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ABSTRACT

Bullous pemphigoid (BP) is an autoimmune disease associated with subepidermal blistering due to autoantibodies
directed against BP180 and BP230. BP180 is currently considered as the major pathogenic autoantigen. However,
previous clinical findings suggested that anti-BP230 autoantibodies alone can cause skin lesions in animal models
and many BP patients. The characteristics of BP230 and the pathogenic roles of anti-BP230 antibodies have been
proposed. First, at the molecular level, BP230 mediates the attachment of keratin intermediate filaments to the
hemidesmosomal plaque and interacts with other constituents of hemidesmosomes. Second, the presence of
BP230 autoantibodies may correlate with specific clinical features of BP. The immunoglobulin (Ig)G autoantibod-
ies from BP patients react mainly against the C-terminus of BP230, while the IgE autoantibodies are still inconclu-
sive. Third, in vivo, autoantibodies against BP230 involved in the disease may not only induce the inflammatory
response but also impair the structural stability of hemidesmosomes. This article reviews recently published work
about the role of BP230 and its antibodies, including IgG and IgE, aiming to find clues of its clinical association

and lay the foundation for the research on the pathogenicity of antibodies against BP230.
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INTRODUCTION

Bullous pemphigoid (BP) is an autoimmune blistering skin
disease clinically characterized by itchy urticarial erythema
and tense blisters. Autoantibodies in the sera of BP patients
were found to be against hemidesmosomal target proteins
BP180 (type XVII collagen, also termed BPAG2) and BP230
(BPAG1-e), which are involved in anchoring basal ker-
atinocytes from the epidermis to the dermis.! Currently, most
published work suggests that BP180-specific immunoglobulin
(Ig)G is the main pathogenic autoantibody in BP and the
injection of anti-BP180 IgG in animal models could lead to
the key features of human BP. On the contrary, the function
of the anti-BP230 IgG antibody in the pathogenesis of BP is
largely unknown, but several evidences suggested that anti-
BP230 IgG alone could cause the disease.?® These early
studies investigating immune characteristics of BP focused
on IgG reactivity. There is emerging evidence showing that
IgE autoantibodies against BP antigens were detected in BP
sera and may also play an important role in BP,%'® and
some researchers indicated that the anti-BP230 IgE was
detected in the severe type of the BP patients.® Thus, anti-
BP230 IgE in BP patients may be an implication that they
are severe and resistant to topical steroid therapy. This
review will discuss the evidence regarding the pathogenic
role of anti-BP230 IgG and IgE antibodies and provide
insights on its association with clinical features of BP.

autoantibody, BP180, BP230, bullous pemphigoid, hemidesmosome.

PHYSIOLOGICAL FUNCTION OF BP230

Molecular structure of BP230

In the early 1980s, Stanley et al.'"'? identified the 230-kDa
epidermal form of bullous pemphigoid antigen 1 (BP230, also
called BPAG1e), located in the hemidesmosomal inner plaque.
BP230 is a member of the plakin family, which assists in the for-
mation of a 3-D structure in cells and functions as a versatile
cross-linking cytoskeleton. Regarding other plakins, BP230 con-
tains a globular N-terminal domain, known as plakin domain
(PD), which consists of spectrin repeats (SR) and an SH3 domain
inserted in the central SR, a coiled-coil rod domain and a globu-
lar intermediate filament (IF) binding domain, which consists of
two copies of the plakin repeat domain (PRD) (Fig. 1b)."® BP230
protein was one of the isoforms encoded by the dystonin gene
(DST, also called BPAGT). Previous studies demonstrated that
mice defective for the DST gene showed blisters in skin and neu-
rodegeneration.’ Without BP230 anchoring IF to hemidesmo-
somes, keratin collapse and cytolysis of the basal cell layer
occur. This process is distinct from the autoantibody-mediated
immune reactions participating in the pathogenesis of BP, thus
explaining the fact that no subepidermal blisters were observed
in DST knockout mice.

