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TO THE EDITOR
Dipeptidyl peptidase-4 inhibitor (DPP-
4i) has been widely used to treat type
2 diabetes. DPP-4 inactivates incretins
by catalyzing the cleavage of those
proteins to inactive forms (Drucker,
2007). DPP-4i works by inhibiting the
action of this enzyme and improves
glycemic control (Aschner and Kipnes,
2006). DPP-4i has been known as a
safe drug; however, an increased risk of
bullous pemphigoid (BP) during DPP-4i
exposure has been reported in diabetic
patients administered DPP-4i (Béné
et al., 2016).

BP is the most common autoimmune
blistering disorder, and it is character-
ized by itchy edematous erythema and
tense blisters on the whole body. It is
mainly caused by autoantibodies to a
major hemidesmosomal component at
the dermal-epidermal junction of the
skin, type XVII collagen (COL17 or
BP180). The noncollagenous 16A
(NC16A) domain of COL17 contains a
major pathogenic epitope (Giudice
et al., 1993). Although several factors
have been reported as triggers of BP,
the etiology of BP remains largely
unknown.

The exact mechanism behind the
association of DPP-4i exposure and BP
has yet to be elucidated. Because
several studies have reported an asso-
ciation between HLAs and drug-
induced reactions (Chung et al., 2004;
Wang et al., 2013), we examined HLA
alleles in Japanese patients with BP
who had been taking DPP-4i for type 2
diabetes for at least 3 months before
BP onset (DPP-4i-BP). We recently
reported that DPP-4i-BP tends to show
Abbreviations: BP, bullous pemphigoid; BPDAI, Bull
XVII collagen; DPP-4i, dipeptidyl peptidase-4 inhibito
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a noninflammatory phenotype with few
erythematous lesions, in sharp contrast
to conventional BP unrelated to DPP-4i
intake (Izumi et al., 2016). We
encountered 30 patients with DPP-4i-
BP in the last 3 years and found
that most patients (21/30) showed
the noninflammatory phenotype
(Figure 1a). Based on the scores for
erythema/urticaria in the bullous pem-
phigoid disease area index (BPDAI)
(Murrell et al., 2012), DPP-4i-BP was
clearly divided into two groups, in-
flammatory (BPDAI: erythema/urticaria
� 10) and noninflammatory (BPDAI:
erythema/urticaria < 10) (Figure 1b),
and the clinical appearance of the
patients with noninflammatory disease
was distinct from that of those with
conventional BP (Figure 1a). BPDAI
scores for erosions/blisters showed no
significant difference between DPP-4i-
BP and conventional BP patients
(Figure 1c). The antibody titers to full-
length COL17 were similar between
the two groups (Figure 1d), whereas
those to the NC16A domain of COL17
were significantly lower in the non-
iflammatory DPP-4i-BP patients
(Figure 1e). Histologically, eosinophil
counts in the upper dermis of periblister
lesions were significantly lower in
noninflammatory DPP-4i-BP than in
inflammatory DPP-4i-BP (Figure 1f).
From these findings, we considered this
unique noninflammatory subgroup to
be distinct from inflammatory DPP-4i-
BP and conventional BP, and this
study focuses on this subgroup
(Figure 1b red square [blue dots], and
see Supplementary Tables S1 and S2
online). The collection of human
ous Pemphigoid Disease Area Index; COL17, type
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samples was approved by the local
ethics committee and the institutional
review board of Hokkaido University
and Keio University and by the research
ethics committee of RIKEN. Written
informed patient consent was obtained
from the patients.

Surprisingly, 86% (18/21) of nonin-
flammatory DPP-4i-BP patients in our
sample carry HLA-DQB1*03:01
(Table 1). The frequencies of
carriers of alleles HLA-DQB1*03:01,
-DQA1*05:05, -DRB1*11:01, and
-DRB1*12:01 were significantly higher,
and those of carriers of alleles
HLA-DQA1*01:03 and -DQB1*06:01
were significantly lower, in DPP-4i-BP
than in Japanese general population
control individuals (Table 1, and see
Supplementary Tables S3eS9 online).
We also compared the six HLA alleles
in conventional BP patients with those
in Japanese general population control
individuals and found that none of
those alleles was significantly different
(Table 1). We next compared the six
alleles in DPP-4i-BP with those in DPP-
4ietolerant patients with type 2 dia-
betes who were exposed to DPP-4i for
at least 2 years (see Supplementary
Table S10 online) and found that the
frequencies of carriers of alleles HLA-
DQB1*03:01 and -DRB1*12:01 were
significantly higher in DPP-4i-BP
(Table 1). These findings clearly show
that the two alleles are significantly
associated with DPP-4i-BP but not with
conventional BP nor with type 2 dia-
betes. HLA-DQB1*03:01 was present
in 19 (31%) of the 61 DPP-4ietolerant
control individuals, suggesting that this
allele has 86% sensitivity and 69%
specificity when we apply HLA-
DQB1*03:01 as a risk predictor for
noninflammatory DPP-4i-BP in the
Japanese population. In addition to the
allele frequencies, the two- or three-
locus haplotype frequencies for
www.jidonline.org 1
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Figure 1. DPP-4i-BP shows a unique noninflammatory phenotype with few erythematous lesions. (a) The clinical appearance of noninflammatory DPP-4i-BP,

inflammatory DPP-4i-BP, and conventional BP. (b) BPDAI scores for erythema/urticaria. The dashed line indicates a BPDAI (erythema/urticaria) score of 10.

The red square indicates a group of patients with noninflammatory DPP-4i-BP. The blue dots represent scores of noninflammatory DPP-4i-BP. (c) BPDAI

scores for erosions/blisters. (d) Full-length COL17 ELISA index. (e) COL17 NC16A CLEIA index. (f) Histopathological findings of representative

noninflammatory DPP-4i-BP and inflammatory BP. Hematoxylin and eosin staining, scale bar ¼ 100 mm. (d) Comparison of the number of infiltrating

eosinophils between noninflammatory DPP-4i-BP and inflammatory BP. Bars represent mean values. *P < 0.05, **P < 0.01 using Mann-Whitney test. BP,

bullous pemphigoid disease; BPDAI, Bullous Pemphigoid Disease Area Index; CLEIA, chemiluminescent enzyme immunoassay; COL17, type XVII collagen;

DPP-4i, dipeptidyl peptidase-4 inhibitor; HPF, high-powered field.
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HLA-DQA1, -DQB1 and -DRB1
were compared between DPP-4i-BP
and control groups. HLA-DRB1*12:01-
DQB1*03:01 showed the lowest P-value
in 243 haplotypes (P ¼ 2.16 � 10e8),
which was greater than that of
HLA-DQB1*03:01 alone (P ¼ 5.86 �
10e11), indicating thatHLA-DQB1*03:01
will be the more useful biomarker
in predicting DPP-4i-BP before
administration to Japanese patients
(Table 1).

