
Advances in Pemphigus and its Endemic Pemphigus Foliaceus
(Fogo Selvagem) Phenotype: A Paradigm of Human Autoimmunity

Donna A. Cultona, Ye Qiana, Ning Lia, David Rubensteina, Valeria Aokib, Gunter Hans
Filhioc, Evandro A. Rivittib, and Luis A. Diaza
a Department of Dermatology, University of North Carolina at Chapel Hill, NC 27599, USA

b Departamento de Dermatologia, Universidade de Sao Paulo, Brazil

c Departamento de Dermatologia, Universidade Federal de Mato Grosso do Sul, Brazil

Abstract
Pemphigus encompasses a group of organ specific, antibody mediated autoimmune diseases of the
skin characterized by keratinocyte detachment that leads to the development of blisters and erosions,
which can become life-threatening. The pathogenic autoantibodies recognize desmogleins, which
are members of the desmosomal cadherin family of cell adhesion molecules. Desmoglein 3 is targeted
in pemphigus vulgaris while desmoglein 1 is targeted in pemphigus foliaceus and its endemic form,
fogo selvagem. This review will briefly define the salient features of pemphigus and the proposed
steps in pathogenesis. We will then summarize the most recent advances in three important areas of
investigation: (i) epidemiologic, genetic, and immunologic features of fogo selvagem, (ii) molecular
mechanisms of injury to the epidermis, and (iii) novel therapeutic strategies targeting specific steps
in disease pathogenesis. The advances in each of these three seemingly separate areas contribute to
the overall understanding of the pemphigus disease model. These recent advancements also
underscore the dynamic interplay between the treatment of patients in a clinical setting and basic
science research, which has led to an integrative understanding disease pathogenesis and treatment
and allow pemphigus to serve as a paradigm of human autoimmunity.
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1. Introduction
The development of autoimmune disease is one of the fundamental enigmas of immunology.
The triggers that direct the immune response against self-antigens are believed to be
multifactorial, involving both genetic susceptibility and environmental factors. Current
research is aimed at understanding the molecular details of both genetic and environmental
contributions. These studies are often limited by the complex nature of such interactions and
the seemingly sporadic development of disease in the general population. An ideal research
model would focus on an organ specific autoimmune response directed against a well-defined
autoantigen in a population of patients in which the prevalence of disease is fairly high and
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environmental and genetic factors could be studied over a long period of time. The rarity of
such research models in today’s geographically mobile society has led many researchers to
turn to animal models of disease, which have been quite instructive. The application of these
findings to human clinical disease is ongoing.

Our area of interest lies in autoimmune diseases of the skin, which include pemphigus vulgaris
(PV) and pemphigus foliaceus (PF). The pemphigus spectrum of diseases has many features
that fulfill the criteria for an ideal research model of human autoimmune disease described
above. These diseases involve autoantibody formation directed against the desmoglein (Dsg)
family of cell adhesion molecules in keratinocytes, resulting in keratinocyte detachment
(acantholysis) and intraepithelial blister formation. The anti-Dsg autoantibodies are pathogenic
by passive transfer into mice and can be followed as markers of disease activity [1,2].
Desmoglein 3 (Dsg3) has been identified as the target of PV autoantibodies, while desmoglein
1 (Dsg1) is the autoantigen recognized by PF autoantibodies [3]. These self-antigens have been
fully characterized, allowing researchers to map epitopes throughout disease progression.
Furthermore, the skin and sera of patients are easily accessible for collection and use in research
settings. While the molecular features of pemphigus are well defined, the rare and sporadic
development of disease in the general population is somewhat limiting to research efforts.

Although pemphigus is rare in the general population, endemic foci of disease have been
identified in certain regions of Brazil. This endemic form of PF, also known as Fogo Selvagem
(FS) amongst local inhabitants of rural Brazil, shares similar clinical, histological and
immunologic features with the non-endemic form of PF seen in the USA and around the world.
As in the non-endemic form of PF, FS is characterized by pathogenic IgG autoantibodies that
recognize the Dsg1 ectodomain [4,5] resulting in subcorneal blisters producing localized or
generalized skin syndromes (Fig. 1). Novel immunologic features of this disease have been
uncovered through studies of a highly endemic focus of FS in the Limao Verde Amerindian
reservation in Brazil [6]. Investigations on the evolution of the anti-Dsg1 autoimmune response
and the appearance of disease in the inhabitants of Limao Verde and neighboring communities
provide a unique opportunity to study the development of autoimmune disease in a well-
defined, geographically limited population with a high prevalence of disease.

Collectively, the current body of knowledge in the pemphigus field points to a multistep model
of disease pathogenesis in which (i) a genetically susceptible individual is exposed to (ii) a
triggering environmental antigen that leads to (iii) autoreactive T and B cell activation with
specific autoantibody class and subclass responses and epitope spreading. Subsequent (iv)
binding of desmoglein specific autoantibodies then triggers (v) desmoglein signaling and
apoptotic events that may be associated with acantholysis and blister formation. This latter step
of pathogenesis focusing on downstream events following autoantibody binding has proven to
be an exciting and active area of research over the last several years and has led to a better
understanding of the molecular mechanisms of injury to the epidermis. Not only does this
multistep model of pathogenesis provide a unique example of how an ideal research model can
lead to a comprehensive and global view of the development of autoimmunity, but it also serves
as a springboard for novel approaches to the treatment of pemphigus aimed at interfering with
each step of pathogenesis.

In this review we will summarize recent findings in three exciting areas of investigation,
including (i) epidemiologic and immunologic features of FS, (ii) mechanisms of immunologic
injury to the epidermis, and (iii) novel therapeutic strategies targeting specific steps in disease
pathogenesis. Advances in each of these areas contribute to the overall understanding of
pemphigus at different steps of the multistep model.

Culton et al. Page 2

J Autoimmun. Author manuscript; available in PMC 2009 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2. Advances in the Epidemiologic and Immunologic Features of FS
2.1 The endemic regions of FS in Brazil and the Limao Verde Reservation

FS occurs in Brazilian states located between 45° to 60° west longitude and 5° to 25° south
latitude in regions with an altitude between 500–800 meters (1,600–2,600 feet) [7–9]. The
weather in endemic regions of FS is subtropical and supports coffee, sugarcane and cacao in
the northern regions, while corn, soybeans and cotton are the predominant crops in southern
regions.

Young adults and children are typically affected and there is no reported sex or racial
predisposition [7–12]. FS patients are outdoor workers, usually farmers or family members of
a farmer. The daily activities of a family include agriculture, care of livestock and home chores
(i.e. cooking, caring for small animals, or washing laundry in nearby rivers or streams). Many
wives take part in farming activities as well. The family shares a common bedroom and personal
hygiene is poor. The diet primarily consists of high carbohydrates and low protein intake.

