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Introduction

Mucous membrane pemphigoid (MMP), formerly termed cic-
atricial pemphigoid, is a heterogeneous group of autoimmune
subepithelial blistering diseases that mainly affect mucous mem-
branes, such as the oral, conjunctival, nasal, pharyngeal, laryn-
geal, esophageal and anogenital mucosae, leading to scarring of
the affected tissue [1]. Laminin 332 (previously termed laminin 5,
epiligrin, kalinin or nicein), located in the epidermal basement
membrane zone, has been characterized as a heterotrimeric gly-
coprotein consisting of a3, B3 and vy, subunits that are covalently
linked by disulfide bonds [2]. Patients with one form of MMP
have pathogenic autoantibodies against laminin 332. Immuno-
blotting studies using extracts of cultured keratinocytes revealed
that a majority of anti-laminin-332 MMP sera reacted with the a3
subunit [3, 4] and some with the vy, subunit [5]. In this report we
describe an unusual case of MMP with antibodies to only the B;
subunit of laminin 332, who had acute myeloblastic leukemia
(AML) and graft-versus-host disease (GVHD).

Case Report

A 35-year-old female visited our hospital for treatment of
AML and received chemotherapy and a bone marrow transplan-
tation (BMT) from a human-leukocyte-antigen-matched unre-
lated donor in May 2005. She developed red papules and small
erythemas on the face and extremities 2 weeks after the BMT. A
biopsy was performed, and a diagnosis of GVHD was made.
GVHD was well controlled by treatment with oral tacrolimus. In
November 2005, when relapse of AML was detected by PCR, mul-
tiple blisters appeared in the perioral region, and tacrolimus was
discontinued. She received antibiotics and acyclovir under the di-

KARGER © 2009 S. Karger AG, Basel
Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

Accessible online at:
www.karger.com/drm

Published online: October 1, 2009

Fig. 1. Clinical features of the patient. Blisters and erosions were
seen on the face and oral mucosa.

agnosis of impetigo and/or herpes virus infection, while blisters
and erosions developed in the oral mucosa and over the face and
neck (fig. 1). There was no erosion or blister in the conjunctival,
nasal or pharyngeal mucosae. She did nothave any other apparent
skin lesion caused by GVHD. A biopsy specimen revealed a sub-
epidermal blister containing eosinophils and neutrophils (fig. 2a).
Direct immunofluorescence demonstrated a linear deposition of
IgG and C3 in the basement membrane zone of the epidermis
(fig. 2b). Indirect immunofluorescence revealed weak IgG anti-
basement-membrane-zone antibodies which reacted with the
dermal side of 1 M NaCl-split skin.

By immunoblotting of normal human epidermal extracts, the
serum of this patient reacted weakly with the 230-kDa bullous
pemphigoid (BP) antigen (BP230) and the 190-kDa periplakin.
The significance of these reactivities remains unclear. Immuno-
blotting of normal human dermal extracts showed no apparent
reactivity with the serum of this patient. Immunoblotting using
laminin 332 purified from human cultured keratinocytes showed
that this patient’s serum reacted strongly with the 140-kDa B,
subunit, but not with the a3 or y; subunit (fig. 3). Based on these
findings, she was diagnosed as having anti-laminin-332 MMP.
Based on a tentative diagnosis of BP, treatment had been initiated
with oral minocycline 200 mg and topical steroid before the final
diagnosis of MMP was made. Although the number of blisters
decreased, new blister formation persisted. Three weeks later, the
number of blood leukemic cells started to increase rapidly, and
she decided to receive cord blood transplantation. However, she
died of disease progression after early relapse.
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Fig. 2. a A biopsy specimen revealed a subepidermal blister containing eosinophils and neutrophils. b Direct
immunofluorescence demonstrated a linear deposition of IgG on the basement membrane zone of the epi-

dermis.
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Fig. 3. a By immunoblotting of normal human epidermal extracts,
the control pemphigus vulgaris (PV) serum reacted with the 160-
kDa desmoglein 1 and the 130-kDa desmoglein 3 (lane 1), the con-
trol paraneoplastic pemphigus (PNP) serum reacted with the 210-
kDa envoplakin and the 190-kDa periplakin (Jane 2), and the con-
trol BP serum reacted with BP230 and BP180 (lane 3). The serum
of our patient reacted relatively weakly with BP230 and the 190-
kDa periplakin (lane 4). b By immunoblotting of normal human
dermal extracts, the control epidermolysis bullosa acquisita (EBA)
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serum reacted with the 290-kDa type VIIcollagen (lane 1),and the
anti-p200 pemphigoid serum (p200) reacted with the 200-kDa an-
tigen (lane 2). The serum of our patient showed only a faint reac-
tivity with a protein of about 250 kDa (lane 3). ¢ By immunoblot-
ting of purified human laminin 332, control anti-laminin-332
MMP serum reacted with the 165-kDa a3, the 145-kDa o3, the 140-
kDa B3 and the 105-kDa vy, subunits (lane 1). A normal control
serum showed no reactivity (lane 2). Our patient’s serum reacted
strongly and exclusively with the 140-kDa {3 subunit (lane 3).
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Discussion

The present case possessed autoantibodies to only the 35 sub-
unit of laminin 332, which is unusual, but reported in a few cases
[6-10]. The previous reportincludes the case of a 72-year-old Cau-
casian man with blisters and erythema all over the skin, and ero-
sions in the conjunctiva, mouth and larynx [9]. He had metastat-
ic adenocarcinoma of unknown origin in the lymph nodes of the
neck. He died of respiratory failure due to laryngeal obstruction
as a result of blister formation. Seo et al. [7] reported the case of a
67-year-old Korean woman with erosions in the oraland conjunc-
tival mucosae with laryngeal and esophageal involvement. She
also had cutaneous blisters and erosions on the trunk. She was
successfully treated with a combination of prednisolone 50 mg/
day and cyclophosphamide 50 mg/day. There was no evidence of
associated neoplasm, Fukushima et al. [6] reported the case of a
90-year-old Japanese man with erosions on the oral, nasal, con-
junctival mucosae, trunk and extremities. He had prostate carci-
noma (poorly differentiated adenocarcinoma). The other two re-
ports have no clinical information (8, 10]. Therefore, the differ-
ences between this form and the other forms of MMP in the
clinical features, prognosis and complications are not apparent at
the present time.

Initially, a diagnosis of BP was also considered because the
patient had cutaneous bullae and erythemas. However, the pres-
ence of head and neck involvement and the presence of mucosal
involvement do not generally support the diagnosis of BP [11].
Furthermore, autoantibodies to laminin 332 had been confirmed
previously to be a specific marker of MMP {12]. Therefore, the
diagnosis of anti-laminin-332 MMP was considered appropriate,
based on the results of the immunoblotting studies. A reactivity
against 210- and 190-kDa epidermal proteins corresponding to
envoplakin and periplakin, respectively, is found in patients with
paraneoplastic pemphigus. However, the histological and immu-
nopathological findings were not consistent with this diagnosis.