Six patients with conventional BP
suffered from type 2 diabetes at the
onset of BP. We found that BPDAI
scores for erosions/blisters were similar
in those with DPP-4i-BP and conven-
tional BP with diabetes, whereas scores
for erythema/urticaria were signifi-
cantly higher in those with conven-
tional BP with diabetes (see
Supplementary Figure S1 online), sug-
gesting that the noninflammatory
Journal of Investigative Dermatology (2017), Volum
phenotype in DPP-4i-BP correlates with
the intake of DPP-4i rather than with
the existence of type 2 diabetes.
Furthermore, none of the patients with
conventional BP with diabetes carried
HLA-DQB1*03:01.

Eight patients with conventional
BP had noninflammatory disease,
and 37.5% (3/8) of those patients
carried HLA-DQB1*03:01. This fre-
quency is similar to that for patients
with inflammatory conventional BP
(16/64 [25%]) and inflammatory
DPP-4i-BP (4/9 [44%]) and lower
than that for those with noninflam-
matory DPP-4i-BP (18/21 [86%]),
suggesting that HLA-DQB1*03:01 is
associated with noninflammatory
DPP-4i-BP rather than with nonin-
flammatory conventional BP or in-
flammatory DPP-4i-BP.

To our knowledge, the association
of HLA-DQB1*03:01 with
e -
noninflammatory DPP-4i-BP is the
strongest association that has been
described between a class II HLA and
a drug-related autoimmune disease.
HLA-DQB1*03:01, also reported to be
associated with mucous membrane
pemphigoid in Caucasian patients
(Ahmed et al., 1991; Delgado et al.,
1996), seems to be a risk factor for
DPP-4i-BP in Japanese. To confirm
this, the incidence of DPP-4i-BP
among diabetic patients carrying
HLA-DQB1*03:01 should be investi-
gated. In addition, to determine
whether the noninflammatory pheno-
type is a distinctive feature of DPP-4i-
BP or just a mild form of BP, further
investigations are required. The find-
ings of this study give us important
clues about the breakdown of
self-tolerance that results from the
interaction of genetic background and
drug intake.
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LETTER TO THE EDITOR

Case of bullous pemphigoid associated with teneligliptin
accompanied by severe mucous membrane involvement

Dear Editor,

Cases of bullous pemphigoid (BP) associated with dipeptidyl

peptidase (DPP)-4 inhibitors have been reported.1 Here, we

describe a case of BP with severe mucous membrane

involvement, which was difficult to be discriminated from

mucous membrane pemphigoid (MMP) associated with a

DPP-4 inhibitor.

A 73-year-old Japanese woman with type 2 diabetes melli-

tus (DM) developed blistering lesions both on the oral and pha-

ryngeal mucosae and on the trunk (Fig. 1a,b). The patient had

taken teneligliptin for 11 months for her DM. Histopathological

examination of a blister on the shoulder showed it to be a

subepidermal blister (Fig. 1c). Direct immunofluorescence (IF)

revealed a linear deposition of immunoglobulin (Ig)G and C3 at

Figure 1. Clinical manifestation and histopathology of the case. (a) Oral erosion. (b) Blistering erythema on the patient’s shoulder.
(c) Histopathology of the skin lesion on the shoulder, showing a subepidermal blister (hematoxylin–eosin, original magnification

9200). (d) Direct immunofluorescence showing immunoglobulin (Ig)G deposition at the epidermal basement membrane zone (9200).

(e) Indirect immunofluorescence of 1 mol/L sodium chloride-split skin section, showing IgG reactivity with epidermal side (9200). (f)

Results of the immunoblot analyses using normal human epidermal extract (Epidermal), recombinant protein (RP) of BP180 NC16a
domain (BP180 NC16a), RP of BP180 C-terminal domain (BP180 C-terminal) and concentrated culture supernatant of HaCaT cells

(HaCaT). IgG antibodies of this patient reacted with the intact 180-kDa BP180 (lane 4 in the Epidermal panel), the BP180 C-terminal

domain (lane 3 in the BP180 C-terminal panel), and the 120-kDa LAD-1 (lane 3 in the HaCaT panel), but not with the BP180 NC16a
domain (lane 3 in the BP180 NC16a panel). BP, bullous pemphigoid; LAD-1, leukocyte adhesion deficiency-1; MMP, mucous mem-

brane pemphigoid; PNP, paraneoplastic pemphigus; PV, pemphigus vulgaris.
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the basement membrane zone (Fig. 1d). Indirect IF using

1 mol/L sodium chloride-split skin sections revealed IgG anti-

bodies reactive to the epidermal side of the split (Fig. 1e).

Enzyme-linked immunosorbent assay (ELISA) for both IgG anti-

bodies against the BP180 NC16a domain and BP230 yielded

negative results, but an antibody against full-length BP180 was

strongly positive (ELISA index, 163.3; cut-off, <4.64).2 Immuno-

blot analysis showed positive IgG reactivity with intact BP180

in the normal human epidermal extract, with a recombinant

protein of BP180 C-terminal domains, and with the 120-kDa

leukocyte adhesion deficiency-1 (LAD-1), a C-terminal ectodo-

main of BP180 in the concentrated culture supernatant of

HaCaT cells (Fig. 1f). Teneligliptin was discontinued, and

30 mg/day oral prednisolone (0.5 mg/kg per day) was started.

Subsequently, the patient underwent three cycles of plasma

exchange. The mucocutaneous lesions rapidly improved, along

with a decline in full-length BP180 ELISA values (index, 6.27).

The steroid dose was tapered without any recurrences.

Although teneligliptin is a DPP-4 inhibitor, no BP cases

associated with this drug have been reported. We considered

that this case was induced by teneligliptin for the following two

reasons. First, the mucocutaneous lesions rapidly improved

after teneligliptin withdrawal, concomitant with a reduction in

the IgG index against full-length BP180. Second, IgG antibod-

ies reacted with LAD-1, which we previously reported to be

frequently observed in DPP-4 inhibitor-induced BP.2 In addi-

tion, full-length BP180 without NC16a BP cases are strongly

associated with DPP-4 inhibitors.2

This case was difficult to be discriminated between BP

and MMP. The case had severe oral mucosal and pharyngeal

lesions. Furthermore, positive IgG reactivity with BP180

C-terminal domains may indicate the diagnosis of MMP.3

However, because mucosal lesions are observed in some

BP patients, and because our patient had erythema and

erosions on the skin with the BP disease area indices of 10,

8 and 27 for skin erosions/blisters, urticaria/erythema and

mucosal erosions/blisters, respectively before treatment,

we eventually diagnosed this case as BP rather than MMP.

The low incidence of MMP may be the reason for the lack

of reported DPP-4 inhibitor-related MMP cases, despite

the high frequency of BP cases reported. The direct effect

of DPP-4 inhibitors on development of autoantibodies to

BP180 has not been elucidated. In view of the wide use of

DPP-4 inhibitors, further studies are needed to determine the

pathomechanisms.
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Discussion | A 30-minute daily or alternate-day facial exercise
program sustained over 20 weeks may modestly improve
the facial appearance of selected middle-aged women.
Blinded ratings of validated photoscales showed significant
improvement in upper and lower cheek fullness. Rater esti-
mates of mean participant age showed a significant mono-
tonic decrease from 50.8 years at baseline to 49.6 years at 8
weeks and 48.1 years at 20 weeks. Participants were highly
satisfied, noting significant improvement in 18 of 20 facial
features.

