
Journal Identification = EJD Article Identification = 3366 Date: September 13, 2018 Time: 6:20 pm

4

Review Eur J Dermatol 2018; 28(4): 440-8

Emanuele COZZANI1

Giulia GASPARINI1

Giovanni DI ZENZO2

Aurora PARODI1

1 Di.S.Sal, Section of Dermatology,
University of Genoa, San Martino Policlinic
Hospital, Genoa 16132, Italy
2 Molecular and Cell Biology Laboratory,
Fondazione Luigi Maria Monti, IDI-IRCCS,
Rome, Italy

Reprints: E. Cozzani
<

A

Immunoglobulin E and bullous pemphigoid

Clinical features and histological findings in bullous pemphigoid (BP)
suggest a Th2-oriented inflammatory reaction, especially in the early
stages of the disease. Elevated total serum IgE levels, blood eosinophilia,
and elevated serum levels of different soluble inflammatory Th2 response
mediators have been described in large cohorts of patients with clas-
sic clear-cut BP manifestations. Direct immunofluorescence, indirect
immunofluorescence, and anti-BP230 and anti-BP180 IgE ELISA test-
ing show self-reactive IgE autoantibodies in a consistent number of BP
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emanuele.cozzani@unige.it> patients. Both IgE autoantibodies and a Th2-oriented immune response
may play a role in the initial phases of BP and atypical cases of BP,
such as severe erythematous and urticarial forms of BP, as well as

blister formation. Two recently reported experimental murine models
employing IgE autoantibodies against BP180 have been reported and
the successful treatment of bullous pemphigoid with the anti-IgE anti-
body, omalizumab, supports the roles played by IgE autoantibodies in
BP pathogenesis.
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ullous pemphigoid (BP) is a rare autoimmune
subepidermal blistering disease that mainly affects
the elderly, and is classically characterized by

arge, tense, serous or haemorrhagic bullae arising on ery-
hematous, urticarial, eczematous or apparently normal skin
1, 2]. However, non-bullous presentations can account for
0% of BP [1].
P is associated with tissue-bound and circulating autoan-

ibodies directed against two hemidesmosomial proteins:
ransmembrane BP180 (also termed type XVII collagen or
PAG2) and intracytoplasmic plakin family protein BP230

also termed BPAG1) [3]. Hemidesmosomes promote the
ntegrity of the dermal-epidermal junction (DEJ) by bond-
ng cytoplasmic keratin intermediate filaments of basal
eratinocytes to laminins in the lamina densa [3]. The non-
ollagenous region 16A (NC16A) of BP180 extracellular
omain contains the major epitopes for anti-BP180 autoan-
ibodies [4], while anti-BP230 antibodies in BP sera react
ith various domains of the entire molecule [5].
he clinical significance [6-9] and pathogenic role [10-15]
f IgG autoantibodies in BP have been clearly estab-
ished. The detection of autoreactive IgG autoantibodies
s a cornerstone for diagnosis of BP [1, 2]. Various in vitro
nd in vivo studies have provided strong evidence for the
athogenic role of IgG autoantibodies in BP (mainly for
nti-BP180 IgG) [12]. More recently, considerable empha-
40
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is has been given to the clinical relevance and pathogenic
ole of circulating and tissue-bound IgE autoantibodies.
atients with BP have been known to have high levels of IgE
ince 1974 [16], and in 1984, Asbrink et al. correlated high
gE serum levels with disease activity [17]. Furthermore, it
as been known for two decades that serum IgE antibod-
es bind to the epidermal side of the basement membrane
us pemphigoid, Th2, anti-BP230 and anti-BP180 IgE,

zone (BMZ) of split skin in BP [18]. Initially, the target
of IgE antibodies in sera of BP patients was identified as
BP230 [19]. Later on, anti-BP180 IgE antibodies were also
discovered in sera of BP patients [20].
In BP patients, a T-helper cell type 2 (Th2) response is
clearly evident. BP patients often present urticarial lesions,
peripheral eoshinopilia, and high IgE serum levels [21, 22].
These clinical observations are supported by numerous
studies demonstrating a Th2 response in BP patients [23].
In this context, the role of IgE in BP pathogenesis is still
not fully elucidated. Here, we report the latest develop-
ments on the role of IgE in BP and the potential therapeutic
implications that this might have.

