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A case of antilaminin 332 mucous membrane
pemphigoid showing a blister on the bulbar
conjunctiva and a unique epitope on the o3
subunit

DOIL: 10.1111/§.1365-2133.2010.09648.x

MapaM, A 57-year-old Japanese woman developed severe ero-
sive lesions on the oral mucosae including buccal mucosae,
gingivae, hard palate and soft palate, as well as bleeding and
crust formation on the nasal mucosae in August 2007. She also
showed bloody blisters and crusted erosions 2-4 cm in size
scattered on the trunk and extremities. Oral minocycline
200 mg daily was given. However, the erosive lesions on the
oral and nasal mucosae continued to develop and a clear blister
5 X 8 mm in size appeared on the left bulbar conjunctiva
(Fig. 1). Therefore, minocycline was replaced by oral predni-
solone 40 mg daily, but the mucosal and skin lesions still con-
tinued. Then, a combination therapy of oral prednisolone
40 mg daily and dapsone 75 mg daily was initiated. The oral
and nasal mucosal lesions healed without any scarring. The
blister on the bulbar conjunctiva disappeared without any scar-
ring or sight disturbance. The skin lesions also healed leaving
slight scarring. Then, the dose of prednisolone was tapered
gradually without lowering the dose of dapsone, but no muco-
sal or skin lesions recurred. In March 2008, the patient was
free from any mucosal or skin lesions on a combination ther-
apy of prednisolone 5 mg daily and dapsone 75 mg daily.
Histopathology of a skin biopsy specimen from the back
showed a subepidermal bulla with massive neutrophil infiltra-
tion and scattered eosinophils. Direct immunofluorescence did
not show positive results, probably because of damage to the
basement membrane zone of the biopsy specimen. Indirect
immunofluorescence using normal human skin detected IgG,
but not IgA, antibasement membrane zone antibodies at a titre
of 1:40, which reacted exclusively with the dermal side of
1 mol L™' NaCl-split skin. Immunoblot analysis using purified
human laminin 332 as a substrate was performed as described

Fig 1. Clinical features of the ocular mucosa. A clear blister was seen

on the bulbar conjunctiva of the left eye.

previously. " In this study, IgG antibodies of a representative
control patient with antilammin 332 mucous membrane
pemphigoid (MMP) reacted with both the 165-kDa form and
the 145-kDa form of the o3 subunit, the 140-kDa 3 subunit
and the 105-kDa y2 subunit of laminin 332 (Fig. 2, lane 1).
IgG antibodies of the present case reacted clearly and exclusively
with the 165-kDa form of the 3 subunit (Fig. 2, lane 2). From
these results, the diagnosis of antilaminin 332 MMP was con-
firmed in this patient.

Cicatricial pemphigoid shows blisters and erosive lesions
mainly on the mucous membranes, such as the oral, ocular,
nasal, laryngeal, pharyngeal and genital mucosae, and skin le-
sions appear occasionally. These lesions heal with scar forma-
tion. However, because this subset of autoimmune bullous
disease mainly shows mucosal lesions, and oral mucosal
lesions usually heal without scarring, the term ‘MMP’ is now
commonly used, following a consensus meeting.” The mem-
bers of the consensus meeting agreed that dapsone or tetra-
cycline (or minocycline) may be effective when the lesions
are localized to the oral mucosae. However, stronger therapies
have to be selected when progressive lesions are seen on the
ocular or laryngeal mucosae, which may lead to blindness or
dyspnoea, respectively.

MMP is highly heterogeneous, but there are at least three
major subtypes: anti-BP180 MMP, antilaminin 332 MMP and
ocular MMP. About 80% of cases of MMP are anti-BP180

Laminin-332 |
1 2

165 kDa as

- 145kDa a:
- 140kDa Bs

105kDay: —

[onuod JININ
w2ned

Fig 2. The result of immunoblot analysis using purified human
laminin 332. A control antilaminin 332 mucus membrane
pemphigoid (MMP) serum reacted with all the subunits of laminin
332, including the 165-kDa and 145-kDa forms of the a3 subunit
(lane 1). The serum of the present case reacted clearly and exclusively
with the 165-kDa form of the a3 subunit (lane 2). The position of
each subunit is shown on the left.
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MMP, which shows IgG and IgA antibodies to the carboxyl-
terminus of BP180." A further 10-20% of cases of MMP are
antilaminin 332 MMP, which shows IgG antibodies to laminin
332 (previously called epiligrin or laminin 5).°*® Ocular MMP
shows exclusive ocular mucosal lesions, although the autoanti-
gen for this group has not been clearly identified.

Although ocular lesions are commonly seen in MMP, they
are usually hyperaemia or erosions which result in symblepha-
ron or epithelialization over the cornea. A clear blister on the
bulbar conjunctiva is rarely seen. In our case, a clear solitary
blister appeared on the bulbar conjunctiva of the left eye with-
out apparent hyperaemia or erosion. This blister quickly dis-
appeared without any scar formation after the treatment of
prednisolone and dapsone was initiated. In addition, a unique
clinical feature of our case was the excellent effectiveness of
dapsone on all the mucosal and skin lesions.