This study had limitations that may reduce its external va-
lidity. The sample was small, exclusively of middle-aged
women, there were numerous dropouts, and there was no con-
trol group in the study. Another limitation is that participants
were self-selected and may have been particularly willing to
continue with an exercise regimen.

In conclusion, a regimen of at-home facial exercises main-
tained for 20 weeks seemed to improve mid-face and lower face
fullness. The mechanism may be exercise-actuated hypertro-
phy of cheek and other muscles. Further research is war-
ranted to isolate the causes and effects of exercise-related
changes and to assess the generalizability of these findings.

Murad Alam, MD, MSCI, MBA
Anne J. Walter, MD, MBA
Amelia Geisler, BS
Wanjarus Roongpisuthipong, MD
Gary Sikorski
Rebecca Tung, MD
Emily Poon, PhD

Author Affiliations: Department of Dermatology, Feinberg School of Medicine,
Northwestern University, Chicago, Illinois (Alam, Walter, Geisler,
Roongpisuthipong, Poon); Department of Otolaryngology, Feinberg School of
Medicine, Northwestern University, Chicago, Illinois (Alam); Department of
Surgery, Feinberg School of Medicine, Northwestern University, Chicago, Illinois
(Alam); Division of Dermatology, Department of Medicine, Vajira Hospital,
Navamindrahiraj University, Bangkok, Thailand (Roongpisuthipong); Happy
Face Yoga, Providence, Rhode Island (Sikorski); Division of Dermatology, Loyola
University, Maywood, Illinois (Tung); Dermatology and Skin Surgery Specialists,
Scottsdale, Arizona (Walter).

Accepted for Publication: October 18, 2017.

Corresponding Author: Murad Alam, MD, MSCI, MBA, Department of
Dermatology, 676 N St Clair St, Ste 1600, Chicago, IL 60611
(m-alam@northwestern.edu).

Published Online: January 3, 2018. doi:10.1001/jamadermatol.2017.5142

Author Contributions: Dr Alam had full access to all of the data in the study and
takes responsibility for the integrity of the data and the accuracy of the data
analysis.
Study concept and design: Alam, Walter, Geisler, Sikorski, Tung.
Acquisition, analysis, or interpretation of data: Walter, Geisler,
Roongpisuthipong, Poon.
Drafting of the manuscript: Alam, Geisler, Sikorski, Tung, Poon.
Critical revision of the manuscript for important intellectual content: Walter,
Roongpisuthipong, Tung, Poon.
Statistical analysis: Roongpisuthipong, Poon.
Administrative, technical, or material support: Walter, Geisler, Sikorski, Tung.
Study supervision: Alam, Walter, Geisler, Tung.

Funding/Support: This study was supported by departmental research funds,
Department of Dermatology, Northwestern University.

Role of the Funder/Sponsor: The funding source participated in the design and
conduct of the study; collection, management, analysis, and interpretation of
the data; preparation, review, or approval of the manuscript; and decision to
submit the manuscript for publication.

Conflict of Interest Disclosures: Dr Alam is employed at Northwestern
University. Dr Alam has been a consultant for Amway and Leo Pharma, both
unrelated to this research. Northwestern University has a clinical trials unit that
receives grants from many corporate and governmental entities to perform
clinical research. Dr Alam has been principal investigator on studies funded in
part by Allergan, Medicis, Bioform, and Ulthera. All grants and gifts in kind have
been provided to Northwestern University and not Dr Alam directly, and
Dr Alam has not received any salary support from these grants. Mr Sikorski is
the founder of Happy Face Yoga, which was the exercise regimen used for
training participants.

Additional Contributions: We are indebted to Jason Sloan, MS (Department of
Dermatology, Feinberg School of Medicine, Northwestern University) for
helping with initial recruitment; Dennis P. West, PhD (Department of
Dermatology, Feinberg School of Medicine, Northwestern University), for
helping with the design and regulatory aspect of the study; Karina Colossi
Furlan, MD (Department of Dermatology, Feinberg School of Medicine,
Northwestern University), for helping edit part of the manuscript; and Emir
Veledar, PhD (Emory University School of Medicine and Baptist Health South
Florida), for insight into statistical considerations. No compensation was
received for such contributions.

1. Wysong A, Joseph T, Kim D, Tang JY, Gladstone HB. Quantifying soft tissue
loss in facial aging: a study in women using magnetic resonance imaging.
Dermatol Surg. 2013;39(12):1895-1902.

2. Nadeau MV. The Yoga Facelift. Boston, MA: Conari Press; 2007.

3. Goroway P. Facial Fitness: Daily Exercises & Massage Techniques for a
Healthier, Younger Looking You. New York, NY: Sterling Publishing; 2011.

4. Goldstein S. Your Best Face Now: Look Younger in 20 Days With the
Do-It-Yourself Acupressure Facelift. New York, NY: Avery, Penguin Group; 2012.

5. Flynn TC, Carruthers A, Carruthers J, et al. Validated assessment scales for
the upper face. Dermatol Surg. 2012;38(2 Spec No.):309-319.

6. Carruthers J, Flynn TC, Geister TL, et al. Validated assessment scales for the
mid face. Dermatol Surg. 2012;38(2 Spec No.):320-332.

OBSERVATION

Generalized Lichen Nitidus Following Anti–PD-1
Antibody Treatment
Lichen nitidus (LN) is an uncommon skin disease characterized
by minute flesh-colored papules on the abdomen, limbs, and
genitalia.1 Generalized LN is a rare form of LN that is more often
seen in children and young adults.1 Anti–programmed cell death
1 (PD-1) antibodies, such as nivolumab, are immune checkpoint
inhibitors that prevent the binding of PD-1 to its ligands, thereby
facilitating the activation of T lymphocytes in patients with can-
cerssuchasmelanomaandnon–small-cell lungcarcinoma.2 Here,
wereportacaseofgeneralizedLNfollowingnivolumabtreatment
that was highly responsive to topical steroid therapy.

Report of a Case | Amaninhis40spresentedafterdevelopingmul-
tiple skin lesions. He had been diagnosed with metastatic lung
adenocarcinoma the previous year and received 2 courses of ra-
diotherapy to his head and leg and 4 cycles of carboplatin, peme-
trexed, and bevacizumab followed by nivolumab (3 mg/kg) ad-
ministered every 2 weeks. After 8 cycles of nivolumab over 5
months, he developed 1- to 2-mm shiny papules scattered on the
upper limbs. Nivolumab therapy was continued, and similar le-
sions spread to the rest of his body over the subsequent 3 months
(Figure 1A). Skin biopsy of the papular lesions showed typical his-
tological features of LN: focal lymphohistiocytic infiltrates be-
neath a thinned epidermis circumscribed by elongated rete
ridges, vacuoles in the dermoepidermal junction, and melanin
incontinence (Figure 2). We therefore diagnosed the patient with
generalized LN.
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He subsequently developed pruritus, and treatment with
a topical steroid (betamethasone butyrate propionate oint-
ment) was started on his right arm while nivolumab therapy
was continued. One month later, the skin lesions on his right
arm had completely resolved, while those on his untreated arm
and body remained (Figure 1B). The lesions on his untreated
arm also coalesced into plaques, displaying clinical appear-
ance similar to that of lichen planus (LP) (Figure 1B). At last fol-
low-up, nivolumab therapy was ongoing, with full resolution
of LN by topical steroids.

