ful in defining clinically homogenous patient subsets, in
predicting prognosis, and in clarifying the pathogenesis.
Recently, 2 myositis-related Abs, anti~155/140"¢ and anti—
CADM-140,'" have been reported. Subsequent studies have
revealed corresponding autoantigens: transcriptional in-
termediary factor 1-y for anti~155/140'® and melanoma dif-
[erentiation—associated gene 5 for anti~CADM-140." Anti—
155/140 Abs are reported to represent malignancy-
associated or juvenile DM, and anti—-CADM-140 Abs are
reported to be associated with amyopathic DM and rap-
idly progressive ILD (RP-ILD).""*® Although precise clini-
cal details of these 2 Abs need to be clarified [urther, anti—
155/140, anti-CADM-140, and anti-Mi-2 Abs are
considered to be highly specific for DM.

To our knowledge, this is the first large comprehen-
sive study that includes all currently available myositis-
related Abs intended for a variety of adult Japanese pa-
tients with DM. We focused particularly on anti-Mi-2,
anti-155/140, and anti-CADM-140 and attempted to in-
vestigate a correlation between these 3 DM-specific Abs
and clinical features and prognosis in detail.

PATIENTS AND SERUM SAMPLES

Serum samples were obtained from 376 adult Japanese pa-
tients with DM who were observed in the Department of Der-
matology, Kanazawa University, Kanazawa, Japan, and col-
laborating medical centers between January 1, 2003, and
December 31, 2008. Of the 376 patients with DM, 325 ful-
filled the criteria of Bohan and Peter.”* The remaining 51 pa-
tients fulfilled the criteria of Sontheimer” because of the ab-
sence of clinical muscle symptoms and the presence of subsistent
clinical DM skin eruptions. Clinically amyopathic DM in-
cluded patients with amyopathic DM and patients with hypo-
myopathic DM. Patients with hypomyopathic DM had DM rash
and subclinical evidence ol myositis on electrophysiologic, ra-
diologic, or laboratory evaluation.”* Thirteen patients (5 with
anti-155/140 Abs and 8 with anti-CADM-140 Abs) who were
observed at Nagasaki University” were included in this study.
As controls, serum samples from 34 patients with PM, 326 with
systemic sclerosis, and 97 with systemic lupus erythematosus
who were observed during the same period were also as-
sessed. The diagnosis of PM was based on the criteria of Bo-
han and Peter.*?** All the patients with systemic lupus ery-
thematosus or systemic sclerosis fulfilled the American
Rheumatism Association criteria.*** A PM/DM overlap was di-
agnosed by the coexistence of systemic lupus erythematosus
or systemic sclerosis in addition to PM or DM.

Clinical information was collected retrospectively from all
the patients by reviewing their clinical medical records. Initial
symptoms were defined as clinical presentation at the first clinic
visit. Muscle involvement in an initial symptom included clini-
cal signs of muscle disease or abnormality evaluated using elec-
trophysiologic, radiologic, or laboratory tests. The patients were
diagnosed as having 11D according to the results of chest ra-
diography, chest computed tomography, and pulmonary func-
tion tests, which included the percentage predicted values for
forced vital capacity and diffusing capacity for carbon monox-
ide. A subset of patients with RP-1LD was defined as those with
progressive dyspnea and progressive hypoxemia and a wors-
ening of interstitial changes on the chest radiograph within 1
month from the onset of respiratory symptoms. Malignancy that
included internal and hematologic malignancy in patients with

DM was defined using criteria described previously.!! No pa-
tient with DM had a history of malignant disease. The proto-
col was approved by the Kanazawa University Graduate School
of Medical Science and Kanazawa University Hospital.

IMMUNOPRECIPITATION

Immunoprecipitation (IP) assays were performed using extracts
of the leukemia cell line K562."" A total of 10 uL. of the patient’s
serum was bound to 2 mg of protein A-Sepharose beads (Amer-
sham Biosciences, Piscataway, New Jersey) in 500 uL of IP bulfer
(10mM Tris hydrochloride, pH 8.0; 50mM sodium chloride; and
0.19% Nonidet P-40 [ Caledon Laboratories Ltd, Georgetown, On-
tario, Canada}) and wasincubated for 2hoursat4°Cand then washed
5 times with IP buffer. Autoantibody-coated Sepharose beads were
mixed with 100 uL of **S-methionine-labeled K562 cell extracts
derived [rom 10° cellsand rotated at4°C for 2 hours. After 5 washes,
the beads were resuspended in sodium dodecyl sulfate sample buffer,
and the polypeptides were fractionated by 7.5% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis followed by autoradi-
ography. Anti-Mi-2 immunoprecipitated polypeptides of 200 to
240,150, and 65 to 75 kDa, and anti-155/140 immunoprecipitated
155- and 140-kDa proteins. Anti-Mi-2, anti-155/140, and anti~
CADM-140 were considered positive if serum samples produced
precipitin lines with immunologic identity to reference sera 2157

IDENTIFICATION OF ANTI-CADM-140

The presence of anti~CADM-140 was confirmed in serum samples
thatimmunoprecipitated a protein with a molecular weight of 140
kDa by IP assay by immunoblots and enzyme-linked immuno-
sorbent assay using recombinant melanoma differentiation—
associated gene 5 as an antigen.™ This procedure aimed to ex-
clude several other Abs, such as anti-NXP-2 (previously termed
M]),® that target a protein of approximately 140 kDa.

STATISTICAL ANALYSIS

The Fisher exact probability test was used for comparison of
frequencies, and 1-factor analysis of variance was used {or mul-
tiple comparisons. P<C.05 was considered statistically signifi-
cant. All data are reported as mean (SD).

DISEASE SPECIFICITY
OF THE MYOSITIS-RELATED Abs

Figure 1 shows representative results of an IP assay. A
total of 47 serum samples from patients with DM immu-
noprecipitated a protein with a molecular weight of ap-
proximately 140 kDa. Of these samples, 43 (919%) were
reactive with melanoma differentiation-associated gene
5 by immunoblots and enzyme-linked immunosorbent
assay, confirming the presence of anti—-CADM-140. The
{frequencies of myositis-related Abs in patients with PM,
DM, systemic sclerosis, and systemic lupus erythemato-
sus are summarized in Tehble T. Anti-Mi-2 antibodies
were found in 2% of serum samples from patients with
DM, anti~155/140 in 7%, and anti—-CADM-140 in 11%,
but none of these 3 DM-related Abs was detected in pa-
tients with PM or other connective tissue diseases. In ad-
dition, they did not coexist. These 3 Abs accounted for
21% of all patients with DM.

ARCH DERMATOL/VOL 147 (NO. 4), APR 2011

392

WWW.ARCHDERMATOL.COM

Downloaded from www.archdermatol.com at NAGOYA UNIVERSITY, on April 27, 2012
©2011 American Medical Association. All rights reserved.