BP230 binds IF and stabilizes cell integrity
Because BP230 serves as the key component of type |
hemidesmosomes, its protein-protein interaction is critical to
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Figure 1. Schematic representation of the interactions of cytoskeleton and dermal-epidermal anchoring complex in epithelial cells. (a) In
a basal keratinocyte, BP230 and plectin anchor intermediate filaments (IF) to hemidesmosomes. Desmoplakin is involved in the anchorage
of the IF system to desmosomes, where keratinocytes attach to the cell membrane in the epidermis. (b) Structural organization of BP230
and the molecular interactions involved in the assembly of hemidesmosomes are depicted. Hemidesmosomes belong to four protein fam-
ilies: plakins (BP230 and plectin), integrins (26p4), collagens (BP180) and tetraspanins (CD151). The extracellular domains of these trans-
membrane structures link the basal keratinocytes to the basement membrane by binding to laminins, including laminin-y1 and laminin-
332. BMZ, basement membrane zone; MACF, microtubule actin cross-linking factor; MT, microtubule; PRD, plakin repeat domain.

elucidate its role in the pathogenesis of BP. BP230 has been
shown to interact with multiple proteins, including BP180,
transmembrane protein B4 integrin subunit, IF and ERBIN
(Erb-B2 interacting protein).’>'® On the one hand, through its
C-terminal tail containing PRD, BP230 specifically interacts
with the IF network formed by keratins 5 and 14 and thereby
connecting the cytokeratin network of basal keratinocytes to
the extracellular matrix. On the other hand, through its N-ter-
minal domains, BP230 binds to the 4 subunit of a6p4 integrin
and BP180, which are components of the anchoring filaments
of the extracellular matrix.'>'” Additionally, plectin is associ-
ated with the keratin IF and the cell surface receptor o6p4
integrin (Fig. 1b). Furthermore, the N-terminal fragment of
BP230 also binds to ERBIN, providing hemidesmosome
assembly and Erb-B2 receptor signaling, although the function
of this interaction is not yet fully elucidated.'® To date, there
is no cytoplasmic protein identified interacting with the coiled-
coil rod domain of BP230.

CIRCULATION AUTOANTIBODIES AGAINST
BP230 IN BP

Production of autoantibodies is physiologically suppressed by
self-tolerance.'® In pathological conditions, BP-specific autoan-
tibodies may be generated secondary to failed self-tolerance
which could be caused by drugs, ultraviolet (UV) light, infec-
tions or tissue damage.'®

Anti-BP230 IgG

Although the NC16A of BP180 is the most common target of
IgG found in nearly 90% of BP patients,2® according to our
published work review, approximately 50-80% of BP patients
harbor BP230-specific IgG (Table 1).”2'28 If anti-BP230 and
BP180 IgG titers were combined as the diagnostic tool, the
sensitivity to diagnose BP could reach 87-97.1%.262930 |gG1
and IgG4 were the major subtypes of anti-BP230 IgG.%"
Hamada et al.?? first examined full-length recombinant BP230
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(continued)

Table 1.

Autoantibody
detection

Method of

Recombinant protein of BP230

fragments

First author
(reference)

Outcome

measurement

Sample

Study design

Year

Anti-BP230 1gG, anti-BP230 IgE

IgG and IgE

ELISA kits from

36 BP, 10 AD

2017 Retrospective

Hashimoto

and anti-BP180 IgE were found

MBL: BP180
(NC16A) and

patients and 35

study

et al.®®

in 22, 18 and 21 of 36 BP sera,

respectively

healthy controls

BP230 (N [aa 1—

979] + C [aa

1896-2649])

aa, amino acid; Ab, antibodies; AD, atopic dermatitis; AIBD, autoimmune bullous disease; BP, bullous pemphigoid; ELISA, enzyme-linked immunosorbent assay; EOS, eosinophile; HP, herpeti-
formis pemphigus; IB, immunoblot; IIF, indirect immunofluorescence; Ig, immunoglobulin; ND, neurodegenerative disorders; PF, pemphigus foliaceous; PNP, paraneoplastic pemphigus; PV, pem-

phigus vulgaris; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus.