Another interesting result for this case was the unique re-
activity in immunoblot analysis using purified laminin 332. We
have shown that the IgG antibodies in patients with antilaminin
332 MMP react with the three subunits of laminin 332, i.e. the
3 subunit, B3 subunit and Y2 subunit, in various patterns.” In
particular, most patient sera react with both the 165-kDa and
145-kDa forms of the processed a3 subunit, but not with the
200-kDa unprocessed a3 subunit. In our preparation of laminin
332, the 200-kDa unprocessed o3 subunit is not present. The
145-kDa protein is considered to be a degradation product
from the 165-kDa processed o3 subunit, although it is not
known where the digested 20-kDa fragment resides in the 165-
kDa processed o3 subunit. In the previous study,” most patient
sera reacted with both the 165-kDa and 145-kDa proteins, indi-
cating that the epitopes for these sera are present on the domain
common for both proteins. In contrast, the serum of the pres-
ent case reacted only with the 165-kDa protein, but not with
the 145-kDa protein, indicating that the epitope for this serum
is present on the 20-kDa fragment which is digested by some
protease. Therefore, it is worthwhile identifying the position of
the 20-kDa fragment within the 165-kDa form of the processed
o3 subunit. From the results of our previous reports,'"’ the 20-
kDa fragment is assumed to correspond to the domain IIla
region of the 165-kDa form of the processed a3 subunit. A
study using recombinant proteins of the a3 subunit is now
going on to confirm this speculation.
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Fine mapping of the human AR/EDA2R locus in
androgenetic alopecia

DOI: 10.111 1/j.1365—2133.2010.09649.x

MapaM, Male-pattern baldness (androgenetic alopecia, AGA) is
the most common form of hair loss among humans and
affects up to 80% of men by the age of 80 years." Hamilton
was the first to describe the two essential aetiological factors
underlying the development of AGA: genetic predisposition
and hormone dependency.' Several studies’™® have reported
that the X-chromosomal locus containing the genes for the
androgen receptor (AR) and the ectodysplasin A2 receptor
(EDA2R) is the major genetic susceptibility locus for AGA.
However, the association signals in these studies have been
inconsistent, and the causative variant or gene has not yet
been unequivocally identified. In the present study, we aimed
to resolve these inconsistent data through systematic fine map-
ping of the AR/EDA2R locus in the largest sample of patients
with AGA investigated to date.

We defined the associated AR/EDA2R locus as the region in
which single-nucleotide polymorphisms (SNPs) had P-values
of < 0-01, on the basis of the findings of our previous gen-
ome-wide association study (GWAS).” To maximize the effi-
ciency of the study, we used the tagger algorithm of the
software

Haploview (http://www broadinstitute.org/mpg/

Journal Compilation © 2010 British Association of Dermatologists  British Journal of Dermatology 2010 162, pp887-908



24

COMMENTARY

The findings reported by Jones et al.
are of importance when considering the
optimal therapeutic strategy to initiate
in a given patient with CTCL. Because
methylation of the Fas promoter is not
observed in all patients with SzS, the use
of hypomethylating drugs may not be
equally effective in restoring sensitivity
to Fas-mediated apoptosis in all patients.
Thus, not only is the existence of potent
hypomethylating agents important, but
their use will require a “personalized”
medical approach in which these agents
are employed in patients having tumors
with positional methylation of the Fas
CpG island.
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How Does Intramolecular Epitope
Spreading Occur in BPAG2 (BP180)?

Takashi Hashimoto', Takahiro Hamada', Teruki Dainichi', Norito Ishii’,
Tadashi Karashima', Takekuni Nakama' and Shinichiro Yasumoto'

Several studies have suggested that autoantibodies directed against multiple
epitopes occur via epitope spreading in autoimmune bullous skin diseases.
However, the precise sequence of events in epitope spreading has not been elu-
cidated for any of the epidermal autoantigens. In this issue, using a transgenic
mouse model, Di Zenzo et al. report that intramolecular epitope spreading does

occur for human BPAG2.

Journal of Investigative Dermatology (2010) 130, 924-926. doi:10.1038/jid.2010.14

In order to investigate the mechanism
of epitope spreading for BPAG2 (BP180
or type XVII collagen), Di Zenzo et al.
(2010, this issue) performed a sophis-
ticated set of experiments using trans-
genic mice harboring human BPAG2.
To immunize mice with human BPAG2,
skin samples from transgenic mice that
expressed human BPAG2 were grafted

onto syngeneic mice. Sequential serum
samples were then obtained from
the immunized mice, and antibodies
against human BPAG2 were detected
by an enzyme-linked immunosorbent
assay using recombinant proteins for
four intracellular domains (ICDs) and
three extracellular domains (ECDs)
of human BPAG2. Most grafted mice
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Representative results of immunebliot analyses for BPAGZ (BP180) using three different

antigen sources. (a) Bacterial recombinant protein of the NC16a domain of BPAG2. IgG antibodies in
bullous pemphigoid (BP) sera reacted with this recombinant protein (RP). (b) Bacterial recombinant
protein of C-terminal domain of BPAG2. IgG antibodies in anti-BP180-type mucous membrane
pemphigoid (MMP) sera reacted with this RP. The upper protein band marked with an asterisk indicates
nonspecific reactivity because it is also shown by normal controls. (c) Concentrated supernatant sample
from cultured HaCaT cells. IgA antibodies in lamina lucida type of linear IgA bullous dermatosis (LAD)

sera reacted with the 120-kDa LAD-1 antigen.

initially developed anti-BPAG2 anti-
bodies directed against ECD epitopes.
Subsequently, some of the mice devel-
oped antibodies to additional ECD
epitopes and to ICD epitopes. In general,
the titers of antibodies against the ECD
epitopes were high, whereas antibodies
against the ICD epitopes were low, and
they were detectable for shorter peri-
ods of time. An interesting observation
was that the development of antibodies
against ICD epitopes correlated with
graft loss, but rejection occurred by an
unknown mechanism. Thus, Di Zenzo
et al. confirmed successfully and direct-
ly that epitope spreading does occur in
this animal model of an autoimmune
bullous skin disease.

