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ARTICLE INFO ABSTRACT

Arﬂ'd? history: Bullous pemphigoid (BP) is a common autoimmune blistering skin disease in which two
Received 24 February 2015 hemidesmosomal components - the transmembrane collagen XVII (BP180 or BPAG2) and the plakin
Received in revised form 26 February 2015 family protein BP230 (BPAG1) - are targeted by autoimmunity. Of these, collagen XVII (COL17) is

Accepted 2 March 2015 thought to be a major autoantigen, and vital roles of IgG autoantibodies in blister formation have been

elucidated. However, BP shows distinct features, including pruritic urticarial erythema and eosinophilic
Keywords: infiltration, which may be independent of IgG-mediated autoimmunity. Recently, it has been revealed

;\g'goam'bo‘jy that sera from certain patients with BP contain IgE autoantibodies to COL17 and that IgE autoantibodies
Eosinophil bind to peri-lesional dermal-epidermal junctions. Mouse models have demonstrated that IgE antibodies
Mast cell to COL17 induce erythema and eosinophilic infiltration in skin. In addition, the successful treatment of
Omalizumab severe BP with omalizumab, a humanized monoclonal antibody targeting IgE, has been reported. These
findings suggest that both IgG and IgE autoantibodies to COL17 may be involved in the BP pathogenesis.
This article summarizes IgE-mediated autoimmunity to COL17 in BP.

© 2015 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights
reserved.
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1. Introduction blister formation associated with eosinophil infiltration is com-

monly observed in BP (Fig. 1B). BP sera contains circulating 1gG

Bullous pemphigoid (BP) is a common autoimmune blistering autoantibodies targeting dermal-epidermal junctions (DEJ) in
skin disorder that is most common in the elderly [1-3]. The clinical skin, and these autoantibodies are detectable by indirect immu-
characteristics are the formation of tense blisters and pruritic nofluorescence (IIF) studies using healthy normal human skin as a
urticarial erythema (Fig. 1A); histopathologically, subepidermal substrate [2]. Also, in the peri-lesional skin of patients, in vivo
deposition of IgG and C3 is usually observed (Fig. 1C) [4]. The main

autoantigens targeted by BP autoantibodies are hemidesmosomal
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Fig. 1. A typical case of BP with urticarial erythema and tense blisters on the extremities (A) [3]. Histopathology shows subepidermal blister with eosinophilic infiltration (B).

DIF of perilesional skin shows deposits of IgG and C3 at the DEJ (C).

(Fig. 2A) [2]. Of these molecules, IgG autoantibodies to COL17 are
thought to be mainly involved in the pathogenesis of BP, and they
can induce dermal-epidermal separation in mice [5,6]. However,
pruritic urticarial erythema and subepidermal blister formation
with eosinophilic infiltration, both of which are characteristic
clinical and histopathological features of BP, are not reproduced in
IgG-mediated animal models of BP. Recent studies have shown
that IgE autoantibodies to COL17 are probably involved in the
pathogenesis of BP [7-9], which may be associated with
eosinophilic infiltration and urticarial erythema. However, the
role of IgE autoantibodies in BP is not yet fully elucidated. This
review summarizes our current understanding of IgE autoanti-
bodies in the pathogenesis of BP.
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Fig. 2. Schematic of the molecular composition of hemidesmosomes (A). COL17 is a
transmembrane protein. Major epitopes tightly cluster within the juxtamembranous
NC16A domain, and IgG- and IgE-class BP autoantibodies target these epitopes. ECM:
extracellular matrix.

2. COL17 as a major autoantigen in BP

COL17 is a 180-kD type Il-oriented transmembrane collagen
whose amino (N) and carboxyl (C) termini are located in the
cytoplasm and extracellular matrix, respectively [10,11]. Major
epitopes tightly cluster within a juxtamembranous extracellular
77-amino-acid stretch called the NC16A domain (Fig. 2B)
[12]. Roughly 85% to 90% of IgG autoantibodies in BP patients
react with this domain [13], and amino acids 506 to 534 have been
mapped as a major epitope within the domain [12,14]. IgE-class
autoantibodies to COL17 also preferentially target the region [14].