BP skin lesions: clinical aspects,
histological findings, and direct
immunofluorescence

Simply by analysing the clinical features of BP patients, a
Th2 response is clearly evident. Tense blisters arise on pru-
ritic erythematous and/or urticarial or eczematous plaques.
The latter may be the only manifestations during an ini-
doi:10.1684/ejd.2018.3366
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tial persistent non-bullous phase, lasting several weeks or
months, that are seen in up to 20% of BP patients [1, 2].
Bullae may even be absent throughout the disease dura-
tion. In elderly patients with intense itching, with or without
inflammatory skin lesions, especially when symmetrically
distributed, BP should be ruled out [24]. Moreover, initial
lesions may be atypical, resembling polycyclic, targetoid,
nodular or lichenoid lesions. Therefore, BP is, by definition,
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polymorphic disease in which the presence of bullae is not
lways mandatory. However, most of our knowledge on BP
athogenesis regards blister formation, and it is still not
ully understood how other BP lesions form.
istological findings from lesional skin biopsy specimens

onfirm the Th2-oriented inflammatory reaction, especially
n the early stages of the disease. Histology of early
esions shows subepidermal clefts, eosinophilic spongio-
is, and/or an infiltrate of eosinophils in the upper dermis
ining the dermal-epidermal junction. Whereas histologi-
al changes in established lesions instead are characterized
y subepidermal bullae, an absence of acantholysis, and

superficial dermal infiltrate mainly with eosinophils
nd a few neutrophils or lympho-monocytes [25]. The
nflammatory infiltrate, rich in eosinophils is, apart from
ubepidermal splitting, the key histological feature of BP
26, 27] and seems to play a crucial role in BP pathogenesis
28]. Th2 cytokines activate eosinophils that preferentially
nfiltrate the skin of BP patients in the presence of IL-

[29]. In this context, eosinophils express MMP-9 that
s capable of cleaving BP180 antigen [30], leading to
issue damage and separation at the dermal-epidermal junc-
ion [31]. This process seems to depend on eosinophil
dhesion and Fc�R binding, suggesting that BP autoan-
ibodies directly activate eosinophils and/or attract them to
he dermal-epidermal junction [31]. However, conflicting
esults have been reported on the possible relation between
specific autoantibody isotype and eosinophil activation.
lthough IgE autoantibody levels showed a strong asso-

iation with local eosinophil accumulation [22], it seems
nlikely that eosinophils directly interact with IgE, because
hey lack functionally active high-affinity IgE receptors
FceRI) [21, 32]. In fact, BP antigen-specific degranula-
ion of basophils and/or mast cells, rather than eosinophils,
as been suggested as a mechanism by which IgE may
ontribute to lesion development [21]. Initial mast cell
egranulation and subsequent eosinophil and, to a lesser
xtent, basophil degranulation have been demonstrated as
he sequence of histopathological events in the pathogen-
sis of BP based on electron and light microscopy [33],
nd further confirmed in murine models [34]. The role of
ast cells in BP pathogenesis is also underlined by reported

nteraction of C5a-C5aR on mast cells, consequent acti-
ation of the p38 MAPK pathway, and subsequent MC
egranulation, which is indispensable for development of
xperimental BP [35]. Indeed, in the skin of BP patients, the
resence of IgE on mast cells, but also eosinophils, has been
ecently reported [36]. Of note, a portion of IgE antibod-
es were BP-specific. In addition, BP180 and Fc�RI-bound
gE co-localized on mast cells and/or eosinophils. Impor-
antly, the authors demonstrated that BP180-IgE complexes
rom two BP patients were indeed capable of cross-linking
c�RI, leading to degranulation of rat basophils. In paral-

el, eosinophil and mast cell activation in BP patients based
n detection of high serum concentrations of major basic
rotein, eosinophil-derived neurotoxin, eosinophil cationic
JD, vol. 28, n◦ 4, July-August 2018

rotein (ECP), and mast cell tryptase have been demon-
trated in other studies [37, 38]. Interestingly, ECP serum
oncentration decreased in patients with ongoing remis-
ion, but not in patients who later relapsed [37]. These
ata once more emphasize the importance of mast cells
nd eosinophils in disease pathogenesis and the possible
elation between BP-specific IgE and granulocyte activity
37].
18 Time: 6:20 pm

