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Autoimmune blistering diseases are characterized by autoantibodies against structural
adhesion proteins of the skin and mucous membranes. Extensive characterization of their
autoantibody targets has improved understanding of pathogenesis and laid the basis for
the study of antigens/epitopes diversification, a process termed epitope spreading (ES).
In this review, we have reported and discussed ES phenomena in autoimmune bullous
diseases and underlined their functional role in disease pathogenesis. A functional ES has
been proposed: (1) in bullous pemphigoid patients and correlates with the initial phase
of the disease, (2) in pemphigus vulgaris patients with mucosal involvement during the
clinical transition to a mucocutaneous form, (3) in endemic pemphigus foliaceus, under-
lining its role in disease pathogenesis, and (4) in numerous cases of disease transition
associated with an intermolecular diversification of immune response. All these findings
could give useful information to better understand autoimmune disease pathogenesis
and to design antigen/epitope specific therapeutic approaches.

Keywords: autoantibody, antigen, epitope, epitope spreading, pathogenesis, specific therapy, desmoglein, BP180

INTRODUCTION

Autoimmune diseases are caused by dysregulation of the immune system or arise as a consequence
of microbial infection (1-3). In human, many antigens have been identified in patients and several
studies have demonstrated that autoantigens, autoantibody, or related autoreactive lymphocytes
can transfer autoimmune disease in animal models. Autoantigens are often clustered on the basis
of tissue-specific expression or their structural organization. Several studies conducted in animal
models and patients with autoimmune disease suggest that epitope spreading (ES) is the probable
explanation for this clustering of specificities in human autoimmune diseases. The ES is an important
component of the protective immune responses that acts to enhance its efficiency.

The dynamics of autoimmune response has been investigated both in patients and in animal
models. However, although several animal models of autoimmune disease have demonstrated the
functional value of ES, in patients limited data are available. A possible explanation could be the
early occurrence of ES before the diagnosis and the inhibitory effect of therapy on the autoimmune
response.

Autoimmune bullous diseases are organ-specific diseases of the skin and mucous membranes
characterized by circulating and tissue bound autoantibodies to structural proteins that maintain
cell-cell and cell-matrix adhesions. Studies on prospective cohort of patients have allowed to char-
acterize the dynamics of humoral response and have provided in some studies and reports evidence
of the functional role of ES.

Abbreviations: ES, epitope spreading; IIE, indirect immunofluorescence; DIE, direct immunofluorescence; IB, immunoblot-
ting; BMZ, basement membrane zone; Dsg, desmoglein; Coll VII, collagen VII; PV, pemphigus vulgaris; PF, pemphigus
foliaceus; EPE, endemic pemphigus foliaceus; MMP, mucous membrane pemphigoid; PNP, paraneoplastic pemphigus; EBA,
epidermolysis bullosa acquisita; BP, bullous pemphigoid.
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To study ES can give a better insight into the autoimmune
response elucidating: (i) the initiation and progression of the dis-
ease and (ii) the meaning of the autoantigen clustering and spe-
cific reactivity profile in patients. Furthermore, to understand the
possible influence of ES in autoimmune progression and to gain
knowledge of relevant autoantigen and epitopes could be crucial
for diagnosis and for designing antigen-specific treatments.

Here, we summarize the significance and mechanism of ES
and review current literature on humoral ES in the autoimmune
bullous diseases that are paradigmatic autoantibody mediated
disorders.

ES: DEFINITION AND SIGNIFICANCE

Epitope spreading represents the process of diversification of B
and/or T-cell response from the initial dominant epitope to a
secondary epitope over time. To expand the antigenic epitopes
corresponds to optimizing the Ag recognition, to enhancing the
neutralization function of antibodies and, in general, to contrib-
uting to the efficiency of the immune response.

Epitope spreading that occurs within a single antigen or involves
different antigens is termed intramolecular and intermolecular ES,
respectively. The intramolecular ES consists of the diversification
of immune response in the same autoantigen; the intermolecular
ES commonly involves different antigens of a single macromo-
lecular complex or that colocalize in the same anatomical site.

The reactivity that spreads from a single autoantigen to multi-
ple antigens through cross-reactivity is not authentic ES. However,
the cross-reactivity could be an initial step to ES. In systemic lupus
erythematosus (SLE), autoreactivity to three ribosomal P protein
(P, P, and P5) is due to a cross-reactive C-terminal epitope present
in all three molecules (4). Nevertheless, additional ES phenome-
non has been described (5). In this context, the cross-reactivity
at the base of molecular mimicry phenomenon can initiate the
spreading of an autoimmune response in genetically suscep-
tible hosts. In multiple sclerosis (MS), the initial inflammatory
response to a virus infecting the central nervous system can be
the triggering factor that induces ES toward autoantigens (6).
Similarly, patients with infectious mononucleosis possess circu-
lating IgM to p542, a hematopoietic cell antigen that cross-reacts
with Epstein-Barr virus (EBV) nuclear antigen. Afterward, they
develop also IgM autoantibodies to p554 that do not cross-react
with EBV antigens and that probably arise through ES (7, 8).

In autoimmune response against molecular targets, ES can
vary between patients and sometimes reveals a predictable
hierarchy. The hierarchy of dominant and secondary epitopes is
due to a differential protein processing and presentation, MHC
restriction, and to the availability of epitope-specific T and B cells,
taking into account central and peripheral tolerance mechanisms.

The predictable sequential ES cascade can present a clinical
value. In a subset of patients with mild SLE and relevant skin
involvement, autoantibody responses are directed only to the
60 kDa RoAg. In contrast, many patients with primary Sjogren’s
syndrome and SLE possess IgG autoantibodies for both Ro and
La Ag (9, 10).

The functional value of ES in disease development and
progression has been clearly demonstrated in immune response

in animal models with autoimmune disease. In relapsing experi-
mental autoimmune encephalomyelitis (EAE), an experimental
animal model for MS, the contribution to the pathogenesis and
specifically to the relapsing clinical episodes of T cell response
against epitopes released as a result of tissue damage via ES is
evident. Specifically, emerging responses to myelin epitopes
are clearly able to mediate disease relapse in this mouse model
(11, 12). The measles virus infections in Lewis rats are a further
example of the causative role of ES in disease induction. This
infection induces inflammatory demyelinating lesions in central
nervous system. T cells from rats have been reported to proliferate
in response to myelin basic protein (MBP) and no cross-reactivity
between MBP and virus was demonstrated (13, 14). T cells
activated with MBP and adoptively transferred in recipient rats
induce lesions resembling those of EAE model (15). Interesting
data on functional ES are also provided in non-obese diabetic
(NOD) mice, a model of type 1 diabetes where destruction of
pancreatic f cells is mediated by CD4 and CD8 T cells specific for
numerous epitopes expressed on insulin (Ins) and other autoanti-
gens. Using NOD splenocytes coupled with intact Ins and several
additional diabetogenic epitopes Prasad et al. have demonstrated
that Ins B9-23 is a dominant initiating epitope, but autoimmune
responses to Ins epitope(s) distinct from Ins B9-23 are driven
by ES (16). In this context, the progression to overt disease is
associated with responses to epitopes distinct from the initiating
B9-23 region (16).

However, a pathological role for ES was not always demon-
strated in human diseases. Limited data on the functional rela-
tion between ES, clinical severity, and disease pathogenesis have
been reported. One reason may be that published studies were
small in scale (17-19) or that at the time of the diagnosis the ES
phenomenon might already have occurred (20, 21). In addition,
since treatments are based on inhibition of autoimmune response
ES, could be negatively modulated. Indeed, some interesting
data on functional value of ES are reported in patients affected
by autoimmune blistering diseases. In bullous pemphigoid (BP),
the ES phenomenon seems to be associated with disease severity
at diagnosis (22). Furthermore, several reports describe a tran-
sition from a certain bullous disease to another one due to an
intermolecular ES phenomenon that involves a different disease
specific antigen. Maeda et al. described a patient who developed
BP 12 years after pemphigus foliaceus (PF) being diagnosed
(23). Another example of ES occurred during the progression to
SLE. Patient autoantibody profiles showed a target diversifica-
tion over time. Specifically, anti-nRNP-A antibodies bind to the
N-terminus of the protein more frequently in later stages when
compared to the diagnosis suggesting a role of this diversification
in the progression of autoimmune disease (24).

Finally, further evidence of a functional ES in humans is
associated with transplantation of allografts. In several cases, ES
of the host response to the allograft and organ allograft rejection
are clearly correlated (25, 26).

MECHANISM OF ES

Immune responses are characterized by the immunodominance
of epitopes within antigens and a great diversity of T- and B-cell
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epitope specificity. The broadening of the immune response in
autoimmune diseases is induced by tissue damage and inflam-
mation, endocytic processing, antigen presentation, and somatic
hypermutation (SHM).

There are two major mechanisms at the base of B cell ES in
autoimmune diseases: the first is independent of a physical
association of antigens while the second is dependent (27). In
the “independent” mechanism, tissue damage inflammation and
cytokines induce T cells to recognize cryptic epitopes and activate
B cells. On the other hand, a “dependent” response relies on the
activation of T and B cells by processing and presentation of
physical associated antigens.

Mechanism Independent of Physical

Association of Antigens

The development of secondary epitopes in the initial autoantigen
or in different autoantigens can depend on the release of antigens
or the disclosure of part of antigens during a chronic autoim-
mune or inflammatory response. In this context, a chronic tissue
damage can induce the activation and recruitment of autoreactive
lymphocytes specific for epitopes, which are distinct from and
non-cross-reactive with the disease-inducing epitope.

An example is the spreading from viral to self epitopes that is
shown to play a pathological role in several virus-induced auto-
immune disease models (28). A persistent infection can cause
the activation of microorganism-specific T cells which mediates
tissue damage and release of self peptides (29). Moreover, the
induced inflammation can also result in an increased infiltration
of T cells at the site of infection and a non-specific activation of
self-reactive T cells. Another possible scenario during microbial
infection is driven by the IFN-y secreted by both activated T cells
and infected tissue cells. This cytokine can activate antigen pre-
senting cells (APC) and lead to the engulfment of self-antigens.
Increased protease production and different processing of
captured self-antigens can result in presentation of cryptic self-
epitopes that possibly activate autoimmune T and B cells (29).
One example of molecular mimicry involves the relation between
EBV infection and the development of SLE. The EBV nuclear
Ag-1 (EBNA-1) contains a peptide sequence that closely resem-
bles a region on the Smith Ag (Sm) targeted by autoantibodies in
SLE patients. Immunization of rabbits with EBNA-1 peptide leads
to development of cross-reactivity to Sm antigen that spreads
toward an immune response to Sm and nRNP complexes (30).
A prospective study on BP patients showed that the autoimmune
response starts with autoantibodies specific for an extracellular
antigen and then spreads to an intracellular one, suggesting that
tissue damage and inflammation play a role in the dynamics of
the response (22).

Mechanism Dependent of Physical

Association of Antigens

Autoantigens are frequently part of multiantigen complexes.
T cells specific for one epitope of an antigen can activate B cells
that are specific for other different antigens of the complex,
allowing production of autoantibodies even against antigens/
epitopes not originally targeted by the immune response (31).

