematosus or bullous pemphigoid. For comparisons, 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 inflammatory milieu that causes detachment of the
basement membrane (Liu et al. 1998; Liu et al. 2000). 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 addition,
activation of the complement cascade and inflammation, involving the recruit-
ment of granulocytes (Liu et al. 1995).

Tissue Damage and Type 1 T Cells

Type 1 T cells are associated with two distinct types of tissue damage. One
type of tissue damage is characterized by a sterile inflammation, the other
with the strong accumulation of polymorphonuclear granulocytes.

Sterile type 1 responses are found in lichen planus, multiple sclerosis or
autoimmune diabetes. They are associated with activated macrophages, which
seem to be the effector cells of these immune responses. Like macrophages
that are stimulated in vitro in the presence of IFN�, they produce large amounts
of TNF, oxygen radicals, NO and other mediators of inflammation (Stenger
and Modlin 1999). Activated CD8+ T cells 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 forma-
tion. Due to the capacity of the skin to regenerate even severe tissue dam-
age, lichen 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, type 1 mediated autoimmune diseases are associated
with a strong infiltrate by PMN. Such a constellation characterizes psoriasis,
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rheumatiod arthritis (RA) and most types of inflammatory bowel disease, espe-
cially Crohn’s disease (Mican and Metcalfe 1990; Rothe et al. 1990; Strober and
Ehrhardt 1993; Christophers 1996; Feldmann et al. 1996; Ackermann and
Harvima 1998; Bischoff et al. 1999; Gelbmann et al. 1999; Biedermann et al.
2000). Numerous reports describe that PMN recruitment is closely associated
with accumulation of IL-8, TNF and the presence of activated mast cells.
Studies in an animal model of skin inflammation unraveled important mech-
anisms leading to strong PMN recruitment during type 1 immune responses.
In a mouse model of type 1-induced tissue damage, mast cells respond to type 1
T cells and produce the two mediators required for the recruitment of PMN
into inflamed tissue: the TNF, which induces the expression of intravascular
adhesion molecules, and the IL-8, which is the most important chemokine
attracting PMN (Biedermann et al. 2000) (Fig. 5B).

Interestingly, mast cells seem not only to recruit PMN during type 1 im-
mune responses. Activated mast cells are also abundant during immunoglob-
ulin mediated 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 recruit-
ment in the pathogenesis of bullous pemphigoid (Chen et al. 2000).
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Fig. 5. Different types of inflammation induced by either IFN�-producing Th1
and by IL-4-producing Th2 cells



Type 2 T Cells and T-B Cell Interactions

A large number of autoimmune diseases is immunoglobulin mediated. These
‘humoral’ diseases can roughly be divided into two major categories. Immu-
noglobulins 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 immunoglobulins bind to cir-
culating antigens and cause damage through deposition along basement
membranes or in vessels. The former situation is given in the case of lupus
(Rubin 1997) the latter at sites of vasculitis.

Thus, immunoglobulins are responsible for all types of diseases caused by
immunreaction type I, II and III according to the classification of Coombs &
Gell. As the pattern of immune responses initiated by immunoglobulins strictly
depends on the immunoglobuline isotype, the diseases caused by immuno-
globulins depend not only on the antigen they recognize. The clinical spec-
trum of diseases initiated by autoantibodies ranges from urticaria, through
cytopathic tissue damage leading to cytopenia, inflammatory tissue destruc-
tion following the deposition of immunoglobulins and complexes at mem-
branes till to severe 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 immunoglobulin 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 hu-
mans probably IgG4. Th1 cells that are thought to organize the defense against
intracellular pathogens and viruses induce preferentially complement-binding
isotypes (Figs. 3, 5).

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

Therapeutic Induction of Functional Tolerance

The therapeutic strategies available reflect a combination of corticosteroids
and immunosuppressive agents, most of them acting on both T and B cells.
Corticosteroids are used with the primary goal to reduce the acute inflamma-
tion and to limit tissue damage. They are also efficient in suppressing T and
B cell responses, but long-term side effects are very important. Therefore,
therapies normally combine corticosteroids with immunosuppressive 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.
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Such therapies establish a fragile balance that is helpful in some but not all
autoimmune diseases. Especially 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 ab-
errant T cell responses.

The greatest progress is currently obtained by blocking immune functions
with anti-TNF-antibodies. This seems to be more efficient and better toler-
ated than any of the previously described immmunosuppressive agents (Feld-
mann et al. 1996). However, therapies based on anti-TNF-antibodies inhibit
any type of immune response and therefore harbor a series of risks for pa-
tients with acute or chronic infections. Among autoimmune skin diseases
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 acrodermatitis continua suppurativa of Hal-
lopeau. In addition, neutralizing TNF may be a promising approach for acute
diseases associated with inflammatory tissue destruction such as aphtous
ulcers or pyoderma gangraenosum. However, we have to keep in mind that
other highly effective, less invasive, and less expensive therapies are availa-
ble 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 immuno-
globulins.

Large efforts were undertaken to develop T cell based immunotherapies.
They may affect 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 regula-
tory Tr cells capable of inhibiting immune responses in an antigen-specific
fashion. The second would be the deviation of harmful Th1 responses into a
protective Th2 response. Such an approach may be of special interest as Th2-
responses have a tendency to perpetuate and to establish an antiinflamma-
tory Th2-memory, once they are initiated (Biedermann 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 (Ghoreschi
et al. 2003). The third reflects the opposite, the redirection of harmful Th2 re-
sponses into a Th1-phenotype, an approach that may be of interest in IgE-
mediated diseases.
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These antigen-specific T cell based approaches are still at an early clini-
cal experimental stage and even though not appropriate for acute interven-
tions, the first studies demonstrated that it is a very promising approach
(Ghoreschi et al. 2003). For future development, these vaccination approaches
are of special interest as they circumvent a series of major problems associ-
ated with all other therapies. Two important aspects are: These therapies are
highly specific for the targeted antigen structure and should therefore not in-
terfere with the other physiologically required immune responses (Rocken et
al. 1996). The other is that they target the site where T cell responses are trans-
lated from the innate to the adaptive immune response and they therefore
should protection of long duration.
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2 Epidemiology of Autoimmune Skin Disorders

Berthold Rzany and Niels Weller

Introduction

Epidemiology is for most medical doctors a diffuse subject. It is often associ-
ated with biostatistics which most doctors believe to be something impossi-
ble to understand and besides that assumed to be of little use. Nevertheless
every medical textbook has a section on the epidemiology of a specific dis-
ease. This section is unfortunately often a trash can of clinical features, risk
factors based on case reports and case series. If data of descriptive and ana-
lytical epidemiological studies are presented it is often done unenthusiasti-
cally. In the book “Dermatologie und Venerologie” by Braun-Falco et al. (1996)
for example the section about the epidemiology of a specific disease is
hardly longer than two or three sentences and an independent chapter on
epidemiological data is completely missing.

The purpose of this section is to (1) explain what epidemiology really is
and (2) to describe, based on the available epidemiological data, a few se-
lected autoimmune diseases of the skin; systemic lupus erythematosus, sys-
temic scleroderma and bullous pemphigoid.

What is Epidemiology?

Lilienfeld defined epidemiology as the “study of the distribution of a disease
or a physiological condition in human populations and of the factors that in-
fluence this distribution.”(Lilienfeld and Stolley 1994). Epidemiology is an in-
tegrative discipline using concepts and methods from other disciplines, such
as statistics, sociology and biology, for the study of diseases in a defined pop-
ulation. The general purpose of epidemiology is to explain the etiology of a
disease, to evaluate the consistency of these data with etiological hypotheses
developed either clinically or experimentally and to provide the basis for de-
veloping and evaluating preventive strategies and public health practices.
Epidemiology may follow either a descriptive or analytic path.



Descriptive Epidemiology

The description and frequency of a disease is important to assess the burden
of a disease in a defined population. Based on cross-sectional studies, infor-
mation about prevalence, incidence, and mortality can be obtained. Further-
more ecological studies might lead to hypotheses concerning the etiology of
a disease by correlating incidence or mortality with potential risk factors, for
example nutritional habits or drug use.

Incidence/Prevalence

To describe the morbidity of a disease, two general types of rates are avail-
able: incidence and prevalence. Incidence is defined as the number of new
cases of a disease occurring in the exposed population during a specified pe-
riod of time. It allows a direct estimation of the probability of developing a
disease during a specified period of time. Therefore epidemiologists prefer to
use incidence to compare the development of disease in different population
groups or to determine whether there is a relationship between an estimated
etiological factor and a disease (e.g. ecological studies).

Prevalence means the number of cases of disease present in a defined pop-
ulation at a specified period in time. This is also called period prevalence in
contrast with point prevalence which refers to a specified point in time e.g. a
certain day. Prevalence data is useful to the health service administrator in
planning medical care services. The prevalence is equal to the incidence mul-
tiplied with the average duration of a disease.

Analytic Epidemiology

Analytic epidemiology deals with the concept of risk. The aim is to assess the
strength of a possible association with a potential risk factor. A number of
specific analytical study design options can be employed. As only some risk
factors can be assessed by an interventional study (e.g. a controlled clinical
trial) most analytical studies are based on an observational design: a cohort
or case-control studies. In a cohort study, subjects are classified by the pres-
ence or absence of exposure to a potential risk factor (e.g. silicon breast im-
plants) and then followed for the development of the disease (e.g. systemic
sclerosis). In a case-control study, a group of patients with the disease of in-
terest (e.g. bullous pemphigoid) and a control group (e.g. without bullous
pemphigoid) are compared for the proportions of the exposure of interest (e.g.
number of malignancies). Risk in cohort studies is measured as relative risk
and in case-control studies as Odds-ratio which is an approximation of the
relative risk. A relative risk or an Odds-ratio of > 1 points to an increased risk,
of < 1 to a decreased risk, i.e. a protective factor (Schlesselmann 1982) (Table 1).
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Case-control studies are the appropriate design if a disease is rare. They are
relatively easy and fast to perform, require, however, good skills in designing
the study taking into account all possible sources of bias. In particular, potential
risk factors associated with different surveillance, diagnosis, referral, or
selection of individuals can lead to biased estimates of the relative risk and
therefore to wrongful assumptions.

Evidence Based Medicine and Epidemiology

How comes evidence based medicine (EBM) into epidemiology? EBM tries to
gather the best available incidence to answer specific questions. EBM starts
with a single patient, e.g. a patient with an autoimmune disease. Based on this
unique patient, several questions can be raised:

– Is this evidence about harm important?
– Is this evidence about a treatment valid?

Based on a patient with bullous pemphigoid, the questions could be:

– Is there a an increased risk for malignancies in this BP-patient? Do I have
to consider to screen her/him?

– What is the best treatment for this individual patient?

The tool of EBM is a systematic review. In contrast to an ordinary review, a
systematic review is precisely structured to avoid bias. Studies are grouped
according to the level of evidence. The highest level of evidence is reserved
for randomized controlled trials, the lowest level is the expert opinion. If
enough comparable studies are available a systematic review may comprise
a meta-analysis. Structured systematic reviews such as the Cochrane review
(a Cochrane review is a systematic review inside the Cochrane collabora-
tion) require a lot of time and energy. Furthermore they inherit a commitment
to update them continuously. For autoimmune diseases of the skin so far three
complete systematic reviews focusing on treatment questions exist (Table 2).

If no systematic review is available, tools exist that allow the critical ap-
praisal of papers to answer the above questions. This might be elaborate but
worthwhile. However, in the end the responsible physician has to answer
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Table 1. Interpreting Relative Risk (RR) and Odds-Ratio (OR)

RR or OR Interpretation

< 1 Protective factor

1 No effect

> 1 Risk factor



the final question if the gathered valid evidence can be applied to the indi-
vidual patient.

Descriptive and Analytic Epidemiology of Specific
Autoimmune Skin Disorders

Systemic Lupus Erythematosus (SLE) and Chronic Discoid Lupus
Erythematosus (CDLE): Incidence/Prevalence

SLE and CDLE are quite frequently compared to other cutaneous autoim-
mune diseases. Incidence rates for SLE increased from 2/100,000 in the early
1960s to 4.6–7.6/100,000 in the 1970s. Prevalence rates of 17–48/100,000 pop-
ulation have been determined for the sixties worldwide (Siegel and Lee 1973;
Fessel 1974; Hochberg 1985; Michet et al. 1985). Recent publications even
point to an incidence rate of 5.56/100,000 and a prevalence rate of 130/
100,000 (Uramato et al. 1999). The difference may not show a real increase
for SLE but be explained by the use of different diagnostic criteria (i.e. differ-
ent revisions of the ARA/ACR criteria) and different surveillance methods.
Nevertheless incidence rates differ for gender and race (Table 3).

The highest incidence with rates for females of 10.5 and 18.4/100,000/
year was seen in age groups 40–49 and 50–59 year, respectively. Hopkinson
et al. (1994) found also race specific differences in prevalence. The overall
one year period prevalence was 207 (age adjusted 95% CI: 111–302)/100,000
for Afro-Caribbeans, 48.8 (10.5–87.1)/100,000 for Asians, and 20.3 (16.6–24.0)/
100,000 for Caucasians (Hopkinson et al. 1993; Hopkinson et al. 1994). In chil-
dren, SLE is a rather rare disease (Table 4).

Although exact population-based epidemiological data are lacking, it is
presumed that CDLE occurs 2–3 times more often than SLE. In selected groups
of LE patients, the percentage of CDLE patients varies from 42–72% (Kind
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Table 2. Systematic Reviews on Autoimmune Diseases by the Cochrane Skin Group (www.
cochrane.org 2004)

Author Title of Review Status of Review

Jessop S, Whitelaw D,
Jordaan F

Drug treatments for discoid lupus
erythematosus (Cochrane Review)

Complete Review

Khumalo N, Kirtschig G,
Middleton P, Hollis S,
Woinarowska F, Murrell DF

Interventions for bullous pemphigoid
(Cochrane Review)

Complete Review

Kirtschig G, Murrell D,
Wojnarowska F, Khumalo N

Interventions for mucous membrane
pemphigoid and epidermolysis
bullosa, acquisita

Complete Review



and Goerz 1987), whereas SCLE is found in 7–32% of the patients (Sonthei-
meret al. 1979; Molad 1987; Weinstein 1987; Mooney and Wade 1989).

Risk Factors that Induce SLE

Risk factors might be divided into factors that induce the disease and risk fac-
tors that effect the prognosis of the disease. Several risk factors have been
evaluated and identified for SLE (Table 5). One risk factor is the presence of
CDLE and/or SLE in the family. Lawrence et al. reported (1987) that 3.9% of
first degree relatives of SLE patients and 2.6% of first degree relatives of
CDLE patients developed SLE, compared with only 0.3% of the controls. Simi-
lar results were obtained by Cooper et al. who found a history of lupus in a
parent or sibling in 15 (6%) cases and 7 (2%) controls (2002b). In contrast,
there was no elevated risk for first degree relatives of SLE patients to de-
velop CDLE whereas 3.5% of CDLE family members compared with 0.5% of
the controls developed CDLE (Lawrence et al. 1987).

Smoking is also discussed to be a risk factor for both SLE and CDLE.
Nagata et al. (1995) were able to show an increased risk of SLE for smoking
(OR: 2.31; 95% confidence interval (CI) 1.34–3.97). However, in a recent study
Cooper et al (2001) were not able reproduce these results for either current
and previous smokers. Smoking is also discussed to be a risk factor for CDLE.
Gallego et al. (1999) showed in a case-control-study based on 28 CDLE pa-
tients and 112 matched controls, and in addition by comparing a second set
of 20 CDLE patients to statewide smoking prevalence data that smoking
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Table 3. Gender Specific Incidence and Prevalence Rates for SLE in the UK (Hopkinson et al.
1993) and in the US (Jakobson et al. 1997)

Author Incidence per
100,000/year in
females

Incidence per
100,000/year in
males

Prevalence per
100,000/year in
females

Prevalence per
100,000/year in
males

Hopkinson et al. (1993) 6.5 1.5 45.5 3.7

Jacobson et al. (1997) 6.4 0.9 20.9 2.9

Table 4. Annual Incidence Rates of SLE in the Childhood Population of Different Countries

Authors Country and year of study Incidence per 100,000
childhood population

Fujikawa and Okuni (1997) Japan 1984–1994 0.47

Pelkonen et al. (1994) Finland 1986 0.37

Kaipiainen-Seppänen and
Savolainen (1996)

Finland 1990 0.80



is a risk factor for CDLE, too. In the CDLE patients, the prevalence of smok-
ing was 83% (23 of 28) compared to 22% (25 of 112) in the control group (OR
= 12.2, with p = 0.001). They also found, that the 23 CDLE smokers smoked
significantly more than the 25 control smokers (mean, standard deviation and
range: CDLE 1.43 (0.56) 0.5 to 2.5 packs/day; control 0.71 (0.44) 0.05 to 1.5
packs/day; p = 0.0001, Wilcoxon’s rank sum test). The second set of patients
showed 15 of 20 to be smokers, resulting in a smoking rate of 75% which ex-
ceeded three times the 1992 to 1993 smoking rate for the general population
of Minnesota (25,1%) (Shopland et al. 1996; Gallego et al. 1999). These re-
sults suggest that CDLE is largely a disease of chronic, particularly heavy
smokers. Nevertheless other potential confounding factors as alcohol were
not considered in this study.
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Table 5. Risk Factors that May Induce Systemic Lupus Erythematosus

Risk factor studied
(author, year)

Study design
Size of study

Odds Ratio (95% CI)

Positive family history
(Nagata et al. 1995)

Case-control study
282 cases/292 controls

5.20 (1.08–24.95)

History of lupus in parents or
siblings (Cooper et al 2002b)

Case-control study
265 cases/355 controls

3.3 (1.2-8.6)*

Smoking
(Nagata et al. 1995)

Case-control study
Case-control study

2.31 (1.34–3.97)

Current smoking
(Cooper et al. 2001)

Case-control study
265 cases/355 controls

1.1 (0.7-1.7)*

Crystalline silica dust
(Parks et al. 2002)

Case-control study
265 cases/355 controls

2.2 (1.1-4.0)
medium exposure*

4.6 (1.4-15.4)
high exposure*

Postmenopausal Estrogen
Therapy (Sánchez-Guerrero
et al. 1995a)
(Meier et al. 1998)

Prospective cohort
study 69,435

Case-control study
75 cases/295 controls

2.1 (1.1–4.0)

2.8 (0.9–9.0)

Use of oral contraceptives
(Cooper et al. 2002a)

Case-control study
240 cases/321 controls

1.3 (0.9, 2.1)

Breast feeding
(Cooper et al. 2002a)

Case-control study
240 cases/321 controls

0.6 (0.4, 0.9)

Allergy to medications
Particularly to antibiotics
(Cooper et al. 2002b)

Case-control study
265 cases/355 controls

3.1 (2.1-4.5)*

History of shingles
(Cooper et al. 2002b)

Case-control study
265 cases/355 controls

2.5 (1.1-5.9)*

Cold sores
(Cooper et al. 2002b)

Case-control study
265 cases/355 controls

2.8 (1.4-5.4)*



Besides smoking, female hormones seem to be an important risk factor.
Sánchez-Guerrero et al. (1995a) reported an increased relative risk of develop-
ing SLE for longer term (5–10 years) postmenopausal estrogen users compared
with nonusers of 2.7 (95% CI 1.2–6.4). In a population-based, case-control
study, using the UK-based General Practice Research Database (GPRD) (Jick
et al. 1991; Walley and Mantgani 1997), Meier et al. (1998) analyzed 34 cases
with CDLE, 41 cases with SLE and 295 age, gender and practice matched con-
trols. After adjusting for body mass index, hysterectomy, oophorectomy, and
smoking status, the RR estimate for current use versus nonuse was 1.5 (95%,
CI 0.7–3.7) for SLE, 2.3 (0.8–6.7) for CDLE, and 1.7 (0.9–3.2) for CDLE and SLE
combined. Never and former users were combined into a single group of nonu-
sers, because former users did not show an increased risk. The adjusted OR
for current estrogen use of a duration of less than 25 months and of 25 months
or more, as compared to nonuse, were 0.7 (0.3–2.1) and 2.8 (1.3–5.8; p = 0.008),
respectively. Exposure to 1200 or more cumulative defined daily doses (DDD)
resulted in elevated RR estimates (adjusted OR 2.8, 95% CI 1.1–7.2), whe-
reas low cumulative estrogen doses of 500 or less DDD did not increase the
relative risk estimates compared to nonuse. These results have been confir-
med by other authors. In the Nurses Health Study, the long-term use of oppo-
sed estrogens was associated with a 2- to 3- fold increased age adjusted RR
estimate (Sánchez-Guerrero et al. 1995). In addition Meier et al. (1998) found
an increased risk of developing SLE and CDLE for current estrogen users
compared to nonusers. This effect showed a distinct dose and duration depen-
dency, which has been documented independently for SLE and for DLE.
In contrast Cooper et al (2002a) found only little evidence that estrogen- or
prolactin-related exposures were associated with an increased risk of lupus.
In this study an inverse association of breast feeding and lupus was found
(OR 0.6, CI 0.4–0.9). Cooper et al. (2002a) also states that natural menopause
occurred earlier in women with SLE and that this finding was not considered
in the Nurses Health Study.

A role for infectious agents as a risk factor for SLE has been postulated
for many years (Strom et al. 1994). SLE may be the cause of an aberrant re-
sponse or lack of immune control of a response to a pathogen. Cooper et al.
(2002b) focused in one of her recent case-control studies on infections. She
was able to show an increased risk for SLE with a past history of shingles 2.5
(95%, CI 1.1-5.9) as well as cold sores 2.8 (95%, CI 1.4-5.4).

Several studies dealt with the question whether breast implants increase
the risk of acquiring any of the connective tissue diseases or not. The results
will be reported in more detail in the part about systemic sclerosis. However,
in studies of good grades of recommendation (Ball et al. 1999), no evidence
has been found that silicone gel-filled breast implants increase the risk of de-
veloping SLE.
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Risk Factors that Effect the Prognosis of SLE

Renal insufficiency is a threatened outcome of SLE. Several studies tried to
identify risk factors that effect the prognosis of SLE. Race is one of the specu-
lated factors. Hopkinson et al. (2000) calculated a hazard rate ratio of 4.4 (95%
CI 1.9–10.2) for Afro-Caribbeans to develop renal SLE compared with Cau-
casians. Johnson et al. (1994) showed in a cross-sectional analysis of SLE
patients from Brazil, Sweden and England, that non-Caucasians had more ac-
tive disease than Caucasians, indicating ethnic and environmental influences.
Brazilian patients were most likely to develop renal disorders, English pa-
tients experienced most often photosensitivity, oral ulcers and hematological
disorders and Swedish patients discoid rashes. Another risk factor might be
the socio-economic status of the patient. According to Karlson et al. (1995, 1997)
private insurance and higher education are associated with less disease ac-
tivity at diagnosis and therefore with fewer side effects caused by the disease.

Rzany et al. (1996) showed in a study of 282 SLE patients, that younger
(0–19 years) or older (� 40 years) age at baseline (entry into the study group)
is associated with a higher risk of developing hypercreatinemia (RR 5.13; 95%
CI 1.4–18.8 and 4.09; 2.1–8.2, respectively). Other factors that increase the risk
of renal damage are involvement of other organ systems, namely serositis
(RR 2.17; 1.1–4.3) and as a trend neurologic lupus (RR 1.96; 1.0–4.0), immu-
nosuppressive treatment (excluding prednisone) at baseline (RR 2.39; 1.0–5.6)
and the presence of anti-dsDNA antibodies (RR 1.17; 1.0–1.4). Longer dura-
tion of the disease at baseline led to a 25% (10%–50%) increase in risk for ev-
ery five years.

Morphea and Systemic Sclerosis (SSc): Incidence and Prevalence

Incidence and prevalence rates of SSc have been investigated in different large
population based studies all over the world. Incidence data is rare which might
be due to the fact that the definite time of onset of this disease is more diffi-
cult to determine. Incidence rates are lower than for SLE with a range of 3.7
to 19/106 inhabitants per year (Kaipiainen-Seppänen and Aho 1996; Mayes
et al. 1996) and even more rare in children (Pelkonen et al. 1994; Fujikawa
and Okuni 1997). Prevalence rates for SSc are higher ranging from 31 to 350
patients/106 inhabitants per year – pointing to an overall more benign dis-
ease (Asboe-Hansen 1985; Michet et al. 1985; Silman et al. 1988; Maricq et al.
1989; Tamaki et al. 1991; Geirsson et al. 1994; Mayes et al. 1996; Valter et al.
1997; Englert et al. 1999; Mayes et al. 2003).

Morphea seems to be more common. Peterson et al. (1997) investigated
incidence and prevalence of morphea patients in Olmsted County, Minne-
sota from 1960–1993. They reported an annual age and sex adjusted inci-
dence rate of 2.7/100,000 population (95% CI 2.1–3.3). The incidence rate
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increased on an average of 3.6% per year over the whole period. The preva-
lence of morphea was 220/100,000 population.

Risk Factors for SSc

As for SLE a family history of SSc increases the risk of SSc. An estimated prev-
alence of approx. 1% of SSc in relatives was calculated in a recent study of
Englert et al. (1999) based on 715 sclerosis patients and 371 controls. Possi-
ble risk factors for SSc were for a long time only in the focus of a few selected
scientists. Everything changed when silicon implants were suspected as pos-
sible risk factors in a few case series. Miyoshi et al. (1964) were the first to re-
port the development of connective tissue diseases (CTD) in cosmetic surgery
patients who had received injections of foreign substances. Van Numen et
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Table 6. Annual Incidence Rates of Systemic Sclerosis in Different Populations

Authors Country and year Incidence per 1 Mio.

Pelkonen et al.(1994) Finland 1986 0.5*
Kaipiainen-Seppänen and
Aho (1996)

Finland 1990 3.7

Mayes et al. (1996) United States 1991 19

Fujikawa and Okuni (1997) Japan 1984–94 0.1*

Table 7. Prevalence Rates of Systemic Sclerosis in Different Countries

Authors Country and year Prevalence per
1 Mio.

Prevalence per
1 Mio. females

Asboe-Hansen et al.²
(1985)

Denmark3 126 n. e.

Michet et al.¹ (1985) United States 1950–79 138 255

Silman et al.¹ (1988) Great Britain3 31 48

Maricq et al.¹ (1989) United States3 112 n. e.

Tamaki et al.¹ (1991) Japan 1988 38 n. e.

Geirsson et al.¹ (1994) Iceland 1975–90 71 119

Mayes et al.¹ (1996) United States 1991 240 n. e.

Valter et al.¹ (1997) Estonia3 350 540

Englert et al.¹ 4 (1999) Australia
1974–1988

40.7 (1974)
86.2 (1988)

65.8 (1974)
137.6 (1988)

Mayes et al.¹ (2003) United States 1989-1991 242 [213-274] 398 (95% CI 353-430).



al. (1982) reported three different cases of CTD in women with silicone breast
implants (SLE, MCTD, and rheumatoid arthritis (RA) with Sjogren’s syndrome).
In 1984, Kumagai et al. summarized the Japanese experience, reporting 24
cases of defined CTD in breast augmentation patients who had received in-
jections of either paraffin or silicone. They suspected that a possible excess
of scleroderma was primarily in patients injected with paraffin. Subsequently,
case reports have included RA (Van Numen et al. 1982; Hammer and Krippner
1991), SLE (Van Numen et al. 1982; Guillaume et al. 1984), SSc (Spiera 1988;
Gutierrez and Espinoza 1990; Marik et al. 1990), Sjogren’s Syndrome (Van
Numen et al. 1982; Haga et al. 1992), dermatomyositis/polymyositis (Haga
et al. 1992) and MCTD (Van Numen et al. 1982). These cases from many differ-
ent countries demonstrated world-wide concern and several epidemio-
logical studies were initiated. Some studies focused on scleroderma alone
(Weisman et al. 1988; Burns 1994; Englert and Brooks 1994; Hochberg et al.
1996), others on CTD, comprising a variety of diagnoses (Schusterman et al.
1993; Gabriel et al. 1994; Giltay et al. 1994; Goldman et al. 1995; Perkins et
al. 1995; Sánchez-Guerrero et al. 1995b; Park et al. 1997; Edworthy et al. 1998;
Nyrén et al. 1998). The relative risks in Tables 8–11 are for CTD if not indi-
cated otherwise. Results for the different specified CTD (mostly SSc) are given
in the text as far as available.

The first report, whose results could be compared with other studies came
from Spiera (1988) of New York City, who reported that five of his 113 new
female SSc patients had breast implants as had one of his 286 RA patients,
and none of his patients with SLE or polymyositis. The next comparative re-
port of SSc and breast implants from Wigley et al. (1992) stated that 1% of fe-
male SSc patients in Baltimore and Pittsburgh had breast implants and that
50% of them had received their implant only after the disease had begun or
had been diagnosed. The pre-diagnosis implant prevalence was not differ-
ent from the prevalence estimated for U.S. adult females. The cohort study
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Table 8. Different Cross-Sectional Studies about Breast Implants (BI) as a Risk Factor for
CTDs

Authors Design Size
BI/No BI

Average
follow-up
time in years

No. of CTDs
in women
with
BI/No BI

Relative Risk
of developing
a CTD
(95% CI)

Goldman et al.
(1995) (US)

Cross-sectional
clinical-based

150/4079 10 12/709 0.52
(0.29–0.92)‡

Park et al.
(1997) (UK)

Cross-sectional
prevalence
study

317/216 5.8 0/0 0*

‡ = Adjusted RR
* = 95% CI not calculated



from Gabriel et al. (1994) reported on 749 women who received breast im-
plants between 1964 and 1991 in Olmsted County, Minnesota and on 1498
matched controls. This study is a population based cohort-study. Breast im-
plant patients were followed through community-based medical records for
an average of about eight years after the procedure. Five of the breast implant
patients and 10 control patients suffered from one of the specified CTD (Rel-
ative Risk = 1.06, 95% CI 0.34–2.97) (Gabriel 1994).

The cohort study from Goldman et al. (1995) reported on 150 cases and
4079 controls. 17% (721) of the 4229 women participating in the study had
been diagnosed as having RA and/or CTD. 3.5% (150) of the study women
had breast implants. These patients as a group differed significantly from
those without breast implants by age at first visit, income, and period of first
visit, but not by marital status or by duration of observation. 85% of the breast
implant recipients (128/150) had silicone gel breast implants. Of 150 breast
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Table 9. Different Cohort Studies about Breast Implants as a Risk Factor for CTD

Authors Design Size
BI/No BI

Average
follow-up
time in years

No. of CTDs
in women
with
BI/No BI

Relative Risk of
developing a
CTD (95% CI)

Weisman et al.
(1988) (US)

Clinical
practice-based
cohort study

125/0 7 0 0

Schusterman et
al. (1993) (US)

Hospital-based
cohort study

250/353 2.5 1/1 1.08 (0.1–17.2)

Wells et al.
(1994) (US)§

Clinical
practice-based
cohort study

222/80 4 11/2 1.16
(0.15–9.04)‡

Giltay et al.
(1994)
(Netherlands)

Hospital-based
cohort study

235/210 6.5 2/4 0.44¹

Gabriel et al.
(1994) (US)

Population-base
d cohort study

749/1498 8 5/10 1.06 (0.34–2.97)

Sanchez-
Guerrero et al.
(1995b) (US)

Retrospective
Cohort-study

1183/86318 9.9 3/513 0.6 (0.2–2.0)‡
0.3 (0–1.9)‡#

Hennekens et
al. (1996) (US &
Puerto Rico)

Retrospective
cohort-study

10830/38471
3

n. i. 231/11574 1.24 (1.08–1.41)

¹ According to Perkins et al. (1995)
*BI = Number of women with breast implants
‡ Adjusted RR
§ Results for Rheumatoid Arthritis (RA) only, no cases of other CTD were identified
# RR for silicone.gel-filled implants only



implant recipients nine had RA, one had SLE, two had Sjogren’s syndrome
and nobody had SSc. Among the 4079 nonrecipients, 383 had RA and 341 (8.4%)
had diffuse CTD. SLE was diagnosed in 179 (4.4%) of the non-recipients.
Dermatomyositis/polymyositis, SSc, and MCTD ranged between 0.9 and 1.6%.
Of the three women with breast implantation and a CTD, only one developed
disease after surgery (SSc, 8 year later).

Nyrén et al. (1998) conducted a large population-based prospective study
in Sweden, where little publicity has occurred, thus lessening the risk of bias
in ascertainment and reporting, that covered 7442 women who had received
breast implants divided into a subcohort with breast reconstruction after sur-
gery (n = 3942) and a subcohort with breast implants for other, mainly cosmetic
reasons (n = 3353). One control, matched for hospital, age, and calendar year
at operation, for each of the women with cosmetic surgery was drawn from
33,668 women who had undergone breast reduction surgery. They com-
pared the observed numbers of hospitalizations for connective tissue disease
with the expected numbers of these events. They calculated the expected
values, by counting the national rates of first hospitalizations by age, sex,
and calendar year, for each of the single specified diagnoses and for all the
definite connective tissue diseases combined, and then multiplied the observed
number of person years by these national rates. They used the standardized
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Table 10. Different Case-Control Studies about Breast Implants as a Risk Factor for CTD

Authors Design Size
Cases/
controls

Average
follow-up
time in years

No. of CTDs
in cases/
control

Relative Risk
of developing
a CTD
(95% CI)

Nyrén et al.
(1998)
(Sweden)

Retrospective
case-control
cohort study

7442/3353 8 16/11 0.8 (0.5–1.4)‡

Edworthy et al.
(1998)
(Canada)

Blinded
case-control
cohort study

1576/727 n. i. 17/16 1.0001
(0.45–2.22)‡

‡ Adjusted RR

Table 11. Results of the Meta-Analyses by Perkins et al. (1995) Based on 13 Studies (one
Cross-Sectional, 6 Cohort and 6 Case-Control Studies)

Authors No. of
participating
Studies

Relative Risk
of developing
a CTD

95% CI for RR Homogeneity
p-value

Perkins et al.
(1995)

13 0.73 0.53–0.99 0.22



hospitalization ratio (the ratio of observed to expected numbers of fist hospi-
talizations) as a measure of relative risk and calculated 95% CI. The women
in the breast implant cohort were followed for an average of eight years, cor-
responding to 59,592 person years at risk. Those with breast reduction were
followed an average of 9.9 years, thus accumulating 33,288 person years.
Twenty-nine patients developed one or more of the diseases compared with
25.5 expected cases (standardized hospitalization ratio 1.1 (95% CI 0.8–1.6).
No significant excess risk for SLE was detected and none of them developed
SSc. Among the women with breast reduction surgery there were 14 cases of
definite CTD compared with 10.5 expected (standardized hospitalization ratio
1.3 (95% CI 0.7–2.2).

A report by Hennekens et al. (1996) indicated a slight overall increase in
the relative risk for CTD of 1.24 (95% CI 1.08–1.41; p = 0.0015). Borderline
statistically significant increases in the incidence of dermatomyositis and SSc
RR = 1.52 (95% CI 0.97–2.37; p = 0.068), and 1.84 (95% CI 0.98–3.46; p = 0.060),
respectively occurred. The findings for SLE were not statistically significant,
RR = 1.15 (95% CI 0.81–1.63; p = 0.44). This study was based on the self-
report of responders to a survey which had not been validated by chart re-
view, nor had the type of implant been identified. Therefore no comment
can be made regarding the risks of silicone gel breast implants.

A case control study by Englert and Brooks (1994) studied 251 SSc cases
and compared them with age-matched controls who were chosen at random
from 28 general practitioners. The direct standardized rate of augmentation
mammoplasty in the Australian population adjusted for socioeconomic sta-
tus was found to be 1.68% (1.65–1.71%). The adjusted RR (adjusted for socio-
economic status) for augmentation mammoplasty patients to develop SSc was
0.89 (0.23–3.41). A second population-based case/control study of SSc and aug-
mentation mammoplasty was reported from the State of Michigan by Burns
(1994). The OR for silicone breast implants was 0.72 (0.16–3.21) and for all
breast implants was 0.61 (0.14–2.68). No case of SSc had been observed in
women with breast implants. Based on the SSc frequency among the study
women without implants, more than two cases of SSc would have been ex-
pected. Hochberg and Perlmutter (1996) identified an OR of 1.11 (0.55–2.24)
for developing SSc after augmentation mammoplasty in their study of 837
cases with 2507 controls.

A recent meta-analysis, that included 13 studies (6 case-control, 6 cohort
and one cross-sectional study) estimated an overall RR of 0.73 (0.53–0.99; ho-
mogeneity p = 0.22) for women with silicone implants of developing CTD (Ta-
ble 10) and 0.91 (0.52–1.52; homogeneity p = 0.11) for SSc alone (Perkins et
al. 1995).

Even without scientific evidence for an increased risk of the CTDs after
breast implant surgery the American legal system awarded high sums of
money to questionable victims. The controversies surrounding these alleged
relationships have been judged to be among the most contentious, costly, and
dangerous event ever to occur in women's health (Connell et al. 1998).
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Fortunately now the focus or research is shifting to other possible risk fac-
tors. In a recent study from Pisa et al. (2002) reproductive factors were inves-
tigated. Among 46 female patients with SSc and 153 female control subjects a
reduced risk of SSc was found for parous women compared to nulliparous
women (OR of 0.3 (95% CI 0.1–0.8). This finding should encourage further
research into this area.

Bullous Pemphigoid

Among the autoimmune bullous diseases, most epidemiological data is re-
stricted to bullous pemphigoid (BP).

Incidence/Prevalence

BP is the most frequent autoimmune bullous disease in Europe. In several
studies, the incidence has been estimated to range from 6.6 newly diagnosed
cases per one million per year for northwest Bavaria (Zillikens et al. 1995) to
seven newly diagnosed cases per one million per year for three regions in
France (Bernard et al. 1995). Other estimations for the incidence of BP range
from 10 for Bristol, U.K. (Grattan 1985) and 30 newly diagnosed cases per one
million per year for Geneva, Switzerland (Masouyé et al. 1998). However, for
the U.K. and Switzerland, these numbers are only quoted as rough estimates.
In a German study from participants of the German Bullous-Diseases-Group
(BSD) (Jung et al. 1999), age and gender specific incidences of BP based on
two regions in Germany (Mannheim and Lower Franconia) comprising a to-
tal population of 1.7 million inhabitants were reported. This study reported a
crude incidence rate of 6.1 (2.2, 13) new cases per one million inhabitants per
year and an overall age-adjusted incidence of BP of 8.7 (3.9, 17) for men, and
4.9 (1.6, 12) for women per one million inhabitants per year. Incidences in-
creased with age. The incidence for patients over 60 years was 20.3 per one
million inhabitants per year. The highest risk was found for patients > 90
years (Fig. 1). This data point to BP as one of the emerging diseases of the el-
derly which should be addressed with an increased public health concern as
the structure of the European population is shifting towards the aged.

Risk Factors

Several risk factors have been associated with BP. Besides drugs (Bastuji-
Garin et al. 1996) the rate of malignancies has been reported to be increased
in BP patients. In two previous case-control studies, a trend towards an in-
creased risk with an OR of 1.36 (0.54, 3.57) (Stone and Schroeter 1975) or a
slightly increased risk for malignancies with an OR of 3.84 (1.49, 10.05) (Venning
and Wojnarowska 1990; Venning et al. 1991) has been found (Table 12). In
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our own study from Mannheim, malignancies were reported with an increased
proportion in 20% (12/61) of the BP patients and 10% (20/204) of the control
patients. The overall risk found (95% CI) was 1.6 (0.8, 3.4). However, when
stratifying for gender, the univariate risk for female BP patients increased to
10 (2.5, 66) (Rzany et al. 2000). Although these results are based on a small
sample, the increased risk of malignancies in BP patients and that point in
time we do not know of the prognosis can be significantly changed when a tu-
mor is found. These findings warrant a thorough tumor screening of these pa-
tients.

Summary

Epidemiology is an important science that might lead to relevant information
on the frequency of a disease and the risk factors associated with a disease
thus allowing the distribution of health care resources and the planning of
preventive measures. An epidemiological study is only as good as the design
it is based on. A stringent design tries to minimize bias and therefore errors
in the interpretation of the results of a study. Study design is determined by
the frequency of a disease. For rare diseases – such as cutaneous autoimmune
diseases – the cross-sectional or case-control design will lead to the fastest
results. If several studies with inconclusive or controversial results are avail-
able, different studies can be polled together in a meta-analysis which was
shown for breast implants and CTD where cross-sectional studies, cohort stud-
ies and case control studies were analyzed together (Perkins et al. 1995).
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3 Autoimmune Bullous Skin Disorders

3.1 Pemphigus

Michael Hertl

Introduction

Pemphigus (from the Greek pemphix, meaning bubble or blister) encompasses
a group of life-threatening autoimmune blistering diseases characterized by
intraepithelial blister formation (Lever 1953; Huilgol et al. 1995; Hertl 2000).
The molecular basis for blister formation is the loss of adhesion between kera-
tinocytes caused by circulating autoantibodies (auto-Ab) directed against
intercellular adhesion structures (Amagai et al. 1991; Bedane et al. 1996).
Several forms of pemphigus have been classified depending on the level of
the intraepidermal split formation. In the pemphigus vulgaris (PV) group, the
blisters are located just above the basal layer whereas in the pemphigus
foliaceus (PF) group, the blisters occur within the upper layers of the epidermis
(Bedane et al. 1996). Other members of the pemphigus group are paraneoplastic
pemphigus (PNP), which generally occurs in patients with lymphoma, and
druginduced pemphigus, which usually develops after the administration of
penicillamine. Based on recent immunological studies, a molecular distinc-
tion can be made by the characterization of the specificity of the auto-Ab that
recognize different molecular target structures.

Epidemiology of Pemphigus and Association
with HLA Class II Alleles

PV is the most common form of pemphigus but still a rare disease, the inci-
dence varying from 0.1–0.5 per 100,000 population and being higher among
Jewish patients (Ahmed et al. 1990). In areas where PV and PF are endemic,
however, the ratio of cases of PF to cases of PV is nearly 20 to 1. In Brazil,



some 15,000 patients are known to have PF, and the prevalence of the disor-
der is 3.4 percent in regions such as the Amerindian reservation of Limao Verde
(Warren et al. 2000).

Several epidemiological studies in Jewish (Ahmed et al. 1990), in non-
Jewish (Ahmed et al. 1991) and in Japanese PV patients demonstrated that
the HLA-DR�1*0402 and HLA-DR�1*1401 alleles are highly prevalent in PV.
Sinha et al. (1988) demonstrated that the DR14 susceptibility was strongly
associated with a rare DQ� allele (DQ�1*0503) identifying this DQ allele as a
major susceptibility factor for PV. Moreover, the auto-Ab response in Paki-
stani PV patients was also linked to DQ�1*0503 (Delgado et al. 1997) and
healthy relatives of PV patients who carried the PV susceptibility haplotypes
HLA-DR4/DQ8 and DR14/DQ5 appeared to produce low titers of Dsg3-
specific auto-Ab (Ahmed et al. 1993; Brandsen et al. 1997; Kricheli et al. 2000).
The HLA class II alleles HLA-DR�1*0402 and �1*1401 (in linkage disequilib-
rium with DQ�1*0503) are also prevalent in drug-induced pemphigus (Matzner
et al. 1995). The endemic variant of PF, fogo selvagem, is characterized by a
prevalence of two HLA class II alleles, DR�1*04** and DR�1*0101.

Etiopathogenesis of Pemphigus

The molecular basis for intraepithelial blister formation is the loss of adhe-
sion between keratinocytes, called acantholysis, which is caused by auto-Ab
directed against intercellular adhesion structures of epidermal keratinocytes.
Auto-Ab production in PV and PF is polyclonal and most auto-Ab are of the
IgG4 subclass in PV patients with active disease (Bhol et al. 1995; Tremeau-
Martinage et al. 1995; Spaeth et al. 2001). Patients in remission have mainly
auto-Ab of the IgG1 subtype while healthy relatives of PV patients and
healthy carriers of PV-prevalent HLA class II alleles have low levels of IgG1
auto-Ab (Brandsen et al. 1997; Kricheli et al. 2000; Spaeth et al. 2001). Evi-
dence for the pathogenicity of these circulating auto-ab is provided by the obser-
vation that 1) the activity of PV correlates with auto-Ab titers, 2) newborns of
mothers with active PV temporarily exhibit blisters due to the diaplacen-
tar transfer of maternal auto-Ab, and 3) pemphigus-like lesions are indu-
ced in neonatal mice by transfer of IgG from PV patients (reviewed in Hertl
2000) (Fig. 1).

Autoantibody Reactivity against Desmogleins

PV is caused by auto-Ab against the extracellular portion (ECD) of desmog-
lein 3 (Dsg3), a desmosomal adhesion molecule present on epidermal kerati-
nocytes. Accordingly, PF is caused by auto-Ab against desmoglein 1 (Dsg1),
a distinct desmosomal adhesion protein homologous but not identical with
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Dsg3. Although Dsg3 is the major antigen targeted by auto-Ab in PV, recent
studies showed that PV patients have frequently also auto-Ab reacting against
Dsg1, the autoantigen of PF, as well as against desmocollins, other transmem-
branous components of desmosomes (Emery et al. 1995). The transfer of IgG
from PV patients with active PV into newborn mice causes acantholysis,
while circulating IgG from PV patients in remission and HLA-matched nor-
mals does not (Anhalt 1982; Amagai et al. 1991). Amagai et al. (1994) showed
that the preabsorption of PV-IgG by recombinant Dsg3 protein removed all
of the pathogenic auto-Ab indicating that Dsg3 auto-Ab are relevant for blister
formation in PV. The specificity of the IgG response to Dsg3 has been exten-
sively studied using peptides encompassing the entire ECD of Dsg3 (Amagai
et al. 1992; Bhol et al. 1995). IgG from PV sera affinity-purified on the EC1–2
of Dsg3 causes suprabasilar acantholysis, the typical histologic finding of PV.
In contrast, IgG affinity-purified on a recombinant protein representing the
EC3–5 of Dsg3 did not induce acantholysis upon injection into neonatal mice
(Amagai et al. 1992). IgG1 and IgG4 from patients with active PV recognize
epitopes in the EC1 and EC2. Additional in vitro data indicate that IgG4
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Fig. 1. Current concepts of the immune pathogenesis of pemphigus. Auto-Ab against Dsg1
and Dsg3 have been shown to induce loss of keratinocyte adhesion in pemphigus foliaceus
(PF) and in pemphigus vulgaris (PV), respectively. Ab production by B cells depends on the
help of TH1 cells for IgG1 and of TH2 cells for IgG4, IgA, and IgE auto-Ab (solid lines). Upon
binding of the auto-Ab to demosomal target antigens, tumor necrosis factor (TNF) and
interleukin-1 (IL-1) are released from epidermal keratinocytes which presumably enhance
the process of blister formation. CD8+ Tc1 cells have been identified in patients with PV that
may directly exert cytotoxicity against keratinocytes (dotted line). TH1 and TH2 cells may also

mediate direct effector functions (dotted lines)



directed against the EC2, and to a lesser extent, against the EC1 causes
acantholysis (Bhol et al. 1995) (Fig. 2). In summary, the observations strongly
suggest that IgG4 against the EC2 of Dsg3 is presumably the main acantholy-
tic Ab while IgG4 against the EC1 may act as a facilitator or enhancer of this
process. A recent study demonstrated that PV sera also recognize intracellu-
lar epitopes of Dsg3 (Ohata et al. 2001). The significance of this finding is yet
unclear. Recently, a novel human desmosomal cadherin, Dsg4, was identi-
fied which shares 41% identity with Dsg1 and 50% with Dsg3 (Whittock &
Bower, 2003). Moreover, serum Ab from a subset of patients with PV were
shown to be also reactive with Dsg4 (Kljuic et al, 2003). Although the patho-
genic relevance of anti-Dsg4 Ab is not fully elucidated their occurrence seems
to be associated with Ab against Dsg1 in mucocutaneous PV and PF (Nishifuji
et al, 2004).

Several studies suggest that binding of PV-IgG to epidermal keratinocytes
induces a rapid and transient [Ca++] elevation which may result in an altered
Ab-transmitted signaling leading to loss of cell adhesion (Seishima et al. 1995).
Acantholysis may be induced by proteases such as plasminogen activator upon
binding of auto-Ab to keratinocytes (Hashimoto et al. 1983). Recent studies
suggest that phospholipase C plays an important role in transmembrane sig-
naling leading to cell-cell detachment exerted by pemphigus IgG binding to
the cell surface (Esaki et al. 1995).

Classical PV presents primarily with mucosal lesions and is associated with
IgG against Dsg3 (Amagai et al. 1991). In contrast, sera of PV patients with
mucocutaneous lesions contain IgG4 > IgG1 against Dsg3 and Dsg1, the auto-
antigen of PF. The epitope(s) of Dsg1 recognized by PV sera are located in
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Fig. 2. T and B cell epitopes of Dsg3, the autoantigen of PV. Shown is a schematic of the
extracellular portion of Dsg3 which consists of five domains (EC1-EC5). B cell epitopes (top)
have been identified in the EC1 and EC2 domains (Bos 1, Bos 6) and in the EC4 domain.
Recent evidence suggest that B cell epitopes are also located on the intracellular portion of
Dsg3. T cell epitopes of Dsg3 (bottom) have been identified all over the extracellular domain.
According to the current knowledge, T cell epitopes are clustered around the distal portion of

EC1, and EC2 through EC3 (box)



the NH2-terminal region and are conformationally sensitive (Emery et al. 1995;
Kowalczyk et al. 1995). The explanation for the association of characteristic
auto-Ab profiles with distinct clinical variants of PV is given by the differ-
ential expression pattern of Dsg1 and Dsg3 in cornified and non-cornified
stratified epithelia (Shimizu et al. 1995). In the skin, Dsg1 is expressed in
the upper epidermal layer, i.e. the granular layer, while Dsg3 is expressed
predominantly in the suprabasilar epidermal layer (Amagai et al. 1996). In
non-cornified stratified epithelia, such as the oral mucosa, Dsg3 is expressed
throughout the epidermal layer while Dsg1 is poorly expressed. Dsg3 is thus
a crucial target antigen for the development of oral and to a lesser extent of
cutaneous lesions in PV. In contrast, auto-Ab against Dsg1 in PF do not cause
mucosal blisters. The concert of anti-Dsg1 and Dsg3- auto-Ab leads to the
formation of both mucosal and cutaneous blisters.

A recent study by Amagai et al. (2000b) has shed additional light on the
association of anti-Dsg1/Dsg3 auto-Ab with the clinical phenotype. They
showed that the toxin of bullous impetigo is a protease that selectively de-
grades Dsg1 leading to subcorneal split formaton which is also characteristic
for PF. This finding supports the idea that anti-Dsg1 are exclusively respon-
sible for the pathology of PF lesions.

Auto-Ab against Other Desmosomal Antigens

Recent evidence strongly suggests that the target antigens of PV are more
heterogeneous than anticipated (Hashimoto et al. 1995a) (Table 1). Antigen
spreading may occur during the course of disease since extra- as well as
intracellular epidermal antigens such as plakoglobin (Korman et al. 1991a)
are recognized by circulating auto-Ab of different IgG subclasses in several
autoimmune bullous diseases (Joly et al. 1997) (Fig. 3). Immunoelectron stud-
ies demonstrated that PV auto-Ab bind not only to the ECD of desmosomes
but also along large portions of keratinocytes outside desmosomal structures
(Bedane et al. 1996; Joly et al. 1997). Hashimoto et al. (1995a) reported that
several PV patients had circulating IgG reacting with human desmocollins
and bovine desmocollin 2 in addition to IgG reactive with Dsg3 and Dsg1. A
recent study by Nguyen et al. (2000a) demonstrated that PV sera display an
intercellular staining in the epidermis of Dsg3–/– mice suggesting that kerati-
nocyte proteins other than Dsg1 or Dsg3, possibly other desmosomal cadherins
or signaling receptors, are targets antigens for PV IgG. Two potential new
target antigens were recently identified which belong to the group of choli-
nergic receptors. Pemphaxin is an annexin homolog that binds acetylcholine
(Nguyen et al. 2000b). The second acetylcholine receptor targetted by serum
IgG from PV patients is �9 acetylcholine receptor which is also present on
keratinocytes (Nguyen et al. 2000c). The precise role that auto-Ab against ace-
tylcholine receptors play in the pathogenesis of PV needs to be elucidated.
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Table 1. Autoantigens of Pemphigus Variants

Pemphigus variant Target antigen Reference

Pemphigus vulgaris desmoglein 3 Amagai et al. 1991
desmoglein 1 Emery et al. 1995

Kowalczyk et al. 1995
Ding et al. 1998

desmoglein 4 Kljuic etal, 2003
Nishifuji et al, 2004

– Pemphigus vegetans desmocollins Hashimoto et al. 1995a
other cadherin (?) Bedane et al. 1996
cholinergic receptor Joly et al. 1997
pemphaxin Nguyen et al. 1998
�9 acetylcholine receptor Nguyen et al. 2000

Pemphigus foliaceus desmoglein 1 Amagai et al. 1995
Ghohestani et al. 1997

other cadherin (?) Joly et al. 1997
periplakin/envoplakin Kazerounian et al. 2000

Paraneoplastic pemphigus desmoplakins I, II Anhalt et al. 1990
BP230 Oursler et al. 1992
desmoglein 1 Joly et al. 1993

Hashimoto et al. 1997
desmoglein 3 Hashimoto et al. 1997

Amagai et al. 1998
periplakin/envoplakin Kim et al. 1997

Mahoney et al. 1998
HD1/plektin Proby et al. 1999

IgA pemphigus
– SPD type desmocollins Hashimoto et al. 1997

desmocollin 1 Yasuda et al. 2000
– IEN type desmoglein 1 Karpati et al. 2000

desmoglein 3 Prost et al. 1995
Wang et al. 1997

Drug-induced pemphigus desmoglein 3 Korman et al. 1991
desmoglein 1 Brenner et al. 1997

– interferon-�-induced desmoglein 1 Parodi et al. 1993
Niizeki et al. 1994

desmoglein 3 Kirsner et al. 1995
Fleischmann 1996

– interleukin-2-induced Ramseur et al. 1989
Pemphigus herpetiformis desmoglein 1 Ishii et al. 1998

desmoglein 3 Kubo et al. 1997
Ishii et al. 1998

Pemphigus erythematosus desmoglein 1 Gomi et al. 1999
(Senear Usher) nuclear antigens Ochsendorf et al. 1987



Autoreactive T Lymphocytes in Pemphigus

Current concepts strongly suggest that autoreactive T cells play a crucial
role in the initiation and perpetuation of both Ab- and cell-mediated auto-
immune diseases. Autoreactive T cells may provide critical help for B cells
to continuously produce pathogenic auto-Ab in PV. Involvement of CD4+ T
lymphocytes in the pathogenesis of PV has been further suggested by the
aforementioned strong association of PV with HLA-DR�1*0402 and HLA-
DRb1* 0503 (Sinha et al. 1989; Ahmed et al. 1990; Hertl and Riechers 1999).
The majority of peripheral T cell lines and clones generated from several pa-
tients with PV expressed a CD4+ memory phenotype and a minority the CD8
receptor (Hertl et al. 1998). Both TH1- and TH2-like Dsg3-specific T cells
were identified in PV patients (Wucherpfennig et al. 1995; Lin et al. 1997;
Hertl et al. 1998). While the TH2 cytokines IL-4 and IL-13 have been shown
to regulate the secretion of IgG4 and IgE by activated B cells, the TH1 cytokine
IFN� induces the secretion of IgG1. Both, autoreactive TH1 and TH2 cells
may be involved in the regulation of the production of pathogenic auto-Ab
by B cells in PV since sera of patients with PV contain TH1-regulated IgG1
and TH2-regulated IgG4, IgA (and IgE) auto-Ab directed against Dsg3 (Bhol
et al. 1995; Spaeth et al. 2001; Veldman et al, 2003) (Fig. 2). By ELISPOT as-
say, auto-Ab-secreting B cells were detected upon in vitro-stimulation of
peripheral lymphocytes (PBMC) from PV patients with Dsg3 (Nishifuji et al.
2000). Autoreactive B cells were no more detectable upon depletion of PBMC
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Fig. 3. Schematic representation of a desmosome with the major autoantigens of pemphigus



from CD4+ T cells. Dsg3-specific, autoreactive T cells may thus provide tar-
gets to specifically modulate the T cell-dependent production of pathogenic
auto-Ab in PV and PF (Riecher et al. 1999). Noteworthy, autoreactive T cells
from PV patients and healthy individuals recognize identical epitopes of
Dsg3 strongly suggesting that PV is the consequence of a loss of tolerance on
the B cell level (Veldman et al, 2004a). This is supported by the recent finding
that Dsg3-reactive healthy individuals have higher numbers of Dsg3-secific T
regulatory cells than PV patients which may be critical for the maintenance
of peripheral tolerance against Dsg3 (Veldman et al, 2004b).

Autoreactive T cells were also identified in a clinical variant of PF, fogo
selvagem, which is endemic in limited areas of South America (Lin et al. 2000).
Peripheral CD4+ T cells from patients with endemic PF reacted to the ECD of
Dsg1, the autoantigen of PF, and secreted TH2 cytokines.

Animal Models of Pemphigus Vulgaris

Passive Transfer Model of Pemphigus

Anhalt et al. (1982) demonstrated that the passive transfer of IgG from PV
sera into newborn BALB/c mice induced a clinical picture resembling PV.
PV-IgG caused suprabasilar acantholysis in these mice and displayed the typ-
ical intercellular staining pattern which is also seen in humans. Amagai et al.
1994) utilized this passive transfer model to demonstrate that preabsorption
of PV-IgG with recombinant Dsg3 abolished the ability of the sera to induce
acantholysis in mice demonstrating that anti-Dsg3 IgG are indeed critical for
blister formation. Using this animal model, it has been demonstrated that anti-
Dsg1 auto-Ab in PF (Amagai et al. 1995) in PV sera (Amagai et al. 1994) as well
as anti-Dsg3 IgG in PNP sera (Amagai et al. 1998) is critical for blister formation.

Distinct cytokines such as tumor necrosis factor-� and interleukin-1 seem
to be important mediators of inflammation upon binding of pemphigus auto-Ab
to their desmosomal target antigens. To confirm the role of interleukin-1 and
tumor necrosis factor-� in pemphigus, Feliciani et al. (2000) performed passive
transfer studies using interleukin-1 deficient mice (ICE–/–, interleukin-1 beta–/–)
and tumor necrosis factor-� receptor deficient mice (TNFR1R2–/–). The tu-
mor necrosis factor-�-deficient mice showed a decreased susceptibility to
the passive transfer of pemphigus auto-Ab suggesting that tumor necrosis
factor-a plays a critical role in the pathogenesis of PV.

Desmoglein 3-Deficient Mouse

The most impressive evidence for the central role of Dsg3 in intraepidermal
adhesion was provided by Koch et al. (1997). They genetically engineered
mice with a targeted disruption of the Dsg3 gene. These mice were normal at
birth but developed a runting phenotype later on. These mice presented with
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oral erosions/blisters leading to the observed weight loss due to the inhibited
food uptake. These mice developed cutaneous blisters only when the skin
was traumatized. Noteworthy, the Dsg3–/– mice developed telogen hair loss.
This finding provided strong support to the idea that anti-Dsg3 auto-Ab in-
duce mucosal but not cutaneous lesions in PV.

Relationship between Anti-Desmosomal Ab Profile and Clinical
Phenotype of Pemphigus

Utilizing the Dsg3–/– mouse model, Mahoney et al. (1999) dissected the rela-
tionship between the epidermal distribution of Dsg3 and Dsg1 and the patho-
genic role of circulating auto-Ab targeting these structures. The role of Dsg3
in limiting blister formation in PF was demonstrated by injection of Dsg1-re-
active IgG into Dsg3+/+ and Dsg3–/– mice. Upon transfer of PF IgG, the
Dsg3+/+ mice developed small cutaneous blisters while the Dsg3–/– mice
developed gross blisters on the skin and mucous membranes (which strongly
express Dsg3 but little Dsg1 (Shirakata et al. 1998). These data also explain
the observation that PV patients with anti-Dsg3 auto-Ab only have exclusively
oral lesions. Once anti-Dsg1 Ab are present, skin lesions occur since block-
ing of both Dsg1 and Dsg3 is necessary to inhit desmosomal adhesion in the
skin (Ding et al. 1997).

Active Animal Model of Pemphigus Vulgaris

Amagai et al. (2000a) have taken advantage of the availablity of Dsg3–/– mice
to establish an active in vivo model of PV. Dsg3–/– mice were immunized
with recombinant mouse Dsg3 leading to the production of anti-Dsg3 Ab.
Splenocytes from the Dsg3-immunized mice were then transferred into immu-
nodeficient Rag –/– mice that expressed Dsg3. The recipient mice produced
anti-Dsg3 auto-Ab and developed erosions of the mucous membranes with
the typical histological findings of PV. In addition, the mice showed telogen
hair loss as found in the Dsg3–/– mice. This first active in vivo model of pemphi-
gus will be very useful for the understanding of how autoimmunity develops
in PV and for evaluating therapeutic strategies aimed at specifically interfer-
ing with the T cell-dependet auto-Ab production by autoreactive B cells.

Humanized PBL-SCID Mouse to Study Autoimmunity against
Desmoglein 3

Immunodeficient SCID mice reconstituted with human peripheral blood lym-
phocytes (PBL-SCID) have shown promise in investigating cell-mediated im-
mune disorders including autoimmune diseases in vivo. The PBL-SCID mouse
model has been successfully utilized to study T cellular immune responses to
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various infectious, nominal, and tumor antigens. Juhasz et al. (1993) and re-
cently our group (Rädisch et al, in press) have made efforts to establish an in
vivo model of PV by transfer of PBL from PV patients into SCID mice. In the
previous study of Juhasz et al. (1993), i.p. injection of PBL from PV patients
into SCID mice resulted in the detection of human pemphigus-specific Ab in
the sera of 41% of the reconstituted mice; 44% of these mice had also tissue-
bound intercellular IgG deposits characteristic for PV. In our study (Rädisch
et al, 2002), transfer of Dsg3-responsive PBL from a DR�1*0402+ PV patient
and from a Dsg3-responsive healthy DR�1*0402+ donor into SCID mice did
not lead to the in vivo induction of human auto-Ab against human Dsg3.
Only 1/30 mice that received PBL from the PV patient developed anti-Dsg3
reactive IgM, but no IgG auto-Ab. Reconstituting SCID mice with PBL from
PV patients may thus be more difficult than anticipated and shows little prom-
ise for establishing a highly reproducible in vivo model of autoimmunity against
Dsg3.

Clinical Variants of Pemphigus

Pemphigus Vulgaris

PV is a relatively rare disorder that primarily affects individuals in the 3rd to
5th decade without sex preference (Huilgol et al. 1995; Nousari and Anhalt
1999). PV is characterized by flaccid blisters/erosions of the mucous mem-
branes and the skin. In the majority of patients, the oral mucosa is primarily
affected but other mucous membranes may be involved as well. Initial blis-
ters rapidly rupture leading to painful chronic lesions that may affect larynx
and pharynx in addition to the oral mucosa. Once the disease progresses, skin
lesions may occur at any site of the integument but there is a preferential in-
volvement of the trunk. Due to extensive blistering of skin and mucosa, the
prognosis of PV used to be fatal prior to introduction of glucocorticoids as the
major therapeutic strategy. The natural course of the disease is progressive
with death occuring within a few years of onset due to sepsis (Fig. 4; 5A–B).

Since IgG4 has the potential to pass the placenta, neonatal pemphigus may
occur by the diaplacentar transfer of anti-Dsg3 IgG4 from mothers with PV to
their unborn children. After birth, the newborn exhibit crusty erosions of the
skin with the histopathological findings of PV. These skin lesions disappear
after a few months once circulating auto-Ab are degraded.

Pemphigus Foliaceus

In PF, the areas of central face, scalp, chest and upper back are affected by
painful crusted erosions with erythema. Mucosal lesions are virtually absent
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in contrast to PV (Huilgol et al. 1995) (Fig. 5). Fogo selvagem is a variant of
PF which occurs endemically in distinct regions of Brazil. In contrast to PV,
the acantholytic split occurs in the granular or subcorneal layers of the epi-
dermis. PF has attracted considerable attention, despite its low incidence,
because the associated auto-Ab are directly pathogenic, their target protein is
known, and the presence of foci of endemic disease suggests an infectious cause
in at least one variant of the disorder. Since the clinical hallmark of PF is the
disruption of the superficial part of the epidermis, intact cutaneous blisters are
rarely detectable. The endemic variant, known as fogo selvagem, is clinically
indistinguishable from non-endemic PF, and the increase in its incidence in
distinct location of South America is striking.

Ab against Dsg1 cause PF in adults, but transplacental passage of the Ab
from affected mothers does not cause skin disease in their infants. The desmo-
somes of subcorneal keratinocytes in newborn infants contain both Dsg1 and
Dsg3, with each contributing to the strength of the intercellular desmosomal
bridge (Iwatsushi et al. 1995; Wu et al. 2000). In contrast, subcorneal keratino-
cytes in adults express only Dsg1. The absence of mucosal lesions in PF is
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Fig. 4. Key features of pemphigus. A. Clinical appearance with extensive erosions of the
trunk (provided by Dr. John R. Stanley, Philadelphia, USA). B. histopathology with acantholysis.
C. direct immunofluorescence with intercellular IgG deposits in the epidermis. D. electron-

microscopic picture of a desmosome at the contact site of two epidermal keratinocytes



explained by the compensatory presence of Dsg3 at these sites. Recently, auto-
Ab against constituents of the desmosomal plaque have been identified in PF
sera; their significance is yet unclear (Kazerounian et al. 2000).

Paraneoplastic Pemphigus (PNP)

Paraneoplastic pemphigus (PNP) is usually characterized by painful lesions
of the mucosal surfaces and erythema multiforme-like lesions of palms and
soles (Anhalt et al. 1990) (Fig. 5D). This relatively rare disease is mainly asso-
ciated with B cell lymphoma and other hematological disorders and may pre-
cede the clinical manifestation of these disorders (Huilgol et al. 1995; Anhalt
et al. 1990). PNP may be also associated with benign tumors, i.e. thymoma
and Castleman’s tumor. In contrast to the other pemphigus variants, PNP may
involve lung epithelium. Progressive respiratory failure due to pulmonary in-
volvement constitutes the terminal complication in up to 30% of the patients
(Nousari and Anhalt 1999). Endobronchial biopsy reveals the typical pattern
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Fig. 5. Clinical variability of pemphigus. A. Pemphigus vulgaris with flaccid cutaneous
blisters. B. erosions of the oral cavity. C. Pemphigus foliaceus with crusty erosions of the
skalp. D. Paraneoplastic pemphigus with extensive mucosal involvement. E. Pemphigus

seborrhoicus with superficial crusty erosions



of intraepithelial acantholysis of the bronchial epithelium. Direct immuno-
fluorescence of lesional skin shows that IgG is deposited both in the intercel-
lular space and along the basal membrane zone, and circulating auto-Ab
against the intercellular space and the dermoepidermal basement membrane
are present in almost all cases (Anhalt et al. 1990). PNP is primarily associ-
ated with anti-Dsg3 and anti-Dsg1 auto-Ab (Hashimoto et al. 1995b; Nousari
and Anhalt 1999). A number of additional target antigens has been identi-
fied, including desmoplakins I and II (Oursler et al. 1992), bullous pemphi-
goid antigen 1 (BP230) (Anhalt et al. 1990) and as yet unidentified antigens of
lower molecular weight (Joly et al. 1993). The reactivity of PNP sera seems to
be heterogeneous, and the antigen(s) that ultimately play(s) a pathogenic
role have not yet been identified. The Ab directed against these epidermal
proteins represent useful markers for the diagnosis of PNP but may not play
a critical role in the pathogenesis of PNP (Hashimoto et al. 1995b). Intracellular
constituents of the desmosomal plaque such as envoplakin, periplakin (Kim
et al. 1997; Mahoney et al. 1998; Kazerounian et al. 2000) and HD1/plektin
(Proby et al. 1999) have been recently identified as additional target anti-
gens of PNP sera (Table 1).

Drug-Induced Pemphigus

The drugs that cause pemphigus most commonly contain thiol or sulfur groups
that may be converted to thiols, such as D-penicillamine, captopril, propan-
olol, indomethacin, phenylbutazone, pyritinol, piroxicam, and tuberculosta-
tic agents (Huilgol et al. 1995; Brenner et al. 1997). The clinical picture most
commonly mimics PF but may also resemble PV, pemphigus erythematosus,
or herpetiform pemphigus. Oral lesions are uncommon. Direct and indirect
immunofluorescence are usually positive with a pemphigus pattern. Auto-Ab
against the basal membrane zone may be also present (Huilgol et al. 1995).
Several target antigens have been identified in drug-induced pemphigus.
Korman et al. (1991b) reported about three patients who had circulating auto-Ab
to both Dsg3 and Dsg1, a pattern which is generally found in patients with PV.
Brenner et al. (1997) detected serum reactivity to Dsg3 and/or Dsg1 in the
sera of ten patients with drug-induced pemphigus supporting the observa-
tion of Korman et al. that the auto-Ab response was similar in both spontane-
ous and drug-induced pemphigus. In addition, longterm interferon-a therapy
has been shown to induce auto-Ab against epidermal antigens (Fleischmann
et al. 1996). Recently, several reports have described the induction of PV or
PF upon treatment with interferon-� or interleukin-2 of hepatitis C (Niizeki et
al. 1994), Kaposi sarcoma (Parodi et al. 1993) or lymphoma (Ramseur et al.
1989; Kirsner et al. 1995).
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IgA Pemphigus

Typically, this pemphigus variant is characterized clinically by pustules with
a tendency to confluence forming annular and circinate patterns (Huilgol et
al. 1995). Mucosal involvement is rare. There is an association with benign
and malignant monoclonal IgA gammopathies and gastrointestinal disease.
IgA is deposited in the epidermal intercellular space in all patients and usu-
ally represents the only tissue-bound Ig class. Circulating IgA auto-Ab are
present in about 50% of cases. Several desmosomal target antigens have been
identified including desmocollins I and II (Huigol et al. 1995). Hashimoto et al.
(1997) identified human desmocollin I as an autoantigen for the subcorneal
pustular dermatosis type of IgA pemphigus (Table 1). The intraepidermal neut-
rophilic dermatosis subtype is associated with IgA against Dsg1 and Dsg3
(Wallach 1992). While in the majority of cases IgA targets Dsg1 (Karpati et al.
2000), two independent recent studies have also identified Dsg3 as a target
antigen of circulating IgA (Prost et al. 1995; Wang et al. 1997). IgA seems to
possess acantholytic properties at least in vitro (Supapannachart and Mutasim
1993). It thus remains to be clarified whether anti-Dsg IgA also induces
acantholysis in vivo.

Rare Pemphigus Variants

Pemphigus herpetiformis is characterized by skin lesions resembling those of
dermatitis herpetiformis, eosinophilic spongiosis without apparent acantholysis
as well as by the presence of circulating and tissue-bound Ab against the kera-
tinocyte surface (Jablonska et al. 1975; Santi et al. 1996). Pemphigus herpeti-
formis sera have been shown to contain IgG reactive with the Dsg3 antigen of
PV (Kubo et al. 1997). Using two recently established ELISA with baculovirus-
derived Dsg3 and Dsg1 proteins (ECD), Ishii et al. (1998) demonstrated that
sera of patients with herpetiform pemphigus contain Ab against Dsg1 and Dsg3
suggesting that herpetiform pemphigus is a clinical variant of PF and PV.

Pemphigus erythematosus (Senear Usher) can be considered as a variant
of PF which is characterized by sharply demarcated erythematous plaques
with scaling. The lesions are primarily localized on the face and the upper
trunk (Senear and Usher 1926). A characteristic immunoserological feature
is the presence of IgG and C3 deposits along the dermoepidermal membrane
similar to lupus erythematosus. About 80% of these patients have serum anti-
nuclear Ab. The precise nature of this disorder and the role that anti-Dsg1
auto-Ab play remains to be elucidated.

Pemphigus vegetans is a clinical variant of PV characterized by cutane-
ous blisters and pustules that tend to transform into verruciform and papillo-
matous vegetations. These lesions typically present in the intertriginous
areas, such as the axillae and groins. In addition, oral lesions identical to those
of PV are fairly common. The type Neumann is characterized by a more
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Fig. 6. Immunological diagnosis of pemphigus. A. Direct immunofluorescence: intercellular
IgG deposits of the patients’ epidermis. B. Indirect immunofluorescence: intercellular serum
IgG reactivity with epithelial cells of monkey esophagus. Ab reactivity by immunoblot
analysis with recombinant Dsg1 and Dsg3. PF sera contain Ab against Dsg1. Mucosal PV is
characterized by auto-Ab against Dsg3; mucocutaneous PV is associated with anti-Dsg3 and

anti-Dsg1 auto-Ab



aggressive course than the Hallopeau type (Ahmed and Blose 1984). With
regard to auto-Ab specificity and direct immunofluorescence, pemphigus vege-
tans is indistinguishable from PV (Hashimoto et al. 1995a).

Diagnosis of Pemphigus

Diagnosis of pemphigus is made using four major criteria consisting of i) clin-
ical, ii) light microscopic, iii) direct and iiii) indirect immunofluorescence find-
ings (Huilgol et al. 1995; Mutasim 1999; Hertl 2000)(Fig. 6).

Histopathology

Histopathological exam of mucocutaneous lesions shows the hallmark of pemp-
higus, i.e. the distinctive intraepidermal split formation due to loss of adhe-
sion between epidermal keratinocytes, called acantholysis. Loss of cell-cell
attachment leads to rounding of single epidermal cells (positive Tzank’s phe-
nomenon). Inflammatory cell infiltrates of the involved skin are generally
absent. PV and PNP are usually characterized by a suprabasilar loss of adhe-
sion leaving a single layer of basal keratinocytes attached to the dermoepider-
mal basement membrane (“tombstone pattern”). In contrast, PF is associated
with a very superficial split formation in the subcorneal layer.

Direct Immunofluorescence Microscopy

Direct immunofluorescence microscopy of perilesional skin and mucosa (and
frequently also of uninvolved skin/mucosa) typically reveals tissue-bound IgG
or IgA (in IgA pemphigus) in a typical netlike intercellular distribution pat-
tern in the epidermis. The immunoglobulin deposits are commomly accom-
panied by additional precipitation of C3. Except for PNP, these Ig and C3
deposits are not found along the dermoepidermal basement membrane.

Indirect Immunofluorescence Microscopy

A hallmark of pemphigus is the presence of serum auto-Ab against desmoso-
mal antigens. Indirect immunofluorescence analysis of pemphigus sera is thus
a mainstay of diagnostic procedure for establishing the definite diagnosis of
pemphigus. Typically, pemphigus sera show a characteristic netlike inter-
cellular staining of IgG with human skin as a substrate. In most instances,
monkey esophagus is the substrate of choice and pemphigus sera show a
characteristic intercellular netlike staining with epithelial cells of monkey
esophagus. PNP sera react in the typical intercellular staining pattern also
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with other desmosome-rich substrates such as guinea pig esophagus or rat
bladder epithelium which may be of diagnostic value for confirming the diag-
nosis of PNP (Jiao and Bystryn 1997).

Novel Immunoserological Test Systems

The availability of recombinant forms of the autoantigens of distinct pemphigus
variants has provided the basis for the development of novel diagnostic sero-
logical tests that very specifically confirm the diagnosis of pemphigus. Immu-
noblot and ELISA analysis of pemphigus sera provide the unique possibility
to establish the diagnosis of pemphigus even without histology and direct
immunofluorescence of a skin biopsy. ELISA analysis of anti-Dsg1 and anti-
Dsg3 IgG has already found its way into clinical routine by the availability of
a commercially available kit. Ishii et al. (1998) have provided the basis for the
commercial ELISA by demonstrating that titers of anti-Dsg1 and anti-Dsg3
IgG correlate with disease activity of PV and PF. Immunoblot analysis with
recombinant Dsg3 demonstrated that anti-Dsg3 of the IgG4, IgA, and IgE
subtypes predominate in active PV while chronic remittent PV is characteri-
zed by IgG1 and IgG4 auto-Ab (Bhol et al. 1995; Kricheli et al. 2000; Spaeth
et al. 2001). These novel immunoserological tests will allow to correlate titer
and isotypes of anti-Dsg auto-Ab with the clinical course of disease and may
thus serve as therapeutic/prognostic markers.

Therapy of Pemphigus

As mentioned above, the pemphigus disorders have severe morbidity and high
mortality if untreated. Major complications of extensive blistering of skin and
mucous membranes result from loss of body proteins and fluids, secondary
bacterial infections and decreased food uptake due to painful oral erosions.

Glucocorticoids

The introduction of systemic glucorticosteroids has dramatically improved the
prognosis of pemphigus. The strategy in PV is to induce complete remissions –
no matter whether only oral lesions or a combination of mucocutaneous le-
sions are present – by administration of high doses (1–2 mg/kg/d) of systemic
prednisolone which are gradually tapered over weeks to months (Mutasim
1999; Nousari and Anhalt 1999). The side effects of chronic glucocorticoid ther-
apy, i.e. high blood pressure, diabetes, osteoporosis, increased suceptibility
to infections and aseptic osteonecrosis contribute to the mortality of pemphigus
which is still as high as 5–10%.
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The therapeutic strategy in PF is somewhat similar but less stringent since
the overall prognosis of (superficial) PF is more favorable. As in PV, the ma-
jor concept is to induce remission by systemic administration of glucocorticoids
in combination with adjuvants which allow to gradually taper the doses
of glucocorticoids. Despite the availability of systemic glucocorticoids, the
prognosis of PNP has remained fatal when associated with internal malignan-
cies. PNP usually persists as long as the associated benign or malignant neo-
plasm and may regress as late as several months after successful removal/
treatment of the tumor (Nousari and Anhalt 1999).

Immunosuppressive Agents (Adjuvants)

Immunosuppressive adjuvants have been introduced as “steroid-sparing” drugs
to guarantee long-lasting immunosuppession without the need of chronic
administration of high doses of systemic glucocorticoids. These drugs are
administerd together with oral glucocorticoids and allow for a faster reduc-
tion of the glucocorticoid doses that are initially administered. The most com-
monly used systemic agents are azathioprin, cyclophosphamide, mycophenolate
mofetil, methotrexate, and recently leflunomide. In contrast, cyclosporin A
which has shown great promise in the treatment of T cell-mediated immune
disorders has been shown to be ineffective as an adjuvant in pemphigus. In
mild to moderate pemphigus, azathioprin or mycophenolic acid should be
sufficient to induce on concert with oral prednisone remission. In refractory
pemphigus, cyclophosphamide (2–3 mg/kg/d) in combination with predni-
sone is most efficient in controlling the disease.

Other strategies aim at directly interfering with the pathogenic auto-Ab
in pemphigus. Plasmapheresis has been employed for more than 15 years to
remove pathogenic auto-Ab from patients’ sera. More recently, immunoad-
sorption over protein A or comparable columns has been introduced to more
specifically remove pathogenic auto-Ab. Rapid removal of circulating Ab by
immunoapheresis in combination with immediate immunosuppressive therapy
(cyclophosphamide etc.) is highly efficient in controlling the disease. Admin-
istration of high dose intravenous immunoglobins has been successfully
employed in cases of pemphigus that were recalcitrant to standard immuno-
suppressive therapy. In our own experience, two to three treatment cycles
with high dose immunoglobulin (2 g/kg/month) were highly efficient in re-
storing responsiveness of refractory pemphigus to a standard immunosup-
pressive combination therapy.