3. Clinical features of BP probably associated with IgE-
mediated autoimmunity

In addition to tense blister formation, pruritic urticarial
erythema is a characteristic clinical feature of BP (Fig. 1A). The
early urticarial phase of the eruptions seen in BP seems to be
associated with IgE, because IgE-mediated degranulation of mast
cells is commonly known to occur in urticarial lesions [15]. In
addition, eosinophilia and elevated IgE are typically observed in
BP patients. The pruritic urticarial erythema and the involvement
of lesional and circulating eosinophils are uncommon in other
autoimmune blistering skin disorders such as pemphigus.
Furthermore, in several cases of BP, a prolonged erythematous
stage preceded the appearance of typical blisters, and this is known
as the prodrome phase of BP [16], although IgE autoantibodies to
COL17 have not been proven to be involved in this phenomenon.
These observations indicate that BP has distinct clinical features
and that Th2-mediated autoimmunity may be involved in the BP
pathogenesis.

In the current issue of /DS, Kamiya et al. report a case of BP in
which both IgG and IgE anti-COL17 NC16A domain autoantibodies
were involved [17]. The authors carefully observed the clinical
features and the titers of autoantibodies in the patient, and they
found that circulating levels of IgE autoantibodies correlate well
with urticarial erythema and that those of IgG autoantibodies are
instead associated with blister formation. Similarly, in this issue,
Moriuchi et al. present 2 cases of atypical BP patients with
widespread diffuse erythema in which direct immunofluorescence
(DIF) study showed positive deposition of IgE at the DE]J [18]. These
reports suggest that IgE autoantibodies may be associated with
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erythematous lesions in BP. Also in this issue, Ma et al. report
having found no significant correlation between IgE anti-COL17
NC16A domain autoantibody titers and area of skin lesions,
although they did not assess erythema and blisters separately [19].

4. Immunopathological findings probably associated with IgE
autoantibodies

Dermal eosinophilic infiltration in the skin is a typical
histopathological manifestation of BP (Fig. 1B). Dermal mast cell
degranulation is also known as the earliest event in BP lesion
formation [20], which has further been confirmed by animal
models [21]. These histopathological findings suggest that IgE
autoantibodies may be involved in the BP pathogenesis, because
mast cells and eosinophils express the high-affinity IgE receptor
FceRI on their surface [22]. It has been shown that eosinophils in
peripheral blood and lesional skin of BP patients express FceRI and
surface-bound IgE [9,23]. Dimson et al. demonstrated IgE-coated
and COL17-peptide-bound mast cells in the perilesional skin of BP
patients [24]. As Moriuchi et al. report in this issue [18], several
studies have shown in vivo deposition of IgE autoantibodies at the
DE]J of BP patients (see the next section). Taken together, the above
findings suggest that mast cell degranulation and eosinophilic
infiltration in skin of BP patients may be attributed to IgE
autoantibodies to COL17.

5. Detection of IgE autoantibodies in BP patients

IgE levels are known to be elevated in the sera of BP patients
[23,25,26]. Circulating IgE autoantibodies to the NC16A domain of
COL17 were detected by ELISA in roughly 20% to 55% of BP patients
[23,27,28]. In this issue, Ma et al. report that the IgE anti-NC16A
domain of COL17 autoantibodies was detected in 24.4% (10/41)
patients with BP by ELISA using 1:100 diluted patients’ sera
[19]. They also show that IgE autoantibody titers positively
correlate with IgG autoantibody titers. In 2009, Messingham et al.
reported an improved ELISA by which IgE autoantibodies to the
NC16A domain of COL17 were detected in 77% (33 of 43) of BP
patients [29]. Interestingly, they showed that undiluted sera
resulted in the most reliable, sensitive and specific results, which
may illustrate the fact that the amount of circulating IgE is quite
low compared with that of circulating IgG [29].

Several studies, including that of Moriuchi et al. in this issue
have shown in vivo deposition of IgE autoantibodies in plural
numbers of BP patients [18,30-32]. The positive ratio of in vivo IgE
varies from 18% to 41%. Yayli et al. noted that cases with IgE
deposition had more severe urticarial lesions than IgE-negative
cases [32], while Moriuchi et al. reported no difference in disease
severity, clinical course and outcome between in vivo IgE-
positive and IgE-negative cases [18].

