Mod Rheumatol

Table 1 Clinical and laboratory differences between juvenile and

adult onset systemic sclerosis

Parameter Juvenile onset  Adult onset
SSc(n=11) SSc (n = 310)
Age at onset 94 £ 5.0 48.7 + 13.2
Male:female (n) 6:5* 49:261
Disease duration (years) 3.5:+32 6.4 + 83
dcSSc:leSSce (n) 8:03 127:183
Modified Rodnan total skin 14.9 £ 10.2 10.6 +: 9.9
thickness score
Anti-topoisomerase 1 Ab (%) 90.9* 28.1
Anticentromere Ab (%) o* 39.9
Anti-U1 ribonucleoprotein (RNP) 9.1 10
Ab (%)
Pitting scar and/or digital ulcer (%)  90.9* 30
Skin calcification (%) 9.1 1.9
Interstitial lung discases (%) 9,1* 45.8
Pulmonary arterial hypertension 9.1 2.6
(%)
Esophagus (%) 36.7 67.7
Heart (%) 0 14.1
Muscle (%) 0 10.3
Joint (%) 273 25.8
Kidney (%) 0 1.3
*p <005

Data are presented as the mean = standard deviation (SD), unless

otherwise indicated

SSc Systemic sclerosis, deSSe diffuse cutaneous SSc, 1eSSc limited

cutancous SSc¢, Ab antibody

Table 2 Clinical features of
juvenile and adult onset SSc
with anti-topoisomerase 1
antibody at their first and latest
assessments

* p < 0,05 vs. adult onset SSc¢
at each time point

Data are presented as the mean
=+ SD, unless otherwise
indicated

a Springer

the clinical features of jSSc and aSSc patients with anti-
topoisomerase I Ab were compared (Table 2).

To determine if the differences in clinical courses were
dependent on the onset-age among paticnts with same
autoantibody, at the latest visit we compared the clinical
features of jSSc and aSSc patients with anti-topoisomerase
I Ab (Table 2). The follow-up period was shorter in the
jSSc patient group than in the aSSc patient group
(5.7 £ 3.0 vs. 11.7 & 21.5 years), but the difference was
not significant. No jSSc patient and ten aSSc patients
(11.4 %) died as a consequence of SSc during the study
period. Unlike the findings at their first visit, the frequency
of pitting scar and/or digital ulcer and the frequency of ILD
were comparable between jSSc patients and aSSc patients
at their latest visit. Otherwise, there were no significant
clinical differences between jSSc and aSSc patients.

The profile and the clinical course of each jSSc patient
are shown in the Electronic Supplemental Material table.
Nine patients were started on or continued to take oral
prednisolone (PSL), and the mean dose of all patients was
10.6 + 8.0 mg/day at their first visit. The mean modified
Rodnan Skin score of these patients was 11.9 &= 7.3 at the
time of their latest assessment compared to 14.9 £ 10.2 at
their first visit. Case 4 had ILD at his first visit which was
exacerbated 1 year later (5 years after his discase onset). In
addition, five patients (cases 1, 3, 5, 10, and 11) developed
ILD more than 3 years following the onset of SSc.
Arrhythmia requiring treatment was detected in two
patients (cases 5 and 10) after 3 years from discase onset.
Renal crisis did not develop in any patients.

Parameter At the first assessment At the latest assessment
Juvenile Adult onset  Juvenile Adult onset
onset SS8¢ onset SSc
SSc (n=10) (n=88) SSc (n=10) (n=88)

Age al onset (years) 944 5.2 470 + 144

Male:female (n) 6:4* 16:72

Disease duration (years) 36+34 43455

Death from SSc (%) 0 1.4

Modified Rodnan total skin thickness 137+ 938 163+£102 11.0+77 10.5 £ 94
score

Anticentromere Ab (%) 0 38 0 38

Anti-U1 ribonucleoprotein (RNP) Ab (%) 10 9.5 10 9.5

Pitting scar and/or digital ulcer (%) 90.0* 524 100 79.8

Interstitial lung diseases (%) 10.0% 85.2 60 88.6

Pulmonary arterial hypertension (%) 0 3.6 0 14.3

Esophagus (%) 40 70.6 40 729

Heart (%) 0 8.2 20 15.3

Muscle (%) 0 10.3 0 1.5

Joint (%) 30 279 30 313

Kidney (%) 0 2.3 0 4.5

Follow-up period (year) 57+3.0 1.7 £ 215
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Doanh Le Huu®>!, Hiroshi Kimura®!, Mutsumi Date ®!, Yasuhito Hamaguchi ?
Minoru Hasegawa ¢, Khang Tran Hau®, Manabu Fujimoto %**, Kazuhiko Takehara?
Takashi Matsushita **

* Department of Dermatology, Faculty of Medicine, Institute of Medical, Pharmaceutical and Health Sciences, Kanazawa University,
Kanazawa 920-8641, Japan

b Department of Dermatology and Venereology. Hanoi Medical University, 1 Ton That Tung, Hanoi, Viet Nam

© Department of Dermatology, University of Fukui, Fukui 910-1193, Japan

4 pepartment of Dermatology, Faculty of Medicine, University of Tsukuba, Tennodai, Tsukubu 305-8575, Japan

ARTICLE INFO ABSTRACT

Background: Murine sclerodermatous chronic graft-versus-host disease (Scl-cGVHD) is a model for
human Scl-cGVHD and systemic sclerosis (5Sc). Syk is expressed in most of hematopoietic cells,
fibroblasts, and endothelial cells. Syk is a protein tyrosine kinase that has an important role in
transmitting signals from a variety of cell surface receptors.
Objective: This study aims to investigate the effect of R788 (fostamatinib sodium), an oral prodrug that is
Keywords: rapidly converted to a potent inhibitor of Syk, R406, on Scl-cGVHD.
2’:‘ e GVHD Methods: R788 was orally administered twice a day to allogeneic recipients from day 14 to day 42 after
S ronie . bone marrow transplantation (BMT). In vitro, proliferation of GVHD-derived CD4* T cells and CD11b"
ystemic sclerosis
CXCR4 cells was analyzed by R406.
Memory T cells Results: Allogeneic BMT increased Syk phosphorylation in T, B, and CD11b" cells. The administration of
R788 attenuated severity and fibrosis of Scl-cGVHD. The elevated expressions of CXCR4 on T cells, B cells,
and CD11b" cells were significantly down-regulated by R788 treatment. R788 reduced memory CD4* T
cells (CD44"MCD62L~CD4*). R406 inhibited proliferation of GVHD CD4" T cells and CD11b* cells in vitro. In
addition, R788 treatment, inhibited proliferation of CD11b" cells in Scl-cGVHD mice. R788 treatment also
reduced skin mRNA expressions of MCP-1, MIP-1¢, [FN-+, IL-13, IL-17A, and TGF-31, but not influenced
RANTES, CXCL12, and TFN-a.
Conclusion: Blockade of Syk suppressed migration factor of immune cells and antigen-specific memory
CD4™ T cells and proliferation and activation of GVHD CD4" T cells and CD11b" cells. The current studies
suggested that Syk inhibitor is a potential candidate for use in treating patients with Scl-cGVHD and SSc.
© 2014 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights
reserved.
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vasculopathy dominate early stages of SSc, progressive tissue
fibrosis is the key feature of late-stage disease {2]. Chronic graft-
versus-host disease {cGVHD) emerges from alloreactive reactions
between donor-derived immune and host cell populations.
Transplantation of B10.D2 bone marrow (BM) and splenocytes
across minor histocompatibility loci into sublethally irradiated
BALB/c recipients is a well-established animal model for human
sclerodermatous cGVHD (Scl-cGVHD) and SSc, both of which show
many clinical similarities with human SSc. Skin thickening and