Removal of Pathogenic Antibodies

Immunoadsorption therapy has become an established adjuvant therapeutic
strategy in many autoimmune disorders which is reflected by a number of
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clinically available immunoadsorbent columns (Nakaji et al, 2001). In the past,
four major affinity-type adsorbents have been introduced to clinical use,
namely protein A, tryptophan, phenylalanine, and dextran sulfate as ligands.
These adsorbents remove their targets through hydrophobic bonding. In an
uncontrolled trial with nine patients with pemphigus, two cycles of IA with a
tryptophan-linked-polyvinylalcohol adsorber led to a marked reduction of
pathogenic serum auto-Ab (Lüftl et al, 2003). The most important advan-
tages of immunoadsorption over unselected plasmapheresis are 1) the higher
selectivity in the removal of pathogens, 2) reduced loss of essential plasma
components, and 3) no requirement for protein replacement with all its risks.
The results of the present study suggest that the combination therapy of
immunoadsorption and immunosuppressants results in significant clinical im-
provement in the treatment of these patients with severe pemphigus. At
present, however, the costs of immunoadsorption still exceed those of plas-
mapheresis. Among the different immunoadsorption techniques, the present
tyryptophan-linked column is still the least expensive procedure. Protein A
columns, although being even more efficient in removing IgG antibodies than
tryptophan columns are dramatically more expensive and no controlled clini-
cal trials testing the efficacy of protein A columns in the treatment of pemp-
higus have been published (Schmidt et al, 2003). Recently, a novel peptide
column (Globaffin, Affina) has proven highly effective in removing IgG Ab
from PV and PF sera. Utilizing peptide column immunoadsorption, serum auto-
Ab titers of PV and PF patients were reduced by 80% leading prolonged cli-
nical remissions under standard immunosuppressive treatment (Eming R, et
al, in preparation).

Summary

Pemphigus encompasses a group of life-threatening autoimmune blistering
disorders characterized by intraepithelial blister formation. The molecular ba-
sis for intraepithelial blister formation is the loss of adhesion between kerati-
nocytes, called acantholysis, which is caused by auto-Ab against intercellular
adhesion structures of epidermal keratinocytes. Clinically, PV is characterized
by extensive bullae and erosions of the mucous membranes and also of the
skin (in case that anti-Dsg1 auto-Ab are also present). Patients with untreated
PV are prone to infections, loss of body fluids and proteins and to weight
loss due to painful oral and esophageal erosions. The prognosis of PV was fa-
tal prior to introduction of systemic glucocorticoids and adjuvant immuno-
suppressive agents as the standard treatment. Several forms of pemphigus
have been identified depending of the level of the intraepidermal split for-
mation. In PV, the blisters are located in the suprabasal layer whereas in PF,
a clinically less severe disease, the blisters occur within the upper layers of
the epidermis. In PV and PF, the auto-Ab target the extracellular portions of
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Dsg3 and Dsg1, respectively. Auto-Ab production in PV and PF is polyclonal
and most auto-Ab are of the IgG4 subclass in acute onset or active disease.
Patients in remission have mainly auto-Ab of the IgG1 subtype. Evidence for
the pathogenicity of these circulating auto-Ab is provided by the observation
that 1) the activity of PV correlates with auto-Ab titers, 2) newborns of moth-
ers with active PV temporarily exhibit blisters due to the diaplacentar transfer
of maternal auto-Ab, and 3) pemphigus-like lesions are induced in neonatal
mice by transfer of IgG from PV patients. The major therapeutic strategy in
pemphigus is chronic immunosuppressive therapy with glucocorticosteroids
in combination with immunosuppressive adjuvants.
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3.2 Bullous Pemphigoid:
Clinical Features, Diagnostic Markers, and

Immunopathogenic Mechanisms

Emmanuel Laffitte and Luca Borradori

Introduction

Over the centuries blistering skin disorders have been described under a va-
riety of terms, such as pemphigus, plyctainia, phlyzakion. However, it is only
about 40 years since Lever (1956), on the basis of distinctive clinical and his-
tological features, recognized bullous pemphigoid as a distinct disorder within
the large group of blistering disorders, including the pemphigus group. One
milestone in the evolution of our understanding of bullous pemphigoid 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
the basement membrane zone of stratified epithelia. 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 fea-
tures of BP, its differential diagnoses 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 autoantigens in the maintenance of
epithelial-stromal adhesion.

Clinical Features

In the prodromal, non-bullous phase manifestations of BP are frequently non-
specific and, thus, misleading. Patients complain of severe itch accompanied or
not by excoriated, eczematiform, papular and or urticarial lesions that may per-
sist 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
erythematous skin together with urticated and infiltrated plaques that have
occasionally an annular or figurate pattern. The blisters are tense, with a clear
exudate, and may persist for several days, leaving eroded and crusted areas
(Figure 1). The lesions are frequently distributed symmetrically and predom-
inate on the flexural aspects of the limbs, and abdomen. In the intertriginous
spaces, vegetating plaques can be observed. Involvement of the oral cavity is
observed in 10–30% of cases. The mucosae of eyes, nose, pharynx, esopha-
gus 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; Korman 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 dyshidrosiform eczema (“dyshidrosi-
form pemphigoid”) might be observed. Several other variants, such as a
prurigo nodularis – (“pemphigoid nodularis”), and an erythroderma-like form
have been described. These variants have all been described with various
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Fig. 1. Bullous pemphigoid. Panel A: bullous lesions on the forearms; Panel B: urticarial
erythema and elevated inflammatory plaques on the trunk distributed in a figurate pattern;
Panel C: prurigo nodularis-like presentation with generalized papular and excoriated lesions;
Panel D: childhood form of bullous pemphigoid with vesicular and bullous lesions arranged

in jewel-like clusters. The patient had IgA autoantibodies targeting BP180



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 sep-
arate term appears justified, is gestational pemphigoid (also called “pemphi-
goid gestationis” or “herpes gestationis”) (reviewed in Shornick 1993; Jenkins
et al. 1993). This disease is also rarely found with either a choriocarcinoma or
an hydatiforme mole. Gestational pemphigoid, the estimated frequency of
which is of one case for 10’000 to 40’000 pregnancies, starts during the sec-
ond or third trimester of pregnancy or, more rarely, after delivery. In the early
phase, itchy papular and urticated lesions are observed, with later on devel-
opment of vesicles and bullae (Figure 2). The eruption begins on the perium-
belical and abdominal area and can generalize. Relapses are frequently
observed during subsequent pregnancies and they might be triggered by
either menstruation or intake of oral contraceptives.
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Fig. 2. Panel A: pemphigoid gestationis: urticarial erythema, vesicles and bullae in the
periumbelical area and abdomen; Panel B: transplacentar passage of autoantibodies from a
mother with gestational pemphigoid: neonate with a generalized eruption consisting of
erythematous plaques with a figurate configuration and blisters; Panel C: bullous pemphigoid:
light microscopy study shows a subepidermal blister with an inflammatory infiltrate in the
blister cavity and in the upper dermis consisting predominantly of eosinophils and neutrophils;
Panel D: bullous pemphigoid: direct immunofluorescence microscopy depicting linear IgG

deposits in the epidermal basement membrane



Presentation and Clinical Setting

BP typically affects the elderly, with onset after 60 years of age. Its incidence
has been estimated t o be 6.1 and 7 new cases per million per year in a Ger-
man and a French study, respectively, and it rapidly increases with aging (Ber-
nard et al. 1995; Jung et al. 1999). The relative risk for patients older than 90
years has been estimated to be approximately 300 fold higher than for those
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). Al-
though BP is usually a disease of the elderly, it may rarely occur in children
(Nemeth et al. 1991, Trueb et al. 1998).

Increasing evidence indicates that certain HLA class II alleles, that are
prevalent in BP, play an important role in restricting autoreactive T cell re-
sponses to the BP target antigens (see below) and may thus be critical in the
pathogenesis of the disease (Büdinger et al. 1998). A predominance of the
class II HLA allele DQb1*0301 has been found in Caucasian patients with BP
and other variants, such as gestational pemphigoid and cicatricial pemphi-
goid (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 associated with the alleles DRb1*04, DRb1*1101
and DQb1*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 sug-
gested an increased frequency of certain cancers (such as of digestive tract,
urinary bladder, and lung) and lymphoproliferative disorders. However, in
two case-control studies, this excess of malignancy in BP was not significant
(Venning et al. 1990; Lindelöf et al. 1990).

BP has been also described in patients with other autoimmune disorders,
such as rheumatoid arthritis, Hashimoto’s thyroiditis, dermatomyositis, lupus
erythematosus, and autoimmune 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, radio-
therapy, 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-penicillamine, antibiotics (ampicilline and ciproflo-
xacine), iodine, and captopril are the most frequently implicated drugs. In a
case-control study, an association was found with aldosterone antagonists
and neuroleptics (Bastuji-Garin et al. 1996). It is not clear yet by which mech-
anisms drugs affect the development of BP, but it is likely that these patients
have an underlying susceptibility for the development of BP and the drugs
act as triggers. BP has also been found in association with certain dermatoses,
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such as psoriasis and lichen planus. In these conditions, it has been specu-
lated that the inflammatory process at the dermo-epidermal junction is respon-
sible 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 described in patients presenting with neurological disorders, such as mul-
tiple 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 isoforms (such as BPAG1-a)
that are expressed in the central and peripheral nervous system and in mus-
cles (Leung et al., 2001). The possibility that in certain cases autoantibodies
to BP230 might cross react with these isoforms and contribute to the neuro-
logical manifestations remains to be evaluated (Laffitte et al. 2004).

Diagnosis

Because of the clinical and immunopathological overlap with other autoim-
mune subepidermal blistering disorders, diagnosis of BP relies on the charac-
terization 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 includ-
ing 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 inflammatory infiltrate composed predominantly of eosino-
phils and neutrophils (Figure 2). In early non-bullous phases, subepider-
mal clefts and eosinophilic spongiosis are found. Nevertheless, in the
early phase of the disease or in atypical cases of BP histological features
are not diagnostic.

2. Direct immunofluorescence microscopy studies characteristically shows
linear deposits of IgG and or C3, and more rarely, of other Ig classes along
the epidermal basement membrane (Figure 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-epiligrin cicatricial pemphigoid (deposits on the dermal side) (Gam-
mon et al. 1990).

3. Indirect immunofluorescence studies demonstrates the presence of circu-
lating IgG autoantibodies in 60 to 80% of patients, that typically bind to
the epidermal side of saline separated normal human skin (Gammon et al.
1994a). The latter substrate has been found to be superior than intact skin
and other substrates such as monkey esophagus. In gestational pemphigoid,
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patients have IgG1 and IgG3 complement-fixing antibodies which are
best detectable by a complement-binding indirect method.

4. Immunoblot and immunoprecipitation studies of keratinocyte extracts
show in 60% to 100% of patients’ sera the presence of autoantibodies
binding to a 180 kDa and 230 kDa protein, corresponding to the BP anti-
gen 180 (BP180, also termed BP antigen 2, or type XVII collagen) and
BP230 (also termed BP antigen 1), respectively (Stanley et al. 1981; Labib
et al. 1986; Mueller et al. 1989; Bernard et al. 1989). Recombinant forms of
BP180 and BP230 expressed in prokaryotic or eukaryotic systems (such as
baculoviruses, epithelial cell lines, and yeast) have been increasingly
used for the detection of auto-antibodies (Tanaka et al. 1991, Giudice 1993,
Haase et al. 1998) (Figure 3). In gestational pemphigoid, patients’ autoan-
tibodies predominantly recognize BP180 (Morrison et al. 1988).

5. Enzyme linked immunosorbent assays (ELISA) utilizing recombinant pro-
teins encompassing various portions of either BP180 (such as the NC16A
domain, the COOH-terminal portion or its entire ectodomain) or of BP230
have been found to be highly specific and sensitive (Giudice et al. 1994,
Ide et al. 1995; Zillikens et al. 1997a and 1997b; Haase et al. 1998; Hofmann
et al. 2002; Kromminga et al., 2004; Thoma-Uszynski et al. 2004). Antigens
are tested under native conditions and, by this means, reactivities against
conformational antigens are not missed.
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Fig. 3. Reactivity with BP180 and BP230 of serum samples from BP patients. Panel A:
Immunoprecipitation studies of biosynthetically radiolabeled human keratinocyte extracs.
Lane 1 to 3: serum samples from BP patients immunoprecipitate proteins of 230 kDa (arrow)
and of 180 kDa protein (arrowhead), corresponding to BP230 and BP180, respectively, lane 4:
normal human serum. Panel B. Reactivity with a 704-amino acid fragment encompassing the
COOH-terminus of BP230 (arrow) expressed by an in vitro translation system. Lanes 1 and 2:
serum samples from BP patients, lane 3: normal human serum, lane 4: mAb 9E10 directed
against the c-myc tagged recombinant form of BP230. Panel C. Reactivity with the entire
extracellular domain of BP180 that was expressed by transfection of COS-7 cells. Lanes 1 and
2: serum samples from BP patients, lane 3: normal human serum, lane 4: mAb 9E10 directed
against the c-myc tagged recombinant form of BP180. Panel D. Reactivity with the intracellular
domain of BP180 that was expressed by transfection of COS-7 cells. Lanes 1 and 2: sera from
BP patients. lane 3: normal human serum, lane 4: mAb anti-FLAG™ directed against the

FLAG-tagged recombinant form of BP180 (arrowhead)



Differential diagnosis

Manifestations of BP may resemble those of a variety of dermatoses, including
drug reactions, contact dermatitis, prurigo, fixed urticaria, vasculitis, arthro-
pod reaction and scabies. Clinical history, pathologic features and negative
immunofluorescence microscopy findings are essential to distinguish these
disorders from BP. Diseases within the pemphigus group can be easily differ-
entiated on the basis of distinctive immunopathological features. In dermati-
tis herpetiformis IF microscopy findings, the clinical setting with associated
(clinical aor subclinical) coeliac disease and the serological profile (see Der-
matitis herpetiformis chapter) are peculiar. In contrast, the distinction of BP
from certain autoimmune blistering disorders is difficult. However, a recent
study has found that in patients with a blistering disorder associated with linear
deposits of IgG or C3 in the epidermal 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 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, a recently de-
scribed autoimmune blistering disorder associated with neoplasia, might pres-
ent with clinical features reminiscent of BP. However, its immunopathological
features are peculiar enough to allow its differentiation from BP. The distinc-
tion of the following subepidermal blistering disorders may be challenging:

1) Epidermolysis bullosa acquisita (EBA) shows a wide spectrum of presen-
tations (Briggaman et al. 1985; Gammon 1988; Gammon and Briggaman
1993)(see EBA chapter). 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 alope-
cia are observed. While the features of this classical form are suggestive, a
substantial number of patients have an “inflammatory” form of EBA mim-
icking BP, characterized by a widespread eruption with blisters involving
intertriginous and flexural areas that heal without milia or atrophic scar.
In addition, in the course of the disease, a mixture of inflammatory and
non inflammatory features may be observed. Mucosal involvement can
occur and potentially results in significant morbidity. Diagnosis 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 erythematosus, and sec-
ond, EBA is thought to be more resistant to treatment than BP.

2) Linear IgA bullous dermatosis (LABD) was originally considered a distinct
entity defined on the basis of the immunopathological finding of linear
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IgA deposits in the cutaneous BMZ (Chorzelski et al. 1979; Wojnarowska
et al. 1988). The condition, thought to represent the most common auto-
immune blistering disorder of childhood, is associated with urticated,
annular and or polycyclic lesions, with development of vesicles and bul-
lae. The latter might be distributed in “jewel-like” clusters or “string of
pearls” patterns. Involvement of mucosae is not unusual. Childhood fea-
tures of LABD are often peculiar,with involvement of the genital area or
around the mouth, whereas adulthood LABD is more polymorphic. The
autoantigens of LABD are heterogeneous. The two most characteristic
target antigens are a protein of 97kDand a120 kDa protein, termed the
LABD antigen 1 (LABD97) and LAD-1 respectively. These two molecules-
correspond to the cleaved, shedded ectodomain of BP180 (Zone et al.
1998; Pas et al. 1997; Hirako et al. 1998 and 2003; Schäcke et al. 1998). It is
thought that extracellular processing of BP180, which is catalyzed by
members of the ADAMs family (a disintegrin and metalloprotease) (Franzke
et al. 2004), results in the formation of neoepitopes which are specifically
targeted by patients’ IgA and, occasionally IgG, autoantibodies. Never-
theless, some patients with bona fide LABD have been found to possess
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 antigens (Wojnarowska et al. 1991). Some of these LABD
patients therefore fulfill the diagnostic criteria for BP or EBA. In summary,
LABD most likely comprises a group of subepidermal blistering disorders
rather than a single nosologic entity.

3) Cicatricial pemphigoid (CP) includes a heterogeneous group of blistering
diseases, which have in common the involvement of the mucosae, a
chronic course and a scarring tendency (Mutasim et al. 1993; Chan et al.
1993). In contrast to BP, CP 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, lar-
ynx and genitals are affected. Subsets of patients with either pure ocular
involvement, predominant oral mucosal involvement without cutaneous
lesions, or with both oral and cutaneous lesions have been identified
(Chan et al. 1993). Erosions and scarring of the mucosae might result in
significant morbidity. Ocular disease can lead to symblepharon forma-
tion, entropion, and trichiasis. In addition, stenoses of the nasopharynx,
larynx, esophagus and urethra are observed. Patients with a CP pheno-
type might exhibit IgG and/or IgA autoantibodies of different specificity,
that recognize BP180 and BP230 (Bernard et al. 1990a), the 97/120 kDa
LABD antigen, laminin-5 and laminin-6 (Domloge-Hultsch et al. 1992;
Chan et al. 1997), type VII collagen (Luke et al. 2000) or the �4 integrin
subunit (Tyagi et al. 1996). Importantly, in the context of the so called
anti-epiligrin cicatricial pemphigoid characterized by the presence of
autoantibodies directed against laminin 5, there is apparently an increased
relative risk for solid cancer (adenocarcinomas), especially in the first year
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after blister onset (Egan et al. 2003). The latter observation probably accounts
for the high incidence of mortality observed among these patients.

Therapy and Prognosis

BP is a chronic disease showing spontaneous exacerbations and remissions,
that might be associated with significant morbidy and have serious impact
on the quality of life (severe itch, bullous and eroded lesions, impetiginiza-
tion...). Although the majority of patients go into remission under treatment,
the mortality rate, estimated between 12 to 40% in the first year, is consider-
able (Roujeau et al. 1998, Colbert et al. 2004). It is likely that practice pat-
terns (e.g., use of either systemic corticotherapy or immunosuppressive drugs)
critically affect overall morbidity (Roujeau et al. 1998).

Although it is based more on clinical experience than on controlled stud-
ies, the treatment of BP is relatively well codified (reviewed in Korman 2000
and Laffitte and Borradori, 2001). Systemic corticosteroids have been widely
utilized in clinical practice and their efficacy has been confirmed in uncon-
trolled and controlled studies (Morel et al. 1983; 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 patients with extensive disease, oral pred-
nisone at the dosage of 0.5 to 1 mg per kg per day usually controls the dis-
ease within one or two weeks. This dose is then progressively tapered over a
period of 6 to 9 months. The concomitant use of immunosuppressive drugs,
such as azathioprine (Burton et al. 1978 ; Guillaume et al. 1993), chlorambu-
cil, cyclophosphamide, ciclosporine, mycophenolate mofetil, and methotre-
xate, is a matter of debate. Some clinicians prefer to introduce them only when
corticosteroids alone fail to control the disease, or if the latter are contraindi-
cated. In addition, in certain treatment-resistant cases, pulse corticosteroid
therapy, intravenous immunoglobulins, plasmaphereseis and photophoresis
have been utilized. The choice of the immunosuppressive drugs depends on
the profile of their side effects, patients’ overall condition and on the experi-
ence of the physician. Alternatively, dapsone (Venning et al. 1989), the asso-
ciation of nicotinamide and minocycline or tetracycline (Fivenson et al. 1994)
have been tried with some success.

Potent topical corticosteroids (such as clobetasol proprionate), which are
useful in localized or mild forms of BP, have recently been shown to be also
effective in generalized pemphigoid in a large controlled study. The latter
are even better than oral prednisone in terms of both control of the disease
and survival (Joly et al. 2002).

Finally, 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.
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Prognostic Markers

In contrast to prior findings obtained by indirect IF microscopy, studies utiliz-
ing ELISA have disclosed that serum levels of autoantibodies to BP180 are
parallel to disease activity (Haase et al. 1998; Schmidt et al. 2000). The pheno-
type of the disease appears to relate to the autoantibody profile. For example,
reactivity with both the NH2- and COOH-terminal region of the ectodomain
of BP180 was found to be more frequently detected by ELISA in patients with
mucosal lesions (Hofmann et al. 2002). Furthermore, in a recent study, the
presence of anti-BP230 IgG autoantibody was particularly associated with a
less severe clinical manifestation of BP (Thoma-Uszynski et al. 2004). Never-
theless, no data are yet available as to whether assessment of antibodies to
BP180 are really useful for guiding treatment. Another question for future in-
vestigations is whether direct immunofluorescence microscopy studies might
assist in the follow up of patients, based on the idea that the persistence of
deposits of immunoreactants in skin would predict patients at risk for re-
lapse. Patients with autoantibodies to BP180 as detected by immunoblotting
have been found to exhibit a more severe disease with poorer prognosis and
a higher mortality rate (Tanaka et al. 1996, Bernard et al. 1997). However,
these findings deserve confirmation in prospective studies using more sensi-
tive and specific assays.

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 without evidence for deposits of immunoreactants in
the skin as assessed by IF microscopy (Rieckhoff-Cantoni et al. 1992; Hashisuka
et al. 1996). It is likely that in these cases the use of a more sensitive tech-
nique such as immunoelectron microscopy would disclose immune deposits
in the skin at an earlier stage. 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 and would proba-
bly benefit from an early treatment.

Pathogenesis

The autoimmune etiology of BP now appears clearly established: 1) patients
have autoantibodies 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 strong evidence for the pathogenic role of autoantibodies;
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4) in gestational pemphigoid, the transplacentar transfer of autoantibodies
from the mother into the neonate can cause a transient bullous eruption; 5)
the disease occurs in association with distinct HLA genotypes and responds
to immunosuppressive therapy.

Humoral and Cellular Immune Response and Tissue Damage

Almost all BP patients have autoantibodies binding to an immunodominant
region of BP180, the NC16A domain, which is located extracellularly close to
its transmembrane domain. Recent studies have identified the presence of
memory B cells specific for the NC16A domain, that can be induced in vitro
to synthesize autoantibodies (Leyendeckers et al. 2003). Nevertheless, addi-
tional antigenic sites exist on both the extracellular and intracellular domain
of BP180, which is recognized by up to 40% of the BP sera (Giudice et al.
1993; Giudice et al. 1994; Zillikens et al. 1997; Perriard et al. 1999). These
findings have recently been confirmed by screening a random BP180 epitope
library displayed on lambda bacteriophage using BP serum samples (Di Zenzo
et al. 2004). BP patients also exhibit significant reactivity with BP230. In an
initial study, more than 80% of BP sera had IgG autoantibodies immunoblot-
ting a distal 704-residues stretch of the BP230 tail (Tanaka et al. 1991, Rico et
al. 1990; Ide et al. 1995). Antigenic sites appear to be clustered within a re-
gion encompassing the B and C subdomain of the BP230 tail. However, IgG
autoantibodies binding to the NH2-terminal half of BP230 are found in at
least 30% of the cases (Skaria et al. 2000).

The presence of several antigenic sites throughout BP230 and BP180 most
likely results from an “epitope spreading” 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 distinct molecules, that may play a key role for the pro-
gression of the disease (Vanderlugt and Miller 1996; Chan et al. 1998). This
phenomenon may explain the occasional finding that pemphigoid sera con-
tain autoantibodies targeting other components of the hemidesmosomal adhe-
sion complex, such as plectin and laminin 5 (Kawahara et al. 1998, Laffitte et
al. 2001), besides BP180 and BP230. A preliminary analysis of the epitope
pattern in the disease course indicated that BP patients exhibit a specific
reactivity pattern and that binding to intracellular epitopes may be detectable
at an early clinical stage (Di Zenzo et al. 2004).

Since autoreactive T cells are critical for driving autoantibody production,
recent studies have assessed the cellular response to BP180 in both BP and
gestational pemphigoid. Autoreactive T cell responses to the ectodomain of
BP180 have been found in patients with BP, gestational pemphigoid and in
healthy individuals (Büdinger et al.1998, Lin et al. 1999). Strikingly, epitope
recognition appeared to be restricted by certain HLA class II alleles, such as
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the HLA-DQ�1*0301 allele, that are prevalent in BP. CD4 T cell lines and
clones derived from BP patients were shown to produce both Th1 and Th2
cytokines (Büdinger et al. 1998). Since Th1 cytokines (such as IFN�) 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 secretion 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) in BP pa-
tients 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 sup-
ported by the analysis of the cytokine expression profile in lesional tissue and
patient’s serum, that shows an increase in most cytokines with significant
correlations betweeen their level and skin lesions number (reviewed in D’Auria
et al.1999). Nevertheless, the relative low concentrations of IFN� and IL-2
compared to those of IL-4, IL-5 and IL-10 suggest a predominance of a Th2
response (D’Auria et al. 1999).

The mechanisms by which autoantibodies are thought to be pathogenic
include complement activation, recruitment of inflammatory cells and liber-
ation of proteases, such as matrix metalloproteinase (MMP)-9 and neutrophil
elastase, which are detected in lesional skin and blister fluid (Gammon et al.
1984b; Stahle-Bäckdahl et al. 1994; Verraes. et al. 2000) (Figure 4). Specifi-
cally, these proteinases, which are strongly expressed by neutrophils and
eosinophils, are thought to proteolytically degrade various extracellular ma-
trix proteins as well as the extracellular domain of BP180 (Stahle-Bäckdahl
et al. 1994; Verraes et al. 2000). Recent studies have provided evidence indi-
cating that IgE anti-BP180 autoantibodies may contribute to lesion develop-
ment by stimulating degranulation of basophils and/or mast cells (Dimson et
al. 2003).

Eosinophils appear to play an important role in mediating tissue injury. It
is noteworthy that high levels of IL-5 and eotaxin have been recently detected
in blister fluid of BP patients. While IL-5 promotes growth and activation of
eosinophils, eotaxin is an eosinophil specific chemokine regulating eosinophil
migration produced by fibroblasts and probably keratinocytes (Wakugawa
et al. 2000). In this regard, the latter appears to contribute to the local inflam-
mation by releasing 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. 2000 and 2004).

Animal Models of BP

Early passive transfer studies in monkey, rabbit and mouse, utilizing plasma
or IgG fractions have been unsuccessful in reproducing the key features of
BP (Anhalt and Diaz 1987). This failure is most likely due to the fact that
pathogenic BP autoantibodies did not cross-react with the homologue target

82 Emmanuel Laffitte and Luca Borradori



antigens in experimental animals. In an elegant study rabbit antibodies have
been raised against an extracellular region of murine BP180, homologous with
the human immunodominant NC16A domain and passively transferred to neo-
natal mice. These antibodies are capable to induce a blistering disorder mim-
icking BP (Liu et al. 1993). Tissue injury has been found to depend on a
functional complement system, macrophages, mast cells, neutrophils, gelati-
nase B and neutrophil elastase as well as on the plasminogen-plasmin sys-
tem (Liu et al. 2000a and 2000b, Chen et al. 2001 and 2002). In contrast,
autoantibodies against the cytoplasmic protein BP230 cause an inflammatory
reaction in rabbits only after additional injury to their epidermis (Hall et al.
1993). Together, these studies have lead to an as yet unsubstantiated specu-
lation that antibodies against the extracellular domain of BP180 are pathoge-
netically critical, whereas the appearance of antibodies against intracellular
antigenic determinants on BP230 (and on the intracellular domain of BP180)
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Fig. 4. Mechanisms potentially involved in tissue injury and subepidermal blister formation in
bullous pemphigoid. Binding of autoantibodies to the target antigens result in an inflammatory
response with complement activation, accumulation of neutrophils and eosinophils and
liberation of proteolytic enzymes. Autoantibodies might also interfere directly with the
function of BP180 and BP230 or, by means of the activation of signaling pathways, regulate
the function of hemidemosomes or further enhance the induction of pro-inflammatory

cytokines



represents a secondary event. Recenty, it has been recognized that dogs,
mini-pigs, horses and cats can develop BP with clinical and immunopatholo-
gicaly features identical to those observed in humans (Olivry T et al. 2000).
The availability of such spontaneous animal models of BP will provide an im-
portant tool to further gain insight into the pathophysiology of the disease.

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. These two proteins are compo-
nents of hemidesmosomes (HD), junctional complexes promoting adhesion
of epithelial cells to the underlying BM in stratified and other complex epithelia,
such as skin and mucous membranes (reviewed in Borradori and Sonnenberg
1999) (Figure 5).

BP180 is a transmembrane molecule with a large collagenous extracellular
domain (ECD) serving as cell adhesion molecule (Giudice et al. 1991; Hop-
kinson et al. 1992) (Figure 6). The idea that this protein is important for cell
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Fig. 5. Schematic representation of a hemidesmosome at the ventral side of a basal keratinocyte.
The molecular interactions involved in the assembly and stabilization of hemidesmosomes
are depicted. The two intracellular components BP230 and plectin, are implicated in the
attachment of the keratin filaments network and interact with the cytoplasmic domain of the
transmembrane components BP180 and integrin �6�4. The latter, by means of their extracellular
domain, are able to interact with extracellular matrix proteins within the basement membrane,
such as laminin-5, that is in turn connected with type VII collagen, the major component of

anchoring fibrils in the upper dermis



attachment is further supported by the observation that mutations in the gene
encoding BP180 underly a distinct form of non-lethal junctional epidermoly-
sis bullosa characterized by skin blistering and fragility, alopecia, dental and
nail abnormalities (Jonkmann et al. 1995, McGrath et al. 1995). In contrast,
BP230 is a cytoplasmic component belonging to the plakin family of proteins
(Stanley et al. 1988; Sawamura et al. 1991; Li et al. 19992; Green et al. 1992)
that consist of a central coiled-coil region flanked by two globular end do-
mains (Figure 6).

These two antigens by means of interactions with each other and with the
other components of HD, including the �6�4 integrin and plectin, contribute
to the assembly and stabilization of HD, and, therefore, to the maintenance
of cell-substrate adhesion (Hopkinson et al. 1995, Borradori et al. 1997, Koster
et al. 2003). Specifically, BP230 and plectin (Guo et al. 1995, Andrä et al. 1997;
Fontao et al. 2003) connect the keratin filaments to the basal plasma mem-
brane, while the transmembrane hemidesmosomal proteins BP180 and the
�6�4 integrin act as cell surface receptors for extracellular matrix proteins,
including laminin-5. The latter interacts with type VII collagen, the major
component of anchoring 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 phenotype.
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Fig. 6. 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 collagenous COOH-terminal domain residing extracellularly. Tm, transmembrane

domain



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, in-
cluding genetic polymorphism, leading to a break of autotolerance. It is im-
portant to better characterize the humoral and cellular immune response in
the various phases of the disease and to elucidate whether findings obtained
from the mouse model of BP about the pathophysiology of subepidermal
blister formation can be directly applied to the situation in humans. This in-
sight will not only further our understanding of autoimmune diseases in gen-
eral, but, hopefully, also facilitate the development of diagnostic tools for the
identification of patients at risk for BP. Better knowledge of the autoimmune
response in BP is a crucial step towards the design of novel immunomodula-
tory approaches devoid of the severe side effects of current immunosuppres-
sive treatments. For example, preliminary observations indicate that the new
biological therapies using monoclonal antibodies able to modulate immune
respose (by targeting for example B and/or T cells) may be useful in control-
ling BP (Szalbocs et al. 2002). Finally, it would not be surprising 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.

Summary

Our understanding of BP, a blistering disorder of the skin and mucosae, has
greatly improved. BP has emerged as a paradigm of organ-specific autoim-
mune disease. Patients’ autoantibodies are directed against the BP antigen
230 and BP antigen 180. These two autoantigens are components of hemi-
desmosomes, adhesion complexes in human skin that promote dermo-epi-
dermal cohesion. Animal models have provided convincing evidence for the
pathogenic significance of these autoantibodies as well as novel insights into
the cascade of events leading to subepidermal separation. Improved knowl-
edge of the pathophysiology of BP will hopefully allow the development of
new immunomodulatory treatments for this potentially devastating disease.
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3.3 Dermatitis Herpetiformis Duhring

Christian Rose and Detlef Zillikens

Introduction

Dermatitis herpetiformis is an intensely pruritic, chronic autoimmune blister-
ing skin disease characterized by granular IgA deposits along the dermal-
epidermal junction and by an association with celiac disease. The term
dermatitis herpetiformis (DH) was first proposed by Louis Duhring (1884). He
described a chronic disorder characterized by intense pruritus and pleomorphic
skin lesions. Table 1 summarizes a selection of historical milestones in our
understanding of DH. Marks et al. (1966) first described small-bowel changes
in 9 of 12 patients with DH. Subsequently, both diseases were found to be as-
sociated with certain HLA haplotypes, especially with DR3 and DQw2 (Sachs
et al. 1996). Another major advance was the finding of Cormane (1967), who
described immunoglobulins which were deposited at the dermal-epidermal
junction in patients with DH. Two years later, van der Meer (1969) identified
this immunoglobulin as IgA. Subsequently, Chorzelski and coworkers (1979)
separated linear IgA disease from DH on the basis of different findings by
immunofluorescence microscopy. Whereas in DH, granular IgA deposits are
found, linear IgA disease is characterized by linear IgA deposits at the der-
mal-epidermal junction. Later, it became evident that the two diseases have
a different immunogenetic background and that linear IgA disease is not as-
sociated with gastrointestinal changes.

Clinical Appearence/Classification

DH most commonly manifests itself in early adult life, but is also found in child-
hood or in elderly patients. A slight male predominance has been noted (Fry
2002). Typically, patients with DH display an intense pruritic eruption of
erythematous papules or vesicles. The lesions are distributed symmetrically
on the extensor surfaces. Areas of predilection include elbows, knees, sacrum,



buttocks and scalp (Fig. 1). The primary lesion of DH is a small tense blister.
Tiny blisters are seldom grouped. This rare manifestation led to the designa-
tion dermatitis herpetiformis. Sometimes larger blisters are found. Severe pru-
ritus, which is often described as burning or stinging, is a hallmark of DH
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Table 1. Milestones in Studies on Dermatitis Herpetiformis (DH)

Clinical description and introduction of the designation DH Duhring 1884

First use of sulphonamides for the treatment Costello 1940

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

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

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

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

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

Identification of tissue transglutaminase as Dieterich et al. 1997

the autoantigen of anti-endomysium antibodies

*DEJ; Dermal-epidermal junction

Fig. 1. Dermatitis herpetiformis (Duhring) A. Erythematous, excoriated papules on the elbow.
B. Excoriated papules and plaques in a nearly symmetrical distribution on the buttocks



and may precede the cutaneous eruption. Frequently, only crusted or eroded
lesions are present. Occasionally, DH is manifested with urticarial plaques or
haemorrhagic maculae on the palms and soles (Kárpáti et al. 1986; Rütten
and Goos 1989). Oral involvement is very rare (Fraser et al. 1973). Earlier re-
ports of a more frequent oral involvement in DH may have included patients
with linear IgA bullous dermatosis, in which oral lesions are more common.
The differential diagnosis of DH includes scabies, eczema and subacute or
chronic prurigo. If blisters are encountered, other autoimmune blistering dis-
eases have to be considered.

It is now well-accepted that all DH patients have celiac disease (CD), al-
though most patients have no overt gastrointestinal symptoms. Marks et al.
(1966) first reported abnormalities of the jejunal mucosa in patients with DH.
Subsequently, it was recognized that the gastrointestinal abnormalities in DH
are the same as in CD (Fry et al. 1967). Confusion concerning the incidence
of the enteropathy in patients with DH is derived mainly from two aspects:
firstly, from the inadequate criteria for the diagnosis of CD, and secondly from
confusing DH and linear IgA disease. Before being able to differentiate be-
tween the two diseases, one may have thought that some patients with linear
IgA-disease were suffering from DH with the absence of bowel disease. Essen-
tially all DH patients have histologic changes of CD that vary from mononuclear
infiltrates in the lamina propria and minimal villous atrophy to complete flat-
tening of the small intestinal mucosa (Fig. 2). The typical histological changes
are not always found when a single jejunal biopsy specimen is taken and
multiple biopsies from the jejunal mucosa increase the frequency to detect
the abnormalities by light microscopy (Brow et al. 1971). Today, CD is con-
sidered as the result of a complex interplay of intrinsic and extrinsic factors.
The spectrum of clinical manifestations ranges from oligosymptomatic and
silent diseases to severe malabsorption. Gluten peptides are thought to be
presented by antigen-presenting cells and to drive the immune response
leading to an inflammatory reaction in the connective tissue of the lamina
propria of the small bowel (Schuppan 2000).

Chorzelski et al. (1983) first reported that sera from patients with DH and
CD have IgA autoantibodies to endomysium, a specialized structure of connec-
tive tissue (Fig. 3). These IgA anti-endomysium autoantibodies allow a screen-
ing for CD with an almost 100% sensitivity and specificity (Corrao et al. 1994).
Recently, tissue transglutaminase (tTG), an enzyme involved in cross-linking
certain intracellular and extracellular molecules, has been identified as
the autoantigen of anti-endomysium antibodies in CD (Dieterich et al. 1997).
TTG is normally localized in the cytoplasm, but can be released to the extra-
cellular space due to injury. The role of tTG in the pathogenesis of CD is not
fully understood to date. However, by modifying gliadin it may contribute
to the formation of neoantigens which, in genetically predisposed individu-
als, eventually lead to the initiation of an autoimmune response. Enzyme-
linked immunosorbent assays using tTG derived from guinea pig and, more
recently, human recombinant tTG were developed for the detection of tTG
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Fig. 2. A. Histopathologic examination of a small bowel biopsy from a patient with dermatitis
herpetiformis demonstrating a virtually complete loss of villi (low magnification). B. The
crypts are elongated and hyperplastic and an inflammatory infiltrate is present in the lamina

propria (high magnification)



autoantibodies in patients’ sera (Dieterich et al. 1997; Sárdy et al. 1999; Seiss-
ler et al. 1999). Recent studies have demonstrated that measurement of IgA
antibodies to tTG is a helpful tool to detect small bowel disease in both trea-
ted and untreated patients with CD and DH (Dieterich et al. 1998; Sulkanen
et al. 1998; Dieterich et al. 1999). Furthermore, our own studies have shown
that levels of IgA anti-tTG antibodies reflect the extent of histological changes
in the intestine of patients with DH. These antibodies were not detected in
patients with linear IgA disease or other subepidermal autoimmune bullous
diseases. Therefore, the determination of serum levels of antibodies to tTG
should be routinely used for the diagnosis of DH (Rose et al. 1999).

DH and CD are mainly found in Europe, but can be seen in other popula-
tions with European ancestry. In Scandinavia, Ireland and Great Britain, DH
is found more frequently than in other parts of Europe. Children appear to be
more commonly affected in Italy and Hungary (Ermacora et al. 1986; Kárpáti
et al. 1996). In the Anglo-Saxon and Scandinavian population, the prevalence
of DH ranges from 10 to 39 per 100.000 inhabitants (Mobacken et al. 1984;
Smith et al 1992). The disease is rare in Afro-Caribbeans, Asians and Orientals.
The varying frequency among different ethnic populations is most probably
related to a different genetic background. HLA studies in patients with DH
and CD led to identical findings. Both diseases are strongly associated with
DR3 (95%) and DQw2 (95 to 100%). HLA class I antigens A1 and B8 were
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Fig. 3. IgA anti-endomysium antibodies on monkey esophagus by indirect immunofluorescence
microscopy. These antibodies are found in the serum of patients with dermatitis herpetiformis

and celiac disease and are directed to tissue transglutaminase



initially shown to be associated with DH, but this association may be due to
linkage disequilibrium (Hall et al. 1991).

DH and CD may be associated with various autoimmune disorders, in-
cluding autoimmune thyroiditis, type I diabetes, lupus erythematosus, Sjogren’s
disease, vitiligo, and others. DH is associated with an additional autoimmune
disorder in approximately 10% of the patients (Reunala and Collin 1997).
These associations have been thought to be a consequence of a common ge-
netic background. In CD, it was recently demonstrated that the likelihood of
an associated autoimmune disease is related to the duration of exposure to
gluten and is higher in patients with CD diagnosed at a later stage (Ventura
et al. 1999). In the majority of cases, the associated autoimmune disorder had
appeared before a gluten-free diet was initiated, suggesting that long-standing
untreated CD predisposes to the occurrence of other autoimmune disorders
in the same patient. In addition, long-standing CD is associated with increased
frequency of lymphomas of the intestine (Collin et al. 1994).

Diagnosis

Immunofluorescence

The diagnosis of DH is based on the finding of granular IgA deposits at the
epidermal-dermal junction by direct immunofluorescence microscopy. With-
out this finding, the diagnosis of DH should be questioned (Fry 2002). Direct
immunofluorescence microscopy is performed on a biopsy taken from clini-
cally uninvolved perilesional skin. Lesional skin may be devoid of IgA, most
likely due to degradation of the cutaneous IgA by enzymes released by neu-
trophils. If no IgA is found on the first section, serial sections of the biopsy
should be studied. In skin areas that have never been affected by the dis-
ease, IgA has been found to be scant or absent (Zone et al. 1996). This may
explain occasional reports in which direct immunofluorescence microscopy find-
ings were negative (Beutner et al. 2000). IgA deposition is found in two pat-
terns. More common are discontinuous granular deposits localized to the tips
of the papillary dermis (Fig. 4). The other pattern involves a continuous gran-
ular deposition of IgA in the upper dermis beneath the basement membrane.
There is no correlation between the direct immunofluorescence microscopy
pattern and the clinical presentation of the disease (Fry 2002). Occasionally,
granular IgM, IgG, and C3 deposits may also be seen in the upper dermis. It
is essential to distinguish the continuous granular pattern of IgA deposits from
the homogeneous linear IgA deposition, which is characteristic for linear IgA
disease. The granular IgA staining in the skin ultrastructurally corresponds
to IgA-positive amorphous grains. They are of different size and are scattered
throughout the papillary dermis and represent IgA or immune complexes
(Kárpáti et al. 1990). The mechanism by which IgA antibodies are deposited
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in the skin of some patients with mild CD is not known. Indirect immunofluo-
rescence microscopy has failed to identify an antibody in DH sera which is
reactive with normal human skin (Kadunce et al. 1989). Interestingly, tTG
appears to play an important role in cross-linking the papillary dermis and
the dermalepidermal junction (Raghunath et al. 1996). Recently, Sárdy et al.
(2002) have proposed that epidermal transglutaminase (eTG) is the autoanti-
gen in DH. Apart from autoantibodies to tTG, those to eTG can also be found
in the serum of DH and CD patients. The two transglutaminases are highly
homologous, and therefore cross reactivity of the antibodies is likely. In DH,
but not in CD patients, the antibodies are of high affinity and avidity to eTG.
In addition, these patients have an antibody population specific to this enzyme.
It was demonstrated that eTG is colocalized with IgA deposits in the papillary
dermis in DH patients. These results lead to the hypothesis that in DH patients,
circulating immune complexes containing IgA and epidermal transglutami-
nase may be trapped in the skin.

Histopathology

As skin lesions are severely pruritic, they often become excoriated and the histo-
logical findings in these lesions may be nonspecific. A recent histopathologi-
cal study of patients with DH has shown that in nearly 40% of the biopsies,
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Fig. 4. Direct immunofluorescence microscopy of a perilesional skin biopsy showing continuous
granular deposits of IgA at the dermal-epidermal junction



only a lymphocytic infiltrate with fibrosis and ectatic capillaries were seen
(Warren and Cockerell 2002). Therefore, biopsies for histopathologic exami-
nation should be taken from an early papule, papulovesicle, or a small blister
with healthy appearing skin immediately adjacent to it. Typical histological
changes are best seen in the vicinity of early blisters (Fig. 5). The initial inflam-
matory event is variable edema in the papillary dermis with discrete subepider-
mal vacuolar alteration and neutrophils along the dermal-epidermal junction.
As the lesion develops, neutrophils, to a lesser extent eosinophils, and fibrin
accumulate within the dermal papillae and form microabscesses. These be-
come confluent, resulting in a subepidermal blister. It has been demonstrated
that split formation occurs within the lamina lucida of the basement mem-
brane zone (Smith et al. 1992). The IgA deposits have been shown to act as a
chemoattractant for neutropils (Hendrix et al. 1990). In addition, interleukin 8,
which is another chemoattractant for neutrophils, is strongly expressed by
basal keratinocytes in the lesional skin of DH patients (Graeber et al. 1993).
In early stages of the disease, the inflammatory infiltrate contains mostly neut-
rophils, but in later stages, variable numbers of eosinophils can be present. In
rare cases eosinophils can dominate and flame figures can be found (Rose et al.
2003). Histological changes in DH are indistinguisable from those in linear
IgA disease. Other autoimmune subepidermal blistering diseases may also
show an inflammatory infiltrate mainly composed of neutrophils and eosino-
phils and may mimic DH histopathologically, including epidermolysis bullosa
acquisita, cicatrical pemphigoid, bullous pemphigoid, and a recently described
subepidermal bullous disease associated with autoantibodies to a dermal
200 kDa protein (anti-p200 pemphigoid) (Zillikens et al. 1996). Since histopa-
thologic studies may not reliably differentiate between DH and these diseases,
immunofluorescence microscopy is mandatory to establish the correct diagno-
sis. Analyses by immunoblotting and enzyme-linked immunosorbent assay
aid in further characterizing the specificity of the autoantibodies. In addition,
in bullous systemic lupus erythematosus, neutrophils and nuclear dust are
found in the upper dermis and along the dermal-epidermal junction but in
contrast to DH, mucin is commonly found in the reticular dermis. A bullous
drug eruption or an arthropod bite can seldom mimic DH histopathologically
(Ackerman et al. 1997, Rose et al. 2003). Since DH patients invariably also
suffer from CD, one can question the necessity of a small intestinal biopsy to
document the bowel disease, if the diagnosis of DH is already established.

Therapy

Treatment of DH should consider changes in both the skin and the intestine.
Dapsone usually controls the skin eruption within days and this rapid response
helped to support the clinical diagnosis of DH in the past. Dapsone is most
commonly used in the treatment of skin lesions of DH. Although there are no
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Fig. 5. A. Histological examination of a skin biopsy from a newly developed lesion showing a
subepidermal blister and a sparse superficial inflammatory infiltrate (low magnification). B.
Next to the blister, neutrophils are found along the dermal-epidermal junction and clustered

in a dermal papilla (high magnification)



controlled clinical trials, dapsone is considered to be more effective than sul-
fonamides such as sulphapyridine and sulphamethoxypyridazine. The initial
dose of dapsone is approximately 1.5 mg/kg daily and if no control of symptoms
is achieved, the dose is usually increased by 50 mg daily every 2 weeks lead-
ing to a maximum dose of 400 mg daily (Fry 1988). If the skin rash has cleared,
the dose should be tapered to the minimal dose required to suppress the
symptoms. After a daily dose of 50 mg is achieved, the time interval between
each dose should be increased before the drug is discontinued completely.
When treating children, the recommended dose of dapsone is 2 mg/kg per
day (Prendiville and Esterly 1991). Side effects of dapsone include hemolytic
anemia, methemoglobinemia and rarely agranulocytosis. Hemolysis occurs
early in the treatment and a complete blood count is therefore checked two
and four weeks after starting dapsone. Patients of Mediterranean ancestry
should be screened for glucose-6-phosphate dehydrogenase deficiency prior
to treatment. In these patients, use of dapsone can lead to severe hemolysis.
Methemoglobinemia reaches a steady state about two weeks after initiation
of dapsone and may cause cyanosis, shortness of breath and angina. Other
side effects of dapsone include hepatitis, hypoalbuminemia, headache, let-
hargy, peripheral neuropathy, and the dapsone syndrome (lymphadenopathy
and hepatitis). Most side effects related to the use of dapsone occur within
the first three months of use.

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

Alternative therapies for DH patients who do not tolerate sulphonamides
include cholestyramine, sodium cromoglycate, cyclosporin, heparin, colchicine
and a combination of tetracycline and nicotinamide (Silvers et al. 1980; Zemstov
and Neldner 1993; Shah and Ormerod 2000). Intensive heparinization resulted
in rapid improvement of DH in a few days. After withdrawal of heparin, skin
lesion recurred within one week (Alexander 1963; Tan et al. 1996). The mode
of action of heparin in DH is unclear. Interestingly, both dapsone and hepa-
rin are able to inhibit proteolytic enzymes which are released in skin lesions
of DH (Olkarinen et al. 1986).
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The treatment of CD and DH should always include a gluten-free diet.
Since most patients with DH do not suffer from gastrointestinal symptoms and
skin lesions can be controlled by dapsone, it is important to carefully inform
the patient of the necessity to maintain a gluten-free diet for a lifetime. Since
such a diet is difficult to maintain, patients need to be motivated and care-
fully educated, and the support of a dietitian is essential. In addition, in many
countries, self-support groups have been established to aid the patient in deal-
ing with the diet. Gluten is present in most common grains (wheat, rye, bar-
ley) but not in rice and corn. It was believed that oats also contain gluten and
play a role in inducing DH, but recently oats have been shown to be devoid
of toxicity in DH patients (Hardman et al. 1997; Reunala et al. 1998). Patients
benefit from a gluten-free diet in different respects. Though only 5–10% of
DH patients have gastrointestinal symptoms such as diarrhea, bloating and
abdominal pain, these improve under a gluten-free diet. In addition, iron or
folate deficiency, which is also found in some DH patients, will ameliorate.
Under a strict diet, most patients are able to reduce the dose of dapsone re-
quired to control their skin disease and in some patients, dapsone can be dis-
continued completely after two to three years. However, it may take months
and even years until an effect of the diet can be appreciated by the patient
(Garioch et al. 1994).

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

Summary

Dermatits herpetiformis (DH) is a pruritic autoimmune subepidermal bullous
disease and is considered to be a specific cutaneous manifestation of celiac
disease (CD). The diagnosis of DH is based on the detection of granular IgA
deposits in biopsies of normal-appearing perilesional skin. CD and DH
patients have the same genetic predisposition and demonstrate IgA anti-
endomysium antibodies in their sera. These antibodies are directed against
tissue transglutaminase. Serum levels of IgA antibodies to tissue transglu-
taminase reflect the extent of histopathologic changes of the small bowel and

Dermatitis Herpetiformis Duhring 105



are now routinely assessed in patients with DH and CD. Skin lesions can be
controlled by dapsone, but the drug does not affect the small bowel disease.
For CD, the treatment of choice is a gluten-free diet that should be maintained
for a lifetime. The diet eventually results in remission of the skin lesions, a clear-
ance of IgA deposits from the skin, an improvement of the bowel disease and
a reduction in the risk of developing lymphoma of the intestine. It has been
recently proposed that eTG is the autoantigen in DH. The question why some
but not all patients with CD develop DH still remains to be elucidated.
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3.4 Epidermolysis Bullosa Acquisita

Mei Chen, Dafna Hallel-Halevy, Celina Nadelman,
and David T. Woodley

Introduction

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

In the early 1970s, Roenigk et al. (1971) reviewed the EBA world litera-
ture, reported three new cases and established the first diagnostic criteria for
EBA: (1) spontaneous or trauma-induced blisters resembling hereditary DEB,
(2) adult onset, (3) a negative family history for EB, and (4) the exclusion of
all other bullous diseases. In the 1980’s Yaoita et al. (1981) and Nieboer et al.
(1980) found that EBA, like BP, exhibited IgG deposits at the dermal-epidermal
junction (DEJ). In EBA, however, the IgG deposits are found within and



below the lamina densa compartment of the BMZ, whereas in BP they are lo-
cated higher, within hemidesmosomes and the lamina lucida. The sublamina
densa location of the IgG deposits in EBA was understandable when it was
recognized that the skin protein targeted by the IgG autoantibodies was type
VII collagen within anchoring fibrils which emanate perpendicularly from
the lamina densa into the high papillary dermis (Woodley et al. 1984, 1988).
The primary unit of type VII collagen is a 290 kDa alpha chain which is the
“EBA auto-antigen”.

Etiology and Pathogenesis

Etiology and Epidemiology

The etiology of EBA is unknown, but because the disease features IgG auto-
antibodies directed against type VII collagen, it is thought that EBA has an
autoimmune pathogenesis (Woodley et al. 1984, 1988). Another autoimmune
bullous skin disease which may exhibit auto-antibodies against type VII col-
lagen is bullous systemic lupus erythematosus (SLE) (Gammon et al. 1985).
Both EBA and bullous SLE patients often have a common human leukocyte
antigen (HLA) major histocompatibility (MHC) class II cell surface protein,
HLA-DR2 (Gammon et al. 1988b). This HLA phenotype has been associated
with hyperimmunity which again suggests an autoimmune etiology for EBA.

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

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

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

Pathogenesis

The NC1 domain contains the major antigenic epitopes for EBA and bullous
SLE autoantibodies (Gammon et al. 1993; Jones et al. 1995; Lapiere et al.
1996). The NC1 domain contains a series of domains within it that have homo-
logy with adhesive proteins such as cartilage matrix protein, fibronectin and
the A domain of von Willebrand factor (VWF-A) (Christiano et al. 1994).
Therefore, the NC1 domain may facilitate binding of type VII collagen to other
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Fig. 1. A schematic representation of the type VII collagen alpha chain and assembly into
anchoring fibril structures. The NC1 non-collagenous domain at the amino terminus has
several segments with homologies to adhesive proteins including cartilage matrix protein
(CMP), nine fibronectin type III like repeats (FNIII-9), and von Willibrand factor A (VWF).
Then, there is a long triple helical collagenous segment (TH) and a smaller second non-
collagenous globular domain called NC2. 1. Three type VII collagen alpha chains form a
homotrimer [�(C-VII)]3. 2. In the extracellular space, two procollagen molecules align to form
antiparallel dimers which are stabilized by the formation of disulfide bonds. The NC2 domain
is then proteolytically cleaved. 3. Several of these dimer molecules laterally aggregate to

assemble into anchoring fibrils



BMZ and matrix components. It is possible that autoantibodies directed against
NC1 compromise the function of these adhesive proteins so that anchoring
fibril collagen cannot interact well and bind to other connective tissue com-
ponents of the BMZ and papillary dermis. This compromised function would
lead to epidermal – dermal disadherence because of loss of anchoring fibril
function. The recent observation that some EBA autoantibodies from chil-
dren with EBA target other domains within the alpha chain besides NC1
suggests that the helical collagenous domain and perhaps the NC2 domain
may also play important roles in maintaining fully functional type VII colla-
gen and anchoring fibrils (Tanaka et al. 1997). For example, some EBA pa-
tients’ autoantibodies recognize antigenic epitopes within both the NC1 and
NC2 domains, and the latter domain appears to be important in the forma-
tion of antiparallel dimers and anchoring fibril assembly (Chen et al. 2000).

We now understand that EBA does not always present as a non-inflam-
matory mechanobullous disease reminescent of DEB. Although less common,
EBA may present as an inflammatory, widespread, vesiculobullous disease
reminiscent of BP. Therefore, it is possible that autoantibody recognition of
one or several domains of type VII collagen may invoke an inflammatory cas-
cade which could result in proteolytic degradation of matrix components
within the DEJ that are essential for epidermal-dermal adherence. There-
fore, within the spectrum of EBA and autoimmunity to type VII collagen,
there are several possible mechanisms for autoantibody-induced blister for-
mation. First, because EBA often occurs with minimal clinical or histologic
inflammation, it has been hypothesized that defective epidermal-dermal ad-
herence in EBA involves autoantibodies that target and compromise func-
tional epitopes on the NC1 domain. This then interferes with the normal
interactions between NC1 and its extracellular matrix ligands such as laminin
5 and fibronectin (Chen et al. 1997a, 1999). Also, there may be an interrup-
tion in the type VII collagen-fibronectin interaction in the collagenous do-
main which may be important for the adherence of basement membrane and
the overlying epidermis onto the papillary dermis (Lapiere et al. 1994). Alter-
natively, the autoantibodies might interfere directly with antiparallel dimer
formation and anchoring fibril assembly (Chen et al. 2000). These mechanisms
are attractive possibilities for explaining skin fragility and trauma-induced
blisters in patients with classical EBA who lack significant inflammation but
have markedly defective epidermal-dermal adherence.

Another possible mechanism in some EBA patients is that the EBA autoan-
tibodies generate blisters by inducing localized inflammation with or without
the amplification of complement fixation. The induced inflammatory response
then causes tissue damage at DEJ, which results in blister formation (Gam-
mon et al. 1984). This mechanism may explain those EBA and bullous SLE
patients with acute inflammation at the BMZ, particularly when neutrophils
are predominant in the inflammatory response because that type of inflam-
mation is characteristic of experimental forms of immune complex and com-
plement-mediated inflammation.
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Clinical Manifestations

There is great diversity in the clinical presentation of EBA. The common de-
nominator for patients with EBA is autoimmunity to type VII (anchoring fi-
brils) collagen and diminished anchoring fibrils (Woodley 1988; Woodley et
al. 1988). Although the clinical spectrum of EBA is still being defined, it ap-
pears that there are at least five clinical presentations of EBA (Fig. 2):
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a white woman. B. Presentation of EBA that is highly inflammatory and appears like BP



(1) “Classical” presentation that was initially described in EBA and closely
resembles the features seen in patients with inherited forms of DEB

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

tation can be reminiscent of Chronic Bullous Disease of Childhood.

Classical EBA

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

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

BP-like Presentation

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

CP-like Presentation

The clinical features in these patients closely resemble those considered
characteristic of CP. This form of EBA presents as a bullous disease with a
predominance of mucosal involvement. The patient may present with ero-
sions and scars of the mouth, upper esophagus, conjunctiva, anus, and va-
gina (Dahl 1979; Stewart et al. 1991; Harman et al. 1998) with or without
similar lesions on the glabrous skin. Recently, tracheal involvement has been
reported in the CP-like presentation of EBA (Wieme et al. 1999). There is also
one report of predominantly mucosal involvement with no scaring (Tokuda
et al. 1998). Unlike classical EBA, patients with the CP-like presentation of-
ten do not show significant skin fragility, evidence of trauma-induced le-
sions, or a predilection for blistering on extensor skin surfaces. The histology
shows subepidermal blisters and usually a mixed inflammatory infiltrate in
the upper dermis and at the BMZ and microscopic scarring.

Brunsting-Perry Pemphigoid

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

LABD-like Presentation

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

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

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

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

The Relationship between EBA and Bullous SLE

There have been reports of patients having both EBA and bullous SLE
(Gammon and Briggaman 1993). In contrast to the classical presentation of
EBA, bullous SLE patients by definition must fulfill the American Rheuma-
tism Association criteria for SLE. The patients tend to be young women with
a widespread nonscarring vesiculobullous eruption with a predilection for sun-
exposed areas. EBA often presents in the fourth to fifth decades whereas
bullous SLE usually presents earlier, in the second and third decades. EBA
often lasts many years whereas bullous SLE is remitting and may resolve in
less than a year. EBA does not respond as much as bullous SLE to treatment
with dapsone or prednisone. Histologically there can also be differences.
Bullous SLE may exhibit neutrophilic papillary microabscesses and vasculitis,
which are seldom seen in EBA(Gammon and Briggaman 1993). Mucin is not
increased in the reticular dermis in EBA unlike bullous SLE (Ackerman et al.
1997).
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A reduction in the number of anchoring fibrils is seen in lesional and
perilesional skin of EBA patients, but the pathway leading to this reduction
is unknown (Nieboer et al. 1980; Yaoita et al. 1981). Evidence for the patho-
genic role of EBA antibodies comes from the observation that when patients
with SLE develop autoantibodies to the EBA antigen, they develop skin blis-
ters and fall into a subset called “bullous SLE” (Gammon et al. 1985). Pa-
tients with SLE have an augmented immune system and frequently make
autoantibodies to a variety of tissues. Normally, SLE patients do not have
skin fragility or blisters. However, when SLE patients serendipitously make
autoantibodies to type VII collagen, a widespread blistering eruption of the
skin ensues. This “experiment of nature” suggests that EBA autoantibodies
are pathogenic and capable of inducing disadherence between the epider-
mis and dermis. Nevertheless, consistent induction of blisters in an animal
by the passive transfer of EBA IgG autoantibodies into the animal has not
been achieved, despite numerous attempts (Chen et al. 1992; Borradori et al.
1995). When IgG autoantibodies are injected into a neonatal mouse, they
bind to the animal’s anchoring fibrils, fix complement, and generate an in-
flammatory infiltrate at the DEJ, but no dermal-epidermal separation occurs.
This might be due to the fact that turnover of anchoring fibrils is slow, and
existing resident anchoring fibrils in the animal continue to function despite
the EBA autoantibodies.

The Relationship between EBA and Other Systemic Diseases

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

Pathology

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

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

Diagnosis

Direct Immunofluorescence (DIF)

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

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

Indirect Immunofluorescence (IIF)

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

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

Transmission Electron Microscopy

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

Immunoelectron Microscopy (IEM)

The “gold standard” for the diagnosis of EBA is IEM. The purpose of IEM is
to localize precisely the immune deposits in the patient’s skin (direct IEM) or
to localize precisely the structure within normal skin to which autoantibodies
in the patient’s serum bind (indirect IEM). If the deposits are in the sublamina
densa region where anchoring fibrils normally exist, this is strong evidence
for EBA. If the deposits are higher up over the basal keratinocyte’s hemi-
desmosomes or high within the lamina lucida zone, this is strong evidence
for BP. The skin IgG deposited within the DEJ is demonstrated by a second
antibody against human IgG. The second antibody is conjugated with an en-
zyme such as peroxidase. By incubating the preparation with a substrate such
as diaminobenzadine, an electron dense reaction product is formed, thereby
indicating the location of the immunoglobulin deposits by electron micros-
copy (Fig. 3). The second antibody may also be conjugated with electron
dense gold particles instead of an enzyme. In EBA patients’ tissue, immune
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Fig. 3. Immunoelectron microscopy of a perilesional skin biopsy of a patient with EBA. The
solid black arrow points to the IgG immune deposits which appear as a heavy, electron-
dense band. Ig = immunoglobulin. LD = lamina densa. HK = human keratinocyte. TF =
tonofilaments. Note that the IgG deposits are below the lamina densa leaving the lamina

lucida unstained (hollow arrow)



deposits are demonstrated within the sublamina densa zone of the BMZ(Nieboer
et al. 1980; Yaoita et al. 1981). This localization is distinct from deposits in BP,
which are higher up in the hemidesmosome area(Schaumburg et al. 1975) or
lamina lucida and from CP where the antigen is confined to the lamina lucida
(Domloge-Hultsch et al. 1994).

Direct Salt Split Skin Immunofluorescence (SSSI)

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

Indirect SSSI

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

While the SSSI can be helpful in distinguishing autoantibodies in patients’
sera and making the diagnosis of either BP or EBA, it should be noted that
the dermal pattern of staining is no longer considered specific for EBA. In
one study, a combined dermal-epidermal staining seen in 5% of 98 BP sera
and 45% of 23 CP sera (Ghohestani et al. 1997). All of the EBA sera (10 pa-
tients), however, only showed dermal staining. Nevertheless, an exclusive
dermal staining pattern using SSSI assay may be seen in several other sub-
epidermal bullous diseases besides EBA. It may be seen in (1) bullous SLE
(Gammon and Briggaman 1993), (2) a BP-like disease in which the patients
have autoantibodies to a 105 kDa laminia lucida glycoprotein that is unre-
lated to laminin-5 (Chan et al. 1993), (3) a subset of CP patients who have
autoantibodies against laminin-5, a noncollagenous component of anchoring
filaments within lamina lucida compartment (Domloge-Hultsch et al. 1994)
and (4) in a newly described subepidermal bullous disease associated with a
200 kDa lower lamina lucida antigen designed “anti-p200 pemphigoid”
(Mascaro et al. 2000). In contrast to EBA, the bullous diseases with autoanti-
bodies to the novel p105 protein or the p 200 kDa protein respond promptly
to topical or systemic corticosteroid treatment, and the lesions heal without
scarring or milia formation.

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

Western Immunoblotting

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

Enzyme-Linked Immunosorbent Assay (ELISA)

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

Epidermolysis Bullosa Acquisita 123



IIF Microscopy Using Substrate Deficient in Basement Membrane
Molecules

IIF using a panel of skin samples which lack specific BMZ molecules, taken
from subjects with inherited EB, is a relatively simple and useful tool to iden-
tify target antigens in immunobullous disorders. This IIF test is performed on
a skin substrate from the most severe Hallopeau-Siemens type of recessive
DEB patients, which is deficient in type VII collagen. In this test there was a
lack of antibody labeling of the type VII collagen-deficient skin as compared
to positive labeling on normal skin or BP180- and laminin-5 deficient skin
when EBA sera were used (Vodegel et al. 1998; Jonkman et al. 2000). How-
ever, the major limitation of this technique is the availability of suitable skin
samples from subjects with EB.
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Fig. 5. Scatter plot representation of ELISA results using recombinant NC1. Patient and
control sera (as indicated along the horizonal axis) (1:200 dilution) were incubated with
immobilized purified recombinant NC1 domain of type VII collagen and the bound antibodies
were detected with an alkaline-phosphatase-conjugated antibody against human IgG whole
molecule. Each sample was run in triplicate and the points plotted on this graph is the
average of the OD 405 obtained from study sera. Similar results were obtained in three other

independent studies



Suction Split Immunofluorescence

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

Fluorescent Overlay Antigen Mapping (FOAM)

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

As we reviewed the various complex diagnostic options, we were moti-
vated to suggest slight modifications in the diagnostic criteria of Yaoita et al.
(1981) to the following:

1. A bullous disorder within the clinical spectrum described.
2. Histology showing a subepidermal blister.
3. Deposition of IgG deposits at the DEJ in perilesional skin, i.e., a positive

DIF of patient’s skin
4. The IgG deposits are localized to the lower lamina densa and/or sublamina

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

immunofluorescence*, IIF using substrate deficient in basement mem-
brane molecules, Western blotting, FOAM, and ELISA.

Therapy

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

Colchicine

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

Immunosuppressive Agents

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

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

High Dose Immunoglobulins

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

Photopheresis

Photopheresis has been used in Sezary syndrome, mycosis fungoides, and a
variety of autoimmune bullous diseases (Rook et al. 1990). One EBA patient
in a life-threatening situation responded dramatically to photopheresis (Miller
et al. 1995). In three other EBA patients, photopheresis improved some clini-
cal parameters and significantly lengthened the suction blistering times of
the patients, suggesting an improvement in their dermal-epidermal adher-
ence (Gordon et al. 1997). All three patients also had reductions of anti-type
VII collagen antibodies in their blood.

Immune Adsorption

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

4.1 Localized Scleroderma

Catherine H. Orteu and Jan P. Dutz

Introduction

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

Epidemiology

Most studies suggest that morphea is commoner in women, with female to
male ratios of between 6 and 2.6:1 (Christianson et al. 1956; Jablonska 1975b;
Peterson et al. 1997; Silman et al. 1988). This female preponderance may be
less marked in the linear group, in which ratios of 1:1 (Peterson et al. 1997) to
4:1 (Falanga et al. 1986) have been documented. The prevalence of morphea
is not absolutely clear. A UK population based study in 1986, suggested
prevalence rates of 13 and 48 per million in adult males and females respec-
tively, with annual incidence rates of 1 and 6 per million (Silman et al. 1988).
A second study, conducted over a 30 year period (1960–1993) by Peterson et
al (1997) in Olmsted County, USA, revealed 82 cases, an overall incidence of
2.7/100 000/year. Prevalence was estimated at 0.05% at age 18 years and at



0.22% at age 80 years. Interestingly, a progressive increase in the incidence
of plaque morphea was noted over the 30year period. In this study, plaque
morphea was the commonest subtype (56% of cases), followed in order of fre-
quency by linear (20%), generalized (13%), and deep (11%). Of the 11 pa-
tients with generalized morphea, 5 initially presented with morphea en plaque
and progressed over 5 months to 3 years. Coexisting morphea subtypes oc-
curred in 11% of patients.

In a large European referral-based series, Jablonska (1975b) found that
plaque morphea was commoner in adults (28.5% of adult cases versus 15%
for the linear group), and that linear forms were commoner in children (31.5%
and 21.3% of childhood cases respectively). These data are corroborated by
those of Peterson et al (1997): the mean age at onset of disease was 12.2 years
in the linear group, 31.5 years in the plaque group, 39.9 years in the general-
ized group, and 45.1years in the deep group. A recent retrospective analysis
of 239 cases seen at an Italian referral center further confirmed these results:
Children more commonly had linear or “mixed” linear and plaque-type forms
of morphea (54/126 cases) than adults (16/113 cases) (Marzano et al. 2003).

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

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

Histopathology

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

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

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

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

Etiopathogenesis

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

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

Vascular Activation in Morphea

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

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

Immune System Activation in Morphea

Dermal inflammatory cell infiltrates are common and both B and T cells have
been identified (Whittaker et al. 1989). Elevated levels of various cytokines,
including IL-2, IL-4 and IL-6 have been detected, suggesting ongoing T cell
activation (Ihn et al. 1995). The levels of these cytokines, as well as soluble
IL-2 receptor, released following T cell activation, correlated with the extent
of skin involvement (Ihn et al. 1996). Levels of soluble CD4 receptor but not
soluble CD8 receptor are elevated in LS, in contradistinction to SSc, where
elevated levels of sCD8 are noted (Sato et al. 1996b). TNF-� and IL-13 are
cytokines than can be fibrogenic and that are elevated in roughly 25% of pa-
tients (Hasegawa et al. 2003). IL-8 is a chemotactic protein that is also detect-
able in increased amounts in sera from patients with morphea (Ihn et al. 1994).
Lastly, soluble CD30 levels are increased and this may indicate possible
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involvement of T helper 2 (Th2) lymphocytes in the immunopathogenesis of
disease (Ihn et al. 2000). Th2 cells promote humoral immunity and can se-
crete both IL-4 and IL-6. Consistent with this, elevated levels of IL-4 have
been demonstrated in affected skin by immunohistochemistry (Salmon-Ehr
et al. 1996). IL-4 and IL-6 have been shown to promote collagen synthesis by
fibroblasts. B cell abnormalities have also been noted. Increased soluble CD23
indicates B cell activation (Sato et al. 1996a). The frequent detection of auto-
antibodies provides evidence of B cell dysregulation. Anti-histone and anti-
single stranded DNA (ssDNA) antibodies are found most frequently (Falanga
et al. 1985 & 1987; Sato et al. 1994; Takehara et al. 1983) and suggest abnor-
mal immune system handling of these antigens.

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

Altered Collagen Metabolism

Increased collagen deposition is an essential feature of scleroderma. Enhanced
type I and type III collagen mRNA levels have been detected in lesional skin
in vivo (Scharffetter et al. 1988). Fibroblasts cultured from lesional and in-
flamed morphea skin contain higher levels of type I collagen mRNA and syn-
thesize more collagen relative to total protein than fibroblasts from uninvolved
skin (Hatamochi et al. 1992). Synthesis of glycosaminoglycans (Moller et al.
1985) and fibronectin (Fleischmajer et al. 1981) is also increased. Alterations
in the proportions of glycosaminoglycan-derived disaccharides have been
described (Fleischmajer and Perlish 1972; Akimoto et al. 1992; Passos et al.
2003). Enhanced expression of class II antigens on lesional fibroblasts has been
interpreted as a sign of activation, likely secondary to cytokine stimulation
(Branchet et al. 1992). Indeed, a subpopulation of fibroblasts shows increased
type I and type III collagen mRNA expression (Kahari et al. 1988b) and these
fibroblasts are often in proximity to mononuclear cells expressing transform-
ing growth factor -� (Higley et al. 1994). Elevated circulating levels of TGF-�

have also been documented (Higley et al. 1994) and TGF-� receptors are upre-
gulated in dermal fibroblasts in the affected skin of patients with localized
scleroderma (Kubo et al. 2001) TGF-� is known to induce collagen production
by fibroblasts. Other cytokines that may directly mediate fibroblast activation
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include IL-1, PDGF (Zheng et al. 1998) and connective tissue growth factor
(CTGF) (Igarashi et al. 1996). In addition to increased synthesis of collagen,
there is evidence of decreased turnover of fibrotic dermal extracellular matrix.
Inhibitors of matrix turnover such as tissue inhibitor of matrix metallo-
proteinases-3 (TIMP-3) are upregulated at the mRNA level in lesional skin
(Mattila et al. 1998). Thus the fibrosis may be a net result of increased colla-
gen deposition as well as decreased matrix turnover.

Clinical Appearance/Classification

Plaque Morphea

Morphea en Plaque

This commonest form of LS is defined by the presence of lesions >1cm in di-
ameter, occurring in 1 or 2 anatomical sites (Peterson et al. 1995 & 1997). The
trunk is the most commonly involved site (41–74% patients), but plaques can
occur anywhere, including the face and neck (12–13% of patients) (Christi-
anson et al. 1956; Peterson et al. 1997). Onset is usually slow and insidious.
Circumscribed oval patches may be erythematous and oedematous in the ear-
liest stages, becoming indurated, yellowish-white or ivory coloured (Figure 2a).
A surrounding violaceous halo, the “lilac ring”, suggests active inflamma-
tion, but was documented in only 43% of patients in one study (Peterson et
al. 1997). The patches subsequently become waxy, shiny and sclerotic. Over
months to years they soften, become atrophic and hypo- or hyperpigmented.
Atrophy may involve the epidermis, dermis and/or subcutaneous tissue, pro-
ducing wrinkling or depression of the skin surface. Lesions may be pruritic
and/or paraesthetic. Loss of appendigeal structures results in reduced hair
growth and decreased sweating.

Guttate Morphea

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

Atrophoderma of Pasini and Pierini

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

Keloid/Nodular Morphea

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

Generalized morphea

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

Bullous morphea

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

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

Linear Morphea

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

En Coup de Sabre

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

Progressive Hemifacial Atrophy
(Parry–Romberg Syndrome)

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

Deep Morphea

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

Subcutaneous Morphea

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

Morphea Profunda

Su and Peterson (1981) originally suggested a number of diagnostic criteria:
the presence of diffuse, taut, bound-down deep cutaneous sclerosis; of sig-
nificant hyalinization and thickening of collagen bundles in both the subcu-
taneous fat and fascia; and a response to treatment with antimalarials or
corticosteroid. Some authors do not distinguish between this subtype and
subcutaneous morphea (Weedon 1997). Solitary lesions have been described
both in children (Kobayashi et al. 1991) and adults (Whittaker et al. 1989).
Recently 3 unusual cases of deep linear, primarily atrophic lesions, without
preceding inflammation or sclerosis, involving the subcutis and deeper tis-
sues were described. They may have a more benign outcome. Their relation-
ship to morphea is underscored by the coexistence of hemifacial atrophy in
one case (Blaszczyk et al. 2000).

Eosinophilic Fasciitis (Shulman Syndrome)

This condition is characterized by a diffuse sclerosis, predominantly involv-
ing the fibrous septa of the subcutis and deep fascia, a high ESR, hypergam-
maglobulinaemia and peripheral eosinophilia (Mitchet et al. 1981; Shulman
1974). Inflammatory changes may extend into the underlying muscle (Weedon
1997). It usually occurs on the extremities, but spares the hands and feet
(Figure 2d). It can result in severe joint contractures and associated morbid-
ity. Associated haematologic abnormalities including aplastic anemia, throm-
bocytopenia and leukaemia have been noted (Doyle and Ginsburg 1989).
Other subtypes of morphea may be present (Miller 1992).

Disabling Pansclerotic Morphea of Childhood

This extremely rare variant is at the most severe end of the clinical spectrum.
Rapid progression of deep cutaneous fibrosis occurs, extending to involve mus-
cle, fascia and bone (Diaz-Perez et al. 1980). It usually results in severe joint
contractures and cutaneous ulceration. Unlike other forms of LS, this disease
does not undergo spontaneous remission. Increased serum IgG, a positive ANA
and peripheral eosinophilia are documented (Scharffetter-Kochanek et al. 1995;
Todd et al. 1998).
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Associated Symptoms

Arthralgias are relatively common (40% of patients) (Christianson et al. 1956;
Uziel et al. 1994b). Synovitis has been documented mainly in deep forms (Pe-
terson et al. 1997). Associated pulmonary and esophageal involvement can occur.
Routine testing revealed that 7/41 (17%) patients had esophageal dysmotility
and 9/53 (17%) had abnormal gas transfer on lung function testing. These
abnormalities were asymptomatic over 4yrs follow up in all but 2 of the pa-
tients (Dehen et al. 1994). In a series of 16 cases of subcutaneous morphea,
4/10 and 3/10 patients investigated had asymptomatic abnormal lung func-
tion and esophageal dysmotility respectively (Person and Su 1979). This sug-
gests that the frequency of internal involvement may be underestimated. Other
associated findings include carpal tunnel syndrome (Winkelmann et al. 1982)
and vertebral anomalies (in particular spina bifida) present in 47% of 68 pa-
tients examined radiographically (Christianson et al. 1956). Associated cuta-
neous diseases include lichen sclerosus (see above), vitiligo, alopecia areata,
and lichen planus (Uitto et al. 1980; Winkelmann 1985). Morphea may also
occur with other connective tissue diseases, including lupus erythematosus
(Dubois et al. 1971; Umbert and Winkelmann 1978), dermatomyositis and rheu-
matoid arthritis (Jablonska 1975b). Morphea has also been associated with
Hashimoto’s thyroiditis (Lee et al. 2002), another auto-immune condition.

Laboratory Abnormalities

Eosinophilia occurs in all types of morphea, but is more pronounced in pa-
tients with generalized and deep forms. Levels of eosinophilia may parallel
disease activity (Falanga et al. 1986). A mean of 5.4% (percentage of total
leukocytes) at diagnosis and 2.8% at last follow up was observed in Peterson
et al’s series (Peterson et al. 1997). Polyclonal hypergammaglobulinemia and
a positive rheumatoid factor were present in 50% and 26% respectively of 53
patients with linear or generalized morphea. Both were correlated with more
extensive, active disease (Falanga et al. 1986). In recent studies on Hep2 cells,
anti-nuclear antibody (ANA)-positivity occurred in 46–76% of cases, in de-
creasing order of frequency in generalized, linear and plaque forms (Falanga
et al. 1986; Rosenberg et al. 1995; Uziel et al. 1994b). Antibodies to ssDNA
are usually of the IgM subtype (Ruffatti et al. 1991), and are seen mainly in
patients with longstanding, extensive linear or generalized disease (Falanga
et al. 1985; Rosenberg et al. 1995). Antihistone antibodies may also be pres-
ent but anti-Scl 70 (polymerase III) and anticentromere antibodies are rare.
Anti-phospholipid antibodies of both the IgM and IgG subtypes are detected
with increased frequency in patients with generalized and linear morphea,
in the absence of increased thrombotic events (Sato et al. 2003). The similar-
ity in auto-antibody specificities between drug-induced lupus and morphea
has prompted the suggestion that morphea, like drug-induced lupus, is an
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environmentally driven disease. Recent studies have identified serum auto-
antibodies to fibrillin 1 (Arnett et al. 1999), the major component of microfi-
brils in the extracellular matrix, and to Hsp73 (Fujimoto et al. 1995). It is likely
that these autoantibodies are by-products of the underlying pathologic pro-
cess, rather than being primarily pathogenic. Unique disease-associated auto-
antibody profiles may nevertheless give a clue to pathogenesis. In this regard,
76% of patients with localized disease and 85% of patients with generalized
disease are found to have antibodies to anti DNA topoisomerase IIa in con-
trast to only 14% of patients with progressive systemic sclerosis (Hayakawa
et al. 2004). This is a ubiquitous enzyme that modulates the topologic state of
DNA and it was hypothesized that, as this protein is selectively cleaved dur-
ing Fas-mediated apoptotic cell death, it may be presented to the immune
system during the endothelial cell apoptosis detected in early morphea le-
sions. Most patients (41/46) with morphea and 13/13 patients with general-
ized morphea were recently shown to have antibodies to a cytosolic form of
superoxide dismutase (Cu/Zn SOD or SOD1) (Nagai et al. 2004). In patients
with generalized disease, the presence of IgM antibodies to Cu/Zn SOD cor-
related with severity of disease. These observations suggest that reactive ox-
ygen species may participate in disease pathogenesis.