In this case, B cells directed against disease-initiating epitopes
mediate antigen-specific uptake of large protein complexes lead-
ing to the efficient presentation of self-epitopes from distinct
proteins. Immune responses are initiated by presentation of
immunodominant epitopes to CD4 T cells by APC such as den-
dritic cells. The primed CD4 helper T cells then activate antigen-
specific B cells. The APC function of B cells induce an increased
uptake of antigen that leads to a stimulation of CD4 T cell also
by peptides that weakly bind MHC class II molecules. In this
context, the processing of antigens is directed by the specificity
of the immunoglobulin receptor on B cells. In fact, the epitope
bound by the immunoglobulin is protected from proteolysis, and
this alters the array of peptides presented to naive CD4 T cells
(31). An example of ES dependent of physical association of
antigens is the development of autoantibodies to multiple com-
ponents of the La/Ro ribonucleoprotein complex in SLE and SS.
The initiation of an immune response on a single component is
at the base of the appearance of mixed autoantibody patterns
in these systemic autoimmune diseases (32). The splicesome
consists of multiple proteins and nucleic acids associated with
each other. Thus, immunization with various SmD peptides leads
to the development of autoantibodies not only against regions of
the SmD protein but also against the Ul-associated ribonucleo-
protein (A-RNP) and induces lupus-like symptoms in a mouse
model (33).

The mechanism at the base of inter- and intramolecular ES
dependent on physical association of antigens can be associated
with endocytic processing and SHM. After binding to B cell
receptors, the antigen is endocytosed, cleaved and loaded into a
compatible MHC class II complex on the cell surface (34). This
process can allow the presentation of previously unrecognized
epitopes or, in case of endocytosis of multi-antigen complex, the
presentation of novel antigen (27, 35). On the other hand, after
B cells activation in response to Ag, they undergo SHM in germi-
nal centers. IgV gene experiences single nucleotide substitutions
at a frequency of about 107° per base pair in each B lymphocyte
generation (36). Thereafter an affinity maturation process allows
a selection of cells with a higher affinity for the Ag. In the context
of cell selection, intramolecular ES can occur during the selection
of B cells with higher affinity for a different epitope of the Ag or
also different Ag (37). Autoantibodies specific for dsSDNA can be
generated through SHM in developing SLE (38).

Finally, several factors that could influence the ES in the physi-
cally linked antigens have been described. In SLE, the strength
of non-covalent interactions between Ku antigen and the DNA
protein kinase catalytic subunit (p350) is stabilized by autoanti-
bodies that may enhance ES to the p350 antigen (39). In addition,
antibody binding of autoantigens may mask some epitopes dur-
ing antigen presentation or also facilitate presentation of poorly
tolerized epitopes (40, 41). In organ-specific autoimmunity, the
anatomical isolation of antigens is presumably associated with a
less efficient central or thymic T-cell tolerance requiring intra-
thymic antigen presentation during development of the T-cell
repertoire. This partial central tolerance to tissue specific antigens
could facilitate the ES. Finally, ES may also be determined by
MHC genes, as observed in the experimental model of La/Ro
autoimmunity (27).
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HUMORAL ES IN AUTOIMMUNE
BULLOUS DISEASES

Autoimmune bullous diseases of the skin and mucosae consti-
tute a large group of diseases, including BP, pemphigus vulgaris
(PV), PE paraneoplastic pemphigus (PNP), epidermolysis bullosa
acquisita (EBA), linear IgA bullous disease, dermatitis herpeti-
formis (DH), mucous membrane pemphigoid (MMP), lichen
planus pemphigoid (LPP), and others. Their clinical presentation
is polymorphic and the pathogenesis is mainly associated with
autoantibodies targeting distinct components of the basement
membrane zone (BMZ) and desmosome of stratified epithelia.
These autoantigens represent structural proteins important for
maintenance of epidermal and dermoepidermal integrity. Over
the past few decades, identification of autoantigens and relative
autoantibodies has improved understanding of the pathoge-
nesis laying the foundation for the study of the dynamics of
humoral ES.

Bullous Pemphigoid

Bullous pemphigoid, the most frequent autoimmune bullous
disease, typically affects the elderly and is associated with a sig-
nificant morbidity and mortality. The cutaneous manifestations
of BP are protean. In the prodromal, non-bullous phase, patients
complain of severe itch sometimes accompanied by eczematiform,
papular, and or urticarial lesions. In the bullous stage, vesicles
and bullae develop on apparently normal or erythematous skin.
Involvement of the oral cavity is observed in 10-30% of cases (42).
BP is associated with autoantibody to BP antigen 1 and 2 (BPAG
1 and BPAG2) also known as BP230 and BP180, two components
of junctional adhesion complexes in human skin. The diagnosis
is based on clinical evaluation and detection by direct immuno-
fluorescence (DIF) of IgG and/or complement deposition along
the BMZ in a linear pattern. Serological tests such as indirect
immunofluorescence (IIF) and antigen-based ELISAs have a
confirmatory value (42). The vast majority of BP sera react with
an immunodominant extracellular domain of BP180, termed
non-collagenous 16A (NC16A) domain (43, 44). The pathogenic
relevance of autoantibodies to NC16A is supported by several
experimental evidences (43, 45-47). Although in vitro and in vivo
animal models have shown that IgG autoantibodies to BP180 are
pathogenic, the role of anti-BP230 antibodies is only partially
clear (48, 49). Several studies in BP patients demonstrated that,
in addition to the NC16A domain, other epitopes of BP180 and
BP230 are targeted by both autoaggressive B and T cells (50-57).
To study the dynamics of IgG reactivity against different BP180
epitopes, Di Zenzo et al. have employed a mouse model in which
skin obtained from transgenic mice expressing human BP180
was grafted on the back of wild-type mice. The grafting induced
an immune response to BP180 perfectly located in its natural
molecular context (58). Interestingly, the IgG reactivity with
extracellular epitopes preceded IgG recognition of intracellular
domain. Indeed, the spread of humoral immune responses in
this graft model was exclusively target specific and the kinetics
of graft loss is completely different from alloantigen-related graft
rejection previously described in this model (59). A possible

interpretation of these data is that antibodies directed against
extracellular epitopes of BP180 may have induced tissue damage
with consequent exposure of intracellular epitopes (Figure 1).
These findings were in accord with a previous study by Di Zenzo
et al. on the analysis of the humoral response in a large cohort of
BP patients. Reactivity results obtained on a vast array of BP230
and BP180 epitopes demonstrated that the IgG recognition of
intracellular epitopes was already present at an early stage of
the disease (52). Data from mouse model and BP patients raise
the possibility that the development of IgG against intracellular
epitopes or antigens may correlate with the initial phase of the
disease when the tissue damage starts occurring (Figure 1).

In order to assess the evolution of IgG autoantibodies, a multi-
center prospective study in 35 BP patients over a 12-month obser-
vation period was performed (22). ELISA and immunoblotting
(IB) assays were utilized to assess circulating autoantibodies to
BP180 and BP230 peptides. In particular, ES events were detected
in 17 of 35 patients and preferentially occurred at an early stage
of the disease. The functional role of ES was supported by its
significant relation to disease severity at diagnosis. Moreover, in
line with data obtained by Di Zenzo et al. in mice grafted with
human BP180, in three patients the spreading of IgG reactivity
to intracellular epitopes of BP180 and BP230 (an intracellular
antigen) was preceded by recognition of the BP180 ectodomain
(Figure 1).

All these findings suggest that IgG recognition of the BP180
ectodomain is an early event, followed by intra- and intermo-
lecular ES events, which shape the individual course of BP. In
addition, these data could give useful information for design
therapeutical approaches. In particular, to deplete pathogenic
autoantibodies, other pathogenic region of BP180 (in addition
to NC16A) should be considered as possible therapy using decoy
peptides to block autoantibody binding in vivo. However, this
approach may require early and massive administration of several
different peptides.

Several cases of automimmune bullous disease patients indi-
cate that an ES phenomenon often leads to a disease transition.
Recently, Sardy et al. reported an interesting case of an 18-year-
old Caucasian woman, affected by BP, who showed clinical and
laboratory transition to MMP 5 years after the BP diagnosis (60).
The patient developed a severe esophageal stenosis, that was not
presentat the time of the BP diagnosis. DIF detected linear IgGand
C3 fluorescence along the mucosal side of the BMZ. Furthermore,
IgG autoantibodies directed against the immunodominan epitope
of BP180 (NC16A domain) and the BP230 COOH-terminal were
identified. Laminin 332 ELISA was positive. Immunoblot studies
showed presence of IgG4 autoantibodies to laminin 332, and both
IgA and IgG against desmoglein 3 (Dsg3). Collagen VII (Coll VII)
autoantibodies were detected neither by ELISA nor by immuno-
blot. At the time of BP diagnosis, no evidence of MMP have been
detected, and anti-laminin 332, autoantibodies were not tested. In
addition, retrospective analysis of the serum samples showed no
reactivity. After the BP diagnosis, the patient was started on topical
steroid therapy and a short course of oral prednisolone obtaining
a partial BP remission. The authors postulated that insufficient
immunosuppressive treatment of BP might facilitate ES, and
lead to a more complex clinical course (60). Another interesting
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FIGURE 1 | Epitope spreading (ES) in bullous pemphigoid (BP) patients. A schematic representation of BP antigens (BP180 and BP230). Findings support the idea
that IgG recognition of the BP180 ectodomain is an early event in BP disease, followed by variable intramolecular ES (red and blue lines in BP180 ectodomain)
and intermolecular ES events (orange lines), which likely shape the individual course of BP (22, 58).

case was reported by Kasperkiewicz et al. In a 70-year-old man
with hemorrhagic blisters, widespread crusted erosions, and the
immunopathological characteristics of anti-p200 (y1 laminin
subunit) pemphigoid, treatment with doxycycline, topical corti-
costeroids and immunoadsorption led to rapid clinical remission.
Nineteen weeks later, a relapse occurred with an altered clinical
phenotype together with autoantibodies against both p200 and
NC16A suggested a functional role of ES in the disease transition
(61). Autoimmune bullous diseases often develop in patients with
psoriasis. BP was the most prevalent followed by antilaminin y1
pemphigoid (62). A possible explanation of the development of
BP in psoriatic patients is provided by previous studies that have
shown that laminin 1 and laminin al within BMZ are disrupted
in both involved and uninvolved psoriatic lesions (63, 64). In
general, the damage to BMZ in patients with psoriasis may induce
the development of several antibodies such as anti-laminin y1
and -BP180. However, although a Taiwanese population study
disclosed that psoriasis occurred significantly more in patients
with BP than that in the control group, large population studies
in each country are necessary to support this association (65).

Pemfigus Vulgaris

Pemphigus includes a group of potential life-threatening autoim-
mune blistering diseases of the skin and mucous membranes.
These diseases are characterized by autoimmune responses
mainly directed against two transmembrane components of
desmosomes, Dsg3 and Dsgl (66). Similar to other cadherins,
Dsg3 and Dsgl comprise five extracellular subdomains of
approximately equal size (EC1-EC5). Several distinct forms of
pemphigus have been reported (PV, PE, PNP, and others); the
most common is PV. In PV, the critical role of autoantibodies
to Dsg3 is largely demonstrated (67-71). The diagnosis clinical
and histopathological findings are supported by demonstration
of the IgG deposition on the surface of the epithelial cells by DIE.
Detection of circulating autoantibodies against the cell surface
by IIF and/or to recombinant Dsgs by ELISA can confirm the
diagnosis (69). Usually, the oral mucosa is first involved and
then blisters arise on the whole body. In the skin, Dsg3 is mainly
expressed in the basal and suprabasal layers, while Dsgl is pre-
dominantly expressed in the upper epidermal layers. However, in
oral mucosa Dsg3 is highly expressed throughout the epithelium,
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while Dsgl is less expressed. According with “Dsg compensation”
theory, the Dsg3/Dsgl autoantibody profile is at the base of dif-
ferent clinical variants of pemphigus depending on differential
expression pattern of Dsgl and Dsg3 (72). More specifically, in
PV patients antibodies to Dsg3 cause mucosal disease due to lack
of compensation by Dsgl, while they don’t induce cutaneous
disease because of compensation by Dsgl. In PV, patients who
acquire antibodies to Dsgl, compensation is no longer possible,
resulting in cutaneous as well as mucosal disease (67, 73, 74). On
the other hand, in PF antibodies to Dsg1 cause cutaneous disease,
while they cannot cause mucosal disease, because Dsg3 is present
at high levels throughout the epithelium (75). In accord with this
theory are the results obtained in a mouse model by Ding et al.
The authors showed that the passive transfer of PV anti-Dsg1 and
-Dsg3 antibodies were able to generate cutaneous lesion while
anti-Dsg3 antibodies alone were not (73).