1. Introduction

Systemic sclerosis (S5c) is a connective tissue disease charac-
terized by excessive extracellular matrix deposition in the skin and
visceral organs |1]. Three pathologic halimarks characterize the
SSc development: autoimmunity, vasculopathy, and progressive
tissue fibrosis. While inflammatory, autoimmune processes and

* Corresponding authar. Tel.: +81 76 265 2343; fax: +81 76 234 4270.
** Corresponding author.
E-mail addresses: fujimoto-m@umin.acjp (M. Fujimoto),
t-matsushita@med. kanazawa-u.ac.jp (T. Matsushita).
! These authors contributed equally to this study and share first authorship.

hrip:/fdx.dolorg/ 10,1016/ jdermsct.2014.02.008

pulmonary fibrosis develop 21 days after bone marrow transplan-
tation and fibrosis also affects the liver, kidneys, gastrointestinal
tract, and parotid glands in mice receiving transplants in murine
Scl-cGVHD {3]. Although murine Scl-cGVHD is an ideal animal

0923-1811/@ 2014 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights reserved.
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model for investigating SSc autoimmunity |4}, vascular involve-
ment is not seen in Scl-cGVHD model.

Spleen tyrosine kinase (Syk)is amember of zeta-chain associated
protein kinase 70 (ZAP70)/Syk family of the non-receptor-type
protein tyrosine kinase that contains two Src homology 2 domains
and a kinase domain. Syk was initially shown to be critical for the
signaling of immunoreceptors, such as Fc receptors (FcRs), B-cell
receptors (BCRs), and T-cell receptors (TCRs) in association with
immunoreceptor tyrosine-based activation motif (ITAMs) in he-
matopoietic cells |5]. However, subsequently, it has been revealed
that Syk has broader roles in a variety of signal transduction
pathways including Toll-like receptor, chemokine receptor, and
integrin signalings {6-9[. Furthermore, while the expression of
- ZAP70 is restricted to T cells and natural killer cells, Syk is broadly
expressed in most of hematopoietic cells, including B cells, T cells,
granulocytes, monocytes, mast cells, and dendritic cells, and other
cells such as fibroblasts, endothelial cells. Activated Syk phosphor-
ylates downstream signaling proteins that eventually control effects
such as phagocytosis, cytokine production, cell adhesion, migration,
proliferation, and differentiation [ 10].

Syk-mediated pathways have an important role in various
diseases. For example, active T cells are caused by abnormal
association of Syk in SLE [11]. Consequently, Syk has been
considered as therapeutic target in various diseases, including
asthma [ 12], Wiskott-Aldrich syndrome |13], anaphylactic shock
114}, lymphoma |15], carcinoma |16}, acute GVHD |17}, rheuma-
toid arthritis |18}, systemic lupus erythematosus [11], and
multiple sclerosis [19]. Clinical trials of R788 (fostamatinib
sodium), an oral prodrug that is rapidly converted to a potent
inhibitor of Syk (R406), have demonstrated the significant effects
on treatment of allergic disease [20], immune thrombocytopenic
purpura |21}, rheumatoid arthritis [ 22}, and lymphoma | 18]. Syk is
also likely to have important roles in transmitting signals in a
variety of cells and signaling pathways involved in the GVHD
process. Syk regulates the mitogen-activated protein (MAP) kinase
cascade, especially JNK-regulated genes such as IL-6 and mem-
brane protein, palmitoylated 3 (MPP-3), in synovial fibroblasts
{231, Syk is also involved in differentiation of 3T3-L1 mouse
embryonic fibroblasts [24]. Therefore, this study analyzed the
effects of oral blockade of Syk (R788) on Scl-cGVHD.

2. Materials and methods
2.1. Mice

B10.D2 (H-29) and BALB/c mice were purchased from Japan SLC
(Shizuoka, Japan). Mice were housed in a specific pathogen-free
barrier facility. All studies were approved by the institutional
review board.

2.2. Bone marrow transplantation

In this study, 8- to 12-week-old male B10.D2 (H-2%) and female
BALB/c (H-2%) mice were used as donors and recipients, respectively.
Bone marrow (BM) was T cell-depleted (TCD) with anti-Thy1.2
microbeads (Miltenyi Biotech, Auburn, CA). BALB/c recipients were
irradiated with 800 cGy (MBR-1520R, Hitachi, Tokyo, Japan) and
were injected via the tail vein with 10 x 10° TCD-BM and 10 x 10°

splenocytes in 0.5 mL of PBS to generate Scl-cGVHD (allogeneic:

BMT). A control syngeneic group of female BALB/c mice received
male BALB/c TCD-BM and splenocytes (syngeneic BMT).

2.3. Reagents

For in vivo studies, R788 (fostamatinib - Biorbyt Limited,
Cambridge, UK) was administered to allogeneic recipients by daily

oral gavage at a dose of 30 mg/kg twice a day from day 14 to day 42
after BMT. Control mice received distilled water only (allogeneic
group). In vitro studies were performed with R406 (Biorbyt
Limited), the active form of R788.

2.4, GVHD skin score

Clinical ¢cGVHD score was previously described [25]: healthy
appearance = 0; skin lesions with alopecia equal or less than 1 cm?
in area=1; 1-2cm?=2; 2-5cm*=3; 5-10cm?=4; 10-15
cm?=5; 15-20cm?=6; more than 20cm?=7. Additionally,
animals were assigned 0.4 points for skin disease (lesions or
scaling) on tail, and 0.3 points each for lesions on ears and paws.
Minimum score = 0, maximum score = 8. Final scores for dead
animals were kept in the data set for the remaining time points.