Diagnosis and Measurement of Disease Activity

The diagnosis is based on characteristic clinical findings and histology. Cha-
racteristic cutaneous ultrasound images may aid in diagnosis (Cosnes et al.
2003). No reliable laboratory markers of disease activity are available. Clini-
cal features suggestive of active disease include extension of lesions, appear-
ance of new lesions and the presence of a violaceous or erythematous halo.
More objective assessments can be made using modified Rodnan skin scores
(Rodnan et al. 1979). Ideally this should be combined with the use of a durome-
ter (Seyger et al. 1997) or 20MHz ultrasound (Levy et al. 1993) to assess skin
thickness and elasticity. Recently, thermography has been used to aid in the
assessment of disease activity (Birdi et al. 1992; Martini et al. 2002). These
apparatus are unfortunately not widely available. It has been suggested that
serum IL-2 receptor levels may distinguish between active and inactive dis-
ease (Uziel et al. 1994) but the utility of this test in clinically following disease
activity has not been independently confirmed. Serial determinations of eosi-
nophilia, hypergammaglobulinaemia and ANA titers may be of value in patients
with extensive disease as these values may fluctuate with disease activity.

Therapy

There is no uniformly accepted or effective therapy for LS. Because immune
cell activation is believed to underlie the development of skin sclerosis, both
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topical and systemic immunosuppressants have been used. Unfortunately, few
controlled studies are available with which to objectively assess the benefits
obtained. In a majority of older studies the improvements described are based
on poorly documented clinical observations. Recently more objective outcome
measures have been employed. Given the propensity for skin thickening to
improve in morphea, larger controlled studies are needed to confirm the effi-
cacy of both traditional and newer treatments.

Topical Corticosteroids

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

Ultraviolet A

Ultraviolet light A is increasingly being used to treat morphea. Published re-
ports detailed in Table 1 suggest that high dose UVA1 (130 J/cm2/treatment)
may be the most efficacious form of ultraviolet light, followed in order, by low-
dose UVA1 (20 J/cm2/treatment), UVA in conjunction with topical and sys-
temic psoralens (PUVA).

Effective therapy with UVA1(340–400nm) has been reported in 52/54
treated patients, with disease durations of up to 25 years (Gruss et al. 1997a
& b; Kerscher et al. 1995 & 1998; Stege et al. 1997). Deep forms appear least
responsive. Outcome measures have included assessment of lesion size and
induration, and ultrasonographic and biopsy assessments of dermal thickness
and elasticity. In one study, a direct comparison of high-dose UVA1 versus
low-dose therapy showed that high-dose was superior for all the parameters
assessed (Stege et al. 1997). The effects may be seen as early as after 4–10
treatments. Maximal responses may require 25 or more treatments. The use
of medium dose UVA1 (48J/cm2/treatment) in 8 patients was associated with
improved skin scores and increased skin elasticity as measured by a cutometer
in all patients after 20 treatments. In an effort to limit UVA1 dosing, low-dose
UVA1 therapy has been combined with topical calcipotriol ointment therapy
for childhood morphea. A 19-patient uncontrolled trial of this therapy showed
a 67% improvement in skin scores. (Kreuter et al. 2001). Follow-up has not
been reported much beyond 3 months after cessation of therapy.
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Limited access to UVA1 light sources remains a major obstacle. This has
prompted trials of broadband UVA therapy. In 13 patients with disease
durations of 1 month to 3 years (Steger and Matthews 1999; El-Mofty et al.
2000), clinical improvement (without objective skin scoring) was observed in
all cases. Those with early disease were said to respond best. A significant
reduction in upper dermal collagen concentration was seen on biopsy in 9/12
cases. At follow up 1 year later two patients had relapsed. Improved skin
thickness as assessed by ultrasound was detected in 3 out of 4 patients with
morphea after 30–60 treatments of broadband UVA (Oikarinen and Knuutinen
2001). When treatments with 20 J/cm2/session, 10 J/cm2/session and 5 J/cm2/
session of broadband UVA were compared, a significant clinical dose-response
association was not demonstrated (El-Mofty et al. 2004) despite UV dose-
related decreases in collagen and TGF-� mRNA levels (El-Mofty et al. 2004).
6/16 (38%) patients receiving 20 sessions of 5 J/cm2 were perceived to have a
good to very-good response compared to 15/26 (58%) receiving 20 sessions
of 20 J/cm2 prompting the authors to conclude that lower doses of broadband
UVA may also be beneficial.

Psoralens increase the overall cytotoxicity of UVA, but reduce the total
number of joules required for effective therapy in other cutaneous inflamma-
tory diseases. The effects of bath PUVA have been documented in 20 pa-
tients. 80% or more of the sclerotic plaques regressed in 15/19 patients within
3 months, based on clinical skin scores, ultrasound and histologic evaluations
(Kerscher et al. 1994 and 1996). The effect lasted 1year in 15/17 patients. Most
recently, cream PUVA was used in 4 patients. All improved significantly as
judged by 20MHz ultrasound and lesional biopsy (Grundmann-Kollmann et
al. 2000). Systemic PUVA therapy may be somewhat less effective. Of 9 pa-
tients reported (Scharffetter-Kochanek et al. 1995; Kanekura et al. 1996;
Morison 1997; Garcia-Bustinduy et al. 1998; Todd et al. 1998; Yamaguchi et
al. 1998), all but one (Todd et al. 1998) showed some clinical improvement.
However, prolonged or maintenance treatment was often required, increas-
ing the risks of long-term toxicity. Again, combination therapy with calcipotriol
ointment has been suggested as a strategy to limit irradiation dosage (Gam-
bichler et al. 2003).

All forms of UVA therapy appear to act via a direct effect on the irradiated
skin area, since plaques covered during treatment fail to show any improve-
ment. The mechanism of action of UVA is suggested by studies which show
that it induces apoptosis in skin-infiltrating T cells (Morita et al. 1997) and
upregulates collagenase I (MMP1) mRNA expression both in vitro and in
vivo (Wlaschek et al 1995; Gruss et al. 1997a; Stege et al. 1997). Treatment
has also resulted in partial normalization in the number of CD34+ dermal den-
dritic cells (Camacho et al. 2001). While the long-term oncogenic potential of
PUVA is well documented, the potential long-term toxicity of long wave UVA
is still unknown. Controlled studies are required to establish the safest and
most efficacious form of UVA therapy, both in terms of dosage and duration
of therapy.
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Vitamin D Derivatives

Both oral calcitriol (Caca-Biljanovska et al. 1999; Elst et al. 1999; Hulshof et
al. 1994; Humbert et al. 1990 & 1995) and topical calcipotriol (Cunningham
et al. 1998; Koeger et al. 1999) have been used effectively in small, uncon-
trolled series of patients with all forms of LS (see Table 2). Systemic treat-
ment with 0.25 �g/day is increased by 0.25�g weekly up to a maximum of
2.5 �g/day (Humbert et al. 1995). Documented effects include improved well-
being and joint mobility, a reduction in the appearance of new lesions, and of
induration in existing lesions. Improvement occurred within 2–6 months, sug-
gesting a therapeutic effect. An open randomized controlled trial of immuno-
suppressive therapy (corticosteroids plus methotrexate) versus oral calcitriol,
is currently ongoing in the UK. With oral supplementation, regular monitor-
ing for hypercalcemia, hypercalciuria and potential nephrocalcinosis is re-
quired. Increases in urinary calcium have been reported, but the absolute
values remained within the normal range. Concurrent dietary calcium re-
striction to 600 mg/day is suggested.

The mechanism of action of vitamin D derivatives in morphea remains
uncertain. Receptors for 1,25 dihydroxyvitamin D3 have been detected on
human dermal fibroblasts, keratinocytes and lymphocytes (Clemens et al. 1983;
Holick et al. 1987). It may inhibit antigen induced T cell activation and prolif-
eration, both by inhibiting T cell-monocyte interactions, and reducing IL-2
and IFN� synthesis (Rigby et al. 1987; Rigby and Waugh 1992). In addition, it
causes a dose dependant inhibition of fibroblast growth and collagen syn-
thesis (Boelsma et al. 1995; Bottomley et al. 1995). Vitamin D analogues may
thus have immunomodulatory, antisynthetic and antiproliferative effects.

Methotrexate

Anecdotal evidence of benefit was initially reported in a child with linear dis-
ease and in an adult with eosinophilic fascitis (Janzen et al. 1995; Foeldvari
1998). Two observational studies have since been published. In the first, 9
adults were treated (Seyger et al. 1998). Improvement in skin thickness scores
was noted in 6/9 patients. Durometer readings, skin itch scores, and levels of
type III procollagen propeptide showed no significant improvement. In a
second study, 9 children were treated with methotrexate and pulsed intrave-
nous methylprednisolone (Uziel et al. 2000). A good response, defined as
skin softening, and lack of progression or appearance of new lesions, oc-
curred in all 9 patients. The median time to response was 3 months, was fast-
est in those with early disease, and persisted over the treatment period. The
authors suggested treating patients for at least 1 year of inactive disease be-
fore tapering the dose of methotrexate. It is of note that a total of 4/18 pa-
tients were withdrawn from the two studies because of significant side effects
(raised liver enzymes, stomatitis, weight loss and leukopenia).
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Methotrexate, possibly by enhancing monocyte differentiation (Seitz et
al. 1998), has been shown to reduce serum levels of soluble IL-2 receptors (Rose
et al. 1994), and of IL-1�, IL-6, IL-8 and TNF-� (Barrera et al. 1995; Seitz et al.
1995). It may thus modulate cytokine production and T cell-monocyte inter-
actions, in addition to its well-documented anti-metabolite action. Elevated
levels of tenascin in the center and margins of lesional skin and numbers of
mast cells at the margins of lesions were found to be decreased by methotre-
xate treatment (Seyger et al. 2001).

Systemic Corticosteroids

Systemic therapy has rarely been described in patients with rapidly progres-
sive generalized disease and linear forms. It has variably been reported to be
of benefit (Joly et al. 1994) or not (Balat et al. 1999; Bodemer et al. 1999). The
need for prolonged treatment, associated with well documented side effects,
and the significant risk of relapse on withdrawal (Joly et al. 1994), are all fac-
tors which should be taken into account when considering using this treat-
ment modality, particularly as monotherapy. It may be of greater benefit when
used in combination with other therapies such as methotrexate or plasma-
pheresis (Wach et al. 1995; Uziel et al. 2000). A possible exception may be
eosinophilic fasciitis for which anecdotal evidence suggests greater steroid
responsiveness (Gordon 1981; Miller 1992; Castanet et al. 1994).

D Penicillamine

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

Antimalarials

Aminoquinolone antimalarials are relatively safe and well tolerated. They
were of benefit in 6/11reported patients (Wuthrich et al. 1975; Person and Su
1979; Winkelmann et al. 1982). Although not studied in morphea, the use of
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combination antimalarial therapy, i.e., either hydroxychloroquine or chloro-
quine with quinacrine, can be of benefit in patients with cutaneous lupus re-
fractory to single agent therapy alone (Chung and Hann 1997). This may be
a safe and worthwhile strategy in generalized morphea, but requires clinical
studies.

Interferon-�

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

Other Therapies

The description of a large number of anecdotal therapies for morphea attests,
in part, to their lack of efficacy. Phenytoin (200mg/day) resulted in skin soft-
ening within 2–3 months in 5/5 patients with linear disease (Neldner 1978).
Interestingly these patients all received concomitant vitamin D supplements,
which may have contributed to the observed effects. 5/7 patients with pro-
gressive plaque or generalized disease responded to sulphasalazine (Stava
and Kobikova 1977; Czarnecki and Taft 1982; Micalizzi et al. 1996; Taveira
et al. 1999). Benefit was seen within 4 weeks of starting cyclosporine therapy
(5mg/kg/day tapered to 1.5mg/kg/day after 8 months) in 2 patients (Peter et
al. 1991); and after 3 months of intravenous immunoglobulin therapy (5g
alphaglobulin/day x5 days, then monthly for 1 year) in a child with panscle-
rotic morphea (Wollina et al. 1998). Poor or incomplete responses have been
noted after extracorporeal photochemotherapy (2 patients) (Cribier et al. 1995),
acitretin (8 patients) (Neuhofer and Fritsch 1984), and topical tocoretinate (4
patients) (Mizutani et al. 1999). In contrast, topical photodynamic therapy,
was recently objectively shown to be effective in 5/5 patients with progres-
sive disease (Karrer et al. 2000). A single report suggests the efficacy of re-
peated treatment with a 585 nm pulsed dye laser (Eisen and Alster 2002).
Penicillin, used because of the possible association with borrelia infection,
and a suggested effect on collagen fibrillogenesis (Hunzelmann et al. 1998),
was also recently shown to reduce skin thickness in a child with linear
disease (Mohrenschlager et al. 1999). Tacrolimus ointment 0.1% applied topi-
cally twice daily with plastic wrap occlusion was of benefit in 2 patients over
12 weeks (Mancuso and Berdondini 2003) and imiquimod cream 5% may
have been of benefit in one case (Man and Dytoc 2004).
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Summary

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

Nicolas Hunzelmann and Thomas Krieg

Introduction

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

SSc mainly evolves along pathological changes of the vascular system, the
immune system and of the extracellular matrix including its major cell type,
the fibroblast. The resulting fibrosis leading to atrophy and failure of the af-
fected organs largely determines the outcome of the disease process. How-
ever, despite intense research efforts the relationship and interaction between
the pathophysiological processes affecting the vascular system, the immune
system and the extracellular matrix are only incompletely understood.

Immune Dysregulation

One of the hallmarks of SSc is a perturbed immunoregulation (resulting in
the presence of autoantibodies), which appears to be influenced by additional
factors such as genetic and exogenous factors. Autoimmunity in SSc is char-
acterized by HLA gene restricted autoantibody responses against nuclear and
nucleolar antigens. The mechanisms inducing the antibody production are
unknown but clinical associations with autoantibody specificities suggest that
these antigen-restricted responses are involved in disease specific pathology.
These autoimmune phenomena are in a not well understood way related to
the inflammatory process with lymphocytic perivascular infiltrates in the skin



and lung evident early on in the disease process and preceding the develop-
ment of fibrosis. The similarity of the condition with some aspects of graft
versus host disease has frequently been noted. Recently it was suggested
that microchimerism, i.e. the persistence of foetal cells in the maternal bone
marrow and other organs like the skin might be a risk factor, also explaining
the female excess (Artlett et al. 1998; Evans et al. 1999). However, subsequent
studies found similar frequencies of microchimerisms compared to normal
controls but nevertheless an increased number of microchimeric fetal cells in
patients (Burastero et al 2003).

Vascular Pathology

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

Depending on the study population and statistical methodology, between
5 and 20% of all individuals presenting with Raynaud’s phenomenon are re-
ported to subsequently develop SSc. A constellation of additional signs and
symptoms indicative of microvascular damage separates SSc patients from
others presenting with Raynaud’s phenomenon. These include nailfold capil-
laroscopic changes (Maricq et al. 1980), hand/foot edema, digital ulcers, cal-
cifications and teleangiectasia. The combination of a fibrotic microvascular
and hyperreactive vasoconstrictor status is thought to represent the primary
lesion responsible for the vasospastic episodes. Tissue hypoxia normally in-
duces new blood vessel growth by induction of a variety of angiogenic fac-
tors. In SSc, loss of capillaries is a typical and early disease manifestation which
has been related to an increase in angiostatic factors and programmed endo-
thelial cell death (apoptosis) where a number of possible mechanisms have
been proposed (Sgonc et al. 1996; Kahaleh and Fan 1997; Hebbar et al, 2000).
A recent study suggests that latent cytomegalovirus infection contributes to
the known phenomenon of endothelial cell cytotoxicity of scleroderma se-
rum by identifying IgG autoantibodies that bind a cytomegalovirus protein
and induce apoptosis in human endothelial cells (Lunardi et al. 2000).

Dysregulation of Extracellular Matrix Synthesis

The dysregulation of extracellular matrix synthesis is the third major patho-
physiologic change, with the extent and progression of the fibrotic process
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being important prognostic factors in the disease process. It has been well
established by in situ hybridization and by fibroblast cultures obtained from
involved tissue (e.g. skin or lung) that scleroderma fibroblasts display an ac-
tivated phenotype producing increased amounts of various collagens and
expressing adhesion molecules such as ICAM-1 (LeRoy et al. 1974; Uitto et
al. 1979; Scharffetter et al. 1988; Majewski et al. 1995). The newly synthe-
sized extracellular matrix is deposited particularly around skin appendages
and at the border of the dermis to the subcutaneous tissue, partially replac-
ing the latter (Perlish et al. 1985). The collagen bundles running parallel with
the skin surface show swelling and variation in thickness. Although the bio-
synthesis of collagens has been investigated in detail, its metabolism and
turnover in vivo is not yet fully understood. In physiological situations in-
volving increased collagen synthesis, as e.g. in wound healing, the amount
of collagen in the tissue is obviously tightly controlled by its similarly increased
degradation. Similarly, in a fibrotic disease, the net gain of collagens must
thus involve a disturbed balance between the synthetic and degradative pro-
cesses. The most commonly used approach to study collagen degradation is
the study of collagen degrading enzymes (Herrmann et al. 1991; Mauch et
al. 1998). However, the results are difficult to interprete in terms of the in vivo
situation, as a combination of several enzymes including the corresponding
inhibitors are likely to be involved in the degradation of a single collagen fi-
ber. A different approach to this question is to study the degradation prod-
ucts as they appear in vivo. Interestingly, we and others could demonstrate
that increased levels of ICTP, a degradation product of cross-linked type I
collagen, are common in patients with SSc (Heickendorff et al. 1995; Hunzel-
mann et al. 1998b). They correlate well with the skin score, a commonly used
indicator of the severity of the disease (Subcommittee of the ARA 1980; Kaha-
leh et al. 1986). This indicates that the concentrations of circulating ICTP re-
flect the type I collagen load in this disease. We found the highest values in
patients with very active and extensive disease. Recently, a study on the uri-
nary excretion of two mature cross-links of collagen, hydroxylysyl and lysyl
pyridinoline, also suggested that in SSc more fibrillar collagens are degraded
than in the normal state (Stone et al. 1995). Furthermore these crosslinks can
usually only be detected in bone, suggesting that occurence of these crosslinks
in the skin is related to the sclerotic process. Therefore these studies indicate
that the increased deposition of type I collagen is accompanied by an increased
turnover and altered crosslink formation of this molecule, indicating an even
more complex derangement of synthetic and degradative processes in this
disease than previously acknowledged.

The factors which finally lead to the activated phenotype of scleroderma
fibroblasts are not entirely clear. Several studies suggest the contribution of
transforming growth factor-� (TGF-�) (Kulozik et al. 1990), a potent inducer
of collagen synthesis, to the progression of skin sclerosis. This notion is fur-
ther supported by the detection of connective tissue growth factor (CTGF)
gene expression in skin biopsies of SSc patients (Igarashi et al. 1995) and SSc
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fibroblasts (Shi-Wen et al. 2000) as TGF-� is also known to induce CTGF.
Recent studies indicate that a deficiency in SMAD-7 an inhibitory protein in
the TGF-� signalling pathway is characteristic of scleroderma fibroblasts (Dong
et al. 2002). The increased biosynthesis of collagen is accompanied by an el-
evation of the steady-state mRNA levels in vitro and in vivo of about 1.5–2x
which appears to be due to both increased transcriptional activation as well
as increased mRNA stability (Eckes et al. 1996; Jimenez and Saitta, 2000).

Clinical Appearence/Classification

The incidence of SSc is reported to be 2–20/million population and the prev-
alence 4–290/million population. Based on distinct clinical aspects and courses
of the disease an internationally accepted classification was established with
two forms: limited cutaneous SSc (lSSc) and diffuse cutaneous SSc (dSSc).
The disease is much commoner in females than males for reasons that are
not entirely clear with a female-to-male ratio of 3–9:1. There are some popu-
lations at high risk as e.g. the Choctaw Indians from Oklahoma suggesting
that genetic factors are critical. However, twin studies are inconclusive and
familial aggregation is rare.

Both forms, however, lead to life threatening involvement of internal organs
and large areas of the skin and are associated with marked excess mortality.
The quality of life is severely reduced and the patients require continous med-
ical support. Institution of regular physical therapy as early as possible to pre-
vent loss of function is mandatory. Patient support groups play an important
role in helping these patients to cope with their difficult psychosocial situa-
tion. The two major clinical variants are distinguished primarily on the degree
and extent of skin involvement. The term overlap syndrome is used when fea-
tures commonly encountered in other connective tissue diseases are present
such as polymyositis or systemic lupus erythematosus.

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

dSSc is characterized by distal and proximal extremity and truncal skin thick-
ening. Usually the elbows and knees are considered the dividing line. Lead-
ing symptoms of dSSC are: 1) onset of Raynaud’s syndrome within 1 year of
onset of skin changes (puffy or hidebound); 2) presence of tendon friction rubs;
3) early and significant incidence of interstitial lung disease, oliguric renal
failure, diffuse gastrointestinal disease, and myocardial involvement; 4) ab-
sence of anti CENP-B antibodies; 5) nailfold capillary dilatation and capillary
destruction; 6) anti-DNA-topoisomerase I antibodies (30%).

Limited Cutaneous SSc (lSSc)

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

A recent study suggests that systemic sclerosis sine scleroderma is a sub-
set of SSc which should be included into the spectrum of SSc with limited cu-
taneous involvement and should not be considered as a distinct disorder
(Poormoghim et al. 2000). Except for the absence of skin thickening, the
group of patients with systemic sclerosis sine scleroderma had no significant
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Fig. 1. Longitudinal development of skin score in patients with diffuse systemic sclerosis (—)
and limited systemic sclerosis (- - - -)



differences in individual internal organ involvements, laboratory features, se-
rum autoantibody type (e.g. anti-centromer) or survival rate compared with
patients with lSSc. There was a tendency but no significant difference toward
more pronounced pulmonary arterial hypertension and reduced carbon mon-
oxide diffusing capacity (< 70% of predicted).

Scleroderma Overlap Syndromes

The most common overlap syndromes are Mixed Connective Tissues Disease
(MCTD), Scleromyositis (PM-Scl-associated) and the Synthetase Syndrome
(Jo 1-associated). MCTD and the Synthetase Syndrome are more extensively
dealt with in chapter 7.

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

Environmentally Related Scleroderma-Like Syndromes

A broad variety of environmental factors have been reported to induce
scleroderma (reviewed in Straniero et al. 1989). However, with few excep-
tions (contaminated tryptophan, contaminated rape seed oil, vinyl chloride,
trichlorethylene) these cases are likely to represent random occurences. These
scleroderma-like disorders often lack several features of SSc, in particular
the autoimmune phenomena (autoantibody synthesis). In this respect, there
has been much concern and publicity on the role of silicone (e.g. in the form
of surgical implants) as a possible environmental factor for connective tissue
diseases such as SSc, but despite several epidemiological studies, no link has
been established (Janowsky et al. 2000).

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

As in many other chronic diseases, diagnosis is in general readily performed
once the illness has fully developed. Due to the often smoldering disease on-
set and the uncharacteristic changes ocurring early on in SSc, including
Raynaud’s phenomenon, joint pain or swelling clinical diagnosis of SSc and
the differentiation from other diffuse inflammatory connective tissue diseases
(rheumatoid arthritis, systemic lupus erythemtosus, polymyositis) or disor-
ders characterised by abnormal extracellular deposition (e.g. amyloidosis)
may be difficult if not impossible. Although each of the diffuse inflammatory
connective tissue diseases are clinically distinct entities, they share some
general analogies and often display a high level of clinical variability result-
ing not uncommonly in overlap syndromes which pose a particular diagnos-
tic and therapeutic challenge.

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

Autoantibody Profile

The identification of autoantibodies is helpful in establishing the correct di-
agnosis, indicating the prognosis and providing a guide to treatment and fol-
low up (Fritzler 1993). In several studies, more than 95% of patients show
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Fig. 2. Antibody profile and clinical classification of progressive systemic sclerosis and
overlap syndromes



antinuclear antibodies (ANA) (Bunn et al. 1998), thus making the diagnosis
of SSc in a patient without ANA quite unlikely. Although there is no anti-
body which can be related to disease activity like the presence of anti-ds
DNA antibodies in systemic lupus erythematosus, patient classification ac-
cording to serologic subsets can be meaningful. Nearly 85% of patients can
be associated to one of seven SSc related antibodies (Table 1) and each of
these antibodies describes a subset which to a different degree has charac-
teristic clinical manifestations (Fig. 2, 3).

Clinical Presentation

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

Differential diagnosis includes in particular the generalized form of localized
scleroderma, eosinophilic fasciitis, scleromyxoedema, scleroderma adultorum
Buschke, amyloidosis, porphyria cutanea tarda and acrodermatitis chronica
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Table 1. Clinical Characteristics of Autoantibodies Associated with Progressive Systemic
Sclerosis

Antibody Antigen Comments Frequency

Scl-70 DNA-topoisomerase I increased risk for up to 70% of dSSc;
tumors 10 to 20% of SSc

U1 RNP U1 small nuclear overlap syndrome
ribonucleoprotein to SLE

Fibrillarin U3 RNP poor prognosis 10–20% of dSSc

RNA Polymerase I, III sub units of RNA 20% of dSSc
polymerase

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

Th/To Rnase P limited disease 2%

PM-Scl nuclear protein- characteristic skin 15% of overlap
complex changes syndromes

Ku Nucleolar overlap syndrome < 10% of overlap
heterodimer syndromes

Jo1 histidyl-tRNA SSc/polymyositis 10% of overlap
synthetase overlap syndromes



atrophicans in the inflammatory phase (Table 2) and rarely sclerodermiform
genodermatoses. Furthermore, one has to be aware of the vast differential
diagnoses of Raynaud’s phenomenon in the patients presenting in the initial
phase of the disease.
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Table 2. Scleroderma-Like Disorders

I. Sclerotic disorders Scleroderma adultorum Buschke

Scleroderma diabeticorum

Scleroderma amyloidosum

Scleromyxedema

Environmentally related scleroderma-like syndromes

Graft versus host disease

Porphyria cutanea tarda

Acrodermatitis chronica atrophicans

II. Sclerodermiform genodermatoses Werner Syndrome

Progeria

Acrogeria/Metageria

Fig. 3. Clinical phenotype of progressive systemic sclerosis and overlap syndromes. A.
Diffuse systemic scleroderma: diffuse sclerosis with hyperpigmentation of the trunk. B.
Sclerodactyly with contractures and atrophy of the fingers. C. Cutaneous calcinosis. D.

PM-Scl overlap syndrome: mechanic hands with hyperkeratosis of the fingers



Associated Diseases

Association of SSc with other autoimmune diseases is relatively common in-
cluding primary biliary cirrhosis, Sjogren-syndrome (including the detection
of anti-Ro/La antibodies) and the subset of overlap syndromes, dermatomyo-
sitis and polymyositis.

Therapy

The treatment of SSc is challenging due to the complex disease process and
the difficulty to specifically treat distinct subgroups of this relatively rare dis-
ease. Thus in 1995, an American College of Rheumatology Comittee published
guidelines for the conduct of clinical trials in SSc (White et al. 1995). To date,
there is no proven effective disease modifying treatment of SSc. Neverthe-
less, there have been significant breakthroughs in the treatment of several
individual end-organ manifestations leading to improvements in patients
longevity and quality of life. SSc poses a particular problem to the medical
system due to the relative rarity of the disease requiring specialised care by
the general practicioner. Therefore, diagnosis and care should be at least in
part in the hands of specialists who have daily exposure to this disease and
have access to a laboratory trained in autoimmune serology, to dermatohis-
topathology, and modern diagnostic radiologic procedures (e.g. CT, MRT,
angiography). Cooperation with different subspecialties is often necessary to
provide optimal care due to the nature of the disease affecting other organ
systems than the skin (e.g. rheumatology, pulmonary medicine, nephrology,
neurology). Specialized care should be provided in a setting where the out-
patient facilities have also access to hospital beds to ensure timely and ap-
propriate treatment for patients presenting with exacerbation of their disease.
Physical therapy which has access to treatment facilities to prevent loss of
function is another prerequisite for these specialised facilities. Although
there are single medical centers often linked to research centers which can
provide care along the guidelines cited above they are usually not embed-
ded into the medical system in a way that ensures access for patients not liv-
ing in regions where these centers exist. Patient support groups which to
date in part make up for these shortcomings should play an important role in
communicating the special needs of these patients to society. Internet based
resources will play an increasing role for the information of patients and
recruitement for ongoing studies in the future (e.g. Http://www.sclero.org,
www.Sklerodermie.info). Therefore an important future aim will be to develop
competence and communication based networks which ensure participation
of all levels involved in the care for these patients.
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Immunosuppressive Agents

D-penicillamine seems to affect both collagen and the immune system thus
making it an ideal candidate to treat SSc. Interestingly, it took until the mid
90s to start a double blind randomized trial to investigate the effect of D-peni-
cillamine in SSc. Unfortunately, no difference was found between a dose of
62.5 mg and 750 mg D-penicillamine daily indicating lack of efficacy (Clements
et al. 1999). Also photopheresis (extracorporeal photochemotherapy) that has
shown promise in several uncontrolled studies (Rook et al. 1992), failed in a
recent crossover study to demonstrate a favourable effect (Enomoto et al. 1999).
Several smaller trials investigated the use of cyclosporin A, which unfortu-
nately was associated with considerable toxicity, especially nephropathy
(Denton et al. 1994). Methotrexate, although its toxicity profile in patients with
SSc was better than exspected, produced inconsistent results in two controlled
studies (van den Hoogen et al. 1996; Pope et al. 1998).

Antifibrotic Agents

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

Organ-Specific Therapies

Skin Involvement

General measures include skin protection from cold and trauma, skin care
with moistening creams, lymph drainage and active physiotherapy. Calcium
channel blockers or angiotensin II receptor type 1 antagonists can be given
to decrease symptoms of Raynaud’s syndrome (Dziaio et al. 1999). In severe
cases of finger tip ulcerations and impending digit amputation, intravenous
prostacycline analogues may be of value (Zachariae et al. 1996; Pope et al. 2000).
New agents as endothelin antagonists or phosphodiesterase-inhibitors are still
under investigation. Ectopic calcifications or calcinosis when compromising
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blood circulation or causing symptoms may be removed surgically or by the
use of CO2-laser (Bottomly et al. 1996). Laser (i.e. argon or flashlamp pumped
dye laser) therapy is the treatment of choice to remove teleangiectasias, which
may also involve the mucosa.

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

Musculosceletal Involvement

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

Renal Involvement

Acute renal crisis is a serious and potentially fatal SSc complication associ-
ated with an acute reduction on cortical blood flow, hyperreninemia, hyper-
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tension which occurs most likely in diffuse cutaneous scleroderma of less than
four years duration. Thus regular control of blood pressure (at least twice a
week) is recommended to detect acute renal involvement early on. Some pa-
tients will progress to renal failure and dialysis or renal transplantation. Chronic
renal involvement is asociated with a slowly progressive obliterative vasculo-
pathy. Before the advent of ACE inhibitor therapy and other improvements
in the management of advanced renal disease, survival for longer than 3–6
months was almost unknown. Particularly in acute renal crisis, ACE inhibi-
tors are the mainstay of treatment significantly prolonging patient survival
(Steen et al. 1990). Additional administration of intravenous prostacyclin
may be considered. Nevertheless, prognosis of established renal crisis is still
relatively poor with about one third of patients progressing to renal replace-
ment therapy. Here, a five year kidney graft survival rate of 47% was re-
ported comparable to that of patients with SLE (Chang and Spiera 1999).

Pulmonary Involvement

Pulmonary fibrosis in SSc affects to different degrees the parenchymal and
the vascular system. In early disease, inflammatory alveolitis may precede
and/or accompany interstitial fibrosis leading to loss of pulmonary function
as evidenced by decreased diffusing capacity and vital capacity. Bronchoalveolar
lavage (in experienced hands) and high resolution chest computertomogra-
phy will help to determine the degree of inflammation. Several studies indi-
cate that alveolitis can be treated with cyclophosphamide (White et al. 2000).

Pulmonary hypertension may most prominently develop in patients with
limited cutaneous scleroderma of long duration with relatively little intersti-
tial disease determining the prognosis of these patients. Here infusion or in-
halation of prostacycline analogues or endothelin antagonists may improve
the outcome, which usually results in death within five years unless heart-
lung transplantation is performed (Pigula et al. 1997; Badesch et al. 2000; Hoeper
et al. 2000; Rubin et al, 2002).

Gastrointestinal Involvement

The gastrointestinal tract is frequently involved with a frequency for the oe-
sophagus in about 80%, the stomach, small intestine and large intestine in
about 40–70% (Sjogren 1996). The pathology is characterized both by atro-
phy of the smooth muscles that line the gastrointestinal tract and involvement
of the myenteric nerve plexus. Main symptoms associated are heartburn, eso-
phageal dysfunction in the upper gastrointestinal tract and diarrhoea due to
bacterial overgrowth, fetal incontinence in the distal tract. Prokinetics (e.g.
octreotide) are of limited use in severe constipation and recently, the prokine-
tic cisapride has been withdrawn from the market due to associated cardiac
arrythmias leading to death. Proton pump inhibitors and to a lesser extent
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H2-blockers are effective in controlling reflux esophagitis apart from typical
conservative measures (no late meals etc.). Bacterial overgrowth and fungal
infections (e.g. candida esophagitis) can be dealt with by intermittent anti-
microbial therapy and antimycotics. Rarely, teleangiectasias may also be pres-
ent on the mucosa representing a potential source of occult intestinal bleeding.

Cardiac Involvement

The nature and severity of cardiac disease depends on the extent of myocar-
dial fibrosis, a primary component of this disorder, and on the extent to
which concurrent fibrosis of the lung and thickening and fibrosis of the small
pulmonary arteries place an additional burden on the circulation. Large per-
fusion abnormalities on thallium scans are predictive of shortened survival
and an increased number of cardiac events (Steen et al. 1996). Also, intermit-
tent vascular ischemia is observed which probably reflects similar pathophy-
siological changes as observed in the peripheral vasculature (Raynaud’s
syndrome). Arrhythmias are quite common in SSc but seldom meet the defi-
nition of severe arrhythmia.

Novel Therapeutic Perspectives

A number of studies are currently performed or planned to investigate the
effect of new therapeutic concepts. Due to the relative rarity of these dis-
eases and distinct subgroups, however, national and international coopera-
tive studies will be required to prove the efficacy of these new approaches.
The role of collagen as an autoantigen in SSc is not entirely proven. How-
ever, in a recent study on the use of oral administration of bovine collagen a
reduction of T cell reactivity to human collagen was found accompanied by
significantly improved skin thickness score and carbon monoxide diffusing
capacity (McKown et al. 2000).

Recombinant technology gives now rise to the development of recombi-
nant cytokines and anti-cytokines that may have therapeutic potential, the
principle of anti-TNF-alpha therapy in rheumatoid arthritis being the most
prominent example. TGF-beta as a potent stimulus of collagen synthesis is
thought to drive the fibrotic process. Recent studies in a mouse model (McCor-
mick et al. 1999) and in human glaucoma in the human indicate a potential
for the use of TGF-beta antibodies.

Studies have been recently initiated to evaluate the beneficial effect of
autologous haemopoetic stem cell transplantation in systemic lupus erythe-
matosus and SSc. Previous studies showed that patients with autoimmune
disease who undergo bone marrow transplant for haemopoietic or other ma-
lignancy are frequently noted to experience a remission of their autoimmune
disease (Clements et al. 1997; Tyndall et al. 1997). However, to date only un-
controlled studies have been reported with divergent effects.
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Summary

Despite intense research efforts and major advances in the understanding of
particular aspects of the disease process, the etiology of SSc is still unknown
and the pathogenesis only partly understood. Thus the concept that SSc
evolves along pathological changes of the vascular system, the immune sys-
tem and of the extracellular matrix has not significantly changed over the
last twenty years. Nevertheless, survival has markedly improved over the
past two decades, with a 5-year survival rate over 80%, although to date
there is no proven effective disease-modifying treatment of SSc. This is due
to significant breakthroughs in the treatment of several individual end-organ
manifestations. Current therapies of SSc rely mainly on drugs directed to the
major skin and visceral complications such as Raynaud’s phenomenon, digital
ulceration, nephropathy, gastrointestinal and pulmonary involvement. Although
the introduction of drugs that treat these complications has changed mark-
edly, the mortality and life quality of subgroups of SSc, the associated side
effects and lack of efficacy in certain subgroups of organ involvement indicate
that the available treatment options are often still unsatisfactory (e.g. digital
ulceration, pulmonary fibrosis, kidney failure). Therefore, future treatments
should specifically modulate distinct pathogenetic events in SSc.
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5 Lupus Erythematosus

5.1 Chronic Cutaneous Lupus Erythematosus

Michael Sticherling

Introduction

The skin represents one of the major organs afflicted by lupus erythematosus
(LE). LE was in fact first described as a skin disease in the mid and late 19th

century (Talbot 1993) and denominated for the characteristic mutilations
seen in subtypes of the disorder. Ever since in 1936 systemic manifestation
without skin symptoms was appreciated as a disease entity, the subject has
differentially been dealt with in the dermatological and rheumatological lit-
erature. Malar rash and discoid lesions are listed among the criteria defined
by the American College of Rheumatology (ACR) for diagnosis of systemic
lupus erythematosus (SLE) (Tan et al. 1982). Characteristic and defined enti-
ties encompassing various forms of acute, subacute and chronic cutaneous
LE can be opposed to less characteristic skin manifestations like rashes and
symptoms of cutaneous vasculitis. Both groups of symptoms may however be
present at any stage of disease development. 20% of all SLE cases present
with initial skin manifestations and 50–70% of all SLE patients will eventu-
ally show skin symptoms during the course of their disease (Sontheimer and
Provost 1996).

Classification

Chronic cutaneous lupus erythematosus (CCLE) comprises different clinical
entities with discoid lupus erythematosus (DLE) as the most common form. In
contrast to acute cutaneous LE (ACLE) and subacute cutaneous LE (SCLE),
lesions are long-lasting for up to decades with occasional spontaneous



remissions. Disfiguring atrophy and scarring with emotional discomfort for
patients as well as an increased risk to develop into squamous cell carcinoma
in long-standing DLE pose distinct medical problems (Sontheimer and Pro-
vost 1996, Patel and Werth 2002). In many cases, symptoms are restricted to
the skin without major systemic inflammatory or autoimmune manifestations.
This used to be undiscriminately called DLE until twenty years ago when it
was clearly dissected from other forms, especially from what is now referred
to as SCLE. The term DLE should nowadays be restricted to subsets of CCLE
with morphologically distinct plaques irrespective of systemic involvement.

In other, rather rare cases, DLE as well as further subsets of CCLE may
present as first or intercurrent manifestations of SCLE and SLE and will even-
tually result in systemic disease. Exact epidemiological data of the different
CCLE subtypes as well as their relation to SLE and SCLE are not available
partly due to the different perception over the last couple of decades and
within dermatology and rheumatology. CCLE may be underestimated within
rheumatological literature and in case of absent systemic manifestations not
be amply diagnosed at all. CCLE lesions, especially DLE lesions are found in
up to 20% of SCLE patients and may predate manifestation of systemic dis-
ease. Further support of the relation as well as distinction of DLE and SLE is
provided by the finding that DLE is present in 15–30% of SLE patients at any
time during the disease course and is the prominent feature in 5–10% of such
patients (Kanda et al. 1996; Parodi and Rebora 1997; Tebbe et al. 1997). Clas-
sical DLE as termed at the time of first diagnosis will progress into SLE in
5–10% of cases (Parodi and Rebora 1997; Tebbe et al. 1997). Such courses
may account for different criteria of diagnosing SLE and varying medical
check-up among different medical specialists. Generalized DLE and DLE as-
sociated with high autoantibody titers have a higher chance to develop into
systemic disease. However, the overall incidence of DLE is ten-fold higher
than that of SLE. At the same time, the female to male ratio of 3:2 to 3:1 for
DLE is quite distinct from 9:1 in SLE indicating separate entities. Similarly,
the age of disease manifestation (20–40 years) is slightly higher in DLE than
in SLE. The other CCLE subtypes show varying correlations to SLE and will
be discussed below (Sontheimer and Provost 1996).

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

Various causes and resulting inflammatory and immunological processes have
been identified as relevant for the induction of cutaneous LE (reviewed by
Norris et al. 1996). However, their particular role in individual clinical sub-
sets of CCLE with respect to quantitative or qualitative differences has been
barely clarified. Factors suspected to precipitate or aggravate cutaneous LE
lesions are listed in Table 1. Regarding genetic background, various markers
have been detected or suspected in LE. These include HLA antigens, com-
plement factor polymorphisms or deficiencies, namely C4 and C5 in DLE
(Asghar et al. 1991; Nousari et al. 1999), cytokine and receptor-polymorphisms
(Jacob 1992), a deficiency of 21-hydroxylase-A with subsequent alterations
of steroid homeostasis as well as genetically fixed varying responses to in-
flammatory stimuli regarding cytokine expression, ICAM-1 or stress protein
expression (Jacob 1992; Middleton and Norris 1995). Recently, the impact of
apoptosis-related molecules and receptors like bcl-2 or Fas in LE has been
addressed (see below) (Casiano et al. 2000; Baima and Sticherling 2001). Their
dysregulation in either keratinocytes (exaggerated apoptosis) or lymphocytes
(decreased apoptosis with persistance of autoreactive lymphocytes) may be
related to genetic factors as well. Regarding DLE, rather conclusive data have
been found for a correlation to extended HLA phenotypes such as HLA-B7,
Cw7, DR3 or HLA-Cw7, DR3, DQw1 as well as DQA1*0102 with relative risks
of 7.4 and 4.7, respectively. The role that genetic factors may play in the patho-
genesis of DLE is stressed by the observed association of DLE with X-linked
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Table 1. Pathogenetically Relevant Factors for CCLE

Genetics HLA-antigens

Cytokine-polymorphisms

Cytokine-receptor-polymorphisms

Complement deficiency

Deficiency of 21-hydroxylase-A

Overinduction of cytokines

ICAM-1 expression

Heat shock protein expression

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

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

UV-radiation

Isomorphic phenomenon (Köbner phenomenon)

Cigarette smoking

Estrogen

Certain drugs (questionable)



granulomatous disease, a disorder that is characterized by deficient or reduced
NADPH oxidase (Rupec et al. 2000).

Evidence for virus infections as etiologic factors for LE is provided by the
detection of viral material like alphavirus or paramyxovirus in skin lesions,
the aggravation of LE following cytomegalovirus infections as well as a clini-
cal, but probably accidental correlation of disseminated DLE lesions and SCLE
with chronic hepatitis C. Altogether, evidence for viral induction is circum-
stantial and may in some cases be related to induction of pro-inflammatory
cytokines like interferon-� and subsequent triggering of disease rather than
direct involvement of virus (Jacob 1992).

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

A huge body of literature is in support of the influence of ultraviolet radia-
tion in LE, the subsequent induction of inflammatory processes and its rela-
tion to autoantibody formation (Kind et al. 1993; Sontheimer and Provost 1996;
Norris et al. 1996). As photosensitivity is a feature in up to 70% of SLE pa-
tients, UV sensitivity has been included as a criterion for diagnosis of SLE by
the ACR. Regarding UV radiation and skin manifestations, 70% of SCLE pa-
tients are photosensitive and develop typical lesions after prolonged expo-
sure to a combination of UVA and UVB (53%), UVB (33%) or UVA (14%) (Kind
et al. 1993). Anti-Ro/SS-A antibodies have been associated with photosensi-
tivity in SLE (Mond et al. 1989).

UV-light is able to induce pro-inflammatory cytokines like TNF-� and IL-1
in both keratinocytes and lymphocytes. This leads to induction of local inflam-
matory mediators like chemokines and lipid mediators to focus and amplify
the subsequent inflammatory response to the local level. Both resident cells
(endothelial cells, fibroblasts, mast cells) are activated as well as migratory
cells like monocytes and lymphocytes attracted to the dermal and epidermal
compartment through induction of different adhesion molecules in a charac-
teristic sequence of events (Norris et al. 1996).

The central involvement of autoantibodies in the pathogenesis of LE like
anti-Ro/SS-A has been fostered by recent results on the expression and/or
release of intracellular antigens like the nucleoprotein SS-A on the keratino-
cyte surface upon UV radiation (Casciola-Rosen et al. 1995; Casiano et al.
2000). Alternatively, these antigens are expressed on keratinocytes under-
going apoptosis upon UV-irradiation (Norris et al. 1996). Our group has re-
cently found that keratinocyte apoptosis correlated with local disease activity
with a low rate in CDLE and a high rate in ACLE (Baima and Sticherling
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2001). Consequently, keratinocytes are killed by antibody-dependent cellu-
lar cytotoxicity and the humoral immune response is triggered and boosted
by antigenic challenge (Tan 1994; Norris et al. 1996; Casiano et al. 2000). Im-
mune complex formation at the onset of LE seems to be of minor importance
as immune complexes are detected at the dermo-epidermal junction only as
late as six weeks after UV-irradiation. At that stage, influx of inflammatory
cells like monocytes and other changes characteristic for LE have already taken
place. According to this concept, inflammatory and immunological pathways
are overreacting or insufficiently counterbalanced due to a variety of envi-
ronmental or genetic factors or a combination of both.

However, the concept of a UV-induced pathogenesis elaborated for cuta-
neous LE like ACLE and SCLE seems less conclusive for CCLE and does not
yet convincingly explain its clinical characteristics and distinction from other
forms of cutaneous LE. In DLE, photosensitivity (predominently to UVB, but
also UVA radiation) is found in only 40% of the patients and anti-SS-A anti-
bodies are rarely found. If positive, they may indicate incipient disease. Other
antibody specificities and pathogenetic mechanisms have been suggested,
but not yet been proven to be relevant. Only few studies address specific
differences of CCLE to other forms of cutaneous LE. Immunohistochemical
analysis of activated cutaneous lymphocytes has demonstrated a local T helper
2 response with the preferential activation of dermal T cells (Furukawa et al.
1996; Denfeld et al. 1997; Stein et al. 1997). Expression of various cellular and
extracellular proteins like keratins (de Berker et al. 1995), adhesion mole-
cules (Middleton and Norris 1995; Norris et al. 1996; Tebbe et al. 1997) and
extracellular matrix proteins (de Jong et al. 1997) point to inflammatory pro-
cesses common for chronic, hyperproliferative diseases with only partly
distinction from other lichenoid skin reactions (McCauliffe 1998). The immu-
nohistochemical demonstration of the membrane attack complex (C5b-9) may
further subdivide different subsets of CCLE and suggests a pathogenic
involvement (Magro et al. 1996). With respect to different subsets of inflam-
matory cells, CD4- and CD8-positive lymphocytes as well as macrophages
constitute a major portion of the skin infiltrate in both SCLE and SLE (Hasan
et al. 1999) whereas dermal Langerhans cells are absent in both entities
(Sontheimer and Bergstresser 1982). However, the frequency of TCR�/
-
positive T cells was elevated in DLE suggesting specific T-cell mediated epi-
dermal cytotoxicity in this subtype (Volc-Platzer et al. 1993).

Clinical Appearance/Classification

Several distinctly different clinical entities can be allocated to the group of
CCLE (Table 2). They may be found as one and only manifestation or associ-
ated with other forms of CCLE, localized or disseminated, both with and with-
out systemic manifestations and varying relation to SLE. The most common
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form is chronic discoid lupus erythematosus (CDLE or DLE). It is character
zed by persistent, sharply demarcated, elevated erythematous plaques with
adherent scales which may rarely ulcerate (Fig. 1A). Early stages are charac-
terized by erythema and hyperpigmentation. The characteristic painful sen-
sation upon touching is caused by follicular plugging resulting in the so-called
carpet-tack sign. Apart from that, atrophy and scarring can be found in the
center of untreated lesions and may result in considerable disfiguration particu-
larly when present in the face (Fig. 1B). A characteristic pitted, acneiform scar-
ring is also a common residual feature of the perioral area including the lips.

DLE lesions predominantly occur in the light-exposed areas of skin like
face, ears, neck and arms, but may be found in sun-protected areas as well as
inguinal folds, palmo-plantar locations and the scalp. At the latter location,
DLE may even be the only cutaneous manifestation in 10% of cases and thus
presents a classical differential diagnosis of scarring alopecia. Altogether in-
volvement of the scalp can be found in about 60% of DLE patients (Sonthei-
mer and Provost 1996) (Fig. 1C). With a distribution above the neck, the so-called
localized form of DLE can be separated from a generalized DLE if it is present
above and below the neck. Small, follicularly orientated erythematous papules
of less than 1 cm in diameter present as follicular DLE at the elbows, but may
occur at any other part of the body as well. Precipitation of DLE lesions by
physical trauma (Köbner phenomenon) has already been mentioned above
and may explain occurance at unusual locations.

If DLE lesions are distinctly proliferative, they are referred to as hypertro-
phic or verrucous DLE. They have to be separated from spinous cell carcinoma,
keratoacanthoma and lichen planus by histology and immunohistochemistry
(Perniciaro et al. 1995; Uy et al. 1999).
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Table 2. Specific LE Skin Symptoms

Acute cutaneous lupus erythematosus (ACLE) Localized

Generalized

Subacute cutaneous lupus erythematosus (SCLE) Annular

Papulosquamous

Chronic cutaneous lupus erythematosus (CCLE) Discoid (DLE)

Localized (above neck)

Generalized (above and below neck)

follicular

Hypertrophic DLE

Mucosal LE

Lupus panniculitis

Lupus profundus (Panniculitis and DLE)

Lupus tumidus

Chilblain lupus

Papulous mucinosis



Another rare manifestation of CCLE is lupus profundus or lupus pannicu-
litis, also referred to as Kaposi-Irgang disease (Caproni et al. 1995; Watanabe
and Tsuchida 1996; Kundig et al. 1997; Uy et al. 1999; Martens et al. 1999). It
can be found in about 2% of SLE patients, but presents more commonly
without further or only mild signs of systemic manifestation in about 50% of
patients. Severe nephritis is an uncommon event. In contrast to DLE, mainly
women are affected by painful, firm subcutaneous nodules of red-bluish col-
our and up to 1–3 cm diameter. Their main locations are the upper arms, but-
tocks and thighs, but chest, head and neck can be affected as well (Fig. 2A).
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Fig. 1. A. Clinical presentation of chronic discoid lupus erythematosus. Typical sharply
demarcated elevated erythematous plaque. B. Chronic atrophic lesions of the face lead to

disfiguration. C. Involvement of the scalp leads to cicatricial alopecia



The inflammatory process in the deeper dermis and subcutaneous tissue re-
sults in saucer-like depressions sometimes resembling lipathrophy. When
DLE lesions are found on the overlying skin as is the case in 70% of patients,
it is referred to as lupus profundus.

Chilblain or perniotic lupus is characterized by bluish-red patches and
plaques at acral locations like nose, ears, fingers, toes, knees and elbows (Su
et al. 1994; Fisher and Everett 1996). These are painful upon pressure, espe-
cially when located at heels and knuckels where fissuring is quite common
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Fig. 2. A. Rare manifestations of chronic cutaneous lupus erythematosus. Lupus profundus or
lupus panniculitis lead to saucer-like depressions resembling lipatrophy. B. Chilblain or
perniotic lupus is characterized by bluish-red patches and plaques located at the acra, such as

the ears



(Fig. 2B). It mainly occurs in cold climates and is possibly caused by a Köbner
phenomenon. During further disease process, typical DLE lesions may appear
and patches may ulcerate. As in lupus profundus, mild systemic symptoms
like arthralgia can be found to fulfil three to four ACR criteria for diagnosis of
SLE in up to 20% of patients. Due to its rare occurence, no definite associa-
tion to SLE can be made. The term lupus pernio is often used synonymously
for this entity, should however be restricted to cutaneous sarcoidosis as an
important differential diagnosis.

Another rare manifestation of CCLE, lupus tumidus, is characterized by
excessive dermal mucin deposition resulting in urticarial plaques (Ruiz and
Sanchez 1999; Dekle et al. 1999; Kühn et al. 2003). Compared to other CCLE
types, it is characterized by distinct photosensitivity which explains its main
occurence at sun-exposed areas and induction of lesions upon photoprovo-
cation. With a male preponderance its peak incidence is around the 30–40th
year of age. Differential diagnosis to lymphocytic infiltration and polymor-
phous light eruption can be very difficult both clinically and histologically
(Sontheimer and Provost 1996).

Mucous membrane involvement (mucosal DLE) can be found among CCLE
patients in up to 25% (Burge et al. 1989; Botella et al. 1999). It does not nec-
essarily reflect systemic manifestation, specific or high antibody titers or high
disease activity. It is, however, included in the list of 11 diagnostic criteria for
SLE defined by the ACR. Oral, mainly buccal manifestations are most com-
mon (Fig. 3), but nasal, conjunctival and anogenital mucous membranes may
be affected as well. They present as painful erythematous patches which may
ulcerate and cause atrophy in the long run. Sometimes mucosal DLE resem-
bles lichen planus with honeycomb appearance. Squamous cell carcinoma
as a long-term complication should be suspected and excluded in any case of
asymmetrical induration of either mucosal or cutaneous lesions. Affliction of
the lips (vermillion border, diffuse cheilitis especially of lower lip) can cause
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Fig. 3. Ulcers of the buccal mucosa in chronic cutaneous lupus erythematosus



considerable discomfort and disfiguration. Mucosal DLE of the nose may re-
sult in nasal septum perforation especially in association with SLE. Similarly,
ocular affections which are mainly located at the palpebral conjunctiva and
lower eyelids can cause permanent loss of eye lashes, ectropion and stromal
keratitis (Uy et al. 1999).

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

Papular mucinosis may occur as early or only manifestation of CCLE and
shows similarities to lupus tumidus in respect to dermal mucin deposition
(Kanda et al. 1997; Williams and Ramos-Caro 1999, Sonntag et al. 2003, Kuhn
et al. 2003). In contrast to lupus tumidus, more papular than plaque appear-
ance and lack of inflammatory erythema can be found. Asymptomatic iso-
lated or multiple lesions are located at the trunk, upper limbs and the face
with less apparent photosensitivity than in lupus tumidus. Diagnosis may be
only made upon immunohistochemical detection of linear or granular depo-
sitions of IgG, IgM and complement C3 at the dermo-epidermal junction
whereas other histological traits of LE are absent. Accordingly, differential
diagnosis to other cutaneous mucinoses can be difficult.

Diagnosis

In contrast to skin manifestations associated with overt SCLE and SLE, pa-
tients with the different subtypes of CCLE will primarily present to dermatol-
ogists as long as systemic manifestations are missing. Once internal organ
involvement has occurred, these patients will be referred to general practi-
tioners or rheumatologists for analysis of systemic disease. Alternatively,
general practitioners or rheumatologists may ask dermatologists to search
for typical skin manifestations of LE in a suspected patient or to evaluate
present skin symptoms as typical for or related to LE. In cases of CCLE, first
line efforts will head at their definite diagnosis which as already outlined above
may be sometimes difficult to establish.

Case history has to focus on LE-related symptoms like photosensitivity,
arthralgia or arthritis, diffuse or areata-like alopecia, Raynaud’s phenome-
non, Sicca symptoms, morning stiffness of joints, thrombosis, spontaneous
abortion, atypical pneumonia and carditis as well as neurological disorders.
To support clinical diagnosis, histological as well as immunohistochemical
examinations of skin lesions will be performed. Depending on the stage and
acuity of LE, the typical histological findings include epidermal hyperkeratosis,
epidermal atrophy, basal cell degeneration, thickening of the epidermal
basement membrane, liquefaction degeneration and mononuclear cell infil-
trate at the dermo-epidermal junction as well as around blood vessels and
adnexial structures. The dermato-histological features of different LE types
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(ACLE, SCLE, DLE) may be very similar (Sontheimer and Provost 1996; Acker-
man 1997). Often these parameters do not allow to clearly distinguish the dif-
ferent entities apart from quantitative differences in epidermal or especially
follicular hyperkeratosis which are characteristic for DLE. Special histological
features can be found in LE tumidus with its characteristic abundant, partly
focal deposition of mucin among collagenous fibers of the reticular dermis.
Lupus panniculitis presents with a lobular pattern of perivascular and periad-
nexial mononuclear infiltration and partially necrobiotic changes of fatty tis-
sue with fibrinoid deposits as well as focal calcinosis in the deep dermis.

Direct Immunofluorescence

The characteristic findings of direct immunohistochemical examination of
lesional skin are granular immune deposits of mostly IgG, IgM and comple-
ment factor C3 in a continuous line along the dermo-epidermal junction
(so-called lesional lupus band test) (George et al. 1995; Cardinali et al. 1999).
They will be only found in lesions of more than four to six weeks duration, an
aspect which argues against their pathogenic relevance and the immediate
involvement of immune complex mechanisms. Furthermore, the incidence of
positive lupus band tests is higher in biopsies from upper body sites that is
more likely in those from the face than in those from the trunk. However,
neither does their absence exclude CCLE nor is their presence specific for
LE. They may be found in sun-damaged skin, rosacea and polymorphic light
eruption, often with deposits of IgM only. The significance of immune depos-
its in non-lesional skin (non-lesional lupus band test) is much debated (George
et al. 1995; Cardinali et al. 1999) and seems specific for SLE when IgG and
two additional immunoglobulin subtypes (IgG, IgM, IgA) are detected. Skin
biopsies for non-lesional skin may be taken from the the inner aspect of the
upper arm (sun-protected) and the extensor aspect of the forearm (sun-
exposed). In CCLE with no extracutaneous manifestations these biopsies should
be negative. The findings of the lupus band test have to be carefully inter-
preted together with other serological examinations. Epidermal dust-like par-
ticles in a specific fine speckled pattern which are generally associated with
SCLE and anti- SS-A antibodies are rarely detected in DLE and may indicate
more severe disease with progression to systemic manifestations (Sontheimer
and Provost 1996; Norris et al. 1996). In patients with high titered anti-
nuclear antibodies, especially anti-U1-RNP (which is typically associated with
mixed connective tissue disease), positive epidermal nuclei can be found by
direct immunofluorescence microscopy. This phenomenon most probably
derives from in vitro binding of high titer or high affinity antibodies. In vivo
penetrating the cell membrane autoantibodies may be found as well. However,
their significance for disease manifestation as well as diagnostic procedures
remains to be elucidated (Golan et al. 1997). Using specific monoclonal anti-
bodies, the membrane attack complex (C5b-9) could be demonstrated in the
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epidermis of different subsets of CCLE and may allow further distinction
(Magro et al. 1996). In lupus profundus as well as in SLE granular deposits of
IgG and C3 may be occasionally found in dermal vessel walls indicating im-
mune complex vasculitis.

Serological Tests

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

Apart from the above examinations, basic clinical routine laboratory tests
should be performed to exclude anemia, leukopenia, renal involvement (pro-
teinuria, hematuria) and systemic inflammation. Accordingly, blood sedimen-
tation rate (BSR), blood cell count, hepatic enzymes, urine sediment and serum
immunoglobulins should be checked. Pathologic findings are substantiated
by further tests if necessary. Clinical tests like chest X-ray and evaluation of
organ involvement (e.g. in ophthalmology, neurology, cardiology) should be
performed based on case history or pathologic results of physical or labora-
tory exams. The indication for routine testing of cutaneous sensitivity to ultra-
violett light as well as photoprovocation is much debated in CCLE. However,
the impact of these exams with regard to stringency of sun protection and
consequences for life-style supports their usefulness in the clinical routine
(Kind et al. 1993; Sontheimer and Provost 1996, Kuhn et al. 2001).

CCLE patients should be monitored at 6 to 12-months intervals for further
signs of systemic disease, especially when anemia or leukopenia, persistent
high ANA titers or elevated blood sedimentation rates are found. Based on
these clinical and laboratory findings, disease activity can be quantitated us-
ing the Systemic Lupus Activity Measure (SLAM) (Parodi et al. 2000) which
may be a valuable parameter to monitor the patients.
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Therapy

Many of the following drugs have been extensively used in SCLE which is
different in respect to more pronounced inflammatory and less hyperprolife-
rative activity (Table 3) (Callen 2002, Wallace 2002). They will accordingly
be discussed in detail in the context of SCLE. Therapy regimens and their in-
tensity will be dictated by the extent of cutaneous as well extracutaneous in-
volvement and thus have to depend on ample diagnostic procedures as
outlined above. The scarring potential of CCLE demands early and aggres-
sive treatment to avoid cosmetically and emotionally disturbing and irreversi-
ble disfiguration (Sontheimer and Provost 1996; Drake et al. 1996). Individual
cases may require combinations of different therapy regimens and frequently,
disease relapses after lowering daily doses of drugs or stopping treatment.

In cases of solitary or only few DLE lesions and absent systemic manifes-
tations local therapy may suffice (Ting and Sontheimer 2001, Callen 2002,
Wallace 2002). This comprises local application of glucocorticosteroids (e.g.
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Table 3. Therapeutic Options for CCLE

Local therapy glucocorticosteroids

retinoids

macrolactames

inferferons

laser

cryotherapy

cosmetic surgery

camouflage

Systemic therapy antimalarials

glucocorticosteroids

dapsone

thalidomide

retinoids

interferons

clofazimine

gold

methotrexate

azathioprine

cyclophosphamide

ciclosporin

sulfasalazine

biologics

intravenous immunoglobulins

photopheresis



clobetasol propionate 0.05%, betamethasone dipropionate 0.05%, triamcinolone
acetonide 0.1%, fluocinonide) twice daily for 10–14 days as ointment, fluid
(propylenglykol), tape/occlusive dressing or focal infiltration. Recently, the
successful local application of tazarotene has been reported in a case of DLE
with distinct hyperproliferation (Edwards and Burke 1999). The macrolactame
antibiotics pimecrolimus and tacrolimus have shown beneficial effects upon
topical use in cases of discoid and subacute cutaneous lupus erythematosus
(Chambers 2003, Walker et al. 2002, de la Rosa Carrillo and Christensen 2004).

In more severe cases, antimalarials have been successfully used either
alone or in combination (hydroxychloroqine, chloroquine, quinacrine) espe-
cially in DLE (Drake et al. 1996; Sontheimer and Provost 1996) with a delayed
effect after a treatment period of three to four weeks. Hydroxychloroqine is
usually used first-line starting with 400 mg/d and tapered after four to eight
weeks to 200 mg/d upon clinical improvement. In cases of insufficient re-
sponse, it may be combined with 100 mg/d quinacrine, especially in lupus
profundus and hypertrophicus. Alternatively, chloroquine may be used at
250 mg/d. Glucose-6-phosphate deficiency should be excluded prior to ther-
apy to minimize the risk of idiosyncratic reactions. Otherwise, neurotoxicity
as well as muscular and hepatic toxicity may occur. Retinal toxicity should be
monitored by initial examination of the ocular fundus and thereafter every
6–12 months during therapy. Retinal toxicity is low at daily doses below
4 mg/kg/d hydroxychloroquine (6 mg/kg/d chloroquine) with no apparent
maximal total life time dosis (Ochsendorf and Runne 1996). Recently, the in-
hibitory effect of cigarette smoking on the therapeutic efficacy of antimalari-
als has been demonstrated (Gallego et al. 1999; Jewell and McCauliffe 2000).
This may be explained by induction of hepatic microsomal enzymes leading
to accelerated metabolism of antimalarials. Initially, especially in cases of
high inflammatory activity or generalized disease, antimalarials can be com-
bined with oral glucocorticosteroids well below 1 mg/kg/d prednisolone-
equivalent which should be tapered within two to three weeks. Classical
CCLE will however seldomly require such a regimen.

Dapsone (diaminodiphenylsulfone) may be alternatively used at 100 mg/d
(Drake et al. 1996; Sontheimer and Provost 1996; Wozel 1996). As with
antimalarials, glucose-6-phosphate deficiency should be excluded. Regular
monitoring for methemoglobulinemia, hemolytic anemia as well as hepatic
disturbances should be performed at two week intervals during the first three
to six months of therapy. The incidence and severity of anemia can be re-
duced by adding cimetidin or vitamin C/E.

Thalidomide in a dose of 100 to 200 mg/d or even less, has been shown to
be effective in DLE and especially lupus panniculitis (Drake et al. 1996; Son-
theimer and Provost 1996; Warren et al. 1998; Georgala et al. 1998; Ordi-Ros
et al. 2000; Kyriakis et al. 2000). Peripheral irreversible neuropathy and fa-
tigue present limiting side-effects in up to 50% of the patients. Furthermore,
amenorrhoea may occur (Ordi et al. 1998). Regarding the well-known terato-
genic effects of thalidomide, strict contraception is mandatory. To avoid relap-
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ses, slow reduction of therapeutic doses or longterm treatment with low doses
are recommended.

Retinoids present another therapeutic option in cases of insufficient re-
sponse to above mentioned approaches. All three available compounds (iso-
tretinoin, etretinate, acitretin) have been used in LE, at a dosage of around
1 mg/kg/d (Marks 1995). The teratogenic effects limit their use in women at
childbearing age and require strict contraceptive measures. Apart from that,
dryness of mucous membranes as well as skin, peeling of palms and soles
and transient hair loss especially following intake of etretinate, hepatic dis-
turbances including drug-induced hepatitis, hypertriglyceridemia and hyper-
cholesterinemia as well as phototoxic effects present common and therapy-
limiting side effects.

Controversial results have been reported on the use of interferons in LE.
Both local and systemic interferon-� 2A has successfully been used in SCLE
and DLE (Thivolet et al. 1990; Sontheimer and Provost 1996). However, in-
terferon-� treatment of chronic inflammatory and malignant diseases resulted
in precipitation or exacerbation of SLE (Garcia-Porrua et al. 1998). This po-
tential adverse side effect stresses the importance to distinguish SLE from
CCLE before starting the therapy.

Case reports demonstrated the beneficial effects of clofazimine (100 mg/d),
oral or parenteral gold (cave: mucocutaneous toxicity, hematological, renal
and pulmonary toxicity), methotrexate (Bottomley and Goodfield 1995, Kuhn
et al. 2002), cyclophosphamide and azathioprine. Sulfasalazine at a dose of
up to 2 g/d has also been used successfully (Sabbagh et al. 1997). Novel immu-
nomodulatory substances like ciclosporin (Saeki et al. 2000), leflunomide
(Furst 1999), systemic tacrolimus, fumaric acid, mycophenolate mofetil (Jayne
1999) or humanized antibodies (e.g. anti CD4) (Prinz et al. 1996) have only
anecdotically been used in CCLE or in SLE only. As their efficacy still needs
to be evaluated especially for CCLE they should be used only in cases of dis-
seminated and refractory disease. The advent of “biologics” namely antibod-
ies, fusion proteins and soluble receptors still need to be evaluated in the
context of CCLE (Gescuk and Davis 2002, Isenberg and Leckie 2002). Intra-
venous immunoglobulins have been effective in recalcitrant CCLE as adjuvant
therapy (Callen 2002, Wallace 2002). Recently, positive effects of extracorpo-
real photopheresis have been reported in widespread and recalcitrant DLE
(Richter et al. 1998; Wollina and Looks 1999). The therapeutic use of UV ex-
posure in lupus is still controversial regarding photosensitivity and should be
restricted to individual cases (Millard and Hawk 2001).

UV protection should be performed in all cases of CCLE as supportive
measure. Its stringency does not need to be enforced as strictly as in SCLE in
all but cases of proven UV sensitivity. This includes avoidance of the sun es-
pecially during midday and summer months, wearing of sun-protective cloth-
ing and application of broad-spectrum sun-screen with high UV protection
factor. Titanium dioxide containing sun-screens have become available as
convenient and very efficient physical sun-protection.
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In case of disfiguration camouflage is recommended. Alopecia may be
hidden by ample hair dressing or hair pieces. Surgical approaches including
hair transplantation or cosmetic surgery should only be initiated when in-
flammatory disease activity has totally subsided or was stopped by therapeu-
tic measures. Different approaches with laser therapy (Nunez et al. 1996;
Nurnberg et al. 1996; Walker and Harland 2000) and cryotherapy (Molin
1999) have been used with varying success. However, when therapeutically
applying physical procedures, one has to take into account the possibility of
isomorphic provocation and aggravation of cutaneous disease.

Summary

Skin, to a similar extent as the joints, represents the most common organ in-
volved in LE either as primary manifestation or during the course of disease.
Nonspecific symptoms can be separated from the distinct and specific mani-
festations of acute, subacute and chronic cutaneous LE. The latter may pres-
ent as a disease confined to the skin or as a manifestation of systemic disease.
In several subtypes of CCLE, mild involvement of the internal organs may be
present which does not suffice for diagnosing SLE. The risk of further devel-
opment into systemic disease is, however, present in 5–10% of CCLE. The
pathogenesis of the different CCLE entities is not as conclusive as for ACLE
and SCLE. The impact of photosensitivity is relatively low as are evident sys-
temic autoimmune phenomena like high titered antinuclear antibodies. Sim-
ilar to systemic disease, lesional skin of CCLE is characterized by positive
immune deposits at the dermo-epidermal junction. The six major subtypes of
CCLE can present as solitary disease or combined with other subtypes. These
are discoid lupus erythematosus (DLE), hypertrophic DLE, mucous membrane
DLE, chilblain lupus, lupus tumidus and lupus panniculitis/profundus. In con-
trast to SCLE, lesions tend to show atrophy and scarring. Typical DLE lesions
are represented by sharply demarcated erythematous plaques with hyper-
keratosis and follicular plugging. In lupus panniculitis, deep inflammatory
processes in the dermis and subcutis result in saucer-like defects often asso-
ciated with typical overlying epidermal changes. Entities most intimately as-
sociated with systemic disease are chilblain lupus and lupus panniculitis.
Diagnostic procedures have to substantiate cutaneous and to exclude under-
lying systemic disease. Histological and immunohistochemical examinations
have to be combined with autoimmune serological tests as well as additional
clinical laboratory tests depending on the findings of clinical exams. Accord-
ingly, therapeutic measures depend on the extent of cutaneous involvement
and the accompanying systemic manifestations. Early and aggressive treat-
ment has to prevent irreversible scarring and disfiguration. Local therapy with
glucocorticosteroids, retinoids, laser and cryotherapy may not suffice and has
to be accompanied or substituted by systemic therapy. Antimalarial drugs,
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possibly in combination with short term oral glucocorticosteroids, oral retinoids,
dapsone, thalidomide and supportive UV protection are the most common regi-
mens. Alternatively, clofazimine, gold, interferons, methotrexate and azat-
hioprine may be used.