Discussion | To our knowledge, there are 2 preceding reports of
iatrogenic generalized LN, one of which was associated with
tremelimumab, a monoclonal antibody against cytotoxic T-
lymphocyte-associated antigen 4, an immune checkpoint
inhibitor.3,4 There have been no reports, however, of general-

ized LN developing after anti–PD-1 therapy. A prior study in-
dicated that cutaneous adverse reactions to anti–PD-1 thera-
pies exhibit histological features of lichenoid dermatitis despite
variable clinical features, suggesting that these skin changes
may be directly related to the PD-1 pathway.5

Two features were characteristic in the present case of gen-
eralized LN associated with anti–PD-1 therapy. First, the clini-
cal appearances of the skin lesions partially shifted into LP-
like lesions. Although LP and LN are thought to involve
different immunological mechanisms, there has been a pre-
vious report of LP occurring subsequent to generalized LN.6

An association may therefore exist in their pathogeneses, or
this disease progression may be particular to skin lesions oc-
curring with anti–PD-1 therapy. Second, the skin lesions in this
patient responded well to topical steroids despite various ear-
lier reports describing treatment resistance.1,3,4 Similarly, li-
chenoid dermatitis occurring in association with anti–PD-1
therapy also appears to be responsive to steroid treatment.5

In conclusion, we report a case of generalized LN that
developed during anti–PD-1 therapy and its atypical transfor-
mation into LP-like lesions and responsiveness to topical ste-
roids. Such clinical progression in addition to the histopatho-
logical features distinguish the lesions seen in this case from
other immune-related adverse effects and further contrib-
utes to ongoing studies on the cutaneous reactions to niv-
olumab, suggesting a disease progression of LN that may oc-
cur in relation to immune checkpoint inhibitors.
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Figure 1. Clinical Presentation Before and After Treatment
With Topical Steroids

Before steroid treatmentA

After steroid treatment of 1 armB

A, Numerous 1- to 2-millimeter skin-colored shiny papules developed on the
upper back 5 months after starting nivolumab therapy. B, Improvement of the
skin lesions following the use of steroids was remarkable on the treated right
forearm compared with the untreated left forearm. The lesions on the
untreated arm appeared coalesced and showed a plaque-like appearance
similar to that of lichen planus.

Figure 2. Histological Examination

Skin biopsy specimen obtained from the upper limbs. Note discrete foci of
lymphocytes and histiocytes immediately beneath the epidermis, surrounded
by elongated rete ridges (hematoxylin-eosin, original magnification ×10).
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Erythema Nodosum–like Eruption in the Setting
of Sorafenib Therapy
Treatment with sorafenib, a small-molecule multikinase in-
hibitor (MKI) of the serine-threonine kinases CRAF and BRAF;
vascular endothelial growth factor receptors 1, 2, and 3; and
platelet-derived growth factor receptor β, may result in nu-
merous cutaneous toxic effects, including hyperkeratotic hand-
foot skin reaction, maculopapular or papulopustular erup-
tions, erythema multiforme, generalized keratosis pilaris–like
eruption, and alopecia.1 Here we report the first case to our
knowledge of erythema nodosum (EN)-like eruption concur-
rent with sorafenib therapy.

Report of a Case | A woman in her 60s with familial adenoma-
tous polyposis complicated by desmoid tumors of the pancre-
atic head and duodenum presented with tender lesions on the
lower extremities of 3 weeks’ duration. Treatment with
sorafenib, 400 mg/d, had been initiated 8 weeks earlier for en-
larging desmoid tumors. There were no other medication
changes or recent illnesses. Her other medication regimens
were long-standing and included insulin lispro (Humalog;
Lilly), lipase-protease-amylase, and diazepam. A review of sys-
tems revealed fevers, fatigue and arthralgias, which all pre-
ceded the development of the skin lesions.

Physical examination was notable for approximately 12 red,
tender subcutaneous plaques and nodules on the bilateral shins
(Figure 1). Scaly hyperkeratotic plaques on the palms and soles
were consistent with grade 1 hand-foot skin reaction.

A 4-mm punch biopsy demonstrated septal and lobular
panniculitis with a mixed inflammatory infiltrate composed
of lymphocytes, histiocytes, and rare neutrophils with focal
fat degeneration and occasional multinucleated giant cells, sug-
gesting a panniculitis with clinical features of EN (Figure 2).
Fibrinoid necrosis and vasculitis were not observed. Addi-
tional laboratory workup findings were negative for anti–
streptolysin O titer and Quanitferon-TB Gold assay.

Sorafenib treatment was discontinued, and the patient was
treated with clobetasol, 0.05%, ointment twice daily. There was
rapid improvement over the course of 2 weeks. Sorafenib
therapy was resumed at a lower dose of 200 mg/d without re-

currence of the lesions. Repeat imaging revealed a radio-
graphic response with interval reduction in the size of the des-
moid tumor and adjacent lymphadenopathy.

Discussion | Given the onset of lesions in this patient 8 weeks af-
ter initiation of sorafenib therapy, and clinical improvement af-
ter treatment interruption, we postulate that sorafenib was the
likely etiologic agent. To our knowledge, this is the first report
of EN-like eruption in the context of sorafenib treatment.

The occurrence of panniculitis in patients taking RAF inhibi-
tors may correspond to a class effect. EN-like lesions have oc-
curred in patients with BRAF V600–mutant melanoma treated
with the selective BRAF inhibitors vemurafenib and dabrafenib,
with variable degrees of lobular or septolobular panniculitis
and leukocytoclastic vasculitis.2,3 An additional case has been
reported in a patient treated with regorafenib, a second-
generation MKI that also targets BRAF.4 In general, EN-like
lesions present as tender, erythematous nodules typically on the
lower extremities, as seen in the present case. A prior report of
sorafenib-induced panniculitis with necrotizing vasculitis de-
scribed unilateral manifestation, on 1 leg only,5 unlike the bilat-
eral presentation of EN-like lesions in the present case.

Treatment for EN-like eruption depends on the severity
of the case. Asymptomatic or mildly tender lesions without ac-
companying fevers or arthralgias may be managed with high-
potency topical steroids and nonsteroidal anti-inflammatory
drugs. For severe cases, dose interruption of the causative drug
should be considered, and treatment with systemic steroids
may be warranted. EN-like lesions may resolve, persist, or re-
cur after continuation of targeted therapy.2-5

The pathomechanism of EN-like eruption has not been
fully elucidated. The panniculitis may be triggered by the medi-
cation, underlying malignancy, or BRAF inhibition on the mi-
togen-activated protein kinase pathways, which partially regu-
late neutrophilic migration.2,6

Recognizing common dermatologic toxic effects associ-
ated with sorafenib as well as rarely reported events such as
EN-like eruption is crucial for their prompt diagnosis and man-
agement. While severe reactions may lead to dose interrup-

Figure 1. Clinical Appearance of Erythema Nodosum–Like Eruption
Concurrent With Sorafenib Treatment

The patient developed red, tender subcutaneous plaques and nodules on the
bilateral shins.
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LETTER TO THE EDITOR

Case of diffuse panbronchiolitis developed in a patient with
epidermodysplasia verruciformis

Dear Editor,

Epidermodysplasia verruciformis (EV) is a rare genodermatosis

characterized by susceptibility to infection by human papillo-

mavirus (HPV) strains and subsequent risk of malignant

transformation.1 These HPV types are commonly referred to as

EV-associated HPV types and include HPV-5, -8, -9, -12, -14,

-15, -17, -19–25, -36–38 and -49.2 Diffuse panbronchiolitis

(DPB) is an idiopathic inflammatory disease, principally affect-

ing the respiratory bronchioles.3 Both disorders are related to

immunodeficiency conditions; however, there has been no

report on the association between these two diseases. Here,

we report a case of EV accompanying DPB.