2.5. Histological analysis

The skin and lung were fixed in 10% formalin and embedded in
paraffin. Sections (6 p.m in thickness) were stained with H&E and
Masson’s trichrome. Skin histopathology was scored by a
dermatopathologist (blinded to experimental groups) on the basis
of epidermal interface changes, dermal collagen thickness,
mononuclear cell inflammation, subdermal fat loss, and follicular
dropout with scores from 0 to 2 for each category (total score, 0~
10) |26]. Collagen deposition was quantified on trichrome stained
sections as the ratio of blue-stained area to total stained area using
Adobe Photoshop CS4 analysis tools.

2.6. Immunohistochemical (IHC) staining of the skin

Skin sections (6-pum thickness) were applied to slides. Before
immunostaining the slides were heated (37 °C)overnight in a drying
oven and then deparaffinized in xylene, hydrated through graded
alcohols, and washed in distilled water. Antigen retrieval was
performed via heat treatment (10 min, in 10 mmol/L sodium citrate
buffer at 95 °C). The slides were allowed to cool for 20 min, then
rinsed in distilled water and placed into a container of wash buffer
(Tris buffered saline). Endogenous peroxidase activity was blocked
by incubating the slides for 5 min in 3% hydrogen peroxide. After
rinsing in wash buffer, sections were incubated for 1 h at room
temperature with phosphor-Syk (Tyr525) antibody (1:100 dilution,
NBP1-51392, Novus Biologicals, Littleton, CO) in wash buffer. Slides
were rinsed in wash buffer and incubated for 30 min with
peroxidase-labeled donkey anti-rabbit IgG antibody (BD Bios-
ciences, San Jose, CA), then avidin-biotin-peroxidase complexes
(Vectastain ABC method; Vector Laboratories, Burlingame, CA).
Sections were developed with 3,3/-diaminobenzidine tetrahy-
drochloride and hydrogen peroxide, and then counterstained with
methyl green. IHC stains were evaluated for the presence of
positively staining cells between in the dermis. The following
semiquantitative scale, based on percentage of positively cells, was
used: — (no staining), + (<25% staining), ++ (25-50% staining), +++
(50-75% staining), and ++++ (75-100% staining). Stained cells were
counted under a high-power microscopic field (original magnifica-
tion, 400 ) on a light microscope. Each section was examined and
scored independently by two investigators ina blinded manner (Y.H.
and M.H.). The mean score was used for analysis.

2.7. Flow cytometry

The following mAbs were used: FITC-, PE-, PE-Cy5-, PE-Cy7-,
PerCP-Cy5.5-, APC-, APC-PECy7-, Pacific Blue-conjugated mAbs to
mouse Thy1.2 (30-H12), CD4 (RM4-5), CD11b (M1-70), CD19
(1D3), . CD1d. (1B1), CD5 (30-H12), CD62L (MEL-14) mAbs
(BioLegend, San Diego, CA), CXCR4 (2B11) mADb (eBioscience, San
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Jose, CA), CD44 (IM7), and LIVE/DEAD Fixable Aqua Dead cell
(Invitrogen, Grand Island, NY). Splenic single-cell suspensions were
stained for 20 min for multi-color immunofluorescence analysis at
4 °C using mAbs at predetermined optimal concentrations. Stained
samples were analyzed on a FACSCanto II (BD Biosciences). Data
were analyzed using Flow]o (Tree Star, Ashland, OR) software.

2.8. Intracellular cytokine staining

B cells and monocytes/macrophages were stimulated for 5 h at
37°C with LPS (10 pg/mL, Sigma-Aldrich), PMA (50 ng/mL;
Sigma-Aldrich), ionomycin (500 ng/mL; Sigma-Aldrich), and
brefeldin A (3 wM; BioLegend) for detection of cytokine produc-
tion. T cells were stimulated for 4 h at 37 °C with PMA (50 ng/mL),
ionomycin (1 pg/mL), and brefeldin A (3 wM; BioLegend). After
cell-surface staining, the cells were washed, fixed, and permea-
bilized using the Cytofix/Cytoperm Kit (BD Biosciences), followed
by staining with anti-IL-10 (JES5-16E3) or anti-IL-6 (MP5-20F3)
mAbs (BioLegend), or anti-TNF-a (MP6-XT22), anti-[FN-y
(XMG1.2), anti-IL-17A (TC11-18H10.1) mAbs (BiolLegend) or
anti-IL-13 (eBio13A) mAD (eBioscience).

Splenic single cell suspension was cultured without stimulants
for 30 min in analysis of Syk-phosphorylation of T cells or B cells
and CD11b" cells. After incubation, cells were immediately fixed
with Phosflow Lyse/Fix buffer (BD Biosciences) and then permea-
bilized with Phosflow Perm buffer Il (BD Biosciences). After surface
staining with Ly9.1 and either Thy1.2 or CD19 and CD11b, cells
were stained with anti PE-conjugated phospho-Syk (Tyr525/526)
(C87C1) mAD (Cell Signaling, Frankfurt a.M., Germany) or rabbit
PE-conjugated mAb IgG isotype control (Cell Signaling).

2.9. Reverse transcription-polymerase chain reaction (RT-PCR)

Total RNA was isolated from frozen skin specimens using RNeasy
spin columns (Qiagen, Hilden, Germany) and digested with DNase |
(Qiagen) to remove chromosomal DNA. Total RNA was reverse-
transcribed to a ¢DNA using a reverse transcription system with
random hexamers (Promega, Southampton, UK). Cytokine mRNA
was analyzed using real-time RT-PCR quantification {Applied
Biosystems, Foster City, CA). Real-time RT-PCR was performed on
an ABI Prism 7000 sequence detector (Applied Biosystems). GAPDH
was used to normalize the mRNA. The relative expression of real-
time RT-PCR products was determined according to the AAC
method to compare target gene and GAPDH mRNA expression.

2.10. Cell proliferation assay

Splenic CD4* T cells and CD11b* cells were isolated from
allogeneic BMT mice 14 days after BMT, using corresponding MACS
magnetic microbeads (Miltenyi Biotech). Isolated CD4" T cells and
CD11b" cells were labeled with 5 wM CFSE (Invitrogen) at 37 *C for
15 min. For CD4" T cell proliferation: 4 x 10° CFSE-labeled CD4* T
cells were co-cultured with various concentrations of R406 in the
presence of plate-bound 1 pg/mL anti-CD3 and 1 pg/mL anti-
CD28 for 4 days in 96-well plates. For CD11b" cell proliferation:
4 x 10° CFSE-labeled CD11b* T cells were co-cultured with various
concentrations of R406 in the presence of recombinant mouse M-
CSF (25 ng/mL) for 8 days in 96-well plates. A half of culture media
was exchanged every two days. The proliferation rate of cells was
measured by CFSE dilution in flow cytometric analysis.