To investigate the ES phenomenon in PV and to identify
the basis of clinical transition from mucosal to mucocutaneous

involvement, Salato et al. analyzed sera from PV patients taken
at various times during the course of disease (76). A subset of
PV patients transitioned from mucosal PV to mucocutaneous
PV and their autoantibodies profile were evaluated. One repre-
sentative patient, with only mucosal involvement at an early PV
stage, had autoantibodies specific for C-terminal region of Dsg3
ectodomain in the EC5 subdomain. At this time the circulating
autoantibodies were not able to bind human skin by IIF (76)
(Figure 2). Several years later, the patient produced autoantibod-
ies directed to EC1 subdomain of Dsg3 demonstrating an intra-
molecular ES phenomenon. Interestingly, the autoantibodies
started to bind the human skin by IIF and an intermolecular ES
toward Dsgl occurred (Figure 2). At this stage, the patient exhi-
bited non-cross-reactive autoimmunity to both Dsg3 and Dsgl
and developed cutaneous as well as mucosal blisters (Figure 2).
In this context, it is important to underline that the pathogenic
activity of anti-Dsgl autoantibodies affinity purified from a PV
patient serum was previously demonstrated in a mouse model

mPV

Extracellular domain

Keratinocyte membrane

Intracellular domain

: Dsg3
Patient serum
does not bind | EC1 | ECZ2 | EC3 | ECA |-cooH
the skin by IIF 1101 102-211 212-328 329439  440-551
Patient serum Dsg3
binds the skin NHz- |-COOH
by IIF 1101 102-211 212328 329439  440-551
Intermolecular ES G
mcPV
‘ Dsg1
NH[_ECT [ EC2 [ FC3_ [ FC4 TECH |-coon
1101 102213 214-330 331-437 438-492
‘ ‘ Dsg3
NH {COOH
1101 102-211 212-328 329439  440-551

FIGURE 2 | Clinical transition between mucosal pemphigus vulgaris (PV) to mucocutaneous PV as proposed by Salato et al. Survey and schematic representation
of the antigenic regions recognized by autoantibodies of a representative PV patient with only mucosal involvement (mPV) that shift clinical phenotype to
mucocutaneous one (McPV) (76). PV antigens (Dsg1 and Dsg3) with relative subdomains (EC1-EC5) of Dsg1 and 3 and their amino acid sequences are illustrated.
Red arrows indicate the regions recognized by patient autoantibodies during the course of the disease (76). The mPV patient at an early stage of disease has
autoantibodies specific for ectodomain (EC5) subdomain. At this time the circulating autoantibodies are not able to bind human skin by [indirect immunofluorescence
(IIF)]. Several years later, the patient produces autoantibodies directed to EC1 by an intramolecular ES phenomenon. At this stage the autoantibodies start to bind
the human skin and an intermolecular ES toward Dsg1 occurred with development of cutaneous as well as mucosal blisters (76).
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based on antibody passive transfer (77). Previous cases with
mucosal involvement and anti-Dsg3 autoantibodies that spread
to Dsgl with cutaneous involvement in addition to mucosal
one were also reported (73, 78). A major limitation of study
from Salato et al. was the use of Dsgl/Dsg3 swapping domains
approach for the epitope mapping of autoantibody reactivity. In
fact, although the majority of anti-Dsg3 IgG autoantibodies in
PV did not cross-react with Dsgl, in mucocutaneous-type PV,
with both anti-Dsgl and anti-Dsg3, autoantibodies mapping
results from this approach, may be less reliable, because of the
sequence homology of two cadherins. In addition, the exclusive
presence of autoantibody to the C-terminal domain of Dsg3 in PV
patients with mucosal lesions appeared in contrast with several
studies that showed that the vast majority of PV sera react with
the N-terminal portion of Dsg3 and rarely bind the C-terminal
one (79, 80). On the other hand, the fact that an intermolecular
ES from Dsg3 to Dsgl and not the presence of cross-reactive
antibodies is at the base of clinical phenotype transition in PV
was demonstrated by an inhibition assay in PV patients with
mucocutaneous lesions (67). However, it could be hypothesized
the presence of few cross-reactive not detectable antibodies that
shift the reactivity from Dsg3 to Dsgl possibly followed by an
intramolecular ES event in the Dsgl molecule. Indeed, the isola-
tion from PV patients with Dsg1/Dsg3 cross-reactive monoclonal
autoantibodies could corroborate this hypothesis (42, 81).

In contrast with data from Salato et al., another study using
the same approach has reported a stable epitope profile during
disease course in four PV patients (80). A further study analyzed
ES events in a larger cohort of PV patients (53 patients) at mul-
tiple disease stages (20). In this case, a different system based on
Dsg3 (or Dsgl)/Dsg2 domain-swapped molecules was employed.
In this approach using Dsg2 cadherin as the backbone of the
domain-swapped molecules, the epitopes recognized by anti-
Dsg3 IgG could be analyzed without the influence of anti-Dsgl
IgG autoantibodies and vice versa, because PV sera showed no
reactivity with Dsg2. As previously reported, the major epitopes
recognized by PV sera were calcium-dependent and mapped at
the N-terminal region of Dsgs (Figure 3A). Interestingly, the
recognized region appeared to be unchanged over the course
of disease in both anti-Dsg3 mucosal dominant-type PV and
anti-Dsg3/Dsgl mucocutaneous-type PV (20). Intramolecular
epitope shift was not evident in the vast majority of PV cases and
only two patients of 53 showed an intramolecular ES event in the
Dsg3 during the disease course. Specifically, a PV patient (PV1)
in active stage reacted to EC1/4 and shifted to EC2/3 during
remission, strongly reducing the anti-EC1 reactivity, and another
one (PV2) showed a transition from active to moderate disease
characterized by a stable anti-ECI reactivity and the appearance
of anti-EC2/4 antibodies (Figure 3A) (20). Independent of
disease stage, in most PV patients the major Dsg3 epitopes are
localized in the EC1-2 subdomains, while in PV with cutaneous
involvement dominant epitopes of Dsgl are in addition present
in EC1 but not in the EC2-5 subdomains (Figure 3A) (20). In
contrast to the results of Salato et al., no mucosal dominant-type
PV sera reacted only with the EC4 or EC5 subdomain of Dsg3.
Further studies with larger cohort of well characterized patients
with only mucosal and mucocutaneous phenotype are needed to

clarify the relation between recognized epitope and clinical phe-
notype and to better understand the role of ES in this phenotype
transition. All these studies show three major limitations (i) it was
impossible to evaluate ES before the onset of disease, (ii) treat-
ment could influence the ES during the course of the disease, and
(iii) a possible intradomain ES was not investigated.

In addition to Dsg3 and Dsgl, several other organ-specific
non-Dsg autoantibodies in pemphigus patient sera could be
involved in an intermolecular ES phenomenon. For example,
antibodies against an acetylcholine receptor and pemphaxin
that are not pathogenic alone, but may act synergistically with
pathogenic anti-Dsg3 antibodies (82-85). Another example are
antibodies targeting keratinocyte mitochondria that contribute
to the process of acantholysis and could be also involved in
ES phenomena associated with the tissue damage induced by
pathogenic autoantibodies (85, 86). Other autoantibodies specific
for intracellular domains of Dsgs, a calcium pump encoded by
ATP2C1, desmocollin 1, BP230, periplakin, E-cadherin, Dsg4,
desmoplakin 1, and desmoplakin 2 have been detected in
pemphigus patients (69). However, since their pathogenic role
has not been demonstrated they could be considered a result of
an intermolecular ES phenomenon without any functional role
in the disease. According with this possible interpretation are
findings from our study on the presence of other non-disease
specific autoantibodies in autoimmune bullous disease such as
anti-BP180, BP230 and Coll VII autoantibodies in PV patients
or anti-Dsg3 autoantibodies in BP. Interestingly, the reactivity
against additional non disease-specific antigens was rare and
remained stable during disease course, while in the same patients
reactivity against disease-specific antigens fluctuated in parallel
with disease severity. This atypical reactivity possibly represented
an epiphenomenon unrelated to the evolution and progression
of the autoimmune disease (87). Further studies are needed to
understand the possible role of ES in the generation of these
autoantibodies and their role in disease pathogenesis.

In a recent study, Cho et al. have postulated a functional role
of ES in the pathogenesis of PV. In particular, they have isolated
cross-reactive rotavirus/Dsg3 antibodies from PV patients.
A subset of these antibodies had the potential to confer protec-
tion against rotavirus infection but also to cause pathogenic
effects on skin, suggesting a role of molecular mimicry in the
disease pathogenesis (88). In this context, the authors speculate
that even in the presence of non-pathogenic and cross-reactive
antibodies, the activation of a cross-reactive B cell could stimu-
late Dsg3-reactive T cells to trigger a broader anti-Dsg3 B cell
response, that react to other and possibly pathogenic epitopes
leading to PV (88).

Pemfigus Foliaceus

Pemphigus foliaceus is an autoimmune blistering skin disease
characterized by superficial cutaneous erosions. Tissue bound
and circulating autoantibodies that react to Dsgl have shown
a pathogenic role in the disease (75, 89) and provide important
diagnostic clues in addition to clinical evaluation. The most com-
mon subtype is sporadic PF occurring all over the world, whereas
endemic PF (EPF) is found in rural areas of Brazil, where the
disease is known as fogo selvagem (90-92).