A 36-year-old Japanese man was referred to our depart-

ment for evaluation of his skin lesions that had begun in his

adolescence. He had had DPB as an underlying disease since

his early childhood. He had no family history of consan-

guineous marriage or other disease. Physical examination

showed multiple round lesions such as red plaques with slight

scales or vitiligo of 1–2 cm in diameter distributed on the trunk

(Fig. 1a). He also presented verruca-like papillomatous lesions

on his hands and feet. Laboratory tests showed no abnormal

findings, including the CD4/8 T-cell ratio and T-cell proliferation

ability. A skin biopsy from his right shoulder revealed epidermal

acanthosis and parakeratosis with a characteristic steel blue

cytoplasm within keratinocytes (Fig 1b). Polymerase chain

reaction analysis using two different primers, CP65/70 and

MY09/MY11, was performed to determine HPV type. The

results indicated that HPV-22 was present in the lesion. Based

on these findings, we diagnosed the patient as classic EV.

The exact pathogenesis of EV is not fully known, although

two inactivating mutations of the EVER1/TMC6 and EVER2/

TMC8 genes have been identified in familial forms.1 Data from

a recently published gene atlas of the human protein-encod-

ing transcriptome indicate that both EVER1 and EVER2 are

highly expressed on T cells, B cells and natural killer (NK)

cells.4 Specific abnormalities in NK cell cytotoxicity and T-cell

activation have been reported in EV patients.5 Although the

etiology of DBP remains unknown, it has been reported that

human leukocyte antigen is associated with the disease, and

that DBP is association with human T-cell leukemia virus type

1 infection.4 These results suggest that immunodeficiency,

such as T-cell dysfunction, is related to the pathogenesis of

DBP.4

Therefore, both disorders may share some underlying mech-

anisms in common, such as immunodeficiency due to T-cell

dysfunction, but these two disorders are so rare that no cases

of EV accompanied with DBP have been reported. Although

the clinical manifestation suggested that T-cell functions may

be attenuated, T-cell proliferation capacity in vitro and CD4/8

differentiation among peripheral blood mononuclear cells were

intact in our case. Although it is limited to a single case and

we still do not know the underlying common pathogenesis, our

case may improve our understanding of the pathogenesis of

EV and DBP.
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(a) (b)

Figure 1. Clinical manifestations and his-

tology of the patient. (a) Multiple round

lesions such as red plaques with slight

scales or vitiligo of 1–2 cm in diameter
distributed on the trunk. (b) Skin biopsy

from the white patch on his right shoulder

revealed epidermal acanthosis and parak-

eratosis with a characteristic steel blue
cytoplasm within keratinocytes (hema-

toxylin–eosin, original magnification 920).
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LETTER TO THE EDITOR

Drastic effect on giant lung metastatic melanoma by
sequential administration of nivolumab with ipilimumab/
radiation combination therapy

Dear Editor,

Ipilimumab with local radiotherapy is reported to have a syner-

gistic effect on malignant melanoma.1–3 Despite the effective-

ness of the ipilimumab/radiation combination therapy, a

considerable number of cases are reported to result in unsatis-

factory outcomes.1–3 We experienced a case of metastatic

melanoma of the lung that drastically shrunk after ipilimumab/

radiotherapy, followed by nivolumab (an anti-programmed

death-1 antibody). Our case suggests that administrating nivo-

lumab after ipilimumab/radiation therapy may have efficacy in

the treatment of metastatic melanoma.

An 84-year-old man developed malignant melanoma on the

left side of his back. Computed tomography (CT) identified a

metastasis in the left axillary lymph node (LN). The patient

underwent extensive surgery of the primary back lesion with an

entire axillary LN dissection. Nineteen months after the surgery,

a recurrence occurred on his left back (Fig. 1a). We surgically

removed the lesions and started nivolumab (2 mg/kg) treat-

ment every 3 weeks. After six cycles of nivolumab therapy, CT

showed occupying lesions at his right axillary LN, hilar LN and

right lung (Fig. 1b). Because laboratory data showed an ele-

vated lactate dehydrogenase level and unchanged white blood

cell count and C-reactive protein, we diagnosed the lesion as

metastatic melanoma. We switched nivolumab to ipilimumab.

After three cycles of ipilimumab therapy, the patient com-

plained of neurogenic pain at his back. Fractionated radiation

to a total dose of 39 Gy was applied to his left back for pain

mitigation, which ameliorated his symptom. CT at 1 month

after four cycles of ipilimumab therapy showed a progression

of the metastatic lesions (Fig. 1c). Because he did not have

BRAF mutation, nivolumab (3 mg/kg) every 2 weeks was

restarted. After three cycles of the third-line nivolumab therapy,

CT depicted a drastically shrunk lung lesion (Fig. 1d). Other

metastatic lesions were augmented on CT. A continuous

decrease of the lung metastases was seen after 3 months of

nivolumab administration (Fig. 1e). The patient had developed

uveitis (grade III, Common Terminology Criteria for Adverse

Events version 4.0) after the third-line nivolumab was

(b) (c)(a)

b f

(d) (e)

before 1 month

3 months 5 months

(f)

Nivo
6 cycles

b c

Nivo

d

5 month htnom2htnom 2 2 month

e

Ipi Ipi Ipi Ipi Nivo Nivo Nivo

1 month

Nivo

RT

Figure 1. A clinical image and computed

tomography (CT) of melanoma. (a) Mela-

noma lesions on the left back. (b–e) CT of
lung metastatic lesions before and after

ipilimumab/radiation therapy at the indi-

cated time points. White arrows indicate

metastases. (f) A schematic clinical course
of the case. Ipi, ipilimumab; Nivo, nivolu-

mab; RT, radiation therapy.

Correspondence: Atsushi Otsuka, M.D., Ph.D., Department of Dermatology, Kyoto University Graduate School of Medicine, 54 Kawahara-cho,

Shogoin, Sakyo-ku, Kyoto 606-8507, Japan. Email: otsukamn@kuhp.kyoto-u.ac.jp

e7© 2017 Japanese Dermatological Association

Journal of Dermatology 2018; 45: e7–e8



conducted, which was cured with ocular instillation of

betamethasone valerate after 2 months of cessation of nivolu-

mab (Fig. 1f).

Local radiotherapy combined with ipilimumab is reported to

have a synergistic effect on antitumor activity.1–3 In our case, a

drastic antitumor effect was obtained after ipilimumab/radiation

therapy. Because the lung metastases obviously progressed

during the ipilimumab/radiation therapy, we considered that ipil-

imumab/radiation therapy itself was not effective in our case.