Direct immunofluorescence (DIF) of perilesional skin
shows in vivo linear deposition of IgE at the DEJ in 18-41%
of BP patients [18, 26, 39-43]. In contrast, other authors
could not detect anti-BMZ IgE in the skin of BP patients
[23, 44]. However, IgG and IgE in BP patients recognize
the same dominant BMZ epitopes and this could be a good
explanation for the lack of detectable IgE staining along the
BMZ in patients with high IgG levels.
Yayli et al. were the first to investigate IgE deposition along
the BMZ and the relationship between this and clinical phe-
notype. They detected a linear deposition of IgE along the
BMZ in 41% of 44 BP patients, including two patients with-
out IgG or C3 reactivity [42]. They found that cases with in
vivo IgE deposition had more severe urticarial lesions than
IgE-negative cases [42].
In line with this, Moriuchi et al. also found IgE deposition at
the BMZ in 18 of 100 patients based on direct immunoflu-
orescence. Interestingly, four of these had atypical clinical
features: a case of BP associated with psoriasis, a case of
erythrodermic BP, and two cases of pemphigoid nodularis.
Notably, in three patients with these unusual manifestations,
no in vivo IgG deposition at the BMZ was detectable, even
though ELISA and salt-split skin indirect IF revealed cir-
culating IgG autoantibodies in the patients’ sera [41]. In all
three cases, patients did not develop frank bullous lesions.
IgE might perhaps be associated with very rare atypical
variants of BP, involving the pre-bullous phase of urticarial
lesions, such as erythrodermic BP or pemphigoid nodu-
laris. In contrast to Yali et al., Moriuchi et al. reported no
difference in disease severity or clinical course or outcome
between in vivo IgE-positive and IgE-negative cases of BP
[41].
IgE deposition at the BMZ in BP patients is found in a
minority of patients. However, in some cases it is the only
reactivity apparent on DIF in patients without IgG or C3
reactivity. It is not yet clear whether in vivo deposition of IgE
is useful for predicting disease course and severity, although
predominant IgE deposition seems to be associated with
non-bullous lesions.

Total serum IgE levels, blood
eosinophilia, and soluble inflammatory
Th2 response mediators

Elevated total serum IgE levels have been described in mul-
tiple reports in 70-85% of BP sera [17, 43, 45, 46]. In most
studies of BP patients, a positive correlation between total
IgE serum levels, anti-BMZ antibody levels, and disease
activity is reported [16, 17, 47-49]. Recently, Van Beek et
al. identified a correlation between total serum IgE levels
and the extent of urticarial/erythematous lesions, but not
blisters/erosions [50]. These data are in contrast with a pre-
vious report that showed total IgE serum levels to be rather
441

unrelated to disease severity, with higher total mean serum
IgE values in patients with bullae compared to those with
urticarial lesions [51].
Elevated serum levels of different soluble inflammatory Th2
response mediators have been found in BP patients com-
pared to healthy controls. In BP patients, serum levels of
sCD23, the soluble form of a low-affinity Fc�RII involved
in B-cell growth and differentiation, was found to be
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orrelated with both disease activity and total serum IgE
evels [52, 53]. CD23 expression on peripheral blood B
ells was shown to be higher in BP patients than in controls,
ven though this did not correlate with sCD23 levels. CD23
xpression paralleled total serum IgE levels, which were
ignificantly higher in severe compared to moderate BP
54]. BP patients also have significantly higher serum levels
f IL-4 and sCD30 [55]. Serum levels of the thymus and
ctivation regulated chemokine (TARC) levels correlated
ith total serum IgE levels [56, 57]. IL-5 and eosinophil