Frontiers in Immunology | www.frontiersin.org

April 2018 | Volume 9 | Article 779


https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive

Didona and Di Zenzo ES in Bullous Disease

A 212 PV serum samples from 53 PV patients
Dsg3
NH;- ]-COOH
91% % 51% 19% 2%\
Dsg1
NH-CECTLECZ. LEC3. LECAIECH COOH

Y ¥ ¥ YY

97% 3% 0% 0% 0%

Vs

Active stage

PV patient 1
NH-CECTTECZ T ECI T ECZTECS }-COOH
I ¥\
Intramolecular ES & Remission
NH,- -COOH

¥ ¥ ¥

(50 IR 0 IR | _
PV patient 2 Active stage (++)

NH,-CECT-I-ECZ T EC3_TECA"T'EC5 }COOH

Intramolecular ES Y(++++) \ :
Active stage (+)

NH2- J-COOH

Y v \

ansa NN o (*)

B 32 active PF patients Dsg1

NH,- CECTECZ [ ECI [ ECAIECE) }COOH

¥ ¥ ¥ YY

88% 50% 13% 22% 0%

PF patient1 Active stage (+)

NHz- CECTCECZ " EC3. [ ECAIECH]

}COOH

Intramolecular ES ~ (++++) (++++)0 Active stage (++)

NH-CECTLEC? [[FC3 | FCAIFCh] COOH
(++++)
PF patient 2 Active stage
NH,-CECTLECZ LEC3 [ FCAIECH] COOH
‘((+++)
Intramolecular ES 0 Remission
NHz- CECT T ECZ TTEC3 [ ECA [ECH] COOH

“TIN]IN [N\ I\

% Y
*)

FIGURE 3 | Pemphigus vulgaris (PV) and pemphigus foliaceus (PF) patients present Dsg3 and Dsg1 epitope profiles stable over the disease course. A schematic
representation of the antigenic regions recognized by autoantibodies of a PV (A) and PF (B) patients at diagnosis, with relative percentage of reactivity, and during
the disease course (20, 21). Only two patients (for PV and PF) in whom epitope spreading (ES) phenomenon occurred have been shown. In most PV and PF
patients, the major Dsg3 and Dsg1 epitopes are localized in the EC1-2 subdomains. In the vast majority of PV and PF patients, the epitope profile remained stable
during the course of the disease. Of note, two patients (PV patient 1 and PF patient 2) in active stage reacted to EC1 and shifted with an intramolecular ES to other
subdomains (EC2/EC3 and EC2) (20, 21).
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In 2010, Chan et al. have characterized the dynamics of
immunoreactivity to various Dsgl extracellular subdomains in
non-endemic PF patients during the course of the disease by
using the Dsgl/Dsg2 domain-swapped molecules approach.
According to data obtained on PV patients, most of the anti-Dsgl
antibodies bind to the N-terminus region of Dsgl (Figure 3B),
and this reactivity prevails across various activity stages. Only
two PF patients lost their EC1 reactivity upon remission and in
one case shifting to EC2 (Figure 3B) (21). Thus, in PV such as in
PF patients, the Dsg3 and Dsgl epitope profiles remained stable
over the disease course and, because of the rarity of ES, treat-
ments based on the depletion or abrogation of autoantibodies
to the N-terminal domains of Dsg3/Dsgl should be promising
(Figure 3B). Another possible involvement of ES is described
in a previous study from Ishii et al. that have isolated several
pathogenic and non-pathogenic monoclonal antibodies from
PF patients (93). Some non-pathogenic antibodies bound to
the proprotein of Dsgl, which are thought to be synthesized as
intracellular inactive precursor proteins with prosequences that
are cleaved to yield mature and extracellular adhesive molecules.
Similarly, non-pathogenic autoantibodies from PV patients were
also able to bind the precursor of Dsg3 (94, 95). Interestingly,
these findings could suggest that PV and PF patients at first
develop non-pathogenic antibodies against the intracellular Dsg
precursor to which they would not be expected to have tolerance,
and in some susceptible patients the antibody response might
shift through ES to pathogenic autoantibodies specific for the
mature molecule (93-95). Further studies are needed to confirm
this hypothesis.

Although the sporadic PF and EPF form share similar immu-
nological and clinical features, the latter presents peculiar charac-
teristics. Specifically, a clinical study suggests that intramolecular
ES could be the cause for the development of EPF (96). Patients
in the preclinical stage and healthy individuals from endemic
areas possessed IgGl circulating autoantibodies that recognize
non-pathogenic epitopes in the C-terminal domain of the Dsgl
ectodomain (EC5), whereas when the disease developed in
individuals with certain HLA susceptibility genes pathogenic
antibodies directed against the N-terminal region of Dsgl
ectodomain (EC1 and EC2) appeared. Concomitantly a possible
antibody subclass switching from IgG1 to IgG4 seemed to occur
(Figure 4A) (96-98). In this context, Warren et al. have previously
shown that up to 55% of healthy individuals living in endemic
areas have low levels of anti-Dsgl antibodies (97). In addition,
a strong relationship has been found between infestation with
hematophagous insects, certain HLA susceptibility genes and the
occurrence of fogo selvagem, suggesting a role of environmental
factors in development of the disease (99). In accord with this
idea, Qian et al. have found in patients IgG4 and IgE autoantibod-
ies that cross-reacted with a salivary antigen (LJM11) from sand
flies targeting a shared conformational epitope in the EC1-EC2
subdomains (100). Compared to normal controls, individuals
before and after onset of fogo selvagem have significantly higher
IgE anti-LJM11 and anti-Dsgl antibodies, suggesting that the
IgE antibodies develop before the onset of EPF (100). However,
individuals have significantly lower levels of anti-Dsgl IgE before
fogo selvagem onset than after the development of the disease,

suggesting that LJM11 might be the initial target of IgE response
(101) (Figure 4B). In order to further investigate this cross-
reactive immune response and to clarify whether it represents
a non-specific activation of the immune system or an antigen-
selected response, an antibody phage display library approach
was employed. Qian et al. generated libraries comprising only
IgG4 subclass from three EPF patients and 14 clonally independ-
ent IgG4 monoclonal antibodies were isolated and analyzed
(102). Noteworthy, all of these IgG4 monoclonal antibodies
were cross-reactive to both Dsgl and LJM11 and extensively
mutated. Furthermore, the revertant monoclonal antibodies,
which represent the germline configuration, also recognized
both Dsgl and LJM11 (102). Collectively, these findings suggest
that the development of anti-Dsgl IgG4 antibody in EPF patients
could be the result of initial IgE response to the environmental
antigen (such as LJM11). In this context, a chronic stimulation of
LJM11 antigen and the production of IL10 by the immune system
promote the development of pathogenic IgG4 antibodies, which
are cross-reactive to both LJM11 and Dsgl (Figure 4B). Very
recently, Evangelista et al. have demonstrated that fogo selvagem
is mediated by pathogenic IgG4 autoantibodies against the EC1
subdomain of Dsgl (103). However, whether the epitope on
LJM11 shares its conformational structure with this pathogenic
epitope or with a non-pathogenic epitope on Dsgl that through
an intradomain ES could generate pathogenic autoantibodies has
not been investigated (103). Thus, putting the evidences all together,
IgG4 pathogenic autoantibodies in EPF could be the result of
an intramolecular ES event from non-pathogenic autoantibody
specific for EC5 subdomain of Dsgl to a pathogenic one against
EC1 subdomain (Figure 4A). In parallel, antigen mimicry that
induces with or without ES an antibody switch from an epitope
of salivary gland fly antigen to a pathogenic epitope on the EC1
subdomain of Dsgl has been demonstrated (Figure 4B).

As postulated, for the clinical transition from mucous to
mucocutaneous PV an intermolecular ES phenomenon could
also be at the base of disease transition. In particular, transition
from PV to PF and vice versa is a well-documented phenomenon
(Table 1). In most cases, PV patient shift to PE, although some
cases where PF patients switched to PV have been described
(104-120). The mechanism of transition between PV and PF
is unclear, and a possible role of ES in this phenomenon has
been postulated (Table 1). In cases of PV transforming from PE,
anti-Dsgl autoantibodies were initially present (108, 109). Dsg3
may be released from skin lesions leading to the production of
anti-Dsg3 autoantibodies and a phenotype switch. It is unclear
if transition from PV to PF is permanent or whether it is due to
preferential suppression of Dsg3 antibodies caused by the immu-
nosuppressive therapy (114). Indeed, only in few cases the transi-
tion was reported in patients without therapy (104, 113). Rarely,
pemphigus and the pemphigoid group of diseases may develop
in the same patient (121). Up to date, only four reports about PF
to BP transition have been reported (23, 122-124). Usually, the
IgG detected in those patients belongs to IgG1 or IgG4. However,
Recke et al. reported the presence of IgG3 in their patient. In all
the cases described, the transition to BP was associated with a
complete disappearance of anti-Dsg autoantibodies highlighting
a functional role of ES in these cases (124).
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Paraneoplastic Pemphigus
Paraneoplastic pemphigus is a rare autoimmune bullous disease
that is always associated with neoplasm (125, 126). Typically,

PNP patients show autoantibodies

family, including antibodies against envoplakin, periplakin,
desmoplakins I and II, plectin, the hemidesmosomal protein
BP180 and BP230 (125, 126), and the protease inhibitor alpha-
2-macroglobulin-like-1 (127). Furthermore, antibodies against
plakophilin 3, desmocollins 1, desmocollins 3, Dsgl, and 3 have
also been detected in PNP (125, 126). Clinically, patients are
characterized by the presence of severe mucocutaneous lesions

and sometimes respiratory failure,

standard treatment. Diagnosis mainly based on DIF, relies also
on the demonstration of autoantibodies in serum, assessed by IB,

ELISA, IIF on rat bladder and immunoprecipitation with radio-
active keratinocyte extracts. IIF on rat bladder epithelium that
expresses plakins and not Dsg is useful for differential diagnosis
with pemphigus. However, this approach is not completely reli-
able considering that some pemphigus patient reacts with plakins
in addition to Dsgs (128-131).

Bowen et al. suggested that ES might play a role in the
pathogenesis of PNP (132). They described five PNP patients
showing clinical and pathological features of lichen planus (LP)
(132). Among them, one showed initially negative results by IIF
on rat bladder epithelium; however, one year after, positive IIF
staining was observed. Furthermore, the same patient showed
initially only autoantibodies against alpha-2-macroglobulin-
like-1 of 170 kDa and desmoplakin I; after one year, IB detected

directed against the plakin

and they are refractory to
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TABLE 1 | Cases of pemphigus with clinical shifting between PF and PV.

Reference Transition Age Sex Initial Ab Transition period (years) Ab after transition
Iwatsuki et al. (104) PV to PF 36 F NP 3 Dsg 12
PV to PF 58 F NP 1 NP
Kawana et al. (105) PV to PF 57 F Dsg 3° 3 Dsg 12
PV to PF 46 F Dsg 3 3 Dsg 12
Chang et al. (106) PV to PF 47 M NP 4 Dsg 1@
Dsg 32
Mendiratta et al. (107) PV to PF 46 NP NP NP
Ishii et al. (108) PF to PV 35 M Dsg 10 6 Dsg 1°
Dsg 3°
Komai et al. (109) PF to PV 40 NP Dsg 1° 0.5 Dsg 12 Dsg 32°
PV to PF and again to PV 38 NP Dsg 12 1 Dsg 30
Dsg 320 Dgs 1@
Dsg 3a°
Kimoto et al. (110) PV to PF 77 Dsg 3° 5 Dsg 1°
Tsujietal. (111) PV to PF 55 M Dsg 3° 3 Dsg 1°
Harman et al. (112) PV to PF 44 F Dsg 1° 5 Dsg 1°
Dsg 3°
Toth et al. (113) PV to PF 28 M Dsg 1° 2 Dsg 1°
Dsg 3°
Ng et al. (114) PV to PF 29 M NP 4 Dsg 1°
PV to PF 56 M NP 3 Dsg 1°
PV to PF 45 F NP 3 Dsg 10
Park et al. (115) PF to PV 48 M Negative? 5 Dsg 1°
Dsg 3°
Awazawa et al. (116) PF to PV 79 F Dsg 1° 1.5 Dsg 3°
Pigozzi et al. (117) PF to PV 90 F Dsg1® 0.7 Dsg3®
Lévy-Sitbon et al. (118) PV to PF a7 M NP 2.7 NP
Espafia et al. (119) PV to PF 49 M Dsg 12 2 Dsg 12
PV to PF 35 M Dsg 32 3.8 Dsg 12
Dsg 32 Dsg 32
Ito et al. (120) PV to PF 57 M Dsg 1° 0.2 Dsg 1°
Dsg 3°
@immunobilot.
PELISA.