It has been shown that autoimmune blistering diseases such as
BP may be associated with internal malignancies [13]. Thus, anti-
laminin-332 MMP has been shown to have a much higher risk for
solid cancers, such as lung, gastric and colon cancers [14, 15}, al-
though the clinical features are similar to those of the other forms
of MMP. Egan et al. [14] reported that 10 of 35 patients had solid
cancers in a United States National Cancer Institute Surveillance,
and Matsushima et al. {15] reviewed Japanese cases and showed
that 5 of 16 cases of anti-laminin-332 MMP were complicated
with solid cancers. However, a possible association of anti-lam-
inin-332 MMP with a hematological neoplasm such as AML has
not been clarified. Aisa et al. {16] reported a case of anti-BP230
MMP with follicular lymphoma treated with peripheral blood
stem cell transplantation without any obvious chronic GVHD,

GVHD is one of the major complications after hematopoietic
stem cell transplantations and critically induced and maintained
by donor immunocompetent cells that attack epithelia of fast pro-
liferating tissues [17}. The present case did not have any clinical
findings indicating chronic GVHD at the onset of MMP. How-
ever, it might be possible that undiscovered slight attacks of
GVHD triggered these cases of MMP, since more than 10 cases of
autoimmune blistering diseases, mostly BP, after allogeneic BMT
have been reported to date {18, 19]. Indeed, various autoimmune
diseases, including vitiligo, have been shown to develop in pa-
tients with GVHD (20, 21}, although the mechanism is unknown.
It is possible that some cases may stem from donor-related trans-
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fer of pathogenic lymphocytes (autoreactive B cells against lam-
inin 332 in our case) or their progenitors, while most of the cases
can be attributed to the immunological imbalances after BMT
[20].

Thus, the diagnosis of autoimmune blistering disease, includ-
ing MMP, should be considered when bullous or erosive lesions
are found on the skin and mucosa in patients with leukemia and/
or GVHD.

References

Chan LS, Ahmed AR, Anhalt GJ, Bernauer W, Cooper KD, Elder MJ,

Fine JD, Foster CS, Ghohestani R, Hashimoto T, Hoang-Xuan T,

Kirtschig G, Korman NJ, Lightman S, Lozada-Nur F, Marinkovich MP,

Mondino BJ, Prost-Squarcioni C, Rogers RS 3rd, Setterfield JF, West

DP, Wojnarowska F, Woodley DT, Yancey KB, Zillikens D, Zone JJ: The

first international consensus on mucous membrane pemphigoid: defi-

nition, diagnostic criteria, pathogenic factors, medical treatment, and
prognostic indicators. Arch Dermatol 2002;138:370-379.

2 Burgeson RE, Chiquet M, Deutzmann R, Ekblom P, Engel ], Kleinman
H, Martin GR, Meneguzzi G, Paulsson M, Sanes ], Timpl R, Tryggvason
K, Yamada Y, Yurchenco PD: A new nomenclature for the laminins.
Matrix Biol 1994;14:209-211.

3 Kirtschig G, Marinkovich MP, Burgeson RE, Yancey KB: Anti-base-
ment membrane autoantibodies in patients with anti-epiligrin cicatri-
cial pemphigoid bind the alpha subunit of laminin 5. ] Invest Dermatol
1995;105:543-548.

4 Lazarova Z, Hsu R, Yee C, Yancey KB: Antiepiligrin cicatricial pem-

phigoid represents an autoimmune response to subunits present in

laminin 5 (alpha3 beta3 gamma2). Br ] Dermatol 1998;139:791-797.

Dainichi T, Takeshita H, Moroi Y, Urabe K, Yoshida M, Hisamatsu Y,

Komai A, Duan H, Koga T, Hashimoto T, Furue M: Cicatricial pemphi-

goid with autoantibodies against the laminin 5 gamma 2 subunit. Eur

] Dermatol 2005;15:189-193.

6 Fukushima S, Egawa K, Nishi H, Wakasugi S, Ishii N, Hashimoto T,
Yancey KB, Thn H: Two cases of anti-epiligrin cicatricial pemphigoid
with and without associated malignancy. Acta Derm Venereol 2008;
88:484-487.

7 Seo SH, Kye YC, Kim SN, Kim SC: Antiepiligrin cicatricial pemphigoid

with autoantibodies to the beta subunit of laminin 5 and associated

with severe laryngeal involvement necessitating tracheostomy. Derma-
tology 2001;202:63-66.

Hisamatsu Y, Nishiyama T, Amano S, Matsui C, Ghohestani R, Hashi-

moto T: Usefulness ofimmunoblotting using purified laminin 5 in the

diagnosis of anti-laminin 5 cicatricial pemphigoid. ] Dermato} Sci
2003;33:113-119.

9 Kirtschig G, Caux F, McMillan JR, Bedane C, Aberdam D, Ortonne JP,
Eady RA, Prost C: Acquired junctional epidermolysis bullosa associ-
ated with IgG autoantibodies to the beta subunit of laminin-5. Br |
Dermatol 1998;138:125-130.

10 Ghohestani RF, Nicolas JF, Rousselle P, Claudy AL: Diagnostic value of
indirect immunofluorescence on sodium chloride-split skin in differ-
ential diagnosis of subepidermal autoimmune bullous dermatoses.
Arch Dermatol 1997;133:1102-1107.

11 Vaillant L, Bernard P, Joly P, Prost C, Labeille B, Bedane C, Arbeille B,
Thomine E, Bertrand P, Lok C, Roujeau JC: Evaluation of clinical cri-
teria for diagnosis of bullous pemphigoid. French Bullous Study Group.
Arch Dermatol 1998;134:1075-1080.

12 Lazarova Z, Salato VK, Lanschuetzer CM, Janson M, Fairley JA, Yan-
cey KB: 1gG anti-laminin-332 autoantibodies are present in a subset of
patients with mucous membrane, but not bullous, pemphigoid. ] Am
Acad Dermatol 2008;58:951-958.

13 Morioka S, Sakuma M, Ogawa H: The incidence of internal malignan-

cies in autoimmune blistering diseases: pemphigus and bullous pem-

phigoid in Japan. Dermatology 1994;189(suppl 1):82-84.

o

v

[+

363



15

Egan CA, Lazarova Z, Darling TN, Yee C, Coté T, Yancey KB: Anti-
epiligrin cicatricial pemphigoid and relative risk for cancer. Lancet
2001;357:1850-1851.

Matsushima S, Horiguchi Y, Honda T, Fujii S, Okano T, Tanabe M,
Wakayama T, Hashimoto T, Yancey KB: A case of anti-epiligrin cica-
tricial pemphigoid associated with lung carcinoma and severe laryn-
geal stenosis: review of Japanese cases and evaluation of risk for inter-
nal malignancy. ] Dermatol 2004;31:10-15.

Aisa Y, Mori T, Nakazato T, Yamazaki R, Yamagami ], Amagai M, Tke-
da Y, Okamoto §: Cicatricial pemphigoid of the oropharynx after al-
logeneic stem cell transplantation for relapsed follicular lymphoma. Int
] Hematol 2005;82:266-269.

Hiusermann P, Walter RB, Halter ], Biedermann BC, Tichelli A, Itin P,
Gratwohl A: Cutaneous graft-versus-host disease: a guide for the der-
matologist. Dermatology 2008;216:287-304.

Izumi R, Fujimoto M, Yazawa N, Nakashima H, Asashima N, Wata-
nabe R, Kuwano Y, Kurokawa M, Hashimoto T, Tamaki K: Bullous
pemphigoid positive for anti-BP180 and anti-laminin 5 antibodies in a
patient with graft-vs-host disease. ] Am Acad Dermatol 2007;56:594-
§97.

364

19

20

21

Nagai H, Shirataka Y, Midorikawa K, Murakami S, Hashimoto K, Ko-
mai A, Hashimoto T, Narumi H, Fujita S: A case of bullous pemphigoid
associated with graft versus host disease (in Japanese). Nishi Nihon
Hifuka 2004;66:269-273.

Sherer Y, Shoenfeld Y: Autoimmune diseases and autoimmunity post-
bone marrow transplantation. Bone Marrow Transplant 1998;22:873—
881.

Sanli H, Akay BN, Arat M, Kogyigit P, Akan H, Beksac M, Ilhan O:
Vitiligo after hematopoietic cell transplantation: six cases and review
of the literature. Dermatology 2008;216:349-354.