2.11. BrdU incorporation assay
Sel-cGVHD mice were given twice of 1 mg BrdU in 100 .l of PBS

by i.p. injection at 30 and 90 min before analysis. Spleen was
harvested from Scl-cGVHD mouse. Splenocytes were stained for

anti-CD4 Ab, anti-CD11b Ab and stained with BrdU Flow kit (BD
Biosciences) according to manufacturer's instructions. Stained
samples were analyzed on FACSCanto II.

2.12. Statistics
All data are shown as mean = standard error of the mean (SEM).

The significance of differences between sample means was deter-
mined with Student's ¢ test.

3. Results

3.1. Syk phosphorylation is augmented in T cells, B cells, and CD11b*
cells after allogeneic BMT

Syk is expressed in various hematopoietic cells (monocyte/
marcrophages, mast cells, lymphocytes, platelets and erythrocytes)
[27]. To investigate whether phosphorylation of Syk is increased
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Fig. 1. Phosphorylation of Syk is augmented in splenic T, B, and CD11b" cells 14 days
after allogeneic BMT. Splenic single cell suspension was stained with anti-phospho-
Syk (Tyr525/526) antibody after surface staining with Thy1.2 or CD19 and CD11b,
cells. The intensity of pSyk in T cells (A), B cells (B), or CD11b" cells (C) was analyzed
in WT B10.D2 {unfilled thin dash line overlay), syngeneic (unfilled thin solid line
overlay), and atlogeneic (unfilled thick solid line overlay) compared with isotype
staining (filled gray overlay) by flow cytometric analysis {n =4 mice per group;
**p < 0.01). (D) pSyk (Tyr525) in the skin sections from groups of syngeneic and
allogeneic mice were investigated at day 14 after BMT (n = 4-6 mice per group;
scale bar = 20 pm; **p < 0.01).

— 745 —



D. Le Huu et al./fournal of Dermatological Science 74 (2014) 214-221 217

after allogeneic transplantation, phosphorylation of Syk in spleno-
cytes was measured by flow cytometric analysis 14 days after
allogeneic BMT (Fig. 1). When compared with syngeneic BMT,
constitutive phosphorylation of Syk was significantly higher in
Thy1.2" T cells, CD19" B cells, and CD11b" monocyte/macrophages
14 days after BMT (p = 0.001, p = 0.0004, and p = 0.012, respectively,
Fig. 1a-c). The hyperphosphorylation of Syk was also observed in the
skin infiltrates 14 days after allogeneic BMT when compared with
syngeneic BMT (p < 0.01, Fig. 1d). Therefore, Syk was activated in T
cells, B cells, and monocyte/macrophages after allogeneic BMT.

3.2. The administration of R788 attenuates Scl-cGVHD

R788 were orally administrated twice a day to allogeneic BMT
recipients from day 14 to day 42 after BMT. When compared with
water-treated group, R788 treatment significantly improved
weight loss (p < 0.05, Fig. 2a) and skin scores (p < 0.05, Fig. 2b).
Although early treatment with R788 starting from day 0 after BMT
might be more effective for Scl-cGVHD, it is hard to exclude the
possibility that the treatment around day 0 after BMT may inhibit
the engraftment of BMT. Therefore, R788 treatment was started
after engraftment of BMT.

These results were also verified by real-time quantitative PCR
analysis, and histopathology. The mRNA expression of collagen
type 1 a1, collagen type 1 a2, and especially fibronectin 1 were
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significantly decreased in R788-treated group (p < 0.01, p < 0.01,
and p < 0.001, respectively, Fig. 2c¢). Histopathologic scores and
fibrosis area in the skin and lung were significantly lower in R788-
treated group than in the water-treated group (p < 0.05, Fig. 2d
and e). Collectively, the administration of Syk inhibitor attenuates
Scl-cGVHD.

3.3. Elevated CXCR4 expression after allogeneic BMT is reduced by
R788 treatment

Chemokine stromal-derived factor 1 (SDF-1/CXCL12) and
CXCR4 have been shown to play a crucial role in migration and
development of hematopoietic stem cell transplantation [28]. Syk
is required for CXCL12/CXCR4-induced cell polarization that
occurs in concert with cell adhesion mediated by B-1 integrin
|29]). There were higher expressions of CXCR4 on T cells, B cells, and
CD11b* cells after allogeneic BMT (18.60 + 2.91%, 19.11 + 2.17%,
and 42.90+4.17%) when compared with syngeneic group
(2.614+027%, 2.28+0.50% and 12.97 4+ 0.64% with p<0.01,
p < 0.005, and p < 0.005, respectively, data not shown). Elevated
expressions of CXCR4 on T cells, B cells, and CD11b" cells after
allogeneic BMT were downregulated by R788-treatment (7.99
1.02%, 5.47 + 0.56%, and 27.25 + 3.72% with p=0.0138, p = 0.0009,
and p=0.0311, respectively, Fig. 3a). Accordingly, R788 treatment
affects the migration of immune cells in Scl-cGVHD.
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Fig. 2. Oral treatment of R788 attenuates Scl-cGVHD severity and fibrosis. Recipients were given sterile water (@), or were orally administered R788 (30 mg/kg/day, bid) from
day 14 to day 42 (R788-treatment group - (). (A) Average body weight changes, and (B) skin scores were monitored every 3 days (n = 4-6 per group; *p < 0.05,**p = 0.01 for
O versus @ ). (C) mRNA expression of Collagen 1 a1, Collagen 1 «2, and Fibronectin 1 in the skin of water- and R788-treated groups were measured by real-time quantitative
PCR analysis at day 35 after BMT. Skin slides were scored as described in Section 2. (D) Hxstopatho]oglcal scares, and (E) ratio of trichome area/total area in the skin and lung

were analyzed 42 days after BMT (n = 4-6 mice per group; *p < 0.05).
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Fig. 3. R788 treatment reduces CXCR4 expression, memory CD4T cells, and
cytokine production of CD11b* monocytes and CD4" T cells. Spleen samples from
sygeneic, water, and R788-treated groups were harvested 42 days after BMT.
Representative resuits and bar graphs {left) of (A) CXCR4 expression of CD4" T cells,
CD19" B cells, and CD11b* cells, (B) memory CD4" T cells (CD44MCD62L'CD4" T
cells) from gate of CD4* T cells, (C) number and percentages of B cells, CD1d"cD5*,
and regulatory B cells (IL-10-producing CD19" B cells), (D) IL-6-producing CD11b*
cells, (E) TNF-a-, IFN-y-, IL-13-, and IL-17A-producing CD4" T cells were analyzed
by flow cytometry (n = 4~6 mice per group, *p = 0.05).