Multiple epitopes occur in the
autoantigens that characterize
autoimmune bullous diseases

Epitope spreading has been shown to
occur in several autoimmune bullous skin
diseases (Chan et al., 1998). The multiple
epitopes on desmoglein 1 (Dsg1) or Dsg3
are targets of antibodies found in sera
from patients with pemphigus vulgaris,
pemphigus foliaceus, and paraneoplas-
tic pemphigus as determined by ELISA
assays using domain-swapped molecules
between human Dsg1 and Dsg3 (Futei et
al., 2003). Recently, these results were

confirmed in an ELISA assay using newly
elaborated domain-swapped molecules
of human Dsgl and Dsg3 against the
human Dsg2 backbone (Chan et al., in
press; B Ohyama et al., personal commu-
nication). Previously, we demonstrated
that paraneoplastic pemphigus sera had
autoantibodies against multiple epitopes
in human envoplakin and periplakin,
two major autoantigens found in para-
neoplastic pemphigus, as demonstrated
by an ELISA assay, using bacterial recom-
binant proteins from various domains
of envoplakin and periplakin (Nagata et
al., 2001). We showed that bullous pem-
phigoid sera had autoantibodies against
multiple epitopes in the various domains
of human BPAG1 (BP230), particularly
to the C-terminal globular domain, by
immunoblot analysis using bacterial
recombinant proteins of various domains
of human BPAG1 (Hamada et al., 2001).
We also showed that anti-basement
membrane zone antibodies in the sera
of patients with epidermolysis bullosa
acquisita reacted with distinct epitopes
in the NC1 domain, the central collag-
enous domain, and the NC2 domain
by immunoblot analysis using bacte-
rial recombinant proteins from selected
domains of human type VII collagen
and immunoelectron microscopy (Ishii
et al., 2004).

COMMENTARY

These studies strongly suggest that
intramolecular epitope spreading occurs
in several autoimmune bullous skin
diseases. Although the previous studies
detected autoantibodies against multiple
epitopes, no study detailed the sequen-
tial development of autoantibodies to
different epitopes over time. Di Zenzo et
al. (2010) have now shown that epitope
spreading actually takes place. They
found that mice immunized against
human BPAG2 occasionally developed
autoantibodies against some epitopes
present in the ICD of BPAG2, although
such autoantibodies appeared late and
were less persistent. Interestingly, we
found that pemphigus patients some-
times have autoantibodies that react
against the ICD of Dsgl and Dsg3
(Ohata et al., 2001). Thus, the study by
Di Zenzo et al. also confirms that anti-
bodies against the ICD of transmembra-
nous antigens can occur in autoimmune
bullous skin diseases, probably also by
epitope-spreading  mechanisms.  The
mechanism by which such antibodies
develop remains unknown.

BPAG?2 is the most suitable autoantigen for
studying mechanisms of epitope spreading
Autoantibodies to distinct epitopes
within BPAG2 develop in a variety of
autoimmune subepidermal bullous skin
diseases. First, anti-basement mem-
brane zone autoantibodies in both
bullous pemphigoid and herpes gesta-
tionis were reported to preferentially
react with the NC16a domain of BPAG2
(Matsumura et al,, 1996). In addition,
IgG and IgA antibodies in anti-BP180
type mucous membrane pemphig-
oid have been shown to react with the
C-terminal domain of BPAG2 (Nie and
Hashimoto, 1999). Furthermore, we
showed that IgA antibodies in lamina
lucida-type linear IgA bullous derma-
tosis reacted with epitope(s) within
the fifteenth collagenous domain of
BPAG2, which is hidden in the intact
180-kDa BPAG2 molecule (Nie et al.,
2000). For these reasons, BPAG2 is
considered the most suitable antigen
with which to elucidate mechanisms
of epitope spreading in autoimmune
bullous skin diseases. Figure 1 shows
representative immunoblot analyses for
three antigen sources used routinely in
our laboratory.
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COMMENTARY

Clinical Implications

e Epitope spreading is the sequential development of new antibodies against
seemingly less accessible regions of target proteins in autoimmunity.

» The identification of mechanisms of epitope spreading in the
immunobullous diseases may lead to novel therapies that limit the process

of spreading.

e Because of accessibility, the analysis of epitope spreading in skin disease
may provide insight into pathogenic mechanisms in systemic autoimmune
diseases and transplantation immunity.

Perspectives

Although Di Zenzo et al. (2010) demon-
strated convincingly thatintramolecular
epitope spreading occurs in BPAG2,
many questions remain. The first is why
patients with bullous pemphigoid pref-
erentially develop 1gG autoantibod-
ies to epitopes on the NC16a domain
of BPAG2. Second, why do autoanti-
bodies in bullous pemphigoid react
with epitopes in the NCl6a domain
of BPAG2, whereas autoantibodies in
anti-BP180-type mucous membrane
pemphigoid react with epitopes in the
C-terminal domain? More important,
how do the antibodies directed against
these distinct domains of BPAG2 result
in different clinical features (i.e., large,
tense skin blisters in bullous pemphig-
oid and predominant erosive mucosal
lesions in anti-BP180-type mucous
membrane pemphigoid)? Why do IgA
antibodies in lamina lucida—type lin-
ear IgA bullous dermatosis react with
specific epitopes in 120- and 97-kDa
linear IgA bullous dermatosis (LAD)-1
antigens produced from 180-kDa intact
BPAG2 by proteolytic processing (Nie
et al., 2000)? Future studies should
unravel the mechanisms by which the
hidden epitope in intact 180-kDa mol-
ecule (intact BPAG2) is exposed in
linear IgA bullous dermatosis to autoan-
tibodies against the 120- and 97-kDa
LAD-1 antigens.