Masakazu Takahara, MD

Department of Dermatology

Graduate School of Medical Sciences, Kyushu University
3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582 (Japan)
Tel. +81 92 642 5585, Fax +81 92 642 5600

E-Mail mtakahara@dermatol.med.kyushu-u.ac.jp

Letter to Dermatology



OBSERVATION

Subcorneal Pustular Dermatosis—Type IgA
Pemphigus With Autoantibodies
to Desmocollins 1, 2, and 3

Imke Diiker, MD; Jorg Schaller, MD; Christian Rose, MD; Detlef Zillikens, MD;

Takashi Hashimoto, MD; Johannes Kunze, MD

Background: IgA pemphigus is a rare neutrophilic
acantholytic autoimmune disease that is characterized by
IgA deposits on keratinocyte cell surfaces. Clinically and
histologically, IgA pemphigus is divided into 2 major sub-
types: subcorneal pustular dermatosis and intraepider-
mal neutrophilic IgA dermatosis. We report the first case
of subcorneal pustular dermatosis—type 1gA pemphigus
that showed reactivity to all 3 isoforms of the desmocol-
lin family by indirect immunofluorescence microscopy
of COS7 cells transfected with desmocollin 1, 2, or 3.

Observations: We describe a 94-year-old woman with
IgA pemphigus with a unique immunopathologic pat-
tern. Direct immunofluorescence microscopy revealed IgA
deposits throughout the entire epidermis, with stronger
staining in the upper epidermis. The autoantibodies from

this patient did not show IgA or 1gG reactivity with des-
mogleins via immunoblotting or enzyme-linked immu-
nosorbent assay. By indirect immunofluorescence by the
use of COS7 cells transfected with desmocollin 1, 2, or
3, IgA autoantibodies in a serum sample from our pa-
tient clearly reacted with all of them.

Conclusions: The pathophysiology and autoantigen pro-
file of bullous autoimmune diseases, especially pemphi-
gus and its subforms, are more complex than previously
believed. Because pemphigus seems to be a heteroge-
neous disorder, further studies are needed to evaluate the
complexity of the disease.
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GA PEMPHIGUS 1S A RARE AUTOIM-
mune blistering disease charac-
terized by epidermal IgA immu-
noglobulin deposits. The
presence of IgA in the epidermis
was first reported by Varigos.! In the past,
various terms have been used to describe
this condition, such as intraepidermal neu-
trophilic IgA dermatosis,” intercellular IgA
vesiculopustular dermatosis,® and IgA pem-
phigus foliaceus.* Currently, IgA pemphi-
gus is considered to be a distinct clinical
entity that includes 2 subtypes with dif-
ferent histologic features and different IgA
deposition patterns in the epidermis: in-
traepidermal neutrophilic IgA dermato-
sis (IEN) and subcorneal pustular derma-
tosis (SPD).>®
The SPD type shows subcorneal acan-
tholysis and pustules with intercellular IgA
deposits in the upper epidermis. The IEN
type is characterized by pustules located
deeper in the epidermis and by intercel-
lular IgA deposits throughout the entire
epidermis.’ Indirect immunofluores-
cence microscopy reveals circulating IgA
antibodies to intraepidermal structures in
only half the cases.’® In the SPD type, des-

mocollin 1, one of the desmosomal cad-
herins, has been identified as a target
autoantigen.”"** In most cases of the IEN
type, the autoantigen remains to be fully
characterized,'? whereas, in single cases,
desmoglein 1 and desmoglein 3 have been
demonstrated to be targets of the autoan-
tibodies in this variant.®!* Clinically,
patients commonly present with flat pus-
tules, often on a slightly erythematous base,
which tend to coalesce to form annular pat-
terns. The regions mainly affected are the
trunk, axillae, and groin. Mucosal involve-
ment is usually lacking.

REPORT OF A CASE

A 94-year-old woman presented with a
2-week history of bullous dermatosis. Re-
sults of physical examination revealed a
disseminated vesiculopustular eruption on
an erythematous base and erosions with
yellow crusts. The sites of predilection
were the axillae, groin, and proximal por-
tions of the extremities (Figure 1). There
was no mucosal involvement. Bacterial cul-
tures of the pustules were negative. The
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Figure 1. Bullous dermatosis in a 94-year-old woman. A, Right arm with pustules and crusts on an erythematous background. B, Histopathologic analysis of

fesional skin that shows a subcorneal blister filled with neutrophilic granulocytes and erythrocytes (hematoxylin-eosin, original magnification x100). C, Direct
immunofiuorescence micrascopy of perilesional skin showing intercellular IgA deposits in the entire epidermis with stronger staining in the upper layers of the
epidermis (original magnification x200).

results of laboratory investigations, such as serum im-
munofixation of IgG, 1gA, and IgM, were within normal
ranges.

HISTOPATHOLOGIC ANALYSIS

Histopathologic examination of a lesional skin biopsy
specimen showed a subcorneal cleft with acantholysis.
The blister was filled by fibrin, erythrocytes, and numer-
ous neutrophilic granulocytes (Figure 1). In the upper
dermis, there were also neutrophils that infiltrated the
epidermis.

DIRECT IMMUNOFLUORESCENCE MICROSCOPY

Direct immunofluorescence microscopy of a peri-
lesional skin biopsy specimen revealed intercellular
deposits of IgA in the entire epidermis with a stronger
staining of the superficial layers (Figure 1). Fluores-
cein isothiocyanate—conjugated goat anti-human IgA
(specific to a chains) and 1gG (specific to y chains)
were used as secondary antibodies (DiaMed Inc,
Windham, Maine).

INDIRECT IMMUNOFLUORESCENCE
MICROSCOPY

The results of indirect immunofluorescence micros-
copy performed on monkey esophagus and healthy hu-
man skin were negative for circulating IgA or IgG auto-
antibodies. Interestingly, when performed on sodium
chloride split human skin, IgA autoantibodies that stained
the interface of the stratum corneum and stratum granu-
losum were detected at a titer of 1:320.

IMMUNOBLOT ANALYSIS AND ENZYME-LINKED
IMMUNOSORBENT ASSAY

Immunoblot analysis of healthy human epidermal ex-
tracts showed no specific IgA or IgG reactivity in the se-
rum of the patient. Enzyme-linked immunosorbent as-
say (ELISA) that used recombinant desmoglein 1 and 3,
expressed in the baculovirus system, showed no IgA or
IgG reactivity.

INDIRECT IMMUNOFLUORESCENCE
MICROSCOPY ON COS7 CELLS

By indirect immunofluorescence that used COS7 cells
transfected with desmocollin 1, 2, or 3, IgA autoantibod-
ies in the serum of our patient clearly reacted with all of
them (Figure 2). On the basis of these results, the pa-
tient was diagnosed as having the SPD-type IgA pemphi-
gus, and oral therapy with dapsone, 50 mg twice daily,
was started. This course resulted in complete clearing of
skin lesions within 3 weeks.

S COVMENT  p

We present a case of SPD-type IgA pemphigus with a
unique immunopathologic pattern. Direct immunofluo-
rescence microscopy revealed IgA deposits on keratino-
cyte cell surfaces, but unexpectedly the staining was
throughout the epidermis, which showed stronger in-
tensity in the superficial and weaker staining in the basal
layers. Usually, autoantibodies from patients with SPD-
type IgA pemphigus do not react with the basal layers of
the epidermis -because of the epidermal distribution of
the autoantigen (ie, desmocollin 1). Staining of the entire
épidermis in the skin of our patient, which resembled the
pattern of the IEN type, suggested desmoglein 3 or des-
mocollin 3 as potential additional autoantigens. In fact,
in addition to reactivity with desmocollin 1, the serum
of our patient bound to both desmocollins 2 and 3 by
indirect immunofluorescence microscopy of COS7 cells
transfected with the different desmocollin isoforms. In
contrast, no IgA or IgG reactivity was found with des-
mogleins 1 and 3.