Although the first-line nivolumab and subsequent ipilimumab/

radiation therapy could not suppress the tumor activity, the lung

metastases shrunk drastically following the third-line nivolumab

treatment. We hypothesize that sequential administration of

nivolumab followed by ipilimumab therapy has an effect on anti-

tumor effect, especially when radiotherapy is combined.

Although it is limited to a single case, we experienced that

giant metastatic lung melanoma disappeared after ipilimumab/

radiation therapy followed by nivolumab. Even when first-line

nivolumab treatment was not effective for metastatic mela-

noma, the subsequent nivolumab course may exert a booster

effect on the immune responses to the tumor, especially after

ipilimumab/radiation therapy.
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LETTER TO THE EDITOR

Total cell necrosis of metastatic malignant melanoma at the
regional lymph node in a patient treatment with nivolumab

Dear Editor,

Nivolumab is a monoclonal antibody to the immune checkpoint

molecule programmed death 1 (PD-1).1 Nivolumab facilitates

T-cell activation and exerts antitumor effects in various cancers

including melanoma.2 Nivolumab-induced antitumor responses

are thought to result from the direct injury of tumor cells by T

cells.3 Herein, we report a unique histological case of total cell

necrosis of the lymph node (LN) after nivolumab treatment.

A 69-year-old man developed malignant melanoma (MM) on

his left heel. A sentinel LN biopsy from the popliteal LN

showed metastasis of MM. The patient underwent extensive

surgery of the left heel with complete LN dissection. One year

after surgery, both clinical progress at site and computed

tomography (CT) indicated a relapse of MM on the left heel,

and in the popliteal and inguinal LN. Nivolumab (2 mg/kg)

treatment was commenced every 3 weeks from June 2016

because the relapsed tumor lesions were spread around multi-

ple sites and were unresectable. The subcutaneous papules on

the left heel rapidly diminished. The CT scans taken every

2 months showed a decrease in the size of all the LN except

one in the inguinal LN. The inguinal LN gradually grew over the

4 months following the start of nivolumab treatment (Fig. 1a,b).

We therefore surgically removed this LN 5 months after nivolu-

mab treatment.

Histological analysis showed total cell necrosis of the LN

cells with surrounding hyalinization (Fig. 1c). Thrombotic large

(e) (f)

(a) (b)

(c) (d)

Figure 1. Computed tomography and his-
tological findings of the inguinal lymph

node (LN) after nivolumab treatment.

Computed tomography of the inguinal LN

(a) before surgery and (b) after nivolumab
treatment. The red circles indicate grow-

ing inguinal lymph nodes. (c) Hema-

toxylin–eosin staining of the inguinal LN
(original magnification 91.25, scale bar

2 mm). (d) Elastica van Gieson staining of

the inguinal LN. Large vessels were seen

in hyalinized areas of the LN (910, scale
bar 200 lm) in multiple places. (e,f)

Immunohistochemistry with anti-Sox-10 or

anti-CD3 antibody (94, scale bar 1 mm).

The squares on the upper right show
high-magnification images. The square

indicates the region of high magnification.
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vessels were involved at the hyalinized area of the LN (Fig. 1d).

Immunohistochemistry was positive for Sox-10 and Melan-A at

the necrotic areas (Fig 1e and data not shown). CD3-positive

cells were marginally observed in a limited part of the necrotic

areas, but their aggregation was observed in the peripheral

area of the LN (Fig. 1f).

Nivolumab facilitates T-cell activity to attack tumor cells

directly by infiltration into the tumor parenchyma.4 In our case,

although all MM cells in the LN were necrotizing, there were a

few infiltrations of CD3-positive T cells at the center of the

tumor cluster (Fig. 1f).3 This observation may indicate that

direct T-cell attack was not the main inducer of tumor necrosis

at the center of LN.

Total cell necrosis of the LN is developed by vascular

thrombosis induced by inflammation.5 We observed hyalinized

tumor cells and large vessels around the tumor mass suggest-

ing that strong inflammation involving large vessels occurred in

the past (Fig. 1d). This strong inflammation may be caused by

T cells that were activated with nivolumab treatment, triggered

thrombosis of LN and induced total cell necrosis of the LN.

Alternatively, circumferential T-cell-mediated tumor injury

around hyalinized areas in the past may induce total cell necro-

sis of the LN as seen in our case.

In conclusion, we experienced a case with a unique histol-

ogy of total cell necrosis of the LN after nivolumab treatment.

This case suggests that nivolumab induces strong immune

responses that may trigger total cell necrosis of the LN through

infarction of large vessels surrounding the LN.
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inflammation, and IgE production, whereas development of these
is attenuated in mice deficient in ADAM 10.9

Intriguingly, ADAM 10 is also the cellular receptor for Staph-
ylococcus aureus a-hemolysin toxin,2 suggesting that ADAM
10–dependent responses to allergens and infections, both viral
and bacterial, may represent a signaling nexus in chronic severe
disease exacerbations, which merits further examination in the
clinic.
Additional information is available (see this article’s Methods,

Results, and References section in the Online Repository at www.
jacionline.org).
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Local inflammation exacerbates
cutaneous manifestations in a mu-
rine autoimmune pemphigus model
To the Editor:
Autoantibodies directed against antigens in extravascular

tissues must pass through the blood vessel wall to exert
their pathogenicity. How their extravasation is regulated in vivo
remains largely unknown. Pemphigus is one of such
autoantibody-mediated disorders, which is caused by pathogenic
autoantibodies against epidermal desmosomal cadherins,
desmoglein (Dsg) 1 and Dsg3. Because these autoantibodies
can directly disrupt epidermal cell-cell adhesion,1 their concen-
tration in the epidermis would be linked to the disease severity.
Such anti-Dsg antibody deposition in the epidermis has been
evaluated by direct immunofluorescence (DIF) assay in the skin
biopsy specimens. Besides, the elicitation of blistering after
external stimuli such as mechanical trauma or sun exposure has
been reported in patients with pemphigus.2,3 These observations
imply that the local inflammation, which permits extravasation
of macromolecules,4 might also promote extravasation and
subsequent deposition of autoantibodies in the skin. Herein, we
tested this hypothesis by using a murine pemphigus model.
We first evaluated the dynamics of epidermal antibody

deposition in inflamed and noninflamed skin in mice after
intravenously injecting fluorescein isothiocyanate–conjugated
AK18, a nonpathogenic antimouse Dsg3 antibody that belongs
to the IgG1 subtype.5 We used this nonpathogenic antibody to
avoid keratinocyte dissociation and local inflammation that may
hinder the subsequent analysis. Intravital observation by 2-
photon microscopy demonstrated that epidermal AK18 deposi-
tion occurred gradually over 6 hours in the inflamed ears treated
with topical phorbol myristate acetate (PMA), whereas no
deposition was observed in the untreated ears (Fig 1, A),
suggesting that local inflammation enhances AK18 deposition.
For more precise evaluation, we used a flow cytometric

analysis. Twenty-four hours after intravenous injection of AK18
simultaneously with PMA application to the ear skin, the
concentration of AK18 in the ear epidermis was quantified by
measuring the mean fluorescent intensity (MFI) of IgG1 in
CD452 E-cadherin1 keratinocytes (hereafter referred to as
IgG1-MFI) (Fig 1, B; see Fig E1, A and B, in this article’s Online
Repository at www.jacionline.org). IgG1-MFI was significantly
increased in the PMA-painted ears compared with the untreated
ears (Fig 1, C). Neither the expressions of Fcg receptors nor
IgG1-MFI following control-IgG1 injection was elevated on
keratinocytes after PMA application, suggesting that this
assay specifically detects AK18 deposition in the epidermis
(Fig E1, C and D). In both the untreated and PMA-painted ears,
IgG1-MFI positively correlated with the dose of AK18 injected
(1-1000 mg) (Fig 1, D).