Ab, antibodies; PV, pemphigus vulgaris; PF, pemphigus foliaceus; NF, not provided; Dsg, desmoglein.

also desmoplakin II, BP230, and periplakin (132). Therefore, it
has been postulated that the lichenoid eruption, which led to
necrosis of keratinocytes, might be a mechanism for exposing
previously masked antigens to autoreactive T cells, leading to
an intermolecular ES that involves other skin antigens. Another
PNP case, in which ES might be involved, was reported by
Okahashi et al. (133). They described a 41-year-old patient who
initially showed only mucosal lesion; however, 3 months after
PNP diagnosis, he also developed toxic epidermal necrolysis
(TEN)-like cutaneous lesions. IgG against envoplakin and peri-
plakin were detected by IB both at the time of PNP diagnosis
and when the patient developed cutaneous lesion. Contrarywise,
ELISA detected anti-Dsgl and three IgG only after the arise of
cutaneous lesion. Therefore, the authors proposed that autoim-
mune response led initially to interface and lichenoid dermatitis,
which exposed self-antigens developing humoral autoimmunity
mediated by ES (133).

In 2012 cloning monoclonal antibodies from a PNP patient
by using phage display approach, the pathogenic activity
of anti-Dsg3 autoantibodies has been demonstrated (134).
Epitope mapping using domain-swapped Dsg3/Dsg2 showed
that these monoclonal antibodies bound conformational
epitopes in the EC2 and EC3 domains. In parallel, to study
the Dsg3 epitope profile in PNP Ohyama et al. (20) tested sera
from 14 patients. Interestingly, in addition to the reactivity
against the EC1 subdomain of Dsg3 detected in all patients,
57%, 71%, and 86% of PNP sera reacted with the EC2, EC3,
and EC4 subdomain, respectively. Thus, circulating antibod-
ies in PNP had unique epitope profile, although, such as in PV
and PF, the most recognized region is the Dsg N-terminal one.
These findings were consistent with a previous study (135)
and suggested that the typical autoantibody profile may have
contributed to their unique clinical and histopathological
features.
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Several theories have been proposed to explain the association
between bullous disease and tumor. One theory proposed that
immune response against tumor antigens cross-reacting with
epithelial antigen can lead to an autoimmune response against
skin and mucous membrane (136). Another theory proposed that
the tumors may have caused cytokine dysregulation leading to
autoimmunity to Dsgs with subsequent tissue damage and inter-
molecular ES toward intracellular proteins of the plakin family
and or hemidesmosomal proteins. However, although the patho-
genic role of anti-Dsg3 autoantibodies has been demonstrated
(134), autoantibodies to Dsg3 are not detected in all patients and
not always detected at the beginning of the disease onset (133).
Another possible explanation is that the cellular damage induced
by tumor specific immune response could expose intracellular
antigen, such as plakins, and lead to an autoimmune response to
the skin and mucous membrane and a possible intermolecular ES
toward other antigens such as Dsgs.

Indeed, with the exception of few case reports, the dynamics of
humoral response during disease course was not reported in PNP
patients and could be the objective of future studies.

Epidermolysis Bullosa Acquisita

Epidermolysis bullosa acquisita is an acquired, subepidermal
bullous disease. The main feature of EBA is autoimmunity to
Col VII with consequent reduction of anchoring fibrils (137).
On the one hand, a classical “mechanobullous” form has been
described, which is characterized by blistering, erosions with
milia formation, and scarring over trauma exposed sites (138).
On the other hand, several patients with an “inflammatory” form
of EBA mimicking BP, characterized by blisters on intertriginous
areas that heal without scars, have been reported (138). Clinical

diagnosis is confirmed by demonstration of IgG and/or IgA and
C3 deposits at the BMZ by DIE. In EBA, IIF performed on salt-
split skin (SSS) usually shows binding of antibodies to the dermal
side of the blister and circulating autoantibodies bind to Coll VII
by ELISA or IB (139). Specifically, EBA is mainly characterized
by IgG autoantibodies to the non-collagenous domain (NC1) of
Coll VII (137, 139). However, no evidence of intramolecular and
intermolecular ES in an active mouse model of EBA was found.
Reactivity to additional regions outside Coll VII did not occur in
mouse suggesting that ES does not contribute to EBA develop-
ment in this mouse model (140).

Epitope spreading that involves EBA antigen is reported in
sera from patients with SLE that contain autoantibodies to Coll
VII (141, 142). Chan et al. reported the case of a 15-year-old
patient, who showed IgA and IgG circulating autoantibodies
against BP230, as well as against the full-length native form and
the recombinant NC1 domain of Coll VII (143). In addition, IgG
autoantibodies against laminin 332 and laminin 311 have been
detected in the same patient. These findings could be explained
by an intermolecular ES phenomenon. Indeed, because the NC1
domain of Coll VII bound to the 3 chain of laminin 332, it was
thought that the initial autoimmune reaction against Coll VII led
to secondary damage of laminin 332 and other adjacent BMZ
component, like laminin 311 and BP230 (144). In addition,
several reports of EBA patients who subsequently developed SLE
or vice versa have been described and could represent the effect
of an ES phenomenon (141, 143, 145-150) (Table 2). Dotson
et al. were the first to describe a 19-year-old EBA patient, who
developed clinical and serologic evidence of SLE five years after
the diagnosis of EBA (145). Cutaneous lesions examinated by
electron microscopy before and after the development of SLE

TABLE 2 | Patient showing coexistence of EBA and SLE disease and/or antigens.

Reference Number of First diagnosed Age and sex  Laboratory findings Method Note
patients  disease
Dotson et al. (145) 1 EBA 19, F ANA (1:2560), anti-UTRNP Ab - SLE diagnosis 5 years
after EBA diagnosis
Barton et al. (146) 1 BSLE 18, F IgG against COLVII B -
Gammon et al. (141) 4 1Pt SLE; 3 Pt 3 Pt20-23,1 Pt IgG against COLVII WB -
BSLE 50;3F 1M
Kettler et al. (147) 1 EBA/BSLE? 8, F ANA (1:2560), anti-UTRNP Ab, anti-Sm Ab - -
Boh et al. (148) 3 EBA 34, F Homogeneous ANA (1:160) anti-dsDNA Ab - SLE diagnosis 2 years
(1:640), anti-UTRNP Ab after EBA diagnosis
51, F Speckled ANA (1:640), low C3, anti-dsDNA SLE diagnosis 3 years
Ab (1:40), anti-UTRNP Ab after EBA diagnosis
57, F Speckled ANA SLE diagnosis 14 years
(1:640), anti-ds-DNA Ab, anti-U1RNP Ab, after EBA diagnosis
anti-Sm Ab
McHenry et al. (149) 1 SLE 77, M - - EBA diagnosis 6 years
after SLE diagnosis
Yoon et al. (150) 1 EBA 38, F - - EBA preceded a dramatic SLE
flare with fatal cerebral vasculitis
Chan et al. (143) 1 BSLE 15, F IgA and IgG against BP230, NCA1 domain B -

of COLVII; IgG against LAMS5 and LAM6

Ab, antibodlies; BSLE, bullous systematic lupus erythematosus, COLVII, collagen VII; F, female; IB, immunoblotting; LAM, laminin; M, male; Pt, patient; SLE, systematic lupus
erythematosus; WB, Western blot.
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showed characteristics previously reported by electron micros-
copy in patients with EBA. DIF before and after the diagnosis
of SLE highlighted linear depositions of immunoglobulin and
complement; ITF findings showed no abnormalities.

It has also been reported that EBA is associated with inflamma-
tory bowel disease (IBD) in up to 50% of patients (151). Indeed, a
high prevalence of circulating antibodies against Coll VII in IBD
patients has been detected (151, 152). Furthermore, Lohi et al.
evidenced the presence of Coll VII in the intestinal epithelium
(153). Therefore, it has been speculated that autoimmunity to
Coll VII, which is present in both gut and skin, might justify the
frequent association between EBA and IBD. Moreover, Coll VII
antibodies in Crohn’s disease patients may be an ES phenomenon.
Veritably, inflammation provoked by Crohn’s disease may alter
the intestinal epithelial BMZ, leading to an ongoing autoimmun-
ity to Coll VII (154).

A few cases of psoriasis associated with EBA have been
reported (155-161). In these cases, the role of ES is not clear and it
could be postulated that its involvement is due to the long-lasting
psoriasis lesions. Specifically, a damage to the BMZ could induce
circulating non-pathogenic autoantibodies that lead to develop-
ment of immunobullous diseases (161).

Epitope spreading phenomenon has been thought also as
the leading cause of the concomitant presence of two different
autoimmune bullous skin diseases in the same patient (162-167)
(Table 3). As reported by Yang et al. ES phenomenon could be the
explanation of a case of typical pemphigoid gestationis with IgG
antibodies to Coll VII (167). In this report, the patient showed a
rash on the trunk and limbs with intense erythema, vesicles, and
bullae one month postpartum. IB detected IgG autoantibodies
reacting against BP230 in the epidermal extracts and 290 kDa Coll
VII in the dermal extracts; BP180 antibodies were detected only
using an ELISA based on BP180 antigen. Therefore, the authors
concluded that these immunopathological findings could be
explained by intermolecular ES phenomenon (167). Jonkman et al.
described recently a female patient with inflammatory EBA show-
ing non-scarring oral and vaginal involvement (163). Circulating
IgG autoantibodies to Coll VII and a3 chain of laminin 332 were
simultaneously detected by IB. To further confirm the simultane-
ous presence of autoantibodies against laminin 332 and Coll VII,
ITF on skin substrates lacking BMZ molecules was performed. IgG
bound to the BMZ of specimens lacking laminin 332 and Coll
VII, revealing the simultaneous presence of two autoantibodies.
Therefore, a simultaneous diagnosis of EBA and anti-laminin
332 MMP was made. The significance of the anti-laminin 332
antibodies remains obscure, but it may be determined by the

pathogenic presence of anti-Coll VII autoantibodies; indeed,
cryptic laminin 332 epitopes could be uncovered in lesional skin,
leading to intermolecular ES. The fact that laminin 332 and Coll
VII are intimately connected, because the 3 chain of the former
binds the NC1 domain of the latter, could suggest a mechanism
dependent of physical association of antigens.

Linear IgA Bullous Dermatosis (LABD)

Linear IgA bullous dermatosis is an autoimmune subepidermal
bullous disease that may be idiopathic or drug-induced (168).
Pathologically, LABD is characterized by linear deposition of IgA
at the BMZ (168). Dermal and epidermal antigens are identified
by IgA, IgG, and by both antibody isotypes (169, 170). Proteolytic
cleavage product of BP180 are the major antigen, but also BP230
and Coll VII are less commonly detected (169, 170). In the epider-
mis, BP180 is the major and possibly initiating antigen (169, 170).
Indeed, different binding sites for the LABD antibodies have been
reported on BP180 in studies in which the full-length protein,
the 120-/97-kDa fragments of its soluble ectodomain and the
immunodominant NC16A domain were employed (169-175).
These studies showed that intramolecular ES could occur within
BP180 leading to the simultaneous binding of IgA antibodies to
intact BP180 and its soluble ectodomain. Allen et al. reported in
a recent study that no sera identified the dermal 97-kDa protein,
while they detected antibody response to a 285 kDa antigen
(LABD285) and BP180, suggesting that intermolecular ES of the
antigens of the extracellular matrix/dermal components of the
basement membrane plays a role in LABD etiopathology (169).
In another study, Allen et al. reported that 35% of LABD sera
targeted single antigens and 42% targeted two or more antigens
with IgA antibodies (170). The presence of multiple epidermal
antigens was commoner in adults (51%) than in children (25%),
and might be due to a continual antigenic stimulation. Therefore,
they suggested that both intra- and intermolecular ES led to the
multiplicity of IgA target antigens (170). Indeed, they reported
that 34 of 72 IgA antibodies binding BP180 also bound BP230. In
addition, they showed that of 72 LABD sera binding BP180, 23
bound also both BP230 and LABD285, and two bound LABD285.
Intramolecular ES within BP180 was reported more rarely, with
19 of 72 sera also binding the 97-kDa soluble ectodomain. In
contrast to IgA, intermolecular ES with IgG antibodies was rarely
reported, and did not involve LABD285. In conclusion, Allen
et al. have proposed that the intermolecular ES is frequent in
LABD, is age related, and is associated with IgA antibodies rather
than IgG antibodies (170). Recently, Sakaguchi et al. described
three patients, in whom ELISA detected IgG and IgA antibodies

TABLE 3 | EBA associated with other autoimmune bullous disease.