- 216 -



MW marker
Anti-Mi-2

- Anti-155/140
Anti~CADM-140
MW marker

NHS

kDa

200

97.4 —

66— |

30 — 3

Figure 1. Immunoprecipitation assay of autoantibodies related to
dermatomyositis. Immunoprecipitation of ®S-methionine—labeled K562 cell
extracts was performed on serum samples from patients with
dermatomyositis (lanes 1-3) and on normal human serum (NHS) (lane 4),
separated on 7.5% sodium dodecy! sulfate-polyacrylamide gel
electrophoresis, and analyzed by autoradiography. The molecular weight
(MW) marker lane includes protein bands corresponding to 200, 97.4, 66,
46, and 30 kDa. Arrowheads indicate Mi-2 (lane 1), 155/140 (lane 2}, and
CADM-140 (lane 3) proteins. *Two hundred- to 240-kDa proteins of Mi-2.

COMPARISON OF CLINICAL FEATURES
AMONG PATIENTS WITH DM
WITH DM-SPECIFIC Abs

First, we compared the rates of malignancy and ILD in
the 77 patients with the 3 DM-specific Abs and the 299
patients with DM who did not have any of the 3 DM-
specific Abs (Table 2). Interstitial lung disease was seen
most [requently in patients with anti-CADM-140 Abs,
and the incidence of malignancy was highest in patients
with anti-155/140 Abs (P<<.001 for all comparisons).
Next, we compared demographic, clinical, and labo-
ratory data in each DM-specific Ab-based subgroup
(Table 3). Patients with anti-CADM-140 had the low-
est prevalence of DM but the highest prevalence of clini-
cally amyopathic DM (P<.001 and P <C.001, respec-
tively, [or all comparisons). Regarding initial symptoms,
although muscle or muscle and skin involvement is less
common in clinically amyopathic DM, the addition of ILD
led to a higher prevalence of combined muscle, skin, and
lung disease in the anti-CADM-140 subset (P<.04 for
all comparisons). For clinical features, fever and arthri-
tis were most [requently seen in patients with anti-
CADM-140 (P<.001 and P=.02, respectively, for all com-
parisons). Patients with anti-CADM-140 had ILD at the
highest rates (P <<.001 for all comparisons), whereas ma-

Abbreviations: anti-ARS, anti-aminoacyltransfer RNA synthetase;
anti-SRP, anti-signal recognition particle; DM, dermatomyositis;
PM, polymyositis; SLE, systemic lupus erythematosus; SSc, systemic
sclerosis.

Abbreviation: DM, dermatomyositis.
ap<.001 for all.

lignancy was most frequently seen in patients with anti-
155/140 (P <.001 for all comparisons). Malignancies were
observed in 17 of 25 patients with anti-155/140 Abs, and
3 of those had double malignancy: 7 patients with lung
cancer, 3 with breast cancer, 2 with colon cancer, 2 with
gastric cancer, and a single case of prostate, biliary tract,
pancreas, ovarian, and nasopharyngeal cancer and non-
Hodgkin lymphoma. Ten of 17 patients with malig-
nancy simultaneously developed DM, and 6 of 17 had
malignancy before the development of DM.

Regarding skin eruptions, punctate hemorrhages on
the perionychium were most frequently seen in patients
with anti-Mi-2 (P=.04 for all comparisons). In patients
with anti-155/140, punctate hemorrhages on the peri-
onychium were more [requently seen in those without
malignancy than in those with malignancy (P=.007)
(Table 4). The frequency of truncal erythema in pa-
tients with anti~-CADM-140 was lowest among the 3 sub-
groups (P=.001 for all comparisons). On the other hand,
patients with anti~-CADM-140 had skin ulcers most fre-
quently among the 3 subgroups (P<<.008 for all com-
parisons). However, the presence of skin ulcers was not
a prognostic marker in patients with anti~-CADM-140
(Table 5).
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Abbreviations: CK, creatine kinase; DM, dermatomyositis; ellipsis, not applicable; LDH, lactate dehydrogenase.
S! conversion factors: To convert CK and LDH to microkatals per liter, multiply by 0.0167.

Skinemptions,%
~ Punctate hemorrhages on

3Muscle involvement included muscle weakness and subclinical myositis.

Regarding laboratory findings, maximum serum cre- pressed on type Il alveolar pneumocytes and bronchiolar
atine kinase levels were significantly lower in patients with epithelial cells. Serum KL-6 levels are associated with the
anti~-CADM-140 than in those with anti-Mi-2 and anti— activity and severity of ILD.? Serum KL-6 levels were higher
155/140 (P<.001 for all comparisons). KL-6 is a mucin- in patients with anti-CADM-140 than in those with anti—
like high-molecular weight glycoprotein that is strongly ex- Mi-2 and anti-155/140 (P<<.001 for all comparisons).
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TREATMENT AND PROGNOSIS IN PATIENTS
WITH DM WITH DM-SPECIFIC Abs

The treatment regimens and prognosis of individual pa-
tients with anti-Mi-2, anti-155/140, and anti-CADM-
140 are summarized in eTable 1, eTable 2, and eTable 3,
respectively (available at huip://www.archdermatol
.com). Although most patients with anti-Mi-2 re-
sponded well to the initial therapy, 6 of 9 patients had a
recurrence of muscle or skin involvement during follow-
up. In 15 of 17 patients (88%) with anti~155/140 who
had malignancy, treatment for malignancy did not im-
prove the symptoms of DM. Effective initial and addi-
tional treatments in patients with anti-CADM-140 were
not elucidated in this study (Table 5).

We assessed the survival rates between disease sub-
sets (Figure 2). Overall cumulative survival from the
time of DM diagnosis in all 77 patients with DM was 65%
at 5 years. Survival in patients with anti~155/140 and those
with anti~CADM-140 was 68% and 56% at 5 years, re-
spectively. Both cumulative survival rates were signifi-
cantly decreased compared with those for patients with
anti-Mi-2 (P=.01 for both). The cumulative rates were
not identical between patients with anti-155/140 and
those with anti-CADM-140 because RP-ILD in patients
with anti-CADM-140 often developed rapidly in a short
period after onset of the disease.

The prognosis of patients with anti-Mi-2 was favor-
able: no patients had malignancy and only 1 had mild
ILD (Table 3). Although 8 patients (32%) with anti-155/
140 died mainly from progression of malignancy during
tollow-up, the prognosis of anti-155/140-positive pa-
tients without malignancy was favorable. No significant
trend was observed concerning the type of malignancy
in anti~155/140—positive patients. Although patients with
anti-CADM-140 whose prognosis was poor had signifi-
cantly increased serum KL-6 levels (P=.04), no appar-
ent negative prognostic factors were noted in those with
anti-CADM-140 who died (Table 5).

CAUSE OF DEATH

Twenty-seven of 77 patients with DM died during follow-
up. Of the 25 patients with anti~155/140, 7 died ol ma-
lignancy and 1 died of bacterial pneumonia. Of the 43
anti~-CADM-140-positive patients, 16 died of ILD and
1 died of Pneumocystis jiroveci pneumonia. One anti—
CADM-140-positive patient died of disseminated intra-
vascular coagulation. Thus, the major cause of death in
patients with DM was associated with DM-related inter-
nal organ involvement. This is consistent with previous
reports that malignancy and ILD are the major causes of
death in patients with DM.