Desmocollins, together with the desmogleins, are ma-
jor desmosomal glycoproteins and are members of the
cadherin superfamily of Ca**-dependent cell adhesion
molecules.'” Desmocollins show at least 3 isoforms®® and
contribute to the adhesive core of the desmosome, whose
basic function is to guarantee the epidermal integrity by
the mediation of cell-cell adhesion. The isoforms of
desmocollins are expressed in a differentiation-specific
manner: desmocollin 1 expression is weak in supra-
basal layers and increases further upward; it shows strong
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Figure 2. indirect immunofiuorescence microscopy of COS7 cells transfected with desmocollins 1, 2, and 3. The IgA antibodies of the serum of our patient

reacted with the transfected cells that express desmocollin 1 (A), desmocoilin 2 (B), and desmocoilin 3 (G). IgA antibodies of a control individual with subcorneal
pustular dermatosis-type IgA pemphigus reacted with COS7 ceils transfected with desmocollin 1 (D) but not IgA antibodies of a healthy control serum (E).

expression in the upper spinous layers. Desmocollin 2
shows similar expression to desmocollin 1 but is most
strongly expressed at the base of the rete ridges. Desmo-
collin 3 is most strongly expressed in the basal layers and
weaker in the suprabasal layers.!>17:18

In our case, the detection of IgA autoantibodies not
only to desmocollin 1 but also to the 2 other desmocol-
lin isoforms may explain the finding of the staining
throughout the epidermis by direct immunofluores-
cence microscopy. Kopp et al'® recently described an-
other case of SPD-type IgA pemphigus in which the au-
toantibodies reacted not only with the uppermost layers
but throughout the entire epidermis. In this previous case,
antibodies to both desmocollin 1 and desmoglein 1 were
detected.

A staining pattern throughout the epidermis by direct
and indirect immunofluorescence microscopy along with
a histologic characteristic of the SPD-type IgA pemphigus
was also seen by Niimi et al.*® However, target antigens of
IgA antibodies in this case remained unknown: they did
not react with desmogleins or desmocollins as deter-
mined by immunoblotting, ELISA, or immunofluores-
cence microscopy of complementary DNA~transfected cells.
In our case, via immunoblotting, we could also not detect
any IgA reactivity in the serum of our patient. As re-

ported, a possible explanation for the failure to detect des-
mocollins by this method is that the effect of conformation-
dependent epitopes on desmocollins may have been altered
by the extraction procedure or sodium dodecyl sulfate—
polyacrylamide gel electrophoresis.'*"* Not only immu-
noblotting but also ELISA may fail to detect reactivity in
some cases in which the results of indirect immuno-
fluorescence microscopy on complementary DNA-
transfected cells are positive; this factor suggests that there
may be differences in conformation between desmocollin
1 produced by baculovirus-infected cells and protein pro-
duced by COS7-transfected cells.”

Ebihara et al® described 3 patients with SPD-type
IgA pemphigus that reacted with desmocollin 1 and 2,
and Hisamatsu et al*! detected IgA antibodies to both
desmocollin 2 and 3 in one case of so-called atypical
pemphigus. We report the unique detection of IgA
antibodies to desmocollins 1, 2, and 3 in a patient with
SPD-type IgA pemphigus.

In recent years, it has become evident that the different
subtypes of IgA pemphigus may be associated with a num-
ber of different autoantibody specificities. It is becoming
more obvious that certain autoantibodies are not re-
stricted to just one form of pemphigus.**? Recently, IgA
autoantibodies to desmogleins 1 and 3 could also be found
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in patients with pemphigus vulgaris and pemphigus folia-
ceus, in addition to IgG antibodies to these desmogleins.?*
Furthermore, a few patients with IgA pemphigus have been
shown to react with desmoglein 1 and 3 via IgA ELISA. %
These cases, in which IgA antibodies react exclusively with
desmogleins 1 or 3, should be named IgA pemphigus folia-
ceus and IgA pemphigus vulgaris, respectively. In a few cases,
neutrophilic infiltration can be lacking.?” Autoantibodies
to desmocollins have also been described in certain pem-
phigus serum samples,'®* which may be owing to the epi-
tope spreading concept.”® However, as in mucocutaneous-
type pemphigus vulgaris with IgG antibodies to both
desmoglein 1 and 3, individual cases may show antibod-
ies to multiple antigens. Autoantibodies to these different
antigens are not necessarily considered to be produced by
epitope spreading. It is therefore feasible, in our case, that
IgA antibodies to desmocollins 1, 2, and 3 may be pro-
duced independently. Because pemphigus seems to be a
heterogeneous disorder, further studies are needed to evalu-
ate the complexity of the disease.
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mg/d, was initiated, leukonychia totalis of all fingernails
was noted. No follow-up information is available.

All 3 patients denied a personal or family history of
abnormal nails or trauma or chemical exposures to the
nails. None of the other medications the patients were
taking have been associated with leukonychia. On ex-
amination, all 3 patients lacked onychodystrophy, ony-
cholysis, nail thickening, or pitting of the nails, and no
obvious peripheral vasoconstriction was present. Toe-
nails were not involved. None of the 3 patients had hy-
pocalcemia, hypoalbuminemia, or anemia. Creatinine lev-
els had slightly increased in 2 patients who were taking
vorinostat.

Comment. Leukonychia can be classified into “true” or
“apparent” subtypes.”? In the true subtype, a defect in
the nail matrix causes an abnormal keratinization of the
nail plate. In contrast, apparent leukonychia involves a
pathologic process in the subungual tissue or nail bed
and includes changes in adherence of the nail plate to
the nail bed or changes in the translucence of the nail
bed epithelium or its vasculature status.” The present cases
best represent apparent leukonychia as manifested by (1)
persistence of opacity as the nail grew; (2) rapid im-
provement once treatment with the presumed causative
agent was stopped; and (3) resolution starting distally and

moving proximally (the opposite from what is generally

seen with true leukonychia). Diffuse or total apparent
leukonychia has been seen with medical illnesses such
as liver cirrhosis (Terry’s nails), anemia, hypocalcemia,
hypoalbuminemia, and zinc deficiency.

To our knowledge, this is the first report of diffuse leuk-
onychia secondary.to treatment with an HDAC inhibi-
tor, a condition that resolved once treatment with the drug
was halted. Although the arrest of cell growth and apop-
tosis in a wide range of cells is the primary effect of HDAC
inhibitors in cancer cells, it may be their effect on re-
pression of endothelial nitric oxide synthase and the re-
sultant compromise of endothelial cell function in vaso-
relaxation and angiogenesis that best explains the
mechanism in apparent leukonychia.’
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An Association of Idiopathic Chronic
Eosinophilic Pneumonia With
Pemphigoid Nodularis:

A Rare Variant of Bullous Pemphigoid

Report of a Case. In October 2006, a 70-year-old Japa-
nese woman came to our hospital for evaluation of her
severe itching accompanied by nodular skin lesions on
the trunk and extremities (Figure 1A), symptoms that
clinically suggested prurigo nodularis. There were no blis-
ter formations at the time of initial presentation, but sev-
eral small blisters sometimes appeared on the extremi-
ties during the course of the disease (Figure 1B).