Reference Number of patients Age and sex Other disease Laboratory findings Method
Kawachi et al. (162) 1 1, M BP 1gG against BP180 NC16A domain B
Jonkman et al. (163) 1 64, F MMP IgG against laminin «3 subunit B
Furukawa et al. (164) 1 29, F Anti-p200 pemphigoid IgG against y1 subunit B
Buijsrogge et al. (165) 1 70,M EBA IgA against plectin B
Osawa et al. (166) 1 75, M LABD IgG against 120 kDa antigen B
Yang et al. (167) 1 22, F PG IgG against BP180 and BP230 B

BPR, bullous pemphigoid; EBA, epidermolysis bullosa acquisita; F; female; IB, immunoblotting; LABD, linear IgA bullous dermatosis; M, male; PG, pemphigoid gestationis.
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to various subunits of laminin 332, in addition to IgG and IgA
reactivity to Coll VII, y1 subunit, and BP230 and BP180 recom-
binant proteins (176). A strong IgG and IgA reactivity to laminin
332 has been seldom described in the literature. The authors
postulated that the production of autoantibodies against differ-
ent BMZ antigens was led by ES. Even if the original epitopes in
these cases were not detectable, the first immune response might
be directed to laminin 332 because of the marked and constant

reactivity. Nevertheless, because of the variegated antigen subset
in LABD, several patients with peculiar laboratory findings whose
epitope/antigen pattern could be due to ES have been described
in the literature (177-199) (Table 4).

The ES phenomenon has been also proposed to be involved in
LABD patients with psoriasis (200, 201). Cooke et al. reported the
case of a 29-year-old man with plaque psoriasis who developed
LABD after herpes zoster infection. IB detected IgA antibodies

TABLE 4 | Characteristics of LABD patients with peculiar laboratory findings.

Reference Number of  Findings Method Note
patients
Kanitakis et al. (177) 1 IgA against BP230 WB -
Zambruno et al. (178) 1 IgA against 290 kDa antigen of anchoring fibrils WB 40 years old, M
Berard et al. (179) 1 IgA against BP230 WB 18 months old, F
Hashimoto et al. (180) 1 IgA against CollVII B -
Kawahara et al. (181) 2 IgG and IgA antibodies on dermal side of SSS IIF -
Ghohestani et al. (182) 6 IgA against BP230 B -
5 IgA against BP180
Honoki et al. (183) 1 IgG against a 230 kDa epidermal antigen B 54 years old, F
Wakelin et al. (184) 1 IgA against CollVII WB 76 years old, M
Nie et al. (185) 14 IgA against the XV collagenous domain of BP180, and NC16A of BP180 B -
Lin et al. (186) 4 IgA against NC16A domain of BP180 B -
Metz et al. (187) 1 IgA and IgG against BP180 WB 39 years old, F
Shimizu et al. (188) 1 Linear deposition of IgA and IgG along the BMZ DIF 78 years old, M; localized IgA/IgG
LABD
Passos et al. (189) 1 Linear deposition of IgA and IgG along the BMZ DIF 21 years old, F
Yanagihara et al. (190) 1 Linear deposition of IgA and IgG along the BMZ DIF 35 years old, M; Vogt-Koyanagi-
Harada disease
Sakaguchi et al. (176) 3 Pt 119G against laminin «3, laminin B3, laminin y2; IgA B 81 years old, F; K pancreas
against laminin «3, laminin 3,
laminin y2, Coll VII, Laminin y1, BP180-C
Pt 2 IgG against laminin «3, laminin y2; IgA against laminina3, 88 years old, M; K colon
laminin y2, BP230, BP180-C
Pt 3 IgG against laminin y2, BP180-N; IgA against laminin a3, 64 years old, M
Kern et al. (191) 1 IgA against the 120 kDa ectodomain of BP180 and Dsg3 48 years old, M; Ulcerative colitis;
Overlap LABD and IgA Pemphigus?
Tashima et al. (192) 1 IgA against BP180 NC16A B 84 years old, M
Zenke et al. (193) 1 IgA against the 145- and 165-kDa o3 subunits of laminin 332 B 62 years old, M
Izaki et al. (194) 1 IgA and IgG against the 165-kDa and 145-kDa forms of «3 subunit B 53 years old, M
and the 105-kDa y2 subunit of laminin 332
Li et al. (195) 1 19G and IgA against laminin « 3, laminin-p3 and laminin y2; IgG and 1B 80 years old, M
IgA against a6 and p4 subunit of integrin
Fernandes et al. (196) 1 Linear deposition of IgA and IgG along the BMZ DIF 7 years old, M
Izaki et al. (197) 1 Linear deposition of IgA and IgG along the BMZ DIF 5 months old, M
Koga et al. (198) 1 1gG against desmocollin 1 ELISA 70 years old, M; transition from
LABD to PH/coexistence of both
LABD and PH
Matsuura et al. (199) 1 IgA against NC16A domain of BP180; no reaction to LAD1 shed B 29 years old, F; pregnancy

ectodomains of BP180

(38th week)

BMZ, basal membrane zone; BF, bullous pemphigoid; K, carcinoma; COLL, collagen; DIF, direct immunofluorescence; Dsg, desmoglein; F, female; IB, immunoblotting; IIF, indirect
immunofluorescence; M, male; PT, patient; PH, pemphigus herpetiformis; SSS, salt-split skin; WB, Western blot.
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against BP180 and BP230 antigens, and IgG autoantibodies that
reacted weakly to the BP180 antigen (200). A similar case was
previously reported by Takagi et al. who described the simultane-
ous presence of psoriasis and LABD in a 68-year-old man after an
active hepatitis C infection. In this case, IB detected IgA antibod-
ies against a 97-kDa target antigen in epidermal extracts (201).

LABD has been also reported in association with autoimmune
rheumatic diseases, including dermatomyositis, rheumatoid
arthritis, and Sjogren’s syndrome (202-206). However, the role of
ES in these associations is under debate.

The association between LABD and ulcerative colitis (UC) has
been widely reported. Indeed, Paige et al. reported that 8 out 70
LABD patients were also affected by UC (207). In all cases, UC
preceded LABD onset by a median of 6.5 years. In addition, a
few single cases of LABD associated with UC have been reported
(191, 207-211) (Table 5). The reason for this association is unclear,
but alteration in colonic mucosal B cell and IgA production may
play a pivotal role in LABD onset.

Dermatitis Herpetiformis

In gluten sensitive individuals, gluten can lead to pathological
immune responses against both gluten components and trans-
glutaminases (T'Gs). DH belongs to gluten-induced autoimmune
diseases. DH is characterized by chronic, pruritic, polymorphic,
papulovesicular, or rarely blistering lesions. Histologically DH,
such as other subepidermal autoimmune diseases, presents
subepidermal blisters neutrophil and eosinophil infiltration and
granular IgA deposition in the dermal papilla by DIE. DH patients
show circulating IgA to TG3, which is the pivotal autoantigen
(212, 213). In most of DH patients, IgA to TG2 are detected,
indicating an underlying, usually latent or mild celiac disease
(CD) (212, 213). A TG6 autoimmunity may also be detected in
some DH patients (212, 213). Furthermore, in a few DH patients,
no circulating IgA to TG3 have been reported, but only circulat-
ing TG3-IgA immune complexes (212, 213). All three enzymes
(TG2, TG3, and TG6) bind deamidate gliadin or other gluten
peptides. This diversification of autoimmune antigens could be
explained by intermolecular ES. Indeed, it has been postulated

TABLE 5 | LABD patients with UC.

Reference Number of Sex AgeatUC Age at LABD
patients diagnosis diagnosis

Chan et al. (208) 1 M 76 80
Paige et al. (207) 8 M 12 20

M 36 41

M 52 60

F 30 38

M 59 60

F 21 64

F 7 8

M 45 47
De Simone et al. (209) 1 - - -
Chietal. (210) 1 F 11 41
Keller et al. (211) 1 M 54 54
Kern et al. (191) 1 M - 48

F, female; LABD, linear IgA bullous disease; M, male; UC, ulcerative colftis.

that a continued exposure to gliadin could lead to development
of IgA anti-TG3 antibodies in patients who already have IgA anti-
TG2 antibodies; a subgroup of those who develop IgA anti-TG3
antibodies then develop DH (214). The presence of IgA anti-TG2
antibodies in most DH patients and a higher prevalence of
IgA anti-TG3 antibodies in adults than in children with CD are
two of the main findings in support of the ES phenomenon (213).
In fact, it has been thought that ES could be an explanation for
the DH late onset in comparison to CD, which often involves
pediatric patients. In this regard, it has been hypothesized that
ES and/or cross-reactivity between TG2 and TG3 could lead
to TG3 autoimmunity, leading to circulating IgA-TG3 immune
complexes formation, which determines skin features in some
CD patients (213). However, the possible mechanism of a directly
gluten-induced TG3 autoimmunity could not be excluded (213).

Several cases of patients with a history of DH and BP have
been reported (215-228) (Table 6). Van der Meer was the first to
describe a patient showing clinically both DH and BP features,
but only pathological and DIF BP features were found (215). In
six cases, DH preceded BP by 4 months to 11 years (223-225).
Ameen et al. reported a case of DH that evolved into BP 11 years
after its original diagnosis (225). Initially, DIF showed linear
BMZ staining with IgG and C3, associated with intensefibrillar
IgA staining in the dermal papillae. ITF detected circulating anti-
BMZ IgG with epidermal binding on SSS. After 11 years, the
response to dapsone and gluten-free diet failed, and a new skin
biopsy was performed, revealing overlapping BP/DH immune-
histochemical features. Therefore, the authors concluded that
the evolution from DH into BP was due to intermolecular ES
phenomenon, postulating that neutrophilic infiltrate of DH
caused BMZ disruption, leading to the exposure of BP antigens
to autoreactive lymphocytes (155, 225). In 11 cases, dual find-
ings for BP and DH were detected by DIF (220-227). On the one
hand, BP and DH were described as concomitant in nine cases
(220, 221, 223-227); on the other hand, in two patients, DIF was
performed at different time, showing only one disease per biopsy
(222, 228). In five of the nine patients, serum antibodies were
directed against the BMZ, and in one patient only antiendomysial
antibodies were highlighted at the DH onset (223). Only two
patients with serum autoantibodies compatible with both BP
and DH have been described, however, sera were not taken at
the same time (222, 228). Indeed, only Schulze et al. detected
both BP and DH serum autoantibodies at the same time (227).
In addition, Vaira et al. analyzed the HLA profile in a patient,
who developed DH several years after the BP diagnosis. HLA
alleles were HLA-DQB1 03:01 (predisposing to BP), HLA-DQA1
05:05/05:01 (predisposing to CD) and HLA-DQB1 02:01 (pre-
disposing to CD and to DH) (228). The authors concluded that
those findings highlighted a specific genetic susceptibility to both
diseases in the same patient (228).