References

Ackerman AB (1997) Lupus erythematosus. In: Ackerman AB (ed) Histologic diagnosis of in-
flammatory skin diseases. 2nd ed. Williams & Wilkins, Baltmore pp 525–546

Asghar SS, Venneker GT, van Meegen M, Meinardi MM, Hulsmans RF, de Waal LP (1991)
Hereditary deficiency of C5 in association with discoid lupus erythematosus. J Am Acad
Dermatol 24: 376–378

Baima B, Sticherling M (2001) Apoptosis in different manifestations of cutaneous lupus
erythematosus. Br J Dermatol 144: 958–966

Botella R, Alfonso R, Silvestre JF, Ramon R (1999) Discoid lupus erythematosus-like lesions
and stomatitis. Arch Dermatol 135: 847, 850

Bottomley WW, Goodfield MJ (1995) Methotrexate for the treatment of discoid lupus erythe-
matosus. Br J Dermatol 133: 655–656

Burge SM, Frith PA, Juniper RP, Wojnarowska F (1989) Mucosal involvement in systemic and
chronic cutaneous lupus erythematosus. Br J Dermatol 121: 727–741

Callen JP (2002) Management of skin disease in patients with lupus erythematosus. Best
Pract Res Clin Rheumatol 16: 245–264

Caproni M, Palleschi GM, Papi C, Fabbri P (1995) Discoid lupus erythematosus lesions devel-
oped on lupus erythematosus profundus nodules. Int J Dermatol 34: 357–359

Cardinali C, Caproni M, Fabbri P (1999) The utility of the lupus band test on sun-protected
non-lesional skin for the diagnosis of systemic lupus erythematosus. Clin Exp Rheumatol
17: 427–432

Casciola-Rosen LA, Anhalt G, Rosen A (1994) Autoantigens targeted in systemic lupus ery-
thematosus are clustered in two populations of surface structures on apoptotic keratinocy-
tes. J Exp Med 179: 1317–1330

Casiano C, Wu X, Molinaro C (2000) Apoptosis, necrosis, and the genesis of antinuclear anti-
bodies. in: Conrad K, Humbel RL, Meurer M, Shoenfeld Y, Tan EM (eds) Autoantigens
and autoantibodies: diagnostic tool and clues to understanding autoimmunity. Pabst Sci-
ence Publishers, Lengerich, pp 152–186

Chambers CA (2003) Topical tacrolimus for cutaneous lupus erythematosus. Br J Dermatol
148: 829

de Berker D, Dean D, Leigh IM, Burge S (1995) Keratin expression in discoid lupus erythema-
tosus. Exp Dermatol 4: 350–356

de Jong EM, van der Vleuten CJ, van Vlijmen-Willems IM (1997) Differences in extracellular
matrix proteins, epidermal growth and differentiation in discoid lupus erythematosus, li-
chen planus and the overlap syndrome. Acta Derm Venereol 77: 356–360

de la Rosa Carrillo D, Christensen OB (2004)Treatment of chronic discoid lupus erythemato-
sus with topical tacrolimus. Acta Derm Venereol. 84: 233–234

Dekle CL, Mannes KD, Davis LS, Sangueza OP (1999) Lupus tumidus. J Am Acad Dermatol
41: 250–253

Denfeld RW, Kind P, Sontheimer RD, Schöpf E, Simon JC (1997) In situ expression of B7 and
CD28 receptor families in skin lesions of patients with lupus erythematosus. Arthritis
Rheum 40: 814–821

Drake LA, Dinehart SM, Farmer ER, Goltz RW, Graham GF, Hordinsky MK, Lewis CW,
Pariser DM, Skouge JW, Webster SB, Whitaker DC, Butler B, Lowery BJ, Sontheimer RD,
Callen JP, Camisa C, Provost TT, Tuffanelli DL (1996) Guidelines of care for cutaneous
lupus erythematosus. American Academy of Dermatology. J Am Acad Dermatol 34:
830–836

Chronic Cutaneous Lupus Erythematosus 199



Edwards KR, Burke WA (1999) Treatment of localized discoid lupus erythematosus with
tazarotene. J Am Acad Dermatol 41: 1049–1050

Fisher DA, Everett MA (1996) Violaceous rash of dorsal fingers in a woman. Diagnosis: chil-
blain lupus erythematosus (perniosis). Arch Dermatol 132: 459–462

Furst DE (1999) Leflunomide, mycophenolic acid and matrix metalloproteinase inhibitors.
Rheumatology (Oxford) 38: 14–18

Furukawa F, Tokura Y, Matsushita K, Iwasaki-Inuzuka K, Onagi-Suzuki K, Yagi H, Wakita
H, Takigawa M (1996) Selective expansions of T cells expressing V beta 8 and V beta 13 in
skin lesions of patients with chronic cutaneous lupus erythematosus. J Dermatol 23:
670–676

Gallego H, Crutchfield CE 3rd, Lewis EJ, Gallego HJ (1999) Report of an association between
discoid lupus erythematosus and smoking. Cutis 63: 231–234

Garcia-Porrua C, Gonzales-Gay MA, Fernandez-Lamelo F, Paz-Carreira JM, Lavilla E, Gon-
zales-Lopez MA (1998) Simultaneous development of SLE-like syndrome and autoim-
mune thyroiditis following alpha-interferon treatment. Clin Exp Rheumatol 16: 107–108

Georgala S, Katoulis AC, Hasapi V, Koumantaki-Mathioudaki E (1998) Thalidomide treat-
ment for hypertrophic lupus erythematosus. Clin Exp Dermatol 23: 141

George R, Kurian S, Jacob M, Thomas K (1995) Diagnostic evaluation of the lupus band test in
discoid and systemic lupus erythematosus. Int J Dermatol 34: 170–173

Gescuk BD, Davis JC Jr. (2002) Novel therapeutic agents for systemic lupus erythematosus.
Curr Opin Rheumatol 14: 515–521

Golan TD, Sigal D, Sabo E, Shemuel Z, Guedj D, Weinberger A (1997) The penetrating poten-
tial of autoantibodies into live cells in vitro coincides with the in vivo staining of epidermal
nuclei. Lupus 6: 18–26

Hasan T, Stephansson E, Ranki A (1999) Distribution of naive and memory T-cells in
photoprovoked and spontaneous skin lesions of discoid lupus erythematosus and poly-
morphous light eruption. Acta Derm Venereol 79: 437–442

Isenberg D, Leckie MJ (2002) Biological treatments for systemic lupus erythematosus. Scand
J Rheumatol 31:187–191

Jacob CO (1992) Tumor necrosis factor and interferon gamma: relevance for immune regula-
tion and genetic predisposition to autoimmune disease. Semin Immunol 4: 147–154

Jayne D (1999) Non-transplant uses of mycophenolate mofetil. Curr Opin Nephrol Hypertens
8: 563–567

Jewell ML, McCauliffe DP (2000) Patients with cutaneous lupus erythematosus who smoke
are less responsive to antimalarial treatment. J Am Acad Dermatol 42: 983–987

Kanda N, Tsuchida T, Watanabe T, Tamaki K (1996) Clinical features of systemic lupus
erythematosus in men. Characteristics of the cutaneous manifestations. Dermatology 193:
6–10

Kanda N, Tsuchida T, Watanabe T, Tamaki K (1997) Cutaneous lupus mucinosis: a review of
our cases and the possible pathogenesis. J Cutan Pathol 24: 553–558

Kind P, Lehmann P, Plewig G (1993) Phototesting in lupus erythematosus. J Invest Dermatol
100: 53S–57S

Kuhn A, Sonntag M, Richter-Hintz D, Oslislo C, Megahed M, Ruzicka T, Lehmann P (2001)
Phototesting in lupus erythematosus: a 15-year experience. J Am Acad Dermatol 45:
86–95

Kuhn A, Specker C, Ruzicka T, Lehmann P (2002) Methotrexate treatment for refractory sub-
acute cutaneous lupus erythematosus. J Am Acad Dermatol 46: 600–603

Kuhn A, Sonntag M, Ruzicka T, Lehmann P, Megahed M (2003) Histopathologic findings in
lupus erythematosus tumidus: review of 80 patients. J Am Acad Dermatol 48: 901–908

Kundig TM, Trueb RM, Krasovec M (1997) Lupus profundus/panniculitis. Dermatology 195:
99–101

Kyriakis KP, Kontochristopoulos GJ, Panteleos DN (2000) Experience with low-dose thalido-
mide therapy in chronic discoid lupus erythematosus. Int J Dermatol 39: 218–222

Magro CM, Crowson AN, Harrist TJ (1996) The use of antibody to C5b-9 in the subclassifica-
tion of lupus erythematosus. Br J Dermatol 134: 855–862

Marks R (1995) Lichen planus and cutaneous lupus erythematosus. in: Lowe N, Marks R (eds)
Retinoids. A clinician’s guide. Martin Dunitz, London, pp 113–117

200 Michael Sticherling



Martens PB, Moder KG, Ahmed I (1999) Lupus panniculitis: clinical perspectives from a case
series. J Rheumatol 26: 68–72

McCauliffe DP (1998) Distinguishing subacute cutaneous from other types of lupus erythe-
matosus. Lancet 351: 1527–1528

Middleton MH, Norris DA (1995) Cytokine-induced ICAM-1 expression in human keratino-
cytes is highly variable in keratinocyte strains from different donors. J Invest Dermatol
104: 489–496

Millard TP, Hawk JLM (2001) Ultraviolet therapy in lupus. Lupus 10: 185–187
Molin L (1999) Discoid lupus erythematosus lesions treated with cryosurgery. Adv Exp Med

Biol 455: 375–376
Mond CB, Peterson MG, Rothfield NF (1989) Correlation of anti-Ro antibody with photosensi-

tivity rash in systemic lupus erythematosus patients. Arthritis Rheum 32: 202–204
Norris DA, Bennion SD, David-Bajar K (1996) Pathomechanisms of cutaneous lupus erythe-

matosus. In: Wallace DJ, Hahn BH (eds) Dubois’ Lupus Erythematosus. 4th ed. Lea and
Fiebiger, Philadelphia, pp 549–567

Nousari HC, Kimyai-Asadi A, Provost TT (1999) Generalized lupus erythematosus profundus
in a patient with genetic partial deficiency of C4. J Am Acad Dermatol 41: 362–364

Nunez M, Boixeda P, Miralles ES, de Misa RF, Ledo A (1996) Pulsed dye laser treatment of
teleangiectatic chronic erythema of cutaneous lupus erythematosus. Arch Dermatol 132:
354–355

Nurnberg W, Algermissen B, Hermes B, Henz BM, Kolde G (1996) Erfolgreiche Behandlung
des chronisch-diskoiden Lupus erythematodes mit dem Argon Laser. Hautarzt 47:
767–770

Ochsendorf FR, Runne U (1996) Chloroquine: consideration of maximum daily dose (3.5
mg/kg ideal body weight) prevents retinopathy. Dermatology 192: 382–383

Ordi J, Cortes F, Martinez N, Mauri M, De Torres I, Vilardell M (1998) Thalidomide induces
amenorrhea in patients with lupus disease. Arthritis Rheum 41: 2273–2275

Ordi-Ros J, Cortes F, Cucurull E, Mauri M, Bujan S, Vilardell M (2000) Thalidomide in the
treatment of cutaneous lupus refractory to conventional therapy. J Rheumatol 27: 1429–1433

Parodi A, Rebora A (1997) ARA and EADV criteria for classification of systemic lupus
erythematosus in patients with cutaneous lupus erythematosus. Dermatology 194: 217–220

Parodi A, Massone C, Cacciapuoti M, Aragone MG, Bondavalli P, Cattarini G, Rebora A
(2000) Measuring the activity of the disease in patients with cutaneous lupus erythemato-
sus. Br J Dermatol 142: 457–460

Patel PP, Werth V (2002) Cutaneous lupus erythematosus: a review. Dermatol Clin 20: 373–385
Perniciaro C, Randle HW, Perry HO (1995). Hypertrophic discoid lupus erythematosus re-

sembling squamous cell carcinoma. Dermatol Surg 21: 255–257
Prinz JC, Meurer M, Reiter C, Rieber EP, Plewig G, Riethmuller G (1996) Treatment of severe

cutaneous lupus erythematosus with a chimeric CD4 monoclonal antibody, cM-T412. J
Am Acad Dermatol 34: 244–252

Provost TT, Watson R, Simmons-O’Brien E (1996) Significance of the anti-Ro (SS-A) antibody
in evaluation of patients with cutaneous manifestations of a connective tissue disease. J
Am Acad Dermatol 35: 147–169

Richter HI, Krutmann J, Goerz G (1998) Extrakorporale Photopherese bei therapie-refrak-
tärem disseminiertem diskoiden Lupus erythematodes. Hautarzt 49: 487–491

Ruffatti A, Veller-Fornasa C, Patrassi GM, Sartori E, Tonello M, Tonetto S, Peserico A,
Todesco S (1995) Anticardiolipin antibodies and antiphospholipid syndrome in chronic
discoid lupus erythematosus. Clin Rheumatol 14: 402–404

Ruiz H, Sanchez JL (1999) Tumid lupus erythematosus. Am J Dermatopathol 21: 356–360
Rupec RA, Petropoulou T, Belohradsky BH, Walchner M, Liese JG, Plewing G, Messer G

(2000) Lupus erythematosus tumidus and chronic discoid lupus erythematosus in carriers
of X-linked chronic granulomatous disease. Eur J Dermatol 10: 184–189

Sabbagh N, Delaporte E, Marez D, Lo-Guidice JM, Piette F, Broly F (1997) NAT2 genotyping
and efficacy of sulfasalazine in patients with chronic discoid lupus erythematosus. Phar-
macogenetics 7: 131–135

Saeki Y, Ohshima S, Kurimoto I, Miura H, Suemura M (2000) Maintaining remission of lupus
erythematosus profundus (LEP) with cyclosporin A. Lupus 9: 390–392

Chronic Cutaneous Lupus Erythematosus 201



Sonntag M, Lehmann P, Megahed M, Ruzicka T, Kuhn A (2003) Papulonodular mucinosis as-
sociated with subacute cutaneous lupus erythematosus. Dermatology 206: 326–329

Sontheimer RD, Bergstresser PR (1982) Epidermal Langerhans cell involvement in cutaneous
lupus erythematosus. J Invest Dermatol 79: 237–243

Sontheimer RD, Provost TT (1996) Lupus erythematosus. in: Sontheimer RD, Provost TT: Cu-
taneous manifestations of rheumatic diseases. William & Wilkins, Baltimore, pp 1–71

Stein LF, Saed GM, Fivenson DP (1997) T-cell cytokine network in cutaneous lupus erythe-
matosus. J Am Acad Dermatol 36: 191–196

Su WP, Perniciaro C, Rogers RS 3rd, White JW Jr (1994) Chilblain lupus erythematosus (lupus
pernio): clinical review of the Mayo Clinic experience and proposal of diagnostic criteria.
Cutis 54: 395–399

Talbot JH (1993) Historical background of discoid and systemic lupus erythematosus. In:
Wallace DJ, Hahn BH (eds) Dubois’ Lupus Erythematosus. 4th ed. Lea and Fiebiger, Phil-
adelphia, pp 3–12

Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield NF, Schaller JG, Talal N,
Winchester RJ (1982) The 1982 revised criteria for the classification of systemic lupus
erythematosus. Arthritis Rheum 25: 1271–1277

Tan EM (1994) Autoimmunity and apoptosis. J Exp Med 179: 1083–1086
Tebbe B, Mansmann U, Wollina U, Auer-Grumbach P, Licht-Mbalyohere A, Arensmeier M,

Orfanos CE (1997) Markers in cutaneous lupus erythematosus indicating systemic in-
volvement. A multicenter study on 296 patients. Acta Derm Venereol 77: 305–308

Thivolet J, Nicolas JF, Kanitakis J, Lyonnet S, Chouvet B (1990) Recombinant interferon al-
pha 2a is effective in the treatment of discoid and subacute cutaneous lupus erythemato-
sus. Br J Dermatol 122: 405–409

Ting WW, Sontheimer RD (2001) Local therapy for cutaneous and systemic lupus erythemato-
sus: practical and theoretical considerations. Lupus 10: 171–184

Uy HS, Pineda R 2nd, Shore JW, Polcharoen W, Jakobiec FA, Foster CS (1999) Hypertrophic
discoid lupus erythematosus of the conjunctiva. Am J Ophthalmol 127: 604–605

Volc-Platzer B, Anegg B, Milota S, Pickl W, Fischer G (1993) Accumulation of gamma delta T
cells in chronic cutaneous lupus erythematosus. J Invest Dermatol 100: 84S–91S

Walker SL, Harland CC (2000) Carbon dioxide laser resurfacing of facial scarring secondary
to chronic discoid lupus erythematosus. Br J Dermatol 143: 1101–1102

Walker SL, Kirby B, Chalmers RJ. (2002) The effect of topical tacrolimus on severe recalci-
trant chronic discoid lupus erythematosus. Br J Dermatol 147: 405–6

Wallace DJ (2002) Management of lupus erythematosus: recent insights. Curr Opin Rheuma-
tol 14: 212–219

Warren KJ, Nopper AJ, Crosby DL (1998) Thalidomide for recalcitrant discoid lesions in a pa-
tient with systemic lupus erythematosus. J Am Acad Dermatol 39: 293–295

Watanabe T, Tsuchida T (1995) Classification of lupus erythematosus based upon cutaneous
manifestations. Dermatological, systemic and laboratory findings in 191 patients. Derma-
tology 190: 277–283

Watanabe T, Tsuchida T (1996) Lupus erythematosus profundus: a cutaneous marker for a
distinct clinical subset? Br J Dermatol 134: 123–125

Watanabe T, Tsuchida T, Ito Y, Kanda N, Ueda Y, Tamaki K (1997) Annular erythema associ-
ated with lupus erythematosus/Sjogren’s syndrome. J Am Acad Dermatol 36: 214–218

Williams WL, Ramos-Caro FA (1999) Acute periorbital mucinosis in discoid lupus erythema-
tosus. J Am Acad Dermatol 41: 871–873

Wollina U, Looks A (1999) Extracorporeal photochemotherapy in cutaneous lupus erythema-
tosus. J Eur Acad Dermatol Venereol. 13: 127–130

Wozel G (1996) Dapson – Pharmakologie, Wirkmechanismus und klinischer Einsatz. Thieme
Stuttgart, New York 1996

202 Michael Sticherling



5.2 Subacute Cutaneous and Systemic
Lupus Erythematosus

Donna M. Pellowski, Jane E. Kihslinger, and
Richard D. Sontheimer

Definition and Classification

Lupus erythematosus (LE) is a polyclonal T and B lymphocyte autoimmune
disease thought to result from a complex interplay of genetic and environ-
mental factors. Clinical expression of LE ranges in continuum from minor cu-
taneous lesions to life-threatening vital organ dysfunction. Throughout this
continuum skin manifestations are variable and common. In 1981 Gilliam and
Sontheimer developed a classification system that divides lesions into LE
specific and LE non-specific cutaneous disease. LE specific cutaneous dis-
ease includes three clinically, immunologically and genetically distinct
disorders: acute cutaneous LE (ACLE), subacute cutaneous LE (SCLE) and
chronic cutaneous LE (CCLE). Histopathological differentiation between es-
pecially the first two disorders can be difficult.

This chapter focuses on the clinical features of SCLE and its manage-
ment. SCLE is clinically characterized by nonscarring, nonindurated, erythe-
matous, papulosquamous and/or annular skin lesions occurring in a symmetric,
photodistributed pattern. Patients with SCLE tend to exhibit milder systemic
symptoms than those with unselected systemic LE (SLE). Although not man-
datory for diagnosis, the majority of SCLE patients produce anti-Ro/SSA auto-
antibodies.

Epidemiology

SCLE patients comprise approximately 3–32% of worldwide LE populations
with the lowest reported rates in Korean and Chinese populations (Sontheimer



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

Etiology and Pathomechanisms

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

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

A distinct extended haplotype called the “high human immune responder”
8.1 ancestral haplotype (A*01, B*08, DRB1*0301, DQB1*0201, TNFAB*a2b3,
C2*C) has also been linked with anti-Ro/SSA production (Price et al. 1999,
Lio et al. 2001). Located on human chromosome 6, the 8.1 ancestral haplotype
is in linkage disequilibrium with the gene for tumor necrosis factor-alpha
(TNF-�), an important proinflammatory mediator of the cutaneous innate
immune response. A single nucleotide polymorphism in the promoter region
of TNF-� G-308A, has been found to be associated with the SCLE pheno-
type (Werth et al. 2000, Millard et al. 2001a). Following exposure to UVB
radiation in the presence of IL-1�, this promoter polymorphism produced
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exaggerated levels of TNF-� in human keratinocytes, which may have a prim-
ing effect on the adaptive component of the LE autoimmune response (Werth
et al. 2000).

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

Environmental Factors

Photosensitivity. Photosensitivity is seen in the majority of SCLE patients. UV
light can induce the release of inflammatory mediators such as IL-1, TNF-�,
IL-10 and oxygen free radicals at the level of the epidermis and dermis. In
addition to natural light, cutaneous LE lesions have been provoked by expo-
sure to psoralen with UVA (Dowdy et al. 1989; McGrath et al. 1990), UVB via
unshielded fluorescent light (Rihner and McGrath 1992; Kuhn et al. 2001),
radiation therapy (Balabanova et al. 1997), and even photocopier light (Klein
et al. 1995). In addition, many drugs which have been reported to induce SCLE
lesions often have photosensitization as a side effect of their use. Several re-
searchers have used standardized phototesting protocols which involve ex-
posing specific patches of skin to precise amounts of UVR or natural light in
order to demonstrate photosensitivity in these patients (Sanders et al. 2003;
as reviewed in Kuhn et al. 2001). One such study was able to diagnose photo-
sensitivity in 100% of SCLE patients despite the use of steroids, antimalarials,
or methotrexate in several patients tested (Sanders et al. 2003). Their testing
also demonstrated that the majority of skin reactions appeared after more
than a 1-week delay, which the authors postulated, could explain why many
patients who reported a negative history of photosensitivity were found to
have a positive phototest. This evidence reaffirmed the need to encourage
all SCLE patients to use photoprotective measures despite history.
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Drugs. Several drugs are associated with the induction of SCLE lesions
(Table 1). Thiazide diuretics (Reed et al. 1985; Fine 1989; Parodi et al. 1989;
Brown and Deng 1995), calcium channel blockers (Crowson and Magro 1997;
Gubinelli et al. 2003; Marzano et al. 2003a) and angiotensin-converting en-
zyme (ACE) inhibitors (Patri et al. 1985; Fernandez-Diaz et al. 1995) have
most commonly been reported. Others include spironolactone (Leroy et al.
1987), interferon beta-1a (Nousari et al. 1998), procainamide (Sheretz 1988),
d-penicillamine (Sontheimer 1989), sulfonylureas (Sontheimer 1989), terbina-
fine (Brooke et al. 1998; Callen et al. 2001; Bonsmann et al. 2001), oxprenolol
(Gange and Levene 1979), griseofulvin (Miyogawa et al. 1994), naproxen
(Parodi et al. 1992), piroxicam (Roura et al. 1991), phenytoin (Ross et al. 2002),
etanercept (Bleumink et al. 2001) and PUVA (McGrath et al. 1990). The com-
bination of the antihistamines cinnarizine and thiethylperazine was cited as
the cause of annular SCLE lesions in one patient (Toll et al. 1998). Personal
anecdotal experience has suggested acid inhibitors such as omeprazole and
ranitidine may also be a trigger for SCLE (RDS). Some hypothesize that hor-
mones play a significant enough role in SCLE and that it may be reasonable
to recommend that cutaneous LE patients avoid estrogen-containing contra-
ceptives (Tebbe and Orfanos 1997). However, no cases of SCLE have been
reported as a result of oral estrogen use. A recent retrospective study showed
an association between certain medications and the onset of disease in 15 of
70 patients with Ro positive cutaneous lupus (Srivastava et al. 2003). Antihy-
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Table 1. Medications that May Induce SCLE Lesions

Diuretics Thiazides Antimicrobials Griseofulvin

Spironolactone Terbinafine

Calcium Channel Blockers Diltiazem Antihistamines Cinnarizine/

Verapamil Thiethylperazine

Nifedipine

Nitrendipine

ACE inhibitors Captopril Sulfonylureas Glyburide

Cilazapril

Acid Blockers Ranitidine Chemotherapy Taxotere

Omeprazole

NSAIDS Naproxen Others Interferon beta-1a

Piroxicam Interferon alfa

Etanercept

Phenytoin

Beta Blockers Oxprenolol Procainamide

d-penicillamine

Lipid-lowering Pravastatin Psoralen-UVA

Simvastatin Insecticides



pertensives were most commonly identified as possible triggers, in addition
to statins, interferon alfa, and interferon beta. In that review, clinical disease
began between 4 and 20 weeks, and improved 6–12 weeks after discontinu-
ation of the offending drug.

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

Cutaneous Manifestations

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

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

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

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

SCLE patients may have other LE specific skin lesions. Localized ACLE
not uncommonly occurs in the setting of SCLE and is characterized by an
erythematous, edematous malar rash in a butterfly pattern that usually spares
the nasolabial folds (Sontheimer 1989). Localized ACLE is usually more tran-
sient than SCLE and usually heals without scarring or pigmentary changes.
Sontheimer has anecdotally suggested that the individuals who developed
ACLE following SCLE might be predisposed to eventually developing find-
ings of SLE such as nephritis (Sontheimer 1989).

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

SCLE patients may also have LE nonspecific skin findings. The most com-
mon are diffuse alopecia, mucositis, livedo reticularis, periungual telangiec-
tasias, small vessel vasculitis, Raynaud’s phenomenon, cutaneous sclerosis
(Sontheimer 1989), and red lunulae (Wollina et al. 1999). Dystrophic calcinosis
cutis (Marzano et al. 1999), multiple HPV-11 cutaneous squamous cell carci-
nomas (Cohen et al. 1992), and erythema gyratum repens, a rare paraneoplastic
eruption (Hochedez et al. 2001), have been case reported.

Systemic Disease

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

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

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

SCLE has been associated with various malignancies and some authors
have suggested that SCLE is a paraneoplastic dermatosis (Brenner et al. 1997).
Reported malignancies include lung, gastric, breast, uterine and hepatocel-
lular carcinoma (Brenner et al. 1997, Ho et al. 2001), Hodgkin’s disease
(Castenet et al. 1995), malignant melanoma (Modley et al. 1989), and mening-
ioma (Richardson and Cohen 2000). The significance of these anecdotal ob-
servations remains to be determined and the authors do not routinely screen
new SCLE patients for occult malignancy.
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SCLE has been associated with a myriad of other diseases. Polymorphic
light eruption (PLE), an inherited photosensitivity disorder, has frequently
been associated with SCLE and they may have a common genetic predispo-
sition (Millard et al. 2001b). Two-thirds of SCLE cohorts develop PLE and PLE
cohorts have an increased relative risk of SCLE (Millard et al. 2001b). Case
reports of porphyria cutanea tarda (Camp and Davis 1997), Sweet’s syndrome
(Goette 1985), Crohn’s disease (Ashworth 1992), gluten sensitive enteropathy
(Messenger and Church 1986), and X-linked Chronic Granulomatous Disease
Carrier Status (Cordoba-Guijarro et al. 2000) have been associated with SCLE.
Because of the infrequency of the latter reports, they may be incidental.

Differential Diagnosis

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

Laboratory Findings

Serology. Whereas various autoantibodies have been found in SCLE cohorts,
the Ro/SS-A autoantibody is the characteristic laboratory marker. Anti-Ro/
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SSA is present in approximately 70% of SCLE cohorts by the classical Ouchter-
lony double immunodiffusion technique (Sontheimer 1989; Lee et al. 1994;
Chlebus et al. 1998; Parodi et al. 2000) with its frequency ranging from 40–82%
depending on the method of assay. ELISA (enzyme-linked immunosorbent
assay) has been shown to be the most sensitive test for determining Ro/SS-A
autoantibodies (Lee et al. 1994) and is the assay technique currently used in
most clinical laboratories in the USA. Unfortunately, up to 10% of the normal
population demonstrate Ro antibodies by such commercial ELISA techniques.
Anti-La/SS-B usually occurs with less frequency and is seldom seen in the
absence of anti-Ro/SS-A. Anti-nuclear antibody (ANA) tested with human
substrate was found in 60–88% of SCLE cohorts and less frequent when ani-
mal substrate was used (Callen and Klein 1988; Herrero et al. 1988; Ng et al.
2000; Reichlin 2000). Other autoantibodies are present with varying frequen-
cies in SCLE (Table 2).

Miscellaneous laboratory. Particularly if they have concomitant SLE, many
SCLE patients have laboratory abnormalities including leukopenia, lymphocy-
topenia (Wenzel et al. 2002), thrombocytopenia, anemia, elevated erythrocyte
sedimentation rate, elevated BUN and creatinine, hypergammaglobulinemia,
proteinuria, hematuria, and urine casts. Complement levels may be depressed
as a result of either genetic deficiency or consumption secondary to immune
complex formation.

Histopathology

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

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

Nieboer et al. (1988) observed a distinctive “dust-like particle” pattern of
IgG deposition near the DEJ of lesional skin in 30% of SCLE patients. Valeski
et al. (1992) correlated this pattern with the presence of Ro/SSA autoantibo-
dies. However, Lipsker et al (1998) retrospectively reviewed 4374 cutaneous
DIF specimens and found a dust-like particle pattern in only 66 specimens
from 60 individuals. Of those 60 persons 85% had some form of connective
tissue disease, 53% had SCLE and 36% had Ro/SSA antibodies. Lipsker et
al. concluded that whereas these particles are highly suggestive of connec-
tive tissue disease in general, the dust-like pattern is not specific for SCLE.
Furthermore, since some investigators have not been able to appreciate this
DIF pattern due probably to differences in immunofluorescence microscopy
techniques, its meaning remain controversial (David-Bajar and Davis 1997).
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Table 2. Serological Findings in Patients with SCLE

Serology Frequency range (percent)

ANA 60–88

Anti-Ro/SS-A 40–82

Anti-La/SS-B 12–71

Anti-dsDNA 1–33

Anti-U1RNP 0–53

Anti-Sm 0–12

Anticardiolipin 10–16

Rheumatoid factor 36–48

VDRL (false positive) 7–33

Antithyroid 18–44

Antilymphocyte 33

Data obtained from Sontheimer et al. (1982); Sontheimer (1989); Johansson- Stephensson et al.
(1989); Marschalko et al. (1989); Konstadoulakis et al. (1993); Cohen and Crosby (1994);
Chlebus et al. (1998); Parodi et al. (2000); Ng et al. (2000); Wenzel et al.(2000) and Black et al.
(2002)



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

Evaluation and Management

Effective management of SCLE patients relies upon adequate baseline eval-
uation and ongoing surveillance during treatment. The initial history and phys-
ical should include a comprehensive review of systems in order to uncover
evidence of systemic disease. Additionally, laboratory workup should include
a complete blood count with differential, platelet count, erythrocyte sedi-
mentation rate, urinalysis, and blood chemistry profile. In addition to histo-
pathology and ANA, Ro/SS-A autoantibodies, determination of C3, C4 and
CH50 may also be helpful depending on clinical symptoms. Follow-up inter-
vals for re-examination and laboratory monitoring should be customized to
the individual patient as well as selected treatment modality.

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

Local Therapy

Protection from UV exposure. The importance of avoiding direct sunlight es-
pecially during midday hours and summer months should be stressed. A rel-
atively lower danger from UV radiation while outdoors can be realized if one’s
shadow is longer than one is tall. SCLE patients should also be advised to
avoid use of artificial tanning devices. Tightly woven clothing and broad-
brimmed hats should be worn when outdoors. Specialty clothing lines which
offer maximal UV protection are currently being marketed over the internet

214 Donna M. Pellowski et al.



for those anticipating prolonged sun exposure. Examples of internet sites in-
clude www.sunprecautions.com, www.sunproof.com and www.sunprotecti-
veclothing.com.

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

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

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

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

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

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

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

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

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

Retinoids. The synthetic retinoids, isotretinoin and acitretin, have been
shown to significantly improve SCLE lesions in doses of 1/2–1 mg/kg/day
(Furner 1990b; Richardson and Cohen 2000). Their long-term use may be
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limited by the potential for teratogenicity, mucocutaneous dryness, photo-
sensitivity, hepatitis, hypertriglyceridemia, mood alteration, psuedotumor
cerebri, and bony changes consistent with diffuse idiopathic skeletal hyper-
ostosis (DISH) syndrome.

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

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

Immune regulation. Five patients, including one SCLE patient with re-
fractory cutaneous LE, who received infusions of chimeric CD4 monoclonal
antibody showed improvement and became more responsive to conventional
treatments (Prinz et al. 1996). Intravenous immunoglobulin may lead to im-
provement of cutaneous LE lesions (Genereau et al. 1999; Goodfield et al. 2004),
but its study and use is limited mostly by cost-prohibitiveness. Recombinant
IFN-� 2a, allowed a complete response in two of four SCLE patients (Thivolet
et al. 1990). However, the use of IFN-� has also been associated with the in-
duction and/or exacerbation of SCLE (Srivistava et al. 2003) and SLE. Cau-
tion should therefore be used in this setting.

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

Other. Two antineoplastic drugs, cyclophosphamide and cytarabine, were
beneficial in refractory SCLE (Schulz and Menter 1971; Yung and Richard-
son 1995). Although sulfasalazine, phenytoin, danazol, dehydroepiandrosterone
sulfate (DHEAS) and cefuroxime axetil have all been suggested in the treat-
ment of cutaneous lupus, they have not been effectively used by the authors.

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

Prognosis

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

Jeffrey P. Callen

Introduction

Dermatomyositis (DM) is one of the idiopathic inflammatory myopathies (IIM)
(Callen 2000; Plotz et al. 1995; Targoff 1991). In 1975, Bohan and Peter pub-
lished a classical article that first suggested a set of criteria to aid in the diag-
nosis and classification of DM and polymyositis (PM). Four of the five criteria
related to the muscle disease: 1) progressive proximal symmetrical weak-
ness 2) elevated muscles enzymes, 3) an abnormal electromyogram and 4)
an abnormal muscle biopsy, while the fifth was the presence of compatible
cutaneous disease. It was felt that DM differed from PM only by the presence
of cutaneous disease. Recent studies of the pathogenesis of the myopathy
have been controversial, some suggesting that the myopathies in DM and
PM are pathogenetically different with DM being due to a vascular inflamma-
tion (Kuru et al. 2000) while other studies of cytokines suggest that the pro-
cesses are similar (Wanchu et al. 1999; Shimizu et al. 2000; Sugiura et al. 2000;
Nyberg et al. 2000). There has been a renewed interest in the pathogenetic
mechanisms involved in the myopathy with recent studies revealing abnor-
mal levels of nitric oxide, elevation of circulating tumor necrosis factor recep-
tors, elevated soluble CD40 expression, and increased expression of interleukin
1-alpha within the muscle. The pathogenesis of the cutaneous disease is
poorly understood.

Classification and Clinical Appearance

Classification

Bohan and Peter (1975) suggested five subsets of myositis – DM, PM, myositis
with cancer, childhood DM/PM, and myositis overlapping with another col-
lagen-vascular disorder. In a subsequent publication, Bohan et al. (1977) noted



that cutaneous disease may precede the development of the myopathy, how-
ever it was only recently recognized that another subset of patients with dis-
ease that only affects the skin (amyopathic dermatomyositis) [ADM] or DM-sine
myositis may occur (Euwer and Sontheimer 1991). A seventh subset known as
inclusion body myositis (IBM) has more recently been recognized (Sayers et
al. 1992). Perhaps there is an eighth group in which characteristic cutaneous
disease is drug-induced (Dourmishev and Dourmishev 1999). Finally, Son-
theimer has proposed another subset that classifies patients as hypomyopa-
thic dermatomyositis when skin disease is present with subtle muscle disease
evident with studies other than enzymatic analysis and a post-myopathic
DM for those patients in whom the myositic component of the disease resolves
while the skin disease remains active (Sontheimer 2002).

Cutaneous Manifestations

The characteristic and possibly pathognomonic cutaneous features of DM are
the heliotrope rash and Gottron’s papules. The heliotrope rash consists of a
violaceous to dusky erythematous rash with or without edema in a symmetri-
cal distribution involving periorbital skin (Fig. 1). Sometimes this sign is quite
subtle and may involve only a mild discoloration along the eyelid margin. A
heliotrope rash is rarely observed in lupus erythematosus (LE) and sclero-
derma. Occasionally patients may be felt to have angioedema or dermatitis.

Gottron’s papules are found over bony prominences, particularly the meta-
carpophalangeal joints, the proximal interphalangeal joints, and/or the distal
interphalangeal joints (Fig. 2). They may also be found overlying the elbows,
knees and/or feet. The lesions consist of slightly elevated, violaceous papules
and plaques. There may be a slight scale and on some occasions there is a
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Fig. 1. Facial erythema with periorbital edema are present in this woman with dermatomyositis.
The periorbital changes represent the heliotrope eruption



thick psoriasiform scale. Within the lesions, there is often telangiectasia. These
lesions may be clinically confused with lesions of LE, or, at times, with papu-
losquamous disorders, such as psoriasis or lichen planus. Routine histopa-
thological evaluation will aid in the differentiation from psoriasis of lichen
planus, but cannot reliably distinguish the cutaneous lesions of DM from those
of LE.

Several other cutaneous features are characteristic of the disease despite
not being pathognomonic. They include malar erythema, poikiloderma in a
photosensitive distribution, violaceous erythema on the extensor surfaces, and
periungual and cuticular changes. Nailfold changes consist of periungual
telangiectasia and/or a characteristic cuticular change with hypertrophy of
the cuticle and small, hemorrhagic infarcts with this hypertrophic area. Peri-
ungual telangiectasia may be clinically apparent or may be appreciated only
by capillary microscopy. Poikiloderma (the combination of atrophy, dyspig-
mentation and telangiectasia) may occur on exposed skin such as the extensor
surfaces of the arm, the ‘V’ of the neck (Fig. 3) or the upper back (Shawl sign).
Patients rarely complain of photosensitivity, despite the prominent photodis-
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Fig. 2. Gottron’s papules. Erythematous scaly plaques are present on the dorsal hands,
particularly over the bonfy prominences (MCP, PIP and DIP joints). There is also marked

periungual telangiectasia and cuticular overgrowth



tribution of the rash. This photosensitive poikilodermatous eruption may be
difficult to differentiate from LE. Facial erythema may also occur in DM. This
change must be differentiated from LE, rosacea, seborrheic dermatitis or atopic
dermatitis. Scalp involvement in dermatomyositis is relatively common and
is manifest by an erythematous to violaceous, psoriasiform dermatitis (Kasteler
and Callen 1994). Clinical distinction from seborrheic dermatitis or psoriasis
is occasionally difficult, but histopathologic evaluation is helpful. Nonscar-
ring alopecia may occur in some patients and often follows a flare of the sys-
temic disease. Lastly, recent reports have detailed the finding of gingival
telangiectasia (Ghali et al. 1999) and angiokeratomas (Shannon and Ford 1999)
in children with DM.

DM-sine myositis, also known as amyopathic DM (ADM), is diagnosed in
patients with typical cutaneous disease in whom there is no evidence of mus-
cle weakness and who repeatedly have normal serum muscle enzyme levels
(Bohan et al. 1977; Rockerbie et al. 1989; Stonecipher 1993; Cosnes et al. 1995).
Some patients with ‘ADM’ when studied will have an abnormal ultrasound,
magnetic resonance imaging or muscle biopsy. These patients have muscle
involvement, and may be better classified as hypomyopathic DM (Sonthei-
mer 2002). Since many of the ADM patients are not evaluated beyond clini-
cal and enzymatic studies, many feel that the ADM patient represents a
systemic process requiring systemic therapies. There are also a fair number
of patients whose myositis resolves following therapy, but whose skin disease
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Fig. 3. Poikiloderma of the upper chest in a patient with dermatomyositis



remains as an active, important feature of the disease. These patients are
called Post-myopathic DM, and the skin is their major and often only mani-
festation of the disease. There is also a small subset of patients who never
develop myositis, despite having prominent cutaneous changes, and it is these
patients who can be classified as amyopathic DM assuming that they have
not received systemic corticosteroids or immunosuppressive agents.

Patients with DM are at times difficult to distinguish from patients with
subacute cutaneous lupus erythematosus (SCLE). The lesions of DM differ
slightly in their distribution, occurring more over bony prominences, and they
are frequently accompanied by severe pruritus; whereas LE lesions tend to
occur between the knuckles and are usually asymptomatic. Routine skin bi-
opsy is not helpful in the distinction between LE and DM. Immunofluores-
cence microscopy (IF) should be negative in DM and positive in LE, however,
about 50% of SCLE patients have a negative IF, and IF may be falsely posi-
tive on sun-exposed skin. Serologic testing is also imperfect, since only 25%
of DM patients are Mi2 positive, and on a single testing only 60–70% of SCLE
patients are Ro (SS-A) antibody positive.

The skin lesions of DM are probably photoaggravated despite the lack of
symptoms suggestive of photosensitivity reported by patients (Cheong et al.
1994). Clinical observations suggest that not only is the skin disease exacer-
bated by light, but muscle disease may be worsened after sun exposure (Woo
et al. 1985; Callen 1993; Zuber et al. 1996; Callen 1999). However, phototesting
has not been able to reliably reproduce the skin lesions, thus, the wave-
length of light that is responsible for the clinical manifestations (action spec-
trum) is not known.

Rare cutaneous manifestations include vesiculobullous lesions (McCollough
and Cockerell 1998), an eruption that simulates pityriasis rubra pilaris (Requena
et al. 1997), a flagellate erythema (Nousari et al. 1999), vasculitis, erosive le-
sions, as well as an exfoliative erythroderma. In small case series it has been
suggested that some of these cutaneous manifestations may be more com-
mon in patients with an associated malignancy.

Skin lesions of DM may precede the development of myopathy and may
persist well after the control and quiescence of the myositis. Patients skin le-
sions may flare with sun exposure, but only some of these patients will have
a flare of their muscle involvement. Thus, in many instances the course of the
skin lesions does not parallel that of the muscle disease.

A variety of other cutaneous lesions have been described in patients with
DM or PM that do not reflect the interface changes observed histopathologi-
cally with the pathognomonic or characteristic lesions. These include pannicu-
litis, plaque-like mucinosis (Fig. 4) (Abernethy et al. 1996; Kaufman et al. 1998),
a flagellate eruption (Nousari et al. 1999), urticaria, as well as changes of hyper-
keratosis of the palms known as mechanics hands. Lastly, children with DM
may develop calcinosis, but in addition insulin-resistance and lipodystrophy
has recently been reported as a relatively common complication despite ade-
quate therapy (Heumer et al 2001).
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Muscle Disease

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

Systemic Features

Dermatomyositis is a multisystem disorder (Spiera and Kagen 1998). Arthral-
gias and/or arthritis may be present in up to one fourth of patients with in-
flammatory myopathy. The usual picture is one of generalized arthralgias
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Fig. 4. Papular mucinosis-like lesions in a patient with dermatomyositis. Prominent papular
lesions are present within the poikilodermatous eruption. Histopathology revealed deposition

of massive amounts of mucin in the dermis



accompanied by morning stiffness. The small joints of the hands, wrists, and
ankles may be involved with a symmetrical nondeforming arthritis.

Esophageal disease as manifested by dysphagia is estimated to be pres-
ent in 15% to 50% of patients with inflammatory myopathy. The dysphagia
can be of two types: proximal dysphagia or distal dysphagia. Proximal dyspha-
gia is caused by involvement of striated muscle in the pharynx or proximal
esophagus. This involvement correlates well with the severity of the muscle
disease and is steroid-responsive. Distal dysphagia is related to involvement
of nonstriated muscle and appears to be more frequent in patients who have
an overlap with scleroderma or another collagen vascular disorder. Dyspha-
gia is associated with a poor prognosis and correlates with the presence of
pulmonary involvement.

Pulmonary disease occurs in dermatomyositis and polymyositis in ap-
proximately 15% to 30% of patients (Marie et al. 1998). Interstitial pneumo-
nitis is a primary process observed in DM/PM. It is more frequent in patients
with esophageal involvement. Lung disease may also occur as a direct com-
plication of the muscle disease, such as hypoventilation or aspiration in pa-
tients with dysphagia, or may be a result of treatment, as with opportunistic
infections or drug-induced hypersensitivity pneumonitis. In a retrospective
review of 70 patients with myositis associated interstitial lung disease seen at
Mayo Clinic between 1990 and 1998, most of the patients presented with ei-
ther symptoms of lung disease or symptoms of myositis alone, with only 15 in
whom the involvement occurred simultaneously (Douglas et al 2001). In gen-
eral, the lung disease was at first felt to be a pneumonitis that was antibiotic
resistant. Biopsy of the lung revealed non-specific interstitial pneumonitis or
diffuse alveolar damage in a majority of those who were biopsied. Only two
patients had bronchiolitis obliterans organizing pneumonia (BOOP). It is un-
clear how many of the patients had dermatomyositis, but perhaps between 8
and 12. Therapy included corticosteroids with or without an immunosup-
pressive agent and the prognosis is poorer for these patients than unselected
patients with myositis as demonstrated by a 5-year survival of 60.4%. Pa-
tients with Jo-1 antibodies (19 of 50 who were tested) had roughly the same
features and prognosis as those who did not have this antibody.

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

Calcinosis of the skin or muscle is unusual in adults but may occur in up to
40% of children or adolescents with DM. Calcinosis cutis is manifested by firm,
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yellow or flesh-colored nodules, often over bony prominences. Occasionally,
these nodules can extrude through the surface of the skin, in which case sec-
ondary infection may occur. Calcification of the muscles is often asymptom-
atic and may be seen only on radiological examination. In severe forms, the
calcinosis can cause loss of function, and, rarely bone formation is possible.

Myositis and Malignancy

The relationship of DM-polymyositis to malignancy has been recently clari-
fied (Hill et al. 2001). The reported frequency of malignancy in dermatomyo-
sitis has varied from 6% to 60% with most large population-based cohort
studies revealing a frequency of about 20–25%.

Several Scandinavian studies have documented the increased frequency
of malignancy in DM over the general population (Siguregeirsson et al. 1992;
Chow et al. 1995; Ario et al. 1995; Hill et al. 2001). While polymyositis pa-
tients had a slight increase in cancer frequency; it was not highly significant
and could be explained by a more aggressive cancer search (known as diag-
nostic suspicion bias). These studies have not dealt with the amyopathic DM
subset, but data from Mayo Clinic suggests that these patients may also have
an associated malignancy (el-Azhary and Pakzad 2002). Malignancies may
occur prior to the onset of myositis, concurrently with myositis, or after the
onset of DM. In addition, the myositis may follow the course of the malignancy
(a paraneoplastic course) or may follow its own course independent of the
treatment of the malignancy. Studies demonstrating benefits of cancer sur-
gery on myositis as well as those showing no relationship of the myositis to
the malignancy have been reported.

A wide variety of malignancies have been reported in patients with DM.
Gynecologic malignancy, in particular ovarian carcinoma may be overrepre-
sented in DM (Whitmore et al. 1994; Hill et al. 2001). Asians with DM are of-
ten found to have nasopharyngeal cancer (Peng et al. 1995). In the recent
analysis of combined data from Scandinavia, Hill et al. (2001) again noted
the increased association of ovarian cancer, but also noted increases in lung,
pancreatic, stomach, colorectal cancer and non-Hodgkin’s lymphoma. Ma-
lignancy is more common in older patients (> 50 years) (Marie et al. 1998;
Pautas et al. 2000), but reports of young adults and rarely even children with
DM have appeared, suggesting that age alone should not dissuade the phy-
sician from a careful evaluation (see below). The site of malignancy can be
predicted by the patient’s age (e.g., malignancy in a young man is more of-
ten testicular cancer, whereas, in an elderly male, colon or prostate cancer
would be more common). In the past, there was concern about whether the
use of immunosuppressive therapies would predispose the patient to an ex-
cess cancer risk. This has not proven to be the case with most cancers being
reported within the first three years following diagnosis.
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Juvenile (Childhood) Dermatomyositis (JDMS)

DM is much more common than polymyositis in children and adolescents
(Pachman 1995). A fulminant course may be present, but most often the on-
set is indolent and children are first thought to have viral infections or der-
matitis. Delayed diagnosis is more common in the non-white population. Often
JDMS is characterized as a vasculitis, but the major difference of JDMS from
adult DM is the greater potential for calcinosis. A recent report detailed the
chronic nature of this disease in children, with many patients requiring ther-
apy to suppress their disease activity more than three years after diagnosis
(Huber et al. 2000). In addition, it was noted that the development of calcinosis
was not related to initial therapy, but was associated with a lower score on an
assessment instrument of physical function. Pachman et al. (2000) linked the
presence of calcinosis and a prolonged course of disease with TNF-308A al-
lele in their patients with juvenile DM.

Drug-Induced Dermatomyositis

The etiology of most cases of DM is unknown, however, in a small number of
patients, the cutaneous manifestations are due to, or are exacerbated by drugs.
This has been best documented for hydroxyurea in which de-challenges and
re-challenges have been performed (Daoud et al. 1997; Marie et al. 2000, Dacey
and Callen 2003). However, quinidine, non-steroidal anti-inflammatory drugs,
D-penicillamine, and HMG-CoA-reductase inhibitors have also been linked
on occasion to DM (Dourmishev and Dourmishev 1999).

Diagnosis and Evaluation of the Patient
with Dermatomyositis

The diagnosis of DM is suspected in patients with clinically compatible cuta-
neous findings. Exclusion of other possible cutaneous conditions is aided by
skin biopsy and the recognition of muscle involvement. In the absence of iden-
tifiable myopathy, the differentiation from cutaneous LE may be difficult.
Muscle weakness may be caused by many other disorders including toxins,
infections, metabolic abnormalities, and neurologic disorders (Wortmann 2000).
However, the presence of characteristic skin lesions allows the diagnosis to
be more firmly established.

Muscle involvement is suspected clinically. Enzymatic testing will reveal
elevations of creatine kinase, aldolase, lactic dehydrogenase or ALT. The CK
seems most specific and most widely available and is a useful test for follow-
ing response to therapy. Additional testing including electromyography (EMG),
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muscle biopsy, ultrasound or MR imaging may be ordered in patients in whom
other tests are inconclusive (Garcia 2000).

Serologic tests are often ordered, but their clinical application is at best
controversial. Antinuclear antibody testing is frequently positive in DM pa-
tients. Several myositis-specific antibodies (MSAs) have been recognized and
correlate with certain subsets (Love et al. 1991). Most MSAs are described in
PM patients and will not be further discussed here. Anti-Jo-1 antibody is
predictive of pulmonary involvement, but rarely occurs in DM patients.
Anti-Mi-2 occurs in roughly 25% of DM patients and although specific for
DM, it is not sensitive. Recently Targoff et al. (2000) described a new anti-
body to a 155 kd antigen or Se antigen (90–95 kd) that appears to be a marker
of amyopathic DM (16 of 18 patients studied). The anti-155 kd antibody may
also be associated with juvenile DM and might predict a chronic course.
Anti-Ro (SS-A) antibody may occur rarely. Perhaps as further studies are
performed, serologic testing will become clinically useful. Until then, these
tests are primarily reserved for investigation.

Once the diagnosis is confirmed, the patient should have a thorough eval-
uation. Evaluation has several purposes: assessment of severity, prediction
of prognosis and identification of associated disorders. The severity of the
myositis often correlates with enzyme levels and degree of weakness. Pa-
tients should be assessed for esophageal, pulmonary, and cardiac involvement
with tests such as a barium swallow and/or esophageal motility studies, chest
x-ray, pulmonary function studies including diffusion studies, and an elec-
trocardiogram.

An evaluation of malignancy should be considered in all adult patients with
DM (Callen 1982, Callen 2002). The type of evaluation is selected based upon
the patient’s age and sex. The likelihood of malignancy increases with age
and the sites vary depending on the patient’s age. Malignancy evaluation is
repeated with new symptoms or annually for the first three-years following
diagnosis. The over-representation of cancer in these patients seemingly ap-
proaches normal levels after three-years (Hill et al. 2001), thus, age-specific
malignancy screening, along with evaluation of any abnormal symptoms or
findings, are recommended for following patients more than three years af-
ter the initial diagnosis.

Course and Therapy

Several general measures are helpful in treating patients with DM. Bedrest
is often valuable in the individual with progressive weakness; however, this
must be combined with a range-of-motion exercise program to prevent con-
tractures. Patients who have evidence of dysphagia should have the head of
their bed elevated and should avoid eating meals immediately before retiring.
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Corticosteroids and Immunosuppressive Agents

The mainstay of therapy for DM is the use of systemic corticosteroids. Tradi-
tionally, prednisone is given at a dose of 0.5 to 1 mg/kg daily as initial ther-
apy. The treatment should continue for at least one month after the myositis
has become clinically and enzymatically inactive. At this point, the dose is
slowly tapered, generally over a period lasting one and a half to two times as
long as the period of active treatment. Approximately 25% of patients with
dermatomyositis will not respond to systemic corticosteroids, another 25–50%
will develop significant steroid-related side effects. Therefore, early inter-
vention with steroid-sparing agents primarily immunosuppressive agents, such
as methotrexate, azathioprine, cyclophosphamide, mycophenolate mofetil, chlo-
rambucil, or cyclosporin may be an effective means of inducing or maintain-
ing a remission (Sinoway and Callen 1993; Villalba and Adams 1996; Gelber
et al. 2000; Vencovsky et al. 2000). Roughly one-half to three fourths of pa-
tients treated with an immunosuppressive agent will respond with an in-
crease in strength, a decrease in enzyme levels, or a reduction in corticosteroid
dosage. However, there few double-blind, placebo-controlled studies that
demonstrate the effectiveness of any of these agents.

Additional Therapeutic Options

Patients who fail to respond to these immunosuppressives may respond to
pulse methylprednisolone therapy (Callen et al. 1994; Sawhney et al. 2000;
Al-Mayouf et al. 2000a) combination immunosuppressive therapy (Villalba
et al. 1998), etanercept (Saadeh 2000), infliximab (Hengstman et al. 2000) or
total body irradiation. Early enthusiasm for plasmapheresis was followed by
a placebo-controlled study that failed to demonstrate effectiveness. (Miller
et al. 1992). However, in a double-blind, placebo-controlled study, Dalakas
and co-workers (1993) demonstrated the benefits of high dose intravenous
immune globulin for recalcitrant DM. Further open-label studies have dem-
onstrated similar results (Cherin et al 2002).

Therapy of cutaneous disease in patients with DM is often difficult be-
cause even though the myositis may respond to treatment with corticosteroids
and/or immunosuppressive drugs, the cutaneous lesions often persist. Al-
though cutaneous disease may be of minor importance in patients with seri-
ous fulminant myositis, in many patients, cutaneous disease becomes the
most important aspect of their disorder. Most patients with cutaneous lesions
are photosensitive; thus, the daily use of a broad-spectrum sunscreen with a
high sun protective factor is recommended. Topical therapy with an appro-
priately selected corticosteroid or a non-steroidal immunomodulators such
as tacrolimus or pimecrolimus may be useful adjunctive therapy (Hollar and
Jorizzo 2004). Hydroxychloroquine HCL in dosages of 200 mg to 400 mg per
day is effective in approximately 80% of patients treated as a steroid-sparing
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agent (Woo et al. 1984). Patients who do not respond well to hydroxychloro-
quine can be switched to chloroquine phosphate 250 to 500 mg per day or
can have quinacrine HCL 100 mg twice daily added to the regimen. Patients
on continuous antimalarial therapy should have periodic ophthalmologic ex-
aminations and blood counts. It appears that patients with DM have a greater
frequency of drug eruptions from antimalarials, thus patients should be warned
about this possibility (Pelle and Callen 2002).

Methotrexate in doses of 15–35 mg per week has been reported to be use-
ful for skin lesions of DM (Zieglschmid et al. 1995; Kasteler and Callen 1997).
These studies, however, are uncontrolled, open-label observations. The need
for routine liver biopsy in the DM patient treated with methotrexate is con-
troversial, but patients who are obese, diabetic, or have abnormal liver func-
tion tests should probably have periodic liver biopsies.

Other immunosuppressive agents have not been systematically studied
as treatment of cutaneous lesions of DM, but some anecdotes suggest that
mycophenolate mofetil might be beneficial. Lastly, intravenous immune glob-
ulin administered monthly can result in clearing of patients with cutaneous
lesions.

Calcinosis is a complication of disease in children and adolescents. This
process may be prevented by aggressive early treatment. Preliminary analy-
sis of the use of intravenous methylprednisolone suggested that this therapy
might lessen the frequency and severity of this process (Callen et al. 1994).
Others have suggested that immunosuppressives may similarly reduce the
chance of calcinosis (Al-Mayouf et al. 2000b). Once established, calcinosis is
difficult to treat. Although possible, spontaneous regression is unusual. Indi-
vidual patients have been treated with low-dose warfarin or oral aluminum
hydroxide, however, no studies have documented the usefulness in larger
groups of patients. Recent reports of long-term administration of diltiazem are
promising (Oliveri et al. 1996).

The prognosis of dermatomyositis varies greatly, depending on the series
of patients studied. Factors that affect prognosis include the patient’s age,
the severity of myositis, the presence of dysphagia, the presence of cardio-
pulmonary involvement, the presence of an associated malignancy, and the
response to corticosteroid therapy (Marie et al. 1999). It seems to be well
established by retrospective reports that the use of corticosteroids and/or immu-
nosuppressive therapies improves the prognosis.

Summary

DM is a condition primarily of the skin and muscles, but other systemic fea-
tures may occur. DM appears to be the predominant myopathy in children,
whereas in adults many patients without skin disease occur (polymyositis or
inclusion body myositis). The pathogenesis of the muscle disease is becoming
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better understood, but the cutaneous disease mechanisms remain enigmatic.
DM in adults is associated with malignancy and thus a careful evaluation of
each patient should be part of their initial and followup assessments. Patients
should also be evaluated for the presence of esophageal, pulmonary and car-
diac disease. Calcinosis is more frequent in children with DM, and early ag-
gressive therapy may limit the chance of this complication. Corticosteroids,
immunosuppressives, biologic agents and/or immune globulin are effective
therapies for the myopathy of DM, whereas the skin disease is best mana-
ged with sunprotection, topical corticosteroids, antimalarials, methotrexate
and/or immune globulin. The prognosis is good except for patients with ma-
lignancy, those with severe weakness and those with cardiopulmonary dys-
function.
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7 Mixed Connective Tissue Disease

Reiji Kasukawa

Introduction

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

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

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

Nevertheless, MCTD has been a recognized disease all over the world
having characteristic mixed clinical features of several connective tissue dis-
eases and autoantibody to U1snRNP.

Etiopathogenesis

Anti-U1snRNP Autoantibodies

The etiopathogenesis of MCTD is not clear, a fact true of other connective
tissue diseases. However, the function of U1snRNP to which anti-U1snRNP



antibody reacts was clarified by Lerner and Steitz (1979) to be a splicing of
the precursor of mRNA. Murakami et al. (2002) demonstrated recently a new
conformational epitope generated by the binding of recombinant 70 kDa pro-
tein and U1 RNA to anti-U1 RNP antibody. All of 196 sera from patients with
MCTD reacted with the U1-RNA-70 kDa protein complex. The mechanism
underlying the production and pathogenic significance of anti-U1snRNP an-
tibody has been studied by many investigators and clarified in part. Query et
al. (1987) described a fact of molecular mimicry between RNP antigen and
retroviral p30gag antigen. They demonstrated that 11 of 25 or 12 of 24 amino
acids of the 70 kDa RNP antigen are homologous to those of Molony MuLV
p30gag protein, and further observed that heteroimmune anti-p30gag anti-
body reacted to 70 kDa protein of RNP. Prokop and Jagodsinski (2004) found
a retroviral conserved pol sequences at 90.9% in sera of patients with MCTD
and suggested the development of anti-U1 70 kDa antibodies to this sequence.
Alarcon-Segovia et al. (1978) presented the attractive phenomenon of suffi-
cient penetration of the anti-U1snRNP antibody but little penetration of
anti-DNA antibody into the living cells. In their recent publication (Alarcon-
Segovia et al. 1996), they demonstrated that anti-U1snRNP antibody penetrated
into human mononuclear cells and induced apoptosis of the autoreactive
lymphocytes at a higher frequency of 7.70% than control IgG at 1.21%, with
the higher frequency believed to induce subsequently autoimmune disease.

Other Autoantibodies

In addition to anti-U1snRNP antibody (Burdt et al. 1999), several autoantibodies
have been found in patients with MCTD. These autoantibodies and their fre-
quencies in the sera of MCTD patients were presented in Table 1. The patho-
genic and clinical significance of these autoantibodies, however, remains
unclear, in the same manner as anti-U1snRNP antibody. Ikeda et al. (2003)
found anti-TS1-RNA antibodies at 31.7% in patients with MCTD, which cor-
related with the disease activity of lupus-like features in patients with MCTD.
Mairesse et al. (1993) tested serum samples from 18 patients with MCTD
against human constitutive HSP 73 kDa protein and found a positive reac-
tion with higher titers in all 18 patients, in contrast to the negative reaction of
the sera of patients with rheumatoid arthritis (RA), SLE, SSc and PM. They
concluded that anti-HSP 70kDa antibody could become a new diagnostic
marker for MCTD. Anti-casein kinase II (CKII) antibody was found in 15%
(8/52) of patients with MCTD, but in none of 52 healthy donors (Wiemann et
al. 1993). The epitope of CKII was identified to be present in a subunit of the
CKII molecule. However, they could not find any correlation between the oc-
currence of anti-casein kinase II antibody and anti-U1snRNP antibody. Anti-
endotheial cell (EC) antibody was found in serum samples of 57% of patients
with MCTD, and these antibody-positive patients were found to have higher
levels of serum endothelin-1 at 7.3 ± 1.5 pg/ml (n = 12) by Filep et al. (1995).
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Both anti-EC antibody and endothelin-1 have been considered to participate
in the process of vascular damage in MCTD patients. The antibody to spliceo-
some (A2/hn RNP) was first described by Hassfeld et al. (1995) in the sera of
38% of patients with MCTD, and this antibody was considered to interact with
other hnRNP proteins. This antibody to heterogeneous nuclear ribonucleopro-
tein complex (hn RNP-A2) was found at almost an equivalent frequency in
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Table 1. Immunological Aberrations of Patients with Mixed Connective Tissue Disease

A. Autoantibodies to Frequency Reference

U1snRNP 100% Burdt et al. 1999

new epitope combined no kDa 100% Murakami et al. 2002

and U1 RNA

TS1-RNA 31,7% Ikeda et al. 2003

73 kDa HSP 100% Mairesse et al. 1993

Casein kinase 15% Wiemann et al. 1993

Endothelial cells 57% Filep et al. 1995

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

Human endogenous retrovirus p30gag 33% Hishikawa et al. 1997

Phospholipid 15% Komatireddy et al. 1997

Fibrillin-1 34% Tan et al. 1999

Nuclear matrix 100% Sato et al. 2000

B. T cell characteristics

CD4+CD45+RA increased Becker et al. 1992

(p < 0.01)

TCR V�8/V�11/C� decreased Ikaeheimo et al. 1994

(p = 0.029)

TCR V�1, 3, 4, 5.2, 14, 16 frequently used Okubo et al. 1994

TCR AV CDR3 (common motif) highly conserved Talken et al. 1999

(p < 0.03)

C. HLA class II

specificity

DR4 in American increased Hoffmann et al. 1990

DR4 (B15, DR4) in Finnish increased Ruuska et al. 1992

(p < 0.05)

DR2 or DR4 in English (UCTD) increased Gendi et al. 1995

(p = 0.007)

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

DQA1* 03 (RR = 2.47, 2.25)

DQB1* 0501 in Mexican increased Weckmann et al. 1999

(p = 0.0051)

U1snRNP: U1 small nuclear ribonucleoprotein, HSP: heat shock protein, hnRNP: heteroge-
nous nuclear ribonucleoprotein, TCR: T cell receptor, V�: variable region of �-chain, AV:
variable region of �-chain, CDR: complementary determining region, UCTD: undifferentia-
ted connective tissue disease



the sera of patients with RA and SLE. However, in recent studies, an epitope
difference between anti-A3/RA33 antibody in MCTD and those in RA or SLE
was reported (Steiner et al. 1996; Skriner et al. 1997).

Anti-human endogenous retrovirus (HERV) p30gag antibody was de-
tected in the sera of MCTD patients at a frequency of 33%, and also found at
a similar frequency in the sera of SLE (48.3%) and Sjogren’s syndrome (35.0%)
patients (Hishikawa et al. 1997). Antiphospholipid antibodies were found in
MCTD patients at 15% (7/48) with low titers and none of these antibody-
positive patients demonstrated vascular lesions due to thromboembolisms
including pulmonary embolism. This findings differed from the reported throm-
boembolism of antibody-positive SLE patients (Komarireddy et al. 1997).
However, anticardiolipin antibody has been reported to be associated with
pulmonary hypertension in patients with MCTD (Miyata et al. 1992, 1993).
Anti-fibrillin-1 antibody was found by Tan et al. (1999) in the sera of 38% of
MCTD patients. The fibrillin-1 is the major structural glycoprotein of connec-
tive tissue microfibrils, especially of elastic fibers. This antibody was similarly
found in the sera of patients with diffuse SSc (37%) and CREST syndrome
(51%). Similar results have been reported by Lundberg et al. (2000) on anti-
fibrillin-1 antibody in MCTD and CREST syndrome. Recently, Sato et al. (2000)
reported the presence of anti-nuclear matrix antibody in the sera of patients
with anti-U1RNP antibody at a frequency of 100%. Higher titers of this anti-
body were detected in MCTD and SSc patients, and lower titers in SLE and
undifferentiated connective tissue disease (UCTD) patients. They considered
this antibody to be potentially useful in distinguishing MCTD or SSc from SLE
or UCTD. This antibody to the nuclear matrix, a relatively insoluble compo-
nent of the cell nucleus, was originally reported by Fritzler et al. (1984).

Additional Immune Phenomena

The T cell population of MCTD patients has been characterized by several
investigators. Becker et al. (1992) reported an increased percentage of CD4+
CD29+ T cells in MCTD patients compared with controls (p < 0.01 and p <
0.001, respectively). They considered this imbalance of the T cell population
to likely enhance autoimmunity. A haplotype of TCR V�8/V�11/C� was re-
ported to be reduced in Finnish MCTD patients (p < 0.029) compared to con-
trols (Ikaeheimo 1994). On the other hand, an increased frequency of TCR
V�, 3, 4, 5.2, 14 and 16 in Japanese MCTD patients was reported by Okubo
et al. (1994). Holyst et al. (1997) reported that T cells in MCTD patients
responding to 70 kDa, B or D protein of RNP antigen produced a higher level
of IL-4 and IFN�, but a lower level of IL-2 and IL-6. Bodolay et al. (2002) re-
ported similarly that T cells of MCTD patients produce in higher values of
both type 1 (1 IFN g) and type 2 cytokines (IL-4, IL-10). Talkin et al. (1999) re-
ported that the T cell receptor reactive to U1 70 kDa snRNP has hold a highly
conserved common motif in the CDR 3 region of the � chain of the receptor.
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The specificity of HLA class II antigen in MCTD patients has been inves-
tigated in several studies. An increased frequency of HLA-DR4 has been found
in North American patients (Hoffman et al. 1990). Similarly, an increased fre-
quency of DR4 (B15, DR4) was found in Finnish patients compared with con-
trols (p < 0.05) (Ruuska et al. 1992), and an increased association with DR2 or
DR4 was found in the undifferentiated type of MCTD in English patients (p =
0.007, Gendi et al. 1995). An increased frequency of DRB4*0101 and DQA1*03
was observed in Japanese MCTD patients compared with SLE patients (RR =
2.47 and 2.25, respectively, Dong et al. 1993). Finally, an increased frequency
of DQB1*0501 was found in Mexican patients (p = 0.0051, Weckmann et al.
1999).

Increased serum levels of several proteins are present in MCTD patients.
Filep et al. (1995) reported an increased level of serum endothelin-1. More-
over, patients with MCTD complicated by pulmonary hypertension showed
increased serum levels of angiotensin converting enzymes (Ozawa et al. 1995),
IL-1 and IL-6 (Okawa et al. 1994), and IL-6 and IgG anticardiolipin antibody
(Nishimaki et al. 1999), tissue inhibitor of metalloproteinases 1 and 2 (Jinnin
et al. 2002).

Clinical Appearance

The clinical features of patients with MCTD vary and include those found in
SLE, SSc, PM and occasionally RA. The frequency of each clinical findings
differs slightly depending on the race of the patients studied and on the di-
agnostic criteria used. The frequencies of each findings observed in a multi-
institutional study including 284 MCTD patients in Japan (Miyawaki et al. 1988)
and those of a study involving 47 MCTD patients in the USA (Burdt et al. 1999)
are presented in Table 2. As seen in this table, the findings observed at the
highest frequency in both groups of patients were Raynaud’s phenomenon,
polyarthritis/arthralgia, swollen hands, sclerodactyly, pulmonary lesions and
muscle symptoms. The second tier of the frequently observed findings include
esophageal dysfunction, leukocytopenia or thrombocytopenia and pleuritis
and pericarditis. Rarely found clinical findings were alterations of the ner-
vous system, renal lesions and diffuse sclerosis in both groups. One of the
characteristic features of MCTD patients is swollen fingers or hands, a symp-
tom referred to “sausage-like fingers” (Fig. 1). No significant differences be-
tween MCTD and SLE in the features of facial erythema have been described.
In Fig. 2, a photograph of the face of a MCTD patient with faded erythema
and acrosclerosis is presented. Among these findings in MCTD patients,
some show a tendency to diminish while others persist or increase during the
observation period. A similar change in the clinical features of the patients
during the observation period has been reported in several studies. The re-
sults of two studies done in Japan (Miyawaki et al. 1988) on 284 patients fol-
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lowed for a mean period of 6 years, and those of a study in the USA (Burdt et
al. 1999) on 47 patients followed for a mean period of 15 years were very similar.
Diminished symptoms included myositis, arthritis, facial erythema, pleuritis/
pericarditis in both studies. On the other hand, persistent or increased symptoms
were pulmonary lesions, scleroderma and esophageal dysfunction. Raynaud’s
phenomenon remained almost unchanged in both groups.

Pulmonary hypertension in MCTD patients had been recognized in the
early 1980’s by Esther et al. (1981), Graziano et al. (1983) and Sullivan et al.
(1984). The prevalence of pulmonary hypertension in MCTD patients was re-
ported to be 4% by Esther et al. (1981) and 3.9% by Miyawaki et al. (1988).
Sharp stressed the clinical importance of pulmonary hypertension and in-
cluded it in his diagnostic criteria as one of major symptoms (Sharp 1987).
Pulmonary hypertension is the most critical symptom related to the prognosis
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Table 2. Clinical Findings of Patients with Mixed Connective Tissue Disease

Japanese patients US patients
(Miyawaki et al. 1988) (Burdt et al. 1999)
284 cases 47 cases

Raynaud’s phenomenon 97.9% 96%*

Swollen fingers or hands 73.9 66

Anti-U1snRNP antibody positive 96.6 100

Arthritis 69.5 96 (arthralgia)

Sclerodactyly 50.2 49

Reduced diffusion capacity 48.5 66 (pulmonary)

Pulmonary fibrosis 40.1 dysfunction

Restrictive changes of lung 33.5

Pulmonary hypertension 4.5 23

Muscle weakness 39.3 51 (myositis)

Myogenic pattern on EMG 35.4

Elevated muscle enzymes 31.0

Leukocytopenia 37.7 53 (leukopenia/

Thrombocytopenia 8.9 lymphopenia)

Lymphoadenopathy 29.2 –

Esophageal hypomotility or dilatation 27.7 66

Facial erythema 19.5 53 (skin rash)

Pleuritis 6.5 43 (pericarditis)

Pericarditis 5.7

Anti-Sm antibody 11.5 22

Diffuse sclerosis 11.6 19

Proteinuria 7.8 11 (renal disease)

Urinary casts 1.8

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

Fig. 2. Face of a 32-year-old woman with mixed connective tissue disease. Discrete facial
erythema and slightly sclerotic skin at the nose and around the mouth



of MCTD patients. Sawai et al. (1997) reported that the most frequent cause of
death in MCTD patients is pulmonary hypertension, accounting for 11 of 32
(34%) autopsy cases with MCTD. In a comparison between MCTD patients
and those with SLE and SSc, we reported that pulmonary hypertension in
MCTD occurred more quickly and carried a shorter survival period than in
other diseases (Kasukawa et al. 1990). Characteristic histopathological find-
ings of pulmonary hypertension in MCTD patients include a marked intimal
thickening of the pulmonary arteries especially in the distal portion, and the
hypertensive pulmonary vascular change with plexiform lesions accompa-
nied by or without pulmonary fibrosis (Hosoda et al. 1994; Sawai et al. 1997).
The five-year survival rate of MCTD patients was reported to be 96.5% (Tojo
et al. 1991).

Diagnosis

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

To address these problems, a classification criteria for MCTD was eagerly
pursued. To date, three criteria for MCTD have been proposed: Alarcon-
Segovia’s criteria (1976; revised in 1987), Sharp’s criteria (1987) and the cri-
teria of The Research Committee of the Japanese Ministry of Health and
Welfare for MCTD (JMHW, Kasukawa et al. 1987). The three sets of criteria
for MCTD arranged by Smolen and Steiner (1998) are presented in Table 3.
The reliability of the diagnostic criteria depends on their sensitivity and speci-
ficity when tested on patients with objective disease and control diseases. Few
studies have been performed to test the sensitivity and specificity of the pro-
posed criteria for MCTD. The results of the five reported studies are listed
chronologically in Table 4. (Kasukawa et al. 1987; Alarcon-Segovia et al. 1989;
Doria et al. 1991; Amigues et al. 1996; Smolen and Steiner 1998). The sensi-
tivity and specificity of these three criteria were found to be satisfactorily
high except for the study of Amigues et al. (1996). In general, the criteria of
Alarcon-Segovia are simple and suitable for screening MCTD from various
connective tissue diseases, whereas the criteria of Sharp and JMHW are suit-
able not only for classifying MCTD as a connective tissue disease but also for
analyzing each of the clinical features of MCTD patients.
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Table 3. Characteristics of 3 Sets of Criteria for the Classification of Mixed Connective Tissue

Disease*

Reference Criteria Requirements for diagnosis

Alarcon-Segovia A. Serologic Serological criterion plus

and Villarreal 1. Anti-RNP at a hemagglutination at least 3 clinical criteria, or

(1987) titer of � 1:1,600 including either synovitis

B. Clinical myositis.

1. Edema in the hands

2. Synovitis

3. Myositis

4. Raynaud’s phenomenon

5. Acrosclerosis

Kasukawa et al. A. Common symptoms At least 1 of the 2 common

(1987) 1. Raynaud’s phenomenon symptoms plus positive for

2. Swollen fingers or hands anti-snRNP plus 1 or more

B. Anti-snRNP antibody positive of the mixed symptoms in

C. Mixed symptoms at least 2 of the 3 disease

1. SLE-like findings categories.

a. Polyarthritis

b. Lymphadenopathy

c. Facial erythema

d. Pericarditis or pleuritis

e. Leuko- or thrombocytopenia

2. SSc-like findings

a. Sclerodactyly

b. Pulmonary fibrosis, restrictive

changes of lung, or reduced

diffusion capacity

c. Hypomotility or dilatation of

esophagus

3. PM-like findings

a. Muscle weakness

b. Elevated serum levels of

muscle enzymes (CPK)

c. Myogenic pattern on EMG

Sharp (1987) A. Major At least 4 major criteria

plus anti-U1 RNP titer of at least

1. Myositis, severe 1:4,000 (exclusion criterion:

2. Pulmonary involvement positivity for anti-Sm);

a. Diffusion capacity < 70% Or, 2 major criteria from

of normal values among criteria 1, 2, and 3

b. Pulmonary hypertension plus 2 minor criteria plus

c. Proliferative vascular anti-U1 RNP titer of

lesions on lung biopsy at least 1:1,000



Therapy

Therapeutic regimens for treating MCTD patients are similar to those used
for patients with SLE, SSc or PM. The main therapeutic approach is the ad-
ministration of systemic corticosteroids. Nonsteroidal anti-inflammatory drugs
(NSAID) and vasodilatators are often used, and immunosuppressants are oc-
casionally used. In our multi-institutional study done in Japan (Miyawaki et
al. 1988) on 284 patients with MCTD, the therapeutic methods used were as
follows: corticosteroids in 230 cases (81.0%), vasodilatators in 123 (43.3%),
NSAID in 109 (38.4%), prostaglandin or prostacyclin derivatives in 37 (13.0%),
and immunosuppressants in 16 (5.6%). In the above study, the correlation
between doses of prednisolone and prognosis was analyzed. Administration
of 30 mg or more of prednisolone per day induced a better prognosis of MCTD
patients (p < 0.05) than doses of less than 30 mg of prednisolone per day ac-
cording to Radit and Mann-Whitney tests (Table 5, Miyawaki et al. 1988). Aside
from these drugs, several other therapeutic methods have been used for MCTD
patients, including anticoagulants, plasma exchange and O2 inhalation. Case
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Table 3. Characteristics of 3 Sets of Criteria for the Classification of Mixed Connective Tissue

Disease*

Reference Criteria Requirements for diagnosis

2. Raynaud’s phenomenon or

esophageal hypomotility

4. Swollen hands or sclerodactyly

5. Anti-ENA � 1:10,000 and

anti-U1 RNP positive

and anti-Sm negative

B. Minor

1. Alopecia

2. Leukopenia

3. Anemia

4. Pleuritis

5. Pericarditis

6. Arthritis

7. Trigeminal neuropathy

8. Malar rash

9. Thrombocytopenia

10. Mild myositis

11. History of swollen hands

* snRNP = small nuclear RNP; SLE = systemic lupus erythematosus; SSc = systemic sclerosis;
PM = polymyositis; CPK = creatine phosphokinase; EMG = electromyogram; ENA = extractable
nuclear antigen (Smolen and Steiner: Arthritis Rheum 1998)
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reports of effectiveness of autologous peripheral blood stem cell transplanta-
tion (Myllykangas-Lousujarvi et al. 2000) and pulsed intravenous immuno-
globulin (Ulmer et al. 2002) for patients with MCTD were presented.

Pulmonary hypertension in MCTD patients is the most critical factor affect-
ing the prognosis of MCTD patients. Corticosteroids are occasionally effec-
tive during the early stage of the disease. Anticoagulants (warfarin potassium),
antiplatelets (ticlopidine hydrochloride), and vasodilatators (prostaglandin
or prostacyclin derivatives, calcium antagonists) are used for the progressive
stage of pulmonary hypertension. Digitalis products and diuretics are used to
treat heart failure in the advanced stage of pulmonary hypertension. A com-
bination of cyclophosphamide and cyclosporin A was reported to be effec-
tive against the pulmonary hypertension in MCTD patients (Dahl et al. 1992).
However, to date no promising therapeutic methods have been established
for both primary and secondary type of the pulmonary hypertension. Inha-
lation of NO in addition to O2 is effective against pulmonary hypertension
(Pepke-Zaba 1991).
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8 Sjogren’s Syndrome

Robert I. Fox and Ichiro Saito

Introduction

The term Sjogren’s syndrome (SS) refers to xeropthalmia and xerostomia due
to lymphocytic infiltrates of lacrimal and salivary glands. The condition may
exist as a primary entity (primary SS, 1° SS) or in association with other auto-
immune disorders such as systemic lupus erythematosus (SLE), dermatomyo-
sitis, scleroderma or rheumatoid arthritis (in which the sicca symptoms are
termed “secondary” SS, 2° SS). The criteria for diagnosis of primary SS has
been controversial. The absence of a uniformly accepted criteria has led to
confusion in clinical practice and in the research literature. For example, only
15% of patients that fulfill European (EEC) criteria for SS would fulfill the San
Diego criteria. This difference in disease classification leads to difficulty in
comparing clinical trials and in elucidating pathogenetic mechanisms, since
different patient populations are evaluated. However, a new international cri-
teria has been suggested and will be presented since the final version of this
criteria is close to acceptance by rheumatologists and government agencies.

This chapter will concentrate on dermatologic manifestations of primary
SS with emphasis on the ocular surface and oral manifestations of this disor-
der, since this information is spread throughout the rheumatologic, ophthal-
mologic and oral medicine literature. The differential diagnosis of SS is often
difficult since patients with mild dryness, vague skin rashes and a low titer
anti-nuclear antibody are often referred. The distinction between 1° SS, SLE,
fibromyalgia, and medication side effects is difficult and rheumatologists will
often turn to dermatologists for help in diagnosis, as well as for treatment op-
tions for their skin problems.

Pathogenesis of Sjogren’s Syndrome

The pathogenesis of SS involves several different but inter-related processes.
Although a detailed discussion is beyond the scope of this article they include:



a) initial changes in the glandular cells and vasculature that precede lympho-
cytic infiltration (Tapinos et al 1999);

b) activation of the HLA-independent (innate) immune system that may
respond to apoptotic products including RNA-protein complexes such as
the SS-A contained particle (Manganelli et al 2003; Scofield et al 1999;
Humphreys-Beher et al 1999; Tsusumi et al 2001)

c) activation of the HLA-DR dependent (acquired) immune system, with a
close correlation of the particular HLA-DR extended haplotype and the
pattern of autoantibodies against antigens such as SS-A and SS-B (Bac-
man et al 1998)

d) activation of metalloproteinases that degrade matrix of the salivary and
lacrimal glands, leading to dysfunction of glandular function (Konttinen
et al 1998)

e) partial destruction of the gland by granzyme/perforin mechanisms (Alpert
et al 1994)

f) dysfunction of the residual gland (that constitutes about 50% of the origi-
nal number of ducts and acini) due to the inflammatory cytokines (such as
IL-1, TNF), autoantibodies(such as antibodies to muscarinic M3 receptor),
and interruption of matrix glandular signaling by metalloproteinases.
These factors lead to decreased release of neurotransmitters by residual
neurons in the gland and decreased response to available neurotransmit-
ter by residual glands (Fox et al 1999; Sternberg et al 2001).

These steps in pathogenesis are shown schematically in Figure 1 and several
references to each step are presented in Table 1.

Each of these steps help explain the requirement for both genetic (ie. ac-
quired immune system) and environmental factors (ie. HLA-independent in-
nate immune system) that can lead to glandular dysfunction/destruction and
lymphoproliferation. Also, SS provides an interesting example of the interac-
tion of local mucosal inflammation and the central nervous system where sen-
sations such as dryness are sensed. Indeed, the recognition that salivation/
lacrimation is the result of a functional circuit has led to new approaches to
therapy (Stern et al 1998; Fox et al 2002). For example, patients with Alzhei-
mer’s or multiple sclerosis frequently have significant dryness due to alter-
ations in the subcortical white matter that participate in the functional circuit.
This has led to the use of medications such as Cevimeline, originally devel-
oped as a muscarinic agonist for treatment of Alzheimer’s disease, as a ther-
apy for increasing salivation. This is discussed further, below, after outlining
some of the histo-immuno-pathologic lessons learned from lacrimal and sali-
vary gland biopsies. However, it is important to recognize that SS provides
an opportunity to directly visualize with tissue biopsies an inflammatory site
where the immune system influences neural function (Jonsson et al. 2003).

T-lymphocytes infiltrating the salivary glands (SG) exhibit CD4 (+), mem-
ory T-cell phenotype and cytokine profile similar to Th-1 cells (Fox et al. 1994;
Ohyama et al. 1996). CD4+ T-cells eluted from the SG of SS patients are re-
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sistant to apoptosis after stimulation by anti-CD3 or anti-Fas antibody stimu-
lation (Fox 1997). This resistance may result from increased levels of bcl-2
(Kong et al. 1997) or bcl-x (large) (Fox 1998). Bcl-x is a member of the bcl-2
family that contains binding sites for proto-oncogenes that resist apoptosis
(Kroemer 1997), while an alternatively spliced form (termed bcl-x short) lacks
these binding sites and promotes apoptosis (Boise et al. 1993). The relative
ratio of bcl-2 and bcl-x (large) in tissue lymphocytes reflects the contribution
of tissue stromal cells in releasing factors such as IL-1 that preferentially upre-
gulate bcl-x (large) (Akbar and Salmon 1997). Other factors important in reg-
ulating the levels of bcl-2 and related proteins include the level of intracellular
glutathione (Hyde et al. 1997), growth factors and estrogen/androgen (Janz
and van der Kraak 1997).
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Table 1. Selected References to Proposed Stages of Pathogenesis

Environmental Factors Robinson et al. 1996

HLA-DR Independent (Innate)
Immune System Activation of
Vascular and Glandular Cells

Freemont et al. 1983; Edwards et al. 1993

Alteration of Glandular mucosa
(chronic wound reaction manifest
by cytokines and alteration in
cellular structure/function)

Pflugfelder et al.2000

Alteration of Vascular Endothelium
(Chemokines/Receptors/iNOS),
And

Fox et al. 1994; Koski et al. 1997;
Hulkkonnen et al. 2000; Koski et al. 2001

Alteration of Epithelial Cells
(HLA-DR and other costimulatory
molecules, cytokines, growth factors)

Boumba et al. 1995; Skopouli et al. 1995;
Kizu et al. 1996; Tapinos et al. 1999

Focal Infiltration of Gland by
Lymphocytes of HLA-dependent
(Acquired) Immune SystemT-cell
and B-cell repertoire

Adamson et al. 1983; Fox et al. 1986;
Whitcher et al. 1994; Ohyama et al. 1995;
Namekawa et al. 1995; Fredriksen et al. 1995;
Murata et al. 1995; Ronci et al. 1995;
Fox et al. 1998; Gellrich et al. 1999;
Esch et al. 2000

Activation of Lymphocytes within
the gland leading to:cytokines,
autoantibodies, metalloproteinases

Fox et al. 1994; Nelson 1994; De Vita 1996;
Kong et al. 1997

Partial Glandular Destruction
(Granzyme A)Apoptosisand I
mpaired secretion due to glandular
dysfunctionincluding release/response
to neurotransmitters, matrix gland
signalling andaquaporin

Alpert et al. 1994; Nelson 1994; De Vita 1996;
Matsumura et al. 1996; Kong et al. 1997;
Pflugfelder et al. 2000; Ohlson et al. 2001;
Bolstad et al. 2003

Chronic inflammatory changes in
mucosalsurface

Stern et al. 1998; Pflugfelder et al. 1999;
Liu et al. 2000; Stern et al. 2002



In contrast to the decreased apoptosis of SG T-cells, a significant propor-
tion of acinar and ductal epithelial cells were found to exhibit apoptotic mark-
ers (Kong et al. 1997). T-cells may promote the apoptosis of glandular epithelial
cells by secretion of TNF-� (Fox et al. 1994) as well as by production of granzyme
A (Alpert et al. 1994). Local production of nitrous oxide may also contribute
to apoptosis (Konttinen et al. 1996). Also, production of “protective” cytokines
such as TGF-� may be reduced in the SG of SS patients (Ogawa et al. 1996).
This possibility is strengthened by the observation that a TGF-� knockout
mouse develops SS-like lesions in its SG (Dang et al. 1995).

In comparison to the decreased “apoptosis” of SG T-cells, peripheral blood
T-cells of SS patients have an increased rate of apoptosis in comparison to
peripheral blood of normal controls (Ogawa et al. 1996); this rules out a
“global” genetic defect leading to deficient apoptosis in all lymphocytes in
SS patients, such as noted in the MRL/lpr mouse model of SS (Hayashi et al.
1994). This increased apoptosis of peripheral T-cells and salivary gland epi-
thelial cells in SS patients may lead to increased levels of circulating Fas and
Fas ligand in some SS patients (Nozawa et al. 1997) although lower than lev-
els noted in SLE patients (Mountz et al. 1994).

The NOD mouse develops infiltrates of the lacrimal and salivary glands,
providing an interesting animal model to look at different components of SS.
Genetic studies using NOD mice have indicated that multiple “immune” as
well as “non-immune” genes are involved in the pathogenesis of sialadenitis
(Humphreys et al. 1996). An important role for “non-immune” genes in the
sialadenitis of the NOD mouse is suggested by histologic abnormalities of
lacrimal and salivary glands in NOD.SCID mice, a mouse lacking functional
T- and B-cells (Robinson et al. 1996). Also of interest, the types of proteins
found in the saliva of the NOD.SCID mice differ from proteins in saliva of
normal mice; further, the NOD.SCID SG contain increased levels of metallo-
proteinases and parotid salivary proteins have undergone cleavage into novel
products that may contribute to the formation of autoantigens (Robinson et
al. 1997). However, the salivary flow rate in NOD mice is significantly dimin-
ished only when T-lymphocytes infiltrate the gland (Humphreys 1996). It is
possible that cytokines released by these lymphocytes contribute to an early
decrease in the neural innervation of the lacrimal gland epithelial (Walcott
and Brink 1997) as well as decreased signal transduction in response to neu-
ral signals (Hu et al. 1994).