Her medical history included (1) idiopathic chronic
eosinophilic pneumonia (ICEP) confirmed by chest ra-
diography and computed tomography, (2) pulmonary eo-
sinophilia in bronchoalveolar lavage fluid (BALF), and
(3) a transbronchial lung biopsy 6 years previously. She
had no atopic diathesis and was taking prednisolone, 2
mg/d, to control ICEP.

Laboratory investigations revealed an elevated white
blood cell count (15 700/pL) and serum IgE titer (1160
ng/L). (To convert white blood cells to number of cells
X 10° per liter, multiply by 0.001; to convert IgE to mil-
ligrams per liter, multiply by 0.001.) Other results of blood
tests were within the normal range. Histopathologic ex-
amination of a nodular lesion specimen revealed irregu-
lar acanthosis with pseudoepitheliomatous hyperplasia
and infiltration of many lymphocytes and a few eosino-
phils (Figure 2A).

Direct immunofluorescence of perilesional skin speci-
mens demonstrated linear deposits of 1gG and C3 at the
basement membrane zone (BMZ) of the epidermis
(Figure 2B). On indirect immunofluorescence with nor-
mal human skin as substrate, circulating IgG anti-BMZ
autoantibodies were detected. Immunoblot analysis using
BP180-NCl6a domain recombinant protein demon-
strated that the patient had circulating IgG but not IgE
autoantibodies. Enzyme-linked immunosorbent assay de-
tected IgG anti-BP230 (49.45 index) and anti-BP180
(75.60 index) autoantibodies. These immunologic pro-

Figure 1. Prurigo nodularis—iike lesions are present on the lower limb (A),
and a bulla and erosion are found on the forearm (B).
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Figure 2. Immunohistopathologic studies. A, Hematoxylin-eosin staining
under light microscopy reveals irregular acanthosis with pseudoepithelioma-
tous hyperplasia (original magnification x40); the inset shows an infiltration
of many lymphocytes and a few eosinophils in the upper dermis (original
magnification x200). B, Direct immunofluorescence demonstrates linear
deposits of IgG at the basement membrane zone of the epidermis (original
magnification x200).

files were identical to those of bullous pemphigoid (BP).
Tetracycline and nicotinamide were administered for 6
months without apparent benefits.

Comment. Bullous pemphigoid is a common acquired
subepidermal autoimmune bullous disease in elderly pa-
tients. Pemphigoid nodularis is a rare clinical variant of
BP characterized by overlapping prurigo nodularis-like
lesions and blisters and immunologic findings identical
to those seen in BP.! This condition is very difficult to
diagnose unless the blisters are present. The diagnosis
is confirmed by the presence of anti-BMZ autoantibod-
ies under direct and indirect immunofluorescence. There-
fore, it is important to perform immunohistopathologic
analyses in patients with persistent prurigo nodularis—
like lesions.

Bullous pemphigoid shows dermal infiltrate contain-
ing numerous eosinophils in the subepidermal clefts of
skin specimens as well as marked peripheral eosino-
philia. Ultrastructural examination reveals direct adher-
ence of eosinophils with degranulation into basal kera-
tinocytes.? These eosinophils may directly damage the
dermoepidermal junction by releasing their cytotoxic pro-
teins such as eosinophilic cationic protein and major ba-
sic protein. Similarly, eosinophils with degranulation are
also observed around necrotic pneumocytes and along
the BMZ at the destroyed alveolar structures in ICEP.?

The chemokine eotaxin, associated with helper T cell sub-
type 2, has an important role in eosinophil recruitment
in tissue. Elevated levels of eotaxin in blister fluid from
BP and BALF of ICEP specimens have been reported.*’
Thus, eosinophils are suggested to be involved in the
pathogenesis of both BP and ICEP.

To our knowledge, BP complicated by ICEP has never
been described before. Our patient developed pemphi-
goid nodularis during follow-up of ICEP, and while it is
possible that she only incidentally had both diseases, this
study provides us with an opportunity to assess the re-
lationship between the 2 diseases.
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Erosive Pustular Dermatosis of the Scalp
Following Treatment With Topical
Imiquimod for Actinic Keratosis

rosive pustular dermatosis of the scalp (EPDS)
is a rare chronic disease described first in 1977
by Burton® and then in 1979 by Pye et al.? It mani-
fests as extensive pustular lesions, erosions, and crust-
ing of the scalp in elderly individuals and leads to scar-
ring alopecia. The cause remains unknown, although local
trauma such as that caused by topical treatment of ac-
tinic keratosis with fluorouracil, 5%, tretinoin, surgery,
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Desmoglein1 and BP 180 ELISA indexes correlating
with disease activity in a patient with coexisting
pemphigus foliaceus and bullous pemphigoid

doi: 10.1111/j.1365-2230.2009.03656.x

An 88-year-old Japanese woman presented with erosions
in the oral cavity. On physical examination, oral erosions,
tense vesicles and erythema with partially crusted erosions
were seen on the trunk. Acantholysis (Fig. 1a) and

subepidermal blisters (Fig. 1b) were seen in skin biopsy
specimens taken [rom the trunk. Direct immunofluores-
cence of the skin revealed in vivo deposition of IgG in both
the cell surface and the basement membrane zone (BMZ) of
the epidermis (Fig. 1¢). Using indirect immunofluorescence
using human skin section as substrate, IgG autoantibodies
against cell surface and BMZ were detected at a titre of
> 1:160 (Fig. 1d). Immunoblotling assays using normal
buman epidermal extracts and BP180 NCl6a domain

Figure 1 (a) Acauntholysis and (b) subepidermal blisters (haematoxylin and eosin). Both (¢) direct immunofluorescence of the skin and
(d) indirect immunoflucrescence using human skin sections confirmed IgG antibodies to the cell surface and basement membrane zone
of the epidermis. Scale bar, 100 pm.

© 2009 The Author(s)
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Figure 2 Desmoglein (Dsg)l and BP180 ELISA indexes correlated
with disease activity. With oral prednisolone 20 mg/day, the
erosions and blisters disappeared, and the Dsgl ELISA index
became negative, Additional treatment with dapsone 25 mg/day.
resulted in resolution of the bullous lesions and the BP180
ELISA index gradually decreased.

recombinant protein confirmed the presence of serum IgG
antibodies against BP180 and the BP180 NC16a domain,
respectively. The desmogein (Dsg)l and BP180 ELISA
indexes were 54 (normal range < 20) and 125 (normal
range < 8), respeclively. Oral prednisolone 20 mg/day and
topical steroid application were effective, and the Dsgl
ELISA index decreased to 10. However, Lhe BP180 ELISA
index did not decrease, and it was still 88 when the patient
had a flare while on oral prednisolone 5 mg/day. Oral
dapsone 25 mg/day plus prednisolone 10 mg/day cleared
the bullous skin lesions, and the BP180 ELISA index
gradually decreased (Fig. 2).

In this case, the clinical features, histological findings,
immunofluorescence and ELISA indexes conlirmed the
simultaneous coexistence of PF and BP. Previous reports’ ™
reporled the simullaneous coexistence of PF and BP based
on histological or immunofluorescence findings. None of
the three cases had coexistence of anti-Dsgl antibodies and
antli-BP180 antibodies by ELISA. To our knowledge, our

\

€996

patient is the first case of coexistence of PF and BP
conlirmed by positive ELISA results for both anti-Dsgl and
anli-BP180 antibodies.