In this study, we compared clinical features and prog-
nosis in adult Japanese patients with DM based on their
DM-specific Abs. This study includes 3 major findings.
First, to our knowledge, this is the first study to inves-
tigate the association of clinical features with 3 DM-

Abbreviation: ILD, interstitial lung disease.
aMuscle involvement included muscle weakness and subclinical myositis.
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Figure 2. Cumulative survival rates from the time of diagnosis in

77 Japanese patients with dermatomyositis with serum anti-Mi-2,
anti-155/140, and anti-CADM-140 autoantibodies. Cumulative survival rates
were compared using log-rank tests.

specilic Abs in adult Japanese patients with DM on a large
scale. Second, the 3 DM-specific Abs are mutually ex-
clusive and do not coexist. Third, each of these DM-
specific Abs defines a clinically distinct phenotype and
may work as a predictor of clinical complications and
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prognosis. Thus, classifying patients with DM based on
their serum Ab profiles seems to be beneficial for focus-
ing on their clinical features.

In an association of myositis-related Abs with the con-
nective tissue diseases, PM/DM overlap was associated
with anti-ULRNP and anti-Ku, and Abs detected in PM
were predominantly anti-ARS and anti-signal recogni-
tion particle, as previously reported.**** We also con-
firmed that anti-Mi-2, anti~155/140, and anti~-CADM-
140 were specific to DM in adult Japanese connective
tissue diseases, and this finding was consistent with pre-
vious studies™20* assessing other ethnic groups.

Clinical characteristics of patients with anti-Mi-2 in this
study were generally consistent with previous studies that
anti-Mi-2 is associated with typical cutaneous lesions and
mild to moderate muscle involvement and responds well
to corticosteroid treatment.>'*""> However, recurrence of skin
or muscle involvement might not be as rare as expected.
Thus, although the overall prognosis is tavorable, it is im-
portant to keep in mind that intractable myositis and rashes
can occur, and careful observation is needed for monitor-
ing flare-ups of the disease.

In this study, malignancy preceded DM in 6 patients,
and the 2 conditions were simultaneously diagnosed in
10 patients. Malignancy was {ound after the diagnosis of
DM in only 1 patient. This contrasts somewhat with pre-
vious studies®** reporting that the diagnosis of DM is
made before the development of malignancy in at least
half of patients. Regarding patients with anti-155/140 Abs,
Chinoy et al** reported that malignancy preceded the on-
set of DM in only 1 of 8 patients. Two patients had DM
and malignancies at the same time. The remaining 5 pa-
tients developed malignancies shortly after the diagno-
sis of DM. Although we currently cannot explain why
the discrepancy that the diagnosis of malignancy pre-
ceded the onset of DM in a large portion of patients in
our study, the discrepancy may have resulted from the
timing of screening for malignancy because the interval
between detection of the 2 conditions was short in most
cases. Also, the discrepancv about the association of the
diagnoses of mal ignancy with the onset of DM may be
affected by center-based bias in collecting samples. Al-
ternatively, ethnicity might account for the present data.
More studies are required to confirm the relationship be-
tween the onset of DM and the development of malig-
nancy.

Previous studies'™!%2" have described at least 2 differ-
ent subsets in patients with anti-155/140: adult malig-
nancy-associated DM and juvenile DM. Although anti-
155/140 was associated with malignancy, 32% of patients
(8 of 25) did not have malignancy in this study. Al-
though most patients with malignancy were elderly and
male, clinical features were generally similar between pa-
tients with malignancy and those without except for punc-
tate hemorrhages on the perionychium. In addition, clini-
cal features in anti-155/140-positive adult patients
without malignancy were similar to those seen in juve-
nile patients in that they had more extensive skin in-
volvement, such as Gottron papules, over a wider dis-
tribution.**# It is unclear why transcriptional intermediary
factor 1-y is common as a major autoantigen in these 2
groups (adult malignancy and juvenile). Gunawardena

et al*® proposed the possibility that some perturbation
of transcriptional intermediary factor 1-y in proliferat-
ing cells combined with a more efficient anticancer re-
sponse by a younger immune system may be important.
Of interest is that patients with malignancy had a lower
frequency of punctate hemorrhages on the peri-
onychium compared with those without malignancy. Pe-
ripheral circulatory disturbances, including vasculopa-
thy and microcirculation injury, are considered to be a
hallmark of autoimmune connective tissue diseases. The
lower frequency of punctate hemorrhages on the peri-
onychium in patients with malignancy might be ex-
plained by the different mechanisms in developing skin
and by muscle involvement between those with malig-
nancy and those without, although both groups had the
same Abs against transcriptional intermediary factor 1-y.
Further investigation is needed to reveal the pathogen-
esis of these 2 subsets.

Interstitial lung disease is a crucial complication for pa-
tients with DM because the prognosis of ILD in DM var-
ies. The severity, clinical course, and prognosis of ILD in
DM vary, and ethnicity seems to alfect the clinical presen-
tation. In the United States, the frequency of ILD in pa-
tients with clinically amyopathic DM is low, and the prog-
nosis is favorable if they do not have a malignancy.*>" On
the other hand, patients developing RP-ILD have been {re-
quently reported not only in Japanese individuals but also
in Chinese individuals and those of other Asian ethnicity.
For example, Lee et al’® reported 2 cases of idiopathic in-
flammatory myopathy with diffuse alveolar damage. Ye et
al® also reported that 21 of 28 patients with clinically amyo-
pathic DM had ILD, and, even in classical DM, 50% of pa-
tients had ILD. The Asian population might be sensitive
to lung damage accompanied by genetically susceptible fac-
tors because severe acute respiratory syndrome caused by
a coronavirus prevailed predominantly in eastern Asia.*

Itis considered that the Abs present are associated with
a type of ILD. Interstitial lung disease in anti-ARS—
positive patients is characterized by the chronic course
of the disease and elevation of the diaphragm.* Detec-
tion of anti-CADM-140 is extremely important because
patients with anti~CADM-140 can frequently develop RP-
ILD. Therefore, predictors of poor prognosis in this sub-
group are nceded. Skin ulcers, arthralgia or arthritis, lower
arterial PO,, and higher lactate dehydrogenase levels are
considered to be risk factors for poor prognosis.® It is
also reported that anti-CADM-140-positive patients with
RP-ILD have rashes typically seen in DM.* In other stud-
ies,** spontaneous pneumomediastinum or pneumo-
thorax is a severe complication and may indicate poor
prognosis. However, the clinical phenotype was other-
wise similar between patients with a poor prognosis and
those with a {avorable prognosis in this study.