6. Animal models of BP induced by IgE antibodies

The passive transfer of IgG autoantibodies to the NC16A domain
from BP patients into human COL17-expressing transgenic
neonatal mice has been found to induce skin fragility [5,6]. Simi-
larly, rabbit polyclonal IgG antibodies to the NC14A domain of
mouse COL17 (corresponding to human NC16A) can induce
mechanical dermal-epidermal separation [33]. In addition, trans-
ferring splenocytes from immunized mice with human COL17 to
human COL17-expressing immunodeficient adult mice leads to
spontaneous blister formation [34]. These “IgG-mediated BP
models” lack urticarial erythema and peri-lesional eosinophil
infiltration, which are both hallmarks in BP patients. In contrast,
Zone et al. have produced itchy erythematous lesions in human
skin engrafted on SCID mice using monoclonal IgE antibodies

against LABD97, which is a component of the shed ectodomain of
human COL17 [35]. The IgE antibodies linearly bound to the DE]
of the engrafted human skin and lead to severe eosinophilic
infiltration and mast cell degranulation within the grafts, resulting
in histological, but not clinically detectable, basement-membrane
blisters. Fairley et al. developed another experimental mouse
model of BP using IgE autoantibodies from BP patients [36]. They
isolated total IgE from the sera of BP patients and injected it into
human skin grafted on athymic nude mice. The BP IgE auto-
antibodies induced elevated erythematous plaques in the human
skin grafts, accompanied by the engorgement of blood vessels and
the dermal infiltration of neutrophils, eosinophils and degranu-
lated mast cells. Higher doses of IgE induced histological dermal-
epidermal separation in the grafts. These BP models utilizing IgE
antibodies reproduce some of the clinical and histological features
of human BP and strongly suggest a correlation between IgE
autoantibodies to COL17 and itchy urticarial erythema, mast cell
degranulation and eosinophilic infiltration in BP.

Hirose et al. developed a novel BP mouse model by repetitive
immunization of recombinant fragments of COL17 into SJL/J female
mice. All the immunized mice developed IgG autoantibodies to
COL17, and about a half of the immunized mice demonstrated skin
lesions including erythema, erosions and crust accompanied by
elevated levels of serum IgE, and eosinophilic infiltration in skin
lesions [37]. Recently, mice lacking the NC14A domain of COL17
have been shown to spontaneously develop itchy, crusted erosions
associated with eosinophilia, elevated serum IgE levels, subepi-
dermal microblisters, dermal eosinophilic infiltration and linear
deposition of IgG and IgA but not IgE at the DEJ [38]. These findings
also indicate the contribution of IgE autoantibodies and eosino-
phils to the development of itchy skin lesions in BP.

7. Possible pathomechanism of IgE autoantibodies in BP

The main function of IgE is immunity to parasites [39]. It also
plays a crucial role in type I hypersensitivity targeting different
organs, such as the skin (urticaria and atopic dermatitis), the nose
(rhinitis), the lungs (asthma) and the gut (food allergic reactions)
[40]. The expression of IgE requires class-switch recombination
of the variable region, initially linked to the constant region of
another antibody class (Cp, Cy or Ca) to Cg, in the heavy-chain
locus [40]. The allergen-activated Th2 cells, as well as mast cells,
secrete IL-4 and IL-13, and express the CD40 ligand, which
stimulate heavy-chain class switching to IgE in B cells [40]. In BP,
the predominance of the Th2 response was suggested by increased
levels of IL-4 [41,42] and IL-5 [41,43] in blister fluid and by the
increase in IL-4- and IL-13-producing cells in peripheral blood and
blister fluid [44]. The Th2-mediated immune response in BP may
promote the production of IgE autoantibodies. However, BP can
develop in patients with concomitant psoriasis [45], a common
skin inflammatory disorder inducted by Th17 immune response,
suggesting the presence of certain BP pathomechanisms that
cannot be simply explained by Th2-mediated immune response.

How do IgE autoantibodies to COL17 act in the development of
BP? It is thought that IgE autoantibodies bind to FceRI expressed
on eosinophils [9,23], tissue mast cells [24] and basophils in blood
[9], or bind to target antigen COL17 at the DEJ in the skin
[30-32]. Released ectodomain of COL17 that contains the NC16A
domain has been found at the DE]J in BP patients [46] (Fig. 3). As
above mentioned, IgE-coated and COL17-peptide-bound mast cells
have also been shown in BP skin lesions [24]. Taken together, the
released ectodomain of COL17 may bind to IgE autoantibodies on
mast cells or eosinophils and promote degranulation as previously
proposed by Messingham et al. [8] (Fig. 3). The released mast cell
granule constituents, such as histamine, induce vasodilation and
increase vascular permeability, and cytokines such as TNF and IL-6
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Fig. 3. Possible pathomechanism of IgE autoantibodies in BP. In BP skin lesions, cleaved ectodomains of COL17 are released along with the DEJ (arrowheads in the
immunostaining image [46]). Those fragments may bind to IgE autoantibodies to COL17 on mast cells and eosinophils in the dermis. Upon crosslinking of FceRI by IgE and the
autoantigen, a signaling cascade leads to the release of mediators such as histamines and cytokines, resulting in the progression of further inflammatory processes.
Additionally, IgE autoantibodies to COL17 may directly bind to COL17 on the basal keratinocytes and induce the internalization of immune complex into the cytoplasm,
leading to a lack of COL17 and a decrease in adhesive strength at the DE]. These pathomechanisms of IgE autoantibodies to COL17 may contribute to the development of the