Autoantibodies and Autoantigens

The association of SS with antibodies against the nuclear antigens SS-A
and SS-B has always been puzzling, since these antigens are found in all nu-
cleated cells. Thus, SS patients provide an opportunity to study the factors
necessary for the failure of “tolerance” to a cellular antigen in a relatively or-
gan specific disease. Antigen presentation to CD4(+) T-cells may occur by
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“inflamed” epithelial cells (but not by normal epithelial cells) as a result of
upregulation of HLA-DR, HLA-DM and invariant chain molecules (Hersh-
berg et al. 1997). Further, co-stimulatory activities are required for antigen
presentation by epithelial cells and can be provided by cell adhesion mole-
cules such as I-CAM (Altmann et al. 1989). Each of these factors necessary
for antigen presentation by epithelial cells has been demonstrated in the SS
gland (reviewed in Fox 1996).

It has been proposed that SS-A and SS-B antigens may escape the normal
“tolerance” processes by serving as cryptic antigens, ie. binding with rela-
tively low affinity to self MHC molecules in the thymus and thus avoiding
“negative” selection (Theofilopoulos 1995). SS-A and SS-B antigens are found
in the blebs of apoptotic cells and do not undergo proteolysis during apoptosis
(Casciola-Rosen et al. 1995; Casiano et al. 1996); this is in contrast to other
autoantigens including fodrin (discussed below), poly (ADP-ribose) polymer-
ase (PARP), or topoisomerase. It is possible that increased levels of cell death
(either apoptotic or necrotic) or aberrant clearance and processing of antigens
derived from dying cells, may lead to the accumulation of potentially immu-
nogenic forms of autoantigens (Casiano and Tan 1996). These could, under
the appropriate genetic background, amplify and maintain T-cell dependent
responses by an autoimmunization processes. Alternative mechanisms that
might expose immunocryptic epitopes in autoantigens include structural al-
terations caused by abnormal protein-protein interactions during aberrant cell
death, mutations, and interactions with toxins, chemical or foreign antigens
derived from microorganisms such as viruses.

The SS-A 52 kd antigen has an alternatively spliced form that is expressed
on fetal heart from 14 to 18 weeks of development (Buyon et al. 1997) and
that has been proposed as target for maternal anti-52 kd antibodies that
cross the placenta (Buyon 1996). However, mothers who give birth to babies
with heart block exhibit a similar pattern of antibody reactivity to antigenic
epitopes on SS-A as SS mothers having normal infants (Buyon et al. 1994;
Wagenmann et al. 1996). An altered form of SS-B has also been reported
(Bachmann et al. 1997) and antibodies against SS-B (but not SS-A) cross re-
act with laminin (Li and Tseng 1995), leading to proposal that anti-SS B anti-
body is a cause for congenital heart block (Horsfall et al. 1996). Complete
heart block was reported to develop in an adult SS patient and attributed to
anti-SS A antibodies (Lee et al. 1996). The elucidation of the initial pathoge-
netic epitope(s) for these antigens may be difficult to detect due to antigenic
spreading from the original T-cell epitope to additional sites (Tseng et al. 1997).

It has been proposed that apoptotic cleavage of certain cellular proteins
might reveal cryptic epitopes that can potentially stimulate an immunogenic
response (Casciola-Rosen et al. 1995). For example, antibodies against a cleaved
(120 kd) form of fodrin have been detected in the sera of patients with Sjogren’s
syndrome (Haneji et al. 1997). Fodrin (also known as brain spectrin) is a 250 kd
membrane skeletal protein found in many tissues that serves to anchor
proteins including tubulin, actin, ankyrin, E-cadherins and phospholipids
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(Diakowski and Sikorski 1995; Piepenhagen et al. 1995). Fodrin is cleaved
into a 150 kd and 120 kd form through apoptotic cleavage by calpains and
ICE proteases (Martin et al. 1995; Cyrus et al. 1996) and redistribution in the
cytoplasm (Blomgren et al. 1995). Although T-cell clones reactive against
120 kd fodrin were detected in a mouse model of SS (Haneji et al. 1997), it re-
mains unclear if the reactivity to fodrin 120 kd fragment are a primary event
in SS pathogenesis or even if antibodies to the fodrin 120 kd protein are spe-
cific to SS in comparison to other autoimmune disorders (unpublished obser-
vations). Antibodies to fodrin are known to occur at low titer in normals
(apparently to promote opsonization and removal of cell debris) (Lutz et al.
1996), and in increased amounts after cellular injury such as stroke and in
Alzheimer’s disease (Vazquez et al. 1996). IgA antibodies against fodrin may
help distinguish SS from multiple sclerosis (De Seze et al. 2003).

Environmental Agents

Evidence to suggest an infectious agent as a co-factor in SS remains intrigu-
ing but unproven. Elevated antibody titers in SS patients have been reported
for a variety of Epstein-Barr virus (EBV) antigens, including BHRF1 (the viral
homologue of bcl-2) and BMRF1 (a EBV DNA binding protein) (Newkirk et
al. 1996). EBV genomes in SS SG and lacrimal glands have been detected by
in situ hybridization (Merne and Syrjanen 1996; Suzuki et al. 1996; Wen et
al. 1996), by polymerase chain reaction methods (Saito et al. 1989; Pflugfelder
et al. 1996) and by engraftment of SG tissue in SCID mice (Cannon et al. 1990).
However, the frequency of EBV infected cells is low (approximately 1 in-
fected cell per 106 uninfected cells, and some studies failed to detect EBV
genomes in SS SG biopsies (Mariette et al. 1996). An endogenous retrovirus
(retrovirus 3) has expression in fetal heart from 11 to 16 weeks and could be a
possible target for immune reactions leading to congenital heart block (Li et
al. 1996). A novel retrovirus (termed retrovirus 5) was originally isolated from
a patient with RA plus SS (Griffiths et al. 1997), but subsequent studies have
not detected this retrovirus in a significant proportion of SS patients. Past
studies that detected antibodies in SS patients to retroviral gag proteins were
probably detecting a cross cellular protein (Brookes et al. 1992; De Keyser et
al. 1992). SG tissues from Caucasian SS patients were negative for HTLV-1
tax genes by DNA methods (Rigby et al. 1996) and thus negates earlier find-
ings of reactivity of these tissue with a monoclonal anti-HTLV-1 antibody
(Shattles et al. 1992). In comparison, genomic sequences homologous to
HTLV-1 tax have been found in SS tissues in a subset of Japanese SS pa-
tients (Sumida et al. 1994). Although hepatitis C patients are considered as
distinct from SS in the San Diego classification, these patients may provide
clues to environmental agents responsible for SS since their minor SG biop-
sies may contain lymphoid infiltrates (Haddad et al. 1992) and animals with a
hepatitis C transgene develop sialadenitis (Koike et al. 1997). Although an
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initial study suggested an association with Parvovirus B19, a more recent
study did not confirm the association (De Stefano et al. 2003)

Epidemiology and Clinical Spectrum

In 1932, Henrik Sjogren reported the triad of keratoconjunctivitis sicca (KCS),
xerostomia and rheumatoid arthritis. The clinical spectrum of SS as a systemic
autoimmune disease was further defined by Bloch et al. (1956). In patients
with extreme manifestations there is good agreement on diagnosis among
clinicians, but the diagnosis in patients with milder sicca symptoms has re-
mained controversial due to the absence of good non-invasive methods for
documenting xerostomia. The demonstration of focal lymphocytic infiltrates
on minor SG biopsy has remained the “gold” standard for the oral compo-
nent of SS. A cluster of 50 or more lymphocytes is called a “focus” and an av-
erage focus score of 2 or more per 4 mm2 fulfills the diagnosis of SS in the San
Francisco criteria (Daniels et al. 1994). Multiple studies have shown that a
positive SG biopsy is closely correlated with KCS and anti-nuclear antibod-
ies directed against SS-A (Ro) and SS-B (La) antigens (Daniels et al. 1994).
Another classification system is the San Diego criteria where patients have a)
objective KCS and xerostomia; b) a characteristic minor SG biopsy or evidence
of a systemic autoimmune disease as manifested by characteristic autoanti-
bodies (Fox and Saito 1994). In comparison, the European (EEC) proposed
criteria can be fulfilled without requirement for histologic or serologic abnor-
mality (Vitali et al. 1994). Also, exclusions to diagnosis of SS differ in the San
Diego and EEC criteria. For example, patients with sicca symptoms associ-
ated with hepatitis C infection (Haddad et al. 1992) are excluded from diag-
nosis as SS in the San Diego criteria (Fox 1994) but included in the EEC
criteria where up to 20% of SS patients may have hepatitis C (Jorgensen et
al. 1996). Comparison of SS patients fulfilling different criteria systems indi-
cates that only about 15% of the patients fulfilling the EEC criteria would be
diagnosed as SS using the San Diego criteria (Vitali et al. 1994). Therefore, it
is difficult to compare studies published from Europe (where EEC criteria are
frequently used) to studies published in US where other diagnostic criteria
are often used. Also, basic research on pathogenetic mechanisms of SS relies
on samples which clinicians provide to researchers. Thus, attempts to find
better animal models or to test a particular molecular hypothesis for SS are
difficult when there is no “gold” standard for clinical definition of the dis-
ease. Fortunately, a recent abstract from the EEC study group has suggested
modification of the European criteria to require either a positive minor sali-
vary gland biopsy (focus score 1 or greater) or positive antibody against SS-A
antigen (Vitali et al. 1994). This revision of the EEC criteria will lead to much
closer agreement between the San Diego and EEC criteria and has served as
the basis for a new international criteria. Although this criteria is still in the
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final stages of preparation for a collaborative study for validation, the final
version will be similar to those presented in Table 2.

Primary Sjogren syndrome (SS) is very rare in childhood (Cimaz et al 2003;
Nikitakis et al 2003). Cimaz et al recently collected a series of 40 primary pe-
diatric SS cases (onset before age 16 years) from different centers. Almost all
patients (35/40) were females, age at onset varied from 9.3 to 12.4 years
(mean 10.7 years). Signs and symptoms at disease onset were mainly recur-
rent parotid swelling followed by sicca symptoms. Abnormal laboratory tests
were found in the majority of cases . Regarding treatment, 22 patients were
treated at some time with oral corticosteroids, seven with non-steroidal anti-
inflammatory drugs, and five with hydroxychloroquine; two patients needed
cyclosporine and one cyclophosphamide. Follow-up varied from 0 to 7.5 years
from onset, without major complications in the majority of patients.

Ocular and Oral Mucosal Surface Abnormalities in SS

The tear “film” is a hydrated “gel” containing water, proteins, growth fac-
tors, and mucins (mucopolysacharides and mucoproteins). The mucins play
a key role in maintaining the stability of the hydrated gel and “mechanical”
functions such as allowing the upper lid to slide over the ocular surface.
Therefore, it is not surprising that symptoms of discomfort are closely corre-
lated with deficient mucin production (Pflugfelder et al. 1997; Saari et al. 1997).
Ocular mucins include a transmembrane mucin (Inatomi et al. 1995) and mu-
cins secreted by goblet cells, conjunctival (Inatomi et al. 1996) and corneal
(Watanabe et al. 1995) epithelial cells that form the hydrated gel of tears
(Hicks et al. 1995). Mucins play an important role in the oral cavity, where
they provide “viscosity” to the hydrated gel that allows the tongue to slide
past the teeth and elasticity to the mucosal tissues necessary for chewing and
deglutition. At least 9 different mucins have been identified and the propor-
tion of different types of mucin in the eye differs from that in the mouth, tra-
chea and stomach (Slomiany et al. 1996). Abnormalities in mucin production
may occur in SS patients as a result of the chronic inflammation of ocular sur-
face in SS patients (Stern et al. 1998). Decreased mucin production is fre-
quent in the elderly and contributes to sicca symptoms in the absence of a
systemic autoimmune disease (Vissink et al. 1996).

Symptoms of dry eyes may also result from increased “evaporative” loss
associated with Meibomian gland dysfunction (Lemp 1987). A common prob-
lem in differential diagnosis of SS patients is blepharitis (often associated with
overuse of ocular lubricants by the patient) or with rosacea. Less commonly,
processes such as pemphigoid may present with increased aqueous tear de-
ficiency due to disruption of lipid or mucin production.

A common misconception about SS is that sicca symptoms result from the
total immune destruction of the lacrimal or salivary gland. A minor SG biopsy
from a SS patient is shown in Fig. 1A, which shows lymphocytic infiltrates in
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Table 2. Extraglandular Manifestations of Sjogrens

Dermatologic Raynaud's phenomena
Leukocytoclastic vasculitis (palpable purpura)
Urticarial vasculitis
Subacute lupus
Hyperglobulinemic purpura (nonpalpable purpura)
Cryoglobulinemia
Annular erythema
Medication related rashes

Cardiovascular Pericarditis and cardiomyopathy
Accelerated rates of atherosclerotic disease
Thrombotic complications due to circulating procoagulants
such as anti-cardiolipin antibodies and
hyperhomocysteinemia
Autonomic cardiovascular neuropathy

Pulmonary Pleural effusions
Pulmonary Hypertension
Interstitial pneumonitis

Gastrointestinal Dysphagia, esophageal motility, gastroesophageal reflux
Hepatitis and biliary cirrhosis
Jejunitis due to microvasculitis
Collagenous colitis

Otolaryngology Hearing
Sinususitis
Laryngeal Tracheal reflux

Renal Interstitial and mesangial nephritis including renal tubular
acidosis, urolithiasis and hypokalemia periodic paralysis
Glomerulonephritis including amyloidosis and mixed
cryoglobulinemia
Hypertension related to renovascular occlusion

Peripheral Neurologic Peripheral neuropathy sensory and gangliopathy
Peripheral motor
Peripheral ataxic disorders
Mononeuritis multiplex

Central Nervious System Multriple sclerosis like manifestations
Stroke-thrombotic and vasculitic
Ischemic Optic and Choroid Neuropathy
Autonomic neuropathy including Adie?s pupil
Trigeminal neuropathy
Ataxia
Neuropsychiatric
Chronic fatigue and cognitive function

Hematologic and
Neoplastic

Neutropenia
Hemolytic anemia,
Cryoglobulinemia
Thrombocytopenia
Anti-phospholipid syndrome
Lymphadenopathy and pseudolymphoma
Lymphoma



the central region of the lobule; in comparison, a histologically normal minor
SG biopsy is shown in Fig. 1B. Around the periphery of the lobule in Fig. 1A,
acinar and ductal cells are still present even though this patient has had symp-
toms of severe sicca syndrome for over 10 years. This retension of almost half
of the glandular epithelial cells in SS contrasts with other organ specific au-
toimmune disorders such as type I diabetes mellitus, where destruction of in-
sulin producing epithelial cells occurs before clinical symptoms are apparent.
Morphometric analysis of SS biopsies shows that almost half of the acinar
cells remain histologically intact in patients with longstanding sicca symp-
toms (Andoh et al. 1993). The failure of residual acini in SS glands to function
adequately may result partly from the loss of neural innervation, as indicated
by decreased neural axon specific protein 9.5 and synaptophysin by immu-
nohistologic methods (Konttinen et al. 1992). Acetylcholine is required for
acinar secretion and VIP for glandular homeostasis (Ekstrom et al. 1989). The
release of cytokines (particularly TNF-� and IL-1) may be toxic to local nerves
or acini (Main et al. 1993; Lu et al. 1997). Cytokines IL-1 or TNF-� amounts
similar to the levels found in SS glands or saliva are “toxic” to nerve cells
grown in vitro (Soliven and Wang 1995) or in mice expressing these transgenes
(Campbell 1995).

Normal lacrimal and salivary flow is regulated through feedback mecha-
nisms shown schematically in Fig. 2A. The mucosal surfaces of the eye or
mouth are heavily innervated by unmyelinated fibers that carry afferent signals
to the lacrimatory or salvatory nuclei located in the medulla. These medullary
nuclei, which are part of the autonomic nervous system, are influenced by
higher cortical inputs including taste, smell, anxiety, and depression. The ef-
ferent neurons innervate both glandular cells and local blood vessels. The
blood vessels provide not only water for tears and saliva, but also growth fac-
tors including hormones (eg. insulin) and matrix proteins (eg. fibronectin and
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vitronectin) in the perivascular space of the lacrimal and salivary glands. In
response to neural stimulation through muscarinic M3 receptors and vasoactive
intestinal peptide (VIP) receptors, glandular acinar and ductal cells secrete
water, proteins, and mucopolysacharides (mucins). This complex mixture
forms a hydrated gel which lubricates the ocular surface (ie. tears) and the
oral mucosa (ie. saliva).

In the simplest model of SS (Fig. 2B), the lacrimal or salivary gland is in-
capable of adequate response to neural signals as a consequence of local im-
mune infiltrates and their derived cytokines. The actual processes in SS or
autonomic neuropathy are more complicated than indicated in these sche-
matic diagrams which are primarily designed to emphasize that salivation or
lacrimation are part of a regulatory circuit involving the central nervous sys-
tem (Stern et al. 1998).

Cutaneous Manifestations of Sjogren’s Syndrome

The overall approach to vasculitis and SS is similar to that in SLE. Rashes are
generally divided into symetric and asymmetric, grouped and discrete, photo-
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Fig. 2. Minor salivary gland biopsy from patients with Sjogren’s syndrome (A) and (B) from a
patient with fibromyalgia (a histologically normal biopsy). Higher power views of the Sjogren’s

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



exposed or non-exposed, macular, papular and vesicular. Other rashes may
be associated with venous or arterial thrombosis. Rashes may be associated
with visceral organ involvement, intercurrent infections or may be second-
ary to drug toxicity. These distinctions may require skin biopsy and immuno-
fluorescence for differential diagnosis.

Hypergammaglobulemic purpura is relatively common in SS patients and
may lead to sensory peripheral neuropathy (Gemignani et al. 1994; Hebbar
et al. 1995; Cho et al. 1997). In comparison, among a large cohort of patients
with hyperglobulinemic purpura, about 50% have SS (Kyle et al. 1971). The
skin lesions are non-palpable and often associated with rheumatoid factor
(esp. IgM- kappa monoclonal rheumatoid factor) containing VKIIIb subclass
of light chains (Fox et al. 1986). The skin biopsies generally show ruptured
blood vessels and deposition of complement. It has been assumed that immune
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Table 3. Extraglandular Manifestations in Patients with Sjogren’s Syndrome

Respiratory Chronic bronchitis secondary to dryness of upper and
lower airway with mucus plugging
Lymphocytic interstitial pneumonitis
Pseudolymphoma with nodular infiltrates
Lymphoma
Pleural effusions
Pulmonary hypertension

Gastrointestinal Dysphagia associated with xerostomia
Atrophic gastritis
Liver disease including biliary cirrhosis and sclerosing
cholangitis

Skin and mucous Candida-oral and vaginal
membranes Vaginal dryness

Hyperglobulinemic purpura
Raynaud’s phenomenon
Vasculitis

Endocrine, neurologic, Thyroiditis
and muscular Peripheral neuropathy involvement of hands and/or feet

Mononeuritis multiplex
Myositis

Hematologic Neutropenia, anemia, thrombocytopenia
Pseudolymphoma
Lymphadenopathy
Lymphoma and myeloma

Renal Tubular-interstitial nephritis (TIN)
Glomerulonephritis, in absence of antibodies to DNA
Mixed cryoglobulinemia
Amyloidosis
Obstructive nephropathy due to enlarged periaortic
lymph nodes
Lymphoma
Renal artery vasculitis



complexes become trapped at the bifurcation of small blood vessels, leading
to complement activation by the immune complex. We have used hydroxychlo-
roquine (5–7 mg/kg) in order to help decrease the hyperglobulinemia and the
subsequent development of neuropathy (Fox et al. 1988).

Palpable purpura is also found in SS patients (Alexander and Provost 1983)
with biopsies showing leukocytoclastic vasculitis (Ramos-Casals et al. 1998)
and may be associated with central nervous system involvement (Alexander
and Provost 1987; Provost et al. 1997) or pulmonary involvement (Konishi et
al. 1997). The treatment of these patients needs to be more aggressive and
may require higher dose corticosteroids or even cyclophosphamide. Mixed
cryoglobulinemia also may be associated with leukocytoclastic vasculitis
(Ferri et al. 1998) and should initiate a search for occult hepatitis C infection.

Patients with anti-neutrophil cytoplasmic antibodies (ANCA) are relatively
uncommon in primary SS and when present are usually p-ANCA (perinu-
clear) antibodies. Caution must be used in interpreting the ANCA in SS pa-
tients since false positive results may result from the presence of other anti-
nuclear antibodies (Merkel et al. 1997). Antibodies against endothelial cells
have been found in a subset of SS patients, but are also detected in many other
autoimmune disorders and are not closely associated with skin vasculitis
(Navarro et al. 1997). Anticardiolipin antibodies are found in a subset of SS
patients and are generally IgA isotype, with lower incidence of thrombosis
than found in SLE patients (Asherson et al. 1992).

Additional cutaneous features include subcutaneous amyloid (Pablos et
al. 1993) and anetoderma (Ricci et al. 1998). The presence of anetoderma has
also been associated with B-cell lymphomas (Jubert et al. 1993). Among Jap-
anese SS patients, annular erythema has been reported in a relatively high
proportion of patients (Ruzicka et al. 1991; Watanabe et al. 1997), including
those with childhood onset (Miyagawa et al. 1995). Urticarial vasculitis has
been reported in association with SS (O’Donnell and Black 1995). Dryness of
the skin in some patients has been associated with lymphocytic infiltrates in
the eccrine glands (Sais et al. 1998).

Neonatal lupus may be found in the children of mothers with SS, SLE, and
in a proportion of mothers bearing antibodies against SS-A and SS-B anti-
gens but lacking clinical SS (Buyon et al. 1996).

In a recent study, Ramos-Casals and co-workers (Ramos-Casals, 2004) an-
alyzed the different clinical and histologic types of cutaneous vasculitis in
558 consecutive patients with primary SS. All patients fulfilled 4 or more of
the diagnostic criteria for SS proposed by the European Community Study
Group in 1993. A total of 89 (16%) patients presented with cutaneous involve-
ment (88 female patients and 1 male; mean age, 51.8 yr). The main cutane-
ous involvement was cutaneous vasculitis, present in 52 (58%) patients. There
were 51 (98%) female patients and 1 (2%) male, with a mean age at diagno-
sis of cutaneous vasculitis of 51 years (range, 20–80 yr). Fourteen presented
with cryoglobulinemic vasculitis, 11 with urticarial vasculitis, and the remain-
ing 26, with cutaneous purpura not associated with cryoglobulins. A skin
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biopsy specimen was obtained in 38 patients (73%). Involvement of small-
sized vessels was observed in 36 (95%) patients (leukocytoclastic vasculitis),
while the remaining 2 (5%) presented with medium-sized vessel vasculitis
(necrotizing vasculitis). Patients with cutaneous vasculitis had a higher prev-
alence of articular involvement (50% vs 29), peripheral neuropathy (31% vs 4),
Raynaud phenomenon (40% vs 15%), renal involvement (10% vs 0%), antinu-
clear antibodies (88% vs 60%), rheumatoid factor (78% vs 48%,), anti-Ro/SS-A
antibodies (70% vs 43%), and hospitalization (25% vs 4%) compared with SS
patients without vasculitis. Six (12%) patients died, all of whom had multisys-
temic cryoglobulinemia. In conclusion, cutaneous involvement was detected
in 16% of patients with primary SS, with cutaneous vasculitis being the most
frequent process. The main characteristics of SS-associated cutaneous vasculi-
tis were the overwhelming predominance of small versus medium vessel
vasculitis and leukocytoclastic versus mononuclear vasculitis, with a higher
prevalence of extraglandular and immunologic SS features. Small vessel vas-
culitis manifested as palpable purpura, urticarial lesions, or erythematosus
maculopapules, with systemic involvement in 44% of patients in association
with cryoglobulins in 30%. Life-threatening vasculitis was closely related to
cryoglobulinemia.

Extraglandular Organ Involvement

Patients with SS develop extraglandular symptoms similar to those in pa-
tients with other rheumatic diseases, particularly SLE. They frequently de-
velop arthralgias and myalgias (painful joints and muscles) that may become
frank arthritis or myositis (objective signs of inflammation). In general, the
arthritis is nonerosive (similar to patients with SLE) but may develop ulnar
deviation. Also, there appears to be a higher incidence and earlier age of on-
set of aggressive (also known as “erosive”) osteoarthritis involving hands and
feet.

Internal organ involvement may include lung (pneumonitis), liver (associ-
ation with primary biliary cirrhosis and sclerosing cholangiitis), nervous sys-
tem (both peripheral and central), and kidney (interstitial nephritis and, less
frequently, glomerulonephritis). Biopsies general show small perivascular
lymphocytic infiltrates although non-caseating granulomas (sarcoid like) are
occasionally found. The vasculitis tends to be small vessel, in contrast to the
large vessel involvement found in Wegener’s granulomatosis and polyarter-
itis. Hyperglobulinemic purpura involving the lower extremities appears to
reflect the deposition of immune complexes and complement activation, rather
than a classic leukocytoclastic vasculitis.

Hematopoietic manifestations frequently include leukopenia, thrombo-
cytopenia and anemia. The leukopenia is not generally clinically significant
but absolute neutrophil counts of less than 500 may predispose to infections.
Of particular concern is the increased frequency of non-Hodgkin’s lymphoma
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(about 40 fold in patients with SS; Kassan et al. 1978). There is a particular
increase in the frequency of lymphoma involving the lymph nodes of the neck.
In patients with persistent swelling of the parotid or submandibular glands,
imaging studies to look for associated adenopathy should be performed. Biopsy
or excision of the parotid gland may be complicated by surgical damage to
the facial nerve and thus caution in this surgery is indicated. However, the
finding of persistent regional lymph adenopathy should lead to consideration
of biopsy for lymphoma. There is great debate about the interpretation of
parotid biopsies in terms of whether the infiltrates are lymphoma or part of
the autoimmune process. The detection of t(14:18) translocations (Pisa et al.
1991) or p53 mutations (Tapinos et al. 1999) may be associated with the
lymphoma.

The term pseudolymphoma has been used to describe a patient who has
clinical features of lymphoma (night sweats, lymphadenopathy) but does not
show frank lymphoma on biopsy. The lymphocytic infiltrates in most SS bi-
opsies are predominantly T-cell, while the lymphomas are generally B-cell
(Fox et al. 1983). However, small immunoglobulin gene rearrangements are
frequently present in “benign” biopsies such as lymphoepithelial infiltrates
(Fishleder et al. 1987; Freimark and Fox 1987).

A common symptom of SS is fatigue. The fatigue can be debilitating and
often is not taken seriously by the patient’s family or her physician. It is im-
portant to determine if the fatigue results from an inflammatory process, a
hormonal imbalance, or from non-immune, non-hormonal problems. The fa-
tigue may be related to active immune disease and is generally attributed to
the central nervous action of cytokines such as IL-1 or TNF; thus, measure-
ment of acute-phase reactants such as erythrocyte sedimentation rate or
C-reactive protein made in response to these cytokines should suggest this
cause. However, in other patients the fatigue may reflect an imbalance in the
hypothalamic-pituitary-adrenal axis (Johnson et al. 2000). Also, patients with
SS have a higher frequency of hypothyroidism as a hormonal cause (Perez et
al. 1995).

Gynecologic problems include dyspareunia – difficult or painful intercourse.
This problem is a relatively common complaint that is often not expressed to
the physician because the woman is embarrassed. However, dyspareunia may
be diminished with topical lubricants and topical estrogen (in the older pa-
tient). Because women are so often reluctant to bring up this subject, it is vital
that the physician initiates this discussion.

In pregnant patients, a higher frequency of the fetal complication of con-
genital heart block has been noted. This may be due to antibodies against
SS-A, since a novel spliced form of SS-A is expressed by the fetal heart from
8 to 12 weeks of gestation. Other autoantibodies have also been suggested
as causative in fetal complications or the development of rash neonatal SLE
in the newborn infant. In some patients, recurrent miscarriages or vascular
thrombosis is associated with anti-cardiolipin antibodies, a false-positive RPR,
lupus anticoagulants, or antibody to beta-2 glycoprotein I.
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In addition to sensory peripheral neuropathy, SS patients may develop
mononeuritis multiplex (Grant et al. 1997). Central nervous system involve-
ment may include the spectrum of disorders found in SLE patients, ranging
from vasculitis (Alexander et al. 1988) to neuropsychiatric manifestations
(Spezialetti et al. 1993). The incidence of CNS lesions in SS patients has re-
mained controversial, with the incidence at our center being similar to that
found in SLE patients (Fox 1995). There has been controversy about the fre-
quency of autonomic neuropathy in SS, but one recent study (Niemela 2003).

Other sites that may be involved with vasculitis include bladder (intersti-
tial cystitis) which may be associated with an autoantibody against a novel
70 kd protein (Ochs et al. 1996). Abdominal and mesenteric vasculitis may
occur, most commonly in patients with mixed cryoglobulemia (Singer et al.
1986; Mody and Cassim 1998). Nephritis is generally interstitial but glomeru-
lonephritis may occur in primary SS patients (Fox and Wilson 1993); however,
the occurence of glomerulonephritis should stimulate a search for amyloid
or SLE (Fox and Wilson 1993).

Differential Diagnosis of Sjogren’s Syndrome

The rheumatologist is often faced with the diagnostic difficulty of distinguish-
ing primary 1° SS from 2° SS associated with SLE. These patients frequently
share similar symptoms (arthralgias, myalgias, fatigue, rashes, and visceral
involvement due to vasculitis) as well as laboratory tests including positive
ANA and antibody to SS-A (Ro) (Smolen et al. 1997). Indeed, it has been ar-
gued that SLE represents a spectrum of patients where subsets are “artifi-
cially” subdivided on the basis of their serology and the serology (ie. antibody
against SS-A, etc) correlates better with their genotype than with their clini-
cal features (Harley et al. 1989; Arnett 1994). If one accepts the premise that
patients with SLE constitute a heterogeneous group of patients in terms of
pattern of organ involvement and anti-nuclear antibodies (Harley et al. 1989),
then it reasonably can be argued that primary SS patients represent a forme
fruste of SLE where patients have only 4 of the necessary 5 criteria for diag-
nosis of SLE (Fox 1994). The group of patients with 1° SS is genetically heter-
ogeneous even among patients who have similar ethnic background. However,
a significant proportion of Caucasion 1° SS patients have similar HLA associ-
ations (HLA- DR3 and particular DQ alleles) that are found in a subset of SLE
patients (Guggenbuhl et al. 1998; Jean et al. 1998). Further, our experience
with multiplex familes (ie. one member with 1° SS and another member with
autoimmune disease such as RA, SLE or scleroderma) in China (Kang et al.
1991) and in another study of a multiplex Caucasion family (Reveille et al.
1984), family members (siblings, mothers, daughters) of 1° SS patients had
an almost equal frequency of 1° SS or SLE. Similarly, in a large multiplex
family with multiple cases of SLE, family members with SS were noted
(Sestak et al. 1999). Thus, it might be postulated that certain genetic factors
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predispose to either 1° SS or a subset of SLE, while other environmental (or
gene recombination events) then propel the genetically susceptible patient
down the clinical pathway of either 1° SS or SLE. In this regard, the close
overlap of clinical symptoms of 1° SS and a subset of SLE would be expected.
I would propose that SS develops in those patients with a more lymphocyte
aggressive disease, as manifest by the infiltration of lymphocytes (predomi-
nantly CD4+ T cells) into tissues normally lacking lymphoid infiltrates (ie.
lacrimal and salivary glands, as well as lung or renal parenchyma). An ex-
tension of this hypothesis is the increased frequency of lymphoma in SS pa-
tients (Kassan et al. 1978). In comparison, many of the manifestations of SLE
patients appear to result from pathogenic antibodies that lead to immune
complex disease or specific antibodies against platelets or glomerular anti-
gens. Although there is clearly a great deal of overlap in 1° SS and SLE in this
regard, this is a relatively simple model for prognostically evaluating patients
symptoms (ie. interstitial pneumonitis, interstitial nephritis or increased lym-
phoma) with features of SS or SLE.

At present, the label “Sjogren’s syndrome” alerts the rheumatologist to
the particular ocular and oral needs of the patient with sicca symptoms as
well as to their particular problems of lymphoproliferative disorders. Thus, it
is important for rheumatologists not to get bogged down in currently fash-
ionable debates over classification criteria. The key point is that diseases are
best classified by etiology and that the etiology of SLE and SS remains un-
known; thus, we are left with classifying clusters of symptoms/signs and the
key point is how to determine prognosis and treatment.

The pattern of rashes in 1° SS patients differs somewhat from those in most
SLE patients. Malar rashes are more common in SLE, due to the presence of
malar rash as serving as criteria for SLE. However, the malar rash of SLE must
be distinguished from rosacea which can contribute to blepharitis and ocular
symptoms mimicking 1° SS (Katayama et al. 1994). Patients with 1° SS have a
relatively higher incidence of hyperglobulinemic purpura based on retrospec-
tive studies (Kyle et al. 1971); and the purpura may be associated with a type
II mixed cryoglobulin (Ferri et al. 1998) containing a monoclonal rheumatoid
factor with a particular idiotype (Fox et al. 1986). In Japanese patients, par-
ticular types of rashes such as erythema annulare (particularly with location
on the face) are more common in SS than SLE patients (Ruzicka et al. 1991;
Watanabe et al. 1997). In the past, a psoriaform skin rash was termed “sub-
acute” lupus when associated with a negative ANA (done using mouse kid-
ney substrate) and a positive anti-SS A antibody (Bangert et al. 1984). These
patients had a high frequency of SS like symptoms. In recent years, a differ-
ent substrate for detection of ANA’s (Hep 2 cells) has been used and patients
with “subacute lupus” now are shown to have a positive ANA (McCauliffe et
al. 1996) and are frequently diagnosed as SS (Harper et al. 1982; Bielsa et al.
1994; Provost et al. 1997). A wide range of additional skin lesions are found
in both SLE and SS, ranging from leukocytoclastic vasculitis to the purpura
associated with low platelets (Magro et al. 1999).
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Mouth (intraoral) lesions occur in both SS and SLE. However, the character-
istic SLE lesion is an oral ulcer. The most common mouth lesion in SS patients
is due to oral candida (Daniels and Fox 1992a). These lesions are recognized
by the presence of angular cheilitis and erythematous patches (often resem-
bling telangiectasias) on the hard palate (Daniels and Fox 1992b). The use of
corticosteroids and antibiotics predisposes to oral candida in patients with
decreased salivary flow. Also, oral lesions in patients on methotrexate may
not be due to drug allergy but to oral candida.

Therapy of Sjogren’s Syndrome

The mainstay of treatment of dry eyes remains the use of artificial tears. In
some patients, punctal occlusion may provide a longer retension time for in-
stilled tears (Friedlaender and Fox 1998). In some patients, preservatives in
commercial tears may contribute to the topical irritation although this is less
common than in past years due to the new generation of “preservatives” and
“preservative free” artificial tears now available (Whitcher et al. 1998). Re-
cent studies have suggested a role for topical cyclosporin A eye drops (Sall et
al. 2000) and topical androgen eye drops are being evaluated (Sullivan et al.
1999).

For dry mouth, special toothpastes that lack detergents (foaming agents)
in regular toothpastes may be better tolerated. Also, artifical salivas are available
that are useful to help in swallowing, talking and to prevent having to get up
at night to get water (and the resulting nocturia). Topical fluoride (often ap-
plied at night) by trays may help retard progressive cariogenic disease (Daniels
and Fox 1992b). Muscarinic agonists such as pilocarpine (Vivino et al. 1999)
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Table 4. Therapeutic Principles

1. Therapy includes topical replacement of lubrication (artificial tears and saliva), as well
as preservation of tears by punctal occlusion.

2. Local inflammation of the ocular surface may be treated by use of anti-inflammatory
substances such as topical cyclosporin.

3. The normal tear film or saliva lubricants contain mucins as well as saliva. Although
current therapies can replace aqueous secretions, they are still deficient in replacement
of the mucin components.

4. New oral medications help stimulate muscarinic M3 secretion to lead to increased water
content of secretions.

5. The overall treatment program for SS is similar to SLE with the use of corticosteroids
(that can be used for short intervals), nonsteroidal agents, slow acting anti-rheumatic
drugs (hydroxychloroquine, methotrexate, and perhaps newer agents such as
leflunomide or TNF inhibitors) for chronic management of extraglandular
manifestations, and cytotoxic agents (i.e. cyclophosphamide) for life threatening
vasculitis.



and cevimeline (Fox 2000) have recently been approved for the treatment of
symptoms of dry mouth.

The treatment of extra-glandular symptoms of SS remains similar to treatment
of SLE. Symptoms of arthralgia may respond to nonsteroidal anti-inflammatory
agents or antimalarials (Fox et al. 1996). Recent studies have suggested that
tetracyclines may be effective in RA (Breedveld 1997) and in animal models
of dental disease (Flemmig et al. 1996), perhaps due to their ability to inhibit
metalloproteinases (Greenwalt 1994). In SS patients resistant to nonsteroidal
anti-inflammatory agents, low dose methotrexate appears useful to control
arthralgia and myalgia; no increase in lacrimal or salivary gland flow was de-
tected in the methotrexate treated patients (Skopouli et al. 1996). Oral cyclosporin
A has been effective in SLE (Manger et al. 1996; Yocum 1996) and animal
models of SS (Jabs et al. 1996); however, controlled trials of cyclosporin A,
FK-506, or rapamycin have not been performed in SS due to concerns about
higher risks of renal toxicity (ie. increased pre-existent interstitial nephritis)
and tendency towards lymphoma (Ferraccioli et al. 1996). The recent success
with “biologic” agents (ie. anti-TNF antibody and TNF receptors) in RA and
i.v. gammaglobulin in various autoimmune diseases initally suggested a po-
tential role for these agents. However, now controlled multicenter trials have
not demonstrated benefit from infliximab or etanercept (Mariette et al. 2003)
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9 Psoriasis Vulgaris and Arthopathica

Jörg Christoph Prinz

Introduction

Psoriasis vulgaris is an HLA-associated inflammatory disorder, which affects
~2% of the Caucasian population. It presents with a characteristic type of skin
lesions which appear as sharply demarcated reddish plaques of variant size
covered with intensive silvery scaling. In a significant proportion of patients
psoriasis also involves the joints, sometimes leading to severe arthritis.

Psoriasis has been documented already in ancient times. The earliest de-
scriptions are attributed to Celsus (25 a.c. to 50 p.c.) (Dirckx, 1983) and to the
3rd Book of Moses in the Book of Leviticus, chapter 13, of the Old Testament
(Glickman, 1986). Here, psoriasis is assumed behind the term “zaraath”.
In 1801 psoriasis was clearly distinguished from leprosy by Robert Willan
(1757–1812) (Leach and Beckwith, 1999). Since then, pathophysiology and
therapy of psoriasis have remained an intellectual challenge.

Epidemiology and Genetics of Psoriasis

The true incidence of psoriasis is difficult to determine. The prevalence var-
ies in different parts of the world between 0.1% to 3%. In Western industrial-
ized nations it is estimated to affect 1.5–2% of the population.

Psoriasis has a strong hereditary background. The concordance in monozy-
gotic twins is 65 to 70% (Farber et al. 1974; Brandrup et al. 1982), compared
to 15 to 20% in dizygotic twins. The risk of first-degree relatives to acquire
psoriasis ranges from 8 to 23%. The inherited predisposition involves various
gene loci. They include PSORS1 (psoriasis susceptibility locus) on chromo-
some 6p21.3, PSORS2 on 17q24-q25, PSORS3 on 4qter, PSORS4 on 1cen-q21,
PSORS5 on 3q21, PSORS6 on 19p13, PSORS71p35-p34, PSORS8 on 16q12-q13,
and PSORS9 on 4q31 (http://www.ncbi.nlm.nih.gov/Omim). Potential other
psoriasis gene loci are 16q und 20p (Nair et al. 1997). Some of these gene loci
are identical to gene loci of atopic childhood eczema (20p, PSORS2, PSORS4)



(Cookson et al. 2001). Psoriasis susceptibility is furthermore influenced by poly-
morphisms in various cytokine alleles (IL-1, IL-6, IL-10, IL12, TNF-a) (Arias et
al. 1997; Asadullah et al. 2001; Reich et al. 2002; Tsunemi et al. 2002).

PSORS1 and PSORS2 have been confirmed by more than one research
group. They apparently carry the main risk alleles for psoriasis. PSORS1 con-
tributes approximately 30–50% to the genetic predisposition (Trembath et
al. 1997). It reflects the association of psoriasis with HLA-Cw6 that was iden-
tified as the first correlate of the genetic predisposition (Russel et al. 1972). In
northern Europe and the U.S.A. two thirds of the psoriasis patients are HLA-
Cw6 positive (Elder et al. 2001). Approximately 10% of the HLA-Cw6 posi-
tive individuals acquire psoriasis. Because of this relative association it remains
uncertain whether HLA-Cw6 itself or a closely adjoining gene polymorphism
represents the actual risk allele (Nair et al. 2000). HLA-Cw6 is inherited as a
conserved set of genes (extended haplotype, EH57.1/I) that involves the HLA
molecules Cw6-B57-DRB1*0701-DQA1*0201-DQB1*0303 and particular al-
leles of corneodesmosin, MICA (class I major histocompatibility complex chain-
related gene A), and HCR (Schmitt Egenolf et al. 1996; Tazi Ahnini et al. 1999;
Gonzalez et al. 1999; Jenisch et al. 1999; Asumalahti et al. 2002). Each of these
alleles has single nucleotide polymorphisms (SNP) that are associated with
psoriasis and make them potential candidates for risk alleles.

For PSORS2 on 17q24-q25 the situation is much better defined. It carries
a particular psoriasis-associated SNP that is located between SLC9A3R1
(EBP50/ERM-binding phosphoprotein 50 kDA or NHERF1) and NAT9 (Helms
et al. 2003). The SNP affects a binding site for the transcription factor, RUNX1,
and, at least experimentally, ablates RUNX1 binding and RUNX1-regulated
expression of SLC9A3R1. SLC9A3R1 codes for a linker protein that binds mem-
bers of the ezrin-radixin-moesin family via a PDZ domaine (Reczek et al. 1997).
It is involved in both, epithelial membrane function and the formation of the
immunologic synapse, and it mediates inhibitory signals during T cell activa-
tion (Itoh et al. 2002). Since SLC9A3R1 is expressed in the upper epidermal
layers and in resting T cells ablation of RUNX1 binding may contribute to both
epidermal dysregulation and exaggerated T-cell activation of psoriatic skin
lesions. An altered RUNX-mediated gene expression has also been suggested
for lupus erythematosus and rheumatoid arthritis, making RUNX-related im-
mune dysregulation a potential mechanism of autoimmunity (Prokunina et
al. 2002; Tokuhiro et al. 2003).

HLA-Cw6 and Psoriasis-Subtypes

The biologic role of HLA-Cw6 in psoriasis is still unknown. Yet, HLA-Cw6 as
the major risk allele defines several clinical aspects of psoriasis. Acute-
exanthematic, socalled gutatte psoriasis shows a high prevalence for HLA-
Cw6 (Mallon et al. 2000). Homzygosity for HLA-Cw6 confers a higher risk
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for psoriasis than heterozygosity (Gudjonsson et al. 2003). HLA-Cw6 is fur-
thermore associated with an early onset of the disease and a positive family
history for psoriasis (Queiro et al. 2003).

Two subtypes of non-pustular psoriasis have been defined by the age of
disease onset, HLA-expression and family history (Christophers and Henseler,
1985). Type 1 represents approximately two thirds of the psoriasis patients. It
is characterized by the presence of HLA-Cw6, a positive family history for
psoriasis, and an early disease manifestation usually before the age of 40 years,
with a maximum of onset at the age of 16 (females) or 22 (males) years. Type
2 psoriasis is characterized by a late onset with a maximum at the age of 60
(females) or 57 (males) years, and by an overrepresentation of HLA-Cw2. Other
HLA-alleles found more frequently in non-pustular psoriasis are A2, A24, B13,
B27, B37, Cw7, Cw8 and Cw11 (Henseler, 1998). Unlike type 2 psoriasis, type 1
psoriasis is selectively associated with streptococcal throat infection as major
environmental trigger of psoriasis onset (Weisenseel et al. 2002).

Histopathology

The histopathologic picture of psoriasis depends on stage and localisation of
the lesion. Early lesions display quite unspecific changes with dilatation of
the papillary capillaries, oedema and a mononuclear infiltrate, from which
fewer cells exocytose into the lower epidermis (Braun-Falco and Christophers,
1974). Only then, epidermal changes develop with parakeratosis (incom-
plete cornification) and disappearance of the granular layer. At this stage the
phenomenon of the “squirting papillae” occurs, with release of neutrophilic
granulocytes (Pinkus and Mehregan, 1966) from the dermal capillaries. They
accumulate as Munro microabscesses within the parakeratotic layer or, in-
termingled with epidermal cells (Ragaz and Ackerman, 1979), as spongiform
pustules of Kogoj beneath the parakeratotic stratum corneum (Gordon and
Johnson, 1967). Increased numbers of mast cells are observed in the dermis.

The fully developed lesions are characterized by acanthosis (thickening
of the epidermis), elongated rete ridges with often club-shaped dermal papillae
and thinning of the suprapapillary layers of the epidermis. The granular layer
is absent. Parakeratosis may be accompanied by ortho-hyperkeratosis. Only
the intra-epidermal pustules or microabscesses, however, represent fully pat-
hognomonic features of psoriasis. They become predominant in pustular
psoriasis, with spongiform macropustules in a degenerated epidermis (Shel-
ley and Kirschbaum 1961).

Gene Expression Analysis

Large scale gene expression analysis of affected and unaffected psoriatic skin
as well as skin from healthy individuals demonstrated that more than 1,300
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genes are differentially expressed in psoriatic inflammation. These genes are
particularly relevant for wound healing and epidermal regeneration, inflam-
mation and immunity, epidermal proliferation and differentiation, the JAK-
STAT-signalling cascade, neurogenesis, melanogenesis, and the pathogen
defence. They reflect the different compartments involved in the pathogenic
cascade (Bowcock et al. 2001; Zhou et al. 2003). Interestingly, gene expres-
sion revealed no difference between type 1 and type 2 psoriasis patients.

Environmental Factors

Throat infections with group A �-haemolytic streptococci are the most fre-
quent trigger of psoriasis onset, but may also induce relapses. Reports on the
incidence of streptococcal throat infection preceding first psoriasis onset range
from 56 to 97% (Norrlind, 1954; Tervaert and Esseveld, 1970). Elevated se-
rum antibody titres against streptococcal antigens (Streptolysin O, DNAse B)
are found in ~ 50% of patients with chronic plaque psoriasis. Other trigger-
ing factors are drugs (mainly lithium, �-adrenergic blocking agents, antima-
laria agents, IFN-�, Interleukin-2), withdrawal of steroids, alcohol, emotional
stress and hypocalcaemia, to name the most frequent ones. These factors
somehow seem to act on the genetic predisposition to turn the latent state
into the full psoriatic phenotype.

Immune Mechanisms in the Pathogenesis of Psoriasis

Several fully reversible features shape the clinical appearance of psoriasis.
They include a strong increase in keratinocyte proliferation and epidermal
turnover, accumulation of neutrophilic granulocytes, inflammatory changes
with elongation of the papillary capillaries, and a mononuclear infiltrate with
activated T cells.

Accordingly, the cause of psoriasis has been assumed in a disturbed growth
regulation of keratinocytes, abnormal function and chemotaxis of neutrophi-
lic granulocytes, or in defects in the cAMP-cascade or arachidonic acid me-
tabolism, to name some of the former approaches. Intensive analysis of these
compartments, however, did not reveal clues to explain the pathogenesis of
psoriasis.

T Cell Activation in Psoriasis

Recent progress in the understanding of psoriasis vulgaris has suggested
that activation of the specific cellular immune system, particularly T cells, in
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the skin is an essential step in disease manifestation, and that it is responsi-
ble for all the different lesional psoriatic changes including the increased
keratinocyte proliferation (Valdimarsson et al. 1986). This role was first sug-
gested in 1976 by the ability of cyclosporine A to clear psoriasis (Mueller and
Hermann, 1976), but in order to convince of the pivotal position of T cells in
the realisation of a genetic predisposition which includes HLA-association
and – less stringently – other gene loci (Henseler, 1997; Trembath et al. 1997;
Tomfohrde et al. 1994), further observations were necessary. They were based
mainly on the therapeutic efficacy of other immunosuppressive regimens such
as FK506 (Michel et al. 1996), monoclonal CD3 and CD4 antibodies (Wein-
shenker et al. 1989; Nicolas et al. 1991; Prinz et al. 1991), or a T cell-selective
toxin, DAB389IL-2 (Gottlieb et al. 1995), but also of immunomodulatory cytoki-
nes such as IL-10 (Asadullah et al. 1998).

The T cells accused for mediating psoriasis constitute a dense inflammatory
infiltrate in the papillary dermis and, to a much lesser degree, in the epider-
mis. The majority of the dermal T cells are CD4+, while CD8+ T cells repre-
sent the majority of the epidermal T cell infiltrate (Bos et al. 1983). According
to the expression of the low molecular isoform of the tyrosine-phosphatase
CD45 (CD45RO) the lesional psoriatic T cells are memory T cells (Bos et al.
1989). Accumulation of these T cells within the psoriatic skin lesions is medi-
ated by the interaction of various glycoprotein ligands and chemokine recep-
tors on the T cell surface (cutaneous lymphocyte-associated antigen/CLA,
intracellular adhesion molecule-1/ICAM-1, CD11a/LFA-1, chemokine recep-
tor/CCR10) with various adhesion molecules on the vascular endothelium of
the papillary venules (P-selectin, E-selectin, ICAM-1, chemokine CCL27) (Prinz
2003). CLA and CCR10 characterize T lymphocytes of inflammatory skin dis-
eases. They mediate binding of T cells to the endothelium of the postcapil-
lary venules and thus promote extravasation and migration into the dermal
extracellular matrix.

In skin inflammation, P- and E-selectin are upregulated on endothelial
cells and bind T cells via the P-selectin-glycoprotein-ligand 1 (PSGL-1). CLA
results from glycosylation of PSGL-1. Lesional and non-lesional skin of psori-
asis patients are characterized by an increased expression of various adhe-
sion molecules such as E-Selectin und ICAM-1. The chemokine CCL27 is
produced by basal keratinocytes of psoriatic skin lesions and other inflam-
matory skin diseases. It is secreted into the papillary dermis and becomes
immobilized on both the extracellular matrix and on endothelial cells (Homey
et al. 2002). Binding of CCR10 along the CCL27 gradient directs T-cell mi-
gration into inflammatory skin lesions, and neutralization of CCL27 in a mouse
model of skin inflammation inhibits cutaneous T-cell recruitment.

Functional analysis of T cells isolated and cloned from these infiltrates re-
vealed that a substantial proportion was capable of stimulating the proliferation
of keratinocyte by the secretion of mediators (Prinz et al. 1994; Bata-Csorgo
et al. 1995). Whether a particular hyperresponsiveness of psoriatic keratino-
cytes to growth promoting signals from T cells is involved in this effect is still
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a matter of investigation. Studies on cytokine secretion furthermore suggested,
that the lesional T cells represent a particular regulatory T cell subset. They
produce a particular cytokine pattern that by its biological activities should
be able to mediate the features of psoriasis (Vollmer et al. 1994; Kagi et al.
1994). It includes IL-3, IL-6, and GM-CSF which can enhance keratinocyte
proliferation in vitro; IL-8 as a key chemotactic cytokine for neutrophilic granu-
locytes; IL-5 which in combination with IL-3 promotes expansion and activa-
tion of mast cells; and IFN�, TNF-� and TNF-� which activate macrophages
and enhance their microbicidal actions (Abbas et al. 1996). In addition, IFN�

is involved in the mitogenic effect of T cells on keratinocytes (Prinz et al. 1994;
Bata-Csorgo et al. 1995), TNF-� induces keratinocytes to produce IL-8 and
beta-defensins both of which are found in high amount in psoriatic epider-
mis (Nickoloff et al. 1991; Schroder and Harder, 1999). By the production of
IFN� and the lack of IL-4 the lesional psoriatic T cells yielded a predominantly
Th1-pattern, which is usually associated with both, effective cellular immune
responses against bacteria (Abbas et al. 1996; Schaible et al. 1999) and with
T cell mediated autoimmune tissue injury (Abbas et al. 1996). The presence
of IL-5 (Vollmer et al. 1994) argues for a particular differentiation within the
Th1-T cell subset.

Molecular analysis of TCR usage in psoriatic skin lesions has provided strong
evidence in favour of an antigen-driven lesional T cell response. The TCR
usage within psoriatic skin lesions appears highly restricted, with repetitive
TCR rearrangements being reflected by the presence of clonally expanded T
cell populations (Chang et al. 1994; Menssen et al. 1995). The same clonally
expanded T cell populations were associated with the lesional psoriatic im-
mune response over prolonged periods of time and in relapsing disease (Menssen
et al. 1995; Chang et al. 1997). Extensive cloning and sequencing of TCR
rearrangements of several BV gene families in repetitive biopsies from the
same patients indicated that the lesional T cell receptor usage is quite stable
in general, with hardly any variations in the selected TCR rearrangements
over time. These results emphasize that the psoriatic immune response in-
volves a restricted subset of clonally expanded T cells. It is apparently induced
against antigens, which are continuously present within the psoriatic skin le-
sions, and it shows no signs of epitope spreading. Instead, identification of a
conserved T cell receptor �-chain (TCRB) CDR3-motif within multiple lesions
from different patients suggested that the psoriatic immune response is not
only preserved within individual patients but that a common psoriatic anti-
gen may be driving responses in different patients (Prinz et al. 1999).

Search for the Psoriatic Autoantigens

In search for an organ-specific causative psoriatic antigen, molecular mim-
icry between streptococcal and keratinocyte proteins has been a highly in-
triguing hypothesis (Valdimarsson et al. 1997). Molecular mimicry proposes
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that infecting pathogens express peptides that are similar in structure or se-
quence to a particular self-component and thus induce cross-reactive immune
responses between pathogen and host (Fujinami and Oldstone, 1985; Oldstone,
1987). The classical paradigm for antigen mimicry has been acute rheumatic
fever induced by group A �-haemolytic streptococci. Immunologically rele-
vant structural homologies of streptococcal M proteins, which are major strep-
tococcal virulence factors, with various organ-specific proteins such as myosin
have been identified by both cross-reacting serum antibodies and T cells from
patients affected by rheumatic fever in numerous studies (Robinson and
Kehoe, 1992).

Common epitopes are also shared between streptococcal antigens and
keratinocyte proteins (Robinson and Kehoe, 1992). Based on several amino
acid sequence homologies with streptococcal M proteins that were identified
by database searches, keratin 6, but also other keratins, were formerly sug-
gested as psoriatic autoantigens (Valdimarsson et al. 1986). And indeed, pe-
ripheral blood T cells of psoriasis patients showed increased reactivity to
several synthetic peptides corresponding to these homologous regions, when
tested in vitro (Sigmundsdottir et al. 1997; Gudmundsdottir et al. 1999). A
particular relevance of these findings for the psoriatic T cell response is sug-
gested by increased lesional frequencies of streptococci-specific T cells (Baker
et al. 1991; Baker et al. 1992). Therefore, in a concept of molecular mimicry,
streptococcal M-proteins might have the capacity to direct a primary anti-
streptococcal T cell response towards homologous organ-specific keratin pep-
tides presented on keratinocytes.

When integrated into a pathogenetic concept, psoriasis might therefore
essentially be interpreted as an autoimmune skin reaction triggered by mo-
lecular mimicry. At least in a subset of patients it may be mediated by a par-
ticular population of cross-reactive regulatory T cells that were originally
primed against bacterial – in this case streptococcal – antigens and become
reactivated within the skin when they recognize homologous peptides from
keratinocyte proteins. This fact might be able to explain the whole array of
features of psoriasis. According to their original antibacterial functional dif-
ferentiation these T cells should induce an antibacterial tissue reaction when
reactivated. The excessive epithelial hyperplasia with intense desquamation
may thus be considered as an expulsive mechanism of epithelial surfaces to
combat microbial invasion (McCarty, 1973); human beta defensins are anti-
bacterial, keratinocyte-derived peptides (Harder et al. 1997); mast cells (Har-
vima et al. 1989) are known to hold a pivotal position in bacterial defence
reactions (Prodeus et al. 1997); and neutrophilic granulocytes function as anti-
microbial phagocytes. Whether the HLA-association of psoriasis results from
the particular capacity of HLA-Cw6 to present particularly the homologous
peptides from M proteins and keratins remains to be determined (Prinz 2004).
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Clinical Manifestations of Psoriasis

Acute Guttate and Chronic Plaque Psoriasis

Psoriasis presents with two major clinical forms of manifestation, acute guttate
psoriasis and chronic plaque psoriasis, as well as several less frequent clinical
variants, mainly pustular psoriasis, erythrodermic psoriasis, and psoriasis arthritis.

The classical psoriatic skin lesion is a well-defined sharply demarcated
plaque of salmon pink colour covered with a variable amount of silvery scales
(erythemato-squamous plaques). It is characteristic of chronic plaque psoria-
sis. Scratching off the scaling reveals a glossy, red, dry membrane that upon
further removal develops small bleeding points from the elongated papillary
capillaries (Auspitz sign). Chronic psoriatic plaques show mostly uniform ap-
pearance. They are usually symmetrically distributed with a preference for
certain predilection sites: extensor side of joints (particularly knees and el-
bows), umbilicus, anal cleft, genital region, ears, and scalp. The extend may
vary from a few small lesions to extensive confluent plaques that cover large
areas of the body.

Acute guttate psoriasis shows small pinpoint lesions with often only little
scaling that are tightly scattered over trunk and limbs, less frequently also on face
and scalp. It develops as acute, exanthematic form particularly after streptococ-
cal throat infections in first onset psoriasis, but also in acute psoriasis relapses.

Modification by Site

The scalp is often involved with inflammation and scaling that extends ap-
proximately 1 cm onto the forehead. Taenia amiantacea can be considered
as the most severe form of shell-like, firmly adherent scales. Although hair
loss is not a prevailing sign of scalp psoriasis, a diffuse reversible inflamma-
tory effluvium may develop.

Fingernails and toenails may be affected in two different ways: psoriasis
of nailbed and hyponychium leads to subungual hyperkeratosis, onycholysis,
and yellow discoloration (oil drop). Small indentations (pitting), grooves and
ridges of the nail result from psoriatic involvement of the nail matrix.

In flexual psoriasis skin lesions show an “inverse” distribution pattern. They
affect mainly axillae, groins, and submammary folds. Due to maceration scal-
ing is usually absent.

Psoriasis of palms and soles is characterized by scaling, hyperkeratotic
erythemata or intra-epidermal yellow, later on brown pustules (see below).

Clinical Variants

Accumulation of neutrophilic granulocytes in small intra-epidermal micro-
abscesses is a pathognomonic feature of psoriatic skin lesions. If this aspect
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becomes more pronounced macroscopic visible sterile pustules develop on
the skin, leading to pustular psoriasis. Two main forms are distinguished: pso-
riasis of early onset may develop into pustular psoriasis under certain circum-
stances such as withdrawal of internal steroids or external irritation or high
eruption pressure (psoriasis cum pustulatione, generalized pustular psoriasis
von Zumbusch). The second group of pustular psoriasis usually develops later
in life, often shows an atypical (flexual, acral = inverse) distribution and may
display pustulation from onset on (palmoplantar pustular psoriasis, acroderma-
titis continua suppurativa of Hallopeau, annular pustular psoriasis, generalized
pustular psoriasis von Zumbusch). In both groups localized or generalized
forms are distinguished.

In erythrodermic psoriasis psoriatic inflammation has become general-
ized with highly inflammatory, exfoliative erythema and profuse scaling of
the whole skin. Together with generalized pustular psoriasis it represents the
most severe form of psoriasis and may become live-threatening.

Psoriatic arthritis is defined as the association of psoriasis with peripheral
or spinal arthropathy and negative serological tests for rheumatoid arthritis.
The incidence of arthritis in psoriasis patients ranges from ~ 5 to 40%, de-
pending on the diagnostic criteria included. In 65% of psoriatic arthritis pa-
tients psoriatic skin lesions preceded arthritis, in 16% joint and skin affection
appeared simultaneously, and in 19% skin lesions developed after arthritis
onset. HLA-B27, but also HLA-A2, B38, and DR4 confer an increased risk for
psoriatic arthritis.

The classification of Wright and Moll distinguishes five subgroups of
psoriatic arthritis (Moll and Wright, 1973). Peripheral asymmetric mono- or
oligoarthritis is most common (~70%). It preferentially affects single interphal-
angeal joints and usually is accompanied by a sausage-like digital swelling.
Distal interphalangeal arthritis (~5–10%) involves the distal interphalangeal
joints. In mutilating psoriatic arthritis (arthritis mutilans, ~5%) multiple inter-
phalangeal joints and adjacent bone are destroyed by osteolysis with subse-
quent telescope-like shortening of the fingers, ankylosis and arthrogenic
contractures. Symmetric psoriatic polyarthritis (~15%) is similar to rheuma-
toid arthritis, but usually less severe and rheumatoid factor-negative. Psoriatic
spondylarthritis (~5%) is clinically similar to spondylitis ancylopoetica and
affects spine and/or sacroiliac joints. As additional type pustular arthro-
osteitis is characterized by psoriasis pustulosa palmoplantaris and osteoarthritis
of the sternocostoclavicular joints (Edlund et al. 1988).

Course of Psoriasis

The course of psoriasis is unpredictable. After onset, approximately 60% of
the patients suffer from chronic persistent or recurring psoriasis with frequent
relapses. In the remaining 40% of patients complete and prolonged remis-
sion may develop.
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Diagnosis

The diagnosis of psoriasis is usually made on clinical grounds by the combi-
nation of erythematous plaques, affected predelection sites, nail changes, and
a positive familiar history. Diagnostic difficulties of atypical manifestation
such as in seborrhoic or flexual psoriasis as well as in palmoplantar psoriasis
may require histopathological support.

Management of Psoriasis

Therapy should take into consideration that psoriasis often is a life long re-
curring but not life threatening disease. Due to the large clinical variability
of psoriasis, therapy has to be adapted individually. The mode of therapy has
to consider the individual extend, localisation, acutity and duration of psoriasis,
sex and age of the patient, social and private aspects, and patient compliance.

General Measures

Patients should occasionally be examined for inflammatory foci (otolaryngo-
logic, dental) that may serve as constant triggers of relapses. Streptococcal
throat infection should be treated antibiotically. Tonsillectomy may be bene-
ficial particularly in early psoriasis triggered by streptococcal sore throat.
Triggering drugs and alcohol should be avoided, whenever possible. The in-
fluence of diet is unclear. It might be advisory in severe and refractory psori-
asis to avoid meet and sausages from cattle and pig because of the fatcontent
in precursors of arachidonic acid that may fuel psoriatic inflammation unspe-
cifically (Adam, 1995).

Therapy should address the different aspects of psoriatic skin lesions: it
should suppress keratinocyte proliferation, be anti-inflammatory and immu-
nosuppressive.

Topical Therapy

Dithranol (anthralin) was introduced into psoriasis therapy by Unna and
Galewsky in 1916 (Farber, 1992). It replaced chrysarobin, a natural tree-bark
extract that was not available any more during the 1st world war. Dithranol
still represents a kind of gold standard. Its mode of action involves a cytosta-
tic effect. It may be used in combination with UVB light (Ingram regimen) or
as short contact application. Since it is highly irritative it is used in low con-
centrations that during the course of treatment are cautiously increased.
Dithranol formulations have to be protected from oxidation by the addition of
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salicylic acid. As a disadvantage, dithranol stains the skin as well as cloth with
a brownish discoloration.

Coal tars have been known for their antipsoriatic effects since long. They
probably act cytostatically. Tars are mainly used as creams or ointments and
as bath in combination with UV light (Goeckerman regimen). In experienced
hands they represent an effective, although by now old-fashioned approach
particularly for chronic plaque psoriasis. Because of the high content in po-
tentially carcinogenic polycyclic aromatic hydrocarbons and occasional reports
on the occurrence of skin cancer in tar-treated areas, tar should be used with
care. It definitely is not the first line of treatment anymore.

Topical steroids are effective in clearing psoriatic skin lesions. The mode
of action involves anti-inflammatory and immunosuppressive effects. In ad-
dition to the disadvantages of long-term use (atrophy, systemic resorption etc.),
steroid treatment induces rebounds that are usually more recalcitrant to fur-
ther treatment. In order to reduce side effects and enhance efficiency, ste-
roids should be used in combination with other treatment modalities, such as
topical vitamin D or A analogues.

Vitamin D analogues (calcipotriol, tacalcitol) inhibit proliferation and en-
hance differention of epithelial cells via binding to vitamin D-receptors. Fur-
thermore, they suppress T cell activation. They are quite effective in reducing
psoriasis activity, but may leave a residual erythema. Advantages are ease of
application and the absence of staining. Because of the potential of calcium
mobilization from bone their use should be restricted to a certain amount used
for a certain area in a certain interval according to the manufacturers’ advice.
Efficacy is enhanced when combined with topical steroids, tazarotene, or pho-
totherapy.

A topical vitamin A analogue is tazarotene. It is a retinoic acid receptor-
specific acetylenic retinoid, which is effective for the topical treatment of pa-
tients with stable plaque psoriasis. The low systemic absorption and rapid
systemic elimination of tazarotene results in limited systemic exposure. Top-
ical application may produce reversible skin irritation. The efficacy of monothe-
rapy can be greatly increased when combined with topical steroids, vitamin
D analogues, UVB or photochemotherapy.

Phototherapy and Photochemotherapy

Basically, two different modes of UV-light therapy are used in psoriasis treat-
ment: UV-B therapy, and UV-A photochemotherapy. Both can be applied as
partial or whole body therapy. A natural form of phototherapy is helio-/
thalasso-therapy (climate therapy) in the Dead Sea area, which, however,
seems to produce shorter remissions than office based UV-therapy (Koo and
Lebwohl, 1999).

The most effective therapeutic UV-B spectrum for psoriasis lies between
a wavelength of 304 and 314 nm. A lamp emitting a narrow UVB band at 311 nm
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is available. Narrow band UV-B is superior to broadband UV-B in terms of
efficacy and reduced carcinogenicity. UV-B efficacy is increased by combi-
nation with dithranol (Ingram regimen), vitamin D or A analogues.

Psoralen and UV-A (PUVA) therapy, also termed photochemotherapy, is
mainly used as a combination of 8-methoxypsoralen (8-MOP) with subsequent
UV-A-radiation. 8-MOP, while formerly given systemically, is now largely
applied topically either as bath or as cream. Following photoactivation by
UV-A in the skin 8-MOP induces crosslinking of DNA-strands and thus in-
hibits DNA-replication and RNA-transcription. Various studies demonstrated
a tendency for PUVA being superior to narrowband UV-B. Because of the
higher degree of cutaneous immunosuppression and long-term carcinogenic
hazard, however, PUVA should be applied with caution. It remains the main-
stay for psoriasis patients with high PASI scores who do not respond or that
cannot be controlled adequately by narrowband UV-B. A history of skin can-
cer, exposure to treatment with arsenic or cyclosporine A are relative contra-
indications (Morison et al. 1998; Halpern et al. 2000).

According to a large survey of the literature by Koo and Lebwohl (Koo and
Lebwohl, 1999), PUVA and Ingram-regimen seem to induce the longest re-
missions of all treatment modalities.

Systemic Therapy

Systemic therapy is indicated particularly in patients with moderate to severe
psoriasis. Rotation of available therapies should always be considered to mini-
mize long-term toxicity and allow effective treatments to be maintained for
many years.

Four drugs are mainly used in systemic therapy: Methotrexate, acitretin,
cyclosporine A, and fumaric acid esters. Rarely used are hydroxyurea and
6-thioguanine. Mycophenolate mofetil, a novel lymphocyte-selective immu-
nosuppressant, seems to be less potent than initially expected. Further stud-
ies are necessary to decide whether it is a therapeutic alternative for patients
with psoriatic arthritis. FK506, although effective, has not yet gained a place
in psoriasis therapy.

Methotrexate represents an efficient anti-psoriatic drug. It is a dihydrofolate
reductase inhibitor and has anti-proliferative and immunosuppressive effects.
It usually is given as bolus therapy once a week. When liver function is care-
fully monitored and additional hepatotoxic hazards are avoided (alcohol)
methotrexate appears save even in long-term usage (Roenigk, Jr. et al. 1998).

Acitretin is the active metabolite of the retinoid etretinate. It replaced
etretinate because of its decreased lipophilicity and shorter elimination half
life (50h versus 80 days). Yet, a minor fraction of acitretin is metabolised back
into etretinate. Because of the teratogenic hazards of retinoids and the long-
term storage of etretinate in subcutaneous fat, women have to avoid preg-
nancy for two years after acitretin therapy. Although acitretin has beneficial
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effects on psoriasis as monotherapy, its main domain is the combination with
UV-B or PUVA therapy (Re-UVB, Re-PUVA). In particular when started be-
fore onset of phototherapy, it can significantly enhance the efficiency of both
UV-B and PUVA. Furthermore, it is often effective in stabilizing pustular pso-
riasis and acrodermatitis continua suppurativa Hallopeau.

Cyclosporine A can efficiently improve psoriasis, probably by its immu-
nosuppressive effects on T cells, but also antigen-presenting cells such as
dendritic cells or mast cells. Its use is limited by nephrotoxic side effects and
subsequent arterial hypertension. Furthermore, it increases the risk of cuta-
neous malignancies in patients with previous extensive phototherapy. Short-
term usage for a few months in order to induce remission in recalcitrant and
severe psoriasis appears as the main indication of this drug (Lebwohl et al.
1998).

Fumaric acid esters were introduced into psoriasis therapy nearly 30 years
ago. It has proved to be safe and effective in patients with severe chronic plaque
psoriasis. At the moment it is licensed in Germany. It seems to act as immu-
nomodulator that induces a Th1-Th2 shift, and it inhibits the formation of
proinflammatory cytokines by blocking NFkB-mediating pathways. Former
reports on renal toxicity ask for a close monitoring of renal function. Lympho-
penia usually develops without clinical signs of immunosuppression. In some
patients severe flushing and diarrhoea may impede further usage. No data
are available on the use of fumaric acid esters in combination regimens
(Mrowietz et al. 1999).

Biologics. Novel anti-psoriatic drugs have recently been developed on the
basis of genetically engineered monoclonal antibodies or recombinant fusion
proteins. Currently, some of them are already registered in various countries
for the treatment of psoriasis or psoriasis arthritis. They aim mainly at the ex-
aggerated lesional psoriatic immune response and offer novel, efficient ap-
proaches for the treatment of psoriasis. Among others they involve:

– monoclonal antibodies against TNF-� (such as Infliximab, Adalimumab,
or Onercept) or soluble TNF-�-antagonists (etanercept);

– an antibody against LFA-1/CD11a (efalizumab);
– a genetically engineered recombinant fusion protein that interferes with

T cell activation (LFA3TIP);
– immunomodulatory cytokines (IL-11, IL-10, IL-4) (Prinz 2003).

It is beyond the purpose of this chapter to review these drugs in more detail.
It needs to be stressed, however, that these approaches have different effi-
ciencies in controlling psoriatic inflammation. As compared to the established
psoriasis treatment modalities they offer as a particular advantage a lack of
organ toxicity and drug interference, and, from the current point of view, they
have a good safety profile. By interfering at select steps of the psoriatic in-
flammatory cascade, they have clarified the pathogenesis of psoriasis much
better, and they represent a revolution in the ability to control the disease in
high need patients. Of course, they should be active also in mild to moderate
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psoriasis, but according to the high costs of treatment their use will probably
be limited to more severe indications.

Psychological Aspects

A major aspect in psoriasis is the reduction in health related quality of life
with reduction in physical and mental functioning. It is comparable to that
seen in other severe diseases such as cancer, arthritis, hypertension, heart
disease, diabetes, and depression (Rapp et al. 1999). Therefore, psychologi-
cal intervention and support may be necessary in patients that are emotion-
ally and socially handicapped.

Summary

Psoriasis has only recently gained acceptance as T cell mediated disorder.
Therefore, its presentation in a book on autoimmunity may still raise objec-
tions. On closer sight, however, psoriasis fulfils many criteria of an autoimmune
disease: it has a hereditary background with a strong HLA-class I-associa-
tion; microbial infections contribute to disease onset; and T cells apparently
play an essential role in disease manifestation. Yet, only the identification of
the putative autoantigens will finally prove its autoimmune nature.
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10 Chronic Urticaria as an
Autoimmune Disease

Michihiro Hide, Malcolm W. Greaves

Introduction

Urticaria is conventionally classified as acute, intermittent and chronic (Grea-
ves 2000a). Acute urticaria which frequently involves an IgE-mediated im-
munological mechanism, is common, its causes often recognised by the
patient, and will not be considered further. Intermittent urticaria – frequent
bouts of unexplained urticaria at intervals of weeks or months – will be dis-
cussed here on the same basis as ‘ordinary’ chronic urticaria. The latter is
conventionally defined as the occurrence of daily or almost daily whealing
for at least six weeks. The etiology of chronic urticaria is usually obscure. The
different clinical varieties of chronic urticaria will be briefly considered here,
and attention will be devoted to a newly emerged entity – autoimmune chronic
urticaria, since establishing this diagnosis has conceptual, prognostic and the-
rapeutic implications. Contact urticaria and angioedema without urticaria will
not be dealt with in this account.

Classification of Chronic Urticaria

The clinical subtypes of chronic urticaria are illustrated in the pie-chart of
Fig. 1. The frequency of these subtypes is based upon the authors’ experience
at the St John’s Institute of Dermatology in UK. Whilst there may well be mi-
nor differences, it is likely that the frequency distribution of these subtypes
will be essentially similar in most centres in Europe and North America (Grea-
ves 1995, 2000b). However, our experience suggests that the incidence of
angioedema, especially that complicated by ordinary chronic urticaria is sub-
stantially lower in Japan and south Asian countries (unpublished observation).



Physical Urticarias

These comprise about one third to one fourth of all urticaria patients seen in
the authors’ services. The diagnosis is mainly made from careful history tak-
ing, appropriate clinical examination, and physical challenge testing is per-
formed when necessary. It is important to identify patients in whom a physical
urticaria is the main, if not the only, cause of the patient’s symptoms. In this
case, further investigation is not indicated, with rare exceptions (see below).
Almost invariably, patients with this diagnosis are over-investigated by the
time they are referred to the urticaria clinic. Skin prick testing, RAST (radio
allergo sorbent tests), food exclusion diets, etc, are not normally indicated in
patients with a physical urticaria with the exception of food-dependent exer-
cise-induced urticaria, a rare variety of urticaria, which develops following
exercise after food ingestion.

It is also important to appreciate that different physical urticarias can oc-
cur concurrently in the same patient; cold and cholinergic urticarias repre-
sent a well recognised example. Furthermore, chronic ‘idiopathic’ urticaria is
often associated with dermographism or delayed pressure urticaria. The in-
vestigation and management of chronic urticaria should be influenced by es-
tablishing the relative contributions of coexisting forms of chronic urticaria
to the patient’s overall disability.

Symptomatic Dermographism

This common physical urticaria presents mainly in teenagers or adults of ei-
ther sex. Like most physical urticarias, individual itchy wheals, produced by
gentle stroking or rubbing of the skin, last less than 30 minutes before fading
(Fig. 2). Angioedema and mucosal whealing do not occur and there are no
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Fig. 1. Chronic urticaria. Frequency of different subtypes in the authors’ practices.
The proportions are probably not very different elsewhere



systemic symptoms but pruritus is troublesome. The etiology is unknown al-
though skin reactivity can be passively transferred to non-human primates by
intracutaneous injection of donor serum from a dermographic patient (Murphy
et al. 1987). As with the majority of physical urticarias, investigations are point-
less and any role for food items has not been substantiated. The prognosis is
for eventual improvement in two to three years in most patients. Low sedation
antihistamines such as loratidine 10 mg, cetirizine 10 mg or fexofenadine
120–180 mg are usually effective in relieving the itch, although additional treat-
ment by a sedative antihistamine such as hydroxyzine 25 mg at night may
also be useful. Combinations of H1- and H2- antihistamines may be useful.

Cholinergic Urticaria

Cholinergic urticaria is common in children and young adults, although rare
in the elderly. Historically, this type of urticaria has been classified as a phys-
ical urticaria. However, a recent consensus report for “definition, classification,
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Fig. 2. Symptomatic Dermographism. Upper left hand panel: use of a graduated dermo-
grahpometer to test for sensitivity to a dermographic stimulus. Upper right hand panel:
graded wheal and flare response to a range of pressures. Lower panel: gentle stroking by
round end of a pen rod with a certain pressure may readily disclose abnormal reaction of

patients.



and routine diagnosis of urticaria” (Zuberbier et al. 2001) for urticaria and
angioedema classified this urticaria as a special type of urticaria, apart from
physical urticarias. Symptoms of cholinergic urticaria, typically widespread
pruritic monomorphic maculopapular lesions, develop in conditions causing
sweating, such as exercise, hot bath taking, or emotional stimuli (Hirschmann
et al. 1987) (Fig. 3). If the patient rests, cools off or relaxes, the eruption sub-
sides in 15–45 minutes. Typical areas of predilection include the face, neck,
fronts of elbows, wrists and popliteal fossae, although almost any area of the
body can be involved. It may be accompanied by angioedema and systemic
symptoms include wheezing or, rarely, anaphylactoid symptoms. Cholinergic
urticaria can be disabling, especially when provoked by occupational or emo-
tional triggers. The diagnosis is established by appropriate challenge testing
(Commens et al. 1978) (exercise, a hot bath or mental arithmetic) and/or skin
test with acetylcholine. No further investigations are indicated.

The prognosis is for gradual improvement over the course of months or
years in most patients, although the authors have several patients in whom
cholinergic urticaria remains unremitting. The condition normally responds
reasonably well to avoidance of provoking factors, together with regular daily
treatment by an H1-antihistamine, especially in children.

Clinical variants include persistent cholinergic urticaria (Murphy et al. 1983),
in which the rash is evident even at rest, and exercise-induced angioedema
(Lawrence et al. 1981). Rarely patients may give a clear history of food provo-
cation – either association of onset non-specifically with food intake, or spe-
cifically with certain food items (Zuberbier et al. 1993).

The pathomechanisms are incompletely understood. The local wheals can
be blocked by atropinisation of the skin indicating involvement of acetylcho-
line, and histamine release has also been confirmed – presumably derived
from mast cells (Herxheimer 1956). Wheal and flare reaction to autologous
sweat and sweat-provoked histamine release from their basophils have been
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Fig. 3. Cholinergic Urticaria. Typical monomorphic symmetrical maculopapular eruption
evoked by heat or exertion or stress



demonstrated in some populations of patients with cholinergic urticaria
(Adachi et al. 1994). These reactions have been suggested to be mediated by
specific IgE, but the antigen in human sweat has not been identified yet.

Cold Urticaria

This less common physical urticaria occurs in children and adults. Whealing
is rapidly provoked by exposure to cold fluids or cold surfaces (Fig. 4). Angi-
oedema of the oropharynx is common, e.g. after sucking an iced lolly. Sys-
temic symptoms are common and may be severe – especially when provoked
by extensive body immersion, as in sea-bathing. Cold urticaria is due to his-
tamine release (Keahey et al. 1980), and cold-reactivity can be passively
transferred to non-human primates by donor serum from affected individu-
als (Misch et al. 1983). The transferable factor has been variously attributed
to IgE or IgM. Rarely cryoglobulins and cold agglutinin can be identified in
sufferers’ serum. These are usually sought routinely but positive results are
exceptional. No other investigations are worth while.