Finally, and perhaps most important,
we do not know yet why the develop-
ment of antibodies against ICD epitopes
in human BPAG2 correlated with skin-
graft loss. The relevance of this phenom-
enon to autoimmune bullous diseases
remains to be determined.
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Alterations in Mycosis Fungoides
William M. Lin' and Michael Girardi'

Mycosis fungoides (MF) is the most common form of cutaneous T-cell lymphoma
(CTCL), a heterogeneous group of non-Hodgkin’s lymphomas of skin-homing
T cells. MF may vary from limited patchy skin disease to extensive cutaneous
plaque and tumor involvement to extracutaneous compartments of blood,
lymph nodes, and viscera. Advances in genomic technologies have enabled the
increasing characterization of genetic alterations in this malignancy; using this
technology, investigators hope to understand MF’s variable behavior and patho-
genesis. In this issue, Salgado et al. identify regions of genomic DNA alterations
from 41 MF samples and report associations with prognosis.

Journal of Investigative Dermatology (2010) 130, 926-928. doi:10.1038/jid.2009.370

In recognition that cancer is fun-
damentally dependent on genetic

alterations (Vogelstein and Kinzler,
2004), the number of genomic
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Fig 2. Myxoinflammatory fibroblastic sarcoma. High-
power view showing large Reed-Sternberg—like cells (A)
and mitotic figures (B).
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Refractory oral ulcers with multiple
immunoglobulin G/immunoglobulin A
autoantibodies without skin lesions

To the Editor: Current molecular diagnostics have
characterized many new autoimmune bullous disea-
ses that traditional descriptive dermatology would
not have been able to define. Herein we report a case
of refractory oral ulcers with immunoblots that were
confusing, causing difficulty in making a definitive
diagnosis.

Oral ulcers suddenly appeared in a 76-year-old
male and were protracted over 8 months. He had
been suffering from diabetes mellitus and hyperten-
sion, but had no history of malignancy. On the
patient’s first visit, very painful shallow ulcers and
blisters with red halos were present over the palate,
gingiva, labiogingival groove, buccal mucosa, and
larynx (Fig 1, A). The conjunctivae, vermilion border
of lips, glans penis, and anus were unaffected. There
were no cutaneous lesions. A biopsy specimen of
the buccal mucosa showed subepithelial blister
formation with slight acanthosis and copious infil-
tration of lymphocytes and plasma cells in the
submucosa, in which capillaries were dilated.
There was no apparent acantholysis (Fig 1, B).
Direct immunofluorescence examination showed
linear deposition of both immunoglobulin G (IgG;
Fig 1, ¢) and immunoglobulin A (IgA; Fig 1, D)
antibodies along the basement membrane zone.
Indirect immunofluorescence with the patient’s se-
rum using 1 M sodium chloride split-skin sections
demonstrated IgG antibodies reactive with both
epidermal and dermal sides (Fig 1, E) and IgA
antibodies reactive with the epidermal side (Fig 1,
F). The following antibodies were detected on
immunoblot analysis: IgG and IgA to the BP180
NC16a domain (Fig 2, A), IgG and IgA to the 120-
kDa linear IgA dermatosis antigen, LAD-l,l’Z an
ectodomain of the BP180 molecule (Fig 2, C), and
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Fig 1. Oral lesions in the present case. A, Ulcers distributed on the palate. Histologic features of
a biopsy specimen obtained from a lesion on the buccal mucosa, stained with hematox-
ylin—eosin (scale bar, 100 um). B, The specimen showed subepithelial blister formation with
infiltration of lymphocytes and plasma cells in the lamina propria. Direct immunofluorescence
showed linear deposition of both (C) immunoglobulin G and (D) immunoglobulin A
antibodies along the basement membrane zone. Indirect immunofluorescence with the
patient’s serum using 1M sodium chloride split-skin sections demonstrated (E) immunoglob-
ulin G antibodies reactive with both epidermal and dermal sides and (F) immunoglobulin A

antibodies reactive with the epidermal side.

IgG to the y2 subunit of laminin 332 (Fig 2, D).> No
IgG or IgA autoantibodies against BP230/BP180,
130-kDa desmoglein (Dsg) 3, 160-kDa Dsg 1, 210-
kDa envoplakin, or 190-kDa periplakin were de-
tected on immunoblot analysis using epidermal
extracts (data not shown). By enzyme-linked immu-
nosorbent assay, the index value of anti- BP180
NC16a domain of IgG antibody was 27.69 (normal
range, <15). We ultimately diagnosed this case as
mucous membrane pemphigoid complicated with
linear IgA/IgG  bullous dermatosis.” Daily

administration of tetracycline hydrochloride 500
mg and nicotinamide 200 mg, relatively low doses
because of the patient’s advanced age, was partially
effective, and lesions have been confined to the oral
mucosa for 6 months. Systemic steroid administra-
tion was avoided because of his preexisting diabetes
mellitus.

This is an unusual case of mucous membrane
pemphigoid complicated with linear IgA/IgG bul-
lous dermatosis. Extraoral involvement is common in
patients with mucous membrane pemphigoid.s'6
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Most patients with linear IgA bullous dermatosis
show mainly cutaneous lesions, although mucous
membrane lesions are predominant in a few cases.”®
Therefore, the present case cannot be simply ex-
plained as a confluence of various autoimmune
bullous diseases with different characteristic autoan-
tibodies. The patient should be monitored to deter-
mine whether extraoral lesions develop.