ationic protein levels in blister fluid of BP patients were
eported to correlate with total serum IgE levels [58].
n line with this, blood eosinophilia has been reported in
0-60% of BP patients [49, 59, 60]. Blood eosinophilia
as described in a large cohort of patients with classic

lear-cut BP manifestations [50]. However, no study has,
o date, investigated the correlation between the number
f blood eosinophils and urticarial lesions. Only one case
eport described a correlation between the extent of blood
osinophilia and disease severity [49].
he pathogenic mechanisms that link elevated total serum

evels of IgEs, blood eosinophilia, and soluble Th2 response
ediators with actual formation of BP skin lesions are

till unclear. For example, levels of eosinophil chemo-
actic factor of anaphylaxis, which is responsible for
osinophil chemotactic activity as well as the accumula-
ion of eosinophils in BP lesions, do not appear to correlate
ith total serum IgE levels or serum eosinophilia in BP

26, 60, 61]. However, Czech et al. observed elevated lev-
ls of total serum IgE, eosinophil cationic protein, and
eutrophil-derived myeloperoxidase both in serum and blis-
er fluid in BP, but not in pemphigus vulgaris patients [62].
ecently, Messingham et al. reported Fc�RI expression
oth on peripheral blood and skin eosinophils in BP patients
63].
hese data together point towards a strong systemic and

ocal Th2-oriented inflammatory response in BP [23].

isease-specific circulating IgE

lready in the 70s, the possible role of other mediators
n addition to anti-BMZ IgGs was hypothesized. In fact,
nti-BMZ IgG titres did not always correlate with clinical
everity of BP, whereas this was always evident in patients
ith pemphigus [64]. In 1974, Abersman [16] and Provost
ypothesized the importance of anti-BMZ IgE antibodies
n BP pathogenesis [39]. Serum anti-BMZ IgE reactivity,
nvestigated by indirect IF microscopy on 1-M NaCl-split
kin, was described in 0-53% of BP patients according to
ifferent case series [18, 19, 26, 45, 65-67], with a mean of
0%. In some, but not all studies, serum anti-BMZ IgE reac-
ivity was associated with elevated total serum IgE levels
19, 65, 67].
ntigen-specific circulating antibodies, anti-BP230 and
42

nti-BP180 IgE can be detected in sera from BP patients
y ELISA in 50-67% and 22-77% of cases, respectively
20, 22, 41, 68-75]. Therefore, anti-BP180 IgEs seem to
e more frequently represented in BP patients compared to
nti-BP230 IgEs. Interestingly, however, our unpublished
ata show that the mean levels of IgE reactivity against
P230 are higher than those measured for BP180 (unpub-