It was previously reported that ELISAs for Dsgl, Dsg3
and BP180 are more sensitive and specilic than indirect
immunofluorescence and that ELISA indexes tend to
correlate with the disease activity.H In our case, Dsgl
and BP180 ELISA indexes correlated with disease activity
along the time course. BLISA is a valuable tool for
monitoring disease activity and provides the important
information for determining treatments for various
immunobullous diseases.
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Some epidermolysis bullosa acquisita sera react with
epitopes within the triple-helical collagenous domain

as indicated by immunoelectron microscopy
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Background Epidermolysis bullosa acquisita (EBA) autoantibodies recognize epitopes
predominantly within the N-terminal noncollagenous (NC)-1 domain of type VII
collagen. Recently, some EBA cases with reactivity to other domains, i.e. the
triple-helical (T-H) collagenous domain and the NC-2 domain, have been reported.
Objectives To investigate the ultrastructural localization of epitopes for sera from
five patients with EBA that were unreactive by immunoblotting with the NC-1,
NC-2 and collagenous domains of type VII collagen.

Methods Immunogold postembedding indirect immunoelectron microscopy was
performed using normal human skin and type VII collagen-deficient skin as
substrates.

Results Posternbedding indirect immunoelectron microscopy revealed that the five
EBA sera showed immunoreactivity in the dermis, mainly located 0-400 nm
below the lamina densa. IgG labelling was not observed in type VII collagen-
deficient skin from a patient with recessive dystrophic epidermolysis bullosa. The
distribution histogram found in this study was different from those of sera that
reacted with the NC-1 and/or NC-2 domains, and was similar to those of sera
reacting with the T-H collagenous domain.

Conclusions Our results suggest that epitopes within the T-H collagenous domain
of type VII collagen are recognized by IgG antibodies from some EBA sera. These

antibodies appear to be found in patients with inflammatory-type EBA.

Epidermolysis bullosa acquisita (EBA) is an autoimmune sub-
epidermal blistering skin disease characterized by IgG autoanti-
bodies against a 290-kDa dermal protein, type VII collagen, a
major component of anchoring fibrils.'”> The major epitopes
have been shown to be present in the N-terminal noncollagen-
ous (NC)-1 domain of type VII collagen.’ The blistering pro-
cess in EBA is determined by the production of autoantibodies
directed against the NC-1 domain of type VII collagen which
are clearly pathogenic, as demonstrated in murine models.*~
In addition to these EBA IgG autoantibodies, however, pre-
vious reports have demonstrated that some patients with EBA
have autoantibodies to other regions, i.e. the triple-helical
(T-H) collagenous domain and the NC-2 domain.*”” We have
recently reported that most EBA sera reacted with the NC-1
domain, while a few sera reacted with the NC-2 domain by
immunoblot analysis using bacterial recombinant proteins of
type VII collagen.'® In addition, immunoelectron microscopy

1090

using these sera indicated that the NC-1 domain is present in
the lamina densa and the NC-2 domain is present in the der-
mis 300~360 nm below the lamina densa.

In the present study, using postembedding indirect immuno-
electron microscopy, we have characterized the localization of
target epitopes for EBA sera which do not react with either
the NC-1 or NC-2 domain and found that the localization was
different from those of NC-1 and NC-2 positive sera in the
previous report. We further elucidated that these EBA sera did
not show any reactivity with recessive dystrophic epidermoly-
sis bullosa skin sections by immunoelectron microscopy, con-
firming that type VII collagen is the antigen in these cases.

Patients and methods

We collected serum samples from five patients with EBA, prior
to the initiation of therapy. The patients were all adults: three

© 2008 The Authors
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men and two wornen. All the patients showed: (i) blisters and
erosions on the skin; (ii) subepidermal blister formation by
histopathology; (iii) linear deposits of IgG and C3 along the
dermal—epidermal junction by direct immunofluorescence of
perilesional biopsy skin; (iv) circulating IgG autoantibodies
reactive with the dermal side of 1 mol L™' NaCl-split normal
human skin by indirect immunofluorescence; and (v) no
reactivity with the 200-kDa protein as detected by immuno-
blot analysis using dermal extracts, and no reactivity with any
subunits of laminin 5 by immunoblot analysis using purified
laminin 5. We also obtained skin sections from a patient with
recessive dystrophic epidermolysis bullosa, which were com-
pletely negative for the monoclonal antitype VII collagen anti-
body (LH7.2) (data not shown). Immunoblot analyses using
normal human dermal extracts and recombinant proteins of
the NC-1 and NC-2 domains of type VII collagen,'® as well as
pepsin-digested type VII collagen extracted from cultured
keratinocytes,” were performed as described previously.
Immunogold labelling for postembedding immunoelectron
microscopy was performed using normal human skin and
recessive dystrophic epidermolysis bullosa skin, as described

. o
previously.'®!

Results

The immunoblot analysis using dermal extracts demonstrated
that two sera reacted with the 290-kDa type VII collagen,
whereas three sera did not. None of the five patient sera rec-
ognized either the NC-1 domain or the NC-2 domain. Fur-
thermore, three of the five patient sera did not react with the
T-H collagenous domain of type VII collagen. The clinical
forms and the results of immunoblot analyses are summarized
in Table 1.

By immunoelectron microscopy using normal human skin,
all five EBA sera used in this study showed gold particles in
the dermis, mainly located at 0—400 nm below the lamina
densa (Fig. la,b). The labelling was rarely observed within
the lamina densa. In a representative case (EBA1), quantitative
analysis revealed that the gold particles were mainly distrib-
uted in the dermis below the lamina densa, without an

Table 1 Summary of immunoblot (IB) analysis in this study

Patient | Clinical form (KD

EBAY .. - - Inflammatory ' -
EBAZ | - Inflanimatory R =
EBA3 ‘Inflammatory. = R e o ND
EBA4 Inflammatory . 290 - - ND

EBAS Unknown

*Results. of 1B for. recombinant proteins-of thé noncollageriotis
(NC)-1, NC-2 and. triple-helical " (T=H) :collagenous ‘domains.
“Results of IB using normal huinan' dermal extracts. ND, not
done.

© 2008 The Authors
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apparent peak at the lamina densa region (Fig. 1c). The other
four cases also showed similar distribution patterns to that of
this representative case (data not shown). To confirm that the
IgG labelling in the dermis by patient sera (EBAl, EBA2 and
EBA3) was actually to type VII collagen, we performed immuno-
electron microscopy using recessive dystrophic epidermolysis
bullosa skin. None of the patient sera showed reactivity in
recessive dystrophic epidermolysis bullosa skin, which lacked
type VII collagen (Fig. 1d).

Discussion

In the present study, we first observed that reaction products
of immunocelectron microscopy in all five EBA sera without
reaction to either the NC-1 domain or the NC-2 domain were
seen in the dermis, located at 0-400 nm below the lamina
densa. Quantitative analysis revealed that more than 20% of
the labelling was distributed with a peak at 90-150 nm below
the lamina densa. The histogram for the immunoelectron
microscopic results for these sera confirmed a different distri-
bution of epitopes when compared with those of sera reactive
with the NC-1 and/or NC-2 domains.'® The distribution of
the IgG antibodies in this study was consistent with the bind-
ing pattern of antibody to the T-H collagenous domain in a
previous study.'’ This study also confirmed the previous
reports that some EBA sera contain autoantibodies against the
T-H collagenous domain.*”’

Although type VII collagen is the most abundant component
protein of anchoring fibrils, there are other component pro-
teins in anchoring fibrils, e.g. a part of type IV collagen and
others. The results of immunoelectron microscopy, that the
sera without reactivity to the NC-1 and NC-2 domains showed
no positive reaction in the skin sections of recessive dystrophic
epidermolysis bullosa, confirmed that these sera reacted with
some parts of type VII collagen, but not to other anchoring
fibril proteins.