for epitope mapping, and they found that IgG autoantibodies
reacted with the C-terminus of BP230 in 32 (80%) of the 40 BP
patients. It is worth mentioning that anti-BP230 IgG titers carry
prognostic value, as the high titer was often seen in patients
with an extended course of disease and the lower titer was
observed during the remission phase.”?” In a recent study,’
there were 41 BP patients whose sera only reacted with
BP230 and these patients were defined as “BP230-type BP”.
They also demonstrated that the BP230-type BP sera preferen-
tially targeted the C-terminal domain of BP230. Among the 14
BP230-type BP patients, eight showed variable clinical features
of BP, including the pretibial localized pemphigoid, dyshidrosi-
form pemphigoid, eczematous pemphigoid, pemphigoid nodu-
laris and Brunsting—Perry pemphigoid. These rare phenotypes
of BP were considered to be associated preferentially with
BP230.

Anti-BP230 IgE

Previous studies show that more than 70% of BP patients pre-
sented elevated circulating total IgE,3? and approximately 38—
68% of BP patients have BP230-specific IgE. IgE preferentially
bound to BP230 rather than BP180,”33* though some studies
show no difference of IgE reactivity between BP180 and
BP230 or that it even responds more to BP180 (Table 1).5%% A
subgroup of elderly patients with pruritic dermatoses also
showed IgE recognition to BP180 and BP230, which was pre-
sumed as an early event (severely itchy and erythematous
lesions without bullae) in BP.3® Several studies also analyzed
the BP-specific IgE and the relationships to clinical features.
One study showed that anti-BP230 IgE autoantibodies posi-
tively correlated with nodular phenotype,®® and Delaporte
et al.® demonstrated that IgE autoantibodies against the C-ter-
minus of BP230 were found only in patients with severe BP. All
of these patients were treated with systemic steroids. This sug-
gests that anti-BP230 IgE may be a marker implying resistance
to topical steroid therapy in BP patients. However, there are
some studies stating that, compared with anti-BP180 IgE
autoantibodies, the anti-BP230 IgE autoantibodies did not cor-
relate with disease severity of BP patients.®'® The relationship
between anti-BP230 IgE autoantibodies and clinical features
remains controversial, which should be determined in future
studies with larger cohorts of BP patients.

There is no clear evidence regarding the source of BP230
IgE. Most studies of BP230 IgE used commercial kits that only
detect antibodies against the N- and C-termini of BP230, and
there was a possibility that IgE autoantibodies against other
domains could not be detected. Further IgE-specific epitope
mapping will reveal the antigen site and shed light on the func-
tion of BP230 IgE. Both IgG and IgE react with the C-terminus
of BP230 in BP patients. It is possible that anti-BP230 IgE may
be generated from IgG immunoglobulin class switch.

IN VIVO STUDIES OF AUTOANTIBODIES
AGAINST BP230

Animal models have shown that IgG autoantibodies against
BP180 are pathogenic; however, the pathogenic role of