ished data).
18 Time: 6:20 pm

In the late 90s, all attention was focused on anti-BP230 IgEs
[19, 76]. Based on the observation that most BP patients
had increased serum levels of IgEs, which seemed to cor-
relate with disease severity, Delaporte et al. studied the
presence of IgE directed towards BP230 in sera obtained
from BP patients [68]. The authors identified anti-BP230
IgE autoantibodies only in sera from patients with severe
disease. Several studies confirmed these results [19, 76-
78]. More recently, anti-BP230 IgE has been found in up
to 67% of patients with BP [22]. In a report of two BP
patients, IgE, but not IgG, reactivity against a recombi-
nant form of the C-terminal region of BP230 was related to
disease activity [76]. In 32 other BP patients, IgE antibod-
ies against BP230 preferentially recognized the C-terminus
and paralleled total IgE serum levels [19, 79]. Furthermore,
Ishiura et al. identified a correlation between anti-BP230
IgE titres and local eosinophil accumulation [22]. In one
study, circulating anti-BP230 IgE was found in all BP
patients’ sera while no BP180-specific IgE autoantibod-
ies were detected in sera and blister fluid of these BP
patients [27]. However, most studies reveal both IgE anti-
BP230 and anti-BP180 antibodies in the sera of BP patients
[22, 79]. Generally speaking, most recent studies focus on
anti-BP180 autoimmune reactivity in BP patients rather
than anti-BP230 autoimmune reactivity. This is also true
for studies on anti-BMZ antibodies. Besides IgG autoan-
tibodies, IgE anti-BP180 autoantibodies of IgA and IgE
isotypes were also described in BP patients [21, 71, 80].
All autoantibody isotypes target mainly the NC16A domain
[8, 21, 71, 81]. Epitopes outside the NC16A domain have
also been described to be recognized by IgE [81-83]. The
percentage of BP patients with IgE anti-BP180 NC16A
autoantibodies varied substantially in the different reports,
ranging from 22% to 100% of BP patients, with a mean of
60% [20, 22, 42, 68-72, 75, 82, 84-86]. The large variation
in anti-BP180 IgE reactivity in these studies may be, in
part, explained by the different test systems, i.e. ELISA
or immunoblotting and the use of diluted or undiluted
patient sera. For instance, circulating anti-NC16A IgEs can
be detected by standard ELISA in 22-30% of BP patients
[22, 87], while NC16A-specific IgE class autoantibodies
were detected in up to 77% of BP sera using a novel highly
specific and sensitive ELISA [72].
Also, the correlation between IgE serum levels and BP
severity varies according to different studies [32, 75, 86].
Most studies reported a correlation between IgE anti-
BP180 antibodies and BP disease activity [68-73, 88].
In contrast, only one study showed no apparent corre-
lation [74]. For a BP patient with both circulating IgG
and IgE anti-NC16A autoantibodies, Kamiya et al. iden-
tified a correlation between IgE autoantibody titres and
urticarial erythema, as well as an association between
IgG autoantibody titres and blister formation [73]. Very
recently, a correlation between IgE anti-BP230 autoanti-
bodies and a nodular, but not erythematous, phenotype was
reported [70]. Thus, not only tissue-bound IgEs, but also
EJD, vol. 28, n◦ 4, July-August 2018

disease-specific autoreacting circulating IgEs (anti-BP180
and anti-BP230) seem to correlate with atypical BP lesions.
A very recent study on 117 BP patients reported no asso-
ciation between circulating BP180 NC16A IgE antibodies
and urticarial or erythematous lesions, while the presence
of IgG anti-BP180 NC16A antibodies was associated with
the occurrence of erosions and blisters, but not urticarial or
erythematous lesions [88].
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n 2008, Iwata et al. performed a study in which anti-
P180 IgG and IgE titres, as well as both anti-BP230 IgG
nd IgE titres, were considered for each BP patient [87].
he Authors described a tendency for the presence of IgG
nd IgE antibodies for each antigen. Nonetheless, they also
bserved cases with negative circulating autoimmune IgGs
nd positive IgEs, and hypothesized that IgE antibodies may
recede IgG antibody production.
ifferent results are also reported regarding the variation in

gE levels during effective treatment. Most authors report
hat IgG and IgE autoantibody serum levels decrease after
ffective medication [72]. However, recently, Bing et al.
eported a steady rise of IgE levels in two BP patients stud-
ed during the first six weeks of oral and topical steroid
reatment, even though the disease was being controlled
ffectively [74]. Another interesting fact is that circulating
osinophil numbers correlate with levels of both NC16A-
pecific IgG and IgE in BP sera [63], however, it is unknown
hether these autoantibodies directly influence lesional

osinophils [89].
his also implies the possibility of using IgE detection

n clinical settings for the diagnosis and follow-up of BP
atients. The combined use of IgG BP180 and IgE BP230
LISAs could slightly improve the diagnostic performance
f IgG (BP180-BP230) ELISAs. A system based on ISAC
icroarray system has been proposed for the detection of

oth IgG and IgE in BP patients [84].

n vitro and in vivo studies

n vitro studies and mouse models further support the
ypothesis which emerges from clinical observations, that
gEs and Th2-oriented immune responses play a role in
P. This type of immune response might be responsible for
rticarial and eczematous lesions and partially responsible
or blister formation.