To establish the treatment for RP-ILD is another ur-
gent issue that needs a solution. Cyclophosphamide and
cyclosporine are recommended in the early phase of the
disease.™** In contrast, Lee et al* reported that 4 pa-
tients with RP-ILD received 1 course of intravenous cy-
clophosphamide therapy and additional cytotoxic agents,
such as azathioprine, cyclosporine, and methotrexate, but
none responded. In this study, we could not elucidate
definite predictors of poor prognosis and recommended
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treatment. Thus, it might be required to attempt the maxi-
mum possible combination of immunosuppressive treat-
ments when patients with anti-CADM-140 present signs
of developing RP-ILD.

In conclusion, classifying patients with DM accord-
ing to their DM-specific Abs may guide the physician to
focus on particular manifestations with high risk during
follow-up of individual patients. However, the detec-
tion of DM-specific Abs is limited only to certain facili-
ties because it requires a complicated technique. Estab-
lishment of a system to screen DM-specilic Abs, such as
an enzyme-linked immunosorbent assay, is needed. We
acknowledge several limitations of this study. First, it in-
cluded a relatively small number of patients with PM as
a control because most enrolling institutions were der-
matology departments. Second, we did not include ju-
venile patients with DM and other juvenile patients with
connective tissue diseases. Third, anti-NXP-2 Abs were
not included in this study because they are extremely rare
in Japanese patients with DM. In addition, most of the
facilities enrolled in this study were referral centers. There-
fore, the possibility of center-based bias in collecting
samples cannot be ruled out. More studies are needed
for a better general understanding of patients with DM-
specilic Abs.
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Abstract Psoriasis vulgaris is a chronic inflammatory
disorder of the skin, in which activation of keratinocytes
and crosstalk between keratinocytes and T cells or
dendritic cells are considered to be involved in the patho-
genesis of psoriasis vulgaris. Cyclosporin (Cy) A, an
immunomodulator, has been used for the treatment of
psoriasis vulgaris, but the mechanism of its action on
keratinocytes has not been well elucidated as its function
on T cells is well known. Previous study indicated that the
expression of the unfolded protein response (UPR) mark-
ers, GRP78/Bip and HRD1 were poorly expressed in pso-
riasis vulgaris. To investigate if the UPR in keratinocytes is
involved in the pathogenesis of psoriasis vulgaris we
assessed immunocytochemistry of normal human skin and
psoriatic lesions, quantitative PCR of keratinocyte cell line
(HaCaT) treated with TGFf. Moreover, to elucidate how
CyA effects on the UPR in keratinocytes, we set out
quantitative PCR and western blotting, HaCaT and squa-
mous cell carcinoma cell lines (HSC-1) treated with CyA
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and CyA analog, cyclosporin D. Furthermore, the siRNA-
mediated knockdown effect of cyclophilin (Cyp) A, Cyp B
and Cyp C on HaCaT cells were also examined. As a result,
the UPR was downregulated in keratinocytes from psoriatic
lesions, characterized by immunocytochemical staining of
GRP78/Bip, CHOP/GADD153, HRD1 and C/EBPS. TGFf
induced UPR markers in HaCaT cells. CyA treatment and
siRNA-mediated knockdown of Cyp B induced the UPR in
HaCaT cells or HSC-1 cells. Altogether, we demonstrate
that in psoriasis vulgaris CyA or reduction in Cyp B by
RNA interference might induce the UPR in keratinocytes.

Keywords Bip/GRP78 - CHOP/GADDI153 -
Cyclosporine A - Endoplasmic reticulum stress - Psoriasis -
Unfolded protein response

Abbreviations
ATF6 Activating transcription factor 6
Bip Immunoglobulin heavy chain-binding protein

C/EBPf CCAAT/enhancer-binding protein beta

CHOP C/EBP homologous protein

ER Endoplasmic reticulum

GADDI153 Growth arrest and DNA damage inducible
gene 153

GRP78 Glucose-regulated protein 78 kDa

HRD Hydroxymethylglutaryl-CoA reductase
degradation

PDI Protein disulfide isomerase

PERK PKR-like endoplasmic reticulum kinase

TGF-f Transforming growth factor-f3

UPR Unfolded protein response

XBP-1 X box-binding protein 1

CyA Cyclosporine A

Cyp Cyclophilin
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Introduction

Psoriasis vulgaris is a common, chronic inflammatory skin
disease. Histologically, it is characterized by keratinocyte
hyperproliferation with the loss of differentiation and
infiltration of immune cells, especially neutrophils and
T lymphocytes, into the dermis and epidermis. There is
accumulating evidence that these infiltrating immune cells
and their release of inflammatory cytokines play a critical
role in the pathogenesis of psoriasis vulgaris, by interacting
with and activating keratinocytes [14]. A subset of
T cell-producing interleukin-17 (Th17) can stimulate
keratinocytes to express proinflammatory cytokines [21].
Interestingly, IL-17 mRNA is highly expressed in T cells
derived from psoriatic lesions. Macrophage-derived IL-12
and IL-23 enhanced inflammatory skin disease [9, 21].
Therefore, current treatments for psoriasis vulgaris focus
on the modulation of the inflammatory immune response
from T cells, dendritic cells and keratinocytes. TGFp signal
is important for keratinocyte differentiation, and decrease
in TGFp signal is suggested in proliferating keratinocyte in
psoriasis by showing reduced expression of TGFf signal
related molecules [4, 10, 24].

Cyclosporin A (CyA) is often used in the treatment of
autoimmune diseases, rheumatoid arthritis, atopic derma-
titis and psoriasis. CyA exerts a direct effect on molecular
events required for the activation of T cells and may act in
the recruitment of antigen-presenting cells into the epi-
dermis [3]. CyA is also distributed in the keratinocytes in
psoriatic tissues, and is supposed to reduce keratinocyte
proliferation [22], although how it affects the cell growth
remains to be clarified.

CyA is known to bind to intracellular cyclophilins [3].
Cyclophilin A (Cyp A) is the major intracellular receptor
for CyA [6]. Cyp A acts primarily in the cytosol, whereas
Cyp B is mainly in the ER lumen and Cyp C localizes both
to the cytosol and ER lumen [8, 16]. Recent studies have
demonstrated that many cyclophilins function as chaper-
ones in the endoplasmic reticulum (ER) [1].

The ER plays an important role in regulating protein
homeostasis. Perturbations in the efficiency of protein
folding result in the accumulation of unfolded or misfolded
proteins in the endoplasmic reticulum (ER). An overload of
unfolded or misfolded proteins in the ER caused by various
triggers, including ultraviolet and oxidative stress is called
ER stress. The unfolded protein response is a cellular
recovery mechanism activated by ER stress [26, 27]. In the
ER, transactivation of the chaperone Bip/GRP78 is initi-
ated by its dissociation from the ER transmembrane pro-
teins IRE1, PERK, and ATF6. IRE1 catalyzes the splicing
of XBP1 mRNA. Activated PERK kinase phosphorylates
elF2a resulting in reduced protein synthesis and the for-
mation of stress granules containing stalled transcripts.