The houses are usually built of reed walls and thatched roofs with open doors and windows.
They commonly harbor rodents and other small wild animals and are usually infested with
blood-feeding arthropods such as bedbugs and Reduvid bugs. A variety of other insects are
found in nearby rivers and streams, including Simuliids (black fly, also known as “borrachudo”
in Portuguese) and sandflies. Epidemiological studies have shown that the number of new cases
of FS is greatest at the end of the rainy season (September to March) and least during the dry
summer (April to August), suggesting that insect multiplication and increase in the number of
FS patients are related phenomena [7–9]. Interestingly, the same ecological systems found in
the “pemphigus country” overlap with those described in Chagas disease [13–15],
Leishmaniasis [16–18] and Onchocerciasis [19,20]. These diseases, as well as FS, were initially
reported in Brazil during the first decade of the last century affecting the newly arrived pioneers
to previously unconquered lands [13,18,21]. The diseases were common among workers
laboring in the construction of railroads and highways in the interior of the endemic states, i.e.
Sao Paulo and Minas Gerais. Interestingly, these diseases tend to disappear once the working
and living conditions of the settlers improve. In recent years the frequency of cases of Chagas
disease, Leishmaniasis and FS in the endemic states, as compared with those seen in the middle
part of the 20th century, has dramatically decreased [11,22–28] and this decrease has been
associated with modernization in agricultural techniques [29]. It is clear that the ecological
systems of FS share similarities with these insect vector borne diseases.

The Amerindian reservation of Limao Verde, located in the state of Mato Grosso do Sul, Brazil,
is the home of 1,351 members of the Terena tribe of Amerindians, and is an active focus of
FS, exhibiting a ~3 % prevalence of disease [6,30] (Fig. 2). The people of this reservation are
heavily exposed to hematophagous insects inside and outside of their homes [31] and these
insects are considered risk factors for FS [32,33]. For the last 14 years, we have systematically
collected clinical and serological data from FS patients as well as clinically normal individuals
residing in and around this settlement. Interestingly, a significant number of normal individuals
(55%) living on the reservation possess anti-Dsg1 antibodies [30]. The autoantibody response
against Dsg1 in healthy individuals from Limao Verde and neighboring communities is
common, and directly related to physical distance from this reservation [6,30,34]. Follow up
studies of this settlement have shown an average of 1–3 new cases of FS per year. Over the
course of our investigation, we have also observed the clinical and serological conversion from
normal to disease state, initially in 5 cases [30,35], and recently to include another 6 individuals
[36].
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2.2 FS: An environmentally triggered autoimmune disease of the skin
Although FS was originally described, and is still most frequently found in Brazil [6–11],
reports exist of other foci of endemic PF in Colombia and Tunisia [37,38]. FS, however, shows
several unique and remarkable features such as the geographic and temporal clustering of cases,
the increased frequency of cases among young adults and children, the increased frequency of
familial cases, and an association with certain distinct HLA-DR alleles [39]. HLA susceptibility
genes for endemic pemphigus have already been identified, namely HLA DRB1 0102, 0404,
1402, 1406. These alleles all share a consensus sequence LLEQRRAA at position 67–74 in
the third hypervariable domain of the DRB1 gene.

The temporal and geographic clustering has also led to the hypothesis of a triggering
environmental antigen resulting in molecular mimicry with Dsg1. Early studies in FS have
demonstrated that the autoantibody response exhibits a limited heterogeneity, consisting of
oligoclonal IgG banding, when tested with epidermal antigens by affinity immunoblotting
[40]. Recent analysis of the variable regions of heavy and light chains from FS anti-Dsg1
autoantibodies suggests that the response is indeed antigen selected [41]. In this study, a total
of seventy-seven hybridomas were generated from the B cells of eight FS patients and of one
patient four years prior to the onset of clinical disease. Among the hybridomas analyzed, there
were multiple clonally related sets of anti-Dsg1 antibodies within individual patients. Heavy
and light chain V gene use was biased within IgG hybridomas and most hybridomas exhibited
a bias favoring CDR amino acid replacement mutations, both of which are signs of antigen
selection. Interestingly, hybridomas analyzed from the patient during pre-clinical phase also
exhibited evidence of antigen selection and displayed significant overlap in VH gene usage
with FS hybridomas. The pre-FS and FS hybridomas shared multiple replacement mutations
suggesting selection by the same or similar antigen. These novel findings suggest that antigen
selection is a process that occurs well before the onset of disease [41]. Current studies are
underway to further investigate the nature of the environmental trigger. Certainly, the link to
hemaphagous insects is intriguing and provides a new avenue of investigation.

2.3 B cell responses in FS
2.3.1 The IgG Subclasses in FS—Once the proposed environmental antigen has triggered
the immune system, the B cell response can be studied in terms of IgG subclass response giving
further insight into the nature of the pathogenesis. Our studies have shown that the IgG
autoantibodies in FS are isotype-restricted and the bulk of pathogenic anti-Dsg1 autoantibodies
are IgG4 [36,42–44] (Fig. 3). For instance, studies on IgG subclasses of the anti-Dsg1 response
in FS patients and normal subjects from Limao Verde show that FS patients have IgG4 levels
19.3 fold higher than ELISA positive normal subjects [44]. Similarly, patients with active
disease have similar levels of IgG1, but 74.3 fold higher IgG4 levels compared to patients in
clinical remission. Most importantly, IgG subclass restriction was followed in the 5 patients
from whom we had blood samples both before and after the onset of clinical disease. Levels
of IgG1 increased 3.45 fold with onset of disease, whereas levels of IgG4 increased 103.08
fold with onset of clinical disease (both values represent the mean of 5 patients). These results
may indicate that progression from a pre-clinical to a clinical phase of the disease, and also the
transition from remission to active disease, is closely associated with subclass switching from
IgG1 to IgG4. These results also suggest that IgG1 anti-Dsg1 autoantibodies from FS patients
alone are incapable of triggering disease. Indeed, studies using the murine passive transfer
model show that IgG1 subclass antibodies from a normal subject (who only has an IgG1
response) are incapable of mediating disease at 15 mg/kg. In contrast, IgG4 antibodies from a
patient were capable of mediating disease at 1.5mg/kg, a concentration 10 times lower [35].
These studies suggest that the autoantibody response in FS exhibits an early IgG1 response
followed by a sustained IgG4.
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In an effort to identify early sensitive and specific serological markers of FS in healthy
individuals, we tested the IgG subclass anti-Dsg1 autoantibody response by ELISA in a large
number of patients (n= 214) and normal donors (n= 261) [36]. Analysis shows that IgG4 is a
novel classifier/predictor that identifies donors with immunologic features of FS (values of
IgG4 anti-Dsg1 > 6.43 index value units). The IgG4 classifier is highly sensitive [92% (95%
CI: 82–95)] and specific [97% (95% CI: 89–100)]. In a population with a prevalence of 3%,
this classifier has a positive predictive value (PPV) of 49% and a negative predictive value
(NPV) of 99.7%. This instrument has been validated in two patient populations, a group of 60
Japanese patients with PF and PV and a group of 11 FS patients from Limao Verde where
preclinical stage sera were available. The use of this classifier tool may facilitate the
identification of individuals during the preclinical stage of FS, thus enhancing the chances of
disclosing the etiological agent(s) triggering this human autoimmune disease. Since IgG anti-
Dsg1 autoantibodies are detected in a large number of normal individuals from endemic areas
of FS [30,44,45], the high specificity of the IgG4 anti-Dsg1 classifier will be of greater use
than the total IgG assays when used in these seroepidemiological studies.