Mucous Membrane Pemphigoid

Mucous membrane pemphigoid includes different autoim-
mune subepithelial blistering diseases mainly involving mucous
membranes, including the mouth, ocular mucosae, and mucous
membranes of the nose (229). Several epithelial basement mem-
brane components have been reported as potential targets of
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TABLE 6 | Patients with a history of DH and BP.

Reference Number of Clinic Pathology DIF positive Note
patient for both BP
and DH
Van der Meer et al. (215) 1 DH + BP BP - BP features detected by DIF
Honeyman et al. (216) 1 Switch from DH to BP Switch from DH to BP - -
Jablonska et al. (217) 9 Concomitant DH and BP Concomitant DH and BP -
Bean et al. (218) 7 DH Concomitant DH and BP -
Honeyman et al. (219) 1 Concomitant DH and BP Concomitant DH and BP - Initially negative, later circulating
BP antibodies
Jolliffe et al. (220) 1 Concomitant DH and BP BP + 57 years old, F
De Jong et al. (221) 1 Concomitant DH and BP Concomitant DH and BP + -
Jawitz et al. (222) 1 DH BP; only DH 5 years later + 41 years old, F
Sander et al. (223) 1 First DH; BP after 5 years First DH; BP after 5 years + 68 years old, M
Setterfield et al. (224) 1 First DH; both DH and BP First DH; both DH and BP + 58 years old, M
25 years after 25 years after
Ameen et al. (225) 1 First DH; BP 11 years after First DH; both DH and BP + 84 years old, F
11 years after
Murphy et al. (226) 3 First DH; DH and BP later - + 83 years old, 2 M; 84 years old, F
(4 months, 1 and 11 years)
Schultze et al. (227) 1 DH Non-specific for BP or DH + 77 years old, M; BP and DH serum
autoantibodies simultaneously
Vaira et al. (228) 1 First BP; later DH DH during the follow-up + 48 years old, M

BR, bullous pemphigoid; DH, dermatitis herpetiformis; DIF, direct immunofluorescence; F, female; M, male.

MMP, including BP180, BP230, Coll VII, laminin 332, laminin
311, a6 and P4 integrin subunits (229). The main MMP features
is the presence of linear deposits of immunoglobulins (IgG and/
or IgA), and/or complement fragments at the dermal-epidermal
and/or chorioepithelial BMZ (230). Due to low circulating
autoantibodies titers ITF is often negative. For diagnosis detection
by ELISA or IB of two major targets of MMP BP180, principally
its extracellular domain (231-233), and laminin 332, which
are both constitutive elements of anchoring filaments can be of
confirmatory value. Therefore, MMP is divided into two major
types, anti-BP180-MMP and anti-laminin332-type MMP (234).
The involvement of ES phenomenon in MMP has been pos-
tulated in several studies (235-238). It has been thought that in
BP180-MMP the development of autoantibodies to laminin 332,
which has a pathogenic role in the disease (239), is produced via
ES from BP180 C terminal domain to laminin 332, because of
physical interaction of BP180 C terminal domain and laminin
332 in epidermal BMZ (238). Indeed, Yasukochi et al. reported
that IgG or IgA antibodies against various subunits of laminin 332
were detected in 54 of 332 cases of BP180-MMP (238). Bernard
et al. presumed the involvement of ES phenomenon in a recent
study on laminin 332-MMP, which has reported to be associated
with a raised relative risk for neoplastic diseases (235). On the
one hand, anti-BP180 auto-antibodies have been detected in up
to 75% MMP patients (240); on the other hand, autoantibodies
against BP230 have only been occasionally identified in MMP
serum, as reported also by Bernard et al. (235). Furthermore,
anti-BP230 antibodies have been more oftenly detected in
anti-laminin 332 MMP patients (235). This association has
been described as determined by ES phenomenon. In point of
fact, it has been postulated that damage to BMZ might lead to
an abnormal exposure of intracellular antigens such as BP230.
In addition, Bernard et al. concluded that the phenomenon of
ES could be also postulated for the NC16A domain of BP180,

which is strongly immunogenic (231, 235). Another interesting
case of possible intermolecular ES was reported by Inoue et al.
(104). The authors described one MMP patient, who showed
only anti-BP230 autoantibodies. Indeed, IgG antibodies reacted
neither with the BP180 NC16A domain nor with the C-terminal
domain. Moreover, IB and ELISA identified exclusively anti-
BP230 antibodies in the patient’s serum. Furthermore, patient
serum did not show reactivity either with any subunits of laminin
332 or with the 120-kDa fragments of BP180 (LAD1). Since the
release of autoantibodies to the cytoplasmic protein BP230 is
considered a secondary phenomenon, the authors speculated
that intermolecular ES could occur because of the oral mucosa
ulcerations that led to IgG anti-BP230 production (241). In this
context, Hayashi et al. described a MMP patient with blisters who
showed IgA and IgG autoantibodies that targeted both laminin
332 and BP180 (242).

The ES phenomenon may be also involved in MMP patients
with a history of different autoimmune diseases that involve skin,
mucous membrane or different organs (243-251) (Table 7). In
a recent study on 6 MMP patients, Zakka et al. postulated the
involvement of ES phenomenon in patient with both MMP
and mixed connective tissue disease (MCTD) (244). MCTD
is a systemic autoimmune disease with mixed features of SLE,
dermatomyositis, rheumatoid arthritis, scleroderma, and poly-
myositis (252). The target antigen is a complex of small nuclear
ribonucleoproteins (snRNPs), including a 70 kDa polypeptide
(snRNP70) (252). The authors observed that all the 6 MMP
patients, which showed antibodies against BP180, BP230,
and subunit of human p4 integrin, showed antibodies also to
snRNP70 (244). Moreover, they reported that all MMP patients
carried either the HLA IT alleles DQb1*0301, *0302, or 0603 that
have been described as associated with MMP (244). However,
only three of six patients carried the HLA alleles associated with
MCTD (HLADR4). Although the remaining three patients did
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not have any allele associated with MCTD, they had MCTD clini-
cal features and serological markers (244). The presence of one
autoimmune disease could induce tissue damage and exposure to
the immune system of a previously masked epitope. Therefore, the
authors concluded that it was possible for the patients who lacked
the HLA II genes related to MCTD to produce autoantibodies
to snRNP70 as result of an ES phenomenon. In addition, Malik
et al. described 8 patients who showed an association of MMP
with SLE, MCTD, or both (243). Among them, four patients
developed MMP and SLE or MCTD simultaneously, while the
other four patients developed SLE, MCTD or both after the MMP
diagnosis in a period ranging from 2 to 10 years. ES phenomenon
could be also involved in the association between subepidermal
autoimmune blistering diseases and IBD, as postulated by
Shipman et al. (245). In a recent article, the authors reviewed
the literature about this association, finding out 48 cases of IBD
patients who showed also a subepidermal blistering disease. More
specifically, they reported two female patients who developed
MMP several years after the first IBD diagnosis. In both cases,
DIF showed linear staining for IgG and C3 at the BMZ. However,
only in one case IB detected IgG antibodies to the BP180 antigen.
Therefore, the authors theorized that exposure to antigens in the
gastro-intestinal tract eventually led to cutaneous disease, which
was also supported by the positive DIF in the colon in two LAD
patients (253) (Table 7). A supposed intermolecular ES was
reported by Ohata et al., who described a singular patient who

was affected simultaneously by pemphigus herpetiformis (PH)
and MMP with autoantibodies to the laminin y2 subunit, Dscl,
and BP180 C-terminus (249). Therefore, the authors postulated
that ES from Dscl to BMZ antigens might lead to the simultane-
ous occurrence of PH and MMP, although such phenomenon
was not demonstrated (249). Kaune et al. described an 87-year
old Caucasian female patient with complete symblepharon and
dysphagia who showed by IB IgG4 autoantibodies both to the
200 kDa antigen and to the C-terminus of laminin y1 subunit;
in addition, IgA autoantibodies to the C-terminal fragment of
BP180 4575-antigens and IgG autoantibodies to BP180 NC16A
have been detected in the same patient by IB (250). The authors
postulated the involvement of ES, describing the coexistence of
p200/laminin y1 subunit-pemphigoid and MMP. Monshi et al.
reported the case of a Caucasian woman affected by anti-p200
pemphigoid who developed antiepiligrin cicatricial pemphigoid,
a rare and major subtype of MMP, 17 months after the first
diagnosis (247). However, this patient never developed mucosal
lesions. In these cases, the ES phenomenon could be postulated
but not demonstrated as the cause of two concomitant diseases.
On the contrary, when the transition from one disease to
another is accompanied by shifting of reactivity from one antigen
to another, the ES phenomenon is strongly probable. Several cases
of clinical switch from a skin disease to MMP have been reported
in the literature (60, 254-257) (Table 8). Chan et al. reported
in 1991 five Steven-Johnsons syndrome (S]S) patients, who

TABLE 7 | MMP patients associated with other autoimmune diseases.

Reference Number of patients and Multiple antigens Method Note
disease
Malik et al. (243) 2 concomitant MMP + SLE Ab against B4 integrin subunit (8 Pt); Ab against B Coexistence of MMP, SLE and/or MCTD

2 concomitant MMP + MCTD
2 MMP who developed SLE
1 MMP who developed MCTD
1 MMP who developed SLE/

antigen (2 Pt)

BP180 (6 Pt); Ab against BP180 and a 240 kDa

MCTD
Zakka et al. (244) 3 MMP Ab against snRNP70 ELISA Pt who lacked any HLA Il genes associated
with MCTD may produce via epitope
spreading Ab against shnRNP70
Shipman et al. (245) 1 UC; 1 CD Linear staining for IgG and C3 at the BMZ DIF IB showed IgG against BP180 only in Pt with
1gG anti-BMZ on the dermal side of SSS IIF Crohn’s disease

Takegami et al. (246) 1 concomitant

IgG and IgA against laminin «3 subunit; IgA against

B Simultaneous diagnosis of MMP, LAD, and SS

MMP + LAD + SS 120 kDa antigen
Monshi et al. (247) 1 anti-p200/anti-LAM y1 1gG against «3 chain of laminin 332 B 86 years old, F; no mucosal involvement
pemphigoid
Yamada et al. (248) 1 PNP IgG against y2 subunit of laminin 332 B 68 years old, M; K thyroid, kidney CCK,
follicular dendritic cell sarcoma in the
retroperitoneal area.
Ohata et al. (249) 1PH IgG and IgA against BP180 C-terminus; IgG against B 63 years old, M; no mucosal involvement
y2 subunit of laminin 332
Li et al. (250) 1 anti-p200/anti-LAM y1 IgG against y1, a3 and 3 subunit of laminin 332 B 72 years old, M; psoriasis

pemphigoid

Kaune et al. (251) 1 anti-p200/anti-LAM y1

pemphigoid against BP180 NC16A

IgA against C-terminal fragment of BP180; IgG 1B

87 years old, F

Ab, antibody; BMZ, basal membrane zone; CD, Crohn'’s disease; DIF, direct immunofluorescence; F, female; M, male; IIF; indirect immunofiuorescence; IB, immunoblotting; LAD,
linear IgA dermatosis; MCTD, mixed connective tissue disease; MMF, mucous membrane pemphigoid; Pt, patient; SLE, systemic lupus erythematosus; SS, Sjégren syndrome;
UG, ulcerative colitis; BF, bullous pemphigoid; K, carcinoma; CCK, clear cell carcinoma; PH, pemphigus herpetiformis; PNF, paraneoplastic pemphigus.
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TABLE 8 | Reported case of switch to MMP.