Even the current advanced molecular diagnostic
technology cannot perfectly solve the highly com-
plicated pathogenesis of cases such as ours. This rare
case provides useful information for further investi-
gations of unclassified autoimmune bullous
diseases.
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Acquired combined nutritional deficiency
presenting as psoriasiform dermatitis

To the Editor: Nutritional deficiency, a prevalent
problem worldwide, remains rare in developed
countries. In the United States, acquired nutritional
deficiencies have been reported in patients with
anorexia nervosa, malabsorption syndromes, those
on long-term parenteral nutrition, and patients with
food allergies.”* Given the significant morbidity
and sometimes mortality associated with certain
nutritional deficiencies, their prompt recognition,
diagnosis, and treatment by clinicians is of great
importance.! Many nutritional deficiencies have
classic cutaneous presentations that are valuable
clinical diagnostic tools.” However, combined nu-
tritional deficiencies often put forth a mixed clinical

Fig 2. Immunoblot analyses. A, Immunoglobulin G (IgG) antibodies of control bullous
pemphigoid serum reacted with the recombinant protein (RP) of the BP180 NC16a domain
(arrow; lane 1), while normal control serum did not react (lane 2). IgG (lane 3) and
immunoglobulin A (IGA; lane 4) antibodies of the serum of the present case reacted with this
recombinant protein. B, [gG antibodies of control anti-BP180 type mucous membrane pemphi-
goid serum reacted with the recombinant protein of BP180 C-terminus (arrow; lane 1), while IgG
(lane 2) and IgA (lane 3) antibodies of the serum of the present case did not react with this
recombinant protein. Asterisks show the nonspecific protein bands. C, IgA antibodies of control
linear IgA bullous dermatosis serum reacted with the 120-kDa linear IgA dermatosis antigen LAD-
1 (arrow) in cultured HaCaT cell supernatant. Both IgG (lane 2) and IgA (lane 3) antibodies of the
serum of the present case also reacted with the LAD-1. D, IgG antibodies of control antilaminin 5
mucous membrane pemphigoid serum reacted with all of the 165-kDa a3, 145-kDa @3, 140-kDa
B3, and 105 kDa 2 subunits of laminin 332 (formerly laminin 5) in purified laminin 332 (lane 1).
IgG antibodies of the serum of the present case reacted with the 105 kDa 2 subunit (lane 2).
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Epidermolysis bullosa acquisita: What’s new?
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ABSTRACT

Type VII collagen is an adhesion molecule of the extracellular matrix in epithelial basement membranes, and the
main constituent of anchoring fibrils at the dermal-epidermal junction (DEJ). Autoimmunity against this protein is
causing the rare organ-specific epidermolysis bullosa acquisita (EBA). EBA is a rare acquired, heterogeneous,
chronic blistering disease of skin disease of skin and mucous membranes characterized by subepidermal blisters
and tissue-bound as well as circulating autoantibodies to the DEJ. EBA has several distinct clinical presentations
with other subepidermal bullous diseases, such as mainly dystrophic epidermolysis bullosa or bullous pemphigoid.
The circulating immunoglobulin G autoantibodies for EBA react with a 290-kDa dermal protein, type VIl collagen, as
detected by immunoblot analysis using dermal extracts. The pathogenicity of these autoantibodies has been dem-
onstrated by experimental animal models, in which anti-type VIl collagen antibodies injected into a mouse produced
an EBA-like blistering disease in the animal. EBA cases often require high doses of systemic corticosteroids and a
variety of immunosuppressants. Although treatment for EBA is frequently difficult and unsatisfactory, some thera-
peutic success has been reported with colchicine, dapsone, infliximab and i.v. immunoglobulin. In this review, we
will focus on recent progress in our understanding of the clinical manifestations, the etiopathogenesis as well as the
management of EBA.

Key words:

INTRODUCTION

Autoimmune blistering skin diseases are a group of
severe, potentially long and life-threatening diseases,
clinically characterized by blisters and erosions of
skin and/or mucous membranes. Autoimmune blis-
tering skin diseases develop autoantibodies reactive
with the epidermal keratinocyte cell surfaces or the
epidermal basement membrane zone, which in turn
induce separation between epidermal keratinocytes
or at the dermal-epidermal junction.'? Based on
histopathological, immunological and clinical criteria,
autoimmune bullous diseases are classified into two

clinical manifestations, epidermolysis bullosa acquisita, pathogenesis, therapy.

major groups associated with autoantibodies to des-
mosomal (pemphigus group) or hemidesmosomal
proteins (subepidermal blistering diseases, e.g. pem-
phigoid diseases and epidermolysis bullosa acquisita
[EBA]).>°

The term ‘“‘epidermolysis bullosa acquisita” was
proposed as a descriptive clinical diagnosis for
patients with adult onset and features resemble those
of hereditary dystrophic epidermolysis bullosa were
reported by Elliott in 1904.% In 1971, Roenigk et al.”
was the first to distinguish, on the basis of distinctive
clinical and histological features, EBA from other bul-
lous diseases, suggesting the first diagnostic criteria
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for EBA. After that, during the 1970s and 1980s, char-
acteristic clinical, histological, immunohistological
and serological features of EBA were categorized.®'°

Epidermolysis bullosa acquisita is a chronic blister-
ing disease of skin and mucous membranes charac-
terized by subepidermal blisters and tissue-bound as
well as circulating autoantibodies to the dermal-
epidermal junction.”'™"® The circulating immunoglob-
ulin (Ig)G antibodies in EBA react with a 290-kDa
dermal protein, type VII collagen, which is the main
constituent of anchoring fibrils located at the dermal-
epidermal junction, an adhesion molecule of the
extracellular matrix in epithelial basement mem-
branes. EBA is a rare disease with a prevalence of
approximately 0.2/million people.'*'® There is no sex
and racial predilection known, although several stud-
ies have reported an increased occurrence of the
human leukocyte antigen (HLA)-DR2 allele in patients
with EBA and bullous systemic lupus erythematosus
(SLE)."®"7 This HLA phenotype has been associated
with hyper-immunity which suggests an autoimmune
etiology for EBA. The significance of certain HLA-
DR2 molecules in the pathogenesis of EBA needs to
be demonstrated in the context of specific autoanti-
gens in future laboratory investigations.'®'”

Although EBA represents the rare autoimmune
blistering disease in general, therapy for patients
with EBA remains unsatisfactory, and mainly relies
on immunosuppressive agents such as methotrex-
ate, azathioprine or cyclophosphamide.'®?" Thus,
there is a need for the identification of safe and
effective alternatives for treatment of EBA. In this
review, we will focus on recent progress in our
understanding of the pathogenesis of EBA, the char-
acterization of clinical manifestations, and their role
in maintenance.