© 2020 Japanese Dermatological Association



anti-BP230 antibodies is unclear.®*® Several attempts to de-
velop animal models using anti-BP230 IgG revealed inconsis-
tent results. Rabbits immunized with BP230-derived peptides
developed inflammatory responses following epidermal dam-
age with IgG and C3 deposition at the basement membrane
zone (BMZ) after exposure to UV-B irradiation.? It suggested
that the damage to basal cell allowed the access of anti-
BP230 antibodies and the fixation of complement with inflam-
mation at the BMZ. Kiss et al.®> showed subepidermal blister
formation with intensive granulocyte infiltration after s.c. injec-
tion of high-titer BP230 polyclonal rabbit IgG into neonatal
mice. It was the first evidence that an antibody against BP230
could produce the typical clinical, immunopathological and
histopathological signs of BP, suggesting the pathogenic role
of anti-BP230 IgG. Recently, Haeberle et al.**” and Mura-
matsu et al.**" also successfully illuminated the pathogenic
function of anti-BP230 IgG autoantibodies. They demonstrated
that in scurfy mice whose regulatory T cells (Treg) were defec-
tive (Foxp3 mutation), there was spontaneous production of
IgG1 autoantibodies to BP230. Haeberle et a.**” found that
the monoclonal antibody 20B12 from scurfy mice could recog-
nize the murine BP230 and induce subepidermal blisters in
neonatal mice. However, this model did not fully recapitulate
BP pathology, because there was no eosinophil infiltration at
the BMZ. Additionally, a case also described how BP devel-
oped in a 7-year-old boy with immune dysregulation, polyen-
docrinopathy, enteropathy, X-linked syndrome, who had loss-
of-function mutations in Foxp3.%® These studies indicated that
Treg regulated the production of autoantibody targeting BP
antigens by inhibiting autoreactive T cells and thereby prevent-
ing the development of autoimmune bullous disease. However,
some publications argue against the pathogenic role of anti-
BP230 in BP. Feldrihan et al.®® demonstrated that no clinical
change was found in neonatal mice after injection of IgG
against the C-terminus of BP230, though they observed a
dose-dependent binding of transferred IgG without comple-
ment deposition and inflammatory reaction in the murine skin.
One of the possibilities was that autoantibodies could not bind
readily to BP230 and a potent trigger to expose the antigen
was needed. Furthermore, BP230-specific antibodies may lack
the capacity to activate the recruitment of immune cells and
complement system. Such antibodies may need a much longer
administration time in vivo to reach the threshold needed for
the activation of immune pathways. Nevertheless, antibodies
against BP230 might trigger disease through a subtle and non-
inflammatory mechanism, including the depletion of the
autoantigens from keratinocytes as anti-BP180 antibodies
did.®

Immunoglobulin E plays an important role in BP disease
course as omalizumab has proven effective in treating the
symptoms in BP patients.'® Some studies also found that anti-
BP230 IgE levels showed a strong correlation with local eosi-
nophil accumulation.” However, the pathogenicity of BP230
IgE has not been studied. The pathogenic role of anti-BP230
IgE may be elucidated by injection of anti-BP230 IgE into the
humanized IgE receptor eosinophil model as suggested for
anti-hNC16A IgE-induced BP in the future.*

© 2020 Japanese Dermatological Association
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MECHANISM OF ANTI-BP230 AUTOANTIBODY
PRODUCTION

Epitope spreading

Epitope spreading (ES) has expanded our knowledge of
autoimmune disease pathogenesis in recent years.*' ES is a
process by which “secondary” epitopes are specifically tar-
geted by autoantibodies.

Epitope spreading is the probable explanation for the clus-
tering of autoantibody recognition at the BMZ. Antibodies
directed against other extracellular epitopes of the BMZ may
lead to tissue injury with consequent exposure to
BP230.2"4243 Anti-BP230 autoantibodies may be sequentially
produced during clinical courses. In addition, the ES phe-
nomenon occurred after BP230 was exposed to the immune
system by damage to keratinocytes. Multicenter prospective
studies have demonstrated that ES events in BP preferentially
occurred at an early stage of the disease and seem to be cor-
related with disease severity.*>** In anti-BP180 and anti-
BP230 IgG double-positive BP patients, anti-BP230 IgG seems
to be produced through intermolecular ES. In “BP230-type
BP”, however, anti-BP230 IgG are considered to be produced
by different mechanisms.® Furthermore, consistent with the
BMZ structure, anti-BP230 antibodies are also detected in
other autoimmune bullous diseases, such as paraneoplastic
pemphigus (PNP). Autoantibodies from patients with PNP can
interact with several plakins, including desmoplakin, plectin,
periplakin and envoplakin (Fig. 1a).*" Intracellularly localized
BP230 recognition is thought to occur secondarily after initial
tissue damage.