study investigating autoreactive BP180-specific CD4(+)
cells in BP patients and healthy controls demonstrated that

utoreactive Th2 responses to BP180 are restricted to BP
atients and may thus be critical in the pathogenesis of BP
90]. Furthermore, increased levels of IL-4 [91, 92] and IL-5
91, 93] were found in blister fluid, and an increased num-
er of IL-4- and IL-13-producing cells in peripheral blood
nd blister fluid [94] were demonstrated in BP patients.
ll of these observations suggest an involvement of Th2-
ediated autoimmunity in BP pathogenesis, which may

romote the production of IgE autoantibodies. In line with a
h2-oriented immune response, patients with BP showed a
eculiar profile of IgE recognition towards some groups of
llergens, which was absent in a group of allergic individ-
als. Interestingly, a significant, higher prevalence of hen’s
gg recognition was observed in patients with BP who had
pecific IgE to BP180, suggesting a possible link between
his reactivity and disease pathogenesis [84].
JD, vol. 28, n◦ 4, July-August 2018

arious in vitro studies on cultured human keratinocytes
upport the potential role of IgE and anti-BP180 IgE in
P. Incubation of cultured human keratinocytes with IgE

solated from BP sera resulted in the release of IL-6 and
L-8, [95, 96] two cytokines that may mediate disease
evelopment, e.g. by the attraction of inflammatory cells
92, 97, 98]. The secretion from cultured keratinocytes was
lso seen in response to incubation with a human mono-
18 Time: 6:20 pm

clonal IgE antibody directed against BP180 NC16A [96].
Furthermore, incubation of keratinocytes with anti-BP180
IgE led to internalization of BP180 [99]. Both effects have
previously been shown for IgG anti-BP180 antibody [100].
Anti-BP180 IgE can bind Fc�RI expressed on the surface
of various cells implicated in the inflammatory process of
BP lesions: tissue mast cells [21], eosinophils [63, 98], and
basophils [18, 39, 42, 63]. In BP biopsies, both IgE and
BP180 antigen localize to the surface of mast cells [101].
Dermal mast cell degranulation is known to be the earliest
event in BP lesion formation [33], which has further been
confirmed by animal models [34]. Therefore, the released
ectodomain of BP180, containing the NC16A domain, at
the BMZ in BP patients may bind to IgE autoantibodies on
mast cells and promote their degranulation [101]. Activated
mast cells release histamine, TNF�, IL-6, platelet activat-
ing factor (PAF), and vascular endothelial growth factor
(VEGF) which induce vasodilation, increase vascular per-
meability, and enhance leukocyte recruitment, especially of
eosinophils, resulting in the development of itchy urticar-
ial lesions and further amplification of the inflammatory
process [89, 102] (figure 1).
Incubation of basophils with the monoclonal IgE anti-
BP180 antibody led to BP180-specific histamine release.
In line with this, incubation with recombinant NC16A
induced histamine release from basophils of BP patients by
crosslinking NC16A-specific IgE on the surface of these
cells [21]. IgE may possibly also contribute to eosinophil
degranulation, through a process similar to that reported for
mast cell activation [101, 103].
Moreover, it has been shown that eosinophils in periph-
eral blood and up to 70% of eosinophils in lesional BP
skin express Fc�RI and surface-bound IgE [63, 104],
demonstrating the relevance of eosinophils and their link
to IgE reactivity in BP. However, a very recent in vitro
study revealed, based on a cryosection model of BP, that
eosinophil localization to the DEJ is dependent on IgG-
mediated complement fixation; in particular eosinophils
would migrate from the dermis to the DEJ via expression of
complement receptors, CR1 and CR3. Therefore, IgE anti-
bodies may not play a direct role in eosinophil activation or
localization at the BMZ, but rather an indirect role through
mast cell degranulation. Binding of anti-BP180 NC16A IgE
to these eosinophils might result in eosinophil degranula-
tion or may trigger mast cell degranulation, which has been
suggested to occur as a “piecemeal degranulation” pattern
[105, 106], and therefore may contribute to blister develop-
ment. In addition, gelatinase derived from eosinophils has
been reported to cleave the extracellular domain of BP180
[107].
In BP animal models, IgG-mediated subepidermial blis-
tering is easily achieved [11, 12, 108], however, pruritic
urticarial lesions, other rare atypical lesions that can be
found in BP, and eosinophilic infiltration are not easily
reproducible [103]. Furthermore, most data from animal
models of BP are generated by the use/induction of IgG
443