In adults cold urticaria may be highly disabling especially in outdoor work-
ers. It responds rather poorly to antihistamine treatment in all but the mildest
cases and in children. Cold tolerance treatment (repeated cold exposure to
induce a temporary refractory state) is effective but requires a highly moti-
vated patient (Bentley-Phillips et al. 1976). Some remain crippled by cold
sensitivity despite all these measures.
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Fig. 4. Cold Urticaria. Local whealing response to application of an ice cube for 10 min



Delayed Pressure Urticaria

This common and disabling physical urticaria is arguably not a true urticaria
since the wheals characteristically are of more than 24 hours’ duration (Lawlor
et al. 1989a). As its name suggests, whealing occurs following a latent period
of 2–4 hours after application of pressure perpendicular to the skin. Common
examples of triggering factors include a tight waistband, tight footwear and
golf club, tennis racquet, or steering wheel grips. Pain is more characteristic
than itch although both may occur, and there is no angioedema and no mucosal
involvement. A skin biopsy reveals an inflammatory infiltrate in which eosino-
phils are prominent but there is no vasculitis. Mild systemic symptoms are
common including arthralgia and fatigue. The pathomechanisms in delayed
pressure urticaria are unknown. In Caucasian populations about 40 per cent
of patients with chronic ‘idiopathic’ urticaria have accompanying delayed
pressure urticaria (Sabroe et al. 1999a), and it is doubtful if it ever occurs as
an isolated clinical entity.

Treatment is very difficult. Early claims of the value of the antihistamine
cetirizine have not been substantiated and antihistamines are usually poorly
effective. Non-steroid anti-inflammatory agents are also usually disappoint-
ing and in severely disabled patients substantial dosage with oral steroids
(e.g. prednisone 30–40 mg daily) may be necessary to control symptoms.

Other Physical Urticarias

These are rare, and include solar urticaria (Ramsay 1977), aquagenic urti-
caria (Sibbald et al. 1981), vibratory angioedema (Lawlor et al. 1989b) and
heat urticaria (Koro et al. 1986). Although it may be useful to determine the
action spectrum needed to evoke solar urticaria, generally no further investi-
gations are needed beyond establishing the diagnosis by appropriate chal-
lenge tests. Antihistamine therapy is helpful to varying degrees in members
of this group, which will not be discussed further. The reader is referred to
more detailed accounts of these physical urticarias published recently else-
where (Black 2004).

Food Additive-Evoked Chronic Urticaria

At some stage in the course of their disease, many patients with chronic urti-
caria believe they have an ‘allergy’ to food items, and this belief is often rein-
forced by gratuitous advice from relatives and friends, and even by health
care professionals including dermatologists and allergists. In fact, a relation-
ship between food and chronic urticaria can be substantiated infrequently.
The gold standard should be placebo-controlled challenge testing (May 1985;
Pastorello 1995). In our urticaria clinics chronic urticaria can be demonstra-
bly attributable to a food additive in no more than five per cent of patients.
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We ask patients to keep a diary and report fluctuations in severity of whealing
and itching but daily measurements of plasma tryptase or urinary excretion
of histamine and its metabolites can be used to provide a quantitative mea-
sure of exacerbations.

Urticarial Vasculitis

A full description of the etiology, pathomechanisms, clinical presentation, in-
vestigation and treatment is outside the scope of this article. However, the
subject has recently been comprehensively reviewed (O’Donnell and Black
1995). Only a very brief outline will be included here.

Etiology

In the majority of patients, no cause is evident but recognised etiological fac-
tors include virus infections (hepatitis B and C and HIV) and paraproteinaemia.
Urticarial vasculitis may also be the first, or very early, clinical manifestation
of autoimmune disease (lupus, Sjogren’s syndrome) or ulcerative colitis or
Crohn’s disease. Drug hypersensitivity may also be an occasional cause.

Clinical Presentation and Investigation

In contrast with ‘ordinary’ urticaria, individual wheals are of duration greater
than 24 hours. Itching is variable and may be less prominent than painful ten-
derness. Some staining of the skin may be evident due to purpura and wheals
may show a predilection for pressure-bearing areas, such as the waistband.
There may be associated systemic symptoms of which arthralgia is especially
common. Urticarial vasculitis tends to pursue a chronic unremitting course.

Treatment

Urticarial vasculitis responds poorly to H1-antihistamines. Other drugs which
have been proposed include dapsone, antimalarials and colchicine. Systemic
steroids may be effective but, given the frequently prolonged duration of the
disease, systemic complications are almost inevitable. Other measures worth
considering in selected patients include intravenous immunoglobulin, paren-
teral gold injections and plasmapheresis.

Chronic ‘Idiopathic’ Urticaria

This is conventionally defined as the daily, or almost daily, occurrence of
wheals and itching for 6 weeks or more (Greaves 1995) (Fig. 5). The difference
between acute urticaria that appears daily for a few days and chronic idiopathic
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urticaria with disease duration for months is not clear, in terms of pathomecha-
nism. The average duration of chronic idiopathic urticaria is two–three years,
but most patients eventually move into remission.

Etiology

If the small subgroup of patients substantiated to be reactive to a food addi-
tive is eliminated, then, at least until recently, the cause in the remainder was
unknown. There have been several reports attempting to implicate local and/
or systemic infections of viruses, bacteria, and fungi, such as hepatitic C vi-
rus (Kanazawa et al. 1996), Helicobacter pylori (H.pylori) (Wedi et al. 1998;
Schnyder et al. 1999), and candida (Henz BM et al. 1998). However, they are
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Fig. 5. Chronic “Idiopathic” Urticaria. This 11 year-old child was treated elsewhere with a
prolonged course of systemic steroids. The child is clearly Cushingoid, and still has widespread

urticaria



either anecdotal or may be exacerbatory rather than causative for some pop-
ulations of patients. Aspirin is a recognized cause of flare-up of urticaria
(Grattan 2003). In a study reported by one of us (MWG), although upwards
40 per cent of chronic urticaria patients had evidence of H.pylori infection,
treatment of this produced no higher remission rate than when the same treat-
ment was given to chronic urticaria patients who did not have evidence of
H.pylori (Burova et al. 1998). Nevertheless it is feasible that H.pylori may have
an indirect role in autoimmune chronic urticaria (Greaves 2001) (see below).
Parasite infestation is not a cause in industrialized countries, but may be im-
portant in some developing countries (Wolfrom et al. 1995). Recently a sub-
group of chronic idiopathic urticaria patients has proved to have a specific
autoimmune basis (Hide et al. 1993) and this subset will be discussed in greater
detail below.

Pathomechanisms

Histamine is clearly implicated in the pathogenesis of the wheals and itch.
Although histamine, derived from dermal mast cells, is a major contributor to
the itch, its role in the wheals, which last several hours and are relatively poorly
responsive to H-antihistamines, is less clear. Probably mast cell-derived cytoki-
nes, proteases and eicosanoids are also involved. Blood basophils and eosino-
phils are also prominent in skin biopsy material from wheals of all ages and
may also be a source of vasoactive mediators (Sabroe et al. 1999b; Ying et al.
2002; Caproni et al. 2003).

The observation that histamine releasing activity could be demonstrated
in the serum or plasma of some patients with chronic idiopathic urticaria (Grat-
tan et al. 1986) eventually led to the recognition of autoimmune urticaria as
the cause in an important subset of patients with this condition (Hide et al. 1993)
(see below).

Clinical Features and Investigation

Characteristically the wheals are intensely itchy, of less than 24 hours’ dura-
tion individually and clear without marking the skin. Angioedema occurs in
up to 50 per cent and affects skin and/or mucous membranes. Systemic symp-
toms are minimal. Delayed pressure urticaria occurs concurrently in up to 40
per cent of patients (Sabroe et al. 1999a). When delayed pressure urticaria is
an accompanying feature, it is important to establish whether this physical
urticaria or the accompanying spontaneous wheals and angioedema are the
principal causes of the patient’s disability, since if it is the former, as already
indicated, no further investigations are worth while. The incidence of chronic
idiopathic urticaria complicated with angioedema and delayed pressure
urticaria, appears not so high in Japan and Asian countries according to the
authors’ experiences, although precise figures have not been reported.
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Chronic idiopathic urticaria, with or without angioedema and delayed
pressure urticaria, is a seriously disabling condition, causing occupational, so-
cial and personal disability of the same order as that consequent upon severe
coronary artery disease (O’Donnell et al. 1997).

Patients with chronic urticaria are almost invariably over-investigated. No
laboratory investigations are normally indicated in the first instance. Efforts
should be directed at excluding urticarial vasculitis (by skin biopsy), food
additive factors (by placebo-controlled challenge testing) and possibly a dif-
ferential white blood cell count (for eosinophilia) in areas where parasite
infestation is endemic. In severely affected patients, poorly responsive to
H-antihistamines, referral to a specialised unit for investigation for autoim-
mune chronic urticaria should be considered (see below).

Treatment

General measures are important including a cool work and domestic envi-
ronment, and avoidance of alcohol indulgence, aspirin, food additives such
as preservatives and azo dyes, and wearing of tight clothes. Although almost
inevitably associated with modern living, stress, fatigue and intercurrent vi-
rus infections should at least be recognised by patients as probable causes of
occasional flare-ups of chronic urticaria.

H1-antihistamines are the mainstay of drug treatment. It is important to
establish the diurnal periodicity of symptoms (itch occurs predominantly in
the evening and at night) in timing the dosage. Most patients require an early
morning dose of a low sedation antihistamine and supplementation in the evening
with a further dose either of the same or, alternatively, a sedative antihista-
mine. If the latter is prescribed, it is important to draw the patient’s attention
to the possibility of significant impairment of cognitive function the next morn-
ing (Pirisi 2000). Topical application of 1% menthol in aqueous cream may
be appreciated by patients as a rapid temporary relief from pruritus.

Oral steroids in short tapering courses can be useful in emergencies when
rapid control is necessary. However, they are not recommended as a routine
treatment of chronic urticaria, owing to the imbalance of efficacy and side ef-
fects (Fig. 5).

It has been proposed that H1-antihistamines may exert an ‘anti-allergic’
action independently of H1 receptors (Hayashi and Hashimoto 1999). This con-
sists of down-regulation of adhesion molecule expression leading to reduced
eosinophil and neutrophil migration and possibly a mast cell ‘stabilising’ ef-
fect. However, such actions of H1-antihistamines, if substantiated, probably
occur only with regimens involving well above the licensed dosages.

H2-antihistamines (e.g. cimetidine) do have a small statistically significant
additive effect when combined with H1-antihistamines but it is probably not
substantial enough to be clinically useful. Recently developed cysteinyl leu-
kotriene receptor antagonists may be very effective in a certain population of
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patients. The efficacy of montelukast by itself or in combination with H1-anti-
histamine has been shown by controlled trials (Pacor et al. 2001; Erbagci Z
2002.). On the other hand, others have proved negative (Reimers 2002). Ag-
gravation of urticaria by aspirin in combination with other leukotriene antag-
onists has been reported (Ohnishi-Inoue et al. 1998).

Autoimmune Chronic Urticaria

Between 30 and 50 per cent of patient with chronic ‘idiopathic’ urticaria have
biologically functional autoantibodies against the high affinity IgE receptor
or less commonly against IgE itself (Niimi et al. 1996). In these cases the anti-
body is deemed to be the cause of the disease. These patients are described
as having autoimmune chronic urticaria (Hide et al. 1993; Hide et al. 1994).

Etiology

The reason why these autoantibodies are present and causative in some pa-
tients with chronic urticaria and not others is unclear. Genetic factors are
probably important. We have recently reported results of HLA class II associ-
ations in 100 patients with chronic urticaria (O’Donnell et al. 1999). Those
whose sera were positive for anti-Fc�RI or anti-IgE autoantibodies showed a
highly significantly increased frequency of HLA DRB1*04 (DR4) alleles. There
is also a positive association with other autoimmune diseases, notably auto-
immune thyroid disease in patients with autoimmune urticaria (Leznoff et al.
1983; Leznoff and Sussman 1989).

As mentioned above, a high incidence of H.pylori infection in patients with
chronic idiopathic urticaria has already been remarked. One of us (MWG) has
previously suggested that H.pylori infection could lead to development of
anti-FcRI autoantibodies by molecular mimicry (Greaves 2001).

Pathomechanisms

Most patients with autoimmune chronic urticaria have IgG autoantibodies
directed against the alpha-chain of the high affinity IgE receptors (FcRI�) ex-
pressed on dermal mast cells or blood basophils (Niimi et al. 1996). Hista-
mine release evoked by these antibodies from basophil leucocytes of healthy
donors can be inhibited by prior incubation with human recombinant alpha-
chain. Some of them bind to FcRI�, regardless of the binding of IgE. How-
ever, the binding of most of these types of autoantibodies is interfered with
competitively by IgE to various degrees (Hide et al. 1995). Removal of IgE
(by lactic acid stripping) enables the autoantibody to release histamine but
reconstituting the IgE on the surface of the basophils inhibits release (Niimi
et al. 1996). Precise epitope mapping on FcRI� has not yet been carried out.
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In about five per cent of patients with chronic idiopathic urticaria, the IgG
autoantibody reacts with the Fc portion of IgE itself. These anti-IgE auto-
antibodies bind to the 4th domain of the IgE heavy chain (Grattan and Francis
1999). For histamine release to occur, either anti- FcRI� or anti-IgE auto-
antibodies normally cross-link adjacent high affinity IgE receptors through
the � chain or IgE respectively (Fig. 6).

The role of complement activation is controversial. Our own data, which
indicated that the histamine-releasing activity of anti-FcRI� autoantibodies was
heat-stable, argues against complement involvement. The heat-resistance of
histamine releasing activity in sera of patients with chronic urticaria has also
been observed by other authors (Zweiman et al. 1996; Tong et al. 1997). How-
ever, other authors, using specific inhibitors of complement components,
decomplemented sera and/or the reconstitution with C5, have reported evi-
dence that in some circumstances the reaction between anti- FcRI� autoanti-
bodies and dermal mast cells may be complement-dependent (Fiebiger et al.
1998; Fagiolo et al. 2000; Kikuchi and Kaplan 2002). Kikuchi and Kaplan (2001)
showed the histamine release activity of serum IgG from 2 out of 6 patients
was substantially enhanced by serum with complement, whereas that from
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Fig. 6. Autoimmune Chronic Urticaria: Pathomechanisms. Schematic representation of a
dermal mast cell. The high affinity IgE receptor (FcRI) is represented by �1 and �2, � and �

chains. The � chain possesses two domains (�1 and �2). In this instance IgG anti-FceRI binds
to, and cross-links via �2 domain. ITAM = Immunoreceptor Tyrosine Kinase Activation Motif.

Lyn, Syk = protein kinases. PKC = protein kinase C



the other 4 patients was not, suggesting a heterogeneity of anti-Fc�RI auto-
antibodies in terms of the complement dependency for histamine release. The
population density of Fc�RI on the surface of dermal mast cells and basophils,
and/or the binding avidity of autoantibodies may be crucial – a low popula-
tion density and a moderate binding avidity may allow monovalent binding
of the autoantibodies with complement activation. The subclasses of IgG in
autoimmune urticaria are predominantly IgG1 and IgG3 which may readily ac-
tivate complements (Fiebiger et al. 1998).

Subsequent intracellular events involve the activation of protein tyrosine
kinases lyn and syk via immunoreceptor tyrosine kinase activation motifs lo-
cated on the intracellular portions of the � and � chains of Fc�RI. (Rivera J 2002)

That these anti-Fc�RI and anti-IgE autoantibodies are functional is indicated
by evidence listed in Table 1.

Can autoimmune chronic urticaria be regarded as an autoimmune disease?
Evidence includes the inverse relationship between blood basophil numbers
and histamine content on the one hand and levels of serum anti-Fc�RI� auto-
antibody on the other. Removal of the antibodies by plasmapheresis leads to
remission of the urticaria (Grattan et al. 1992). The antibody also reproduces
the urticarial wheal when introduced as an autologous serum injection into
human skin, and causes histamine release from dermal mast cells and blood
basophils (Niimi et al. 1996). Reproduction of urticaria in an animal model by
sensitisation to the alpha-chain of Fc�RI has not yet been carried out even with
a transgenic mouse expressing Fc�RI� (Fung-Leung 1996). However, it should
be noted that urticarial eruptions are not apparently observed even in the
systemic anaphylactic reactions induced by antigen in animals, such as ro-
dents and guinea-pigs.

Increased histamine releasability from dermal mast cells and basophils is
an important additional factor in the pathogenesis (Sabroe et al. 1998). Nu-
merous previously published reports have shown that although mast cell num-
bers and histamine content of skin are essentially normal in chronic urticaria,
various chemical histamine-releasing agents (codeine, compound 48/80) cause
exaggerated whealing when injected into uninvolved skin of patients with
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Table 1. Functional Properties of Anti-Fc�RI� and Anti-IgE Autoantibodies

1. Cause whealing in human skin following intradermal injection
(see autologous serum skin test) (Sabroe et al. 1999c)

2. Release histamine from dermal mast cells and blood basophils (Niimi et al. 1996)
3. Reduce numbers of circulating blood basophils
4. Serum levels are proportional to disease activity (Grattan et al. 1992, 2000; Zweiman B

et al. 1996; O’Donnell BF et al. 1998)
5. Removal by plasmapheresis results in remission of chronic urticaria in autoantibody

positive patients (Grattan et al. 1992)
6. Effectiveness of other immunomodulative therapies, such as cyclosporine-A and

intravenous immunoglobulin (Grattan et al. 2000, O’Donnell BF et al. 1998)



chronic urticaria (Juhlin and Michaelsson 1969, Smith CH et al 1992). This
enhanced histamine releasability is probably due to the action of cytokines or
neurokines released locally. These cytokines also cause up-regulation of ad-
hesion molecule expression, leading to the substantial leucocyte infiltrate
characteristic of the histological appearances of autoimmune urticaria.

The organ selectivity of anti-Fc�RI� autoantibodies is puzzling. Human lung
mast cells express Fc�RI� but patients with anti- Fc�RI autoantibodies get ur-
ticaria without pulmonary symptoms. If complement is involved in evoked his-
tamine release by anti- Fc�RI� autoantibodies, then this anomaly is explicable
since dermal but not lung mast cells express complement receptors. Alterna-
tively, local cytokine and micro-circulatory differences between lung and
skin may restrict access of the autoantibodies to tissue mast cells in the lungs.
There is also functional heterogeneity between dermal and lung mast cells
(Lowman et al. 1988). However, the reasons for fact that lung mast cells are evi-
dently ‘ring fenced’ against Fc�RI and anti-IgE autoantibodies remain obscure.

Clinical and Histological Features

Detailed comparative reviews of the symptoms, clinical presentation and nat-
ural history of autoimmune and non-autoimmune chronic urticaria have failed
to reveal differences sufficiently distinctive to be of diagnostic value (Sabroe
et al. 1999a). However, the disease does tend to run a more aggressive and
protracted course in patients who possess anti-FcRI autoantibodies than those
without an autoimmune etiology. Patients with autoimmune urticaria also tend
to be less responsive to routine antihistamine treatment than non-autoimmune
patients. Again, the difference is not so conspicuous as to be useful as a dis-
criminating marker for an autoimmune etiology.

Sabroe et al. have also recently reported that the peripheral blood basophil
leucocyte count is greatly reduced in patients with anti-Fc�RI� autoantibodies
compared with patients who did not have these antibodies (Sabroe et al. 1998).
This is not an original observation; Rorsman (1961) noted almost 45 years’ ago
that chronic urticaria was associated with basopenia in some patients with
chronic ‘idiopathic’ (but not physical) urticaria. The fate of the cells is of inter-
est; degranulation or destruction in the peripheral blood is an obvious possi-
bility. Indeed, Kaplan’s group found the increase of basophils in skin of
chronic idiopathic urticaria with or without autoantibodies as well as T cells,
eosinophils and neutrophils (Ying et al. 2002). The alternative of redistribu-
tion into the lesional skin of chronic urticaria may account for the basopenia.

Sabroe (1999b) recently carried out a detailed histological study of skin
biopsy material from patients with autoimmune and non-autoimmune urti-
caria. No significant differences were found apart from reduced numbers of
activated eosinophils (EG2+) in lesional skin of autoimmune patients in which
the wheal biopsied was more than 12 hours old. There is no vasculitis in au-
toimmune urticaria. More recently Kaplan’s group also found no difference

322 Michihiro Hide and Malcolm W. Greaves



in either the numbers of inflammatory cells or the pattern of cytokine expres-
sions between patients with and without autoantibody (Ying et al. 2002).

Diagnosis

As pointed out above, there are no clinical or histological features which can
be used as a paradigm in diagnosis (Sabroe et al. 1999a). The cornerstone of
diagnosis is clearly detection of anti-Fc�RI� or anti-IgE autoantibodies in se-
rum of patients with chronic urticaria. However, we have found the autologous
serum skin test to be a useful screening procedure. As recently described
and characterised (Sabroe et al. 1999c), this test is based upon the original
finding by Grattan (1986) that the serum of some patients with chronic ‘idio-
pathic’ urticaria would cause a red wheal upon autologous injection into the
patient’s uninvolved skin. This test has now been optimised for sensitivity and
specificity (Sabroe et al. 1999c).

Autologous serum, collected during exacerbation of the chronic urticaria,
is injected into uninvolved skin of the forearm in volume 0.05 ml. An equal
volume of phosphate-buffered saline acts as a vehicle control. The local re-
sponse is measured at 30 minutes and is deemed positive if the wheal is red
in colour and at least 1.5 mm diameter greater than the saline control (Fig. 7).
This autologous serum skin test (ASST) is positive in about 40 per cent of pa-
tients with chronic idiopathic urticaria (Table 2). In this test, false negative
reactions are rare, but false positives may occasionally occur and some of the
sera probably contain other wheal-producing mediators including the ‘mast
cell specific’ factor. This non-immunoglobulin mediator retained by 3 KD
ultrafiltration membranes was reported by us (Kermani et al. 1995) and ap-
pears to be present in about eight per cent of patients with chronic urticaria.
It requires further characterisation.There is one study that showed no corre-
lation between ASST and clinical features in chronic idiopathic urticaria, ex-
cept for the frequency of complication with angioedema (Nettis et al. 2002).
However, ASST shows a reasonable concordance with in vitro measurements
of serum anti-Fc�RI or anti-IgE autoantibodies, which also significantly cor-
related with clinical severities (Zweiman et al. 1996; Sabroe et al. 1999a).

A positive autologous serum skin screening test requires confirmation by
in vitro analysis for anti-Fc�RI� and anti-IgE autoantibodies. The current gold
standard consists of demonstration by bioassay that either blood basophils or
dermal mast cells release histamine or other mediators upon incubation with
the patient’s serum. Low IgE basophils predominantly detect anti-Fc�RI auto-
antibodies, whereas high IgE basophils detect anti-IgE autoantibodies and anti-
Fc�RI autoantibodies that are non-competitive with IgE. Low IgE basophils
may be directly obtained from low IgE (1 IU/ml) donors or prepared by lactic
acid treatment of ordinary donors’ leukocytes. To distinguish between the two
types of autoantibody, it is desirable to carry out inhibition experiments utili-
sing human recombinant �-chain and monoclonal IgE. However, for practical
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purposes, this is usually unnecessary. In our hands, 25 per cent of chronic id-
iopathic urticaria sera can be confirmed to contain anti-Fc�RI� autoantibo-
dies, whereas about five percent have anti-IgE autoantibodies (Niimi et al.
1996, Sabroe et al. 1999a).

As high as 76 per cent of chronic idiopathic urticaria patients were found
to have anti-Fc�RI� autoantibodies by Kaplan’s group using a rat basophilic
leukaemia cell line expressing �-chain of human FcRI, which integrates chi-
meric Fc�RI with endogenous rat � and � chains of the receptor and using re-
lease of �-hexosaminidase as an indicator of cell degranulation (RBL-48) (Tong
et al. 1997). This figure is even higher than that they observed by human
basophils (52%). In our hands, however, the sensitivities of RBL-48 cell and
other cell lines expressing human Fc�RI� for anti-Fc�RI� antibodies are not
as high as human basophils obtained from healthy donors (unpublished
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Fig. 7. Autologous Serum Skin Test. PBS = Phosphate-buffered saline; serum: undiluted
0.05 ml. Both serum and plasma show positive results at 30 min



observation). Further studies with standardized conditions may be necessary
to establish the usability of RBL cells expressing human Fc�RI�.

Some investigators have used immunoassays (immunoblotting, ELISA,
immunoprecipitation) (Fiebiger et al. 1995, 1998; Sabroe et al. 1998; Kikuchi
and Kaplan 2001). These assays measure immunoreactive Fc�RI� autoanti-
bodies and show false positives when compared with bioassays. False positives
are particularly prone to occur in autoimmune diseases including Sjögren’s
syndrome, dermatomyositis, pemphigus and pemphigoid (Fiebiger et al. 1998).
However, unlike the anti-Fc�RI� autoantibodies in urticaria which are of sub-
type IgG1 and IgG3, these antibodies are predominantly of the IgG2 and IgG4
subtypes. More important, they are non-functional, being inactive (non-his-
tamine-releasing) against basophil leucocytes. Kikuchi and Kaplan (2001)
showed no correlation between positive histamine release activity and immu-
noblotting in sera of patients with chronic urticaria. The ELISA, though ini-
tially promising, has not yet confirmed expectations in terms of specificity and
demonstration of linearity between level of antibody and immunoreactivity.
Horn et al (1999) detected substantial amount of anti-Fc�RI� antibodies in sera
from healthy donors and demonstrated that these antibodies are cross-reac-
tive with tetanus toxoid by ELISA. He used recombinant protein consisting
of two moieties of the extracellular part of human Fc�RI� flanking one moi-
ety of human serum albumin. Although the affinities of such autoantibodies
against the recombinant Fc�RI� were low (3.4x10–6 and 7.1x10–7 M), healthy
donor sera containing these autoantibodies showed histamine release activ-
ity as well as sera of patients with chronic idiopathic urticaria, using basophils
treated with IL-3. They recently cloned anti-Fc�RI� autoantibodies from healthy
donors and patients with chronic idiopathic urticaria. Both autoantibodies
had the same amino acid sequence and showed the activity of histamine re-
lease from basophils that were not occupied by IgE (Pachlopnik et al. 2004).
On the other hand, immunoreactivity against Fc�RI� in ELISA studied by
Fiebiger et al (1998) and that in immunoblotting by the authors (Sabroe et al.
2002) were significantly correlated with basophil histamine release activities
(p<0.0001, x2; data were re-calculated by the authors). Moreover, recent stud-
ies of IgE and Fc�RI� revealed that cross linkage between Fc�RI and Fc�RII
may inhibit histamine release from human mast cells and basophils (Tam et
al. 2004) and binding of certain types of monomeric IgE could activate Fc�RI
by itself (Pandey et al. 2004). It is feasible that autoantibodies against Fc�RI
could mimic either of such functions. Taken together, the overall assessment
of functional autoantibodies with histamine releasing assay using human
basophils, or possibly mast cells, should be the gold standard for the detec-
tion of pathological autoantibodies.

Recently published values for anti-Fc�RI� autoantibodies incidences and posi-
tive reactions in autologous serum skin test in chronic urticaria are listed in
Table 2.

A better screening test than ASST is badly needed. Rapid flow cytophoto-
metric methods for enumeration of circulating blood basophils offer prospects
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of an effective test, since basophil numbers are usually greatly reduced in
antibody-positive patients (Sabroe et al. 1998).

Treatment of Autoimmune Urticaria

The routine treatment of autoimmune chronic urticaria is essentially the same
as that for non-autoimmune urticaria. All patients with chronic urticaria should
receive antihistamines commencing with a low-sedation antihistamine such
as loratidine 10 mg, cetirizine 10 mg, evastine 10 mg or fexofenadine 60 to
180 mg, (in Japan, fexofenadine is licensed for 120 mg; 60 mg each in morn-
ing and evening) usually administered in the morning. Since pruritus is mainly
a problem in the evening and at night, it is useful to give a second dose of the
same antihistamine in the evening or before retiring for the night. This rep-
resents a total daily dosage in excess of the licensed recommended dosage.
In patients troubled by severe nocturnal pruritus, a sedative antihistamine
such as hydroxyzine 25 mg may be indicated. However, patients should be
warned that impairment of cognitive function may be a problem the follow-
ing morning (Pirisi 2000).

Patients with autoimmune chronic urticaria may respond poorly to the
above antihistamine regime. Systemic steroids are unsuitable as long term
treatment for chronic urticaria although short tapering courses may be useful
to meet specific contingencies. In patients with recalcitrant autoimmune
chronic urticaria which is causing significant disability, cyclosporin may be
effective (Grattan et al. 2000). The dosage for an average adult is 3–4 mg/kg/
day and one of us (MWG) usually prescribe this dosage for two–three months.
There is rarely a rebound withdrawal. About one-third of patients remain in
remission after cyclosporin has been withdrawn; one-third relapse but only
mildly and one-third relapse to their former pretreatment level of disease ac-
tivity and may have to be recontinued on cyclosporin. Chronic autoimmune
urticaria is not a licensed indication for cyclosporine and the usual precau-
tions regarding renal function, blood pressure monitoring and unwanted in-
teractions with other concurrently administered drugs metabolised via the
cytochrome P450 enzyme pathway have to be considered.

We have previously reported positive results using more aggressive forms
of immunotherapy including intravenous immunoglobulin (O’Donnell et al.
1998) and plasmapheresis (Grattan et al. 1992) in selected patients with au-
toimmune urticaria. We ought to emphasise that these treatment modalities
are temporary symptom relieving rather than curative. Nevertheless, it is note-
worthy that histamine releasing activities of the patients had decreased or
diminished in accordance with urticarial symptoms after the treatments, en-
dorsing the pathological role of autoantibodies and rationale for immunothe-
rapies for chronic autoimmune urticaria.

More selective immunotherapeutic strategies are on the horizon. These in-
clude administration of humanised structure-based peptides representing the
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antibody-binding sites on the �-chain. This development will be dependent
on epitope mapping, and should enable induction of desensitisation in anti-
Fc�RI-positive individuals. Alternatively down regulation of the Fc�RI popu-
lation density on mast cells could be achieved by administration of anti-IgE
antibodies reactive with the C3 domain of the IgE heavy chain (MacGlashan
et al. 1987). Development of tolerance to the alpha chain of Fc�RI might also
be possible by oral administration (Weiner 1997).
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11 Lichen Planus, Lichenoid Eruptions and
Cutaneous Graft-Versus-Host-Reaction

Miklós Simon Jr.

Introduction

Lichen planus (LP) is a noncontagious, inflammatory, pruritic, papular muco-
cutaneous disease of unknown etiology that most commonly affects middle-
aged adults. In 1869 Erasmus Wilson described the cutaneous “leichen planus”
in 50 case histories and recorded oral lesions in 3 of his patients (Wilson, 1869).
Weyl and Wickham noted the surface markings on the papules and pointed
out the importance of these marks in establishing the clinical diagnosis of LP
(Weyl, 1885; Wickham, 1895). After Neumann, Weyl, Caspary, and Poór, Darier
described the histopathology of LP (Darier, 1909), the only important addi-
tion has been the demonstration of “colloid bodies” at the dermoepidermal
junction by Thyresson and Moberger (1957). The direct immunofluorescence
findings in LP have been extensively studied for the first time by Barthelmes
and Haustein (1970) and Baart de la Faille Kuyper and Baart de la Faille (1974),
respectively.

LP has a worldwide distribution. The prevalence of LP in the general pop-
ulation is of the order of 0.9 to 1.2% (Scully & El-Kom, 1985). It appears ini-
tially during the fifth or sixth decade and affect women preferentially. LP of
childhood is unusual, but familial cases have been observed (Copeman, 1978).
A weak association with HLA-A3, B8, B16, B35 and a significantly increased
HLA-DR1 (DRB1* 0101) antigen frequency has been reported in patients with
idiopathic LP (Simon jr et al, 1984; Powell et al, 1986; La Nasa et al, 1995). In
addition, TNF-� and IFN� polymorphisms contributing to susceptibility to LP
were described, very recently (Carrozzo et al, 2004).

The cause of LP is unknown. Evidence points to the possibility that an
alteration of epidermal cell antigens (bacterial/viral infections, contact sensiti-
zers, trauma etc.) induces a cell-mediated immune response similar to that
seen in cutaneous graft-versus-host-reaction (cGVHR). Drugs may induce liche-
noid eruptions (LDE). LDE (probably an allergic type IV reaction) produces



mucocutaneous lesions that are clinically and histologically indistinguishable
from (idiopathic) LP. LDE usually appear as a symmetric eruption on the trunk
and extremities and sometimes fail to exhibit classic Wickham striae. Medi-
cations commonly associated with the development of LDE are antimalarials,
gold, penicillamine, methyldopa, �-blockers, angiotensin-converting enzyme
inhibitors, spironolactone, lithium, cinnarizine, nonsteroidal anti-inflamma-
tory drugs, thiazide, phenothiazine derivatives, allopurinol, tetracycline, and
sulfonylurea agents (Ellgehausen et al, 1998).

There have been several reports of patients with LP in association with au-
toimmune disorders, notably with systemic lupus erythematosus, thymoma,
myasthenia gravis, dermatomyositis, ulcerative colitis, primary biliary cirrho-
sis, chronic active hepatitis, pemphigus vulgaris, dermatitis herpetiformis, bullous
pemphigoid, alopecia areata, vitiligo, Sjögren’s syndrome, morphea, and
systemic sclerosis suggesting there may also be an immunological basis for
classical LP (Simon jr, 1985).

Immune Pathogenesis

Direct immunofluorescence studies of lesional and uninvolved skin in patients
with LP demonstrated an irregular deposition of fibrin and complement along
the dermoepidermal junction, especially in the dermal papillary region and
around hair follicles, in the active papular lesions. The colloid bodies fluo-
resced brightly with IgM and with other immunoglobulins and complement
components (Barthelmes & Haustein, 1970; Baart de la Faille-Kuyper & Baart
de la Faille, 1974; Simon jr et al, 1983). In 1984, Olsen et al described an LP-
specific antigen (LPSA) found by indirect immunofluorescence in the granu-
lar or spinous layer of the epidermis of lesional tissue (Olsen et al, 1984). The
circulating anti-LPSA antibodies are more likely to be markers of the disease
than to be causative.

In 1975 Touraine et al (1975) and Saurat et al (1975) reported a lichenoid
eruption that occurred in two men who had received allogenic bone marrow
transplants from their sisters. It now seems likely that this lichenoid tissue re-
action is a later and more chronic manifestation of a GVHR in which the tar-
get appears to be the basal cell layer of the epidermis. The clinical picture
and the histologic and direct immunofluorescence findings were essentially
the same as those in idiopathic LP. Immunopathological investigations of
lesional skin in these patients revealed intraepidermal a predominance of
CD3+CD8+CD11a+CD16+CDw137+T-lymphocytes and a net-like specific pos-
itive staining when exposed to HLA-DR, CD54, CD36, CD21, CD16, and CD1
monoclonal antibodies, recently (Simon jr & Hunyadi, 1992; Anasetti, 2004). Cu-
taneous GVHR occurs most commonly in patients undergoing bone marrow
transplantation, after solid organ transplant, but is also seen in fetuses ob-
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taining maternal leukocytes via maternal-fetal transfusion and in blood
transfusions transplanting immunocompetent cells into immunodeficient re-
cipients. The precise pathophysiology of GVHR is not known. However, sev-
eral studies demonstrate that acute GVHR occurring in humans is induced
by donor T-lymphocytes reactive against recipient cells expressing different
tissue antigens. On the other hand, T-cells recognizing host-specific antigens
are present in the blood and the skin of patients with chronic GVHR (Aractingi
& Chosidow, 1998). A significant association between polymorphism of TNF-�,
IFN-�, IL-10, and IL-6 and the development of severe GVHR has been dem-
onstrated, recently (Takahashi et al, 2000; Cavet et al, 2001).

The pathologic process in LP is a cell-mediated response localized to the
dermoepidermal junction and characterized by degeneration of keratinocytes
in the basal layer and disruption of the basement membrane. The basement
membrane zone is an interface composed of epidermal basal cell surface
glycoproteins, laminin, fibronectin, type IV collagen, and supporting mesen-
chymal extracellular proteoglycans. These proteins and oligosaccharides may
be identified immunohistochemically by monospecific antibodies and high-
affinity lectins, respectively.

The earliest features of LP are changes in, and close to the epidermal basal
cell layer, which may occur in the absence of demonstrable changes in the
dermis. Studies concerning the evolution of lesions of LP demonstrated, that
one of the first observable changes is the appearance of Langerhans cells (Ragaz
& Ackerman, 1981). Shortly after appearance of Langerhans cells basal
keratinocytes undergo flattening and hydropic changes, their nuclei are in-
jured at an early phase of the mitotic cycle. These basal cell changes in LP
are accompanied by a dense mononuclear inflammatory T-lymphocyte infil-
trate subepidermal and at the dermoepidermal interface, the location of which
makes a relationship to the basal epithelial changes highly likely.

In the course of examining keratinocyte-lymphocyte interactions in vitro
Nickoloff et al (1988) reported prominent adherence by both allogeneic and
autologous T-lymphocytes and monocytes to cultured keratinocytes after pre-
treatment of keratinocytes with IFN�. The binding of these mononuclear cells
to IFN�-treated keratinocytes involves the lymphocyte function-associated
antigen-1 (LFA-1) molecule on T-cells and the intercellular adhesion mole-
cule-1 (ICAM-1) induced by IFN� or TNF-� on keratinocytes (Griffiths et al,
1989). Biopsy specimens from lesional skin of LP patients exhibited intraepi-
dermal specific positive staining when exposed to ICAM-1 (CD54), HLA-DR,
NF-kappaB, CXCL9, 10, 11, CD1, and CD120a antibodies (Malmnäs Tjernlund,
1980; Simon jr, 1988; Griffiths et al, 1989; Simon jr & Gruschwitz, 1997; Iijima
et al, 2003; Santoro et al, 2003). CD54 expression in lesional keratinocytes in
LP, similar to that in various cutaneous inflammatory conditions (Lange
Wantzin et al, 1988; Griffiths et al, 1989), may be an important initiator of
keratinocyte-lymphocyte interaction, whereas HLA-DR expression in kerati-
nocytes seems to be more important in postadherence antigenic recognition
and/or presentation to activated T-lymphocytes (Messadi et al, 1988).
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In LP, the cellular infiltrate is predominantly composed of T-lymphocytes
and monocytes as detected by hetero- and monoclonal antibodies, nonspe-
cific esterase, lysosyme, and, selectively by peanut agglutinin lectin (Walker,
1976). The role of these T-lymphocytes, probably antigen activated T-cells,
is not quite clear, however, autoradiographic investigations revealed a three
to four times higher lymphoblast proliferation rate in LP lesions than in psori-
asis or contact dermatitis (Lachapelle & De la Brassine, 1973). Langerhans
cells in the epidermis and subepidermal may also be identified with the use
of light microscopy by formalin resistent sulfhydril dependent nucleoside
triphosphatase, ultrastructurally by the presence of Birbeck’s granules, immu-
nohistochemically by monoclonal antibodies or S-100 calf brain protein. Their
participation in LP, and close vicinity to the T-lymphocytes, combined with
local and systemic release of various cytokines (e.g. TNF-�, IL-6, IFN�) both in
the skin and in the serum, would seem to provide antigen processing activity
and the induction of a hypersensitivity reaction (Giannotti et al, 1983; Soehn-
chen et al, 1992). In addition, soluble mediators of cell damage produced by
T-cells may induce keratinocyte apoptosis and formation of colloid bodies.

Examinations of different lymphocyte subpopulations in cutaneous in-
flammatory infiltrate of active LP revealed the existence of T-lymphocytes of
both the CD4+ and the CD8+ phenotype. In early phases of LP lesions the
lymphocytes observed in close contact with large, non-lymphoid cells were
identified as CD4+T-cells (Bhan et al, 1982). In the late phases of LP lesions
intraepidermal lymphocytes almost constantly exhibited CD8-positivity (Si-
mon jr & Keller, 1984). The dermoepidermal interface, from the pathogenetic
point of view probably the most important zone, showed a predominance of
HLA-DR+CD25+LFA-1+TNF–R+CCR5+CXCR3+CCL5+CXCL10+CD3+CD8+TCR�


+-

336 Miklós Simon Jr.

Fig. 1. Typical purple polygonal papules of LP



T-lymphocytes (Malmnäs Tjernlund, 1980; Simon jr & von den Driesch, 1994;
Gadenne et al, 1994; Simon jr & Gruschwitz, 1997; Iijima et al, 2003).

Immunological characterization of different T-lymphocyte subpopulations
in peripheral blood of LP patients, by means of the indirect immunofluores-
cence technique using monoclonal antibodies, clearly documented a reduced
percentage of the CD8+T-cell subset, normal pan T-, CD4+T-, and B-lympho-
cyte values as compared with the controls (Simon jr & Keller, 1984). The phy-
tohemagglutinin response of lymphocytes from LP patients was in the same
range as that of healthy controls (Cerni et al, 1976).

A markedly diminished, to the severity of the disease related natural killer
cell activity against K562 target cells was revealed in patients with extensive
erosive LP of oral mucosa, generalized acute eruptive and moderate cutane-
ous LP as compared with that of patients with non-erosive LP of oral mucosa
and healthy controls. Interleukin-2 failed to restore completely reduced nat-
ural killer cell activities in all groups of patients investigated (Simon jr et al, 1989).

The in vitro effect of peripheral blood lymphocytes on syngeneic oral epi-
thelial cells using a modified 51Cr release macro-assay in patients with LP
resulted as a substantial lymphocytotoxicity in comparison to the controls.
This positive lymphocytotoxicity is probably generated by sensitized effector
lymphocytes via specific recognition of foreign antigenic structures on synge-
neic oral target cells (Simon jr et al., 1983). Similar results were found using
CD8+ T-cell lines and clones cultured from LP lesions against autologous lesio-
nal keratinocytes, recently (Sugerman et al, 2000). These findings may be re-
garded as a functional evidence for the pathogenetic role of CD8+ cytotoxic
T-cells in the course of LP.

Clinical Features

Lichen Planus, Lichenoid Eruptions

The cutaneous lesions of LP consist of pruritic faintly erythematous to violace-
ous, flat-topped, polygonal papules, occasionally showing central umbilica-
tion. A thin, transparent scale may be discerned atop the lesions. A network
of fine white lines or puncta referred to as Wickham striae is present in many
well-developed papules (Fig. 1).

LP lesions are usually distributed symmetrically, the disease tends to in-
volve the flexural areas (wrists, arms, legs) preferentially. The thighs, lumbar
area, trunk, neck, and the dorsal surfaces of the hands with the nails may also
be affected. The face and scalp are usually spared in classic LP. Inverse LP
affects the axillae, groin, and inframammary regions. Nail changes include
longitudinal ridging and splitting of the nail plate, onycholysis, pterygium
formation, or complete loss of the nail plate. Mucous membranes are in more
than half of the patients additional sites of involvement. Erosive mucosal LP
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is extremely painful often pursues a chronic course with little tendency to
spontaneous resolution. It may predispose to squamous cell carcinoma, but
the risk is fairly low. In generalized LP, the eruption often spreads within 1–3
month from onset of the disease. Koebner’s isomorphic response (LP devel-
ops at the site of exogenous irritation) is common (Fox & Odom, 1985; Boyd &
Neldner, 1991).

Clinical Variants

Several distinctive variants of LP need to be recognized, since lack of charac-
teristic skin changes in these cases makes the clinical diagnosis difficult. The
prototypic papule of LP can be altered/modified in morphology, configura-
tion or anatomic distribution.

Linear LP. Linear group of typical LP papules, usually on the extremities. The
linear pattern may develop secondary to trauma, in zosteriform or segmental
arrangement or even in the site of healed herpes zoster.

Annular LP. Annular lesions develop from a ring of typical LP papules that
progress peripherally and produce central clearing. Annular lesions are com-
mon on the penis and scrotum but may occur on the trunk or extremities.

Bullous LP. Rare variant of LP characterized by the development of bullae on
preexisting LP papules. The bullae, which appear mostly on the extremities
with mild constitutional symptoms, usually resolve in a few month. Bullae aris-
ing from normal skin in LP patients are more characteristic of lichen planus
pemphigoides, which is a unique condition with circulating IgG autoantibo-
dies reacting to 180- and/or 200-kDa antigen within the basement mem-
brane zone.

Erosive/ulcerative LP. This is a very rare variant of LP presenting with chronic,
painful bullae and ulcerations of the soles of the feet, and sometimes of the
mucous membranes, associated with cicatricial alopecia of the scalp and per-
manent loss of the toenails. The lesions on the feet tend not to heal and have
a definite risk of development of a squamous cell carcinoma in the chronic
ulcerations.

Hypertrophic LP. The extensor sides of the shins and interphalangeal joints
are preferentially affected with highly pruritic, lichenified, violaceous, or hyperpig-
mented plaques (LP verrucous). The lesions are often symmetric, sometimes
show accentuated, elevated follicle swellings and chalky hyperkeratoses. Scar-
ring occurs after healing of the lesions. Malignant degeneration is not uncommon.

Atrophic LP. In some cases, atrophy of LP papules may produce sharply de-
marcated, whitish, atrophic maculae. These lesions can coalesce and form larger
plaques most common on the trunk or lower extremities. This LP variant is
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rare and needs to be distinguished from lichen sclerosus et atrophicus and
guttate morphea.

Follicular LP. This form of LP may occur alone or simultaneously with other
mucocutaneous changes of LP. It forms isolated or aggregated, pinhead-
sized, red papules, which carry a conical acuminated hyperkeratosis (LP acu-
minatus). Sites of predilection include the trunk, neck, sacral region, and the
proximal extremities. Follicular LP of the scalp also occurs in an isolated form
and leads to scarred alopecia (LP follicularis decalvans). This condition af-
fects women more than men. Perifollicular erythema and acuminate kerato-
tic plugs are characteristic features. The symptom combination of follicular
LP on the trunk and on the scalp with nail dystrophy has been described as
Lassueur-Graham-Little syndrome.

Actinic LP. This variant is more common in the tropics, especially in children
and young adults, on sun-exposed parts of the body such as the face, the
back of the hands, the lower forearms, and the chest. The extremely pruritic
papular lesions are hyperpigmented with violaceous-brown color, which fre-
quently show annular configuration. The course is subacute, and the condi-
tion tends to heal spontaneously.

Mucosal LP. LP can affect the mucosal sites of mouth, glans penis, vulva, va-
gina, collum uteri, anus, conjunctiva, nose, larynx, trachea, esophagus, sto-
mach, urethra, bladder, and tympanic membrane.

Oral LP is present in some 60–70% of dermatological patients with LP. As the
sole manifestation of the disease, it makes up 15% to 35% of the patient pop-
ulace. The buccal mucosa (bilateral) and the tongue are most often affected
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but the gums, floor of the mouth, palate, and lips have also been documented.
The mucosal lesions consist of lacy, reticulated white streaks (Fig. 2), white
papules and plaques, and erythematous, atrophic or ulcerated patches with
painful, burning sensations.

Particular clinical forms are characteristic for certain regions of the oral
mucosa. Reticular LP is the most common type. It affects the buccal mucosa
predominantly. The margins of the tongue show generally lace-like and/or
erosive LP, the dorsal surface exhibits usually round, white plaques or smooth
atrophic areas. Most cases of carcinoma appear to arise in patients with long-
standing erosive LP of the tongue or buccal mucosa. Gingival involvement of
LP may potentially lead to the picture of desquamative gingivitis (Scully &
El-Kom, 1985).

Lesions of the male genitalia are observed in about 25% of cases. The
glans penis is most commonly affected, exhibiting annular lesions frequently.
Similar changes can occur on the scrotal skin as well. Occasionally, the glans
penis has erosive lesions and is the only site of LP involvement (Alinovi et al,
1983). The female genitalia demonstrate generally patches of leukoplakia or
erythroplakia, with variable atrophy. Desquamative vaginitis is most com-
monly due to LP. The labia minora agglutinate and vaginal adhesions, in as-
sociation with burning pain, may prevent sexual intercourse (Edwards &
Friedrich jr, 1988; Soper et al, 1988).
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Cutaneous Graft-Versus-Host-Reaction (cGVHR)

Mucocutaneous lesions of GVHR occur in 20 to 80% of posttransplant cases
after marrow infusion. There are two forms: in the acute form the cutaneous
eruption begins between the fifth and fiftieth day, in the chronic form two to
six months after grafting. Some patients experience both forms of cGVHR,
sequentially (Harper, 1987).

In acute cGVHR the eruption generally begins with tender erythematous
macules on the upper trunk, neck, hands, and feet. As a cGVHR evolves, the
distribution of erythematous macules increases, becoming confluent over
broad body surfaces. At later stages, erythroderma may ensue. Generalized
erythroderma with bullae formation and desquamation portend a poor prog-
nosis. The clinical picture of subepidermal bullae with a necrotic roof in these
patients greatly resembles toxic epidermal necrolysis. Oral and/or ocular in-
volvement in acute cGVHR may occur but are less common then in chronic
cGVHR (Volc-Platzer, 1992; Aractingi & Chosidow, 1998).

The incidence of a chronic cGVHR, divided artificial into lichenoid and
sclerodermoid forms, is roughly 25%. This two forms of chronic cGVHR clearly
overlap in many patients.

In the lichenoid form, which may also occur soon after transplantation, ery-
thematous to violaceous polygonal papules appear acrally and may be seen
on the palms and soles. In addition, lichenoid cGVHR favors the ears, periorbital
region, trunk, buttocks, hips, and thighs as well. In some cases lichenoid
papules can occur around hair follicles. LP-like cGVHR can also affect the
nails, with onychatrophia and pterygium. The disseminated lichenoid eruption
in chronic cGVHR is clinically indistinguishable from LP (Fig. 3). Pruritus and
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postinflammatory hyperpigmentation are also present. Oral involvement is
typical, with white lacy patches and/or painful erosions on the tongue and
buccal mucosa (Fig. 4).

The sclerodermoid form of a chronic cGVHR greatly resembles scleroderma
with variably distributed, hyper- and/or hypopigmented, somewhat atrophic
plaques. Some patients develop only few sclerodermoid plaques, other ones
develop widespread disease associated with alopecia, chronic cutaneous
ischemia with ulceration, joint contractures and debilitating fasciitis. Of note,
acrosclerosis and Raynaud phenomenon are uncommon in chronic scleroder-
matous GVHR, in contrast to systemic sclerosis. The mucosa of the gums,
palate, and lips can become atrophic and occasionally ulcerate. Sicca symp-
toms often accompany the sclerodermoid form due to diminished salivary and
lacrimal output (Volc-Platzer, 1992; Aractingi & Chosidow, 1998).

Despite the apparent simplicity of the traditional classification of GVHR
into acute and chronic phases, defined as number of days after transplanta-
tion, this separation is not that precise. The lichenoid chronic GVHR may be
observed as early as day 30 after transplantation and acute GVHR may appear/
persist after day 100 in some cases. Moreover, atypical variants of cGVHR have
been described that do not fit into this diagnostic classification either.

Diagnosis

The diagnosis of LP, LDE, cGVHR rests on the combination of anamnestic
data, clinical, histopathologic, and immunofluorescence/immunohistochemi-
cal findings. Special immunophenotypic and T-cell receptor genotypic anal-
yses are sometimes required to define the underlying pathology manifesting
as lichenoid dermatitis more precisely.

The clinical differential diagnosis of lichenoid dermatoses, depending on
the manifestation of the disease, involves generalized granuloma annulare,
psoriasis guttata, papular sarcoid, lichen amyloidosus, scabies, pityriasis rosea,
pityriasis rubra pilaris, and papular secondary syphilis. Mucous membrane
lesions may be confused with leukoplakia, mucous patches of syphilis, can-
didiasis, oral hairy leukoplakia, lupus erythematosus, chronic ulcerative sto-
matitis, paraneoplastic pemphigus, and cicatricial pemphigoid.

Therapy

Lichen Planus, Lichenoid Eruptions

Apart from the very rare instances of possible malignant transformation (ulcer-
ative LP, LP verrucosus, erosive/atrophic mucosal LP), LP is a benign disease
with spontaneous remissions and exacerbations. Consequently, any treatment
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strategy must be safe and unlikely to aggravate the disease. Avoidance of po-
tentially provocative medications (Ellgehausen et al, 1998), unless absolutely
required, and minimizing trauma to skin and mucosal tissues are recom-
mended. Patients with actinic LP must be protected by sunscreens. Oral ero-
sive/atrophic LP lesions are painful and are frequently associated with poor
oral hygiene. For these patients, good oral hygiene (the use of an antibacte-
rial mouthwash e.g. chlorhexidine) and regular professional dental care need
to be encouraged.

Evaluating the efficacy of different forms of treatment in cutaneous LP is
difficult since LP tends to regress spontaneously after varying amounts of time.
A large variety of topical and systemic therapies are available, and this range
of options may be attributed to the chronicity, symptomatology, and variable
responsiveness of the disease. In mild cases, treatment should be symptom-
atic: antihistamines for pruritus and topical glucocorticoids for their antipruri-
tic and anti-inflammatory effects. Severe, acute cases may benefit from a
tapered course of systemic glucocorticoids or retinoids for two to eight weeks.
Relapses may occur, however, chronic systemic glucocorticoid use should be
avoided. Narrowband UVB, ultraviolet A1, PUVA photochemotherapy (or bath
PUVA) solely or combined with systemic retinoids may have beneficial effect
in such cases. Systemic cyclosporine administration has many side effects, there-
fore it should be considered as a drug of last resort. Hypertrophic LP may also
benefit from intralesional glucocorticoids, or topical glucocorticoids under
occlusion, or tar preparations. Ulcerative and hypertrophic LP of the palms
and soles is frequently disabling and uncomfortable. Use of split-thickness
skin grafts to cover these lesions has been proved an effective way to man-
age such patients (Lendrum, 1974; Simon jr, 1990; Simon jr & Hunyadi, 1990;
Simon jr & von den Driesch, 1994; Boyd, 2000; Saricaoglu et al, 2003; Polder-
man et al, 2004).

Non-erosive LP of mucous membranes generally does not need any treat-
ment and may resolve spontaneously. Erosive oral and/or genital LP can be
exceptionally difficult to control, but may respond to high potency topical glu-
cocorticoids (in Orabase or intralesional), topical retinoic acid (tretinoin or
isotretinoin gel), cyclosporine or tetracycline rinses, and topical tacrolimus
(FK-506) (Hodgson et al, 2003). 308-nm UVB excimer laser showed encoura-
ging results in these patients, recently (Kollner et al, 2003). Topical anaesthe-
tics also provide symptomatic benefit for patients who have difficulty with
eating and chewing. Newer antifungal agents may be useful in mucosal
LP with evidence of Candida colonization.

Systemic treatment with oral glucocorticoids and retinoids may be con-
sidered for particularly severe erosive mucosal LP lesions, but remissions are
short-lived and the risk of serious side-effects is high. Nevertheless, oral gluco-
corticoids may be of value in the management of acute episodes, when topical
or intralesional glucocorticoids alone failed to achieve adequate control. In
recalcitrant cases, steroid sparing agents such as azathioprine, mycopheno-
late mofetil, methotrexate or cyclosporine are generally added. Anecdotal
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reports have suggested improvement in mucosal erosive LP with a number
of systemic agents including griseofulvin, dapsone, hydroxychloroquine,
low-molecular-weight heparin, and thalidomide. The administration of low
dose cyclophosphamide for the treatment of severe oral LP, unresponsive to
the aforementioned therapies, appears to induce remissions that are sus-
tained. Extracorporeal photochemotherapy has recently been examined for
the treatment of erosive LP, mainly involving oral and vulvar tissues. All pa-
tients experienced complete remission, and some have showed a durable re-
sponse. Surgical excision, CO2 laser, Nd: YAG laser, and cryotherapy have
all been used for treatment of recalcitrant mucosal LP. In general, surgery is
reserved for removal of dysplastic areas in patients at high risk. Patients un-
der a great deal of stress frequently show improvement when their emotional
environment is altered (Boyd, 2000; Setterfield et al, 2000).

Cutaneous Graft-Versus-Host-Reaction
(cGVHR)

The best way of treating (c)GVHR is to prevent it from occurring by irradiating
blood products before transfusion. Patients receiving allogeneic transplants
are placed on methotrexate, cyclosporine, or both before marrow infusion.
Recent data indicate that FK-506 is more effective than cyclosporine in the
prevention of GVHR when each drug is used in combination with methotrexate
(Hiraoka et al, 2001).

If acute GVHR has already occurred, initial therapy usually includes sys-
temic glucocorticoids. Anti-thymocyte globulin, azathioprine, mycophenolate
mofetil, pentostatin, cyclosporine, FK-506, and monoclonal antibodies, directed
against effector cell populations (CDw52, CD25) or cytokines (TNF-�), may
also be used separately or in combination. Narrowband UVB, PUVA or extra-
corporeal photochemotherapy may be useful in the treatment of patients with
acute cGVHR. Keratinocytes treated with UV-A and UV-B are known to pro-
duce immunosuppressive cytokines. Depletion and morphologic alterations
of dendritic cells also occur (Queen et al, 1989; Aubin et al, 1995; Hale et al,
1996; Richter et al, 1997; Dall’Amico & Zacchello, 1998; Grundmann-
Kollmann et al, 2002).

Chronic GVHR is treated similar to acute GVHR. Glucocorticoids, cyclo-
sporine, azathioprine, mycophenolate mofetil, and methotrexate are admin-
istered in various combinations, depending on the severity of the disease.
Tacrolimus ointment, pimecrolimus cream or PUVA treatment generally con-
trol widespread lichenoid GVHR effectively (Volc-Platzer et al, 1990; Choi &
Nghiem, 2001). Mucous membrane manifestations may improve with these
therapies as well. It is unclear whether PUVA (or bath PUVA) is able to re-
verse the cutaneous changes in sclerodermatous GVHR (Aubin et al, 1995).
Ultraviolet A1 phototherapy may be considered as an appropriate approach
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for these patients (Calzavara Pinton et al, 2003). Extracorporeal photochemo-
therapy has also been reported as beneficial (Greinix et al, 2000).

Summary

Lichenoid dermatoses encompass, based on the microscopic pattern of inflam-
mation and skin response, a significant group of dermatologic conditions whose
pathophysiologic mechanisms are unclear. Lichen planus (LP), the prototype,
is an inflammatory disorder with characteristic purple, polygonal, pruritic
papules of the skin and may be accompanied by mucosal lesions. There are
many similar clinical variants described, ranging from lichenoid drug erup-
tions (LDE) to association with other diseases such as the cutaneous graft-
versus-host-reaction (cGVHR). This chapter delineates some of the recent
aspects of the etiopathogenesis, clinical manifestations and treatment modali-
ties of LP, LDE, and cGVHR.
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12 Small Vessel Vasculitides

Peter Lamprecht and Wolfgang L. Gross

Introduction

Vasculitis of small blood vessels of the skin, i.e. arterioles, capillaries and ven-
ules, is found in cutaneous leukocytoclastic vasculitis (CLA) as well as in sys-
temic vasculitides. CLA is restricted to the skin, whereas ANCA-associated-
and several immune complex-mediated systemic vasculitides are character-
ized by an involvement of – predominantly – small vessels affecting various
organs including the skin.

Primary systemic vasculitides, where no underlying disease or agent is
known, are to be distinguished from secondary vasculitides, i.e. secondary to
other diseases of either autoimmune or other origin. ANCA-associated and
immune complex-mediated vasculitides are the major immunopathogenetic
categories which involve small vessels (Table. 1) (for review: Gross 2003).

Pathophysiology

ANCA-Associated Vasculitides

Substantial evidence from in vitro experiments and animal models supports
the view, that anti-neutrophil cytoplasmic antibodies (ANCA) have a role in
the immunopathogenesis of Wegener’s granulomatosis (WG) and microscopic
polyangiitis (MPA), giving rise to the “ANCA-cytokine sequence theory”
(Figure 1) (Gross et al. 1991). The target autoantigens proteinase 3 (PR3) and
myeloperoxidase (MPO) are expressed on the cell surface of neutrophil gra-
nulocytes and monocytes after priming with TNF-� or IL-1 (Falk et al. 1988,
Jenne et al. 1990, Falk et al. 1990, Csernok et al. 1990). ANCA directed against
these enzymes of neutrophil azurophilic granula (PR3-ANCA and MPO-ANCA)
induce activation of primed neutrophil granulocytes, which degranulate and
release reactive oxygen radicals and lytic enzymes subsequently. PR3- and
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Table 1. Small vessel vasculitides affecting the skin

Primary systemic vasculitis ANCA-associated vasculitis

1. Wegener’s granulomatosis (WG)
2. Microscopic vasculitis (MPA)
3. Churg-Strauss syndrome

Immune complex-mediated primary systemic
vasculitis

1. Cutaneous leukocytoklastic angiitis (CLA)
2. Henoch-Schönlein purpura (HSP)
3. Essential cryoglobulinemic vasculitis (ECV)

Secondary systemic vasculitis Immune complex-mediated secondary systemic
vasculitis

1. Rheumatoid vasculitis (RV)
2. HCV-associated CV
3. Secondary vasculitis or CV in SLE, Sjögren’s

syndrome and other connective tissue diseases
4. Secondary vasculitis or CV in infectious

diseases, e.g. bacterial endocarditis
5. Paraneoplastic vasculitis

Abbreviations: ANCA = anti-neutrophil cytoplasmic antibody; HCV = hepatitis C virus;
SLE = systemic lupus erythematosus

Fig. 1. ANCA-cytokine sequence theory: Cytokine primed polymorphonuclear leukocytes
(PMN) translocate and express intracytoplasmic proteinase 3 (PR3) or myeloperoxidase
(MPO) on their cell surface. PR3 or MPO become accessible to anti-neutrophil cytoplasmic
antibodies (ANCA). ANCA bind via Fc and Fab proportions to PMN. Activated PMN adhere
to endothelial cells via adhesion molecule interaction and release oxygen radicals (ROS) and
other substances. As a consequence endothelial damage is found (update and review by

Csernok and Gross 2000)



MPO-ANCA bind to surface-expressed PR3 or MPO via F(ab’)2 and Fc� re-
ceptor (Fc�RIIa or Fc�IIIb). Binding of ANCA to PR3 or MPO as well as to the
Fc� receptor is necessary for full activation (Csernok et al. 1990, Porges et al.
1994, Kocher et al. 1998). ANCA-activated neutrophil granulocytes up-regu-
late gene expression of inflammatory mediators and release cytokines such as
IL-8 and leukotrienes (Grimminger et al. 1996, Yang et al. 2002). Production
of IL-8 by ANCA stimulated neutrophils and monocytes within the intravas-
cular department and/or endothelial cells may frustrate transendothelial
leukocyte migration and favor premature degranulation with subsequent
endothelial damage (Cockwell et al. 1999). Moreover, ANCA also favor firm
adhesion of rolling neutrophil granulocytes and promote their migration in
vitro (Radford et al. 20001). Pauci-immune, necrotizing vasculitis is seen as a
result of the complex interaction of ANCA, neutrophil granulocytes and en-
dothelial cells. An in vivo animal model has provided further support of the
pivotal role of ANCA and neutrophil granulocytes for the induction of vasculitis
(Xiao et al. 2002).

The inciting agent(s) triggering the aforementioned pathophysiological
cascade in ANCA-associated vasculitides are still unknown. Staphylococcus
aureus nasal carriage is associated with the activity of WG in the upper re-
spiratory tract. A prophylaxis with trimethoprim/sulfmethooxazole results in
a significant reduction in the relapse rate (Stegeman et al. 1996). B-cell super-
antigens such as staphylococcal protein A might play a role in the expansion
of autoreactive PR3 producing B-cells residing within granulomatous lesions
of the respiratory tract (Voswinkel et al. 2002). One hypothesis suggests that
a polypeptide translated from the antisense DNA strand of PR3 or to a mimic
of this peptide may induce anti-idiotypic PR3-ANCA production (Pendergraft
et al. 2004).

Granulomatous Lesions in WG and CSS

Wegener’s granulomatosis (WG) and Churg Strauss syndrome (CSS) are
characterized by small vessel vasculitis and necrotizing granulomatous le-
sions in the respiratory tract and other locations, e.g. the orbita and the skin
(Lamprecht and Gross 2004). Granulomatous lesions in WG are made up of
CD4+ (-positive) and CD8+ T-cells, monocyte derived tissue macrophages, gi-
ant cells, B-cells, and neutrophil granulocytes surrounding a necrotic center.
Peripheral blood T-cells and monocytes produce Th1-type cytokines in WG,
but they secrete higher amounts of IFN� during the initial disease stage (lo-
calized WG) as compared to generalized WG. A subset of circulating T-cells
lacking the co-stimulatory molecule CD28 is expanded in WG. The expan-
sion of CD28– T-cells is already evident in early disease, i.e. localized WG re-
stricted to the respiratory tract (Lamprecht et al. 2003). The expansion of CD28–

T-cells correlates with organ involvement. Circulating peripheral blood as
well as CD4+CD28– T-cells within granulomatous lesions are a major source
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of Th1-type cytokine secretion and may favor recruitment of T-cells and
monocytes into granulomatous lesions (Komosci et al. 2002, Lamprecht et al.
2003). Th1-type CD28– T-cells subset display features of effector memory
T-cells (Lamprecht et al. 2003, Lamprecht et al. 2004). Moreover, a subset of
autoreactive PR3-specific T-cells producing TNF-� can be detected in WG
(Winek et al. 2004). These studies suggest that an aberrant Th1-type domi-
nated immune response might play a role during initiation of WG, whereas
additive Th2-type cytokine production may play a role during late disease
stages (Komocsi et al. 2002, Sneller 2002, Lamprecht et al. 2003, Lamprecht
and Gross 2004). Granulomatous lesions in CSS consist of lymphocytes, macro-
phages and eosinophils. A predominance of the Th2 cytokine profile is seen
in Churg Strauss syndrome (Fujioka et al. 1998, Tsukadaira et al. 1999, Kiene
et al. 2001).

Immune Complex-Mediated Vasculitides

Deposition or in situ formation of immune complexes in the vessel wall may
result in the subsequent evolution of vasculitis. Additional factors such as the
size of the complexes, composition, charge, complement activation, hydro-
static pressure on the wall and efficiency or ineffectivity of reparative mech-
anisms determine, whether the initial lesion will eventually progress to a
necrotizing vasculitis (for review: Gross 2003). Immune complexes formed in
antigen excess circulate until the aforementioned factors contribute to their
deposition in blood vessel walls. Activation of neutrophils, up-regulation of
endothelial adhesion molecules and cytokine release facilitate further leuko-
cyte recruitment. The membrane attack complex of complement plays a sig-
nificant role in altering the endothelial cell membrane integrity. Activated
neutrophils release proteolytic enzymes, especially collagenases and elasta-
ses, along with free oxygen radicals that further damage the vessel wall
(Claudy 1998).

Cryoglobulinemic vasculitis (CV) is an immune complex-mediated vascu-
litis predominately affecting small vessels. Cryoglobulins are cold-precipitable
monoclonal or polyclonal immunoglobulins. Cryoglobulins can induce cold-
dependent activation of complement and hypocomplementemia, followed
by leukocyte attraction and vessel damage (Wei et al. 1997). The skin is fre-
quently involved. CV is usually found in the presence of type II cryoglobuli-
nemia, i.e. mixed monoclonal IgM� and polyclonal IgG cryoglobulinemia.
The monoclonal IgM component often (>75%) has rheumatoid factor activity
(for review: Lamprecht et al. 1999). The non-enveloped HCV core protein is
a constitutive component of type II cryoglobulins and might contribute to
cryoprecipitation in hepatitis C virus (HCV)-associated CV. Binding of HCV
core protein to the globular domain of the C1q receptor on the surface of both
leukocytes and endothelial cells may favor the interaction of HCV core protein-
containing type II cryoglobulin and endothelial cells (Sansonno et al. 2003).
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Clinical Classification and Appearance

Classification

ANCA-associated, pauci-immune vasculitides (WG, MPA, CSS) and immune
complex-mediated vasculitides (CLA, HSP, ECV) comprise the group of pri-
mary systemic vasculitides affecting predominantly small vessels according
to the definition of the Chapel Hill Consensus (CHC) conference (Jennette et
al. 1994). Whereas the CHC nomenclature gives names and definitions of
primary systemic vasculitides, the American College of Rheumatology (ACR)
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Fig. 2. Immune complex vasculitis. A. Clinical presentation with petechial purpura of the
lower legs. B. Histopathology with diapedesis of erythrocytes and fragmentation of neutrophil
granulocytes. C. Depositis of immune complexes around dermal blood vessels detected by

direct immunofluorescence microscopy



classification criteria distinguish selected vasculitides from each other on the
basis of criteria with high level sensitivity and specificity (Hunder et al. 1990).
Neither the CHC nomenclature nor the ACR classification criteria can be
taken as diagnostic criteria. Some authors consider the ACR classification of
limited value for the diagnosis of vasculitis (Rao et al. 1998).

Clinical Appearance: Skin

The typical aspect of CLA and skin involvement in systemic small vessel vas-
culitides is the palpable purpura (for review: Csernok and Gross 2000). Purpura
is a manifestation mainly of postvenule capillary vasculitis. The lower limbs
are most frequently affected by the palpable purpura due to the higher hy-
drostatic pressure in these vessels (Hautmann et al. 1999). Hydrostatic pres-
sure may also account for the accentuation of the purpura during the day seen
in some patients. Petechiae may occur secondary to widespread capillary
damage. Urticaria vasculitis results from a progression of the small vessel vas-
culitis to fibrinoid necrosis of postcapillary venules, i.e. necrotizing vasculitis.
Urticaria typically persists for more than 24 hours in these cases (Schur 1993).

Small hemorrhages with slightly nodular character at the tips of the fin-
gers (Osler’s nodes) and on the palms, especially on the thenar eminences
(Janeway lesions) are seen in secondary immune complex-mediated small
vessel vasculitides in infectious endocarditis. These lesions indicate an im-
portant differential diagnosis with regard to the etiology of vasculitis (Schur
et al. 1993). Pyoderma gangrenosum or dermatitis ulcerosa may be encoun-
tered in several systemic diseases, e.g. inflammatory bowel diseases, and in
small vessel vasculitides (Powell et al. 1985).

Nailfold splinter hemorrhages and infarcts are vasculitic manifestations
mainly of arterioles and small arteries. The vasculitis may progress and in-
clude small arteries causing cutaneous ulcers and acral necrosis. Pathologic
examination often reveals fibrinoid necrosis and thrombosis with little inflam-
matory infiltration. Vasospasm of dermal ascending arterioles with hyperperfu-
sion of unaffected vessels gives rise to livedo reticularis. Progression to livedo
vasculitis may result in purpura, cutaneous nodules and ulceration predomi-
nantly of the lower extremities (Schur 1993).

Clinical Appearance: Systemic Vasculitis

Constitutional signs such as malaise, weight loss, fever, arthralgia and myal-
gia may proceed other symptoms of systemic vasculitis. Multi-organ involve-
ment may be found in every systemic small vessel vasculitis. However,
mono- or oligosymptomatic courses may be encountered at times. Vasculitides
differ with respect to the preferential involvement of distinct vascular areas
(Table. 2): Pulmonary-renal syndrome is more likely in WG and MPA, whereas
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other diseases such as systemic lupus erythemtosus (SLE) less often cause this
syndrome. Purpura and renal involvement are common in CV, polyneuropathy
and gastrointestinal vasculitis in CV and CSS, and cardiac involvement in
CSS. Proceeding nasal obstruction, crusting, epistaxis and/or otitis media
and mastoiditis is usually found in WG. Episcleritis is often seen in WG and
MPA. Asthma bronchiale, eosinophilia and pulmonary infiltrations together
with cardiac involvement and/or polyneuropathy are frequently seen in CSS.
Severe renal disease is less frequent in CSS compared to WG and MPA.
Neuropathy and cardiac disease are frequently encountered in severe CSS.
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Table 2. Typical aspects of ANCA-associated vasculitides (WG, MPA, CSS) and immune

complex-mediated vasculitides (CLA, CV, sec. SVV in SLE, RV)

Vasculitis Clinical findings Laboratory findings Histology

WG

MPA

CSS

Starts in the upper
respiratory tract,
pulm.-renal syndr.

Pulm-renal syndr.

Asthma, pulmonary
infiltration, PNP,
cardiac involvement

Compl. � or ,
C-ANCA,
PR3-ANCA

Compl. � or ,
P-ANCA,
MPO-ANCA

Eosinophilia,
compl. � or ,
less often: ANCA

Granulomatous lesions,
pauci-imm. vasc.

Pauci-imm. vasc.

Pauci-imm. vasc.,
eosinophil
infiltration

CLA

ECV, HCV-ass.
CV

Sec. vasculitis in
SLE

RV

HSP

Purpura

Purpura, arthralgia,
weakness, PNP, GN

Purpura, PNP, GN,
cerebral vasculitis

Purpura, ulcers, PNP

Purpura, arthralgia,
GN, abdominal pain

Compl. � or �

Compl. ¯, RF,
cryoglobulin,
HCV-ab., HCV-RNA

Compl. ¯, ANA, ds-
DNA ab., anti-Sm ab.

Compl. ¯, RF

Compl. ¯, IgA −

Leukocyt. vasculitis

Imm. compl. vasc.

Imm. compl. vasc.

Imm. compl. vasc.

Imm. compl. vasc.
with IgA

ANCA = anti-neutrophil cytoplasmic antibody (Immunofluorescence patterns: C-ANCA =
cytoplasmic pattern ANCA, P-ANCA = perinuclear pattern ANCA; ELISA: PR3-ANCA =
proteinase 3 ANCA, MPO = myeloperoxidase ANCA), WG = Wegener’s granulomatosis,
MPA = microscopic polyangiitis, CSS = Churg Strauss syndrome, CLA = cutaneous
leukocytoclastic angiitis, CV = cryoglobulinemic vasculitis (ECV = essential CV, HCV-ass.
CV = hepatitis C virus associated CV), sec. = secondary, GN = glomerulonephritis, PNP =
polyneuropathy, RA = rheumatoid arthritis, SVV = small vessel vasculitis, SLE = sytemic
lupus erythematosus, RV = rheumatoid vasculitis, ab. = antibody, Imm. compl. vasc. =
immune complex-mediated vasculitis, Compl. = complement, ANA = antinuclear ab.,
ds-DNA ab. =double strand DNA ab, Leukocyt. vasc. = leukocytoclastic vasculitis, Immune
compl.–med. vasc. = immune complex-mediated vascultis



Coronary arteritis and myocarditis are the principle causes of morbidity and
mortality in CSS (Jennette and Falk 1997; Savage et al. 1997). CSS may evolve
over a period of time starting with allergic rhinitis, asthma bronchiale. There-
after, a hypereosinophilic syndrome with infiltrative eosinophilic disease,
e.g. eosinophilc pneumonia and gastroenteritis will ensue, and finally small
vessel vasculitis with granulomatous lesions is seen in CSS (Lanham et al.
1984). The triad of arthralgia, purpura and weakness (so-called Meltzer’s triad)
is frequently seen in essential CV (ECV) and in HCV-associated CV. CV fre-
quently involves the kidneys and peripheral nerves (Ferri et al. 1991). Purpura,
cutaneous ulcers and polyneuropathy in a patient with long-standing rheu-
matoid arthritis (RA) is suggestive of rheumatoid vasculitis (RV). Purpura, ar-
thritis, and abdominal pain in a child with a nephritic sediment is found in
Henoch-Schönlein purpura (HSP). HSP has a peak incidence at the age of
five years. The disease often begins after an upper respiratory tract infection
(Jennette and Falk 1997; Savage et al. 1997).

Small vessel vasculitides may affect different structures within the same
organ or body region giving rise to a variety of symptoms: Affection of the
ear in WG may include sensoneurinal deafness due to vasculitis of the inner
ear and/or cochlear nerve, otitis media, and mastoiditis. CSS and CV may
cause abdominal pain due to gastro-intestinal vasculitis or vasculitis of the
gall bladder. Renal involvement in immune complex-mediated vasculitis
may result in mesangioproliferative and other forms of glomerulonephritis,
whereas focal and segment necrotizing glomerulonephritis is more common
in ANCA-associated vasculitis (Jennette and Falk 1997). Renal vasculitis of
small and medium sized renal arteries is seen at least in one third of the pa-
tients with cryoglobulinemic glomerulonephritis (D’Amico 1998). Pulmonary
small vessel vasculitis may result in dyspnoea, cough, hemoptysis due to ei-
ther bronchial ulcerations or frank hemorrhagic alveolitis. Full-blown pul-
monary-renal syndrome will cause renal and respiratory failure. Central
nervous involvement may cause cranial nerve palsies, seizures, stroke and
other symptoms. Cardiac involvement may be indicated by arrhythmias due
to coronariitis or myocarditis, pericardial effusion, and angina pectoris (Sav-
age et al. 1997).

Secondary vasculitides in SLE and other connective tissue diseases or
rheumatoid arthritis are usually proceeded by typical symptoms of their un-
derlying autoimmune disease. Thus, rheumatoid vasculitis is usually encoun-
tered after previous long-lasting rheumatoid arthritis. In case of unusual symptom
constellations paraneoplastic vasculitis, secondary vasculitis in infectious dis-
eases such as bacterial endocarditis, and drug-induced vasculitides should
be excluded. It has to be kept in mind, that small vessel vasculitides are also
seen in primary immunodeficiencies, e.g. bare lymphocyte syndrome (TAP-
deficiency and others), CVID, hyperimmunoglobulinemia D and periodic fe-
ver syndrome (HIDS), and tumor necrosis factor receptor-associated periodic
syndrome (TRAPS) (Sais et al. 1996, Moins-Teisserenc et al. 1999, Lamprecht
et al. 2004).
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Diagnosis

Clinical Parameters

A detailed patient history, physical examination and focused laboratory in-
vestigation are vital in diagnosing vasculitic disorders. The goals of the work-
up include identification of a cause of the disease and/or the underlying
immunopathogenetic mechanism, classification of the disease, and determi-
nation of the disease activity and extent. The latter is all the more important
as stage-adapted therapy and assessment of the treatment’s efficacy are only
possible if there are uniform and reproducible measures of the extent and ac-
tivity of organ involvement in the vasculitic disease. A prerequisite for this is
a standardized evaluation of the clinical, radiological and laboratory findings
by an interdisciplinary team of expert physicians (internal medicine, neurol-
ogy, ophthalmology, dermatology, radiology etc.) (Gross et al. 2000).

A detailed patient history and physical examination should give rise to a
preliminary diagnosis. CLA requires a detailed drug history as drugs cause
ca. 10% of vasculitic skin lesions. Drugs that have been implicated are peni-
cillins, aminopenicillins, sulfonamides, allopurinol, thiazides, hydantoins and
propylthiouracil (Jennette and Falk 1997).