Reference Number of  DIF (number of IIF (number ELISA IB (number of Note Clinical switch
patients and patients) of patients) (number of patients)
disease patients)
Chan et al. (254) 58JS Performed (5/5) Performed NP Pt 1120 and 140 kDa Pt 1 59 years old, M; MMP From SJS to MMP
(2/5) epidermal antigen onset 6 months after SJS
Pt 2 6 years old, M; MMP
onset 31 years after SUS
Pt 2 120 kDa epidermal Pt 3 22 years old, M; MMP
antigen onset 14 months after SJS
Pt 4 33 years old, F; MMP
onset 2 years after SUS
Pt 5 34 years old, F; MMP
onset 2 years after SUS
De Rojas 5LS Performed (1/5) NP NP NP - From LS to MMP
et al. (255)
Mignogna 2 OLP Performed (2/2)  Performed Ab against NP Pt 172 yearsold, F From OLP to MMP
et al. (256) (2/2) BP180 Pt 2 64 years old, F
Fania et al. (257) 2LS Performed (2/2) Performed Performed NP Pt 1 80 years old, M; MMP From LS to MMP
(2/2) (2/2) onset 6 months after LS
Pt 2 60 years old, M; MMP
onset 2 months after LS
Sardy et al. (60) BP Performed NP IgG against  1gG4 against laminin 332 18 years old, F; MMP transition ~ From BP to MMP.
laminin 332 5 years after the BP diagnosis

BPR, bullous pemphigoid; DIF, direct immunofluorescence; F, female; IIF, indirect immunofluorescence; IB, immunoblotting; LS, Lyell’s syndrome; M, male; MMP, mucous membrane
pemphigoid; NP, not performed; OLR, oral lichen planus; Pt, patient; SJS, Steven-Johnson'’s syndrome.

developed MMP (254). SJS is a life-threatening dermatosis with
high morbidity and mortality. These patients developed MMP,
characterized by chronic ocular mucosal scarring lesions. The
linear immune deposits along the oral or ocular mucosal BMZ
in all five patients fulfilled the diagnostic criteria for MMP. In
addition, immunoblot analysis of the serum of two of five patients
identified a 120-kDa epidermal antigen, which may represent
one of the MMP autoantigens (258). The authors concluded that
the mucosal injury occurred in SJS resulted in ES phenomenon
involving the 120-kDa epithelial antigen (254). Similarly, Fania
et al. described two male patients who developed MMP with
chronic ocular mucosal scarring lesions after TEN (257). In both
patients, DIF on perilesional conjunctiva showed IgG and C3
deposits along the BMZ in a linear pattern, while IIF and ELISA
for BP180 and BP230 were negative. Although the association
between TEN and MMP may be coincidental, the authors
hypothesized that chronic eye surface injury might represent an
immunologic trigger, leading to the ES phenomenon. Moreover,
five cases similar to those reported by Fania et al. were described
by De Rojas et al. (255) (Table 8).

Finally, it has been also reported that MMP can arise in patient
with hematological disease or solid malignancies, possibly involv-
ing the ES phenomenon (259-267). It has been postulated that
the massive alteration of tumoral cells or tissues could lead to an
autoimmune disease through cross-reactive antigens or exposure
of criptic epitopes followed by an ES phenomenon.

Lichen Planus Pemphigoides
Lichen planus pemphigoides is a rare autoimmune blister-
ing disease that occurs in association with LP. DIF shows

linear deposits of IgG and C3 along the BMZ with fibrillary
deposits of fibrin at the epithelial/lamina propria junction.
By IB and ELISA LPP sera are strongly reactive with BP180.
More specifically, LPP sera reacted with AA 46-59 of NC16A
domain, previously shown to be unreactive with BP sera (268).
Mignogna et al. reported two cases of oral lichen planus (OLP)
who switched to MMP in a period ranging from 3 to 11 years
(256). They hypothesized that the patients might be an example
of the ES phenomenon suggesting that LPP might not exist
as a separate disease, but might be the result of the ES from
one disease (OLP) to another (BP/MMP), where the lichenoid
papules arise before the vesciculobullous lesions or vice versa.
In particular, the BMZ break, due to mast cell degranulation,
might have continuously exposed BMZ proteins, such as BP180
and laminin-322, that may lead to an autoimmune humoral
response (256). Another case from Sekiya et al. presented at
first LP lesions on the hands, and than developed blisters on
her limbs and erosions of the buccal mucosa (269). The patient’s
serum reacted to IgG autoantibodies against the BP180 NC16A
domain, the BP180 C-terminal domain and Dsgl. However,
a serum sampled one and a half years before the diagnosis of
LP did not shown activity to BP180 domains. These findings
may evidence that the damage to the basal cells in LP exposed a
sequestered antigen or formed neoantigens, producing patho-
genic autoantibodies that lead to LPP. Most of the previous LPP
cases showed autoantibodies to the NC16A domain of BP180.
This report demonstrates the presence of circulating autoanti-
bodies to BP180 only after the development of blisters, suggest-
ing the role of sequestered antigen exposure or neoantigens in
the LPP etiopathogenesis.
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IMPLICATIONS FOR THERAPY

Treatment regimens for autoimmune blistering skin diseases
rely on general immunosuppression, typically with corticos-
teroids, steroid-sparing immunosuppressive drugs, and/or
adjunctive treatments such as intravenous immunoglobulins
or plasmapheresis. The B cell-depleting anti-CD20 antibody
(rituximab) has emerged as a major option for pemphigus
patients with steroid-resistant disease or when there are adverse
effects with conventional therapies. Data from a recent clinical
trial suggest that first-line use of rituximab plus short-term
prednisone is safe and more effective than using prednisone
alone (270). However, these approaches impair the efficiency
of the immune response and render the treated subjects to be
more susceptible to the infections. In addition, since patient
morbidity and even mortality results from side effects of treat-
ment, the development of more targeted therapies that leave the
immune system functional and able to neutralize pathogens is
desirable.

To overcome this problems therapy for autoimmune diseases
should eliminate only pathogenic autoimmune cells such as
performed by Ellebrecht et al. for pemphigus therapy. They
have recently demonstrated that autoantigen-based chimeric
immunoreceptors can direct T cells to kill Dsg3-specific B cells
in vivo (271). Another target specific approach could be based
on therapeutical peptides (such as decoy peptides) able to
specifically deplete pathogenic autoantibodies (45). The asso-
ciation of PV with human leukocyte antigen class II alleles has
highlighted the role of the presentation of immunodominant
peptides to autoreactive T helper cells. In parallel, the corre-
lation of disease activity and autoantibodies of the IgG4 and
IgE subclasses underlines the role of T helper 2 cells as critical
regulators of pemphigus pathogenesis. In this context, novel
therapeutic approaches that target autoreactive T cells functions
could be also relevant in future. In this context, therapeutic
peptide vaccine approach for the restoration of immune toler-
ance is currently investigated (272, 273). An interesting study
on MS, which has led to a phase I clinical trial in humans, has
used peripheral blood mononuclear cells chemically engineered
to present peptides (274). Thus, the evidence that an ES phe-
nomenon may change the epitope/antigen profile during the
course of the disease and the demonstration of its pathological
role could make the development of epitope/antigen-specific
therapies more difficult.

An ideal therapeutic approach should be able to eliminate
not only specific pathogenic autoantibodies present at disease
onset but also those arising during the course of disease through
the ES phenomenon. In addition, it should be considered that
whereas the epitope/antigen specific therapeutic approaches
involve untreated bullous disease patients, the performed studies
involving treated patients could have underestimated the impact
of ES in disease progression.

In the light of published data on ES in the autoimmune blis-
tering disease, the possible therapeutic use of decoy peptides to
block autoantibody binding in vivo may require early and aggres-
sive administration of several different peptides. For example,
as for BP, other pathogenic regions of BP180, in addition to

NC16A, should be considered (22). On the other hand, in pem-
phigus disease, the hypothesis that multiple antigens could be
sequentially involved by ES in the pathogenesis of disease (85)
could suggest an antigen specific approach based on multiple
antigens and not only on the major one. On the other hand, the
static nature of the Dsg3-reactive B cell repertoire that persists
over time and causes disease relapse in PV patients suggests that
Dsg3 ectodomain could be an effective target for PV therapy
(20, 271, 275-278). In addition, although autoimmune response
may spread to new epitopes during the course of disease, specific
epitope/antigen therapies show considerable efficacy in epitope-
induced mouse models of autoimmunity (272, 273, 279, 280)
suggesting that epitope-specific therapies could also operate at
the level of regulating mechanisms of immune tolerance rather
than depending only on the interference with specific autoag-
gressive B and T cells.

CONCLUDING REMARKS

To get insights into the dynamics and role of sequential immune
responses to newly arising epitopes/antigens is crucial to
understand autoimmune disease pathogenesis. Moreover, this
knowledge could be used to design antigen-specific therapies.

Although definition of hierarchy and functional significance
of ES in human disease is difficult, this knowledge in animal
models of autoimmune disease has been partially obtained.
The difficulty to investigate ES in patients is probably due to the
immunosuppressive treatments that could impair the diversifi-
cation of the immune response and the time of ES appearance
that, such as occurred in several mouse models, could become
detectable before disease onset. However, despite these limita-
tions, in patients affected by autoimmune bullous diseases the
functional role of ES has been demonstrated. In particular, in BP
patients a significant relation of ES with disease severity at diag-
nosis has been reported (22). Moreover, data from mouse model
and BP patients raise the possibility that the development of
autoantibodies against intracellular targets may follow extracel-
lular one and correlates with the initial phase of the disease when
the tissue damage starts occurring (22, 58). Although in PV the
ES has been rarely found (20), in the clinical transition between
mucosal form to the mucocutaneous one seems to have a major
role (73, 76). In addition, the growing body of evidences on the
existence of other pathogenic autoantibodies targeting non-Dsg
antigens located on cell membrane (83, 84) and/or intracellular
compartments (85) suggests a role of autoantibody diversifica-
tion in PV pathogenesis. In parallel, in EPF the role of ES appears
to be crucial for the establishment of the autoimmune response
(102). Moreover, several reported cases in which a disease transi-
tion is preceded by an intermolecular ES phenomenon further
underlines the functional role of ES in autoimmune blistering
disease.

Autoantigens targeted by ES phenomena in autoimmune
blistering disease are often physically linked (for example BP180
and BP230, Laminin 332 and BP180; laminin 332 and Coll VII),
Thus, a mechanism dependent on physical association seems to
be involved in the disease pathogenesis. In addition, a mecha-
nism independent by physical association, such as tissue damage
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followed by the exposure of cryptic epitope, at least in BP and
PNP, has been postulated.

In conclusion, the definition of hierarchy and functional

significance of ES in autoimmune bullous diseases is partially
known at present. An important improvement of knowledge on
ES phenomenon could be achieved by dissecting the process in
active mouse models that are available for the majority of autoim-
mune blistering diseases (43, 45, 82, 281-285).
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