Restriction of IgG4 antibody response in humans has been reported in patients with parasitosis
[46], individuals undergoing hyposensitization therapy for allergies [47,48], individuals
exposed to bee stings [49] and patients with autoimmune pancreatitis [50]. IgG4 restriction of
the autoimmune response has also been reported in other autoimmune blistering diseases,
including PV [51–55]. However, there is limited information about their pathogenic role in
skin disease [55]. For instance, Kricheli et al. [54] identified antibodies to Dsg-3 in the serum
of 91% of PV patients by immunoblot, and also in 49% of those related to patients. The
distribution of IgG1 through IgG3 was similar in patients and relatives, however IgG4 was
seen in 62% of patients, but fewer than 2% of the relatives and none of the normal subjects.
Bhol et al. found a predominantly IgG1 response to Dsg3 in relatives of patients and patients
in remission, while patients with clinical disease had both an IgG1 and IgG4 response [51].
When considering the pathogenic role of IgG4 antibodies, it is possible that these antibodies
recognize a different epitope than the non-pathogenic IgG1 antibodies. Alternatively, IgG4
may have an effector function that is not present in IgG1, or a higher in vivo binding affinity
for Dsg1.

2.3.2 Relevance of the IgM autoantibody response in FS—We have recently
described a relatively high prevalence of IgM anti-Dsg1 autoantibodies in sera from both FS
patients and clinically normal donors residing in rural settings in or near an endemic area such
as Limao Verde [45]. Patients with PF, other autoimmune bullous diseases, as well as healthy
individuals from more urban settings, did not demonstrate a significant IgM anti-Dsg1
response. Strikingly, over 50% of sera from healthy donors between the ages of 5 and 20 from
Limao Verde possess IgM anti-Dsg1 autoantibodies. This IgM response is acquired sometime
during early infancy, as neonates from mothers with FS do not possess IgM anti-Dsg1
antibodies. These novel findings support the hypothesis that an environmental antigen(s)
sensitizes individuals living in these rural endemic areas of FS. Further, these results strengthen
our findings that B cell repertoire in FS is antigen driven during the preclinical stage.

While the observed seroepidemiological studies of FS suggest that the IgM anti-Dsg1
autoantibody response may be secondary to exposure to an environmental antigen(s), there is
also the possibility that they may represent natural IgM antibodies. These natural antibodies
are known to be polyreactive and represent the first barrier against infection, eliminating
bacteria by complement activation, thus bridging innate and adaptive immunity [56]. Many of
these natural IgM antibodies recognize single or multiple self-antigens [57] and have been
detected from early childhood throughout life [58]. They are often an indicator of a recent
infection or re-infection with viral diseases such as rubella [59], infectious mononucleosis
[60] or hepatitis B [61], bacterial infections such as Lyme disease [62], or parasitosis such as
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toxoplasmosis [63,64]. Natural IgM antibodies against self-antigens have been reported in
autoimmune diseases such as lupus erythematosus [65–68] autoimmune hemolytic anemia
[69], and autoimmune thrombocytopenia [70]. Some have proposed that anti-Ro IgM
autoantibodies in lupus may represent part of the natural IgM repertoire that leads to production
of pathogenic IgG autoantibodies by epitope spreading in genetically predisposed individuals
[65]. Certainly, it is intriguing that polyreactive IgM or the IgG/IgM ratio of anti-dsDNA
antibodies in systemic lupus erythematosus may modulate the disease and prognosis in
experimental murine models and SLE patients alike [66,68,71].

In summary, these seroepidemiological observations suggest that the IgM response in FS
patients from Limao Verde likely arises from recurrent and persistent exposure to an
environmental antigen(s) that shares similar epitopes to Dsg1 harbored in this and other
Amerindian reservations. Sensitization begins in early childhood and continues throughout life
in these individuals, resulting in the production of non-pathogenic IgM and IgG anti-Dsg1
autoantibodies. Pathogenic IgG anti-Dsg1 autoantibodies and clinical disease subsequently
occur in only a small fraction of genetically predisposed individuals. It is likely that serum
concentrations of IgM anti-Dsg1 autoantibodies from FS patients referred to metropolitan
hospitals, away from their native environment, decrease due to elimination of the
environmental antigenic stimuli.

2.3.3 Dsg1 epitopes recognized by IgG anti-Dsg1 autoantibodies during
preclinical stages of FS—Just as the transition from preclinical FS to clinical disease is
marked by an IgG isotype switch, different epitopes are known to be targeted during this
conversion [35]. Our studies have shown that anti-Dsg1 antibodies from normal individuals
and individuals in the preclinical stage of FS all recognize the EC5 domain (residues 453–496)
of the molecule. Significantly, transition from the pre-clinical to clinical stage of FS is
accompanied by emergence of autoantibodies specific for the EC1 (residues 1–108) and EC2
(residues 109–221) domains. Although the majority of patients with active disease possess a
mixture of anti-EC1 and anti-EC2 antibody populations, a few sera possess antibodies to EC1
without EC2, or to EC2 without EC1. This observation indicates that autoantibodies against
EC1 and EC2 recognize at least two distinct epitopes, and either one alone may be capable of
causing acantholysis, and therefore, disease [35].

Furthermore, anti-EC1 and anti-EC2 autoantibodies disappear with disease remission and
reappear with disease relapses. EC5-specific antibodies are present mainly in patients during
disease onset or clinical relapse, and persist during remission. The immunologic mechanism
responsible for the elimination of anti-EC1/EC2 antibodies in FS patients during remission
and recurrence during relapses is not clear. It is possible that the reappearance these antibodies
during disease relapse may result from reactivation of memory B and T cells by re-exposure
to self-Dsg1 [35].

Moreover, by passive transfer experiments we have demonstrated that anti-EC1/EC2
autoantibodies are pathogenic in neonatal mice, whereas the IgG fraction containing anti-EC5
autoantibodies are incapable of inducing blisters. These data suggest that the anti-Dsg1
autoimmune response in FS is initially raised against nonpathogenic epitopes located in the
EC5 domain and later against pathogenic epitopes mapped to the EC1 and EC2 domains of the
molecule [35]. It is likely that anti-EC1/EC2 autoantibodies are generated through the
mechanism of intramolecular epitope spreading [72,73] from the initial anti-EC5
autoantibodies rather than through cross-reactivity, since there is no significant sequence
homology between the EC5 domain and the cadherin-like domains (EC1 to EC4) (Fig. 4).
While IgG1 autoantibodies target the EC5 domain of Dsg1 during the pre-clinical stage, a
predominantly IgG4-mediated autoantibody response against the Dsg1 EC1-2 domains is seen
with the onset of clinically active disease [35,36,44].
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Finally, a recent study shows that a significant number of patients with diseases that are
transmitted by hematophagous vectors, [i.e., onchocerciasis (black flies), leishmaniasis (sand
flies) and Chagas disease (kissing bugs)] possess antibodies against the EC5 domain of Dsg1
[74]. Onchocerciasis is unknown in the Limao Verde reservation, but leishmaniasis, Chagas
disease and FS are all prevalent in this settlement. We hypothesize that a salivary antigen(s)
from these blood-feeding insects may contain a cross-reactive molecule(s) that triggers the
anti-Dsg1 EC5 antibody response.