@ Springer

Phosphorylation of elF2o. promotes the translation of
ATF4. Activated ATF6 translocates from the ER to the
Golgi, where it is cleaved by two proteases, SP1 and SP2.
Mature remodeled XBP1, ATF4 and ATF6, which are now
activated cytosolic DNA-binding domains, translocate to
the nucleus and induce a gene expression program called
the unfolded protein response (UPR). UPR genes
include Bip/GRP78, HRD1, CHOP/GADD153, Cyp B and
C/EBPS.

We previously identified a potential role for UPR in the
differentiation of normal epidermal keratinocytes [17, 18].
The aim of this current report is to show that the inadequate
differentiation of keratinocytes in psoriatic lesions could be
associated with a defective UPR, and that CyA is expected
to be able to improve this UPR-dependent dysfunctional
differentiation by forming a complex with Cyp B.

Materials and methods
Human skin samples

Normal human skin was obtained from that around a
benign scalp tumor of a 16-year-old patient and from the
left anterior arm of a 37-year-old healthy individual after
obtaining written informed consent [13]. Psoriasis vulgaris
tissues were isolated from 10 patients (mean age 56.4
years, SD 13.5) after obtaining written informed consent.
This study was approved by the Ethics Committee of
Nagoya University, Graduate School of Medicine, and was
conducted according to the principles of the declaration of
Helsinki.

Antibodies and reagents

The following polyclonal antibodies were purchased
from commercial sources: anti-GRP78/Bip, anti-CHOP/
GADD153 and anti-C/EBPf (Santa Cruz Biotecnology,
Santa Cruz, CA), anti-HRD1 (Abgent, San Diego, CA), and
anti-K1/K10 (Chemicon International, Temecula, CA).
TGFf was purchased from Wako (Osaka, Japan). CyA and
CyD powder, kindly provided by Novartis International
AG, Basel, Switzerland were dissolved in dimethyl sulf-
oxide at a concentration of 12 mg/ml. Dimethy! sulfoxide
was diluted in parallel to serve as a control. Tunicamycin
was purchased from Sigma-Aldrich. (St. Louis, MS). The
sequences of the Tagman probes for real-time PCR are
shown in Table 1.

Immunocytochemistry

Immunocytochemistry of normal skin and psoriasis sec-
tions were performed as previously described with slight
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Table 1 DNA sequences of the probes for the quantitative real-time PCR

Forward Reverse Tagman
GRP78 CGGCCGCACGTGGA CAACCACCTTGAACGGCA CCCGTCTGTGCAGCAGCAGGACATCAA
CHOP TGCAGATTCACCATTCGGTC AGGAATCGAGCGCCTGAC CAGAGCTCGGCGAGTCGCCTCTACTT
XBP1-s ATGCCCTGGTTGCTGAAGAG GAGATGTTCTGGAGGGGTGAC CCTGCACCTGCTGCGGACTCAG
Mxd1 CAATGAAATGGAGAAGAATAGAC  GTAGTGTGTCGACTTGATTC TCATCTTCGCTTGTGCCTGGA
HRD1 GCTTTGTTGCACTCTTCACTCTTC GAGATGTTGGGGCTGCGTTC AGTCCACACGGTCCTCAGCCAGCC
GAPDH  TGGGCTACACTGAGCACCAG CAGCGTCAAAGGTGGAGGAG TCTCCTCTGACTTCAACAGCGACACCC
CypA CCTGGCATCTTGTCCATGG CAGTCTTGGCAGTGCAGATGA TGGACCCAACACAAATGGTTCCCAGT
CypB CAGCAAATTCCATCGTGTAATCA TTTCCTCCTGTGCCATCTCC TGATCCAGGGCGGAGACTTCACCA
CypC AGCTCCAAGCAACTGATGGG TTTTCACGTCTATCTTGCCACTG  ACCGTCCACTCACCAACTGCTCGA

modification [23]. In brief, sections of 6-pum thickness were
cut from paraffin blocks of each sample. After immersion
in 0.4% pepsin for 30 min, endogenous peroxidase was
blocked by incubating for 20 min in 0.3% H,O,/methanol
solution and then washed once in PBS with 0.01% Triton
X-100. The sections were incubated with PBS with 4%
bovine serum albumin (BSA) for 30 min and then conju-
gated with the first antibodies (10 ng/ml) in PBS contain-
ing 1% BSA over night at 4°C. After washing repeatedly
with PBS, the secondary antibodies were applied for 1 h at
room temperature. The secondary antibodies used were
biotinylated anti-rabbit immunoglobulin or anti-mouse
immunoglobulin antibodies. After washing repeatedly in
PBS buffer, the sections were immersed in VECTASTAIN
Elite ABC reagent for 30 min. The staining was stopped by
rinsing with distilled water and the antibody complex was
made visible by adding 1% H,0,. In a case a section shows
the weak staining much more than in two layers defined as
a positive staining pattern.

Cell culture

The keratinocyte cell line, HaCaT, was kindly provided by
Dr. N. Fusenig [2]. HSC-1 cell line (human cutaneous
squamous cell carcinoma cells) was purchased from Japa-
nese Collection of Research Bioresources (Osaka, Japan).
HaCaT and HSC-1 cells were maintained in Dulbecco’s
modified Eagle Medium (Sigma—Aldrich Co) supple-
mented with 10% fetal bovine serum at 37°C under 5%
CO..

Western blotting

Western blotting was performed as previously described
[1€]. Samples were resolved in 2x Laemmle sample buf-
fer. The immunoblots were detected by LumiVision PRO
HSIHI (Aisin Seiki, Aichi, Japan), and the densitometry
analysis of the immunoreactive protein bands was

performed using Lumi Vision Analyzer 2.1 software (Aisin
Seiki).

siRNA transfection

The target sequence for siRNA was selected from a cDNA
library corresponding to the coding region of human Cyp A
(GenBank accession no. NM021130), Cyp B (GenBank
accession no. NM000942) and Cyp C (GenBank accession
no. NM000943) genes. The siRNA duplexes used were
synthesized by Nippon EGT (Tokyo, Japan): Cyp A (5'-
GAUGAG AAC UUC AUC CUA AAT-3"): Cyp B (5'-GGA
UUU GGC UAC AAA AAC ATT-3); Cyp C (5'-UCA AGG
AUU UCA UGA UUC ATT-3') and control CD4 (5-ACA
AGG AAG UGU CUG UAA ATT-3").

HaCaT cells in culture medium containing fetal bovine
serum were plated in 12-well plates at a density of the
confluency mentioned in the protocol of HiPerfect Reagent
(Qiagen, Valencia, CA). Cells were transfected with the
siRNA constructs using the transfection reagents indicated,
according to the manufacturer’s protocol. For all experi-
ments, transfection efficiency was maintained at 50-90%,
and no detectable cellular toxicity was observed.