3.4. R788 treatment suppresses the expansion of memory CD4" T cells

A previous study demonstrated that increased memory T cells
(CD44MCD62L~ T cells) from alloantigen-primed donors are
responsible for the induction of a chronic form of GVHD, whereas
naive T cells induce acute GVHD [30]. Syk expression is
specifically elevated in antigen-specific memory T cells com-
pared with naive T cells [31]. The frequency of memory CD4™ T
cells (CD44MCD62L~CD4") in total CD4* T cells was increased 14
days after allogeneic BMT compared with about syngeneic mice
(85-90% versus 30%; data not shown). In R788-treated group,
R788 treatment reduced CD44™CD62L-CD4* T cells when
compared with water-treated group (61.06 + 5.34% versus
83.55 + 4.30%, p <0.05, Fig. 3b). Thus, Syk blockade suppresses
the expansion of memory CD4" T cells.

3.5. R788 treatment do not change the number of B cells, CD1d"CD5"
B cells, and IL-10-producing regulatory B cells

To determine whether the blockade of Syk regulates B cell
reconstitution, B cells and their subsets were analyzed in R788-
treated group. The number of CD19" B cells was not different in
R788-treated group when compared with water-treated group
(Fig. 3¢). Regulatory B cells are considered to suppress cGVHD. IL-
10-producing regulatory B cells (B10 cells) are predominantly
present in splenic CD1d"CD5* B cells. Therefore, we examined
frequencies of CD1d™CD5* B cells and B10 cells in Scl-cGVHD after
R788 treatment. There were no significant differences in frequen-
cies of CD1d™CD5* and B10 cells between the two groups 42 days
after BMT (Fig. 3¢). Therefore, the blockade of Syk after 14 days of
BMT did not have an apparent influence on development of B cells
and regulatory B cells.

3.6. R788 treatment reduces IL-6-producing CD11b* monocytes and
cytokine-producing CD4" T cells

IL-6 has been reported to play an important role in the
pathogenesis of Scl-cGVHD [25]. To assess the effect of Syk
blockade on IL-6 production by CD11b* cells, splenocytes
harvested 42 days after BMT from each group were stimulated
with LPS, PMA, ionomycin, and brefeldin A for 5 h. The percentage
of IL-6-producing CD11b"* cells was significantly lower in R788-
treated group than in water-treated group (5.81 £ 2.28% versus
17.23 + 1.47%, respectively, p < 0.01, Fig. 3d). Scl-cGVHD exhibits a
mixed Th1/Th2-like cytokine profile with a Th1-like predominance
during the early stage and Th2-like profile at the later stage [32]. To
determine the effect of Syk blockade on cytokine production by CD4"
T cells, splenocytes were stimulated with PMA, ionomycin and
brefeldin A for 4 h. When compared with water-treated group,
frequencies of [FN~y-, IL-13-, and IL-17A-producing CD4" T cells were
significantly decreased in R788-treated groups (p < 0.05, Fig. 3e),
while there was no difference in TNF-« producing from CD4* T cells.
Therefore, increased productions of inflammatory cytokines were
downregulated by the blockade of Syk in Scl-cGVHD.

3.7. Proliferations of GVHD-derived CD11b* monocyte and CD4* T
cells are blocked by Syk inhibition

It is hypothesized that monocyte activation by host-reactive T
cells is an initiating event in scleroderma and Scl-cGVHD. To
investigate whether the blockade of Syk affects the development
of CD4* T cells and monocyte/macrophages, GVHD-derived CD4" T
cells were exposed to anti-CD3/CD28, while GVHD-derived
monocytes were exposed to M-CSF in presence of R406 in vitro.
Blockade of Syk inhibited proliferation of CD4* T cells at 125 nM of
R406 (p < 0.001, Fig. 4a), and CD11b" cells at 250 nM of R406
(p < 0.01,Fig. 4b)when compared with stimulation of CD4" T cells
or CD11b" cells alone. In addition, it was also investigated the
effect of Syk inhibitor on proliferation of CD4* T cells and CD11b"
cells in vivo using BrdU labeling. The proliferation of CD11b* cells,
but not CD4" T cells, were significantly decreased in R788-treated
group (p < 0.05, Fig. 4d). Collectively, these results indicated that
the blockade of Syk inhibited the proliferation of CD4" T cells and
monocyte/macrophages in Scl-cGVHD.

3.8. R788 treatment reduces the expressions of chemokines/cytokines
in the skin

Up-regulation of cutaneous chemokines/cytokines has been
reported in Scl-cGVHD [33]. Expression of mRNA of chemokines
including CCL2 (MCP-1), CCL3 (MIP-1a), but not CCL5 (RANTES)
and CXCL12, were downregulated in R788-treated group when
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Fig. 4. Syk inhibitor (R406) blocks proliferation of GVHD-derived CD4" T cells and CD11b" cells. CD4" T cells and CD11b" cells were purified from GVHD spleens 14 days after
BMT by MACS microbead, then labeled with CFSE. (A) CFSE-CD4" T cells were stimulated with plate-bound anti-CD3 and anti-CD28 antibodies in presence of various
concentrations of R406 for 4 days. (B) CFSE-CD11b* cells were exposed to M-CSF in presence of various concentrations of R406 for 8 days. Proliferation was measured by CFSE
dilution {the experiment was performed in triplicate, *p < 0.05, **p < 0.01, ***p < 0.001 in comparison with stimulated CD4" T cells or CD11b’ cells alone, respectively). The
proliferating CD4"' T cells {C) and CD11b* cells (D) in the spleen of water- and R788-treated groups were measured by BrdU uptake at day 28 after BMT {n = 4-6 mice per

group; *p < 0.05).

compared with water-treated group 42 days after BMT (1/5-fold,
and 1/6-fold for MCP-1 and MIP-1a with p = 0.0035 and p = 0.0002,
respectively, Fig. 5a). TNF-oo mRNA expression was not signifi-
cantly different between the two groups (Fig. 5b). By contrast,
mRNA expressions of IFN-vy, IL-6, IL-13, IL-17A, and TGF-31 were
markedly reduced in R788-treated group when compared with
water-treated group 42 days after BMT (p < 0.05, Fig. 5b).