THE AUTOANTIGENS OF EBA

Type VIl collagen, the main constituent of anchoring
fibrils, was identified as the autoantigen of EBA %223
Anchoring fibrils are thought to anchor the epidermis
and its underlying basement membrane zone to the
papillary dermis.?* Type VIl collagen is composed
of three identical a-chains, each consisting of a
145-kDa central collagenous triple helical portion,
flanked by a large 145-kDa amino terminal non-
collagenous domain (NC1), and a smaller 34-kDa

© 2010 Japanese Dermatological Association

Epidermolysis bullosa acquisita

carboxy-terminal non-collagenous domain (NC2). In
the extracellular space, type VIl collagen molecules
form anti-parallel tail-to-tail dimers stabilized by
disulfide bonding through a small carboxy-terminal
overlap (NC2), while a fragment of the NC2 domain is
proteolytically removed.?® Several dimers aggregate
laterally to form the unique cross-banded structure,
namely, anchoring fibrils, which comprise anti-parallel
dimers and contain NC1 domains at both ends, locat-
ing in the lamina densa and forming semicircular
loops visible by electron microscope.?® Previous
studies have established that the major antigenic
epitopes of type VIl collagen are located within the
NC1 domain of type VII collagen.?”~*°

The autoimmune nature of EBA and the pathogenic
relevance of antibodies against type VIl collagen are
supported by the following compelling evidence.
Patients’ autoantibodies to type VIl collagen were
shown to recruit and activate leukocytes ex vivo
resulting in dermal-epidermal separation in cryosec-
tions of human skin.3"3? Recently, two different ani-
mal models of EBA were established: The disease
can be induced in mice by injection of autoantibodies
against type VIl collagen into mice, when passively
transferred into mice.®*3* In this “passive” EBA
model, skin lesions develop in all strains of mice
investigated so far.>® Subepidermal blisters can also
be induced in mice by immunization with a recombi-
nant fragment of the murine NC1 domain (GST-
mCOL7C). Disease development in this “active”
model is restricted to certain strains of mice; for
example, SJL.35% Both models duplicate the clinical,
histological and immunological features seen in
patients with EBA. Furthermore, complement activa-
tion and infiltration of granulocytes into the skin
are required for blister formation in experimental
EBA.%"38 Although mechanisms of tissue damage
and blister formation in EBA are not fully understood,
mechanisms by which EBA autoantibodies are
thought to be initiated by the binding of the autoanti-
bodies to antigenic sites, most commonly located
within the NC1 domain of type VII collagen.?’~*° Sub-
sequently, complement is activated by the Fc-portion
of autoantibodies,” leading to the recruitment of neu-
trophils,3® which release reactive oxygen species, >
ultimately resulting in subepidermal blister formation.
EBA patients have a decrease in normally functioning
anchoring fibrils secondary to an abnormality in their
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immune system in which they produce “pathogenic”
autoantibodies against type VI collagen. '

CLINICAL PRESENTATION

Cutaneous manifestations in EBA are heterogeneous
and may mimic other bullous diseases. Although
the clinical spectrum of EBA is still being defined,
EBA patients have two major clinical subtypes: an
inflammatory and a non-inflammatory phenotype
(Fig. 1).2™ The mechanobullous, non-inflammatory
form of EBA, so-called classic EBA, comprising the
majority of cases, is characterized by the appearance
of skin fragility and tense blisters, vesicles or bul-
lae, with some being hemorrhagic or erosions local-
ized to the extensor skin surface. The lesions heal
with scarring and milia formation.” In general, lesions
may appear on any mucocutaneous surface and
located primarily on anatomic areas subjected to
repetitive minor trauma, such as the extensor upper
extremities, for example, elbows, knees, buttocks,
dorsal feet, dorsal hands and toes. A group of
patients with predominant mucosal disease who have
autoantibodies to type VIl collagen have been reclas-
sified as mucous membrane pemphigoid patients in
a recent consensus meeting.>® Post-inflammatory
hyper- and hypopigmentation are also commonly
observed as well as nail dystrophy. EBA patients with
the mechanobullous classic form may resemble
hereditary dystrophic epidermolysis bullosa clinically,
such as scarring, loss of hair on the scalp, loss
of nails, and esophageal stenosis or esophageal
involvement.

In addition to the mechanobullous classic vari-
ant, several inflammatory subtypes of EBA were
described, clinically mimicking bullous pemphigoid,
linear IgA disease, mucous membrane pemphigoid or
Brunsting—Perry pemphigoid. **

Although the original diagnostic criteria for EBA
stated that disease onset should be in adulthood,
several childhood cases have been documented.
Interestingly, several previous reports described that
some childhood EBA patients with reactivity to the
triple-helical collagenous domain, as well as the
NC1 and NC2 domains, were of the inflammatory
type.*®*2 To date, although the relationship between
the epitope profile and the clinical features (particu-
larly classical non-inflammatory vs inflammatory EBA)
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remains to be elucidated at the present, suggesting
that reactivity with a different epitope, such as the
NC1 domain and other domains, leads to the different
clinical phenotypes. One possible mechanism is that,
when the patient’s serum react with the region other
than NC1 domain, a clinical phenotype of inflamma-
tory type presents, further suggesting the possible
causative role of such autoantibodies on complement
activation and inflammatory infiltrates, which in turn
develops the inflammatory type of EBA. Further stud-
ies on a large number of patients with EBA should
characterize the epitope specificity of EBA autoanti-
bodies and their correlation with clinical features,
such as age at disease onset, extent of skin lesions
and clinical course.