Real-time qPCR study

Total RNA was extracted from the cells using the RNeasy®
Mini Kit (Qiagen, Valencia, CA) following the manufac-
turer’s protocol. cDNA was synthesized from 500 ng of
total RNA using the random primer procedure and the
PrimeScript RT reagent kit (Takara Bio, Otsu, Japan) fol-
lowing the manufacturer’s protocol. Real-time quantitative
PCR was performed in a Sequence Detector System
(Mx3000P Real-Time PCR System and software; Strata-
gene, La Jolla, CA). Amplification was performed in a final
volume of 25 ul containing 20 ng of ¢DNA from the
reverse transcribed reaction primers (Table 1), TagManP-
robes and 12.5 pl TagMan® universal PCR Master Mix
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(Roche, Branchburg, NJ). The gene expression values were
normalized using the housekeeping gene -of glycer-
aldehyde-3-phosphate dehydrogenase to correct even
minor variations in mRNA extraction and reverse
transcription.

Statistical analysis

Statistical analysis was performed using Student’s ¢ test;
P values of <0.05 was considered statistically significant.

Bip

CHOP

HRD1

C/EBP R

KI/K10

-
m—ny
"

X-fold expresssion |
&

HE

Fig. 1 Immunohistochemical staining of various UPR markers in
psoriatic lesions and in normal skin. Immunocytochemical staining
for GRP78/Bip (a), CHOP/GADDI153 (b), HRD1 (c), C/EBPS (d) and
K1/K10 (e) on psoriasis sections and on normal human skin sections
(g-k). Hematoxylin and eosin staining on a psoriasis section (f). Scale
bars 100 pm. Note that the scale sizes are different for the psoriasis
sections and normal skin sections. Derma-epidermal junction is dotted
in all figures. Quantitative PCR revealed significantly induced UPR
markers in HaCaT cells after treatment of TGFf (5 ng/ml) for 24 h.
Mxd1 is TGFf-inducing gene
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Results

Immunostaining of various UPR chaperone proteins
in normal and psoriatic epidermis

Immunohistochemical staining for various UPR markers
are shown in Fig. 1. In normal skin, GRP78/Bip showed
strong cytoplasmic staining in all keratinocytes with
increasing density toward the upper layers, but weak
staining in a single layer of the basal cells (Fig. ig).
Staining pattern of GRP78/Bip in the psoriatic lesions has
an enlarged area of low staining (Fig. 1a) as compared to
the normal skin (Fig. 1g), which means that in the psoriatic
lesions, GRP78/Bip expression was downregulated in the
granular layers relative to the normal skin. When com-
paring the normal skin, psoriatic lesions exhibited weak
staining of all UPR markers. We confirmed the staining
pattern of the other UPR markers, CHOP/GADDI153
(Fig. 1b), HRD1 (Fig. ic) and C/EBPf (Fig. id). The
expression of those UPR markers was suppressed in
the basal layer in the normal skin (Fig. 1g—j), however, the
suppressed expression extended beyond the basal layer to
prickle layers in psoriatic lesions (Fig. la—d). Staining
pattern of each UPR marker in psoriatic lesions has much
wider area of low staining than in normal skin. We deter-
mined the staining pattern as positive which showed the
weak staining much more than in two layers. Table 2
summarizes immunocytochemical staining of ten psoriasis
plates with the similar staining pattern to that of illustrated
in Fig. ia.

Previous studies indicated that the expression of UPR
proteins in the suprabasal layers was reinforced in pro-
portion to keratinization [18]. Therefore, K1 and K10,
which were known to express only in well-differentiated
suprabasal cells, were stained to examine the relationship
between UPR and keratinocyte differentiation. As shown in
Fig. le and k, the staining pattern for K1 and K10 in
psoriatic lesions and normal skin were similar to that of
UPR markers in the lesions and the normal skin,
respectively.

Table 2 Numbers of the representative staining pattern out of 10
psoriasis tissues

Immunocytochemical staining Positive
Bip 10710
CHOP 10710
HRDI1 -8/10
C/EBPp 9/10

Immunocytochemical staining of 10 psoriasis plates are classified into
the staining pattern as positive which showed the weak staining much
more than in two layers
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Furthermore, we investigated the effect of TGFf stim-
ulation on the UPR in HaCaT cells. We cultured HaCaT
cells with TGFfS (5 ng/ml) for 24 h and measured the
mRNA expressions of the UPR markers, CHOP/
GADDI153, GRP78/Bip and XBPl-s as compared to

Fig. 2 CyA activated the UPR
in HaCaT cells. HaCaT cells
were treated with the indicated
concentrations of CyA for 4 h
and the mRNA expression of
CHOP/GADD153 (a), GRP78/
Bip (¢) and XBP1-s (e) was
measured by gPCR. The time
course of UPR induction by
107> M CyA in the HaCaT cells
were examined for 12 h by
qPCR, CHOP/GADDI153 (b),
GRP78/Bip (d) and XBP1-s (f).
Western blot analysis was
performed using
immunoreactive CHOP/
GADDI153, GRP78/Bip and
B-actin antibodies (g, h).
Quantitative densitometry of the
UPR proteins in HaCaT cells
incubated with CyA as
compared to the control (i).
Data shown are the mean £ SD
of four independent experiments
(*0.01 < p < 0.05, *¥p < 0.01)
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Cyclosporin A induces the UPR in HaCaT cells

HaCaT cells were treated with CyA for 4 h and the level of
CHOP/GADD153 and GRP78/Bip mRNA expression were
assessed by quantitative PCR. mRNA expression of CHOP/
GADDI153 and GRP78/Bip were significantly upregulated
in a dose-dependent manner (Fig. 2a, c). We found
0.5 x 107® M CyA also induced CHOP/GADDI53 and
GRP78/Bip mRNA (data not shown). To assess the kinetics
of UPR induction, HaCaT cells were treated with 107° M
CyA for up to 12 h. CHOP/GADD153 and GRP78/Bip
mRNA started to increase after 2 h after the treatment and
peaked at 4 and 6 h, respectively (Fig. 2b, d). We further
recognized that 1 pg/ml tunicamycin could markedly
enhance the mRNA expression of CHOP/GADD153 and
GRP78/Bip in HaCaT cells after 4-h induction (data not
shown). Examination of the protein levels of CHOP/
GADD153, GRP78/Bip and tunicamycin recapitulated the
mRNA expression (Fig. 2g, h). As shown in Fig. 2g and h,
CyA induced the protein levels of CHOP/GADD153 and
GRP78/Bip, which were less than those by tunicamycin
induction. We measured the quantification of chemilumi-
nescence signals of Fig. 2g and h by laser densitometry
expressed as arbitrary units (Fig. 2i). The protein expres-
sion of GRP78/Bip and CHOP/GADD153 was significantly
increased in HaCaT cells incubated with CyA as compared
to the control. The bar graph of densitometry was expres-
sed as each protein/f-actin protein amount ratio and then
x-fold expression relative to the control.

We further confirmed CyA-mediated induction of other
UPR markers, such as XBP1-s as shown in Fig. 2e and f
and HRD1 (data not shown). The level of XBP1-s mRNA
induced by CyA was significantly elevated and peaked at
6 h. HRD1 showed the similar increasing pattern to
XBP1-s. The amount of HRD1 mRNA induced by CyA
was significantly elevated in a dose-dependent manner and
showed a 1.5-fold increase at 2-12 h as compared to the
control (data not shown). We took further examination
about CyA effect on the UPR in HSC-1 cells and obtained
similar mRNA and protein changes to those in HaCaT cells
(data not shown).