In the PMA-painted ears, 10 mg of intravenous AK18 injection
to mice seemed to be sufficient to induce the equivalent IgG1-MFI
in the untreated ears of mice that received 100mg of AK18 (Fig 1,
D). Consistently, DIF assay revealed epidermal antibody
deposition in the PMA-painted ears that received as little as
5 mg of AK18, whereas antibody deposition was undetectable
in the untreated ears of mice that received as much as 50 mg of
AK18 (Fig 1, E). Similar enhancement in antibody deposition
in the PMA-painted ears was observed irrespective of IgG
subclasses (IgG1 or IgG4) when injecting serums from 2 patients
with pemphigus (Fig 1, F; see Fig E2 in this article’s Online
Repository at www.jacionline.org). At least 100mL of each serum
was required to obtain apparently positive DIF results in the
untreated ears, whereas positive DIF results were observed in
the PMA-painted ears when injecting 20mL of each serum. Taken
together, these findings allowed us to consider that local skin
inflammation can enhance the autoantibody deposition in the
epidermis in vivo.
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FIG 1. Anti-Dsg3 antibody deposition in the untreated and PMA-painted skin. A, Time-lapse images and

DFITC-MFI of epidermis in the PMA-painted (PMA) or untreated (UT) ear after FITC-labeled AK18 injection.

B, Identification of IgG1 among keratinocytes. C, IgG1-MFI after 20 mg of AK18 or control IgG1 injection.

D, DIgG1-MFI against AK18 injection doses. E and F, DIF after injection of AK18 (Fig 1, E), or serum from a

healthy donor or a pemphigus patient (F). FITC, Fluorescein isothiocyanate. *P < .05.
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To evaluate epidermal antibody deposition under more
physiological skin inflammations, we used other inflammatory
stimuli, such as a single painting of hapten (Fig 2, A) and
tape-stripping (Fig 2, B). These treatments were sufficient to
increase IgG1-MFI. In addition, we irradiated mouse ears with
ultraviolet B and demonstrated a positive correlation of IgG1-MFI
with the ultraviolet B irradiation dose (r 5 1.00) (Fig 2, C) and
with the intensity of skin inflammation as evaluated by ear
swelling (r 5 0.90) (Fig 2, D). These results indicate that
deposition of autoantibody in tissue is correlated with the severity
of local inflammation in mice.
Last, to confirm that local inflammation predisposes to the

development of the pemphigus phenotype, we used a pathogenic
antimouseDsg3 antibody, AK23.As previously reported,5 admin-
istration of a sufficient dose of AK23 resulted in hair loss in mice
(>80-100 mg; see Fig E3 in this article’s Online Repository at
www.jacionline.org). In contrast, hair loss and epidermal antibody
deposition was limited to the PMA-painted area when mice
received a subpathogenic dose (50 mg) of AK23 (Fig 2, E and
F). These observations demonstrate that pemphigus lesions tend
to occur at the local inflammatory site in mice.
We have previously demonstrated that the histamine-induced

vascular hyperpermeability evokes the extravasation of
macromolecules in situ.4 In this context, we hypothesized that
cutaneous histamine prick6 might be useful for enhancing the
diagnostic sensitivity of DIF assay. We evaluated antibody
deposition in the mouse ear after histamine prick with intravenous
AK18 injection. As expected, IgG1-MFI was increased by
histamine prick, but not by vehicle-prick (Fig 2, G). This result
suggests that preceding histamine prick is useful for enhancing
antibody deposition in the skin.
In summary, our results in mice suggest that local inflammation

might also enhance anti-Dsg3 antibody deposition in the skin in
patients with pemphigus. Thus, taking skin biopsies from
perilesional erythematous (presumably inflammable) areas in
autoimmune blistering diseases might be beneficial to increase
the DIF sensitivity. It might also explain the induction of blisters
after external stimuli such as sun exposure, the pathogenesis of
which remains unclear.2,3 Likewise, the predisposition of
pemphigus skin lesions on the back as well as intertriginous
and seborrheic areas7 might reflect the existence of multiple
external stimulants, including frictions and mechanical pressure.
This increase in autoantibody deposition (see Fig E4 in this
article’s Online Repository at www.jacionline.org) might be
common for antibody-related autoimmune conditions and related
to their symptoms, such as the sun exposure–induced skin
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http://www.jacionline.org


FIG 2. Anti-Dsg3 antibody deposition under various skin inflammatory conditions. A-C, IgG1-MFI of

hapten-painted (Fig 2, A), tape-stripped (Fig 2, B), and UVB-irradiated ears (Fig 2, C) compared with that

of untreated ears. D, A plot of ear swellings against IgG1-MFI in Fig 2, C. E and F, Hair loss (Fig 2, E) and
AK23 deposition (Fig 2, F) limited to the PMA-painted area. G, IgG1-MFI of the ear after a histamine- or

vehicle (Veh)-prick. Precise information is located in this article’s Methods section in the Online

Repository at www.jacionline.org. UT, Untreated; UVB, ultraviolet B. *P < .05.

J ALLERGY CLIN IMMUNOL

JUNE 2017

2028 LETTERS TO THE EDITOR
eruptions in lupus erythematosus.8 Furthermore, our
preliminary study demonstrated that a histamine pricking, which
is commonly used in clinic as a positive control for type I
hypersensitivity,6,9 may improve the diagnostic sensitivity of
DIF assay when administered before skin biopsy (data not
shown). A cutaneous histamine prick might also assist in
diagnosis of patients especially whose pemphigus lesions are
confined to the oral mucosa, where taking a biopsy specimen is
often hard to conduct.
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METHODS

Preparation of epidermal cell suspension for a flow

cytometric analysis and calculation of IgG1-MFI
AK18 or control mouse IgG1k (Biolegend, San Diego, Calif) diluted in

500 mL PBS were injected via tail vein. In every examination otherwise

indicated, the ear skins were collected 24 hours after intravenous

injection of AK18, and dorsal halves were floated for 30 minutes at 378C on

5 mg/mL dispase II (Wako Pure Chemical industries Ltd, Osaka, Japan) dis-

solved in RPMI 1640 (Invitrogen, Carlsbad, Calif) containing 10% heat-

inactivated FCS. The epidermis was then manually separated from the dermis

and floated on 0.25% trypsin-EDTA for 8 minutes at 378C and filtered through

70-mm cell-strainer mesh (BD Bioscience, San Diego, Calif). The epidermal

suspensions were stained with fluorochrome-conjugated antibodies to E-cad-

herin, CD45, and mouse IgG1 (BD Bioscience). Cells were analyzed with

FACSLSR Fortessa flow cytometric system (BDBioscience) and FlowJo soft-

ware (Tree Star, Ashland, Ore), and IgG1-MFI was calculated in E-cadherin1

CD452 epidermal keratinocytes. DIgG1-MFI indicates the changes in MFI

from vehicle control.