4. Discussion

This study demonstrated that Syk inhibitor significantly
reduced immune-mediated - fibrosis in murine c¢cGVHD model.
Syk was activated in T cells, B cells, and monocyte/macrophages in
Scl-cGVHD (Fig. 1). Blockade of Syk significantly ameliorated the
severity and fibrosis of Scl-cGVHD (Fig. 2a and b). The current
study suggested that blockade of Syk inhibited the activation and
migration of CD4" T cells in Scl-cGVHD. Furthermore, elevated
frequency of memory CD4" T cells was inhibited by R788
administration (Fig. 3b). In vitro, R406 inhibited the proliferations
of Scl-cGVHD-derived CD4" T cells and CD11b" cells (Fig. 4).
Elevated expression of CXCR4 in immune cells during ¢cGVHD
reaction was downregulated by Syk inhibitor. Production of IL-6 by
CD11b* cells and IFN-vy, IL-13, and IL-17A by CD4" T cells were
impaired by the blockade of Syk (Fig. 3d and e). Furthermore,
mRNA expressions of [IFN-vy, IL-6, IL-13, IL-17A, and TGF-31 as well
as CCL2 (MCP-1) and CCL3 (MIP-1«) were markedly reduced in
R788-treated group (Fig. 5). These results suggest that Syk
inhibitor may be a promising therapy in ¢cGVHD and SSc.

Syk is involved in the activation of B cells and T cells via FcR-,
BCR- and TCR-mediated signal transduction {34]. In addition to
ZAP70, it has been shown that Syk undergoes tyrosine phosphor-
ylation following TCR stimulation and serves as a key molecule
during TCR-induced activation in T cells [35]. Syk is indicated to
mediate T cell proliferation in acute GVHD {17]. In Scl-cGVHD, the
elevated frequency of memory CD4" T cells was decreased by the
oral administration of R788 (Fig. 3b). Memory T cells have critical
roles in Scl-cGVHD. Memory T cells from allogeneic-primed donors
induce a chronic form of GVHD, in contrast to the acute GVHD
induced by naive T cells |36]). Our results are consistent with
studies reporting that the blockade of Syk inhibited the expansion
of memory CD4" T cells in murine lupus and that it did not affect
acute GVHD [11,17]. While Syk has been considered to have major
roles in B cell signaling, the results in this study indicated that the
development and differentiation of B cells were not significantly
altered by Syk inhibitor (Fig. 3¢). Nonetheless, Syk activation in B
cells may also promote the expansion of memory CD4" T cells in
Scl-cGVHD, since B cells are required for the generation of memory
CD4" T cells [37].

The migration and recruitment of activated immune cells to a
target tissue is a multistep process involving the sequential
activation of various chemokine receptors on immune cells and the
vascular endothelium as well as expression of a vast array of
chemokines/cytokines [38]. It was reported that the inhibition of
lymphocyte migration attenuated Scl-cGVHD [39]. The higher
expressions of CXCR4 on T cells, B cells, and monocytes were
observed after allogeneic BMT (Fig. 3a). Elevated CXCR4 expression
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in immune cells was down-regulated by Syk inhibitor conse-
quentially resulting in decreased infiltration of immune cells into
tissues. Our study suggests blockade of Syk not only inhibited the
activation and expansion of CD4* T cells but also migration of T
cells in Scl-cGVHD. The CXCL12/CXCR4 axis regulates haemato-
poietic stem and progenitor cell trafficking |40]. CXCL12 is highly
present in ischemic tissue. CXCR4, the receptor of CXCL1Z2,
regulates specific steps in new vessel formation [41]. CXCL12 and
CXCR4 are upregulated in the skin of both diffuse and limited
cutaneous forms of SSc [42]. Thus, the CXCL12/CXCR4 axis also
plays important roles in the vasculopathy of SSc pathogenesis
[43]. A previous study demonstrated that a Syk-independent
signaling of RANTES production by macrophages through the
FcyR, while MCP-1 and IL-6 were produced in a Syk-dependent
manner by macrophages [44]. High expressions of MCP-1, MIP-1a,
and IL-6 in ¢cGVHD skin were indicated in current study (Fig. 5).
MCP-1 is known to be a strong chemoattractant for monocytes/
macrophages. Production of MCP-1 and IL-6 by macrophages in
this context was largely dependent on Syk and may result in
further accumulation of pathogenic macrophages into the
inflamed sites.

Monocyte activation by host-reactive T cells is considered to be
an initiating event of fibrotic changes in Scl-cGVHD [45]. Skin-
infiltrating monocytes produce TGF-B1, resulting in collagen
upregulation and leading to skin fibrosis [33]. Phosphorylated Syk
induces monocyte activation with consequent synthesis and
release of massive amount of inflammatory modulators responsi-
ble for inflammatory reaction. Production of IL-6 by CD11b" cells
was impaired by the blockade of Syk (Fig. 3d and e). Both serum IL-
6 and sIL-6R levels were significantly higher in patients with SSc.
IL-6 has roles in vascular damage and activate fibroblast to produce
collagen [46]. In addition, IL-6 plays important roles in develop-
ment of Scl-cGVHD. Early blockade of IL-6 signaling by anti-IL-6
receptor antibody attenuates Scl-cGVHD severity and fibrosis by
promoting T reg differentiation that resulting in suppressing
activated immune cells [25]. Production of IFN-v, IL-13, and IL-17A
by CD4" T cells were also impaired by the blockade of Syk (Fig. 3d
and e). Recent reports shed light on the critical role of IL-17A in the
pathogenesis of scleroderma [47-49]|. Especially, STAT3 signaling
in Th17 cell is important for development of Scl-cGVHD [49]. In

addition, these T cell-derived cytokines, especially, Th2 and Th17
cytokines, may directly stimulate fibroblasts, or indirectly stimu-
late monocyte/macrophages to produce TGF-B. Productions of
collagen 1 a1, collagen 1 a2, and fibronectin 1 were reduced by Syk
inhibitor (Fig. 2c). This is likely to result from decreased immune
responses, since Syk inhibitor did not directly affect collagen
production from fibroblast in the current study (data not shown).
However, Src inhibitor attenuated the activation and production of
extracellular matrix (ECM) component in human fibroblasts [50].
Syk activation has been demonstrated to occur as the result of a Src
kinase-initiated activation loop phosphorylation in NIH 373 cells
[51]. Thus, the effect of Syk inhibitor on fibroblast should be
carefully investigated in the future.

As a conclusion, we have demonstrated that treatment with
R788 effectively reduces Scl-cGVHD severity and fibrosis. Blockade
of Syk suppressed the immune response by reducing migration
factor of immune cells and antigen-specific memory CD4" T cells.
We also showed that proliferation and activation of CD4* T cells
and CD11b" cells were inhibited by blockade of Syk signaling. The
current study suggested that Syk inhibitor is a potential candidate
for use in treating patients with Scl-cGVHD and scleroderma in
humans.
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BEEETHEOFE<, ELISARHFIATESEDAERES NS, BECHETEBAE

EDREDPEENS.