Based on the current findings, we propose a two-phase model to encompass the
immunopathogenic mechanisms of FS. In the first phase, an environmental antigen(s), bearing
sequence homology with the EC5 domain of Dsg1, triggers an initial non-pathogenic antibody
response to the EC5 domain of Dsg1. At this stage, individuals remain free of skin disease. In
the second phase, in certain genetically susceptible individuals, intramolecular epitope
spreading occurs, which leads to the production of pathogenic anti-Dsg1 antibodies against the
EC1 and EC2 domains, inducing skin blistering. According to our recent studies the incubation
time between the first and the second phase of FS could last as long as 10 years [36].

2.4 T cell responses in FS
Although pemphigus pathogenesis is mediated by autoreactive antibodies produced by Dsg
specific B cells, autoreactive T cells are necessary for B cell activation. Several groups have
identified CD4+ T cell proliferative responses to the Dsg3 ectodomain in PV patients [75–
77]. PV patients that exhibit combined autoantibody responses to Dsg3 and Dsg1 also possess
T cells that proliferate in response to either Dsg3 or Dsg1 peptides [78]. Recognition of Dsg3
peptides by Th1 and Th2 cells is restricted by pemphigus associated MHC alleles DRB1-0402
and DQB1-0503 as the T cell proliferative responses to Dsg3 peptides can be inhibited by anti-
DR and anti-DQ antibodies [76,79–84]. PV Th1 and Th2 cells recognize a limited set of Dsg3
peptides characterized by a similar positive charge at position 4, which is necessary for
maintaining an ideal fit within the MHC binding pockets [77,85]. Interestingly, T cells from
healthy controls sharing the same PV associated HLA alleles demonstrated similar T cell
responses to the same set of Dsg3 peptides, suggesting that loss of tolerance in PV is within
the B cell compartment [85].

T cell clones from patients with FS also recognize epitopes of the Dsg1 ectodomain as T cells
from 13 of 15 FS patients responded to recombinant Dsg1 [76]. The Dsg1 response of T cell
clones derived from 5 patients was blocked by anti-DR antibodies, but not by anti-DQ or -DP
antibodies, suggesting that the Dsg1-specific response of FS T cells is restricted to HLA-DR.
The T cell clones derived from FS patients produce IL-4, IL-5, and IL-6, but not γ-IFN,
suggesting that they secrete a Th2-like cytokine profile. The type II cytokines such as IL-4
might modulate the IgG subclass response in these patients. Analysis of the TCR regions from
anti-Dsg T cell clones from PV and FS patients revealed an oligoclonal response with a limited
number of TCRs utilized [86,87].

Both in vitro and in vivo studies have shown that these Dsg specific T cells are necessary for
autoreactive B cell activation. Anti-Dsg3 B cells were induced to secrete antibody when PV
patient peripheral lymphocytes were stimulated with Dsg3. Depletion of CD4+ cells or addition
of anti-DR/DQ antibodies abolished this response suggesting that the T cell/MHC interaction
is critical for Dsg3 specific B cell activation and antibody secretion [88]. In vivo evidence
supporting the critical role of Dsg specific T cells in B cell activation was provided by Tsunoda
et al. using an active murine model of pemphigus first described by Amagai et al. [89]. In this
model, splenocytes from Dsg3 immunized Dsg3−/− mice are transferred into immunodeficient
Rag2−/− mice recapitulating the oral erosions and suprabasilar acantholysis found in PV
[89]. Tsunoda et al. showed that pathogenic anti-Dsg3 antibodies were only produced in Rag2
−/− recipients when both B and T cell splenocyte fractions were transferred [90].
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More recently, several groups have studied the importance of regulatory T cells in PV.
Regulatory T cells help to maintain tolerance and control autoimmune disease in the T cell
compartment. In addition to naturally occurring CD25+ T regulatory cells produced
continuously by the thymus, antigen induced Type 1 regulatory T cells have been described
[91]. Type 1 regulatory T cells secrete IL-10 and TGF-beta, cytokines that are felt to be
immunosuppressive and critical in maintaining T cell tolerance. Both types of regulatory T
cells seem to be involved in PV. Sugiyama and colleagues have shown that CD4+CD25hi cells
are markedly decreased in PV patients peripheral blood compared to healthy controls [92].
Recent studies have also shown that IL-10 secreting Dsg3 specific T cells are present in the
majority of healthy controls, but less than 20% of PV patients, suggesting that loss of regulatory
T cell function may play a role in disease development [93]. These Dsg3 specific Type 1
regulatory T cells inhibit activation of Dsg3 specific Th1 and Th2 cells through secretion of
IL-10 and TGF-beta and express Foxp3, a transcriptional repressor known to be important in
regulatory T cell development and function [94]. Inactivation of Foxp3 using antisense
technology induced a phenotypic loss of Dsg3 regulatory T cell markers and function. These
cells instead developed a robust proliferative response to Dsg3 and secreted a cytokine profile
similar to that of Th2 cells [94]. Thus, regulatory T cells seem to play a crucial role in
maintaining T cell tolerance and may also represent a target for potential novel therapies.

3. Mechanisms of immunological injury to the epidermis in pemphigus
The mechanisms of autoantibody-induced epidermal detachment (acantholysis) in PF/FS
remain under intense investigation in different laboratories around the world. The sera of
patients with all clinical variants of pemphigus, like that of patients with other autoimmune
diseases, contain autoantibodies against multiple self-antigens. Some of the best characterized
antigens are expressed on keratinocyte cell-cell adhesion organelles such as the desmosomes,
i.e. Dsg1, Dsg3, Dsg4, desmocollins [3] or interdesmosomal domains of the keratinocyte
membrane, i.e. E-cadherin [95]. In PV, PF and FS, anti-Dsg1 and anti-Dsg3 autoantibodies are
pathogenic and serve as diagnostic markers of disease [1–3]. Anti-Dsg3 autoantibodies are
markers of the mucosal variant of PV; whereas, the mucocutaneous variant of PV is
characterized by a mixed population of anti-Dsg1 and anti-Dsg3 autoantibodies [96]. The
pathogenic relevance of other autoantibodies detected in PV, PF or FS sera remains unknown.
Given our current understanding, we must conclude that pemphigus is a group of diseases in
which desmosomal antigens are targeted by pathogenic and non-pathogenic autoantibodies.
The resulting disease phenotypes are epidermal-specific (PF/FS), mucosal-specific (mPV), or
epidermal and mucosal specific (mcPV). Only mucosal surfaces that possess squamous
epithelium are involved in mPV and mcPV.