anti-BP180 autoantibodies [10, 14, 108, 109], but a few
studies have explored the in vivo effect of anti-BP180 IgE.
A pathogenic role for IgE in reproducing the early phase
of BP lesion development in human skin grafted to nu/nu
mice was demonstrated by Fairley et al. [110]. IgE autoan-
tibodies were isolated from BP patients’ sera and injected
into human skin, which was then grafted onto immunode-
ficient nu/nu mice. Twenty-four hours later, erythematous
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Figure 1. Schematic representation of the pathogenesis of BP demonstrating the mechanisms of blister formation in bullous
pemphigoid. Binding of IgG and IgE autoantibodies to the target antigens results in an inflammatory response with complement
activation, degranulation of mast cells, accumulation of neutrophils and eosinophils, and liberation of proteolytic enzymes. The
following steps are shown: (1) IgG and IgE autoantibodies bind to BP180 and induce the internalization in the basal keratinocytes
of BP180; (2) the complement system is activated, while basal keratinocytes produce interleukin-8 (IL-8); (3) macrophages (M),
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eutrophils (Ne), mast cells (Mc) and eosinophils (Eo) are rec
utoantibodies and release their content of histamine (His), TN
rowth factor (VEGF) which induce vasodilation, increase va
cells (T) that release IL-5 and especially eosinophils; (4) eos

osinophil cationic protein (ECP), and secrete various protea
ncluding the extracellular domain of BP180.

nd elevated plaques were observed in all human skin grafts,
imilar to those clinically observed in BP patients. Histolog-
cal and ultrastructural examination of the lesions showed
ngorgement of blood vessels and a dermal infiltrate com-
osed of neutrophils, eosinophils, and mast cells, many of
hich were degranulated [110]. Interestingly, if high doses
f BP IgE were injected into athymic nude mice, histo-
ogical separation of the epidermis from the dermis was
bserved [110].
ased on a similar model, Zone et al. produced an IgE
ybridoma to LABD97 antigen, a shed form of the BP180
ctodomain, that was subcutaneously injected in severe
ombined immunodeficiency (SCID) mice (which lack T
nd B lymphocytes) with engrafted human skin. After
he injection, the mice presented erythema and intense
cratching. Three weeks later, the mice developed intense
osinophil infiltration and degranulation of the human mast
44

ells within the grafts, and most of these also presented
istological, but not clinically-visible, basement membrane
listers. This model reproduced the histological inflamma-
ory process observed in BP mediated by anti-BP180 IgE
ntibodies [111]. Both in vivo models do not entirely mir-
or the patient situation. While one model used IgE isolated
rom BP sera but only included an observation period of 24
d and activated; mast cells bind IgE and IgG antigen-specific
IL-6, platelet activating factor (PAF), and vascular endothelial
r permeability, and enhance leukocyte recruitment, including
hils bind IgE and IgG antigen-specific autoantibodies, release
(MMP-9) that degrade various extracellular matrix proteins,

hours and, thus, only addressed the very early events [110],
the other model included a considerably longer observation
period but applied a monoclonal IgE anti-BP180 antibody
that may have targeted only one pathogenic epitope [111].
In addition, in both models, the effector cells express the
murine Fc�Rs, which have a lower affinity to human IgE
[110]. Interestingly, mice with a genetic deletion of the
immunodominant NC14A domain of BP180 (correspond-
ing to the NC16A domain in humans) show elevated total
IgE serum levels compared to wild-type animals and start
scratching at Weeks 10-16 of life without developing blis-
ters or erosions [112].
Most animal models are based on passive transfer of
autoantibodies or immune cells. Hirose et al. created a
more realistic mouse model of BP by actively immunizing
immunocompetent mice with a recombinant form of the
immunodominant 15th non-collagenous domain of murine
EJD, vol. 28, n◦ 4, July-August 2018