Laboratory Tests

Laboratory tests are used to ascertain the type of vasculitis. Erythrocyte sedi-
mentation rate (ESR) and C-reactive protein (CRP) indicate inflammation.
Low complement levels are seen in immune complex-mediated vasculitides
including CV, whereas normal or elevated complement levels are found in
ANCA-associated vasculitides (Gross et al. 2000). Furthermore, low comple-
ment levels may indicate hereditary complement deficiencies, which may
cause SLE-like diseases with secondary vasculitides. C-ANCA are strongly
associated with “classic” WG. The principle target antigen for C-ANCA in
WG is PR3 (Csernok et al. 1990, Jenne et al. 1990). Only few WG patients
(<5%) have a P-ANCA with MPO specificity. In PR3-ANCA positive WG a
higher disease extent is seen as compared to MPO-ANCA positive WG (Schö-
nermarck et al. 2000). ANCA-negative WG is rarely encountered (Lamprecht
et al. 2000). Combing the detection of C-ANCA resp. P-ANCA in IFT and
PR3-ANCA resp. MPO-ANCA in ELISA yields a high sensitivity and speci-
ficity for WG and MPA (Hagen et al. 1998). Despite their high sensitivity and
specificity, C-ANCA and PR3-ANCA may be found in other diseases than
WG, e.g. subacute bacterial endocarditis or severe CV (Choi et al. 2000). RF
may be found in various conditions such as RV, CV and endocarditis. Auto-
antibodies, e.g. ANA, ds-DNA antibodies, anti Sm, anti SSA, anti-SSB etc.,
will be seen in secondary vasculitides in SLE, Sjögren’s syndrome and other
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connective tissue diseases. Low level autoantibodies such as ANA may also
be found in CV. ANA may be seen in RV and a variety of other diseases. Se-
rum levels of IgA are elevated in half of the patients with HSP. As infections
may cause secondary vasculitis, HBV, HCV, HIV, and bacterial infections
should be excluded. Serial blood cultures may be necessary (Gross et al. 2000).
ALT and AST may not necessarily be elevated in HCV-associated CV (Lam-
precht et al. 1999). Procalcitonin may help to differentiate between autoim-
mune diseases and bacterial infections and sepsis (Moosig et al. 1998).

Additional Diagnostics

Echocardiography should rule out vegetations on the leaves. Primary immu-
nodeficiencies also have to be considered. Quantitative assessment of immu-
noglobulin classes including IgD, lymphocyte subpopulations, standardized
cutaneous tests for various T-cell specific antigens, complement levels, MHC-
class I and II expression, tests for the assessment of the functional status of
various neutrophils, lymphocytes etc., and moleculargenetic analysis of mu-
tations of the MEFV-gene (Familial Mediterranean fever), MVK-gene (HIDS),
or TNFRSF1A-gene (TRAPS) may be necessary in selected patients (Baumert
et al. 1992, Moins-Teisserenc et al. 1999, Lamprecht et al. 2004).

Arteriogramms are helpful in identifying vasculitis of medium-sized arter-
ies, e.g. renal, coronar or intestinal vessels, or even larger arteries. These vas-
cular areas may sometimes be involved in addition to the small vessel vasculitis.
The definite diagnosis of vasculitis is dependent on the demonstration of
vascular involvement by biopsy. Biopsy specimen should be obtained from
clinically involved tissue. Applying immunohistochemistry is helpful in distin-
guishing immune complex mediated from pauci-immune (ANCA-associated)
vasculitides (Gross et al. 2000).

Therapy

Cutaneous Leukocytoclastic Vasculitis
(CLA)

CLA is usually limited to a single episode that resolves spontaneously within
weeks or a few months. Approximately 10% will have recurrent disease at
intervals of months to years. Drugs that could cause the disease should be
stopped. Oral corticosteroid therapy is indicated in severe cutaneous disease.
Progressive, steroid resistant CLA is rarely encountered and may necessitate
additional immunosuppressive therapy such as azathioprine. Critical reeval-
uation of the diagnosis should also take place in such cases (Jennette and
Falk 1997).
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ANCA-Associated Vasculitis

Induction of remission is achieved with combined oral corticosteroids and
oral cyclophosphamide in life threatening conditions and severe, progres-
sive vasculitis in WG, MPA and CSS. Oral cyclophosphamide at 2mg/kg/day
is preferentially used in severe conditions (”Fauci’s scheme” or”NIH stan-
dard”), whereas cyclophosphamide i.v. (15mg/kg every 3 weeks) may only
be expected as a successful alternative in less severe disease (Reinhold-
Keller et al. 1994). Reduction of the corticosteroid dose should be started
carefully as cyclophosphamide therapy becomes effective after 7–10 days.
Tapering of corticosteroids is aimed at reaching the lowest effective dose af-
ter having achieved a stable remission for more than three months. Doses
should at least range below the so-called “Cushing” level at this time in or-
der to prevent adverse effects (Savage et al. 1997).

About 5% of patients remain resistant to “Fauci’s scheme”. A transient
increase of the cyclophosphamide dose to 4mg/kg for approximately two weeks
and subsequent reduction on the basis of the patients leukocyte count may
overcome the initial therapy resistance in some patients (Schmitt and Gross
1998). In cases resistant to conventional therapy high dose intravenous im-
munoglobulin may be effective (Jayne et al 2000). T-cell directed biologicals,
such as anti-thymocyte globulin (ATG) and humanized monoclonal antibod-
ies to CD4 and CD52 have been reported to induce remission in small case
series, but adverse effects may be substantial (Schmitt et al. 2004). 15-deoxys-
pergualin proved to be efficient in the treatment of refractory WG in another
small case series (Birck et al. 2003). Both the chimeric monoclonal anti-
TNF-� antibody infliximab and the human soluble p75 TNF-� receptor fusion
protein etanercept have been successfully applied in patients with refractory
WG (Stone et al. 2000; Lamprecht et al. 2002).

Corticosteroids and cyclophosphamide predispose patients to serious ad-
verse effects. Cyclophosphamide causes premalignant hemorrhagic cystitis,
ovarian and testicular failure and myelodysplastic syndrome (Hoffman et al.
1992; Reinhold-Keller et al. 2000). Mesna is beneficial in avoiding hemorrhagic
cystitis (Reinhold-Keller et al. 2000). Less toxic treatment is highly desirable.
However, only patients with non-life threatening WG or MPA may be treated
safely with methotrexate (0,3 mg/kg/week i.v.) and corticosteroids for the in-
duction of remission (Langford et al 2000). Azathioprine can be used for the
maintenance of remission after induction of remission with cyclophosphamide
(Jayne et al. 2003). Methotrexate and leflunomide may be alternatives for the
maintenance of remission in WG and MPA (deGroot et al. 1996, Metzler et
al. 2004). Nasal S. aureus carriage is associated with activity of WG in the up-
per respiratory tract. A prophylaxis with trimethoprim/sulfmethooxazole re-
sults in a significant reduction in the relapse rate (Stegeman et al. 1996).
Mupirocin ointment is also used for the reduction of nasal S. aureus carriage.

CSS is often controlled with high-dose corticosteroid treatment. Refrac-
tory and relapsing disease may require addition of a cytotxic drug similar to
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the treatment of WG and MPA (Jennette and Falk 1997). Interferon-� (IFN-�)
therapy has been reported to induce remission in CSS and substantial reduc-
tion of the prednisolone requirement in patients who had attained incomplete
remission with cyclophosphamide or methotrexate. The mechanism of action
of IFN-� in CSS has not been clearly established, but switch in the cytokine
profile as well as down-regulation of IgE receptors on eosinophils and lym-
phocytes may be relevant (Tatsis et al. 1998; Metzler et al. 2000).

Cryoglobulinemic Vasculitis

Essential CV, i.e. non-infection or other disease related CV, is treated similar
to the treatment protocol for WG and MPA. Plasma pheresis has been recom-
mended in life-threatening conditions, progressive glomerulonephritis and
polyneuropathy (Lamprecht et al. 1999). Severe, progressive vasculitis and
life-threatening conditions of HCV-associated CV may also be treated with
oral cyclophosphamide and corticosteroids (“Fauci’s scheme”) for the induc-
tion of remission. Plasmapheresis may be added (D’Amico 1998). The mono-
clonal anti-CD20 antibody rituximab targeting B-cells has been shown to be
efficacious in severe HCV-associated CV (Zaja et al. 2003). IFN-� and ribavirin
are applied in less severe disease in order to attempt HCV elimination
(Donada et al. 1998). However, caution is recommended for the treatment of
polyneuropathy with IFN-� (Ferri et al. 1993). Addition of corticosteroids may
be beneficial in controlling cutaneous vasculitis despite the risk of delayed
virus elimination and easier evolution of escape-mutants from immune sur-
veillance (Dammacco et al 1994). Secondary CV in infectious endocarditis
should be controlled by antibiotic treatment and valve replacement if indi-
cated. Transient addition of corticosteroids may be necessary in order to con-
trol vasculitic manifestations, e.g. glomerulonephritis (Choi et al. 2000).

Henoch-Schönlein Purpura

HSP has a good prognosis in general. Pulmonary disease, rapidly progres-
sive renal failure and peripheral polyneuropathy are uncommon (Jennette and
Falk 1997). Adult onset HSP is rare. Corticosteroids and azathioprine may be
beneficial in patients with progressive renal insufficiency (Bergstein et al. 1998).

Miscellaneous Secondary Vasculitides

RV shows histopathological similarities to polyarteritis nodosa and requires
equally aggressive therapy. Intermittent intravenous bolus cyclophosphamide
plus methylprednisolone for the induction of remission has been demonstrated
to improve healing of vasculitic lesions including leg ulcers and neuropathy.
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Bolus therapy result in a lower incidence of relapse and a lower mortality
compared with other treatments. Comparatively high doses of cyclophospha-
mide (15–20mg/kg per bolus) and short treatment intervals (14 and 21 days)
are necessary to control the often aggressive course of the disease (Scott and
Bacon 1984). Although there are no controlled studies for the maintenance of
remission in RV, practical considerations suggest to treat the patient with
DMARDS used in RA, preferably methotrexate.

Secondary vasculitis in SLE is treated with intermittent intravenous bolus
cyclophosphamide and corticosteroids according to the Austin’s scheme. The
original Austin’s scheme included monthly intermittent intravenous bolus
cyclophosphamide (0,5–1,0g/m2 body surface area) plus low-dose oral pred-
nisolone (starting with up to 0,5mg/kg per day) (Austin et al. 1986; Boumpas
et al. 1991). Secondary vasculitides in other connective tissue diseases are
treated analogous to the Austin’s scheme in SLE.

Secondary vasculitis in bacterial endocarditis is treated similar to second-
ary CV due to endocarditis (see 12.4.3). Paraneoplastic vasculitis may re-
quire treatment similar to the treatment protocol for WG and MPA for the
vasculitic manifestations, e.g. cutaneous ulcers, acral necrosis, or polyneuro-
pathy. Therapy of the underlying neoplasm is essential for the control of the
vasculitis. Rheumatic symptoms and vasculitis secondary to primary immu-
nodeficiencies may improve upon intravenous immunoglobulin administra-
tion in some disease conditions, e.g. CVID (Sais et al. 1996; Gause et al. 2000)
and in TAP deficiency (Gadola et al. 2000).

Summary

Small vessel vasculitides affecting the skin are seen in primary systemic
vasculitides, i.e. the ANCA-associated vasculitides (WG, MPA, CSS) and the
immune complex-mediated vasculitides (ECV, HSP, CLA). Secondary immune
complex-mediated vasculitides, e.g. in SLE and other connective tissue dis-
eases, paraneoplastic conditions, and in infectious diseases, also frequently
involve small vessels of the skin. Diagnosis is made upon a detailed patient
history, physical examination, focused laboratory investigation, and demon-
stration of vasculitis by biopsy. Stage-adopted therapy aims at inducing and
maintaining remission of the respective vasculitis. Treatment of underlying
diseases may be necessary in secondary vasculitides.
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13 Vitiligo

Karin U. Schallreuter

Introduction

Vitiligo (from vitula (latin) = calf, vitium (latin) = mistake) is an acquired idio-
pathic epidermal pigment loss which can occur anywhere on the body. The
cause of this ancient disease is still unknown.

The incidence of vitiligo worldwide has not been accurately determined,
but studies in Europe indicate that 0.5% of the population may be affected,
meanwhile in India reports of 4–8% have been suggested (Ortonne and Bose
1993). Even if the lower value is correct, vitiligo must be regarded as one skin
disease confronting Dermatologists worldwide (Ortonne and Bose 1993). This
disabling depigmentation disorder was recognised thousands of years ago.
Several hypotheses have been put forward for the depigmentation process
but none of them can conclusively explain the plethora of clinical and basic
scientific data (Ortonne and Bose 1993, LePoole et al. 1993a). The clinical sig-
nature of the disease is the loss of constitutive pigment from the skin, and most
publications account for this by either showing a decreased number of func-
tioning melanocytes or the complete absence of these cells in the depigmen-
ted epidermis (Ortonne and Bose 1993, LePoole et al. 1993a, LePoole et al.
1993b, Xie et al. 1999). A recent study by Tobin et al proved that melanocytes
are still present, even in long standing vitiligo (Tobin et al. 2000). There has
been much debate over, how melanocytes lose their functionality and viabil-
ity, and certainly the most popular hypothesis is still selective autoimmunity
to melanocytes.

Clinical Picture and Classification

The typical lesion of vitiligo has a chalk white colour without any other epi-
dermal changes and varies in size and location.



Vitiligo can be diagnosed by demonstrating a distinct fluorescence in the
depigmented epidermis when it is exposed to Wood’s light (UVA 351 nm),
whereas leucodermas of other origin do not fluoresce (Schallreuter et al. 1994a).
A comparison of vitiligo and a laser induced leucoderma is shown in Figure 1.

The disease has several characteristic patterns but can involve the entire
skin surface.

– Focal vitiligo is characterised by the appearance of one or more isolated
macules anywhere on the body.

– Segmental vitiligo is characterised by unilateral appearance in derm-
atomal or almost dermatomal distribution. Rarely this form can be mixed
with generalised vitiligo (Figure 2).

– Generalised vitiligo (vitiligo vulgaris) is characterised by symmetrical
distribution of white areas anywhere on the integument.

– Acrofacial vitiligo involves distal digits and acrofacial as well as genito-
anal areas.

– Universal vitiligo describes depigmentation in > 80% of the entire integu-
ment.

The disease can involve mucosal surfaces as well as palms and soles. Active
vitiligo is often associated with pruritus in the freshly depigmenting skin
(Schallreuter, unpublished results). Koebnerisation has been observed in more
than 40% of patients (Ortonne and Bose 1993).
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Fig. 1. Differential diagnosis of clinical leucoderma upon WOOD’s light (351 nm)
examination A. Vitiligo vulgaris: i. Clinical picture; ii. N.B. Presence of bluish fluorescence is
characteristic for vitiligo. B. Laser induced leucoderma: i. Clinical picture; ii. N.B. Absence of any

fluorescence under WOOD’s light



Pathomechanisms – a Critical Analysis

I. Autoimmunity in Vitiligo

Over the past, a variety of techniques have been used in the detection of an-
tibodies to melanocytes in patients with vitiligo. These include indirect immu-
nofluorescence, immunoprecipitation, immunoblotting and complement-
dependent cytolysis of melanocytes (Naughton et al. 1983a, Naughton et al.
1983b, Naughton et al. 1986a, Naughton et al. 1986b, Galbraith et al. 1988,
Norris et al. 1988, Harning et al. 1991, Cui et al. 1992, Cui et al. 1993). These
antibodies are believed to be important in the progress of the disease, because
they have been found to be cytotoxic to melanocytes under in vitro condi-
tions (Norris et al. 1988, Cui et al. 1993). The presence of anti-melanocyte anti-
bodies has been correlated with the activity of skin depigmentation (Naughton
et al. 1986a, Harning et al. 1991). Recent work has focused on attempts to
identify specific antibodies against melanocytes in vitiligo (Cui et al. 1992).
Since several of the antigens are not specific and can cross-react, most atten-
tion has been given to antibodies reacting with proteins specific for melano-
cytes. In this context, research has focused on the detection of antibodies against
tyrosinase and tyrosinase related proteins 1 and 2 (TRP-1 and TRP-2) (Song
et al. 1994, Baharav et al. 1996, Kemp et al. 1997a, Kemp et al. 1997b, Kemp
et al. 1998 and Okamato et al. 1998). Since tyrosinase is a glycoprotein which
is extremely stable to proteolytic digestion, it appeared to be a good candi-
date for the elicitation of an immune response (Wood and Schallreuter 1991,
Laskin and Piccinini 1996). In addition, tyrosinase, TRP-1 and TRP-2 are
regarded as melanosome specific as well as being key proteins in the control
of pigmentation. TRP-1 is a melanosomal membrane associated protein which
has 43% sequence homology to tyrosinase and it controls both the activity and
stability of this key enzyme in melanogenesis (Halaban and Moellmann 1990,
Orlow et al. 1993). Halaban and Moellmann were the first to demonstrate
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Fig. 2. Segmental vitiligo mixed with generalised vitiligo (vulgaris). A. Before treatment. B.
After treatment with low dose narrowband UVB activated pseudocatalase (PC-KUS). NB:

The repigmentation of segmental vitiligo is considerably slower!



that TRP-1 has catalase/peroxidase activities and these authors suggested that
it functions by protecting tyrosinase from oxidative degradation (Halaban
and Moellmann 1990). In this context, it has been established that H2O2 is a
potent competitive inhibitor of human tyrosinase and that superoxide anion
radical is a preferred substrate for this enzyme compared to molecular oxy-
gen (Wood and Schallreuter 1991). Thus, melanogenesis has been considered
as anti-oxidant defence mechanism protecting the melanocyte against oxi-
dative stress (Wood et al. 1999). Jimbow et al reported that melanocytes es-
tablished from the perilesional skin of patients with vitiligo expressed a TRP-1
containing 11 additional amino acids at the C-terminal end of its sequence
and this sequence was identical to murine TRP-1 (Jimbow et al. 2001). The
initial transcript for human and murine TRP-1 shows 93% sequence homology
(Boissy et al. 1998). However, post-translational processing via an unidenti-
fied protease occurs in the human system producing a protein lacking 11 res-
idues from the C-terminal. It has been proposed that this protease appears to
be either lost, inhibited or inactivated in vitiligo (Jimbow et al. 2001). Inter-
estingly, in vitiliginous melanocytes the murine form of TRP-1 is expressed
and this protein loses its function for protecting melanosome integrity due to
defective interactions with both tyrosinase as well as the melanosome chaperone
calnexin (Manga et al. 2000, Jimbow et al. 2001). Animal models lacking ac-
tive TRP-1 develop an adaptive autoimmune response to melanocytes, thus
providing an example to support a potential role for H2O2 in fostering an im-
mune response (Austin and Boissy 1995, Rutault et al. 1999).

To date the results obtained on tyrosinase antibodies in vitiligo are con-
troversial. Xie et al could not confirm the presence of antibodies to tyrosinase
in 54 patients’ sera (Xie et al. 1999). These authors reported a non-specific
protein comigrating with tyrosinase at 62 kD (Xie et al. 1999). Therefore, it
was concluded that this protein most likely gave false positive results as re-
ported by Song et al (Song et al. 1994, Xie et al. 1999). Very recently Kemp et
al have re-examined the antibodies and this group delineated epitope regions
on tyrosinase reacting with these antibodies (Kemp et al. 1999). Accordingly,
three epitope regions were found in the centre of the tyrosinase molecule
(i.e. amino acids 240–255, 289–294 and 295–300) and two others towards the
C-terminal end (i.e. amino acids 435–447 and 461–479). The centrally located
epitopes had sequence homology with regions of TRP-1 and TRP-2, which
consequently could explain the cross reactivity observed for these closely re-
lated proteins (Kwon 1993, Yokoyama et al. 1994). Two of the five patients
examined cross-reacted with both TRP-1 and TRP-2 and one patient reacted
only with the 289–294 and 295–300 regions of tyrosinase (Kemp et al. 1999).
Two patients reacted only with tyrosinase 435–447 and 461–479 and did not
recognise TRP-1 or TRP-2 (Kemp et al. 1999). Based on these results, it can
be concluded that multiple autoantibodies to tyrosinase occur in vitiligo. How-
ever, the frequency of tyrosinase antibody expression in this disease remains
extremely low (i.e. = 5%). Whether these anti-tyrosinase antibodies can ac-
count for the progress of vitiligo in these few patients remains currently
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unanswered. Similar low frequencies for TRP-1 and TRP-2 were found in vitiligo
patients (i.e. 3 out of 53) (Kemp et al. 1997, Kemp et al. 1998). Based on this
low expression, it is very likely that tyrosinase, TRP-1 and TRP-2 antibodies
do not play a major role in vitiligo and that other melanocyte autoantigens
must be more significant targets. It should be recognised that during the pe-
riod from 1994 to 1999 autoantibodies to tyrosinase in vitiligo have lost their
scientific significance from 61% down to 0–5% (Song et al. 1994, Kemp et al.
1999, Xie et al. 1999). In conclusion, it seems unconvincing that autoantibodies
to tyrosinase, TRP-1 and TRP-2 account for the loss of functioning melanocy-
tes in this disease. Moreover, recently three membrane associated antigens
have been detected at the cell surface of melanocytes with molecular weights
of 90, 75 and 40 kD, in addition to the non-specific 62 kD protein that comi-
grates with tyrosinase (Xie et al. 1999). However, the structure/function of
these proteins and their specificity to the melanocyte requires more rigorous
examination before they can be unambiguously proved to be part of the pos-
tulated autoimmune response in vitiligo. A critical analysis of all data publis-
hed and a reevaluation of 320 patients with vitiligo failed to support the
involvement of classical autoimmunity in vitiligo. However, there are indeed
increased thyroid peroxidase (TPO) antibody levels compared to controls. A
very recent study failed to link these results to the clinical outcome of vitiligo
and to autoimmune thyroiditis (M Hashimoto) (J Diehle, Medical Thesis, U of
Hamburg, 2004).

Hence, the question remains “Are there specific autoantigens in the depig-
mentation disorder vitiligo?”

II. The Neural Hypothesis

It is believed that neurochemical mediators released from nerve endings can
cause destruction of MC’s. Its has been proposed that some intermediates or
end products of catecholamines destroy the pigment (reviewed in Nordlund
et al. 1988). Neural factors were thought to be involved in 30% of patients
with vitiligo.

III. The Self Destruction Hypothesis

Based on both laboratory and clinical experiments melanin precursor toxic-
ity was implicated for the loss of pigment cells. The melanocyte synthses mel-
anin by the oxidation of L-tyrosine via L-dopa to L-dopaquinone.

Subsequently, L-dopaquinone oxidises through several steps into a vari-
ety of indoles and free radicals. These phenolic compounds can damage MC’s
in vitro and in vivo (Boissy and Manga 2004).
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IV. Virus and Vitiligo

Recently Grimes et al have proposed a viral aetiology for this disease (Grimes
et al. 1996, Grimes et al. 1999). Using PCR techniques, cytomegalovirus (CMV)
and Epstein Barr virus (EBV) have been detected in the epidermis of patients
with this disorder. Based on these findings, the authors suggested a viral in-
duced patho-mechanism. Since this study was undertaken in California the
direct association of CMV with vitiligo is difficult to assess, since 85% of the
population in California test positive for CMV but the incidence of vitiligo is
only approximately 0.5%. A recent study re-examined the hypothesis of viral
induced disease on 72 patients with vitiligo compared to healthy controls (n
= 70). The outcome showed no direct evidence for CMV, Herpes virus I/II
and varicella virus using PCR techniques in skin biopsies as well as in the se-
rum from these patients (Würfel et al. 2000). However, even these findings
cannot exclude a viral involved ‘hit/run’ mechanism, despite there is no di-
rect evidence for virus detection in loco or in serum. In fact, it has been
shown in animal models that virus infection can trigger an autoimmune re-
sponse due to molecular mimicry of viral peptide sequences activating sub-
sets of T-cells. This hypothesis could support viral induced T-cells as a target
against melanocytes. In these models the virus causing autoimmunity es-
capes detection after the onset of the disease (Herrath and Oldstone 1996,
Morse et al. 1999). In this context, it is noteworthy that viruses can attract an
infiltrate of leukocytes and macrophages leading to the ‘oxygen burst’ con-
comitant with the production of reactive oxygen species (ROS), such as super-
oxide anion radical (O2

�) and hydrogen peroxide (H2O2).

V. Oxidative Stress in Vitiligo

Nowadays there is accumulating evidence that vitiligo is a disease affecting
the entire epidermis, although most of the studies have concentrated on the
melanocyte (Schallreuter et al. 1999a, Schallreuter 1999b). In addition to the
loss of functioning melanocytes, the keratinocytes and Langerhans cells are
disturbed in this disease (Nordlund and Ortonne 1992, Tobin et al. 2000). It
has been demonstrated by various investigators that the entire epidermis of
patients shows signs for oxidative stress yielding various degrees of vacuola-
tion in all epidermal cells including dilation of the rough endoplasmic reticu-
lum in melanocytes (Moellmann et al. 1982, Bhawan and Bhutani 1983, Boissy
et al 1991, Nordlund and Ortonne 1992, Schallreuter et al, 1999a, Schallreu-
ter 1999b, Tobin et al 2000). This oxidative stress can continue even in mela-
nocytes and keratinocytes cultured under in vitro conditions unless these
cultures are protected by anti-oxidant enzymes for instance catalase (Medrano
and Nordlund 1990, Schallreuter et al. 1999a). The proof of oxidative stress in
vitiligo has been accomplished ‘in vivo’ by measuring hydrogen peroxide (H2O2)
directly in the depigmented epidermis by non-invasive Fourier Transform

372 Karin U. Schallreuter



(FT) Raman spectroscopy, where H2O2 yields a distinctive peak due to the O
– O stretch at 875 cm–1 (Schallreuter et al. 1999a). This epidermal H2O2 can be
removed by a synthetic catalyst that oxidises H2O2 to O2 and H2O, thus mim-
icking the reaction catalysed by natural catalase. The active catalyst is a nar-
row band UVB-activated bis MnIII (EDTA)2 (HCO3-)2 complex and has been
named ‘pseudocatalase’ (Schallreuter et al. 1995a). Pseudocatalase can ar-
rest the progress of the disease in 95% of all patients and initiates repig-
mentation in approximately 60% of those treated topically with this modality
(Schallreuter et al. 1995a, Schallreuter 1999a). The biochemical basis for the
accumulation of H2O2 in patients with vitiligo has been the target of much re-
search. Initially it was shown that these patients have low levels of catalase
in their entire epidermis (Schallreuter et al. 1991). However, although catalase
levels are decreased, the expression of catalase mRNA remains unaltered in
these patients (Schallreuter et al. 2004). These early data were confirmed,
showing that melanocytes established from the non-lesional skin of these
patients contained lower than normal catalase activities (Maresca et al. 1997).
These in vitro results were in agreement with increased epidermal H2O2 lev-
els (mM range) in vivo. Under these conditions this reactive oxygen species
can inactivate catalase by degradation of the porphyrin active site after con-
centrations exceeding Vmax levels (Aronoff 1965). In the presence of low catalase
levels, glutathione peroxidase functions as a back up enzyme for the effi-
cient removal of H2O2. In this context, it has been shown that these enzyme
activities are also compromised in this patient group (Beazley et al. 1999).

Several investigators have reported the presence of a cellular infiltrate in
the perilesional skin of patients with vitiligo (Ortonne and Bose 1993). The
presence of this infiltrate indicates the likelihood of the biological ‘oxygen
burst’ leading to the generation of superoxide anion radical (O2

�) from O2 via
NADPH-oxidase (Darr and Fridovich 1994, Marks et al. 1996, Stark 1998). In a
normal inflammatory reaction O2

� concentrations increase up to 20 fold. After
disproportionation this concentration would produce a 10 fold increase in
H2O2 (Darr and Fridovich 1994). The perilesional border in vitiligo frequently
contains an infiltrate but the numbers of infiltrating neutrophils and macro-
phages as well as T-cells are usually very low or even absent in long lasting
disease. Therefore, it is very difficult to assess the H2O2 contribution deriving
from this perilesional infiltrate. Indeed, cells in the perilesional epidermis in
vitiligo show the same degree of vacuolation (i.e. lipid peroxidation) as cells
in both lesional and non-lesional skin (Schallreuter et al. 1999a, Tobin et al.
2000). However, recently it has been shown that H2O2 can activate periph-
eral blood dendritic cells by upregulating surface markers known to be in-
volved in T-cell interactions (Rutault et al. 1999). This H2O2 driven process
promotes interaction with MHC class II molecules (DQ and DR) as well as
costimulatory molecules CD 40 and CD 86 (Rutault et al. 1999). After expos-
ing dendritic cells in culture to H2O2 these cells promote T-cell proliferation
compared to untreated controls lacking H2O2 exposure (Rutault et al. 1999).
The effect of H2O2 can be blocked in vitro upon the addition of the anti-
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oxidant N-acetyl cysteine (Rutault et al. 1999). In the same context, it has been
shown that solar simulated irradiation upregulates epidermal Langerhans
cell B7.1 and B7.2 costimulatory molecules (Laihia and Jansen 1997). It has
been shown in vivo and in vitro that H2O2 is generated by UVB (311 nm) and
UVA using FT-Raman spectroscopy (Schallreuter et al. 1999a). Therefore it
can be concluded that H2O2 could modulate the response of epidermal Langer-
hans cells and other dendritic cells in vitiligo (Laihia and Jansen 1997, Schall-
reuter et al. 1999a, Tobin et al. 2000). These data could directly link oxidative
stress from H2O2 to the onset of an adaptive immune response (Laihia and
Jansen 1997). Moreover, these results may also be a rationale that the im-
mune response in vitiligo is most likely a secondary event linked to oxidative
stress with an overproduction of H2O2 in the skin.

To date a plethora of studies have recognised several sources and conse-
quences of H2O2 in vitiligo:

1. Defective de novo synthesis/recycling and regulation of the essential
cofactor (6R)-L-erythro 5,6,7,8 tetrahydrobiopterin (Schallreuter et al.
1994a, Schallreuter et al. 1994b).
– Induction of GTP-CH1 (rate limiting step for de novo 6BH4 synthesis

(Shimizu et al. 2003).
– Deactivation of pterin-4a-carbinolamine dehydratase (PCD) and dihyd-

ropteridine reductase (DHPR). (Both enzymes are involved in 6BH4

recycling). (Schallreuter et al. 2001, Hasse et al. 2004).
2. Increased epidermal monoamine oxidase A activities (Schallreuter et al.

1996a).
3. Increased NADPH-oxidase activities from the activation of neutrophils

and macrophages that can sometimes be observed in the perilesional
infiltrate in vitiligo (Darr and Fridovich 1994).

4. Increased TNF� production (Moretti et al. 2002).
5. Photo-oxidation of epidermal 6-biopterin and sepiapterin (Rokos et al.

2002).
6. Increased inducible nitric oxide synthase (Schallreuter et al. 1999b).
7. Deactivation of acetylcholinesterase (Schallreuter et al. 2004).
8. Oxidation of epidermal albumin (Rokos et al. 2004).

VI. Pteridines in Vitiligo

In 1994 it was finally discovered that the fluorescent compounds present in
vitiliginous epidermis were oxidised pterins (Schallreuter et al. 1994a, Schall-
reuter et al. 1994b) (Figure 1). This accumulation of oxidised pterins arose
from the recognition that these patients have a defective de novo synthesis/
recycling/regulation of the essential cofactor (6R)-L-erythro 5,6,7,8 tetrahyd-
robiopterin (6BH4) (Schallreuter et al. 1994a, Schallreuter et al. 1994b) (Fig-
ure 3). Defective recycling of 6BH4 causes accumulation of its abiogenic isomer
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7BH4 and it was shown that molar concentrations of 7BH4 inhibit pheny-
lalanine hydroxylase (PAH) thus preventing the turnover of L-phenylalanine
to L-tyrosine resulting in a build up of L-phenylalanine in the epidermis (Da-
vis et al. 1992). This build up has been indeed demonstrated in vivo by FT-
Raman Spectroscopy (Schallreuter et al. 1998). Only recently it has been dis-
covered that H2O2 deactivates the rate limiting recycling enzyme pterin-4a-
carbinolamine dehydratase (PCD) because H2O2 alters directly the structure
of this bifunctional protein (Schallreuter et al. 2001). The deactivation of
PCD by H2O2 as observed in vivo and in vitro could contribute to the immune
response considering that lymphocytes and dendritic cells do express PCD
and produce H2O2 themselves via NADPH oxidase (Darr and Fridovich 1994,
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Fig. 3. Defective 6BH4 synthesis leading to 7BH4 production in vitiligo. Both epidermal
melanocytes and keratinocytes have the full capacity for de novo synthesis/recycling of 6BH4

(Schallreuter et al. 1994a, Schallreuter et al. 1994b). The rate limiting step for the de novo
synthesis of 6BH4 is GTP-cyclohydrolase I (GTP-CH-I) which is regulated by H2O2 (Shimizu et
al. 2003). This enzyme is also controlled by L-phenylalanine (positive feedback) via the
GTP-CH-I feedback regulatory protein (GFRP), as well as several cytokines (TNF�, IL-2,
IFN�, MGF). 6BH4 down regulates GTP-CH-I via GFRP. Furthermore, 6BH4 is the essential
cofactor (a) for phenylalanine hydroxylase to metabolise L-phenylalanine to L-tyrosine in
melanocytes and keratinocytes, and (b) for tyrosine hydroxylase to convert L-tyrosine to
L-dopa in catecholamine biosynthesis in epidermal keratinocytes and melanocytes. It is
also a regulator of tyrosinase activity in melanocytes, inhibiting the enzyme by an allosteric
mechanism. The recycling of 6BH4 is catalysed by the rate-limiting pterin-4a-carbinolamine
dehydratase (PCD) via quinonoid dihydropterin (qBH2) and its reduction by dihydropteridine
reductase (DHPR) in the presence of NADH. If 6BH4 is overproduced, as in vitiligo, then
4a-hydroxy-BH4 is non-enzymatically converted to high levels of 7BH4, which in turn inhibit

phenylalanine hydroxylase, yielding a compromised L-tyrosine supply



Marks et al. 1996 and Stark 1998). Consequently, the build up of H2O2 would
be autocatalytic. Furthermore, it should be noted that H2O2 rapidly oxidises
6BH4 to 6-biopterin and this oxidation product has been shown to be cytoto-
xic to melanocytes with an LC50 = 10–7 M (Schallreuter et al. 1994c). Further
investigation demonstrated the presence of pterin 6-carboxylic acid as the fi-
nal oxidation product of 6-biopterin and other pterins. This photo-oxidation
coincides with the generation of H2O2 (Rokos et al. 2002). Hence, defective
pterin synthesis coupled to oxidative stress can directly influence melano-
cyte populations and integrity in vitiligo primarily due to the cytotoxicity of
6-biopterin and other oxidised pterins. Only very recently it was demonstrated
that epidermal H2O2 travels to the vascular system and there it can influence
the cholinergic pathway via acetylcholine esterase (Schallreuter et al. 2004).
It also has been shown that dihydropteridine reductase, the last step in 6BH4

recycling, can be deactivated in peripheral blood cells by H2O2 in the �molar
range (Hasse et al. 2004).

VII. Catecholamines in Vitiligo

The presence of increased levels of 6BH4 and low levels of L-tyrosine in
vitiligo provides ideal conditions for increased activity of tyrosine hydroxy-
lase (TH), the key enzyme for catecholamine biosynthesis (Schallreuter et al.
1995b). Both keratinocytes and melanocytes express TH isoform I, the most
active of the four different isoforms of this enzyme (Schallreuter et al. 1995b,
Marles et al. 2003). In this context it has been reported that patients with ac-
tive vitiligo have elevated levels of noradrenaline in skin and plasma, as well
as high levels of catecholamine metabolites in their urine (Schallreuter et al.
1994b, Morrone et al. 1992). Increased noradrenaline synthesis in the epider-
mis of these patients causes the induction of the catecholamine degrading
enzymes monoamine oxidase A (MAO-A) and catecholamine-O-methyl-
transferase (COMT) (LePoole et al. 1994, Schallreuter et al. 1996a). MAO-A
produces H2O2 as a reaction product from the oxidation of noradrenaline, and
therefore the increased expression of epidermal MAO-A yields severe oxi-
dative stress (Schallreuter et al. 1996a).

VIII. Calcium Homeostasis and Oxidative Stress in Vitiligo

The influence of oxidative stress on calcium uptake/efflux has been known
for a long time (Marks et al 1996). Earlier studies on the transport of isotopi-
cally labelled calcium with keratinocytes and melanocytes established from
the depigmented epidermis of patients with vitiligo revealed a significant
decrease in the rates for calcium uptake in these cells (Schallreuter et al. 1988,
Schallreuter et al. 1996b). Several investigators have shown that the extra-
cellular concentration of calcium, which controls the kinetics for its uptake
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and efflux, strongly influences melanogenesis in melanosomes. Recently it
has been confirmed that L-phenylalanine transport and its intracellular turn-
over to L-tyrosine is a calcium dependent process in normal human melanocy-
tes (Schallreuter et al. 1999c). This essential amino acid is actively transported
in these cells via the well established L-phenylalanine/sodium/calcium ATP-ase
antiporter system described previously for the active transport of neutral amino
acids (Schallreuter et al. 1999c). Since the majority of eumelanin is synthe-
sised in melanocytes from the autocrine conversion of L-phenylalanine to
L-tyrosine via PAH, then the perturbation of calcium homeostasis in these
cells from these patients could also play a crucial role in the loss of pigment
in vitiliginous melanocytes (Schallreuter et al. 1996b, Schallreuter et al. 1999c).
In this context it is noteworthy that epidermal calcium homeostasis also re-
lies on both the adrenergic and cholinergic signal transduction. Only recently
it was shown that acetylcholinesterase, the degrading step for acetylcholine
is also deactivated by H2O2 (Schallreuter et al. 2004).

IX. Genetic and/or Environmental Factors in Vitiligo

The application of FT-Raman spectroscopy for in vivo analysis of the depig-
mented epidermis indicates that all untreated patients contain higher than
normal levels of H2O2 by following the peak at 875 cm-1 (Schallreuter et al. 1999a).
In addition, all patients have more total phenylalanine in their depigmented
skin at 1004 cm–1, measured also in vivo by the same method, compared to
their pigmented skin (Schallreuter et al. 1998). This defect in phenylalanine
metabolism has been recognised also in the systemic turnover of L-phenylala-
nine in this patient group (n>1000) after receiving an oral loading with this
essential amino acid (Schallreuter et al. 1998). Interestingly all patients
showed a normal rate for the phenylalanine turnover compared to controls,
but 40% of the patients tested, revealed pathological L-phe/L-tyr ratios simi-
lar to phenylketonurea heterozygotes (Schallreuter et al. 1998). In this con-
text, it is interesting that approximately 35–40% of the patients have a positive
family history for vitiligo, strongly suggesting a genetic predisposition for
this disease (Ortonne and Bose 1993). However, to date there is no evidence
for any mutation on the PAH gene in vitiligo. The defective recycling of 6BH4

via pterin 4a-carbinolamine dehydratase (PCD) suggested the possibility of
a polymorphism in this gene (Schallreuter et al. 1994a, Schallreuter et al. 1994b),
but recent studies have shown that PCD is directly deactivated by H2O2
(Schallreuter et al. 2001). Examination of the sequence of the PCD gene re-
vealed only wild type enzyme (Schallreuter et al. 2001). Another report on
vitiligo suggested that this disease is caused by a mutation in GTP-cyclohydro-
lase I (GTP-CH-I), the rate limiting enzyme for 6BH4 synthesis (De la Fuente-
Fernandez 1997), but this result could not be substantiated (Blau et al. 1996,
Schallreuter and Blau 1997). An attempt to search for a possible mutation in
the regulatory protein GFRP revealed wild type sequence for the 6BH4 binding
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domain (KUS, unpublished results). Whether the polymorphism in the catalase
gene of affected individuals can account for vitiligo needs to be substantia-
ted (Casp et al. 2002). Only recently the involvement of chromosome 17 has
been invoked where special autoimmunity alleles are implicated (Spritz et al.
2004). However, so far this finding was only shown in one family.

Therefore a genetic analysis may be more feasible for those patients who
have both autoimmune disorders and vitiligo indicating a true subset of the
disease. In our hands the majority of the patients (> 4000) only have vitiligo.

No Increased Risk for Skin Cancer in Vitiligo

It is generally accepted that the cutaneous pigment protects against the de-
velopment of skin cancers despite the sun protection factor (SPF) for this mel-
anin is only ranging between 2–5. Since patients with vitiligo lack this protective
mechanism, it would be anticipated that affected individuals run a higher
risk for skin cancer. Surprisingly, these patients even with long standing
vitiligo (>47 years duration) have no evidence for increased photodamage such
as actinic keratosis and solar elastosis as well as increased numbers of basal
cell and squamous cell carcinoma (Calanchini–Postizzi and Frenk 1987, Schall-
reuter et al. 2002).

The reason for this paradox response in vitiligo is still unknown. Recently
an increased epidermal functioning p53 has been detected, but this increased
p53 is not associated with apoptosis in these patients (Schallreuter et al. 2003).
In this context it should be noted that p53 can be induced by �molar levels of
H2O2 (Vile GF 1997). Hence, this scenario could be valid in vitiligo. The ques-
tion remains, whether p53 is induced as a direct protective mechanism in
prevention of skin cancer in this disease which could be an interesting new
concept to explain the observed paucity of solar induced damage and skin
cancer. Further work is needed to gain more insight into these interesting
observations.

Newer Treatment Concepts

Based on the evidence provided there is no doubt that epidermal generation/
accumulation of H2O2 plays a central role in vitiligo.

This concept is in agreement with the clinical observation where patients
with this disorder, regardless of the time of onset and duration of the disease,
age, gender and skin phototype respond to a topically applied pseudocata-
lase (PC-KUS) with a loss of epidermal and systemic H2O2 accumulation con-
comitant with repigmentation (Schallreuter et al. 1999a; Schallreuter et al. 2001,
Hasse et al. 2004; Schallreuter et al. 2004) (Figure 5).
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Fig. 4. Epidermal oxidative stress in acute vitiligo. Toluidine blue staining. NB: The extensive
vacuolation (V) is based on lipid peroxidative damage due to H2O2 (Tobin et al. 2000)

Fig. 5. Extensive facial vitiligo in skin phototype VI (Fitzpatrick Classification). A. Before
treatment. B. After treatment with low dose narrowband UVB activated pseudocatalase

(PC-KUS)



If vitiligo would fit the criteria of an autoimmune disease, one would ex-
pect that the treatment is more successful after the introduction of topical or
systemic immunosuppressive drugs. However, the published clinical results
are rather disappointing. Even the use of systemic as well as local corticoste-
roids failed to control the disease in the majority of patients. Topical applica-
tion of tacrolimus and pimecrolimus as recent local treatment modalities are
effective in the repigmentation of facial vitiligo but fail the management of
other body areas. Apart from pseudocatalase (PC-KUS) the most promising
treatment at the present time seems to be the use of narrowband UVB (311nm)
with increasing doses twice or 3 times per week at least over 1 year. The pre-
cise mechanism of action remains to be established (Westerhof et al. 1999,
Hamzavi et al. 2004).

Summary

What did we learn? Despite autoimmunity is still the favoured hypothesis for
vitiligo, the evidence to date does not support that vitiligo belongs into the
group of primary autoimmune diseases. The low frequency of vitiligo anti-
bodies specific for melanocytes could most likely be caused by the influence
of H2O2 on the immune system as a secondary response. To date there is ac-
cumulating evidence that other autoimmune phenomena in association with
vitiligo are a rather random event.

In the light of epidermal and systemic H2O2 accumulation, it is tempting to
speculate that environmental (exogenous) or systemic (endogenous) trigger
factors could be the mechanisms for the ‘hit’ that increases H2O2 production
via NADPH-oxidase in the microenvironment. This could tip the balance and
cause the initial loss of constitutive pigmentation due to the generation of
hydroxyl radicals (OH•) from H2O2 via the UV-catalysed Haber-Weiss reaction
(Darr and Fridovich 1994). However, in the subsequent process of the disease,
the origin of H2O2 derives from various sources, which could well foster the
‘run’ mechanism, where H2O2 activates T-cell proliferation with consequent
activation of T-cell clones (Rutault et al. 1999, LePoole et al. 2004). A cellular
infiltrate in the perilesional skin in active vitiligo can contribute to a temporary
oxygen burst yielding H2O2. However, vacuolation/lipid peroxidation, expec-
ted to be exacerbated by the oxygen burst, is not different in the perilesional
skin compared to lesional skin and the normally pigmented epidermis. All
compartments can have the same extent of vacuolation (Tobin et al. 2000) (Fig-
ure 4). Moreover, many of the described mechanisms are perturbed and are
observed in both the lesional and non lesional skin of patients with vitiligo
indicating that the entire skin participates in the depigmentation process.

Despite that our knowledge on vitiligo has improved, there is still no com-
plete concept in understanding of those factors underlying the initiation of
this disease. Future work is needed to get a better picture which allows the
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development of a more effective treatment or even cure of this ancient disfig-
uring disease.
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14 Alopecia areata

Pia Freyschmidt-Paul, Kevin McElwee and Rolf Hoffmann

Classification and Clinical Appearance

Alopecia areata (AA) is the symptomless loss of hair in either small circum-
scribed patches (Fig. 1), which may remain discrete or may expand into total
loss of all scalp (Fig. 2) and even body hairs. AA is a common human disease
with a lifetime risk of 1.7% in the general population. It is characterized by a
reversible patchy hair loss most commonly involving the scalp although other
regions of the head, including eyelashes and beard, may also be affected.
The typical patient with AA notes the sudden appearance of circular patch of
hair loss. Areas of activity in the lesion may be indicated by the presence of
“exclamation mark” hairs (Fig. 3) which are usually 2–4mm long and may
have a dark expanded tip and a depigmented root. The disease may some-
times lead to complete scalp baldness (Alopecia areata totalis) or even total
body hair loss (Alopecia areata universalis). AA of the neck is called the ophiasis

Fig. 1. Patchy alopecia areata: two small round bald patches in a child



type. AA may be observed at any age with no sex predominance. AA is more
likely to occur in adolescents. AA is not life-threatening but rather psycho-
logically and socially disturbing.

The course of AA is unpredictable and typically characterized by phases
of acute hair loss followed by spontaneous hair regrowth and waxing and wan-
ing of the lesions. However, in severe forms hair loss can persist for many
years. Very often AA shows a mild clinical course with only few small bald
patches, and hair regrowth after some weeks or months. However, the se-
vere forms are usually chronic. The prognosis for AA is defined by the age at
disease onset, duration, nails signs, the extent of hair loss and the presence
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Fig. 2. Alopecia areata totalis. In this example the whole scalp is affected



of atopic dermatitis. This means that a patient with AA universalis for many
years, with a first episode of AA during childhood, associated nail changes
and atopic dermatitis has only a small chance to experience hair regrowth.

Except the nails, which may show typical signs of AA such as small pits,
red spotted lunulae or verticular ridging (Fig.4), no other organs are affected
by this disease. Sometimes small nail pits are the first signs of a developing
AA and hair loss may occur later. Only exeptionally nails may fall off (Ony-
chomadesis) due to a severe nail AA. Sometimes all nails are affected. Nail
involvement is usually associated with wide spread AA. There are some pub-
lications which describe the association of AA with other autoimmune diseases
such as Vitiligo or Type 1 diabetes mellitus. However, there is considerable
debate about the practical value of those observations. In our view only Has-
himotos thyroiditis tends to be more common in AA.

As hair loss is sudden, hair regrowth occurs without any indicators. The
initial hair regrowth after an episode of AA is often white due to a delay in
repigmentation of hairs. Interestingly, the last hairs to be affected by AA are
white hairs, explaining how scalp hair can appear to become white overnight.

Diagnosis

The clinical history of abrupt onset of patchy hair loss, the lack of infection,
black dots, exclamation mark hairs, are all suggestive of the diagnosis of AA
and in most cases the diagnosis of AA can be made clinically. There is no
blood test to confirm or to rule out the diagnosis. In rare cases differential diag-
nosis such as chronic discoid lupus erythematosus, Lichen planopilaris, syphi-
lis, traction alopecia, metastasis to the scalp, mycosis fungoides or alopecia

Alopecia areata: Classification and Appearance 387

Fig. 3. Exclamation mark hairs at advancing edge of patch of alopecia areata



mucinosa must be taken into consideration. Especially in AA of the diffuse type
it might be difficult to make the diagnosis. Then a scalp biopsy is indicated.

Histopathology

Histopathological features of AA include peri- and intrafollicular lymphocy-
tic infiltrates involving only anagen hair follicles with subsequent miniatur-
ization of these follicles. The lymphocytic infiltrate is located around the hair
bulb with some lymphocytes invading the hair follicle (Fig. 5). Destruction
of hair follicles or scarring usually does not occur in AA and therefore hair
regrowth is possible at any timepoint of the disease, either spontaneously or
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Fig. 4. Mild nail dystrophy in alopecia areata with pitting and ridging



due to a successful treatment. The process usually involves terminal hairs but
can affect vellus hairs as well.

Molecular Genetics –the Present Knowledge

AA has been proposed to be an autoimmune disease based on several indi-
rect observations in humans and animal models of the disease (McElwee et al.
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Fig. 5. Histology of alopecia areata. Lymphocytes are clustered around the hair bulb and
extend into the dermal papilla (LM x 100)



1999c). Genetic influence has been clearly demonstrated in most other auto-
immune diseases and one would expect that AA is no exception. AA is clearly
a complex disease, it does not segregate according to the rules of Mendelian
inheritance (Van der Steen et al. 1992a; Shellow et al. 1992; Colombe et al. 1995;
Sharma et al. 1996a). As with other autoimmune diseases, AA is most likely a
polygenic disorder where susceptibility is dictated by several major genes and
the phenotype may be modified by numerous minor genes.

Rodent Models

Isolated examples of AA have been identified in several species. However,
the limited characterization or availability of these examples restricts their
usefulness in any genetic research for AA (McElwee et al. 1998b). Two ro-
dent models have been developed and characterized for use in AA research,
the Dundee experimental bald rat (DEBR) and the C3H/HeJ mouse (Michie
et al. 1991; Sundberg et al. 1994). Both models are inbred strains. Despite
their inbred nature, rodents may have a wide variety of hair loss presenta-
tions from isolated patches, or diffuse AA, to near universal hair loss. AA in
both rodent models has been shown to be an autosomal polygenic trait with
partial phenotype penetrance by analysis of breeding programs.

The DEBR, originally a hybrid between BDIX and Wistar rats, has been
intercrossed for over 35 generations. Two separate inbred DEBR sub-strains
exist, one black hooded and the other brown, but with similar AA phenotype
properties. Hair loss is associated with a primarily CD4+ and CD8+ lympho-
cyte cell infiltrate of anagen stage hair follicles and production of hair follicle
specific antibodies (Zhang and Oliver 1994, McElwee et al. 1996). Spontane-
ous expression of AA develops in 42% of individuals with onset from 7 months
of age in both males and females. Hair loss typically first develops in sym-
metrical bald patches on the flanks. Multiple patches may develop to affect
the head, dorsal and ventral skin with approximately 15% of affected indi-
viduals reaching a near universal hair loss state. DEBR have been cross bred
with PVG/OlaHsd rats yielding 21% affected F1 offspring (Oliver, personal
communication) suggesting PVG/OlaHsd rats contain few AA susceptibility
genes. PVG/OlaHsd rats may be one of several strains suitable for use in an
intercross or backcross breeding strategy to identify AA susceptibility and
severity modifying genes by linkage disequilibrium.

C3H/HeJ mice have existed as a unique inbred strain at the Jackson Lab-
oratory since 1947, but onset of the AA phenotype was first observed in sev-
eral individuals of a C3H/HeJ mouse colony in 1993. The mouse breeding
pattern permitted tracing the genetic history of the affected mice to a single
breeding pair at generation F198 (Sundberg et al. 1994), suggesting a genetic
modification of the strain in one parent. The frequency of spontaneous AA
expression in aged mice, up to 18 months old, increased to approximately 20%
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in 3–4 generations for over 300 mice evaluated (Sundberg et al. 1994). Both
males and females are affected with initially ventral hair loss typically devel-
oping in females from 6 months and in males from 10 months of age. Hair
loss may progress to the dorsal surface and reach near universal loss in 10%
of affected individuals. Histopathology shows all affected anagen stage hair
follicles to be affected by non-scaring focal inflammation of primarily CD4+

and CD8+ lymphocytes and hair follicle specific autoantibodies are present at
a high titer (Tobin et al. 1997; Freyschmidt-Paul et al. 1999).

Recent studies have demonstrated that all adult C3H/HeJ mice are sus-
ceptible to AA. Grafting skin from spontaneous AA affected mice to normal
haired C3H/HeJ mice consistently promotes onset of AA 8–10 weeks after
grafting (McElwee et al. 1998a). Skin grafts from AA affected mice to the his-
tocompatible C3H/OuJ and C3HeB/FeJ inbred strains promotes AA onset with
a similar phenotype and pathology, but in only 40% of graft recipients (McElwee
et al. 1998a). Crosses between C3H/HeJ mice with AA and mice from the
closely related strain with no history of age associated alopecia, yielded F1
and subsequent generation mice with an AA expression frequency of 10–12%
(Sundberg et al. 1994). The AA induction technique suggests that while in-
bred C3H/HeJ mice may all be genetically susceptible, the AA phenotype
must be activated. It is possible that the environment provides a trigger for
initial disease onset. The apparent reduced susceptibility of the C3H/OuJ
and C3HeB/FeJ strains to AA suggest that these strains carry fewer AA sus-
ceptibility genes as compared to the C3H/HeJ strain. The segregation pat-
tern of phenotypes suggests that AA in laboratory mice is under the control
of one or more dominant gene alleles.

A preliminary backcross study between C3H/HeJ mice and C57BL6/J mice
suggested a tentative locus for susceptibility on mouse Chromosome 6 (37cM,
1 recombinant/24 alleles with D6MIT230 is 4.2 cM, p = 3�10–6, 95% confidence
interval of the distance is 0.1–21.1 cM) (McElwee et al. 1999a). Within this
region are numerous immunoglobulin genes, a gene for cytokine TGF�, as
well as genes for the lymphocyte surface markers CD8 and Ly36. The mouse
locus corresponds to human chromosome region 2p13. Thus, this region may
be worthy of close attention within a genome wide screen. C3H/HeJ mice
cross bred with C57/BL6J mice yield 7% of affected F1 generation mice (10%
affected females, 2% affected males) and intercross studies with C57BL6/J
mice are in progress with up to 13 candidate gene loci under investigation
supporting the hypothesis that AA is a polygenic disease (Sundberg et al. 2003).

Human Epidemiology

There is a higher incidence of AA in genetically related individuals. This sug-
gests that at least some people are genetically predisposed to develop AA.
The triggers for the onset of AA may be environmental, but the resistance of
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the AA lesion to treatment, its persistence and regression, and its extent over
the body may be influenced by the presence and interaction of multiple genes.
Several studies suggest that AA has a genetic basis (Van der Steen et al. 1992a;
Colombe et al. 1995). AA with similar times of onset or similar hair loss pat-
terns has been reported in monozygotic twins (Hendren 1949; Weidman et
al. 1956; Bonjean et al. 1968; Stankler 1979; Cole and Herzlinger 1984; Scerri
and Pace 1992; Alsaleh et al. 1995). Families with several generations of AA
affected individuals also suggest AA may be a genetically determined dis-
ease (Shelton and Hollander 1942; Goldshtein and Chipizhenko 1978; Hordinsky
et al. 1984; Valsecchi et al. 1985; Van der Steen et al. 1992a; Sharma et al.
1996a; Sharma et al. 1996b).

Epidemiological studies provide basic evidence for AA susceptibility
genes. Numerous studies suggest AA may be more frequently expressed in
genetically related individuals. Typically, 10 to 20% of patients with AA
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Table 1. Incidence of alopecia areata in reported epidemiological studies

Percentage with
family history

Geographic location Source

3% UK Barber 1921

20% UK Brown 1929

20% France Sabouraud 1929

19% UK Anderson 1950

10% USA Muller and Winkelmann 1963

3.4% Italy Olivetti and Bubola 1965

6.3% Portugal Bastos Araujo and Poiares Baptista 1967

25% UK Cunliffe et al. 1969

17% Sweden Gip et al. 1969

27% USA Sauder et al. 1980

24% UK Friedmann 1981

11% Belgium De Weert et al. 1984

6.6% Germany Lutz and Bauer 1988

18% Netherlands De Waard 1989

11.4% Germany Gollick and Orfanos 1990

16% Germany Van der Steen et al. 1992

42% USA Shellow et al. 1992

11.5% Korea Ro Bi 1995

9% India Sharma et al. 1996a

12.4%* India Sharma et al. 1996b

*Children aged 16 or younger



indicate at least one other affected family member (Table 1). In contrast, the
lifetime risk of AA expression in the general population has been suggested
to be 1.7% (Safavi et al. 1995). Familial incidence may be significantly higher
than reported in epidemiological studies as the marked psycho-social conse-
quences of hair loss inhibit some individuals from seeking diagnosis. In addi-
tion, some may not be aware of their hair loss if it is limited or develops in an
area not immediately visible to the individual.

A strong association has been observed between AA and trisomy 21
(Down’s syndrome). In 1000 patients and 1000 control subjects, Du Vivier and
Munro observed 60 cases of trisomy 21 individuals with AA versus 1 control
(Du Vivier and Munro 1975). Carter and Jegasothy identified 19 cases of AA
in 214 trisomy 21 affected patients and the statistical relationship is further
supported in other studies (Wunderlich and Braun-Falco 1965; Carter and
Jegasothy 1976). The genetic mutation for autoimmune polyendocrinopathy
syndrome type 1 (AIRE, autoimmune regulator gene) (Finnish-German
APECED Consortium 1997) is also associated with a 29 to 37% prevalence of
AA (Betterle et al. 1998). These studies suggest that candidate gene loci for
AA susceptibility may be present on human chromosome 21.

Associations of AA with other autoimmune diseases have also been re-
ported. Between 7% and 27% of AA affected patients may also have a thyroid
disease, including goiter presence, myxedema and Hashimoto’s thyroiditis
(Cunliffe et al. 1969; Milgraum et al. 1987; Shellow et al. 1992; Puavilai et al.
1994). Co-expression of vitiligo and AA has also been reported at between
4% and 9% (Muller and Winkelmann 1963; Main et al. 1975). However, the
statistical significance of these disease associations when compared to appro-
priate control populations has been disputed elsewhere (Salamon et al. 1971;
Gollick and Orfanos 1990; Schallreuter et al. 1994). Numerous case reports
detail concordant presence of AA with other autoimmune diseases, such as
diabetes and myasthenia gravis, although the statistical significance is un-
known (McElwee et al. 1998b).

HLA Genes

Human leukocyte antigen (HLA) genes on human chromosome 6 code for
the major histocompatibility complex (MHC) proteins that are important in
presentation of antigens and self recognition by immune cells. MHC class I
antigens comprise the HLA-B, HLA-C and HLA-A loci in this order. MHC
class II is coded by genes in the HLA-D region that is subdivided into gene
clusters HLA-DP, HLA-DQ, and HLA-DR (Vogel and Motulsky 1997). MHC
class I antigens are expressed on almost all nucleated cells. CD8+ lymphocytes
have the capacity to recognize cellular antigens presented in association with
MHC class I via their T cell receptors. In contrast, MHC class II antigens are
normally expressed on antigen presenting cells (APCs), such as macrophages

Alopecia areata: Classification and Appearance 393



and Langerhans’ cells, and expression may be induced on other nucleated
cells during inflammatory processes such as AA (Messenger and Bleehen
1985; Bröcker et al. 1987). CD4+ lymphocytes may recognize antigen plus MHC
class II complexes on APCs. Different MHC proteins may have superior pre-
senting properties for particular antigens compared to other MHC complexes
and consequently some antigen plus MHC complexes will be more effective in
their activation of lymphocytes than others. In part, this may determine the
ability of lymphocytes to respond to the hair follicle antigen(s) targeted in AA and
may define how potent an immune response against a particular antigen will be.

Genetic research into other autoimmune diseases has shown HLA encod-
ing alleles to segregate with specific disease phenotypes. However, incon-
sistent results have been found with analysis of HLA class I haplotypes of the
A and B series and AA. Some studies report statistically significant associa-
tions, but other studies found no HLA class I association (Kuntz et al. 1977;
Zlotogorski et al. 1990). HLA-A2, B40 and Aw32, B18 have each been reported
as associated with AA (Hordinsky et al. 1984; Valsecchi et al. 1985). Associa-
tions between HLA-B12 in Finnish patients, HLA-B18 in Israelis, B13 and B27
in Russians have also been suggested (Kianto et al. 1977; Hacham-Zadeh et
al. 1981; Averbakh and Pospelov 1986).

Genetic analysis studies in AA have primarily focused on the HLA-D
genes (MHC class II encoding) as the most likely region for genes that regu-
late susceptibility, severity of, or resistance to disease (Duvic et al. 1991). Con-
sistent associations have been observed between class II haplotypes and AA
including DR4 (Friedman 1985; Frentz et al. 1986; Orecchia et al. 1987; Duvic
et al. 1991; de Andrade et al. 1999), DR5 (Friedman 1985; Frentz et al. 1986;
Orecchia et al. 1987), DR6 (de Andrade et al. 1999), DR7 (Averbakh and
Pospelov 1986) and broad antigen DQ3 (Welsh et al. 1994; Colombe et al. 1995;
Colombe et al. 1999). More recent research has shown allele DRB1*1104
(DR11) to be present with significant increased expression in patients with
AA (Colombe et al. 1995; Colombe et al. 1999) and this was confirmed in other
studies (Morling et al. 1991; Welsh et al. 1994; Duvic et al. 1995). Allele
DRB1*0401 (DR4) was strongly associated with AA totalis and universalis sub-
groups (Colombe et al. 1999). DQB1*0301 (DQ7 by serology) was also signifi-
cantly expressed only in association with AA totalis and universalis (Colombe
et al. 1995; Duvic et al. 1995; Colombe et al. 1999). Other studies implicate other
DQB1 alleles, DQB1*302, DQB1*601, and DQB1*603, in AA (de Andrade et al.
1999). The current consensus is that AA in humans has a genetic basis, but is not
always in a familial aggregation (Van der Steen et al 1992; Colombe et al. 1995).

It has been suggested that the HLA gene products, the MHC antigens,
could be important for the presentation of an unknown AA antigen. Aber-
rant expression of MHC proteins within AA affected hair follicles is frequently
found, but the question of its true significance remains (Messenger and Bleehen
1985; Bröcker et al. 1987). There are many more alleles that code for other
factors within, and outside of, the immune system that may be vital in the de-
velopment of AA.
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Non HLA Genes

The HLA gene region is likely to be only one of several gene loci involved in
AA, but limited research has been conducted in other areas of the genome.
One investigation has shown an association between AA and allele 2 poly-
morphism for the IL-1rn gene on human chromosome 2 that codes for the IL-1
receptor antagonist (Tarlow et al. 1994). Results indicated allele 2 was pres-
ent in 41% of controls versus 44% in individuals with patchy AA, 66% of those
with alopecia totalis and 77% of alopecia universalis affected individuals
(Tarlow et al. 1994). Allele 2 is known to influence IL-1� production. Galbraith
et al. identified the IL-1�-1,2 genotype as significantly increased in frequency
for individuals with extensive, but not patchy, AA further suggesting that the
severe form of disease may be associated with increased IL-1� production
(Galbraith et al. 1999).

Genes for immunoglobulin heavy (Gm) and light (Km) chain genotypes
on human chromosome 14 have also been implicated in AA susceptibility
(Galbraith et al. 1984; Galbraith and Pandey 1989) with the suggestion that
IL-1� (IL-1� -1,2) and light chain (KM-1,3) genotypes may interact to increase
AA susceptibility (Galbraith et al. 1999). TNF� gene polymorphisms, or adja-
cent genes in the HLA region may also influence AA susceptibility (Galbraith
and Pandey 1995; Cork et al. 1996). Involvement of all these gene loci, as
susceptibility or severity modifying genes, is consistent with an autoimmune
pathogenesis of AA.

Conclusions

Rodent model research has shown that AA is an immune mediated disease
and strongly suggests that the mechanism is autoimmune in nature (McElwee
et al. 1999c). It is probable that AA susceptibility and severity modifying
genes will primarily be involved in the immune system, but other suscepti-
bility genes may control hair follicle function. From observation in humans
and animal models, AA can be described as an polygenic disease with a variable
spectrum of severity. While previous research studies have understandably
focused on the HLA region and identification of marker genes segregating
with the AA phenotype, there is a clear need for genome wide analysis to de-
fine further candidate susceptibility, severity modifying, and possibly resis-
tance gene loci. Human population analysis suggests potential gene loci may
be located on chromosomes 2, 6, 14, and 21 (Du Vivier and Mundo 1975;
Colombe et al. 1995; Duvic et al. 1995; Galbraith et al. 1999). Careful catego-
rization of DNA samples based on phenotypic presentation of hair loss in the
individual will be important for defining sub-categories of AA. It might be possi-
ble to define specific alleles with association to particular AA phenotypes
such as patchy AA, AA totalis, or AA universalis.
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Therapy

Various methods to treat AA have been described, but for many of them only
anecdotal reports exist and the alleged treatment success might be attributed
to spontaneous remission. Because of the high rate of spontaneous hair
regrowth in AA, the only treatments that can be regarded as evidence-based
are those proven to be effective either after exclusion of spontaneous remis-
sion by treating every patient on one half of the scalp only or in a double-
blind, placebo controlled study including a very large number of patients.
Furthermore, studies evaluating treatments for AA should preferably include
patients with AA totalis, AA universalis and extensive patchy AA (> 25%
scalp hair loss) persisting longer than 3 months, because these patients have
a worse prognosis than patients with limited patchy AA. These patients are
also the ones who are most in need of an effective treatment. Any treatment
has to be suitable for long-term therapy, because AA is a disease that can
persist for many years or even life. Hence, all therapeutic approaches show-
ing severe side-effects are inappropriate for AA in the long run.

Immunosuppressive Treatments

Corticosteroids

Topical, intralesional, and systemic corticosteroids have been used for the
treatment of AA with different rates of success and side effects.

Topical Corticosteroids

Topical treatment of AA with corticosteroid creams, ointments or lotions is
frequently used. However, only two placebo-controlled studies reported a
treatment response (Pascher et al. 1970; Leyden and Kligman 1972), but both
studies do not fulfill the criteria for evidence based treatment of AA (40% of
drop outs in the first study, patients with only limited AA in the second study).
Furthermore, both studies were performed in the 1970s and they have not
been confirmed by others over the last 30 years (Weitgasser 1968; Verbov
1973; Lehnert 1974; Montes 1977). Only one placebo-controlled study with
an appropriate number of patients has been performed to date, but the rate
of treatment success was not statistically significant (Charuwichitatrana et al.
2000).

The failure of topical corticosteroids is most likely due to the insufficient
penetration of topically applied drugs dissolved in ointments, creams or lo-
tions to the hair bulb. Improved penetration by occlusive treatment has been
tried without success (Lehnert 1974) or with a response rate of only 17,8%
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(Tosti et al. 2003). Considering the lack of treatment response and the side
effects of topically applied corticosteroids, we conclude that topical cortico-
steroids are not an effective method of treating AA.

Intralesional Corticosteroids

Intralesional injections of corticosteroid crystal suspensions, primarily triam-
cinolone acetonide, have been used for the treatment of AA for more than 40
years (Kalkoff and Macher 1958). Several studies reported hair regrowth at
the site of injection in the majority of cases (Kalkoff and Macher 1958; Oren-
treich et al. 1960; Porter and Burton 1971; Fülöp and Vajda 1971; Abell and
Munro 1973; Frentz 1977). Most of these studies tried to exclude spontaneous
hair regrowth by comparing the injected sites of the scalp with non-injected
areas, especially in alopecia totalis. However, in practice it is impossible to
treat the whole scalp by intralesional injections of corticosteroids and so this
treatment is only indicated in patchy AA with longstanding bald areas. Apart
from the sometimes painful procedure of injection, permanent skin atrophy
can occur after injection. Taken together, intralesional injection of cortico-
steroids is a reasonable treatment in exceptional, selected cases of long-
standing small patches of AA, but has potentially significant side effects.

Systemic Corticosteroids

AA has been treated with systemic corticosteroids since 1952 (Dillaha and
Rothman 1952). Whereas initially corticosteroids were applied orally daily or
every other day for several months, this approach is obsolete today. The doses
that are required to maintain hair regrowth in AA are between 30 and 150
mg prednisolone daily, giving rise to unacceptable side effects such as hy-
pertension, diabetes, immunosuppression, osteoporosis and susceptibility to
thrombosis.

Since 1975 several authors have performed pulsed administration of cor-
ticosteroids in single doses, given once monthly in order to reduce the side
effects of corticosteroids to an acceptable level, but all studies which noted
hair regrowth, were uncontrolled and the majority of patients had patchy AA
(Perriard-Wolfensberger et al. 1993; Sharma 1996; Friedli et al. 1998; Sharma
and Muralidhar 1998; Seiter et al. 2001). Moreover, other studies reported a
treatment failure after corticosteroid pulse therapy (Burton and Shuster 1975;
Schulz et al. 1996). Controlled studies should be conducted to prove the effi-
cacy and long-term value of this treatment. In particular, the efficacy in in-
terrupting acute phases of rapid hair loss by pulsed administration of oral
corticosteroids should be investigated. According to the data currently avail-
able, pulsed administration of corticosteroids for AA cannot be recommended.
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PUVA

Several studies have been performed on the treatment of AA with PUVA us-
ing either oral application of 8-methoxypsoralen (8-MOP) with ultraviolet A
radiation (UVA) of the scalp or the whole body, or topical application of 8-MOP
and UVA radiation on the scalp, including one study with topical application
of psoralen via the PUVA-turban (Larkö and Swanbeck 1983; Claudy and
Gagnaire 1983; Lassus et al. 1984; Mitchell and Douglass 1985; Healy and
Rogers 1993; Taylor and Hawk 1995; Behrens-Williams et al. 2001). Some in-
vestigations seemed to show good results (Claudy and Gagnaire 1983; Lassus
et al. 1984; Healy and Rogers 1993; Taylor and Hawk 1995; Behrens-Williams
et al. 2001, Whitmont and Cooper 2003), but there were no controls in any of
the studies. Moreover, there were a high number of AA recurrences in most
of the studies (between 30% and 50% of successfully treated patients) after
initial hair regrowth that strongly decreases the efficacy of PUVA treatment
for AA (Claudy and Gagnaire 1983; Lassus et al. 1984; Healy and Rogers 1993;
Taylor and Hawk 1995). This high number of relapses is most likely due to
the fact that regrown hair inhibits the UVA light from reaching the skin.
Technical improvement such as a comb emitting UVA light have been tried,
but so far no results have been reported. Unfortunately, a continuous hair
regrowth after the initial response has to be actively maintained for several
years in most cases of AA. With regard to the increased risk of skin malig-
nancies after long-term PUVA therapy, PUVA therapy cannot be recommended
for AA even if technical improvement like a UVA-comb should ultimately
prove to be effective.

Immunomodulatory Treatments

Diphenylcyclopropenone and Squaric Acid Dibutylester

AA has been treated with contact sensitizers for more than 25 years. Dinitro-
chlorobenzene (DNCB) was the first sensitizer that was used for the treat-
ment of AA (Happle and Echternacht 1977), but because it has been shown
to be mutagenic in the Ames test, it can no longer be used (Happle 1979, 1985).
Today diphenylcyclopropenone (DCP) or squaric acid dibutylester (SADBE),
that are not mutagenic in the Ames test, are widely used in European states
and in Canada.

Treatment

Treatment with contact sensitizers is preceded by sensitization of the patient
with 2% DCP solution on a small area of the scalp. Two weeks later, treat-
ment is initiated by application of a 0.001% DCP solution, followed by weekly
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application of increasing concentrations of DCP until a mild eczematous re-
action is obtained. In this way, an appropriate eliciting concentration of DCP
for each patient is identified. This concentration has to be applied once a
week to induce a mild eczematous reaction that is characterized by itching
and erythema, without blistering or oozing. SADBE is used in those patients
who become tolerant to DCP. It is applied in the same way and shows a simi-
lar rate of response.

Initial hair regrowth is usually visible after 8–12 weeks. Treatment has to
be continued once weekly until complete hair regrowth is obtained. Treat-
ment intervals are then decreased and eventually treatment may be discon-
tinued. However, if a relapse occurs after discontinuation of therapy, treatment
can be restarted immediately to stop further progression of AA and induce
renewed hair growth. Treatment should initially always be applied on one
half of the scalp and the other side left untreated to exclude a spontaneous
hair regrowth coincidental to treatment initiation. Treatment is continued on
both sides only after the treated side has shown a response in the form of better
hair growth on the treated side (Fig. 1).

Side Effects

A mild eczematous reaction and enlargement of retroauricular lymph nodes
are desired reactions and inherent to treatment. They are usually well toler-
ated if the patients are informed that these reactions are desirable for the the-
rapeutic effect. Undesired side effects are noted in 2–5% of patients (Hoffmann
and Happle 1996). Vesicular or bullous reactions sometimes occur at the
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Fig. 6. Treatment of AA with a contact sensitizer: Unilateral contact dermatitis after application
of a contact sensitizer on the left side of the scalp (a); unilateral hair growth on the treated side
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beginning of treatment before the individual appropriate concentration has
been determined. Dissemination of allergic contact dermatitis, urticarial or
erythema multiforme-like reactions may occur (Perret et al. 1990) but can
be successfully treated with topical corticosteroids. Pigmentary disturbances
such as postinflammatory hyperpigmentation with spotty hypopigmentation
(“dyschromia in confetti”) have been observed, especially in patients with
dark skin, but resolved within 1 year after discontinuation of treatment in
most cases (van der Steen and Happle 1992; Hoffmann and Happle 1996).
Apart from these acute and subacute side effects, no long-term side effects
have been reported after 20 years of DCP (23 years of SADBE) treatment world-
wide of about 10,000 patients, including children. However, it should be borne
in mind that DCP and SADBE are not approved therapeutic substances.

Studies

More than 25 studies have been performed to test the efficacy of AA treat-
ment with a contact sensitizer. The most significant controlled studies are
listed in Table 2. In contrast to corticosteroid and PUVA treatment studies,
the majority of contact sensitizer treatment studies were controlled, most of
them using an untreated side of the scalp as a control. When comparing the
rates of response obtained in various therapeutic modalities, one should bear
in mind that spontaneous regrowth is excluded in these controlled, within-
patient studies, but not in the uncontrolled ones. The response rate of treat-
ment with a contact sensitizer varies between 29% and 78% (see Table 1).
The differences may be explained in part by the different extent and dura-
tion of AA prior to treatment in the patients of each study, and in part by dif-
ferences in the method of treatment. However, the median response rate of
all studies is 49%, rendering contact sensitizers an effective therapeutic tool
for AA.

Mode of Action

The mode of action of the treatment with contact sensitizers is so far poorly
understood. It has been shown that treatment with a contact sensitizer changes
the composition and localization of the perifollicular infiltrate in humans and
in the C3H/HeJ mouse-model for AA (Happle et al. 1986; Freyschmidt-Paul
et al. 1999). In both, mice and men, the localization of the inflammatory infil-
trate shows a shift from peribulbar before treatment to the upper dermis after
therapy. However, in human AA the CD4:CD8 ratio changes from 4:1 before
to 1:1 after therapy, while in mice successful treatment with a contact sensitizer
is associated with an increase in the number of CD4+ cells and a decrease in
the number of CD8+ cells. Hoffmann et al. demonstrated that after treatment
with a contact sensitizer the mRNA-expression of IFN� is reduced while the
expression of IL-10 is increased (Hoffmann et al. 1994). Whether this is due
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to a Th1-Th2 shift or whether it is caused by the introduction of regulatory
T-cells with a type 2 cytokine profile is the object of current investigations.
Immunohistochemical studies furthermore have shown in humans and in the
C3H/HeJ mouse-model of AA, that treatment with a contact sensitizer re-
duces the aberrant expression of MHC-I and MHC-II molecules on the lower
hair follicle epithelium (Bröcker et al. 1987; Freyschmidt-Paul et al. 1999).
From these data it can be concluded that treatment with a contact sensitizer
restores the immune privilege of the lower hair follicle epithelium.

Other Treatments

Irritant Contact Dermatitis – Anthralin

While treatment of AA with an allergic contact dermatitis has been proven to
be effective, treatment of AA with an irritant contact dermatitis has never
been shown to be successful in a controlled study. In a half-side controlled
study, using 0.1% anthralin that resulted in a mild irritant contact dermatitis,
no difference between treated and untreated side was observed (Nelson and
Spielvogel 1985). Therefore, anthralin cannot be recommended for the treat-
ment of AA.

Minoxidil

Because the antihypertensive agent minoxidil causes hypertrichosis as a side-
effect, Weiss et al. attempted to use it as a treatment for various forms of hair
loss, including alopecia areata (Weiss et al. 1984). But all studies that claim
successful treatment of AA with minoxidil did not fulfill the criteria of evi-
dence based treatment of AA (Weiss et al. 1984, Fiedler-Weiss et al. 1986,
Price 1987a, b; Ranchoff et al. 1989)

Six other placebo-controlled studies performed by various groups did not
show a statistically significant difference between the hair growth of patients
treated with the placebo or with minoxidil (Frentz 1984; Maitland et al. 1984;
Vanderveen et al. 1984; White and Friedmann 1985; Vestey and Savin 1986;
Fransway and Muller 1988). In three of these studies cosmetically acceptable
hair regrowth was not even observed in any patient (Vanderveen et al. 1984;
White and Friedmann 1985; Fransway and Muller 1988). In summary, minoxidil
is not useful in the treatment of AA.

Summary

Alopecia areata is regarded as a T-cell mediated autoimmune disease that is
directed against a so far unknown autoantigen of the hair follicle. There is a
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genetic predisposition to develop alopecia areata, whereas environmental trig-
gers have not yet been identified. The diagnosis can be established by char-
acteristic clinical features including severe forms such as alopecia areata totalis
and universalis. Nail changes may help confirm the diagnosis. In some cases
histopathological examination may be necessary, whereas other laboratory
investigations are unnecessary. Because of the high rate of spontaneous re-
mission, the efficacy of a rational treatment for AA has to be proven in con-
trolled studies. An ideal treatment should be highly effective but associated
with only minor side effects. According to the rules of evidence-based medi-
cine, treatment with a contact sensitizer is at present the most effective
treatment of alopecia areata showing only mild side effects. However, it is a
time-consuming and in some cases ineffective therapeutic approach, which
is why it is necessary to develop new, more specific forms of treatment.

Alopecia areata: Therapy 403



Pathogenesis

The complete pathogenesis picture for AA has yet to be determined. How-
ever, recent research has made much progress in our understanding of the
disease mechanism. There is numerous circumstantial evidence in support of
the notion that AA is fundamentally an inflammation driven disease and may
be autoimmune in nature. Observation of a peri- and intra-follicular inflam-
mation of the target anagen hair follicle primarily by T lymphocytes in both
humans and animal models is the most compelling morphological evidence
(Perret et al. 1984; Ranki et al. 1984; Zhang et al. 1994; Sundberg et al. 1994).
In addition to a lymphocytic infiltrate there is increased presence of antigen
presenting cells such as macrophages and particularly Langerhans cells
around, and sometimes within, dystrophic hair follicles (Wiesner-Menzel and
Happle, 1984; Zhang et al. 1994). Furthermore, inflammatory markers in-
clude up regulation of ICAM and ELAM expression on the endothelium of
blood vessels closely associated with affected hair follicles (Nickloff and
Griffiths 1991; McDonagh et al. 1993; Zhang et al. 1994). Changes in cytokine
levels, particularly activating cytokines such as IL-2 and IFN�, have been
noted during AA inflammation with corresponding alteration of cytokine
concentrations after successful topical counter irritant therapy (Hoffmann et
al. 1994). MHC class I and II expression on hair follicle epithelial structures
normally devoid of MHC expression is associated with hair follicle inflam-
mation and AA (Bröcker et al. 1987; McDonagh et al. 1993). Certain MHC
class II haplotypes seem to be associated with predisposal of the individual
towards AA, a common observation in autoimmune diseases (Duvic et al. 1991;
Colombe et al. 1999). Hair follicle specific IgG autoantibodies have been found
in increased concentrations in the peripheral blood of AA affected individu-
als compared to normal, non-affected humans (Tobin et al. 1994a, Tobin et
al. 1994b). AA may respond to a range of immunomodulatory treatments
(Hoffmann and Happle, 1999). All these and other circumstantial evidence
(McElwee et al. 1999c; McElwee et al. 2002b) are of some assistance in un-
derstanding the pathogenesis of AA. However, detailed characterization and
functional studies are required to demonstrate the significance of these cir-
cumstantial observations and to elucidate disease mechanisms. Primarily due
to ethical limitations, functional studies cannot readily be conducted in hu-
mans. Consequently, animal models of human AA are required.