Clinically, two distinct phenotypes of EBA have been
described: the classical noninflammatory type and the inflam-
matory type. Clinically, four of our patients were considered
to have the inflammatory type and the remaining patient
could not be classified into either phenotype. This may sug-
gest that patients with EBA with autoantibodies to the T-H
collagenous domain show clinical features of the inflammatory
phenotype. Interestingly, several previous reports described
that some patients with childhood EBA with reactivity to the
T-H collagenous domain, as well as to the NC-1 and NC-2
domains, had the inflammatory type.””

Although the relationship between the epitope profile and
the clinical features remains to be elucidated, the results of the
present study suggest that reactivity to different epitopes, such
as the NC-1 domain and other domains, leads to different
clinical phenotypes. One possible mechanism is that reaction
of patient serum with regions other than the NC-1 domain
results in an inflammatory phenotype, further suggesting the
possible causative role of such autoantibodies on complement
activation and inflammatory infiltrates, which in turn leads to
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Fig 1. (a, b) The results of immunoelectron microscopy. Gold particles for two representative epidermolysis bullosa acquisita (EBA) sera localized
in the dermis, 0—400 nm below the lamina densa in normal skin section. (¢) For assessment of immunogold distribution, the distances from the
lamina densa to the gold particles were measured (patient EBA1). Approximately 90% of 1gG labelling was distributed throughout the dermis

0~400 nm below the lamina densa. (d) In recessive dystrophic epidermolysis bullosa skin, the representative three EBA sera showed no reactivity

with the anchoring fibrils. LD, lamina densa; LL, lamina lucida; HD, hemidesmosome; D, dermis; E, epidermis. Bars = 200 nm.

the inflammatory type of EBA. Further studies on a large num-
ber of patients with EBA should characterize the target anti-
gens and their correlation with clinical features, such as age at
disease onset, extent of skin lesions and clinical course.

In the present study, unexpectedly, immunoblot analysis
using pepsin-digested type VII collagen extracted from cul-
tured keratinocytes showed no reactivity with the T-H collage-
nous domain in three cases of EBA, while the IgG deposit
profile in immunoelectron microscopy strongly suggested
binding with the T-H collagenous domain. One reason for this
discrepancy may be the lower sensitivity of the immunoblot
analysis compared with immunoelectron microscopy, suggest-
ing that the epitopes are denatured by the strong detergent
treatment during the immunoblotting procedure.

In conclusion, we have demonstrated that IgG autoanti-
bodies exclusively to the T-H collagenous domain of type VI
collagen are present in a minor group of patients with EBA.
We suggest that the IgG antibodies to this domain may lead
to development of an inflammatory phenotype, although the
pathogenicity of these antibodies remains to be elucidated. To
clarify these suggested findings, further studies will address

the pathogenic relevance of autoantibodies to the T-H collage-
nous domain.
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Letter to the Editor

Lesional Th17 cells in pemphigus vulgaris and pemphigus
foliaceus

ARTICLE INFO

Keywords:

Th17

i-17

Pemphigus vulgaris
Pemphigus foliaceus

To the Editor,

T helper 17 (Th17) plays a pivotal role in the pathogenesis of
autoimmune diseases, such as autoimmune encephalitis and
inflammatory bowel diseases, in which Thl previously were
thought essential [1-3]. Also, previous reports have suggested that
interleukin (IL)-17 is a crucial factor in the homing of granulocytes
and tissue injury in bronchial asthma [4,5], which is believed to be
a Th2 type disease. However, it has never been investigated
whether Th17 is involved in autoimmune bullous diseases. We
have here, for the first time, evaluated the status of lesional Th17
and T regulatory (Treg) cells immunochistochemically in pemphi-
gus vulgaris and pemphigus foliaceus.

Patient backgrounds: Eight men and 12 women, 30-80 years old
(average age: 60 years), eleven cases of pemphigus vulgaris, seven
cases of pemphigus foliaceus, one case of pemphigus foliaceus with
bullous pemphigoid and one case of paraneoplastic pemphigus.
The severity index, which was scored according to the diagnostic
criterion of the Specified Disease Treatment Research Program by
the Japanese Ministry of Health, Labour and Welfare, was mild in
eight cases, moderate in two cases, severe in three cases and
unknown in seven cases.

The lesional biopsy specimens from the patients’ skin were
obtained at their first visit in order to evaluate the acute
state before treatment. Specimens were stored at —80°C
until use. Immunohistochemistry of cryosections from those

specimens were performed with the following first antibodies:
Goat anti-human IL-17 antibody (R&D Systems, inc., MN, USA)
[6], mouse monoclonal antibody [236A/E7] to Foxp3 (Abcam,
Cambridge, UK) [7} and anti-CD4 mouse monoclonal antibody
{Nichirei Corporation, Tokyo, Japan). For negative control
preparations, the primary antibodies were replaced with an
irrelevant isotype-matched control immunoglobulins. All posi-
tively stained lymphocytes in two sections from each specimen
were counted. The [L-17+ (Th17) and Foxp3+ cell counts (Treg)
relative to the (D4+ cell count (%) were quantitatively
evaluated.

The specimens from skin lesions of pemphigus vulgaris (Fig. 1a
and b), pemphigus foliaceus (Fig. 1d and e) and paraneoplastic
pemphigus {not shown) contained both IL-17 producing cells and
Foxp3-expressing cells. Both IL-17-positive cells and Foxp3-
positive cells were undetectable in healthy control skin (not
shown). The ratio of IL-17+ cell count to CD4+ cell count was
significantly higher in pemphigus vulgaris (5.2%) than in
pemphigus foliaceus (1.8%) (Fig. 1g). The ratios of Foxp3+ cell
count to CD4+ cell count were comparable (about 20%) in
pemphigus vulgaris and pemphigus foliaceus (Fig. 1h). Although
there were more infiltrating CD4+ cells in the specimens of
pemphigus vulgaris than in those of pemphigus foliaceus, there
was no correlation between infiltrating CD4+ cell count and the
percentage of IL-17+ or Foxp3+ cells (Fig. 2a and b). The each cell
count per specimen was as follows. IL-17 positive cells: 1-251
(average: 83) in pemphigus vulgaris and 0-72 (average: 14) in
pemphigus foliaceus. Foxp3-positive cells: 1-638 (average: 275)
in pemphigus vulgaris and 20-637 (average: 153) in pemphigus
foliaceus. There were no significant positive or negative correla-
tions between the percentage of IL-17+ or Foxp3+ cells and the
severity score (Fig. 2c and d). There were also no significant
correlations between the percentage of IL-17+ or Foxp3+ cells
and the titers of anti-desmoglein (Dsg) 1 or Dsg3 antibodies
(Fig. 2e and f).

In autoimmune diseases, a relative decrease in Treg function
may be involved in the pathogenesis. Inductions of both Th17
and Treg require participation of transforming growth factor
(TGF)-B. In addition, the presence of IL-6 induces Th17
differentiation and the absence of IL-6 results in Treg differ-
entiation [3]. Therefore, Th17 and Treg seem to have opposite
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Fig. 1. Immunochistochemistry of specimens from lesions of pemphigus vuigaris (a-c) and pemphigus foliaceus (d~f). Positively stained lymphocytes were detected by
antibodies to 1L-17 (a and d), Foxp3 (b and e) and CD4 (c and ), respectively. Th17 in pemphigus vulgaris is significantly predominant compared to its presence in pemphigus
foliaceus (g), while the Treg distribution is comparable in the two diseases (h). The significance of the difference was assessed by an unpaired t-test. Open rhombuses show

plots of the cases and error bars show standard deviations.

roles in autoimmunity although they do not suppress each other
as do Th1 and Th2.