Desmosomes mediate cell-cell adhesion and can be found not only in skin, but also in
cardiomyocytes, brain arachnoidal cells and lymph node dendritic reticulum cells.
Desmosomes are cellular organelles that structurally are formed by a central core and two
intracellular plaques. While the core is composed of transmembrane glycoproteins (the
desmosomal cadherins), the intracellular plaque contains large molecular weight protein
members of the plakin family, i.e. desmoplakins, plakoglobin, and plakophillin [97]. The
desmosomal cadherins comprise Dsg1, Dsg2, Dsg3 and desmocollins. Dsg1 and Dsg3 are
restricted to stratified squamous epithelia, while Dsg2 is expressed in all tissues expressing
desmosomes. Similar to E cadherin, the extracellular domain of all desmosomal cadherins,
except Dsg1, show 5 domains which participate in interactions with desmogleins on opposing
cells, thereby establishing adhesion [98]. Through linker proteins, the intracellular (or
cytoplasmic) domains of E cadherin, desmogleins and desmocollins are associated with the
keratinocyte cytoskeleton.
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The distribution and density of Dsg1 and Dsg3 varies within the layers of the stratified
epidermis and mucosal epidermis. As the desmogleins are the target of autoantibodies in
pemphigus, their differential distribution is thought to be responsible for the different
histological sites of blister formation in PF and PV. This concept is known as the compensation
theory [99,100]. For example, Dsg1 is expressed throughout the epidermis, but its expression
is increased in the superficial epidermis. Dsg3 is expressed in an inverse pattern with increased
expression in the basal layers of the epidermis. In mucosal epithelium, Dsg1 is expressed in
the superficial squamous epithelium, while Dsg3 is expressed throughout. It is hypothesized
that in PF, the anti-Dsg1 autoantibodies target Dsg1, leading to blister formation in the
superficial epidermis as Dsg3 expression in basal cells compensates for the loss of Dsg1
mediated adhesion. The mucosa is protected by expression of Dsg3 throughout all layers, and
therefore PF patients do not exhibit mucosal involvement. In PV, where the target is Dsg3,
blister formation is suprabasilar as superficial epidermal adhesion is maintained by Dsg1.
Mucosal involvement is common as there is no expression of Dsg1 in the basal layers of
mucosal epithelium to compensate for the loss of Dsg3 function [99,100].

In addition to the distribution of Dsg within the epithelia, i.e. compensation theory, we propose
that the epithelial damage in all forms of pemphigus is modulated by the epitope-specificity
of the anti-desmoglein autoantibodies. As previously shown, healthy individuals and FS
patients during the preclinical stages of FS recognize epitopes on Dsg1 or Dsg3 that are not
pathogenic. Once an individual mounts an autoimmune response against epitopes located on
the EC1 and EC2 domain of Dsg1 or Dsg3 the autoantibodies lead to pathogenic damage of
the epithelia. Importantly, these pathogenic autoantibodies in FS are IgG4 restricted. It is
possible that the availability of pathogenically relevant epitopes on Dsg1 and Dsg3 in vivo to
react with PV and PF/FS autoantibodies would determine the level of tissue damage. The
histological phenotype of pemphigus therefore, would be determined by the fine specificity of
the anti-Dsg1 or anti-Dsg3 autoantibodies as well as the distribution of the respective
desmosomal antigens in the epithelia.

To understand the complexity of the humoral autoimmune response in all forms of pemphigus
we hypothesize that the autoantibody response against “unique epitopes” on Dsg1 and Dsg3
in humans is associated with a spectrum of clinical phenotypes (Table 1). They include (i)
normal individuals who exhibit normal skin and have non-pathogenic anti-Dsg1/Dsg3
autoantibodies, (ii) PV patients with pure mucosal disease and pathogenic anti-Dsg3
autoantibodies (oral PV), (iii) PV patients exhibiting combined mucosal and cutaneous disease
with pathogenic anti-Dsg3 and anti-Dsg1 autoantibodies (mucocutaneous PV). The subset of
pemphigus showing a pure cutaneous blistering eruption and having pathogenic anti-Dsg1
autoantibodies includes PF/FS patients. Importantly, our studies on FS in Brazil are allowing
us to investigate the transition of individuals from a preclinical state (possessing non-
pathogenic anti-Dsg1 autoantibodies) to individuals with classic FS, exhibiting pathogenic
anti-Dsg1 autoantibodies. Moreover, we have recently described normal individuals
possessing non-pathogenic anti-Dsg3 autoantibodies and a subset of patients with an endemic
form of mucocutaneous PV [101]. We believe that the clinical phenotypes of all forms of
pemphigus may result, aside from the Dsg1/Dsg3 distribution in the target tissues, from the
epitope specificity of the autoantibodies harbored in normal individuals and patients, and this
in turn, from the immunogenetic make up of the host.

It has been proposed that anti-desmosomal antibodies induce acantholysis by steric hindrance,
where autoantibody binding directly blocks Dsg adhesive interactions on opposing cells
[102]. Steric hindrance is supported by the compensation theory as well as by findings in
staphylococcal scalded skin syndrome, in which an exfoliative toxin cleaves Dsg1 within the
extracellular domains and leads to an identical histological phenotype as PF [103]. In addition,
Dsg3 knockout mice display blister formation as seen in PV [104]. Thus, it seems that impairing
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the function of these desmogleins at the extracellular level leads to histological features
resembling acantholysis triggered by binding of anti-Dsg1 or anti-Dsg3 autoantibodies to their
target antigen. The detachment process is complement-independent and can be triggered by
Fab fragments of the pathogenic autoantibodies [105–107]. Waschke et al [108], utilizing
single molecule-based micromechanical laser tweezers and atomic force microscopy, have
probed Dsg1 and Dsg3 ectodomain transinteractions. They have suggested that PV anti-Dsg3
autoantibodies impair the adhesive function of Dsg3 and thus trigger acantholysis; whereas,
PF autoantibodies trigger acantholysis by decreasing the amounts of Dsg1 available on the
surface of keratinocytes secondary to intracellular signaling. These studies need to be extended
and reproduced by other laboratories. The fate of the anti-Dsg1 or anti-Dsg3 autoantibodies
following the initial binding to the ectodomain of the antigens has been studied at the
ultrastructural level by Patel el al. in 1984 [109] and recently by Delva et al. [110] in cell
culture. They demonstrated that PV IgG molecules are internalized via a clathrin and dynamin-
independent pathway to form endocytic vesicles that fuse with lysosomes. This process is
associated with widening of the intercellular spaces. Pharmacological inhibition of the
internalization process may provide new therapeutic approaches for pemphigus acantholysis.
In addition to these findings, other investigators [111,112] have demonstrated that following
the binding of PV IgG to keratinocytes surfaces, Dsg3 is depleted from desmosomes, which
in turn may be relevant in triggering acantholysis.

Several studies have identified signaling capabilities of the desmogleins, which may also play
a role in autoantibody induced acantholysis. It was initially observed that keratinocyte cell lines
treated with PV sera show a transient increase in intracellular calcium and inositol 1,4,5-
triphosphate, supporting the idea that autoantibody binding to desmogleins initiates
intracellular signaling events [113]. These investigators extended these studies by
demonstrating that PV IgG induces phosphorylation of Dsg3 and subsequent dissociation from
plakoglobin in cultured primary keratinocytes, thus triggering acantholysis [114]. This
conclusion was reasonable since it was well known that phosphorylation of the classical
cadherins at serine and tyrosine residues, regulates cell adhesion [115,116]. It has been
proposed that the plakoglobin linker protein plays a crucial role in the signaling process
mediated by desmosomes and consequently in pemphigus acantholysis. Caldelari et al. [117]
showed that keratinocytes from plakoglobin knockout mice were unresponsive to the
pathogenic effects of PV IgG on cell adhesion compared to keratinocytes from wild type mice.
They hypothesize that the plakoglobin/c-Myc proto-oncogene axis may be relevant to the
pathogenesis of pemphigus acantholysis [118].