Cyclosporin D induces GRP78/Bip in HaCaT cells

We further investigated the ability of CyD, an analog of
CyA, to induce the UPR in HaCaT cells. CyD is able to
bind cyclophilins, but lacks the immunosuppressive prop-
erties which CyA has. As shown in Fig. 3, CyD induced
the expression of CHOP/GADDI153 and GRP78/Bip in a
dose-dependent manner. The protein expression of GRP78/
Bip in HaCaT cells incubated with CyD for 48 h also
increased (Fig. 3c), but that of CHOP/GADDI153 did
not (Fig. 3d). We measured the quantification of
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Fig. 3 Cyclosporin D, CyA analog, induced GRP78/Bip in HaCaT
cells. HaCaT cells were treated with various concentration of
cyclosporin D for 4 h. The expression of CHOP/GADD153 mRNA
(a) and GRP78/Bip mRNA (b) were measured by qPCR and as
compared to the untreated control cells (n = 4). Western blot analysis
was performed using immunoreactive GRP78/Bip (c), CHOP/
GADD153 (d) and fS-actin antibodies. Quantitative densitometry of
the UPR protein in HaCaT cells incubated with CyD as compared to
the control (e). Data shown are the mean == SD of four independent
experiments (*0.01 < p < 0.05, **p < 0.01)

chemiluminescence signals of Fig. 3c and d by laser den-
sitometry expressed as arbitrary units (Fig. 3e). The bar
graph of densitometry was expressed as each protein/
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Fig. 4 Reduction in cyclophilin
B induced the UPR. HaCaT
cells were transfected with
siRNA messenger RNA of Cyp
A (a), Cyp B (b), Cyp C (¢) or
CD4. At 48-h of post-
transfection, mRNA levels of
Cyp A, Cyp B, Cyp C, GRP78/
Bip and CHOP/GADD153 were
measured by gPCR. The relative
amounts as compared to CD4
transfected cells are given.
Western blot analysis was
performed using
immunoreactive CHOP/
GADDI153, GRP78/Bip, Cyp B
and f-actin antibodies (d).
Quantitative densitometry of the
UPR protein in HaCaT cells
transfected with Cyp B siRNA
as compared to CD4 siRNA-
transfected cells (e). The data
represent the means of four
independent experiments. Error
bars represent the SD

(*0.01 < p < 0.05, **p < 0.01)
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f-actin protein amount ratio and then x-fold expression
relative to the control. The protein expression of GRP78/
Bip was significantly increased in HaCaT cells incubated
with CyD as compared to the control. As for the protein
level of CHOP/GADD153, it did not show any significant
change. CyD also induced CHOP/GADD153 and GRP78/
Bip at mRNA and protein level in HSC-1 cells (data not
shown).

siRNA-mediated knockdown of cyclophilin B induces
the UPR

Cyp A, Cyp B and Cyp C are major cellular targets of CyA.
Therefore, we applied RNAi methodology to investigate
the role of cyclophilins on the UPR in HaCaT cells. By
introducing small interfering RNA (siRNA), the expression
of endogenous Cyp A, Cyp B or Cyp C were suppressed in
HaCaT cells (Fig. 4a—c). The mRNA expression of
GRP78/Bip and CHOP/GADDI153 in Cyp B siRNA-
transfected cells were significantly increased to 2.1-2.6
folds as compared to the levels seen in CD4 siRNA-
transfected HaCaT cells (Fig. 4b). In contrast, knockdown
of Cyp A and Cyp C increased little or no expression of
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their mRNA (Fig. 4a, ¢). Western blot analysis showed that
GRP78/Bip and CHOP/GADDI153 protein products in
HaCaT cells were actually increased after 48 h of Cyp B
siRNA treatment (Fig. 4d). We measured the quantification
of chemiluminescence signals of Fig. 4d by laser densi-
tometry expressed as arbitrary units (Fig. 4e). The protein
expression of GRP78/Bip and CHOP/GADDI153 was sig-
nificantly increased in Cyp B siRNA-transfected cells as
compared to the control. In addition, the suppression level
of Cyp B protein was also significant. The bar graph of
densitometry was expressed as each protein/f-actin protein
amount ratio and then x-fold expression relative to the
control. This pattern of Western blot analysis was also
consistent with the result obtained from HSC-1 cells (data
not shown). These results indicate that among these
cyclophilins, Cyp B, but not CypA and CypC, is involved
in the CyA-induced UPR.

Combination of CyA and knockdown of Cyp B highly
induces the UPR in HaCaT cells

To assess the contribution of both CyA and Cyp B on the
UPR in vitro, HaCaT cells were transfected with Cyp B
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Fig. 5 Combination of CyA and knockdown of Cyp B highly induce
the UPR in HaCaT cells. HaCaT cells were incubated for 48 h with
Cyp B siRNA or CD4 siRNA, followed by 4 h 107°M CyA
treatment. The expression of CHOP/GADDI153 (a) and GRP78/Bip
(b) were measured by gPCR and as compared to CyA untreated and
CD4 siRNA treated as a control (n =4) (*0.01 <p <0.05,
*p < 0.01)

siRNA for 48 h, followed by CyA treatment for 4 h, and
mRNA expression of the UPR markers were evaluated.
Treatment of CyA and Cyp B siRNA showed synergistic
effects on the expression of CHOP/GADDI153 (Fig. 5a)
and GRP78/Bip (Fig. 5b) by 6.3-fold and 5.1-fold,
respectively.

Discussion

We reported that the UPR is activated in differentiated
epidermal keratinocytes recently [18]. Although CyA is
believed to reduce proliferation of keratinocytes in psoriasis
vulgaris, the mechanism of its action remains poorly
defined. In this report, we showed that the UPR was
downregulated in psoriatic lesions in keratinocytes in pso-
riasis vulgaris and that CyA induced the UPR in keratino-
cytes or reduction in Cyp B by RNA interference. Also, we
found TGFf induced the UPR markers in HaCaT cells.

@ Springer

The UPR in Kkeratinocytes from psoriatic lesions is
similar to that in squamous cell carcinoma lesions [1£].
Activated Stat3 inhibits the UPR in cardiomyocytes,
macrophage [11] and ER stress reduces Stat3 phosphory-
lation in HEK 293 and SHSYS5Y [7]. Therefore, we
expected that the UPR activation in keratinocytes from
psoriatic lesions, after ER stress, reduced Stat3 phosphor-
ylation similar to other cells. We confirmed the phos-
phorylation of Stat3 in the lesional keratinocytes of
psoriasis vulgaris as described [{5, 20].