(F—0—RK) HOWK, SympE, EEGH%, GUEkkE, ELISA

A, i BREZ 68(5 1) : 58-61, 2014

LI

BERZEILOLTHHORERETIRIIE

IR HCHEPRIBS RS, 2 Th, £25HH
B2 JE (systemic sclerosis : SSc) & % § #5 4% (derma-
tomyositis : DM) TIZ#EHOKREF AN B Ok
DHEEPMLLTWA, KR TIE, SSc & DM
TAHALID HOHAARIZDOWT, BEF DRI
ARG SN-HOHA L SO THHT 5.

BEag
RE - 2ERDXR

SSc ®#* DM KHENZHCHRKZRET S A
e LT, ZERENTIE (double immunodiffu-
sion assay:DID #:), ELISA %, ®RIERBEER
EWHAH. LAL, ELISAETRZETESHD
PURER O, £ EFERIVERTDH 5 RELRK
EEETS. fiECECHRTEET A HEE L
T, ¥4 v ® EUROIMMUN # 2% L 72

* Systemic sclerosis- or myositis-specific autoantibodies that are useful for subgrouping patients and predicting

Prognosis

*! Yasuhito HAMAGUCHI and Kazuhiko TAKEHARA : £IR KSR EREFEREZREERE  Department of
Dermatology, Faculty of Medicine, Institute of Medical, Pharmaceutical and Health Sciences, Kanazawa

University

Ui CRIEE) MO 1R ¢ SR EEREEREZRE 4 (S 920-8641 £RWEM 13-1)
(W4i%) CADM : clinically amyopathic dermotomyositis, DID : double immunodiffusion assay, DM : dermatomyo-
sitis, SSc¢ : Systemic sclerosis, TIF1 : transcriptional intermediary factor 1

58 HEp. 68 %5% 2014 FHFIE
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1 2HMMBEICH T S ATRBORLT A BRI

HCHh s A EEE

BT &

R PRIER

A N = I i 7 . N

P AL VAT —¥ ik Hoand N

HORNA Y A5 —EHE | Sp and/or N ELISA, 1P
. Th/To Pifk N 1P

¥t USRNP Hidfk N P

i UIRNP $ifk Sp

L hUBF (NOR90) Hufk N P

B PM-Scl Hik N DID, IP
i Ku Hifgk Sp DID, IP
. RuvBL1/2 bidk Sp 1P

Yz v U F — ik by F—H | OF

Discrete-speckled | IIF, ELISA, WB

1cSSc,  RRMHG - HH, FEMAKL, Wik
PefrsE g, IH AR Pty

DID, ELISA, WB, IP | dcSSc, B4 - BUH, MifHESE, LR

o Hr -

deSSe, 7V —¥

1cSSc, filifAESE, ili B AR P & i e e
dcSSc, MHAMESE, MTBBARENG & ME, O
2, fWhg, TEHALERZE ?

DID, ELISA, WB, IP | 1cSSc, MEShIRYEMisIME, B, THHE

Rt

1¢SSc, JHSHE ?

1¢SSc, SSc-myotisis B AE

1cSSe, SSc-myotisis T HIHE

deSSc, SSc-myotisis FHIEBEE

1cSSc, R ?  BHEHIR MM ST 2

Ho : homogenous, N :nucleolar, Sp:speckled, IIF:indirect immunofluorescence staining pattern on HEp-2 cells,
ELISA : enzyme-linked imunosorbent assay, WB: Western blotting, DID : double immunodiffusion, IP : immunoprecipi-
tation, 1cSSc : limited cutaneous systemic sclerosis, deSSc : diffuse cutaneous SSc. :

~ EUROLine® % 5. ZOF v MIEARKIZIE
ELISA B:0ZHETH Y, BEHTHRE SN S H
CHURZ R EBER I ETE S L v ) F
sﬁ‘ﬁ%za L2 L, R CTEHBBEIGA R W C
&, BRI EIEEED L L T v & iR
%ﬁlf Lf%ﬁ‘%n&

ﬁ%ﬁﬁwaarw

1. SSc THHZh 3B

1) it bOXTHE

Pt v bu 2 7Pk, RBEOEEEL, &
M, WA e, BRSO 5 &
MBI 5%, MEAEMEOEHIEIWMTH S (K
1). Pty a7 HEBYE SSc BEOFH%IE
OB L LRBIFCTH B,

2) HMibhERA Y XAS5—1|HiE# Topo | Hifk)

P ARA YV 25— I(Topo I) ki SSc »#
40% AR SN B, Hi Topo L HifkiZ OV F A B KR
B, faREE, MEEMEEZERICEHL,
Bry—¥n)RrbEun(E). MERmEIC
3 BERREBEN L VD, B Topo I Hifk
WYFHEABREFTHAL.,

3) # RNA RU X 5 —HEHi1k (31 RNAP Hifk)

RNA Y X 5 —+¥ (RNAP) iZ RNAPI, RNA-

PII, RNAPIII ® 32D 7=y b SRR S
5. P RNAP HifE® ELISA (& RNAPII % #i
BFELTwh, Ji RNAP Hifkix, 0°F ARIEH
Wik, oY —V LML T, BEMEMN
%, BREBOAHEIPLEV(E). BV —F
13 ACE FHESE CTIRHRE L 7o o 7245, KIRE L
TEEGZAMHETDH Y, 5HOMEHEZ B
WS €2 BEREUPEDOTEETH .

4) #i USRNP #ifk

Pi UBRNP #ifkid i/ MEI %773, $HT USRNP
PRE O F A B M aAL, 8O B, MR EN
%, Br)—LLHBELTWAEY, BHRERDE
BELEREEICIAEENA LN, HAATEEK
DWEITHRNBHREIBETH LY (F1).