Members of our own group have shown that primary human keratinocytes treated with PV IgG
show a time and dose-dependent increase in levels of phosphorylated p38MAPK and heat
shock protein HSP27 [119]. Both p38MAPK and HSP27 are known to be important in
regulating cytoskeletal components such as actin and keratin intermediate filaments. Further
studies have shown that inhibitors of MAPK signaling not only blocked phosphorylation of
HSP27 following PV IgG stimulation of cultured primary keratinocytes, but also prevented
keratin filament retraction, an early change in the cytoskeleton associated with acantholysis
[119]. These findings were recapitulated in the PV passive transfer murine model [120].
Subsequent studies have identified increased phosphorylation of p38MAPK and HSP27 in skin
biopsies of patients with PV and PF compared to that of controls [121]. Collectively, these data
have identified an important signaling pathway in the pathogenesis of PV and PF. Studies are
underway to test whether p38MAPK inhibitors might be useful in treating clinical disease.

In addition to the signaling pathways described above, in vitro cell culture studies have shown
that exposure of keratinocytes to PV IgG induce apoptosis in these cells [122–126]. The pro-
apoptotic changes are evident by various measurements, including annexin V binding, Hoechst
33342 staining, TUNEL labeling, DNA laddering, oligonucleosome formation, caspase
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activation, up-regulation of pro-apoptotic proteins (Fas, FasL, Bax, p53), and down-regulation
of anti-apoptotic proteins such as Bcl-2 and FLIP-l. It is speculated that keratinocyte apoptosis
results in pemphigus acantholysis [122,124–127].

While much in vitro data has been published on the induction of apoptosis by PV IgG, little is
known about the possible apoptotic effect of PF IgG. Our group [128] has evaluated the role
of the biochemical response of apoptosis in PF using the IgG passive transfer mouse model of
the disease [2]. We found TUNEL positive epidermal cells and increased cytosolic
oligonucleosomes in epidermal cells of the diseased mice. A time course study revealed that
TUNEL-positive epidermal cells appear prior to intraepidermal blisters. Western blot analysis
showed that the pro-apoptotic factor Bax was upregulated at the earlier time points (2 and 4 h)
while the anti-apoptotic factor Bcl-xl was downregulated at the later time points (6, 8, and 20
h) post PF IgG injection. Correspondingly, the active forms of caspase-3 and -6 were detected
at the later time period (6, 8, and 20 h). Administration of Ac-DEVD-cmk, a peptide-based
caspase-3 inhibitor, protected mice from developing intraepidermal blisters and clinical disease
induced by PF IgG. The same protective effect was also observed for a broad-spectrum caspase
inhibitor Bok-D-fmk. Collectively, the findings of this study suggest that some biochemical
events of apoptosis are provoked in epidermal cells by PF autoantibodies and caspase-3
activation may contribute to acantholytic process and disease pathogenesis.

This observation may suggest that activation of caspase leads to epidermal cell injury and
dysfunction, which in turn is manifested as intraepidermal blisters. Acantholysis may occur
before or without the end-point of epidermal cell death. We hypothesize that activated
caspase-3 is involved in the process of acantholysis and/or intraepidermal blister formation,
not through epidermal cell death, but through the proteolytic cleavage of a structural protein
(s) involved in epidermal cell-cell adhesion. Possible candidates may include components of
the desmosome, adherens junction, and cytoskeleton. Many of cell adhesion molecules are
caspase substrates [129] and are degraded during apoptosis, such as Dsg1 [130,131], Dsg3,
plakoglobin, plakophillin, plakin proteins [132–134], E-cadherin [135,136], and β-catenin
[137]. Interestingly, it has been shown that shedding of ectodomain of Dsg1 or Dsg3 during
the process of apoptosis is inhibited by caspase inhibitors [130,131]. Further studies are
required to identify the potential targets for caspase-3 that may be responsible for PF blistering.

Impairment of Dsg1/Dsg3 adhesive function by autoantibody induced steric hindrance or by
binding of autoantibodies triggering signaling and apoptosis that lead to acantholysis are not
mutually exclusive (Fig. 5). Continued research is aimed at further delineating the exact role
of these multistep processes. Certainly, it is an exciting area of investigation and likely to yield
potential novel treatment options.

4. Advances in the therapy of pemphigus
Prior to the advent of corticosteroids, the diagnosis of pemphigus carried a poor prognosis; it
was stated that if a patient survived for more than a year the diagnosis of pemphigus was likely
incorrect. Armed with limited information regarding pathogenesis, dermatologists in the
1950’s began to use systemic steroids to treat these diseases [138]. The autoimmune nature of
pemphigus was used as rationale for the introduction of additional immunosuppressive drugs
and plasmapheresis, both aimed at eliminating pathogenic autoantibodies from the patient. The
combined use of systemic steroid and immunosuppressive agents such as azathioprine,
cyclosphosphamide, methotrexate, mycophenolate mofetil, and cyclosporine have become the
standard of therapy of PV and PF with good results. However, the morbidity associated with
the long-term use of these drugs remains problematic for patients, especially those with
diabetes, hypertension or other medical conditions. Since the introduction of systemic steroids
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in the 1950’s and immunosuppressive agents in the 1960’s, the prognosis of the disease has
been gradually improving. Recent reports estimate an overall 5% mortality in PV [139].

The scientific basis for the therapy of these disorders has evolved tremendously in the last 60
years; however, current treatment options are still limited. Certainly, the advances in
understanding the immunopathogenesis of PV and PF/FS are prompting new potential
therapies and allowing researchers to target therapy to individual steps in disease pathogenesis
(Fig. 6).

4.1 Elimination of the triggering antigen(s)
Assuming that the environmental antigen(s) is identified, the elimination or avoidance of this
antigen(s) by genetically susceptible people would likely prevent the onset of disease. Once
disease is established, it is possible that elimination of the triggering antigen would lessen
disease activity and possible even induce remission. However, it is not known if disease in PV
or PF/FS is maintained by an endogenous source of Dsg1 or Dsg3.

An example of how the discontinuation of an etiological agent can interrupt an autoimmune
disease would be in patients with drug-induced pemphigus or lupus where disease remission
is seen following the discontinuation of the offending medication such as penicillinamine or
captopryl [140–142]. FS patients also provide a useful clinical subgroup for analysis in this
regard. Epidemiological data suggests that patients who relocate from their native endemic
environment (and theoretically away from the triggering environmental antigen) to a more
industrialized city experience disease regression, as evidenced by both clinical and
immunologic criteria [11]. Ongoing studies to identify the triggering environmental antigen in
FS will be critically important if we are to make significant progress in targeting therapy to
this step of pathogenesis.

4.2 Targeting autoreactive T cells and antigen presenting cells
Although the disease causing autoantibodies in pemphigus are produced by terminally
differentiated B cells, autoreactive T cells play an important role by providing B cell help
during activation directly and by TH2 cytokine secretion [88,91,93,94,143,144]. Preventing
activation of autoreactive T cells that recognize autoantigen peptides presented on MHC class
II molecules may be a useful therapeutic target. For example, myasthenia gravis (MG) is a
neuromuscular autoimmune disease characterized by autoantibodies directed against the
acetylcholine receptor (AchR). HLA linkage studies have shown strong association with HLA-
DQB1. Studies performed in MG murine models have shown prevention of disease with
monoclonal antibodies directed against the antigen binding site of the MHCII molecule or with
direct immunization with MHCII peptides (generating a polyclonal antibody response).
Similarly, in vitro studies with MG patients’ peripheral blood T cells showed inhibition of T
cell proliferation to AchR in the presence of mAb to the DQB1 binding site [145]. Therefore,
targeting disease associated MHC molecules can block T cell activation and subsequently blunt
B cell responses, decreasing the production of disease causing autoantibodies. Although studies
directly targeting the MCHII molecule have not been performed in PV, the HLA restrictions
associated with disease makes this step of pathogenesis an exciting therapeutic target.