skin lesions that characterize BP.

enhance leukocyte recruitment [47], resulting in the development
of itchy urticarial erythema and the progression of further
inflammatory process.

It has recently been demonstrated that IgG autoantibodies to
COL17 are able to deplete COL17 in cultured normal human
keratinocytes or in human COL17-expressing transgenic mice skin
in an FcR-independent manner [48-50]. Similarly, IgE autoanti-
bodies to COL17 were shown to be internalized and to decrease the
number of hemidesmosomes at the DEJ in organ-cultured skin in
an FcR-independent manner [7]. Thus, the direct effect of IgE
autoantibodies on basal keratinocytes may contribute to a
weakening of the adhesive strength at the DE] (Fig. 3). However,
the direct effect seems limited, because IgE autoantibodies alone
fail to induce apparent dermal-epidermal separation in animal
models [35,36] and BP patients showing in vivo deposition of
IgE but not IgG develop a less severe blistering phenotype, as
mentioned above [18].

8. IgE autoantibodies as a therapeutic target for BP

As is true for IgG autoantibodies, levels of IgE autoantibodies to
the NC16A domain tend to parallel the severity of the disease
during its course [14,27,29]. In addition, the presence of IgE
autoantibodies to COL17 is thought to be associated with severe
cases of BP [23,27]. Recently, Messingham et al. reported a
correlation between total IgE concentration and both COL17 IgE
levels and eosinophil count [9]. They also demonstrated that when
sera from patients with total IgE>400 IU/ml were analyzed, the
COL17 IgG levels correlated with disease severity, BP230 IgG, total
circulating IgE and COL17 IgE. Furthermore, Kamiya et al. show in
this issue that the level of IgE autoantibodies correlates especially
well with BP disease area index (BPDAI) for erythema [17]. Thus,

IgE autoantibodies are a potential target for severe cases of BP. In
2009, Fairley et al. reported the first case of BP successfully treated
with omalizumab, a humanized monoclonal antibody targeting IgE
[51]. As illustrated in Fig. 4, the receptor-binding sites for both
high- and low-affinity IgE receptors are in the CH3 portion of the
heavy chain of IgE (Ce3) [52]. Omalizumab targets this receptor-
binding site on IgE, so it specifically binds to circulating IgE but
not to cell-surface IgE on mast cells and on basophils that were
bound via the high-affinity IgE receptor FceRI [52]. Treatment of
omalizumab reduces IgE synthesis by B-cells [53] and decreases
the expression of FceRI on mast cells [54]. To date, 10 cases of BP
treated with omalizumab have been reported in the literature,
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Fig. 4. Structure of the IgE molecule. The receptor-binding sites for both high- and
low-affinity IgE receptors are in the Ce3 portion of the heavy chain of IgE.
Omalizumab targets this receptor-binding site on IgE.
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of which 9 cases showed significantimprovement [51,55-58]. Most
cases had elevated IgE and eosinophil counts before omalizumab
treatment, and eosinophils declined with the treatment. Interest-
ingly, in some cases, IgG autoantibodies to COL17 remained high
even when the patients showed clinical improvement with
omalizumab [51,55,58]. The excellent therapeutic effect of
omalizumab suggests that IgE autoantibodies play vital roles in
BP pathogenesis and that IgE autoantibodies are an important
target for the treatment of BP.

9. Conclusions

IgE autoantibodies have not received much attention with
respect to BP pathogenesis. However, recent studies and clinical
observations indicate that IgE may play vital roles in the
development of BP. Due to the extremely low levels in circulation
and the lack of easy tools for assays, IgE autoantibodies to COL17
remain a challenging subject for study. To further evaluate the
effect of omalizumab treatment, the dosage and treatment
schedule should be optimized for BP, and multicenter randomized
controlled trials are desirable.
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