Given the above evidence, the N-terminus of BP230 seems
critical for its localization to the hemidesmosome, by contain-
ing binding sites critical to its interaction with the intracellular
domain of BP180 and B4 integrin subunit.">'” Moreover,
according to a multicenter prospective study, in one of 17 BP
patients with ES, IgG reactivity to the N-terminus of BP230
was preceded by recognition of the C-terminus of BP230.44
However, several epitope mapping studies showed that sera
from BP patients prefer to bind to the C-terminus than the N-
terminus of BP230.21-2%45 Thus, we suspect that the N-termi-
nus of BP230 may be the first epitope to be recognized in the
early disease phase after basal cell membrane disruption, then
the epitope spread to the C-terminus and became the major
epitope in BP. Further studies are needed to clarify how ES in
BP230 by monitoring the development of autoantibody reactiv-
ity against BP230 epitopes during clinical courses.

BP230 leaks out of basal cell after damage

In some particular conditions, intracellular molecules were
exposed extracellularly.*®*” Several studies demonstrated that
IgG bind to intracellular epitopes of BP180 and/or BP230 in
the early course of BP.25424849 |noue et al.® recently reported
a patient with mucous membrane pemphigoid who only had
anti-BP230 IgG and did not show reactivity to either laminin-
332 or the ectodomain of BP180 during disease progression.
The patient only developed ulcers on the oral mucosa and hard
palate without conjunctiva and skin involvement. Ishiura et al.”
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reported a patient who only had anti-BP230 IgG and IgE
autoantibodies at the onset of the disease, and later showed
increase of anti-BP180 IgG levels as the skin lesions spread.
These findings suggested that the intracellular-localizing BP230
may leak out of basal cells, then anti-BP230 antibodies are
generated and bind extracellularly, thus initiating the comple-
ment system and causing inflammation. Further investigations
are needed to determine the binding location of BP230 and
anti-BP230 autoantibodies.

Damage to basal cell allows access of anti-BP230
antibodies

An in vivo study indicated that exposure to UV-B light could
allow access of anti-BP230 antibodies,? or even antibodies
directly penetrating intact cells,® then binding to the target anti-
gen and contributing to subepidermal blister formation. Ohata
et al.® found that BP had often developed in patients with pso-
riasis. Of 145 patients, one only had anti-BP230 IgG and two
had both anti-BP230 and anti-laminin-y1 autoantibodies. The
damage to the BMZ in patients with psoriasis may induce the
accessibility of anti-BP230 autoantibodies to the basal cell.
Moreover, autoantibodies against BP230 may access intact
basal keratinocytes.>® Previous electron microscopy studies
even showed that intracellular plaques of the hemidesmosome
had disappeared and anchoring filaments inside basal ker-
atinocytes with degenerative alterations in non-inflammatory
bullae of BP."

Association of BP with neurological diseases:
dystonin expression in the nervous system

Several researches indicated that BP patients typically have an
increased risk to concomitantly suffer from neurological dis-
eases, such as Parkinson’s disease, dementia, epilepsy and
multiple sclerosis.>?->* On the other hand, patients with neuro-
logical diseases appear to be at risk of developing BP.55%¢ The
DST gene encodes distinct isoforms of not only BP230 (epithe-
lial form) but also BPAG1a (neuronal isoform, anchoring neural
IF to the actin cytoskeleton) and BPAG1b (muscular isoform)
by multiple alternate splicing variants.®” Thus, cross-reaction
between BP230 and the neural dystonin, which share antigen
recognition, may explain the intriguing phenomenon of the rela-
tionship between BP and neurological diseases.%®

CONCLUSION

BP230 is one of the major autoantigens in BP patients and the
autoantibodies against BP230 may be produced by several
possible mechanisms. The presence of BP230 autoantibodies
implied several particular clinical features of BP patients, such
as pretibial localized pemphigoid and pemphigoid nodularis.
Currently, a plethora of clinical studies indicate that an autoan-
tibody against BP230 alone could contribute to the pathogene-
sis of BP and that the anti-BP230 autoantibody may interfere
with the assembling of the hemidesmosomes in vivo. However,
the exact pathogenicity of anti-BP230 autoantibodies remains
unclear. Further studies are needed to determine the differ-
ent functions of the different antibody subtypes, and their
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relationship with clinical features of BP. Better understanding
of the interaction between BP230 and BP230-specific autoanti-
bodies may lead to more targeted therapy for BP patients,
especially for the BP230-type BP patients.
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