Autoantibodies against type VIl collagen are also
responsible for bullous SLE.>*~>° EBA associated with
systemic diseases have been also often reported,
including rheumatoid arthritis and diabetes mellitus,
as well as cryoglobulinemia and psori:;u~'.is.56'GO An
association between EBA and inflammatory bowel
disease (IBD) has been extensively documented; in
particular, Crohn’s disease has been described in
approximately 30% of EBA patients.®’ > However,
to date, their relevance for the pathogenesis of both
IBD and EBA is still unclear.

HISTOPATHOLOGICAL AND
IMMUNOPATHOLOGICAL FEATURES

The histological picture of lesional EBA skin typically
shows subepidermal blister accompanied by various
degrees of dermal inflammatory infiltrate.%® In detall,
classic EBA usually presents with a non- or pauci-
inflammatory subepidermal blister, whereas the
inflammatory forms of EBA are associated with a
neutrophil-rich infiltrate with variable numbers of
eosinophils and mononuclear cells (Fig 2a).*” As an
ultrastructural observation, in general, it has been
reported that blister formation in conditions occurs
beneath the region of the lamina densa by electron
microscope (Fig. 3a).22%8 These studies have been
carried out using skin from patients with active EBA,
obtained by biopsy. In some EBA patients, the split
localizes to the lamina lucida of the dermal-epidermal
junction.®® Direct immunoelectron microscopic stud-
ies reveal immunoreactants within the lamina densa,
and/or sub-lamina densa of the basement membrane
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Figure 1. Clinical appearance of epidermolysis bullosa acquisita (EBA). Skin fragility and tense blisters on the heel and ankles,
located primarily on anatomic areas subjected to repetitive minor trauma (a,b). Erosive lesions on the back and buttock (c). Blis-
ters and erosions with erythematous atrophic plagues on the neck (d) and face (g). EBA also present with mucosal involvements
(f). The lesions heal with scar (g), scarring alopecia (h) and milia formation (j), following blister.

zone.”® Post-embedding indirect immunoelectron
microscopic study revealed that most EBA sera
showed a broad immunoreactivity within the lamina
densa, whereas some sera located in the dermis
below the lamina densa (Fig. 3b).”""3

© 2010 Japanese Dermatological Association

IMMUNOFLUORESCENCE STUDIES
Direct immunofluorescence microscopy of perilesion-

al skin biopsies from patients with EBA demon-
strates linear deposits of IgG and/or C3 at the
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Figure 2. Histopathological and immunopathological features of epidermolysis bullosa acquisita (EBA). Histopathological find-
ings of a perilesional skin biopsy reveals a subepidermal blister with numerous neutrophils in the upper dermis and blister cavity
(@). Indirect immunofluorescence microscopy using serum from a patient with EBA shows linear deposits of immunoglobulin
(Ig)G along the basement membrane zone (b). Indirect immunofluorescence microscopy on NaCl-split normal human skin dem-
onstrates circulating IgG autoantibodies binding to the dermal side of the split (c). Immunoblot reactivity patterns of sera from
patients with EBA and anti-p200 pemphigoid. Lane 1, serum of a patient with epidermolysis bullosa acquisita (EBA) reacts with
290-kDa full-length type VII collagen. Lane 2, serum of a patient with anti-p200 pemphigoid recognizes a 200-kDa protein in
dermal extract. Migration of molecular weight markers is shown on the left. E, epidermis; D, dermis.

(b)

Figure 3. Electron microscopic studies of epidermolysis bullosa acquisita (EBA). Under transmission electron microscopy,
lesional skin obtained from a patient with EBA shows a separation below the lamina densa (a). Immunoelectron microscopy
using normal human skin reveals immunoreactivity within/below the lamina densa (b). Bars = 200 nm.

dermal-epidermal junction.®® In rare cases, an addi- demonstrates circulating IgG autoantibodies bind-
tional staining for IgA was described.***67* Indirect ing to the dermal side of the artificial split in serum
immunofluorescence microscopy using 1 mol/L of EBA patients (Fig. 2b,c), which label the sub-
NaCl-split normal human skin as a substrate lamina densa zone by indirect immunoelectron
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microscopy.”>">"® Tissue-bound and circulating
antibodies in EBA patients mainly belong to the
IgG1 and IgG4 subclasses.””®® Wozniak and
Kowalewski demonstrated prominent invagin-
ations of the lamina densa and vertically-oriented
clumps of anchoring fibrils at and below the
dermal-epidermal junction using laser scanning
confocal microscopy.®'

IMMUNOBLOT ANALYSIS

Sera from patients with EBA recognize the 290-kDa
protein, or its immunodominant region, the NC1
domain, by immunobilotting with normal human der-
mal extracts.?”2 Immunoblot analysis with extracts
of human epidermis or cultured keratinocytes and
fibroblasts is usually negative (Fig. 2d).®? A sensitive
enzyme-linked immunosorbent assay for the detec-
tion of autoantibodies to type VIl collagen using
recombinant protein is also available.®

Some cases of a subepidermal blistering disease
with autoantibodies against more than two antigens
have been reported. EBA also sometimes compli-
cates other subepidermal autoimmune bullous
diseases, for example, against anti-laminin 332,
anti-bullous pemphigoid and anti-p-200 antigen.®+5#
At present, clinical features, and histological and
immunofluorescence findings are not useful to dis-
tinguish between each other. Immunoblot analysis
and other molecular biological studies are necessary
to further characterize these complicated subepider-
mal autoimmune bullous diseases. Moreover, the
relationship between the antigenic reactivity of these
autoantibodies and their prognostic significance
needs to be elucidated by more precise analyses.