Another way to block the MHCII/T cell interaction is by use of peptide immunotherapy. This
approach involves immunization with T cell immunodominant peptides with the goal of
preventing activation of disease specific T cells. A phase I clinical trial in PV patients found
no significant change in anti-Dsg3 antibodies following administration of intravenous Dsg3
peptides. Additional studies are planned with longer treatment times and higher doses [146,
147]. Peptide immunotherapy is also being investigated in the industrial sector using the
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immunodominant T-cell epitope of Dsg3. Phase I/II studies in stable PV patients have found
the drug to be safe and well tolerated. Studies on efficacy are underway [148].

Finally, emerging treatment targeted towards anti-Dsg T cells involves harnessing T regulatory
cells. There is evidence that regulatory T cells may play a role in maintaining T cell tolerance
in healthy individuals and are decreased in pemphigus patients [92,93]. Manipulation of such
cells in patients may also provide a future direction for therapy [94,149]. Finally, recent data
from Eming et al. [150] suggests that rituximab, a anti-CD20 monoclonal antibody targeting
B cells, also leads to a decreased frequency of Dsg3 specific Th1 and Th2 cells while total T
cell counts remain unchanged. This data suggests that rituximab may play a role in controlling
autoreactive T cells as well as autoreactive B cells.

4.3 Targeting B cells
In an effort to better target the cell responsible for eventual autoantibody production, B cell
specific treatment has emerged as an exciting treatment alternative. Rituximab is an anti-CD20
chimeric monoclonal antibody currently FDA approved for the treatment of B-cell non-
Hodgkin’s lymphoma and anti-TNFα refractory rheumatoid arthritis. This therapy has been
shown to be especially useful in cases of pemphigus that are resistant to conventional therapy
of steroids and immunosuppressive drugs.

Several groups have published open, prospective trials studying rituximab in patients with
refractory pemphigus. One study focused on 11 patients with refractory pemphigus vulgaris
who received a combination of rituximab (10 infusions) and intravenous immunoglobulin
(IVIg) (6 infusions) over 6 months. Nine patients had resolution of clinical disease lasting 22–
37 months post treatment [151]. Other groups have reported a similar response without
concurrent use of IVIg. For example, Joly and colleagues [152] reported a prospective open
trial of rituximab in PV and PF patients who (i) had not responded to prednisone at 1.5 mg/kg/
day or (ii) had active disease despite systemic doses of prednisone greater than 20 mg/day, or
(iii) in whom systemic steroids were contraindicated. Eighteen of 21 patients treated with 4
weekly infusions of rituximab experienced complete clinical remission by 3 months. In 8 of
the 18 patients this remission was maintained without steroid or immunosuppressive therapy
after a median follow up of almost 3 years. One patient died of septicemia and another
developed pyelonephritis. Peripheral blood B cells decreased by 99% 3 weeks after the onset
of therapy and remained undetectable for 6 months in 2 patients. While a significant decrease
was seen in titers of anti-Dsg1 and anti-Dsg3 autoantibodies 3 months after the onset of therapy,
there was no decrease in titers of antibodies against pneumococcal capsule polysaccaride or
tetanus toxoid or total IgG values. Cianchini reported similar findings in 12 patients with PV
and PF following 4 treatments with rituximab. Six months following the final infusion, 9
patients had a complete response, while the remaining 3 patients had a partial response. No
adverse effects were noted following treatment and no serious infections were reported [153].

Since the clinical remission induced by rituximab in PV and PF patients is associated with a
decrease in anti-Dsg3 and anti-Dsg1 autoantibodies without changes in the titers of anti-
pneumococcal and anti-tetanus antibodies, it can be concluded that rituximab specifically
targets Dsg1- and Dsg3-specific B cell precursors. It is thought that long-lived plasma cells
produce antigen-specific autoantibodies that show stable titers in the serum of patients, while
short-lived plasma cells and plasmablasts produce antigen-specific autoantibodies that
fluctuate with disease activity [154]. Neither long-lived nor short lived plasma cells express
the CD20 antigen and consequently are not likely eliminated by rituximab therapy. Instead,
rituximab may be eliminating Dsg1 and Dsg3 plasmablasts or precursors of short-lived plasma
cells. Further studies are needed to delineate the molecular and cellular mechanisms of action
of rituximab. Currently, rituximab is restricted to a limited number of PV and PF patients that
are resistant to or unable to tolerate conventional therapy (systemic steroids and
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immunosuppressive agents). The potential for serious short-term complications such as viral
and bacterial infections and the potential for yet unknown long-term complications exist with
rituximab treatment.

Given the success of rituximab in targeting autoreactive B cells in pemphigus, it is likely that
other B cell directed therapies will emerge. While rituximab eliminates virtually all B cell
populations, B cell stimulatory pathways such as the CD40/CD40L may provide an even more
specific target for breakthrough therapies aimed at eliminating autoreactive B cells in
pemphigus. For example, early studies have shown that CD40 positive cells were present in
the basal and suprabasal layers of the epidermis in pemphigus patients. Furthermore, CD40L
mRNA was present in all pemphigus patient skin samples as compared to healthy controls
where levels were undetectable. Serum levels of CD40L was also significantly higher in
pemphigus patients compared to healthy controls [155]. Thus, CD40/CD40L pathways are
upregulated in pemphigus patients’ sera and skin. Targeting this and other B cell costimulatory
pathways may provide additional therapeutic options in directing treatment to autoreactive B
cells in pemphigus.

4.4 Elimination of circulating autoantibodies (Increasing IgG catabolism, antigen specific
immunoadsorption or by using anti-idiotypic antibodies)

As the anti-Dsg1 and anti-Dsg3 autoantibodies are known to be pathogenic, much effort has
been aimed at eliminating the antibodies from circulation, thereby preventing subsequent
acantholysis and clinical disease.

Administration of intravenous immunoglobulin (IVIg) has been reported to control disease in
pemphigus patients who have failed conventional therapy and may even induce remission in
some patients with longstanding disease [156,157]. Response time and duration varies among
patients. The exact mechanism of action is unknown, but recent studies have suggested that
IVIg increases the catabolism of immunoglobulins in an FcR dependent manner, thereby
resulting in decreased serum levels of antibodies [67,158]. More importantly, IVIg seems to
selectively decrease the autoantibodies, as normal antibodies do not seem to be affected
[158,159]. Aside from its effects on autoantibody catabolism, IVIg also upregulates
endogenous caspace and calpain inhibitors, thus protecting target cells from apoptotic and
oncotic effectors, and preventing acantholysis [122]. Understanding the mechanism of action
behind IVIg treatment may in turn lead to a better understanding of relevant disease pathways.