CyA treatment or reduction in Cyp B by RNA inter-
ference of HaCaT cells led to the increase in the UPR. This
result was consistent with that examined the HSC-1 cell
line (Data not shown). In addition, treatment with a com-
bination of CyA administration and Cyp B siRNA modu-
lated the expression of a number of genes involved in
keratinocyte differentiation. These genes included Kruppel-
like factor 4, keratin K1 and K10 (Data not shown). The
CyA analog, CyD, lacks immunosuppressive activity, but
showed UPR inducing effects (as shown in Fig. 3). The
point we would like to stress is that the functional mecha-
nism of CyA and CyD for activating the UPR is not via the
immunosuppressive pathway or T cell-mediated system.
Therefore, it is reasonable to show in this study that Cyp A
did not work well as a possible receptor for CyA and CyD
for UPR inducing pathway because Cyp A is known to
interact with CyA for the immunosuppressive pathway.
And our observation is consistent with the report that
knockdown of Cyp B induced the UPR in rat heart myo-
blasts [8].

Tunicamycin is known to be more efficient at inducing
the UPR than CyA. Since the strong UPR activation by
tunicamycin would trigger apoptosis, a mild UPR activa-
tion by CyA is considered to be important to contribute to
cell homeostasis. Recently, it has been demonstrated that
Cyp B makes a complex with GRP78/Bip and PDI in the
ER [12]. Moreover, recent studies have shown that CD147
is an essential component of the cell-surface signaling
receptor to Cyp B [25]. Whether the ER complex or the cell
surface receptor is involved in the Cyp B mediated UPR
induction is intriguing and needs to be elucidated.

This study indicates the UPR is attenuated in keratino-
cytes in lesional psoriasis epidermis. Furthermore, we
demonstrated that UPR-inducing reagents which act
through Cyp B may be good candidate drugs for the
treatment of psoriasis vulgaris.
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Abstract

Infantile myofibromatosis is a rare fibrous tumor of infancy. The cutaneous solitary type
has typically an excellent prognosis. However, histologically, it is important to rule out
leiomyosarcoma, which has a poor prognosis. The low frequency of mitosis was definitive
for a diagnosis of infantile myofibromatosis. We present a cutaneous solitary-type case of
infantile myofibromatosis. Following incisional biopsy, the tumor remitted
spontaneously.

Introduction

Infantile myofibromatosis is a benign fibrous tumor of infancy and was first described
by Stout in 1954 {1 . In most cases, it is present at birth, and in 90% of cases, the tumor
appears within the first 2 years of life {2, 3. The prognosis is excellent in the solitary type,
which is limited in the skin, muscle, and subcutaneous lesions {2-4}. In contrast, the
multicentric form of infantile myofibromatosis, which has visceral involvement, can be
life-threatening {4, 51. The solitary type is usually benign and the recurrence rate is low at
10%. Therefore, surgical excision is recommended {2, 1.
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We present a case of a 3-week-old girl showing features of infantile myofibromatosis
(solitary type). Excision was performed and no recurrence was detected in 24 months’
follow-up.

Case Report

A 3-week-old, otherwise healthy Japanese girl had a solid, red-colored, cutaneous nodule on left
shoulder. The nodule had a central concavity with a crust on the surface and measured 20 x 21 mm in
diameter (fig. 1).

Physical examination and CT imaging of the head, chest, abdomen and pelvis revealed no additional

»»»»»

biopsy was performed when the patient was 4 months old. The specimen showed multifocal sclerotic
dermal nodules. The nodules were composed of spindle cells with round or oval nuclei and eosinophilic
cytoplasm. Delicate bundles of eosinophilic fibers separated the cellular aggregates (fig. 3a,b). A
diagnosis of infantile myofibromatosis, lelomyoma, leiomyosarcoma, histiocytoma, or other sarcoma
was suggested. Spindle cells expressed smooth muscle actin (fig. 3¢), but not caldesmon, desmin or §100
protein (not shown). The mitotic figures were very infrequent [6 mitoses per 10 low-power images
(40x)]. These results were confirmed to be consistent with infantile myofibromatosis. The tumor
gradually regressed until it completely disappeared 24 months after biopsy.

Discussion

Infantile myofibromatosis usually develops at birth or during the first years of life.
Chung and Enzinger found the median age at presentation to be 3 months {2}. A slight
male predominance among patients with both the solitary and multicentric variants was
noted by Wiswell et al. {7]. Most cases of infantile myofibromatosis are solitary nodules,
accounting for up to 70% of cases in one study {2}, and up to 80% in another series {4].
The prognosis is excellent in the solitary type [2-4]. In the case of solitary-type infantile
myofibromatosis, spontaneous regression can be expected {3, 4. In contrast, a quarter of
the cases with the multicentric form may have visceral involvement and can be life-
threatening {2, 4, 5{. The solitary type of infantile myofibromatosis is usually benign and
is typically found in the dermis, subcutis, or deep soft tissues. The distribution is
predominantly on the head, neck, and trunk like our case. Involvement of the extremities
is reported to be rare {2]. Solitary infantile myofibromatosis on an upper extremity
accounted for only 13.3% in one study of 45 cases {&].

The histologic hallmark of infantile myofibromatosis is an un-encapsulated, well-
circumscribed lobule of peripheral spindle cells, which bear a close resemblance to
smooth muscle {9, 1{]. Often there is a central area of hemangiopericytoma-like small
rounded cells surrounding blood vessels {11, 121. This combination of features gives
infantile myofibromatosis its recognizable biphasic appearance, though the
hemangiopericytoma-like appearance was not detected in this case. The presence of
smooth muscle actin in the spindle cells indicates the diagnosis of infantile
myofibromatosis or leiomyosarcoma. Considering the difference in prognosis, it was
necessary to rule out leiomyosarcoma {13} in this case. While at least 1 mitotic cell per
field in high-power (x200 or x400) fields is detected in leiomyosarcoma | {4}, very
infrequent mitotic figures [6 mitotic cells per 10 low-power (x40) fields] were observed,

which definitively indicated infantile myofibromatosis in this case.
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Previously, radical excision had been advocated as the treatment of choice, because it
had been believed that the solitary form gave rise to multiple nodules with potential
visceral involvement by metastases [ i%]. However, it is now more probable that the
solitary and multicentric forms are distinct entities and that the solitary form remains
localized and can regress { 15]. Therefore, a wait-and-see approach has been suggested
more recently as a treatment option | 15]. However, in our patient, the decision was
ultimately made to treat with surgical removal to exclude a diagnosis of leiomyosarcoma,
which would have had a poor prognosis. The nodule disappeared completely after
excision. The course was consistent with previous reports of solitary-type infantile

myofibromatosis 2. 4, 15}, and supports our histological diagnosis.

Fig. 1. Solid, red-colored subcutaneous nodule with a central concavity on the left shoulder.
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Fig. 2. MRI imaging showed the intensity of the nodule was similar to that of muscle. No additional
lesions were found and infiltration of the tumor into the muscle was not observed.

#ig. 3. Hematoxylin-eosin stain, original magnification x20 (a), and x100 (b). Specimen showed

multifocal sclerotic dermal nodules composed of spindle cells and eosinophilic fibers. ¢ Immunological
staining of the tumor for a-smooth muscle actin (x100). Spindle cells express smooth muscle actin.
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