BP180 (type XVII collagen). Immunization of female
SJL/J mice with the murine peptide led to clinical dis-
ease within 14 weeks in 56% of mice. The clinical disease
manifested for at least eight weeks without further manipu-
lation. This novel immunization-induced model reflects key
immunopathological characteristics of human BP, includ-
ing binding of complement-fixing autoantibodies along the
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ermal-epidermal junction, elevated total IgE serum levels,
nd infiltration of skin lesions with eosinophilic granulo-
ytes [109].
gE autoantibodies seem to be implicated in the induc-
ion of non-bulbous lesions in BP, mainly via mast cell
egranulation, however, they probably also directly and
ndirectly contribute to blister formation, through partially-
nderstood mechanisms, such as the internalization of
P180 in basal keratinocytes and eosinophil gelatinase-
ediated cleavage of BP180.

herapeutic implications

he presence of IgE antibodies reactive to BP180 seems to
e associated with severe or atypical cases of BP, which usu-
lly exhibit a poor response to conventional therapy [41].
herefore, from a strictly clinical point of view, a specific

herapy directed towards IgE antibodies could be a possible
econd-line treatment option to manage BP patients.
malizumab, a humanized IgG1k monoclonal antibody

hat selectively binds to human IgE, specifically targets the
eceptor binding site on IgE; therefore, it binds only to cir-
ulating IgE and not to IgE bound via high-affinity IgE
eceptor on mast cells or basophils [113]. In addition, it
lso reduces IgE synthesis in B cells [114] and decreases
he expression of FceRI on mast cells [115]. The first ther-
peutic trials of omalizumab for BP were conducted in
014, following the results of a major study by Messing-
am et al. which demonstrated both IgE and BP180 antigen
ocalized on the surface of mast cells in BP biopsies, and
ncubation of circulating basophils from these patients with
P180 protein triggered degranulation resulting in substan-

ial improvement in the patients’ disease [63].
o date, 10 cases of BP treated with omalizumab have been
eported in the literature, of which nine showed a reduction
n circulating IgE level and eosinophil count, with signifi-
ant improvement [72, 116-119]. Interestingly, of these 10
ases, two were regarded as severe forms of BP not respond-
ng to conventional therapy: a woman with pruritic BP and
ery high levels of IgE and eosinophils, who was refrac-
ory to standard aggressive immunosuppressive regimens
or BP [117] and a man with BP and very high levels of total
gE (5,000 kU/L), who was refractory to standard aggres-
ive immunosuppressive regimens (systemic steroids and
aily cyclophosphamide). Both patients rapidly responded
o omalizumab [118].
he successful use of the anti-IgE antibody, omalizumab,

n individual patients with BP provides ex juvantibus cri-
eria supporting a pathogenic role of IgE autoantibodies in
his disease. However, these are small uncontrolled studies
ith clear limitations, and further structured investigation is
eeded to prove the efficacy of omalizumab in BP patients.
JD, vol. 28, n◦ 4, July-August 2018

onclusions

gE autoantibodies have been known to be potentially
athogenic in BP since the early 90s. Perhaps self-reactive
gE might play a role in the initial phases of BP and
typical cases of BP, such as severe erythematous and
rticarial forms of BP, as well as blister formation. Although
18 Time: 6:20 pm

detection of serum anti-BP180 IgE is not of diagnostic
importance, it may be relevant for therapeutic decisions
(e.g. the use of anti-IgE treatment) [88]. The efficacy of
omalizumab is yet to be thoroughly assessed as treatment
for BP, however, results are very promising and it could be
a key to treat atypical forms of BP, which are frequently
non-respondent to standard therapy, as well as classic
non-responding BP. �
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