Immunoadsorption (IA) also aims at eliminating the circulating autoantibodies. IA relies upon
affinity binding of autoantibodies and immune complexes to antigen immobilized on an
adsorber. IA is preferred over plasmapheresis, as it does not result in nonspecific removal of
other plasma proteins such as clotting factors, hormones, or albumin. The data describing
effectiveness of IA in pemphigus is limited to case series of patients refractory to conventional
therapy. All series describe an immediate reduction in anti-Dsg antibodies and rapid clinical
improvement when IA was used as adjuvant therapy along with pulse administration of more
conventional immunosuppressive medications. Adsorbers and treatment regimens varied
between reports. It seems that IA may be beneficial as adjuvant therapy in patients failing
conventional treatment [160].

The goal of anti-idiotype antibody therapy is to generate antibodies to the variable region of
pathogenic autoantibodies, which would bind and thus neutralize only the pathogenic
antibodies. Alvarado-Flores et al. reported use of anti-Dsg1 from a PF patient to induce anti-
idiotype antibodies by rabbit immunization. Rabbit sera was then used to prevent blister
formation in response to PF IgG in the passive transfer murine model system [161]. Similarly,
antibodies have been generated to the variable region genes used in PV autoantibodies. Payne
et al. showed that this approach would be feasible by characterizing the variable region genes
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used in PV IgG by phage display studies [162]. Dsg reactive monoclonal antibodies showed
usage of a limited number of variable region genes and unique gene usage between pathogenic
and nonpathogenic antibodies. Rabbit antisera generated against pathogenic anti-Dsg3
monoclonal antibodies inhibited pathogenicity of monoclonal antibodies in cultured human
keratinocytes. Inhibition was effective against other anti-Dsg antibodies using the same heavy
chain variable gene, but different light chain variable genes. Furthermore, anti-sera was able
to adsorb pathogenic antibodies from multiple PV patients’ sera, suggesting shared heavy chain
variable gene usage among patients [162]. Collectively, these studies illustrate that antibodies
generated against the pathogenic anti-Dsg antibodies would likely be effective and feasible,
however, more studies are needed.

4.5 Drug-induced resistance of the epidermis to pathogenic autoantibodies (inhibitors of
signaling and apoptosis)

The final step in anti-Dsg induced acantholysis is the response of the keratinocyte to
autoantibody binding via downstream signaling events and eventual keratin filament retraction
and apoptosis. As detailed above, many signaling pathways have been implicated in anti-Dsg
induced acantholysis. Studies targeting each of these many steps may be useful in directing
novel therapies. For example, p38MAPK and HSP27 phosphorylation in response to PV IgG
is dose dependent [120]. P38MAPK inhibitors abrogate PV IgG induced p38MAPK
phosphorylation and keratin filament retraction in both cell culture and murine model systems
[121]. Studies are currently underway to test the safety and efficacy of p38MAPK inhibitors
in PV patients.

Similarly, PV IgG induces changes in both PLC/PKC and c-myc pathways. Inhibitors of PLC/
PKC and c-myc were shown to prevent PV IgG induced blister formation in the neonatal
passive transfer murine model [118]. These pathways also provide possible therapeutic targets
aimed at inhibiting acantholysis.

Finally, members of our group have shown that apoptotic regulator p53 is increased in lesional
and nonlesional skin from PV patients compared to normal controls. Neonatal mice injected
with PV IgG showed sequential expression of p53 upstream of apoptosis and acantholysis.
Neonatal mice pre-treated with p53 inhibitor pifithrin-alpha were resistant to PV or PF IgG
induced blister formation [163]. Furthermore, p53 knockout mice were protected from PV IgG
induced disease [164].

Among all of the novel treatments targeting specific areas of PV pathogenesis, the signaling
targets provide the most specific approach, thereby sparing patients complete
immunosuppression. These signaling pathways are undoubtedly important in many other
cellular functions and early studies will likely focus on safety profiles. However, the
advancement in treatments truly gives credence to the idea of translational research.

5. Conclusion
In summary, the pemphigus phenotypes represent a complex spectrum of autoimmune disease
with multiple genetic and environmental factors playing a role in disease pathogenesis. The
pemphigus research community has collectively made great strides over the past several years
identifying important concepts in pathogenesis as well as identifying novel targets for directed
therapy. The endemic form of pemphigus foliaceus, Fogo Selvagem, provides a unique model
in which to study each step that may play a role in the pathogenesis of pemphigus, and
autoimmune disease in general. The strong epidemiological data collected through the years
in FS and the recent immunologic findings may some day allow investigators to uncover the
etiology of this fascinating disease. If this is accomplished, it would represent a major step
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forward in understanding the pathogenesis of human autoimmune diseases mediated by self
reactive autoantibodies.
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Figure 1.
Clinical presentation of Fogo Selvagem with (a) spontaneous generalized blisters and erosions.
(b) Biopsies of these lesions demonstrate intra-epidermal subcorneal vesicles due to cell
detachment (acantholysis). (c) Direct immunofluorescence locates the total IgG or IgG4 to the
surface of detached epidermal cells.
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Figure 2.
The endemic regions of FS. The endemic regions of FS are located in the central planes of
Brazil, comprising the following states: Sao Paulo, Parana, Minas Gerais, Goias, Mato Grosso
and Mato Grosso do Sul and the Distrito Federal de Brasilia. Hospitals specialized to treat FS
are located in cities of Sao Paulo, Goiania and Campo Grande. The Limao Verde Amerindian
reservation is one of six Terena Indians settled in the state of Mato Grosso do Sul. The Limao
Verde reservation shows a 3% prevalence of FS and is under investigation by our group since
1993.
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Figure 3.
Anti-Dsg1 IgG4 antibodies from FS patients are pathogenic in neonatal mice. IgG4 purified
from FS patients was injected intraperitoneally to neonatal Blab/c mice. (a) In the course of 8–
24 hours, these animals develop superficial vesicles and erosions. (b) Histologic examination
reveals subcorneal vesicles and (c) direct IF shows the human IgG4 bound to the epidermal
intercellular spaces.
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Figure 4.
Molecular homology between Dsg1, Dsg3 and E-cadherin. The desmogleins 1 and 3 are
desmosomal transmembrane proteins sharing the same cadherin-like domain structure of E-
cadherin. The EC1-EC2 domains of Dsg1 are recognized by pathogenic autoantibodies of FS
patients whereas Dsg3 is bound by autoantibodies from pemphigus vulgaris patients.
Autoantibodies against E-cadherin have also been described in mucocutaneous PV, PF and FS
[95].
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Figure 5.
Molecular mechanisms of acantholysis in pemphigus. Desmoglein 1 and 3 are linked to the
intermediate filament keratin network of the keratinocyte whereas E-cadherin links to the actin
cytoskeleton. Pathogenic autoantibodies in PV and PF bind the ectodomain of Dsg3 or Dsg1
and trigger intracellular signaling that leads to acantholysis. Keratinocyte apoptosis also results
from this immunopathological process.
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Figure 6.
Rationale of pemphigus therapies. The five targeted areas where immuno-intervention may
play a role in controlling disease activity in PV, PF and FS are shown in this figure. A PV
patient is depicted with the targeted sites: (1) elimination of the autoantigen or triggering
environmental antigen, (2) deletion of autoreactive and regulatory T cell activation, (3) deletion
of autoreactive B cell responses, (4) elimination of circulating autoantibody and (5) altering
the keratinocyte responses to pathogenic autoantibodies (epidermis becomes “resistant” to
these autoantibodies).
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