An earlier report suggested that the number of Treg cells is
markedly decreased in blood of patients with pemphigus
vulgaris [8]. However, the present study showed that Treg did
not disappear from the skin lesions. Therefore, a decrease of
Treg in peripheral blood is not necessarily accompanied by a
decrease of Treg in the lesions, so this decrease cannot
explain the pathogenicity of pemphigus vulgaris. However,
the decrease of Treg in peripheral blood may perhaps be a result
of the accumulation of Treg in the lesion and draining lymph
nodes.

After evaluating the results of the present study, we conclude
that the rate of Th17 accumulation could not reflect the severity
of pemphigus vulgaris and pemphigus foliaceus. The question
then is: What is the role of Th17 in the lesional skin in

pemphigus? The mechanism of the Th17 effect in pemphigus
may be similar to that in several autoimmune diseases, such as
autoimmune encephalitis and inflammatory bowel diseases, in
which Th17 has been reported to have a pivotal role. These
diseases are cellular autoimmune diseases and different from
pemphigus, a humoral autoimmune disease, and it is not known
how Th17 is involved in the breakdown of the immune tolerance
in either of them.

The reason why results do not show a correlation between Th17
cells and disease activity or antibody titers is not certain. We
suggest two possibilities: first, lesional Th17 cells may be an
initiator of the disease via granulocytes or macrophages in a non-
dose-dependent manner in vivo, although autoantibodies alone
can induce experimental pemphigus [9]. Another, lesional Th17
cells may not be a cause but a result of the disease, i.e., protective
response that maintain epithelial barrier horneostasis [10].
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Fig. 2. Correlation of lesional Th17 (a, c and e} or Treg (b, d and f) with infiltrating CD4+ cell count, the severity of the diseases and autoantibodies. Correlation with infiltrating
CD4+ cell count (a and b). Closed rhombuses are plots for pemphigus vulgaris and open squares are for pemphigus foliaceus, Correlation with disease severity score (c and d)
and with titers of autoantibodies (e and f). Significance of the correlation was assessed by Spearman's rank correlation coefficient; no significant correlations between each
parameter was detected. Open squares show plots for anti-Dsgl antibodies and closed rhombuses show plots for anti-Dsg3 antibodies.

Some problems in the present study remain to be solved. Thus it
is unclear why more Th17 cells were present in lesional specimens
from pemphigus vulgaris than in those from pemphigus foliaceus,
and we could not show that IL-17-producing lymphocytes in the
skin were exclusively CD4+ lymphocytes. Also, the timing of the
Th17 migration and the cells’ autoreactivity in pemphigus should
be further investigated.

In conclusion, the present study suggests the possibility that
Th17 may be involved in the pathogenesis of autoimmune bullous
diseases. In order to develop new therapeutic approaches in
autoimmune bullous diseases, it would be valuable to elucidate the
precise mode of function of Th17.
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Letter to the Editor

Bath-PUVA therapy induces circulating regulatory T cells in
patients with psoriasis

ARTICLE INFO
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To the Editor,

CD4'CD25" regulatory T cells (Treg) comprise a T cell subset
that has immunoregulatory function and inhibits the development
of autoimmune diseases [1]. Circulating Treg in the peripheral
blood maintain peripheral immune tolerance against self and
foreign antigens [2]. FoxP3 is considered to be a specific Treg
marker. FoxP3* Treg are present in the skin lesions of psoriasis [3].
Sugiyama et al. [4] recently reported functional defects in Treg
suppressor activity in psoriasis patients that were not associated
with a decrease in the number of CD25" Treg in the peripheral
blood. These reports indicate that Treg may be involved in the
pathogenesis of psoriasis. Photochemotherapy with psoralen and
UVA (PUVA) is commonly used to treat psoriasis. Bath water
delivery of 8-methoxypsoralen and subsequent UVA-irradiation
(bath-PUVA therapy) for the treatment of psoriasis is an effective
alternative to systemic application. Brazzelli et al. recently
reported that PUVA induces a longer remission period than
narrow band (NB)-UVB [5]. Therefore, we evaluated whether
FoxP3* Treg contribute to the clinical efficacy of bath-PUVA
therapy.

To examine whether bath-PUVA affects circulating Treg in the
peripheral blood of psoriasis patients, 10 healthy controls and 10
psoriasis patients who had not received previous phototherapy
were enrolled in this study (Table 1; age 27-76 years, Psoriasis
Area and Severity Index [PASI] score 6.6-23.5). All procedures
received prior approval from the Ethics Committee of Nagoya
City University Graduate Schoo! of Medical Science, Nagoya,
Japan, and all subjects provided written informed consent.
Patients were treated with 0.0001% psoralen baths for 15 min
preceding treatment with UVA radiation 5 times weekly (starting
UVA dose, 0.5 J/cm?; dose increment, 0.5 ]/cm?). Peripheral blood

was obtained from patients before bath-PUVA therapy and 24 h
after last exposure. Peripheral blood mononuclear cells were
isolated by density gradient centrifugation using Ficoll-Paque
(GE Healthcare Bio-Sciences, Tokyo, Japan) and stained with
phycoerythrin-conjugated antibodies against human CD4 (clone:
MT310, DAKO, Tokyo, Japan) and fluorescein isothiocyanate
conjugated anti-human CD25 (clone: ACT-1, DAKO), followed by
intracellular staining with allophycocyanin-conjugated anti-
human FoxP3 (clone: PCH101, eBiosciences, San Diego, CA).
Fluorescence intensity of the cells was analyzed by fluorescence-
activated cell sorting analysis (FACSCalibur™ Flow Cytometry
System, Becton Dickinson, Tokyo, Japan). To determine the effect
of bath-PUVA therapy on peripheral blood Treg, we assessed the
percentages of CD4"CD25'FoxP3* cells in CD4" cells. The
percentage of CD4'CD25'FoxP3* Treg in peripheral blood
mononuclear cells isolated from psoriasis patients before bath-
PUVA therapy (2.86 & 1.52%) was slightly lower than that in cells
from healthy volunteers (3.69 + 0.86%), but the difference was not
significant {(Fig. 1A and B). In contrast, the percentage of Treg in
peripheral blood CD4" T cells in the psoriasis patients was
significantly higher after bath-PUVA therapy (5.40 + 1.43%);
Fig. 1B). PASI scores were assessed before and after treatment.
The PASI scores concomitantly improved in all 10 psoriasis patients
after bath-PUVA therapy (Table 1 and Fig. 1C; PASI before bath-
PUVA = 16.2 + 5.3, PASI after bath-PUVA = 3.5 + 2.1). The correla-
tions between the PASI scores and the percentage of Treg in blood
CD4" cells are shown in Fig. 2. The ratio of Treg in CD4" cells
obtained from psoriasis patients before and after bath-PUVA
therapy was inversely proportional to the PASI score (Fig. 2,
r=-0.559), indicating that FoxP3* Treg have an important role in
the beneficial outcome of bath-PUVA therapy.

Treg are a T cell subset that is distinct from Th1 and Th2 cells,
comprising a heterogeneous group of T cells that actively inhibit
immune responses [6]. FoxP3 is considered to be a specific Treg
marker because overexpression of the FoxP3 gene in T cells
induces a suppressor phenotype and an expansion of CD4"CD25* T
cells {7]. Exposure to UV radiation induces Treg production. We
previously demonstrated that NB-UVB induces peripheral
immune tolerance and Treg [8]. Brazzelli et al. [5] recently
demonstrated that PUVA induces a longer remission period than
NB-UVB. Furthermore, extracorporeal photopheresis also induces
CD4*CD25" Treg [9] and a very long remission period. Therefore,
we hypothesized that PUVA may induce a long remission period
via Treg induction.

In our study, the percentage of Treg in the peripheral blood was
not significantly different between healthy donors and psoriasis
patients prior to bath-PUVA. This finding is consistent with