Time-lapse image acquisition by 2-photon

microscope
Five milligram per milliliter of fluorescein isothiocyanate (FITC) in

dimethyl sulfoxide, 1 mol sodium bicarbonate buffer at pH 9.1, and 1 to

2 mg/mL of AK18 were reacted for 2 hours at room temperature.

FITC-conjugated AK18 were obtained after several dialyses. PMA was

applied to the mouse ear to evoke inflammation 24 hours before intravenous

injection of 100 mg of FITC-labeled AK18. Mice were positioned on the

heating-plate on the stage of a 2-photon microscope, IX-81 (Olympus,

Tokyo, Japan), and their ear lobes fixed beneath cover slips with a single drop

of immersion oil. The tail vein was cannulated using polyethylene tubing

(PE-10: Becton, Dickenson and Co, Franklin Lakes, NJ) with a 30-gauge

disposable needle (Dentronics, Tokyo, Japan) connected to a syringe filled

with FITC-conjugated AK18. The time course of in vivoAK18 deposition to

the epidermal keratinocytes was evaluated after injection. To calculate

DFITC-MFI, the changes in MFI from 0 hour were evaluated in 3 epidermal

areas.

DIF analysis
As for DIF staining, the ears of mice were collected 24 hours after

intravenous injection (otherwise indicated) of AK18, or serums from patients

with pemphigus vulgaris (PV) or a healthy donor, fixed in 4%

paraformaldehyde in PBS, and embedded in O.C.T. compound (Sakura

Finetek, Torrance, Calif) for frozen sectioning. Five-micrometer slices were

prepared and were incubated for 30 minutes at room temperature with goat

antimouse IgG Alexa fluora 546 (Invitrogen), after treatment with Image-iT

FX Enhancer (Invitrogen). Slices were mounted with antifade mounting

reagent with 49-6-diamidino-2-phenylindole, dihydrochloride (Invitrogen). In

each picture, yellow arrows represent intercellular autoantibody deposition.

Blue represents nuclei stained by 49-6-diamidino-2-phenylindole,

dihydrochloride. White dotted lines represent the border between the

epidermis and the dermis.

DIF analysis using serums from patients with PV
Serums from 2 patients with PV (PV1 and PV2), who were positive for

anti-Dsg3 antibody but not anti-Dsg1 antibody, were collected for the analysis.

Among the IgG1-IgG4 subclasses, PV1 was positive for the IgG1 and IgG4

subclasses. PV2was positive for the IgG4 subclass.With intravenous injection

of each serum of PV1 and PV2 to adultmice via tail vein, we determined that at

least 100mL of each patient’s serumwas required to obtain apparently positive

DIF results in the untreated ears. In contrast, positive DIF results were

observed in the PMA-painted ears of adult mice with injection of even under

20 mL of each patient’s serum. Because of the limitation of the serum amount,

the DIF experiments using patients’ serumswere performed twicewith similar

results for each serum.

Induction of skin inflammation to the mouse ear
The ears of mice were irritated with either 0.1 mg/mL PMA in acetone,

tape-stripping, 0.5% 1-Fluoro-2, 4-dinitrobenzen-fluorodinitrobenze (Nakarai

Tesque, Kyoto, Japan) in acetone/olive oil as a hapten, or ultraviolet B (UVB)

irradiation. A hapten is applied in nonsensitized mice. In every experiment

otherwise indicated, mice were intravenously injected with 10 mg of AK18,

and the ears were collected 24 hours later. As for PMA, a hapten, and a

tape-stripping, they were applied to the ears of mice simultaneously with

intravenous AK18 injection. As for UVB, intravenous AK18 injection was

given just after the last irradiation to mice. In particular, irradiation

was conducted as 120 mJ/cm2 for 1 day (day 0, total 120 mJ/cm2), 2 days

(day21 and day 0, total 240mJ/cm2), 3 days (day22, day21, and day 0, total

360 mJ/cm2), or 240 mJ/cm2 for 3 days (day 22, day 21, and day 0, total

720 mJ/cm2) before intravenous AK18 injection at day 0. The ear swelling

levels were measured 24 hours after the final UVB irradiation.

Induction of hair loss and DIF analysis in mice with

intravenous AK23 injection
Fifty microgram of AK23 was intravenously injected to mice

simultaneously with PMA application to the dorsal skin. The boundary lesion

to cover both untreated and PMA-painted areas of the dorsal skin was

evaluated for DIF analysis 2 days after PMA and AK23 administration.

Histamine prick to the mouse ears
Histamine dihydrochloride (10 mg/mL; Sigma-Aldrich) in PBS was

administered with pricking of the dorsal ear with lancet needles. PBS was

also administered as a control. Histamine prick was administered

simultaneously with 20 mg of intravenous injection of AK18, and epidermis

was collected 24 hours later for a flow cytometric analysis.

Statistical analysis
Unless otherwise indicated, data are presented as means 6 SDs and each

data point is representative of 3 independent experiments. Statistical analyses

were performed using Graphpad prism (GraphPad Software, Inc, La Jolla,

Calif), using either a parametric Student t test or 1-wayANOVA test. AP value

of less than .05 was considered to indicate statistical significance, and

indicated as asterisk. NS indicates not significant.
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FIG E1. A flow cytometry–based analysis for detecting AK18 deposition in the murine epidermis.

A, A schema of preparation of epidermal cell suspension. B, Identification of keratinocytes (a) and

hematopoietic cells (b). C, Expression of Fcg receptors among keratinocytes, compared with isotype-

stained control. D, Identification of IgG1 and IgG1-MFI among keratinocytes after injection of PBS, 20 mg

of AK18, or 20 mg of control IgG1, in PMA-painted or untreated ears. *P < .05. NS, Not significant; UT,
untreated.
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FIG E2. Human anti-Dsg3 antibody deposition in the untreated and PMA-painted mouse skin.

Immunohistochemical evaluation for antibody deposition after intravenous injection of various doses of

serum from a patient with PV (PV2) whose anti-Dsg3 antibodies were of IgG4 subclass. UT, Untreated.
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FIG E3. Phenotype of a murine pemphigus model. Manifestation of hair loss after intravenous injection of

AK23 or AK18. The injection dose is indicated above each mouse.
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FIG E4. A conceptual drawing of kinetics of IgGs including anti-Dsg antibodies in the skin.A,No nonspecific

IgGs deposition in the epidermis. B, Low epidermal anti-Dsg antibody deposition and unapparent skin

manifestations with low serum antibody titers. C, Accumulation of epidermal anti-Dsg antibody deposition

and induction of intraepidermal blistering with high serum antibody titers. D, Enhancement of epidermal

anti-Dsg antibody deposition by local inflammation and induction of intraepidermal blistering with low

serum antibody titers. Abs, Antibodies.
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