Immune System Targets

AA is generally believed to have an autoimmune pathogenesis (Paus et al.
1993; McDonagh and Messenger, 1996). While the evidence in support of
this idea is compelling, the primary requirement to prove the autoimmune
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nature of AA, to identify a self antigen as the primary target that can initiate
the disease mechanism and lead to development of the phenotype, has yet to
be proven. Without this evidence, AA can only be described as a putative au-
toimmune disease. Using a SCID-human model of AA, Gilhar et al claimed
melanogenesis related antigens to be inciting agents for the activation of
pathogenic cells involved in AA (Gilhar et al. 2001). Circumstantially, there
are several claimed cases of selective pigmented hair loss and white hair sur-
vival in AA affected individuals (Plinck et al. 1993; Messenger and Simpson,
1997; Camacho, 1997). Much has been made of this observed phenomenon
in defining potential targets of inflammation in AA. However, there are many
more unreported examples of AA affected individuals losing both pigmented
and non-pigmented hair and in a mouse model of AA white hair can be suc-
cessfully targeted by inflammatory cells (McElwee et al. 2001a).

While it is quite possible for melanocyte derived antigens to be involved
in AA, they need not be the primary agents in precipiting disease onset.
Downstream of the disease activation event it is likely that the phenomena of
epitope spreading (Chan et al. 1998) results in the targeting of numerous an-
tigenic epitopes from diverse sources within the hair follicles. Logically, one
would expect the primary target for follicular inflammation to be a key com-
ponent in hair fiber production, the targeting of which would lead to growth
cessation. While follicular dermal papilla cells may be a candidate source of
the primary antigenic target for inflammatory cells (Nutbrown et al. 1996),
the most likely source of the primary inciting agent are follicular keratinocy-
tes. Circumstantial evidence in support of this view includes the identifica-
tion of hair follicle specific autoantibodies which target keratinocyte derived
epitopes and that intra-follicular penetrating inflammatory cells in humans
and animal models primarily take up residence in keratinocyte comprised
root sheath and matrix locations (McElwee et al. 2003b). However, beyond
these speculations, little is known about the nature of the antigenic targets
on which inflammatory cells focus in AA. It is quite possible that different
clinical AA presentations may be associated with different antigenic epitope
targeting patterns.

The Humoral Immune System in AA

Autoantibodies against hair follicle antigens have been identified in both hu-
mans and animal models of AA with significantly increased frequency com-
pared to the general population. Tobin et al, demonstrated production of
antibodies with heterogeneous targeting of hair follicle structures and simi-
lar heterogeneity of morphological targeting has been found in mouse and
rat models of AA (McElwee et al. 1996a; Tobin et al. 1997). Trichohyalin and
specific keratins, have been defined as targets for some of the antibodies
(Tobin et al. 2003). The diversity of autoantibody production with no consistent
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structure targeting observed in serum samples from different patients,
suggests autoantibodies are not the dominant factor in AA development.
Other evidence also supports this view with time line evaluation studies on a
mouse model for AA indicating cellular targeting for the follicle occurs prior
to an upregulation in genes associated with antibody production (Carroll et
al. 2002). Transfer of serum from AA patients to skin in a SCID-human model
also failed to regenerate the disease phenotype (Gilhar et al. 1992). How-
ever, this does not invalidate antibody investigation. Autoantibodies in se-
rum from AA patients may hold important clues to the targets for cellular
inflammation in AA. Autoantibodies may yet be shown to play a secondary
role in the disease pathogenesis. One small study involving the transfer of
equine AA-derived antibodies to normal haired mice promoted an increase
in telogen state hair follicles, although no apparent development of cellular
inflammation was induced and systemic AA did not develop (Tobin et al. 1998).
Autoantibodies then may play a secondary role accentuating the chronic dis-
ease state but it seems unlikely they are the primary mediators of AA.

The Cellular Immune System in AA

In many autoimmune diseases and animal models of autoimmune disease
lymphocytes are identified as the primary disease mediator. Most commonly,
CD4+ lymphocytes have been identified as the primary pathogenic cell sub-
set retaining the ability to transfer many autoimmune diseases, but other sub-
sets including CD8+ cells have also been identified as important in disease
pathogenesis (eg. Ablamunits et al. 1999; Huseby et al. 2001). The predomi-
nantly CD4+ and CD8+ lymphocyte inflammation of hair follicles suggests these
cells to be the primary instigators of the disease phenotype in AA. Depleting
the inflammatory cell number with immunosuppressive therapies reinforces
the general view that these cells hold the key to hair growth inhibition in AA
(Freyschmidt-Paul et al. 2001). In rodent models this has been taken a step
further with the selective removal of CD4+ or CD8+ cells by injections monoclonal
antibodies. Depletion of one or other lymphocyte population permits hair
regrowth, but with replacement of the depleted cell population the AA phe-
notype redevelops (McElwee et al. 1996b; McElwee et al. 1999b; Carroll et
al. 2002).

Recent cell subset transfer studies have further characterized the impor-
tance of CD4+ and CD8+ lymphocytes in AA. Human AA-affected, skin-de-
rived cells have been shown to reinduce inflammatory hair loss in xenografts
of previously AA affected skin grafted to scid/scid mice (Gilhar et al. 1998).
Separation of CD4+ and CD8+ cell subsets and their transfer to this model sug-
gested each cell type alone was not capable of reinducing hair loss, but in
combination hair loss redeveloped (Gilhar et al. 2002). In C3H/HeJ mice sub-
cutaneous injection of CD8+ cells led to the rapid development of localized
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hair loss at the site of injection but no further development of hair loss. In
contrast, injection of CD4+/CD25- cells resulted in little localized hair loss but
successful transfer of the disease systemically with the development of mul-
tiple alopecia patches (McElwee et al. in press). Thus, it is the CD4+/CD25-

cell population in the C3H/HeJ mouse model that retains the capacity to
transfer the systemic AA phenotype to naive hosts and most likely promotes
AA via promotion of APC activity and subsequent stimulation of hair follicle
autoreactive CD8+ cells. This pathogenic activity defines the CD4+/CD25- cell
population as a key component of AA and a prime target for the develop-
ment of therapeutic strategies. CD8+ cells, although apparently the primary
effectors of the actual hair loss phenotype, are largely under the control of
CD4+/CD25- cells.

Mechanisms of Cellular Action on the Hair Follicle

It seems then that the cellular immune system is the principal promoter of
AA. The question remains how might leukocytes act on hair follicles to pro-
mote hair loss. Studies so far implicate a combination of mechanisms. Cyto-
toxicity may be mediated through Fas – Fas ligand (FasL) interaction. The
binding of Fas expressed on target cells by FasL on activated lymphocytes
leads to apoptosis of the Fas expressing cell. This mechanism of tissue de-
struction is not MHC restricted and has the potential to damage innocent by-
stander cells not directly targeted by the pathogenic lymphocyte clones. Fas –
FasL signaling is also believed to promote antigen presentation (Siegel et al.
2000). In the C3H/HeJ mouse model for AA, Fas and FasL are significantly
differentially expressed in skin infiltrating lymphocytes and Fas is highly ex-
pressed on human and mouse dystrophic hair follicle keratinocytes (Bodemer
et al. 2000; McElwee et al. 2002a; Freyschmidt-Paul et al. 2003). Histocom-
patible mice deficient in Fas or FasL are comparatively resistant to the induc-
tion of AA. This resistance was in part localized to the skin as Fas and FasL
deficient skin transplanted to AA affected mice resisted immune activity and
continued to grow hair (Freyschmidt-Paul et al. 2003). The possibility of an
autocrine and paracrine action of Fas and FasL within and between hair folli-
cle keratinocytes may add to the action of the inflammatory infiltrate and may
explain why FasL deficient hair follicles were also relatively resistant to AA.

Perforin, produced by cytotoxic cells, is a potent mediator of cell lysis
(Russell and Ley, 2002). For perforin induced lysis of target cells to occur, the
T cell receptor of an autoreactive cell must ligand with the relevant antigenic
peptide presented in conjunction with MHC on the target cell. Whether perforin
mediated cell destruction occurs in AA is unknown, but the presence of highly
activated CD8+ cells within dystrophic hair follicles and the high expression
of MHC molecules on hair follicle keratinocytes circumstantially suggests
MHC restricted, perforin mediated, tissue damage could occur. Granzymes,
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that may gain access to target cells via perforin or induce apoptosis inde-
pendent of perforin through binding cell surface receptors (Motyka et al. 2000),
have been identified as highly expressed in human AA (Bodemer et al. 2000;
Carroll et al. 2002). Inducible nitric oxide synthase expression is apparent
during mouse AA development which may suggest a role for nitric oxide in
disease pathogenesis (McElwee, personal observations).

Lymphocytes need not have close contact with hair follicle keratinocytes
to exert an effect. Cytokines such as TNF� may have a negative impact on
the survival of hair follicle keratinocytes in AA (Janssen et al. 2003). IFN� may
inhibit cell proliferation and promote keratinocyte expression of MHC mole-
cules that will aid other inflammatory mechanisms (Schroder et al. 2004).
Other cytokines may negatively regulate keratinocyte cell proliferation and
encourage hair follicles to truncate their growth cycle and enter a telogen
resting state (Randall, 2001). Overall, cytokines may be significant modula-
tors of hair follicle disruption.

Disease Modulating Factors

While the fundamental mechanism of AA is essentially self contained it is
likely there are exterior factors that influence the disease course. Thus far
various, candidate genetic influences have been identified in human and ro-
dent model AA (described elsewhere). In addition, epigenetic factors are
also probably involved in determining an individual’s susceptibility to AA.
Epigenetic factors may be both susceptibility and severity modifiers of AA
and act in two ways: They may modify an individual’s general susceptibility
to a disease activation event. Alternatively, they may be involved in deter-
mining the future prognoses for hair loss in terms of extent, hair loss pattern,
duration or chronicity of disease, and/or resistance to treatment, once onset
of overt hair loss has been initiated.

Recently, using the C3H/HeJ mouse model, interferon gamma (IFN�) has
been identified as a key player in precipitating onset of hair loss (Freyschmidt-
Paul et al. 2004). Injecting IFN� into mice known to be genetically susceptible
to AA brings forward the time at which AA onset develops and increases the
frequency of mice expressing the AA while transgenic knockout mice geneti-
cally deficient in IFN� are incapable of developing AA. In the real world,
IFN� expression is increased in response to a variety of insults, particularly
infectious agents (Schroder et al. 2004). It is generally accepted that an infec-
tious agent might promote autoimmune disease onset through mimicry of
antigenic epitopes (Wucherpfennig, 2001). If an infectious agent expresses
antigens that are similar to self antigens found naturally in hair follicles then
exposure to the pathogen may elicit a cross reactivity to the to the hair follicle
located antigens. However, the knowledge that IFN� is involved in disease
development suggests that there need not be a specific relationship between
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pathogen-expressed antigens and hair follicle antigens. Rather, responses to
the general “viral load” might play a key role in AA for some (Stewart and
Smoller, 1993; Kissler et al. 2001). It is conceivable then that an individual
genetically susceptible to AA might experience onset of hair loss subsequent
to infectious agent exposure or exposure to any other factor that promotes in
an increase in IFN�. Chronic exposure or cumulative exposure to multiple
pathogens may increase the level of susceptibility to disease onset.

Increased levels of IFN� alone are unlikely to induce AA onset in any one
individual. If this were true, AA would be expressed with a much higher fre-
quency within the population than is the case. It is likely that multiple ge-
netic and epigenetic factors must interact correctly for actual disease onset to
occur. Rodent model research has shown that hormones can influence the
degree of susceptibility to AA induction. Ovariectomized mice had a rela-
tively reduced rate of AA development compared to estradiol supplemented
mice. In contrast mice supplemented with testosterone were fully resistant to
AA development compared to gonadectomized mice (McElwee et al. 2001b).
Hormonal influence in humans is suggested by old case reports asserting
temporary hair growth in AA affected women during the late stages of preg-
nancy or improvement with onset of menopause (Sabouraud 1913, Lévy-
Franckel 1925, Walker 1950). Model research has also shown that increased
dietary soy oil content can reduce AA susceptibility (McElwee et al. 2003a).
While this is of little practical value in understanding human AA, it demon-
strates the potential influence of environmental factors on AA susceptibility.

To protect against inappropriate immune system activation, and to calm
down activated immune cells after a pathogenic challenge has been cleared,
immune regulatory mechanisms are exploited. CD4+/CD25+ cells have been
identified as one of probably several lymphocyte regulatory cell subsets that
can restrain pathogenic cell activity. CD4+/CD25+ cells are essential for main-
taining homeostasis, are able to suppress the induction of autoimmune disease,
suppress CD4+/CD25– cells, and can inhibit the effector function of autoreac-
tive CD8+ cells (Suri-Payer et al. 1998; Gao et al. 1999; Annacker et al, 2001).
Little is currently known about immune regulatory mechanisms in human AA.
Recent studies in the skin graft induced AA mouse model revealed that
CD4+/CD25+ cell levels drop significantly on activation of AA and prior to the
onset of overt hair loss (Zöller et al. 2002). In contrast, sham grafted mice are
able to maintain CD4+/CD25+ cell numbers and quickly recover normal in-
flammatory cell numbers after injury. This apparent active depression of reg-
ulatory cells in AA challenged mice may be a key factor in AA susceptibility.
CD4+/CD25- cells or CD8+ cells from AA affected mice transferred to unaf-
fected mice can induce some form of AA, but if CD4+/CD25+ cells are added
to the mixture the disease onset is partially inhibited (McElwee et al. in press).
This indicates the potential importance of regulatory cell failure in AA devel-
opment. Why regulatory cells fail to appropriately restrain onset of AA is not
known but further examination of CD4+/CD25+ cells and other regulatory
cells may reveal significant insights into AA susceptibility and development.
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There are likely other epigenetic factors that modulate AA. Stress has
been suggested as a potential instigator of autoimmune diseases possibly
through glucocorticoid modulation of inflammatory cytokine expression
(Elenkov and Chrousos, 2002). Stress has also been postulated as a potential
influence on AA development although the evidence is only circumstantial
(Mehlman and Griesemer, 1968; Colon et al. 1991; Liakopoulou et al, 1997;
Kavak et al, 2002). AA frequency and severity is apparently associated with
a greater frequency of allergies as compared to the general population (Mul-
ler and Winkelmann, 1963; Ikeda, 1965; Penders, 1968; De Waard-van der
Spek et al. 1989; Weise et al. 1996). Whether there is a direct relationship
whereby an allergic response is capable of increasing immune system sensi-
tivity and instability such that AA susceptibility increases, or whether the
increased frequency of allergies in AA patients is merely a reflection of gene-
tically determined immune system sensitivity remains to be determined. Other
promoters of the immune system in autoimmune diseases may include drugs
and toxins (Bigazzi, 1994; Elkayam et al. 1999; Holsapple, 2002). In principle,
one or more of these factors may modulate the immune system in AA, but in
practice little is known about the effects of environmental stimuli on AA in
rodent models or humans.

With time and changes in epigenetic factors that may influence AA, so
the degree of susceptibility to AA will fluctuate. While an individual may have
a genetic susceptibility to AA that may be regarded as an unmovable base-
line, additional epigenetic factors may increase or depress overall AA sus-
ceptibility. Only if an individual receives multiple signals that cumulatively
increase the susceptibility to disease above a threshold level for expression
will an episode of AA actually develop. This may also help explain why the
presentation of the AA phenotype is so varied. Individuals with chronic ex-
tensive AA, versus those with an isolated AA patch, may have a dominant
genetic susceptibility to disease and relatively minor epigenetic modification
of this genetic susceptibility. In others who whose AA waxes and wanes, or
who present with multiple episodes of AA expression and remission may be
more greatly impacted by epigenetic factors and their changing influence
with time.

Disease Initiation

We still do not know the disease phenotype precipitating event, but one hy-
pothesis is that AA develops in susceptible individuals due to a failure in hair
follicle immunoprotection. Anagen stage hair follicles are regarded as immune
privileged sites (Westgate et al. 1991; Paus et al. 1999), but follicle immuno-
protection is likely only transient due to the nature of the hair follicle cycle.
Research suggests the onset of catagen is associated with an infiltration of
immune cells, candidate antigen presenting cells (Parakkal, 1969; Westgate
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et al. 1991; Paus, 1996; Eichmüller et al. 1998). Regression of the hair follicle
in catagen involves high levels of apoptosis and significant remodeling of the
lower transient portion of the hair follicle (Weedon and Strutton, 1981; Lindner
et al. 1997). It is possible then that the immune system is constantly exposed
to low levels of hair follicle derived antigens as hair follicles cycle through
catagen and given the ability of dendritic cells to present apoptosis derived
antigens. Autoimmune disease is not regarded as an all or nothing event.
Rather, there are degrees of autoreactivity and a threshold level above which
overt autoimmune disease is induced (Ludewig et al. 2001; McElwee et al.
2001b). A reflection of this may be the low level of hair follicle specific anti-
bodies found in some humans and rodents in the absence of overt AA (Tobin
et al. 1994a; Tobin et al. 1994b; Tobin et al. 1997). If however, catagen re-
gression became disordered and the immune cell infiltrate associated with
catagen inappropriately presented antigenic peptides in association with ex-
pression of costimulatory molecules, antigen presentation to the immune
system might breach the threshold for stimulation of autoreactive cells. In a
genetically susceptible individual, resident in a permissible environment,
AA might follow.

Summary

Overall, we still cannot claim AA is an autoimmune disease with complete
confidence, but all the evidence produced so far points in that direction and
provides compelling supporting evidence. Circumstantial evidence from ob-
serving the state of humans with AA has been supplemented with indirect,
functional evidence from a variety of animal models. In the near future, ani-
mal model and human genome screening will likely define loci involved in
AA susceptibility and resistance. With further research, the contribution of
specific genes to the disease onset may provide much information on the dis-
ease pathogenesis.
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15 Novel Therapeutic Approaches in
Autoimmune Skin Disorders

Sybille Thoma-Uszynski and Rüdiger Eming

Introduction

The medical management of autoimmune skin disorders is complex. At present,
the mainstay of therapy of most of the previously characterized autoimmune
skin diseases is based on mid- to long-term administration of immunosup-
pressive drugs. Although therapeutic immunosuppression took away the fa-
tality of many autoimmune skin disorders, there are several pitfalls associated
with longterm immunosuppression. Under this light, there is an urgent need
to incorporate novel efficient therapeutic applications which harbor fewer side
effects in the medical management of autoimmune skin diseases.

Immunological tolerance and breakdown of or escape from self-tolerance
are incompletely understood. Deeper insight into immune mechanisms of self-
tolerance should extend the possibilities for specific therapeutic interven-
tions in autoimmune diseases. Principally, therapeutic strategies are targeted
to distinct steps in the sequence of events which lead to a misbalance in im-
mune function and/or break of tolerance and eventually to overt autoimmune
disease. These include bone marrow ablation, general immunosuppression,
modulating autoantigen recognition, cytokine function, autoantibody pro-
duction and degradation, gene transcription or inhibiting cellular immune re-
sponses. During the past several years the development of biologic agents
(biologics) interfering with key steps in the immunopathogenesis of autoim-
mune diseases have profoundly changed the way of treating autoimmune
disorders. This chapter reviews the most recent developments and the corre-
sponding clinical applications.

Immunomodulatory Drug Development

Recent drug development extended the spectrum of anti-inflammatory and/or
immunosuppressive pharmaceuticals.



Mycophenolic Acid

Mycophenolic acid (MPA), an immunosuppressive agent that blocks lympho-
cyte purine synthesis (Lipsky 1996), had been introduced into the managment
of psoriasis, but now becomes increasingly popular for other clinical applica-
tions, including autoimmune bullous skin disorders, such as pemphigus vulgaris
(PV) and bullous pemphigoid (BP) (Bohm et al. 1997; Enk and Knop 1999;
Grundmann-Kollmann et al. 1999). One recent study applied it as monotherapy
in PV and BP and disease activity was successfully suppressed (Grundmann-
Kollmann et al. 1999). Mimouni et al. conducted a historical prospective study
including 31 patients with PV and 11 pemphigus foliaceus (PF)-patients,
evaluating the role of MPA as a corticosteroid-sparing agent (Mimouni et al.
2003). Complete remission was achieved in 71% and 45% of the patients with
PV and PF, respectively. The authors considered MPA as an effective and
well tolerated adjuvant in the treatment of patients with pemphigus (Mimouni
et al. 2003). Powell et al. confirmed these conclusions by evaluating the effi-
cacy and safety of mycophenolate mofetil (MMF) combined with glucocorti-
costeroids in a group of 17 pemphigus patients (Powell et al. 2003). In this
study, treatment with MMF was an effective steroid-sparing immunosup-
pressant to 12 of the 17 patients (Powell et al. 2003). Recent studies demon-
strate good responses to treatment with MMF in various nephrological auto-
immune disorders. Filler et al. reported effective treatment of pediatric patients
with vasculitis and connective tissue disease involving the kidney, i.e. SLE,
antiphospholipid antibody syndrome or Wegener granulomatosis (Filler et
al. 2003). Contreras et al. showed that for patients with proliferative lupus ne-
phritis maintenance therapy with MMF or azathioprine (AZA) seems to be more
efficacious and safer than i.v.-cyclophosphamide treatment (Contreras et al.
2004). A recent study by Budde et al. with renal transplant patients demon-
strated that MMF can safely be converted to enteric-coated mycophe-
nolate sodium without compromising the safety and efficacy of the drug
(Budde et al. 2004). This enteric-coated formulation reduces the adverse ef-
fects in the upper gastrointestinal tract compared to MPA. The current status of
MPA as a promising compound in the dermatological field is reviewed by
Frieling and Luger (Frieling and Luger 2002).

Immunosuppressive Macrolides

Immunosuppressive macrolides represent a new class of substances which
modulate inflammatory processes. They can be topically applied and are po-
tential alternatives to corticosteroid therapy.

Tacrolimus (FK506)

The macrolide lactone tacrolimus (FK506), introduced into transplantation
medicine for prevention of allograft rejection, is now also applied for treat-
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ment of inflammatory skin disorders such as atopic eczema, psoriasis, pyoderma
gangrenosum, Behcet’s disease, alopecia areata and lichen planus (Assmann
et al. 2000). Functionally similar, but structurally different to cyclosporin A,
FK506 binds to immunophilins and this complex specifically inhibits calcineurine
phosphatase and early gene expression after T cell stimulation, but with a 10
to 100 fold stronger immunosuppressive potency than cyclosporin A (Sawada
et al. 1987).

It has been shown that topical application of FK506 has a wide spectrum
of effects including reduced expression of costimulatory molecules on immu-
nocompetent cells and cytokine production in the skin (Homey et al. 1998). It
has been used to treat patients with systemic sclerosis with moderate success
(Morton and Powell 2000). A cohort of recent case reports demonstrated the
successful topical treatment of different autoimmune blistering disorders
with tacrolimus, including vesicular pemphigoid (Chuh et al. 2004), cases of
localized pemphigoid (Chu et al. 2004; Ko et al. 2004) and labial pemphigus
as reported by Hodgson et al. (2003). Vecchietti et al. reported the case of a
patient with CD20+ follicular non Hodgkin’s lymphoma developing paraneo-
plastic pemphigus with severe stomatitis and painful ulceration on the dorsum
of the tongue (Vecchietti et al. 2003). In addition to treatment with monoclonal
anti-CD20 antibody (Rituximab®), the patient was given an oral suspension
of tacrolimus 0,03%, three 5-min rinses per day. The mucosal lesion cleared
within six weeks and relapses of mucosal ulcerations responded well to rein-
troduction of a two week course of topical tacrolimus. (Vecchietti et al. 2003).
Furthermore, effective topical treatment of Hailey-Hailey´s disease (Rabeni
et al. 2003; Sand et al. 2003) and recalcitrant chronic discoid lupus erythema-
tosus (CDLE) (Walker et al. 2003) with tacrolimus have recently been described.
Thus the current results may prove tacrolimus a useful adjunct in the topical
treatment of a variety of cutaneous autoimmune disorders.

Sirolimus (Rapamycin)

Sirolimus (Rapamycin) is another macrolide which also binds to immunophilins.
In contrast to cyclosporin A and tacrolimus, the sirolimus FKBP12 complex in-
hibits the mammalian target of rapamycin and interferes with cell cycling events.

Ascomycin (ASM 981)

Another related macrolactam derivative, ASM 981 or ascomycin has been
specifically developed for the treatment of inflammatory skin diseases. It in-
hibits via complex formation with FKBP12 calcineurin phosphatase and gene
transcription. Thereby, it suppresses Th1 and Th2 cytokine production,
downmodulates release of proinflammatory mast cell mediators and of note,
also decreases the release of the proinflammatory cytokine, TNF-� (Grass-
berger et al. 1999).
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This new generation of macrolid derivatives represents a class of T cell-
dependent immunosuppressive agents. Their application in dermatology
holds great potential to more specifically influence immune dysregulation in
distinct autoimmune disorders and warrants controlled clinical trials.

Leflunomide

Leflunomide is a new immunomodulatory drug which had been approved
for treatment of rheumatoid arthritis (RA) (Prakash and Jarvis 1999). The
specific mode of action is not clear; it presumably inhibits the mitochondrial
enzyme dihydro-orotate dehydrogenase and subsequently, pyrimidine bio-
synthesis with suppressive effects on cytotoxic T cells and antibody produc-
tion. In addition, leflunomide exerts an antiinflammatory action through
inhibition of leucotriene B4 (LTB4) formation and chemotaxis (Chong et al.
1999). Furhermore, it is an antiproliferative agent (Kurtz et al. 1995). One re-
cent study suggests that it also blocks TNF-� receptor signaling (Manna et
al. 2000). Leflunomide has been successfully applied and shown to be of par-
ticular value in critical situations where steroids are contraindicated and
other steroid-sparing agents are not tolerated (Nousari and Anhalt 2000). Its
efficacy and safety profile make it a potential agent for hyperproliferative
and inflammatory dermatoses (Herrmann et al. 2000). Lately, however, re-
ports on substantial liver toxicity contributed to concerns regarding its han-
dling, particular if applied as part of a combination therapy with potential
additive or synergistic toxic effects (Weinblatt et al. 2000; Emery et al. 2000).
Lately, also cystic macular edema has been reported as a severe adverse
event after administration of leflunomide (Barak et al. 2004).

Antigen Specific Approaches for Therapy of
Autoimmune Diseases

The ideal treatment for autoimmune diseases would be to induce long last-
ing autoantigen specific tolerance. A precondition for such treatment is that
the disease-associated autoantigens are well characterized. This holds true
for only few, mostly organ-specific autoimmune diseases such as myastenia
gravis (MG), Hashimoto’s disease, autoimmune diabetes mellitus or the au-
toimmune skin diseases BP and PV (Stanley 1989; Patrick 1990).

Therapy by Autoantigen Administration

Several experimental animal models of autoimmune disease are established.
In these models, autoantigens are used to induce the autoimmune disease
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such as MBP for experimental autoimmune encephalitis (EAE), insulin for
autoimmune diabetes mellitus, acetylcholine receptor (AchR) for experimen-
tal autoimmune myasthenia gravis (EAMG), and thyroglobulin for experi-
mental autoimmune thyroiditis, and others. Depending on the dose and
route of administration, exogenous administration of proteins that usually
represent self-antigens can lead to tolerance induction and prevention of au-
toimmune disease. This paradoxical use of self-antigens to treat autoim-
mune disease has been verified in the aforementioned experimental animal
models as well.

The antigen is delivered either via a tolerizing route, e.g. via oral/intesti-
nal or nasal mucosa, or in a tolerogenic form, e.g. as soluble peptide MHC
complex. Systemic administration (intraperitoneal, intravenous or subcutanous
injection) of high dose peptide or monomeric protein can induce clonal deletion,
clonal anergy or immune deviation (Liblau et al. 1997). Examples of systemic
antigen immunotherapy in experimental autoimmune disease are reviewed
by Libleau and colleagues (Liblau et al. 1997).

Experimental proof of that principle had been brought about by Chen et
al. who tolerized mice via oral administration of myelin basic protein (MBP).
Isolated T cell clones from the mesenteric lymph nodes showed a Th2-type
cytokine pattern and induced suppression of EAE. Thus mucosa-associated
regulatory T cells are generated upon an oral vaccination approach (Chen et
al. 1994).

Distinct mechanisms are involved during antigen-induced tolerance. High
dose antigen administration leads to antigen-induced T cell apoptosis via FasL-
or TNF-�-dependent pathways. Continuous presence of antigen can lead to T
cell hyporesponsiveness or clonal anergy. Low dose antigen administration
can induce regulatory T cells which secrete anti-inflammatory cytokines,
such as IL-4, IL-10 or TGF-� and suppress APC and/or effector T cell func-
tion and possibly compete with effector T cells for antigen presentation.

The administration of the random peptide copolymer glatiramer acetate
(Copaxone) is another related approach. Previously shown to be partially ef-
fective in multiple sclerosis (MS) it was thought to suppress autoreactive
T cells specifically (Johnson et al. 2000). A recent study, however, revealed
that the T cell receptor (TCR) is engaged in a degenerate, antigen-non spe-
cific way and immune function is altered by induction of cross-reactive regu-
latory Th2 responses with bystander suppressor effects on APC and/or effector
T cells in MS patients (Duda et al. 2000). Although shown in MS, it could be a
potent agent also for other autoimmune diseases which are alleviated upon a
Th2 shift.

Antigen-specific immune therapy has not made it yet to broad clinical ap-
plication. Although neither significant toxicity nor exacerbation of autoimmune
disease had overshadowed recent and ongoing clinical trials, a clear clinical
efficacy could not yet been demonstrated (Faria and Weiner 1999).
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Modified Antigens to Induce Tolerance

Altered Peptide Ligands

The TCR interacts with the peptide MHC-complex with high specificity. The
on/off time of such interaction determines which co-stimulatory molecules
participate in the immunologic synapse with functional consequences on
subsequent T cell activation. According to this “strength of signal theory”
there is either full T cell activation, partial activation or T cell anergy. Full vs.
partial T cell activation may lead to an opposite cytokine profile, e.g. Th1 vs.
Th2, a phenomenon called immune deviation. An altered peptide ligand (APL)
has slightly changed residues of an immunodominant self-epitope which im-
pair the T cell strength of signal (Fig. 1). Thus a single TCR can productively
recognize a large continuum of related ligands (Kersh and Allen 1996a). This
flexibility is crucial for T cell development and harbors the possibility for both
beneficial and harmful effects on peripheral T cells (Kersh and Allen 1996b).
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Fig. 1. Natural peptide ligands and altered peptide ligands (APL). The T cell receptor of an
autoreactive T cell is fully stimulated by its natural ligand. Slight modification of the natural
peptide ligand results in an APL. Interaction of an APL with the autoreactive T cell can lead to
partial activation with a possible shift of the cytokine profile or to T cell anergy, both desired

effects regarding therapeutic intervention in states of autoimmunity



The APL strategy has been applied in several animal models of autoim-
mune diseases, and EAE being a well established animal model of MS in
particular: A single TCR antagonistic peptide has been shown to inhibit EAE
(Kuchroo et al. 1994). A single amino acid shift of a myelin basic protein pep-
tide produced an APL which mediated immune deviation by changing the
cytokine profile towards a protective Th2 or Th0 pattern while retaining cross-
reactivity to the native peptide (Nicholson et al. 1995).

Recently, first phase II clinical trials in humans applied the APL approach.
One study compared the APL of MBP to placebo. The APL-treated group
was clinically stable and fine analysis revealed that lesions were reduced in
volume and number. The APL induced a regulatory type 2 T helper cell re-
sponse that cross-reacted with the native peptide (Kappos et al. 2000). The
second phase II clinical trial to treat MS with an MBP peptide (aa 83–99)-
derived APL induced an exacerbation of the disease in three individuals, and
the trial had therefore to be halted (Bielekova et al. 2000). In two of the three
patients, clinical worsening could be attributed to the APL as immunological
studies demonstrated the encephalitogenic potential of the APL peptide (aa
83–99).

Although principally appealing to modulate the fine tuning of the immu-
nologic synapse by APL, severe considerations arise from these first clinical
experiences. In light of an individual T cell repertoire in the outbred human
population, the functional effects of APLs seem unpredictable and problematic.

Complementary Peptides

According to the molecular recognition theory, peptides encoded by the
antisense RNA are designated as complementary or antisense peptides, can
interact with the natural peptide due to their hydropathic complementarity
(Blalock 1990). Antibodies raised against complementary peptides of a ligand
can recognize its receptor, thus antibodies against complementary peptides
posses the ability to bind antibodies against sense or natural peptides (Araga
et al. 1996). Proof of principle had been given by animal models of AMG and
EAE (Araga and Blalock 1994; Araga et al. 1996, 1999, 2000). These studies
showed that a complementary peptide vaccine approach resulted in T cell
anergy and blocking of T cell help in particular (Araga et al. 1999, 2000). The
complementary peptide approach has also been shown to alter B cell-medi-
ated autoimmune diseases by induction of anti-idiotypic antibodies to patho-
genic autoantibodies (Smith et al. 1987; Araga and Blalock 1994). One recent
study based on the molecular recognition theory aimed to develop a comple-
mentary peptide vaccine to BP (Nie et al. 1999). Choosing the extracellular non-
collagenous immunodominant NC16A domain of BP180, the putative major
BP autoantigen, to derive complementary peptides from, failed however to
demonstrate binding to the natural peptides. Thus the targeted epitope was
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not eligible for complementary peptide vaccine development for BP (Nie et
al. 1999). This result does not preclude that other yet undefined BP180 epitopes
can be targeted using the complementary peptide approach.

Tolerogenic Dendritic Cells

Dendritic cells (DC) are the most powerful antigen presenting cells and initi-
ate immune responses after uptake, processing and presentation of foreign
antigen. In addition to their eminent role in host defense, DC are also held
responsible in triggering autoimmune diseases by presenting autoantigens
to autoreactive T cells (Ludewig et al. 1998, 1999; Link et al. 1999; Drake-
smith et al. 2000). Several immuntherapeutic strategies utilize the antigen
presenting capacity of DC, such as DC vaccine for treatment of cancer or in-
fection. Recent attempts included also to modify DC function such that sub-
sequent T cell activation would be inhibited or downregulated. For instance,
monocyte-derived human DC cultured in the absence of IL-4 and in the
presence of low concentrations of GM-CSF were maturation-resistant and in-
duced hyporesponsiveness of T cells and prolonged cardiac allograft survival
(Lutz et al. 2000).

Appropriate cytokine treatment can convert immunogenic into tolerogenic
DC (Drakesmith et al. 2000). IL-10-treated DC had a reduced allostimulatory
capacity and induced a state of T cell anergy (Steinbrink et al. 1997, 1999). In
contrast to cytokine treatment which halts DC maturation, it has been shown
recently that also fully mature DC are able to induce anergy in T cell clones
reactive with thyroid peroxidase antigen and are able to process and present
an immunodominant epitope with antagonistic altered peptide features
(Quaratino et al. 2000). Recently, DC that take up apoptotic cells were de-
scribed to induce peripheral tolerance to self antigens (Huang et al. 2000;
Sauter et al. 2000).

More and more functional properties are ascribed to cytokines, chemo-
kines and other factors within the network of immune regulation. One such
factor is the neuropeptide alpha-melanocyte stimulating hormone (�-MSH)
which has been shown to exert anti-inflammatory effects by antagonizing
IL-1, IL-6 and TNF-� (Becher et al. 1999). �-MSH signals via the melanocortin
receptor 1 (MC-1R) which is present on both monocytes and DC. Indicative
for the potentially anti-inflammatory and/or immunosuppressive role of �-MSH
is the observation that it downregulates the expression of the co-stimulatory
molecules CD86 and CD40 on monocyte-derived DC (Becher et al. 1999).

Although the term DC defines a heterogeneous population with different
functional properties ranging from powerful to poor T cell activators, there
are therapeutic possibilities emerging to functionally modulate DC into me-
diators of tolerance in T cell-dependent autoimmune diseases (Fig. 2).
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Modulating the Effector Phase of Autoimmune Diseases

Since many autoimmune diseases share common effector pathways of inflam-
mation it is a rational strategy to target this effector phase. Attempts to neutral-
ize proinflammatory cytokines in conditions where these cytokines represent
pathogenic key elements, are promising and most clinical experience has
been collected regarding TNF-�.

Inhibition of TNF-� Synthesis

TNF-� mediates inflammatory effects by acting on multiple target cells and
by inducing cascades of other cytokines such as IL-1, IL-6 and IL-8 facilitat-
ing leukocyte chemotaxis and angiogenesis. Elevated serum levels are de-
tectable in many autoimmune diseases including RA, Crohn’s disease and
MS. Ways to neutralize a cytokine include alteration of cytokine transcription/
translation, administration of monoclonal antibodies against the cytokine or
cytokine receptor, soluble cytokine receptors or nonactivating cytokine
antagonists. In humans, TNF-� neutralization has been accomplished by in-
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Fig. 2. Immunogenic and tolerogenic dendritic cells (DC). Immunogenic DC can be derived
from monocytes by in vitro culture in the presence of a cytokine cocktail, usually containing
GM-CSF and IL-4. Addition of TNF-� or LPS induces complete maturation. Variations of the
cytokine cocktail in terms of content and concentration of the cytokines can modify the
resulting DC regarding maturation state and immunogenicity. Depicted are cytokine

combinations in the presence of which tolerogenic DC have been generated



hibitors of cytokine production, monoclonal antibodies and genetically engi-
neered soluble TNF-receptors.

Thalidomide, a sedative drug originally introduced for sleep disorders
has been among the first drugs known to exert anti-inflammatory action by
inhibition of TNF-� synthesis (Calabrese and Fleischer 2000). There are addi-
tional effects exerted by thalidomide on immune function that are still incom-
pletely understood (Table 1). Thalidomide reduces neutrophil phagocytosis
and inhibits monocyte phagocytosis. A major immunomodulatory effect of
thalidomide is the selective, but incomplete inhibition of TNF-� production
by human monocytes. This effect is presumably the consequence of a signifi-
cantly reduced half-life of TNF-� mRNA (Moraes et al. 2000).

Since TNF-� is a major proinflammatory cytokine, the inhibition of this
cytokine by thalidomide may explain its effectiveness in a variety of inflam-
matory disorders. Conditions such as lepromatous leprosy which are highly
responsive to thalidomide (FDA approval for this indication) are character-
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Table 1. Immunomodulatory and Anti-Inflammatory Mode of Action of Thalidomide

Inhibition of TNF-� production by monocytes/macrophages

Reduced TNF-� mRNA half-life

Inhibition of IL-12 production

Inhibition of leukocyte chemotaxis

Reduced phagocytosis by polymorphonuclear granulocytes

Increased IL-4 and IL-5 synthesis by mononuclear cells

Inhibition of IFN-� production by mononuclear cells

Table 2. Dermatological Disorders that are Responsive to Treatment with Thalidomide

Disorder Initial therapeutic Reference
daily dose

Erythema nodosum leprosum 400 mg Iyer et al. 1971

Stomatitis aphthosa 200–400 mg Brodthagen 1985,

Grinspan 1985

Behcet‘s disease 100–400 mg Ghate and Jorizzo 1999

Cutaneous lupus erythematosus 100–400 mg Ordi-Ros et al. 2000,

Kyriakis et al. 2000

Systemic lupus erythematosus 100–400 mg Khamashta et al. 2000

Prurigo nodularis 400 mg Warren et al. 1998,

Daly and Shuster 2000

Pyoderma gangrenosum 200–400 mg Federman and Federman 2000

HIV-associated symptoms 200–400 mg Berger et al. 1995,

Herranz et al. 1998



ized by elevated serum TNF-� levels. Relief of the symptoms is accompanied
by a decrease of serum TNF-� levels. There are, however, disastrous exam-
ples that demonstrate that thalidomide does not always reduce overall TNF-�
synthesis. A double-blinded randomized study in drug-induced toxic epider-
mal necrolysis, a condition characterized by most severe epidermolysis of
skin and mucosa and elevated TNF-� concentrations in skin lesions and se-
rum showed that treatment with thalidomide significantly increased the risk
of a fatal outcome of this disorder. Patients with toxic epidermal necrolysis
had even elevated TNF-� serum levels upon treatment with thalidomide (Wol-
kenstein et al. 1998).

Apart from leprosy, thalidomide has been successfully applied in Behcet’s
disease and HIV-associated aphthosis, cutaneous and systemic lupus erythe-
matosus and prurigo syndromes (Table 2).

Removal or Inhibition of Pathogenic Autoantibodies

A key feature and pathogenetic hallmark of many autoimmune skin disor-
ders is the formation of autoantibodies that interfere with the function of the
target antigen. Autoimmune bullous skin disorders, such as pemphigus vulgaris
(PV) and bullous pemphigoid (BP), are well characterized by the presence of
distinct disease-precipitating antibodies. Removal of pathogenic autoantibo-
dies contributes to reduced disease activity. PV as a paradigmatic disorder of
antibody-mediated autoimmunity correlates in intensity with the concentra-
tion of circulating autoantibodies. Moreover, transfer of the patients’ autoan-
tibodies into mice reproduces the characteristic pathology of this disorder
(Amagai et al. 1994, 1995). For more than 25 years, attempts have been made
to reduce levels of circulating autoantibodies as a therapeutic strategy (Fig. 3).

Plasmapheresis

Plasmapheresis has been one of the mainstays in the treatment of pemphigus
for several years but has not yet developed into a first-line therapy of autoim-
mune disases. This is greatly due to limited patient numbers which do not allow
the appropriate conduction of controlled clinical trials to confirm a statisti-
cally proven benefit (Schneider 1996). Plasmapheresis has been applied to
treat a series of autoimmune diseases: In PV, BP, and severe epidermolysis
bullosa acquisita (EBA), plasmapheresis led to a substantial steroid sparing
effect of immunosuppressive therapy (Sondergaard et al. 1995, 1997; Yamada
et al. 1997; Egan et al. 2000; Turner et al. 2000). Plasmapheresis has proven
beneficial in systemic lupus erythematosus, particularly in lupus nephritis
(Wallace 1999; Braun et al. 2000), and also in systemic sclerosis (Dau and
Callahan 1994) and dermatomyositis (Bennington and Dau 1981; Dau 1994).
Unfortunately, plasmapheresis does not only remove pathogenic antibodies
but also causes a significant loss of additional plasma components.
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Immunoadsorption

Several models demonstrated that selective adsorption of pathogenic auto-
antibodies may prevent the experimental induction of autoimmune bullous
skin disorders of the pemphigus group. Amagai et al. demonstrated that
pemphigus sera can be depleted from IgG reactive with the autoantigens of
PV, desmoglein 3 and pemphigus foliaceus, desmoglein 1, by preadsorption
of the sera over immobilized protein A (Amagai et al. 1994, 1995). The IgG
autoantibody-depleted sera no longer induced pemphigus-like blisters upon
passive transfer into newborn mice.

Immunoadsorption is a novel therapeutic strategy aimed at removing dis-
tinct protein components from the patient’s plasma. Similarly to leukapheresis,
peripheral blood from the patient is collected and separated by centrifuga-
tion into plasma and cellular components. The plasma fraction is then sub-
jected to passage over an affinity column coated with protein A sepharose,
peptides with IgG binding capacity, tryptophane-PVA or phenylalanine-
PVA. The most important advantages of adsorption apheresis over unselective
plasma exchange (i.e. plasmapheresis) are:

432 Sybille Thoma-Uszynski and Rüdiger Eming

Fig. 3. Mechanism of action of intravenous immunoglobulin (IVIG) therapy. The intracellular
FcRn receptor in endothelial cells binds pinocytosed IgG at acid pH in the endosome and
redirects it to the neutral pH at the cell surface. Unbound IgG is degraded in the lysosome. In
states of hypergammaglobulinemia, FcRn becomes saturated, and lysosomal degradation is
increased. This IgG depleting mechanisms contributes to degradation of pathogenic IgG
(autoantibodies) during high dose IVIG therapy. Therapeutic approaches targeting the FcRn
with either synthetic ligands or neutralizing mAb would predict the same IgG depleting
catablism without the risks and costs associated with IVIG therapy. Figure adapted from Yu

and Lennon 1999



– Selective removal of pathogenic plasma proteins (i.e. antibodies, cytokines)
– No loss of essential plasma proteins
– No requirement for adequate protein replacement

The tremendous costs of immunoadsorption, however, exceed those of un-
selective plasma exchange by a factor greater than 2. The different adsorb-
ents currently available for therapeutic trials have distinct adsorption profiles
and may be selectively utilized to remove distinct antibody subtypes (Ikonomov
et al. 1992). Immunoadsorption has been successfully employed for the removal
of circulating autoantibodies in systemic lupus erythematosus (Kutsuki et al.
1998; Gaubitz et al. 1998). Recently, immunoadsorption has been successfully
employed in the treatment of recalcitrant pemphigus vulgaris and pemphigus
foliaceus (Luftl et al. 2003; Eming et al. [submitted]). Single yet unpublished
case reports suggest a beneficial effect of immunoadsorption in severe pemphi-
goid gestationis and EBA.

High Dose Intravenous Immunoglobulins

Modifying the immune system by repeated intravenous administration of high
dose intravenous immunoglobulins has become an attractive therapeutic op-
tion to treat cases of autoimmune disorders that are resistant to conventional
immunosuppressive drug regimens. The underlying mechanism of such treat-
ment, however, remained obscure until recently. Immunoglobulins may ex-
ert immunomodulatory effects by several ways. These include Fc receptor
blockade, regulatory capacity of anti-idiotypic antibodies or cytokine modu-
lation via effectors on cytokine synthesis (Yu and Lennon 1999). An acceler-
ated rate of IgG catabolism has been proposed to be the most likely mechanism
in mediating the beneficial action of intravenous immunoglobulins in anti-
body-dependent autoimmune disorders (Ghetie and Ward 1997; Yu and
Lennon 1999). A specialized intracellular Fc receptor, FcRn, is abundantly
expressed in endothelial cells and binds pinocytosed IgG in an pH-depend-
ent manner, namely only in the acidic endosome. IgG is released when
endosomic transport vesicles reach the neutral pH of the cell surface. Un-
bound IgG is transfered to lysosomes for rapid degradation. FcRn becomes
saturated in states of hypergammaglobulinemia, resulting in an increased rate
of IgG catabolism. IgG depletion via FcRn receptor saturation convincingly
explains the temporary benefit of intravenous immunoglobulin therapy in
antibody-mediated autoimmune diseases. Based on this mechanism, a ther-
apeutic strategy would be to target FcRn, e.g. by neutralizing antibodies or
synthetic ligands to decrease levels of circulating pathogenic autoantibodies
(Yu and Lennon 1999). These fundamental insights into IgG catabolism har-
bor great potential for therapeutic intervention at the effector level (Fig. 4).

Intravenous immunoglobulins have been highly beneficial in restoring the-
rapeutic responsiveness to standard immunosuppressive treatment in disor-
ders that were otherwise refractory (Table 3). Intravenous immunoglobulins
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may be highly effective in therapy-refractory PV, linear IgA bullous derma-
tosis (incl. chronic bullous disease of childhood), EBA and mucous membrane
pemphigoid. In drug-induced toxic epidermal necrolysis, a condition charac-
terized by extensive and uncontrolled epidermal necrolysis of large skin ar-
eas, immediate treatment with intravenous immunoglobulins resulted in a
dramatic beneficial response in some patients (Viard et al. 1998). This effect
seems to be mediated by the anti-apoptotic action of anti-Fas IgG in the im-
munoglobulin preparations preventing apoptotic keratinocyte death.

Targeting Immune Cells in Autoimmune Diseases

Biologics

Biologic agents or “biologics” represent a new group of substances including
monoclonal antibodies, fusion and recombinant proteins possessing biologi-
cal activity. These proteins can either be isolated from animal tissues or nowa-
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Fig. 4. Therapeutical effect of infliximab (anti-TNF-�) in an inflammatory skin disorder. A
patient with recalcitrant subcorneal pustular dermatosis (Sneddon-Wilkinson) responded
promptly to infliximab therapy. Shown are pre-(left) and posttreatment (right) fotographs of
the patient’s neck. Disseminated pustules completely resolved after a single course of
treatment and the patient remained in stable remission for several months (provided by Dr. C.

Voigtländer, Erlangen, Germany)



days commonly be synthesized by biotechnological methods, i.e. recombinant
DNA techniques. The use of biologics in other specialties, i.e. hematooncology
(erythropoietin, GM-CSF) or organ transplantation (anti-CD25-antibodies) has
been known for years. The more defined understanding of the pathophysio-
logy of autoimmune diseases has led to the therapeutical use of biologics in
chronic inflammatory disorders like RA or Crohn’s disease (Feldman et al.
1998). More recently, in the dermatological field psoriasis serves as a model
for a chronic, T cell mediated (auto-) immune disease which has been an im-
portant subject for new therapeutic strategies using biologics (Gottlieb and
Bos 2002). With regard to the immunpathophysiology of psoriasis the immu-
nologic strategies of biologics aim at inhibition of T cell activation, depletion
of activated T cells, inhibition of T cell adhesion and inhibition of proinflam-
matory cytokines. Regarding therapy of inflammatory autoimmune diseases
antibodies which target B cells and autoantibody-producing plasma cells are
of particular interest.

Most of the listed biologics are being investigated in clinical trials (phase
I-III) for the treatment of moderate to severe plaque psoriasis. Alefacept and
efalizumab are approved for the treatment of moderate to severe plaque pso-
riasis, whereas infliximab is approved for psoriatic arthritis, Crohn’s disease
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Table 3. Dermatological Disorders Treated with Intravenous Immunoglobulins

Disorder Therapeutic Trial Reference

Dermatomyositis Double-blind, Dalakas 1998

placebo-controlled

Pemphigus vulgaris Open Harman and Black 1999;

Sibaud et al. 2000

Epidermolysis bullosa Open Kofler et al. 1997

Bullous Pemphigoid Open Harman and Black 1999

Linear IgA bullous dermatosis Open Letko et al. 2000

Mucous Membrane Pemphigoid Open Foster and Ahmed 1999

Toxic epidermal necrolysis Open Viard et al. 1998

Chronic (autoimmune) urticaria Open O’Donnell et al. 1998

Lupus erythematosus Open Hundt et al. 2000;

Viertel et al. 2000;

Enk and Knop 2000

Morphea Open Wollina et al. 1998

Systemic sclerosis Open Levy et al. 2000

Pyoderma gangrenosum Single case Dirschka et al. 1998

Vasculitides Open Jayne et al. 2000;

Ong and Benson 2000



and rheumatoid arthritis and etanercept is approved for the treatment of
psoriatic and rheumatoid arthritis. Basiliximab and daclizumab are indicated
for the prophylaxis of acute organ rejection in patients receiving renal trans-
plants. Rituximab is being used for the treatment of low-grade B cell non-
Hodgkin’s lymphoma. For simplification, each substance is listed in one category
only. Note that some biologics have multiple effects, i.e. efalizumab also in-
hibits T cell activation.
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Table 4. Biologic therapies and their sites of action

Substances Target Type Company

Inhibition of T cell activation

Alefacept (LFA3TIP) CD2-LFA-3-interaction fusion protein Biogen IDEC

CTLA4-Ig (BMS 188667) CD80/CD86 costimulation chimeric fusion protein Bristol Myers Squibb

IDEC 114 CD80 costimulation primatized mAb Biogen IDEC

Inhibition of T cell migration

Efalizumab (hu1124) CD11a humanized IgG1 mAb Genentech/XOMA

(LFA-1-ICAM-interaction)

CDP 850 E-selectin humanized mAb Celltech

Bimosiamose (TBC-1269) anti-pan-selectin small molecule Encysive

Efomycine M P- and E-selectin samll molecule

Reduction of activated T cells

DAB398IL-2 IL-2R fusion protein Ligand

(denileukin diftitox)

Siplizumab/MEDI-507 CD2 humanized mAb Medimmune

OKT3 CD3 murine IgG2a mAb Cilag Lab.

Visilizumab CD3 humanized mAb PDL

HuMax-CD4 CD4 human mAb Genmab A/S

OKTcdr4a CD4 humanized IgG4 mAb IMUCLONE

Basiliximab CD25 chimeric IgG1 mAb Novartis

Daclizumab CD25 humanized IgG1mAb Roche

Depletion of B cells

Rituximab CD20 chimeric IgG1 mAb Roche

Depletion of lymphocytes

Campath-1H/Alemtuzumab CD52 humanized IgG1 mAb ILEX

Blocking the activity of inflammatory cytokines

Infliximab TNF� chimeric IgG1 mAb Centocor/Essex

Atlizumab IL-6R humanized mAb Roche/Chugai

Etanercept TNF� fusion protein Wyeth

ABX-IL8 IL-8 human mAb Abgenix

HuZAF/Fontolizumab IFN� humanized mAb PDL



Inhibition of T cell activation

Alefacept

Alefacept is a fully human, recombinant fusion protein consisting of the extra-
cellular domain of the leucocyte function-associated antigen type 3 (LFA-3)
fused to the Fc-portion of human IgG1. It is produced by recombinant DNA
technology in a Chinese Hamster Ovary (CHO) mammilian expression sys-
tem (Biogen IDEC 2003). By effectively blocking the interaction between CD2
which is highly expressed on memory effector T cells and LFA-3 expressed
on APC, alefacept inhibits the activation of effector T cells. Treatment with
alefacept also reduces the number of CD4/CD45 RO-positive memory T cells
through binding of its Fc-portion to Fc�III-receptors on natural killer cells
(NK cells) or macrophages. This leads to the induction of a granzyme B-me-
diated apoptosis preferentially in CD4/CD45 RO-positive memory T cells
(Ellis et al., 2001). Recent studies by Gordon et al. revealed a relationship be-
tween the decrease in circulating CD4+ memory T lymphocytes and the im-
provement of the psoriatic skin lesions (Gordon et al. 2003). Since January
2003, alefacept is approved by the FDA for the treatment of moderate to se-
vere plaque psoriasis. The treatment regimen is a course of 12 weekly injec-
tions (15 mg i.m./week) followed by a 12 week treatment free observation
period (Biogen Idec 2003). The results of two phase III trials show that after
two i.v.- or i.m.-alefacept courses, respectively about 40% of the patients
showed a � 75% reduction in their PASI-scores (Krueger et al. 2002; Lebwohl
et al. 2003). The response to alefacept was durable, since the median dura-
tion of a > 50% reduction in PASI was 216 days for patients who initially
achieved a 75% reduction in PASI (Krueger and Callis 2003). Alefacept is re-
ported to be well tolerated both by i.v. and i.m. administration with a consis-
tent safety profile in the clinical trials (Gordon et al. 2003). Commonly
reported infections in patients treated with alefacept were similar to those in
patients receiving placebo. In both phase III studies there did not appear to be a
correlation between infections and CD4+ cell counts below 250 cells/�l
(Ortonne 2003 and Krueger et al. 2003). Kraan et al reported that alefacept
treatment in psoriatic arthritis shows promising results (Kraan et al. 2002).

Efalizumab

Efalizumab (hu 1124, anti-CD11a) is a humanized IgG1 version of the murine
anti-human CD11a monoclonal antibody MHM24 (Werther et al. 1996). CD11a
and CD18 are subunits of the lymphocyte �2-integrin LFA-1 that primarily
binds to the intercellular adhesion molecules ICAM-1 ICAM-2 and ICAM-3
expressed on leukocytes, epithelial cells including keratinocytes and endo-
thelial cells (Janeway et al. 2001). The main function of integrins on the cell
surface of T lymphocytes is to mediate cell adhesion with APC, endothelial
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cells and extracellular matrix. In vitro studies by Werther et al. showed that
by blocking the LFA-1–ICAM-1 interaction, efalizumab inhibits key patho-
genic steps in psoriasis like T cell activation, T cell extravasation and T cell
adhesion to keratinocytes (Werther et al. 1996). In two recent phase III trials
with s.c. administered efalizumab nearly 1100 psoriatic patients had been ran-
domized to treatment with an initial conditioning dose of 0,7 mg/kg in week
one followed by weekly doses of efalizumab 1 mg/kg or 2 mg/kg or placebo.
Compared to the placebo group, in which 3,4% achieved PASI 75, 29% of
the patients in the 1 mg/kg group and 28% in the 2 mg/kg group achieved a
� 75% reduction in their PASI-score (Gordon et al. 2002). The clinical improve-
ment correlated with sustained efalizumab levels in the serum, T cell CD11a
saturation and down modulation, decreased epidermal and dermal T cell
counts, histologic improvement and increased counts of circulating lympho-
cytes (Menter et al. 2001). FDA approved efalizumab for the treatment of
moderate to severe psoriasis in October 2003. At present, safety data for 2762
patients treated during 13 clinical trials are available, showing a good safety
profile for efalizumab (Leonardi et al. 2004). Long term results based on treat-
ment for up to 24 months revealed no new common (> 5% of the patients) ad-
verse events. The incidence of serious infection or malignancy in efalizumab-
treated patients was low and similar to the placebo group (Leonardi et al. 2004).

CTLA-4Ig/IDEC-114

In addition to antigen-induced signals, the proliferation and differentiation
of T cells requires a second signal provided by costimulatory molecules on
APC. A well characterized costimulatory pathway includes CD28 on T cells
binding to the costimulatory molecules B7–1 (CD80)/B7–2 (CD86) on activated
APC. Another T cell surface receptor for CD80/CD86, CTLA-4 (CD152) in-
hibits T cell activation (Abbas et al. 2000). CTLA-4Ig and IDEC-114 are bio-
logicals targeting these costimulatory signals by binding to CD80 and CD86
on APC, thus inhibiting T cell activation. IDEC-114 is a primatized anti-human
CD80 monoclonal antibody blocking the CD28-CD80 ligation without affect-
ing the CD80-CTLA-4-interaction (Schopf 2001). Gottlieb et al. presented
data on a single-dose phase I/II trial with 24 psoriatic patients who were ad-
ministered IDEC-114 in i.v.-doses ranging from 0,05–15 mg/kg. IDEC-114
demonstrated mild clinical and histologic improvements in patients of the
higher-dose groups (Gottlieb et al. 2000). A follow-up study (multiple dose,
phase I/II) showed a PASI 50% reduction in 40% of the observed patients.
The maximal clinical effect was observed 12 weeks after the last infusion
(IDEC 2001). CTLA-4 Ig is a fusion protein composed of the extracellular do-
main of CTLA-4 (CD152) and the Fc domain of human IgG1. In an open phase
I/II dose escalation trial CTLA-4Ig showed a dose dependent improvement
in psoriatic patients. In the high dose group (50 mg/kg) about 90% of the
study patients experienced a 50% PASI reduction (Abrams et al. 2000). An
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earlier study by Abrams et al. indicated a decreased ability of the treated pa-
tients to mount T cell dependent antibody responses (Abrams et al. 1999).
Currently, CTLA-4Ig is being investigated in other inflammatory disorders
such as rheumatoid arthritis or organ transplantation (Gottlieb and Bos 2002).

Depletion of Activated T Lymphocytes

Interleukin-2

Interleukin-2 (IL-2) is the principal cytokine which is secreted by antigen-
activated T lymphocytes in the early phase of antigen recognition. IL-2 functions
as an autocrine growth and differentiation factor for the T cells. Its high affinity
receptor consists of the three non-covalently associated subunits IL-2R� (CD25),
IL-2R� (CD122) and IL-2R� (CD132). The TCR-dependent activation of naive
T cells leads to the upregulation of the � chain (CD25) which then enables T
cells to respond to low concentration of IL-2 through their high affinity re-
ceptor. Therefore, CD25 is also considered an early activation marker for T cells.
This is the rationale for using anti-CD25 monoclonal antibodies or denileukin
diftitox (DAB389IL-2) which is composed of recombinant IL-2 and part of diphteria
toxin. All three substances aim at eliminating pathogenic T cells.

Basiliximab

Basiliximab is a chimeric monoclonal antibody consisting of the heavy and
light chain of the variable region of the murine anti-human CD25 antibody
RFT5 and the heavy chain and �-light chain of the Fc region of human IgG1.
Basiliximab specifically binds to the IL-2 receptor (IL-2R) with high affinity
(Amlot et al. 1995). Binding of basiliximab to the IL-2R prevents further bind-
ing of IL-2 to the receptor. This way basiliximab inhibits IL-2-dependent pro-
liferation of antigen-activated T cells (Onrust et al. 1999). Since May 1998
basiliximab is approved for the prevention of acute organ rejection after
allogeneic renal transplantation. It is combined with other immunosuppres-
sive drugs as cyclosporin or corticosteroids. So far, in different case reports
basiliximab has been reported to treat severe recalcitrant psoriasis in combi-
nation with cyclosporin (Owen et al. 2000; Bell et al. 2002). Kaegi and Heyer
demonstrated the successful treatment of a 29-year old patient with severe
atopic dermatitis with two i.v.-infusions of basiliximab (20 mg/infusion) to-
gether with low-dose cyclosporin (150 mg/d) (Kaegi and Heyer 2001).

Daclizumab

Daclizumab is the humanized variant of the murine anti-human CD25 mono-
clonal antibody MAT (murine anti TAC). In vitro studies demonstrated a high
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affinity of daclizumab for the alpha chain (CD25) of the human IL-2R (Queen
et al. 1989; Junghans et al. 1990). Daclizumab shows a dose dependent inhi-
bition of the IL-2-dependent proliferation of human T cells. An open phase II
clinical trial by Krueger et al. included 19 psoriatic patients who underwent
treatment with four cycles of daclizumab, initially 2 mg/kg and 1 mg/kg, re-
spectively at weeks 2, 4, 8 and 12 (Krueger et al. 2000). Daclizumab showed
a moderate clinical improvement with a mean PASI reduction of 30%. In a
study by Willenbacher et al. daclizumab was used to treat 16 patients with
grade III-IV graft-vs.-host disease (GvHD) (Willenbacher et al. 2001). As
only nine patients showed a clinical response and three patients died of seri-
ous infections, daclizumab demonstrated a limited effectiveness when used
as a monotherapy.

Denileukin diftitox (DAB389-IL-2)

This recombinant fusion protein contains human IL-2 linked to a portion of
the diphteria toxin molecule. Activated T lymphocytes expressing the high
affinity IL-2R internalize denileukin diftitox by receptor mediated endocyto-
sis. The intracellular release of the diphteria toxin blocks the protein-synthesis
of the T cells and finally leads to cell death (Martin et al. 2001). Currently
denileukin diftitox is approved for the treatment of cutaneous T cell lymphoma.
Martin et al. demonstrated results of a dose-escalation trial with 35 psoriatic
patients who were given 12 infusions of denileukin diftitox over a peroid of
eight weeks. Seven out of 15 patients in the high dose group (5 ìg/kg) showed
a minimal PASI reduction of 50% (Martin et al. 2001). The dose dependent
adverse effects included fever/chills, asthenia, myalgia and rush.

Siplizumab (Medi-507)

CD2 is a 50 kD glycoprotein containing two extracellular Ig domians and it is
expressed on more than 90% of mature T cells, NK cells and up to 70% of
thymocytes (Abbas et al. 2000). Binding of CD2 to its principal ligand LFA-3
(CD58) on APC increases the strength of adhesion between T lymphocytes
and APC. There is further evidence that the CD2-LFA-3 interaction enhances
TCR-mediated activation of T cells (Abbas et al. 2000). Siplizumab (Medi-507)
is a humanized anti-CD2 monoclonal IgG1 antibody which is currently inves-
tigated for its efficacy in the treatment of moderate to severe psoriasis. In three
phase I/II trials, siplizumab was administered as a single i.v.-dose, eight weekly
i.v.-infusions or as 12 weekly s.c.-doses (Langley et al. 2001). In the high dose
groups (5–7 mg in the s.c.-group or 40 mg/kg in the i.v.-study) more than 55%
of the patients showed at least a 50% reduction in PASI, while 33% of the pa-
tients experienced a 75% PASI reduction (Langley et al. 2001). With a maxi-
mum 12h post-dose, the number of circulating T lymphocytes in the peripheral
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blood decreased by 50%. Siplizumab was considered generally safe and
well tolerated. The side effects included fever/chills and flu-like symptoms
(MedImmune, R&D pipeline, available at http://www.medimmune.com).

Depletion of B Lymphocytes

Rituximab

Arising from haematopoietic stem cells, B lymphocytes pass through differ-
ent maturation steps. Finally, mature B cells give rise to plasma cells produc-
ing immunoglobulins. The surface markers CD19 and CD20 appear early in
the B cell development and remain present until the stage of mature B cells.
Rituximab (anti-CD20) is a chimeric IgG1k monoclonal antibody with murine
variable region and human constant regions, recognizing human CD20. In
1997 rituximab was the first mAb to be approved for the treatment of relapsed
or refractory, low-grade B cell follicular non-Hodgkin’s lymphoma (NHL) by
the FDA. In lymphoma patients receiving the standard regimen with four
weekly treatments of 375 mg/m2, profound B cell depletion is observed and
sustained for 6–9 months (Gorman et al. 2003). Thus rituximab seems to be
promising for the treatment of antibody-mediated autoimmune diseases. In
patients with systemic lupus erythematosus (SLE) significant B cell depletion
correlated with clinical improvement (Anolik et al. 2003). In an open study
including five patients with refractory dermatomyositis, all patients reported
marked improvement in both muscle strength and dermatitis within 1–3 months.
The clinical improvement sustained for at least six months (Levine 2003). There
are several recent reports indicating successful treatment of autoimmune
bullous disorders with rituximab. Cooper et al. (2003) and Herrmann et al.
(2003) reported good clinical responses in patients with severe PV upon
treatment with rituximab (Coopet et al. 2003; Herrmann et al. 2003). Borradori
et al reported the rapid improvement of paraneoplastic pemphigus in a 61-
year-old woman with CD20+ follicular non Hodgkin’s lymphoma grade I, after
a regimen with rituximab 375 mg/m2 once a week for four weeks (Borradori
et al. 2001). Another case report showed rapid clinical response to rituximab
in a patient with treatment-resistant pemphigus foliaceus (Goebeler et al. 2003).

Inhibition of Lymphocyte Migration and Extravasation

To eliminate (auto-) antigens in the effector phase of an (auto-) immune re-
sponse, memory and effector T cells home to the sites of inflamed peripheral
tissues, i.e. to inflamed dermis. Among the adhesion molecules which are
important for leukocyte recruitment, selectins (E- and P-selectin) are expressed
on activated endothelium and initiate leukocyte recruitment by binding to
oligosaccharides (sialyl LewisX) on the cells surface of circulating leukocytes.
Therefore selectins are considered as crucial targets for interrupting the
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initiation and perpetuation of a T cell mediated, inflammatory (auto-) im-
mune response.

CDP850

CDP 850 is a humanized anti-E-selectin monoclonal antibody. Bhushan et al.
performed a randomized clinical trial including nine psoriatic patients with
moderate to severe chronic plaque psoriasis. While nine patients received 20
mg/kg CDP850 as a single i.v. infusion, four control patients received pla-
cebo infusions (Bhushan et al. 2002). Eight weeks post infusion, there was no
significant reduction in PASI from baseline for the CDP850 treated group
compared to the placebo group. These results demonstrate that blockade of
E-selectin alone does not have sufficient impact on the treatment of psoria-
sis, probably due to alternative pathways for leukocyte adherence to endo-
thelium (Bhushan et al. 2002).

Bimosiamose (TBC1269)/Efomycine M

Both compounds are so called small molecules and as anti-pan-selectins they
may overcome the ineffectiveness of monoclonal antibodies directed against
single adhesion molecules. Preliminary data from recent clinical pilot studies
on psoriatic patients treated with bimosiamose strongly suggest an effective
role in the treatment of psoriasis (Friedrich et al. 2003). Schon et al. presented
data in the psoriasis-SCID-mouse model showing that efomycine M effec-
tively inhibits leukocyte recruitment and thus alleviates cutaneous inflam-
matory responses (Schon et al. 2002). This substance is currently in further
clinical development.

Neutralization of TNF-� by Monoclonal Antibodies

Recently, several recombinant antibodies and receptor agonists have been
introduced to block bioactive TNF-� in rheumatological disorders and inflam-
matory bowel disease. In fact, these antibodies have contributed to the recent
renaissance of antibody therapy in general. Infliximab, a chimeric mouse-
human IgG1 monoclonal antibody (mAb) against TNF-� has been proven
highly effective in several clinical trials in RA (Elliott et al. 1994a; Elliott et al.
1994b). The Crohn’s disease study group demonstrated that anti-TNF-� was
a potent therapy in gastrointestinal and cutaneous Crohn’s disease (Targan
et al. 1997; Geyer et al. 2000). Recent studies evaluated infliximab for treat-
ment of ankylosing spondylitis and found significant improvement of clinical
and laboratory parameters (Van den Bosch et al. 2000a, 2000b; Brandt et al.
2000).
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Etanercept is a dimeric molecule consisting of two human p75 sTNFR
extracellular domains attached to the Fc portion of human IgG1. By now,
extensive experience has been collected with etanercept in the treatment
of adult RA (Weinblatt et al. 1999). It has been demonstrated that particularly
early phase treatment is clinically very effective in preventing irreversible
bone destruction (Bathon et al. 2000). In addition, the pediatric rheumatology
collaborative study group recently reported that anti-TNF-� therapy with
etanercept in children with polyarticular juvenile RA is a save and efficient
therapy with a high clinical response rate (Lovell et al. 2000).

Potential dermatological indications for treatment with anti-TNF-� anti-
bodies include recalcitrant psoriasis arthritis (Maini et al. 1999) and plaque
psoriasis where first clinical trials are initiated, pyoderma gangraenosum and
other conditions with elevated TNF-� levels. A recent study demonstrated
that infliximab was highly efficient in the treatment of psoriatic plaques that
were otherwise unresponsive to concomitant treatment with methotrexate
(Oh et al. 2000; Ogilvie et al. 2001). Infliximab was also highly effective in re-
calcitrant subcorneal pustular dermatosis (Sneddon-Wilkinson) (Fig. 5), a skin
disorder characterized by disseminated pustules which is associated with RA
and inflammatory bowel disease (Voigtländer et al. 2001). Pyoderma gan-
grenosum is yet another disorder that may be highly responsive to treatment
with anti-TNF-� antibodies as observed in a single case with a chronic re-
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Fig. 5. Immune intervention in autoantibody-mediated skin disorders. Circulating pathogenic
autoantibodies cause loss of integrity of the skin by interfering with adhesion molecule
function in autoimmune blistering diseases of the pemphigus and pemphigoid group. Removal
of these antibodies by several techniques allows reconstitution of epidermal or dermal/
epidermal adhesion. These therapeutical approaches may be also useful to remove
autoantibodies or proinflammatory cytokines in other skin autoimmune diseases such as

systemic scleroderma, lupus erythematosus and dermatomyositis



fractory course (Jenne et al. 2004). Recently, the administration of infliximab
was highly effective in chronic disseminated granuloma annulare (Hertl et
al. 2005) and a case of therapy-refractory pemphigus vulgaris. Jacobi et al.
reviewed the current therapeutic applications for the two TNF� inhibitors
infliximab and etanercept in inflammatory skin disorders (Jacobi et al. 2003).

Inhibition of Other Pro-Inflammatory Cytokines

Attempts to neutralize other proinflammatory cytokines included IL-1 (Cam-
pion et al. 1996; Bresnihan et al. 1998; Jiang et al. 2000) and IL-6 (Yoshizaki
et al. 1998) with encouraging results for RA.

Since TNF-� blockade also affects circulating levels of TNF-dependent
cytokines such as IL-1 and IL-6 it seems currently superior to inhibit this key
cytokine to stop autoaggressive inflammatory responses.

To modulate inflammatory responses, other anti-inflammatory cytokines
have been administered with therapeutic intention: IL-10 has been used suc-
cessfully in psoriasis (Asadullah et al. 1998, 1999). Although IL-10 leads to a
significant clinical response rate, its use may be restricted to severe forms of
psoriasis due to potential immunosuppressive side effects of systemic IL-10
administration. The immunomodulatory cytokine IL-11 had been adminis-
tered to patients in Crohn’s disease (Sands et al. 1999). The clinical response
rate was moderate in this short term trial, the therapeutic potential of IL-11
appears limited due to its thrombocytopoietic properties. In an open-label
phase I dose-escalation clinical trial, Trepicchio et al. reported significant
improvement in seven out of twelve psoriasis patients treated with oprelevkin
(recombinant humanized IL-11). There was a correlation between the clini-
cal response and a decrease in proinflammatory cytokines (Trepicchio et al.
1999). Peptide T is an octapeptide from the V2 region of gp120 of HIV.
Raychaudhuri et al. demonstrated its immunmodulatory effects leading to an
upregulation of IL-10 and a decrease of IFN� and IL-2 production (Raychaud-
huri et al. 1999). Due to this anti-inflammatory effect, peptide T showed clini-
cal improvement in psoriatic patients in several clinical trials (Gulliver et al.
1999). Moreover, Talme et al. demonstrated by immunohistology that pep-
tide T treated psoriasis patients showed decreased dermal lymphocytic infil-
trates (Talme et al. 1995). Keratinocyte-derived IL-8 is involved in leukocyte
recruitment to inflammed dermis (Barker et al. 1991; Biasi et al. 1998) and
angiogenesis which is also a prominent characteristic of chronically inflammed
skin (Nickoloff et al. 1994). ABX-IL8 is a fully humanized anti-IL-8 IgG2

monoclonal antibody that has been used for treating psoriasis patients (Lohner
et al. 1999). In dose-escalating clinical trials ABX-IL8 was well tolerated and
generally safe. So far its clinical efficacy in improving psoriasis is moderate
so that its further clinical development in the field of psoriasis had been dis-
continued. IL-4 is considered the principal cytokine promoting the develop-
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ment of Th2-type effector T cells. Its capacity to counterbalance Th1-dominated,
proinflammatory immune responses led to the use of IL-4 in clinical trials.
Recently, twenty psoriasis patients devided into five groups received in-
creasing doses of IL-4 over six weeks. 18 patients receiving higher doses of
IL-4 showed a statistically significant PASI reduction of 60 to 80% in this
study (Ghoreschi et al. 2003).

Extracorporeal Photopheresis

Photopheresis is a leukapheresis-based therapy with ultraviolett A (UVA) ir-
radiation of ex-vivo isolated peripheral blood mononuclear cells (PBMC) plus
systemically administered 8-methoxypsoralen (8-MOP). After UVA-irradia-
tion, the PBMC are re-infused into the patients. The ECP procedure consists
of several steps: first, a portion of PBMC is collected and secondly, incubated
with 8-MOP; alternatively, 8-MOP is administered systemically and third,
followed by UVA irradiation. Fourth, the UVA-irradiated PBMC are reinfused
intravenously (Andreu et al. 1994). ECP is usually well tolerated with only
minor side effects (Perotti et al. 1999; Salvaneschi et al. 2000). The molecular
mode of action of 8-MOP/UVA is the formation of DNA and RNA photo adducts
(i.e. thymidine dimers) leading to an alteration of DNA and protein synthesis.
The immunological basis for the responses of patients to photopheresis is
presumably due to the induction of anti-clonotypic immunity directed against
pathogenic clonal T cell populations. Treatment-induced apoptosis of patho-
genic T cells and activation of antigen presenting cells may be critical in this
therapeutic process (Rook et al. 1999).

In addition to cutaneous T cell lymphoma (CTCL) (Bisaccia et al. 2000),
the treatment modality of ECP has been applied to several autoimmune dis-
eases (Table 5), including RA, systemic sclerosis (Schwartz et al. 1997), SLE
(Knobler 1994) and PV (Wollina et al. 1999). Several case reports and case
series suggest efficacy of ECP, but few controlled studies have been con-
ducted to test this hypothesis (Owsianowski et al. 1996).

Immunoablation and Stem Cell Transplantation

Immunoablation and subsequent autologous or allogenic hematopoietic stem
cell transplantation (HSCT) has emerged as a recent treatment modality for
severe autoimmune diseases (Marmont 2000). Insight into a response of au-
toimmune disorders to immunoablation and subsequent stem cell transplantion
comes from animal models and patient cases with concomitant malignancies
(Passweg et al. 1999).
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First clinical trials or cases have been reported for progressive MS (Fassas
et al. 2000; Burt et al. 1998), systemic lupus erythematosus (SLE) (Burt et al.
1999a, 2000), RA (Burt et al. 1999b; Snowden et al. 1999) and chronic autoim-
mune thrombocytopenia (Pavletic 1997; Skoda et al. 1997). The mechanism
of remission of autoimmune disease is not entirely clear. There is ongoing
debate whether dose-intense immunosuppression, as performed with non-
myeloablative conditioning is sufficient to induce remission. Under current
view, although autologous stem cell transplants are associated with a lower
complication rate, allogeneic stem cell grafts seem preferable for treatment
of autoimmune diseases in order not to reintroduce the autoimmunity into
the recipient (Burt and Traynor 1999b). An allograft provides a new stem cell
source, and a controlled graft versus host effect could further contribute to
modulation and eradication of autoreactive lymphocytes.

Overall, immunoablation followed by HSCT is an aggressive treatment
and should be reserved for a carefully selected patient collective. Precise pre-
and posttransplant assessment of the immune system should unravel further
details on tolerance and immunity. It remains to be determined whether this
therapy can induce true long-term peripheral tolerance and whether the cu-
rative efficacy weighs out the treatment-associated risks.

Summary and Conclusions

Tremendous progress has been made in understanding autoimmune processes
and autoimmune diseases. Novel therapies begin to emerge and techniques
in use for some time have been refined and enrich the spectrum of treatment
modalities. New immunomodulatory drugs currently help to reduce corticos-
teroid induced morbidity, but are also applied as monotherapy. These include
mycophenolic acid, immunosuppressive macrolides and leflunomide.
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Table 5. Extracorporeal Photopheresis in Dermatological Disorders

Disorder Trial Reference

Chronic graft versus host disease Open Dall’Amico et al.1997

PV, BP Open Wollina et al. 1999

Epidermolysis bullosa acquisita Open Gordon et al. 1997

SLE Open Richter et al. 1998

Systemic sclerosis Open Krasagakis et al. 1998

MS Double-blind, Rostami et al. 1999

placebo-controlled



Antigen specific immunotherapy includes oral, mucosal or systemic auto-
antigen delivery and tolerance induction. Modified antigens are administered
in form of altered peptide ligands or complementary peptides. As antigen-
specific therapy in perfection appears the use of tolerogenic dendritic cells
as mediators of specific tolerance induction.

The effector phase of an autoimmune disease involves production of auto-
antibodies and release of proinflammatory cytokines. Therapeutic approaches
are aimed at removing these compounds from the circulation and include
plasmapheresis, immunoadsorption, high dose intravenous immunoglobulin
therapy, and most potently, TNF-� blockade.

Dysregulated cellular immune responses in autoimmune diseases are tar-
geted by antibody therapy to eliminate distinct cell populations, by extracor-
poreal photopheresis and, most aggressively, by immunoablation followed
by hematopoietic stem cell transplantation. In this scenario, the use of biologics
will help to more specifically modulate crucial events in the effector phase of
an inflammatory autoimmune response. This can be achieved by the inhibi-
tion of proinflammatory cytokines such as TNF-a and costimulatory molecules
required for T cell activation.

Based on increasing knowledge about tolerance and immunity, new hori-
zons for therapeutic intervention are visible.
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