CLINICAL COURSE AND TREATMENT
OPTIONS

Treatment of EBA can often be challenging and pri-
marily consists of systemic corticosteroids, while it
remains unsatisfactory, and mainly relies on immuno-
suppressive agents such as methotrexate, azathio-
prine or cyclophosphamide.'®2" Overall, treatment
of EBA is difficult, despite the use of corticosteroids
combined with other immunosuppressants. Further-
more, long-term immunosuppression has been
shown to be associated with increased morbidity
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and mortality. This includes systemic infections, gas-
trointestinal disorders, hypertension, osteoporosis,
hyperlipidemia, psychiatric disorders, moon face,
diabetes mellitus and obesity. Hence, there is a
need for the identification of safe and effective
alternatives for the treatment modalities of EBA. If
required, colchicine or other adjuvants can be
added. Some cases of EBA have been identified in
which colchicine treatment may be beneficial.®® This
is often used as a first-line management because its
side-effects are relatively benign compared with
other therapeutic choices. Diarrhea is a common
side-effect of colchicine, however, which makes it
difficult for many patients to achieve a high enough
dose to control the disease. Dapsone has been
used in some EBA patients, especially when
neutrophils are present in their dermal infiltrate.
Recently, i.v. immunoglobulin (IVIG) is one potential
promising therapy for patients with EBA, as evi-
dence of its effectiveness and safety is increasing. A
number of autoimmune bullous skin diseases have
been identified in which IVIG treatment may be ben-
eficial. A review of published work revealed that
more than 10 patients with extensive treatment-
resistant EBA have — in most cases successfully —
been treated.?>*® Recommended doses are 2 g/kg
IVIG monthly until clinical improvement is achi-
eved and no lesions are developed. Because of the
limited duration of response retreatment with IVIG
(several cycles) is necessary. However, experience
with IVIG in patients with autoimmune skin blistering
disease is limited. Thus, IVIG is recommended as
second-line therapy in autoimmune bullous skin dis-
eases, or for patients not responding to conventional
therapy. The mode of action of IVIG in autoimmune
diseases including bullous disease, is far from being
completely understood. In addition, the most novel
treatment is the anti-CD20 monoclonal antibody,
rituximab, which is a monoclonal humanized anti-
body directed against the B-cell-specific cell surface
antigen CD20. CD20 is expressed on the cell sur-
faces of pre-B cells and mature B cells. Rituximab is
a chimeric monoclonal anti-CD20 antibody that
abolishes these cells through complement- and anti-
body-dependent cytotoxicity and apoptosis. Thus,
rituximab significantly reduces circulating B cells
and antibody-producing plasma cells. Rituximab
had a dramatic effect on EBA patient in a
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Intractable

Moderate

N Oral steroid Oral steroid Oral steroid
0.5-1.0 mg/kg/day 1.0-1.5 mg/kg/day 1.0-1.5 mg/kg/day
— + Colchicine
| ,|  +Colchicine I + Colchicine I 100-200 mg
50-100 mg 100-200 mg
o]
L, + Dapsone
100-300 mg

+ Cyclosporine
3-60 mg/kg/day

—>| + Plasmapheresis

]

+ Rituximab
(anti-CD20 antibody)

Figure 4. The algorithm for the practice to treat patients with epidermolysis bullosa acquisita (EBA). For the management of
EBA, the first-line is of course the use of systemic steroid therapy. Systemic steroid therapy may be a sole treatment in some
patients with relatively mild EBA; however, many cases do not respond to this regimen. At present, we fortunately have a variety
of other adjuvant regimens available. Among the adjuvant therapies, colchicine is the first choice of treatment; the steroid pulse
therapy is the second line of adjuvant therapy. In addition, various immunosuppressive agents may be used in addition to sys-
temic steroid therapy. The effectiveness of these immunosuppressive agents is varied among patients. Intravenous immuno-
globulin (IVIG) is considered to be an ideal treatment because it is the only treatment that does not suppress the normal immune
activity. The most novel treatment is the anti-CD20 monoclonal antibody rituximab. In the most intractable cases, the combina-
tion therapies of these adjuvant treatments may be used with intensive care for severe and possibly fatal infections. Future thera-
peutic attempts may include the use of monoclonal antibodies able to modulate the immune response (by targeting for example

B and/or T cells) or the induction of immunological tolerance by application of peptides or peptidomimetics.

life-threatening situation. In some patients with
severe widespread EBA resistant to conventional
therapies were successfully treated with rituximab
as adjuvant therapy.’”%® Rituximab is the newest
potent therapy in severe and refractory EBA
patients. Now, the regimens for these therapies are
being examined worldwide. Further data and chal-
lenge are needed to establish the real potential of
new treatment in EBA. In addition, there are several
anti-tumor necrosis factor-a (anti-TNF-o) inhibitors in
the class of biological agents (such as infliximab, an
anti-TNF-o. chimeric monoclonal antibody) that are
being considered for use in the treatment of patients
with EBA. The algorithm for the practice to treat
patients with EBA is shown in Figure 4.

CONCLUSIONS AND PERSPECTIVES

Considerable progress has been made in the last
years regarding our understanding of the pathogen-
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esis of EBA. The availability of animal models of
EBA provides an important tool to gain further
insight into the pathophysiology of the disease.
Recently, several new therapeutic agents and
modalities have been reported and show promise in
the treatment of patients with EBA. The multidisci-
plinary approach to understanding the mechanisms
of central and peripheral tolerance as well as the
inflammatory cascade, induced by binding of auto-
antibodies to type VIl collagen, is leading to the
more specific therapeutic strategies that counteract
the chronic morbidity and mortality of this auto-
immune disorder.
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