5) ¥ Th/To il

B Th/To HifkiZHt USRNP bufk & FIEL, #/h
K3 % 773, HL Th/To PifkiE SSc @ 2~5% 12
M Eh, BEBEOENEL, BEEME, g
BRYER S IEE & MBS 5 (R 1), BOKTIEH
Th/To FiFIE FHEARKNFTHZ25, HRAT
DEFEFEIZIKDIEBN L REBEETH 512,

6) #Hi hUBF (NOR90) #if%

#i hUBF #ifdk (BART I 50 NORYO Hifhk & I idh
TWwi2)id, SSc BAFTd Raynaud %<1 =

Belz 68%5% 2014 £HTIF 59
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£2 HBHE -  SRMBRICHT I ECTHREOBRESGE L BRENFFE

BCHE HIMEEEE BHFE BRBRAEIA

Y7 3/ T ¥V t(RNA EREERGE

$ Jol Hitk Cyto DID, ELISA, | PM>DM, MIEMEM%, WE%

WB, IP

L E] Putk Cyto IP DM>PM, MBI

T PL-7 Hidk Cyto P DM>PM, MIEMM%, Raynaud FEIK

Bt PL-12 Hifk Cyto P CADM, BEMME, Raynaud fER

B OJ Ptk Cyto P ME A%, Ho?

T KS Hifk Cyto P M MR %, Raynaud FEIR

$t Ha Hifk Cyto P

L Zo Hiik Cyto IP
B Mi-2 Hifk Sp P SEIR 2 BB EAR & A, B ZS - B

B R

Hi TIF1 Hifk Sp WB, IP EWESEAM DM, /MNEDM ,
#L MDAS(CADM-140) Hife Cyto WB, IP CADM, SGHETRIREEm &, HERE
P NXP-2(M]) Hifk Sp P EHEEAM DM, /NE DM, AKLHE
¥ SAE Hiff Sp IP CADM? MIEMNi%, WTEE
$i SRP Hitk Cyto P EFARTUE &

Cyto: cytoplasmic, Sp:speckled, DID:double immunodiffusion, ELISA : Enzyme-linked imunosorbent assay, WB:
Western blotting, Ho:homogenous, IP:immunoprecipitation, PM : polymyositis, DM : dermatomyositis, CADM :

clinically amyopathic DM.

<5, SLE 2 & TH i ¥ 5. $i hUBF Hifk
FEBEOREEL, BEMONBRE, Bifk
FHREMBELTWAIENRESh TV (E
1).

7) 5 Ku Filk

M Ku BRI EE2E6H T4 —N—5 v 76
ML, FPHEEEOE CHBMEELT ST 5
(FE1)., BB LIZATOA FIZRELTFRIZ
BIFTH 5.

8) #i RuvBL1/L2 #itk

BEHbIbIiZ, DNABEREER SICHES
TAHHNEHTHH RuvBL1 & RuvBL2 D4
Fizxh9 5 B O Pk (Bt RuvBL1/2 $L4K) %% SSc
EHBRRIZBEH IR E2WMELEY. B
RuvBL1/2 $ifkix SSc ? 1.9% B S, Sk
DOBWERINE L, T ABRFEL L 5 &6
TAHHEERE, o2 (F1).

9) it MU —ILEE

Pt v b Y A — Pk 52 0 #55E R O T AR
WHEFLER 20D Fy MRICRBEEINRE, &
hhvbiuddit v M) A — VHRGED 5 Flic
DWTHET L, &#l23SSc TFDH b 4 HlA KR
BE O FEL, Bl THIEEDIRREE, 446

CHFENIR MM S MR 2 &6F L iz 2 & 23ty
L7z (& 1).

2. DM THHEIh 3 HEHHE

1) #1 ARS fifs

I ETIZ, BiJol bifk, It E] Pidk, B PL-
7 HUfk, ¥iPL-12 Bk, Bu OJ Hifk, HUKS #Hufk,
P Ha $4K, #1 Zo itk S EEISHME ShTw
A5, ZTho P EEERIE, Raynaud FER, B
B, BAEIE, BE, XAV I ANV FLRE
D@L EBREREZETLIIEFMONTS
D, ¥ ARS PARIEREEE L IITh 59 (%R2). L&
L, #hEhoOH ARS ik Z & ICHRRERICE
BHEHHIELMESNTHEY,

2) i Mi-2 Hith

i Mi2 iR id H RV BEE T Mo
Speckeled B % 29 4. i Mi-2 HuiEBE R i
ERW 5 L ERE BT 505, BEEMAL
EHEEYSNT A LIEMTHLY (R2). &
WPRIIRIFTH LA, HERE LEUIETERT
5.

3) MTIF ;i

Kaji & 2%#t% L 729t 155/140 $ufk & Targoff &
H3RE L 7281 p155 Pikid & b 12 transcriptional

60 FRBX 68K 5% 2014 FHITIE
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intermediary factor 1({TIF1) #Hull & 3 5 [—D
HEdETcHh Y, it TIFI iR EIFEh s, it
TIFL Hitkid DM O 25~25% THIE L % 5.
U TIFL LRI RE A Cld 50~75% CHE s
AU A%, MEBEMEMZ S ZMHBL 2w (ER2).
—%, Pt TIF1 fifkix/hE DM @ 23~29% Tk
PRIC e 2 2 E s ST A, ANRBICIEESE
JESE, MMM g & b AP L ey,

4) Hi MDAS $iitk (51 CADM140 Hifk)

YL MDAS $i & 13 melanoma differentiation-
associated gene 5 AP & 9 % HCOHET, It
CADMI40 ik & [W—Tdh A. PLMDAS PuikiE
PN A AERIZZ L { (amyopathic DM & % v
¥ hypomyopathic DM : i 3 % ¥ & & T clini-
cally amyopathic DM (CADM) & 5], 2
TR VYRR 2 % B IC A 0T 5 (R 2). A
TR AN RO FIZIEE LD TEL, BlH,
HATEA N EREIREE 2 O U7 BH s F
B (O

5) #HL NXP-2(MJ) itk

PUNXP-2 ifkid 222 CH MJ Pifk L IEfR X h
Twiz, Hi NXP-2 Hifkiz/NE DM o EME T
PUKT, AIKLE T RRICEMHT S, —F, bh
DI Pt NXP-2 JuiEH B A DM D 1.6%, %%
R R D 1% 1 S, o BE CEEER
BEHEL TV LA WE LAY (XR2).

MEDICAL BOOK INFORMATION

ZTDIFEFER D fmhriRakiz5000

FEEWHT - {KAE, Nancy Sharts-Hopco

@BOZER H472 20134
Bl Ak 2.800M -+
ISBNS78-4-260-01830-2]

6) i SAE #ifk

T SAE i 1K 12 small ubiquitin-like modifier
activating enzyme % $UE & 3 2 5 S48 B9 Pk
DIDOThAH, HERANEZHEE L2BE T, i
SAE #itfkix DM @ 1.5% (433 fH 7 f) 12k =
n, 5B CHIEMEM%ZE G0 Tz (E2). W
BUPENE 95 0 18 B P VL A ER 73 DS AE ~ R 4 E 72 -
7o, T OIHCEYERE S OREIE 1, ANE DM IR
B 72 5 7210,

BHIC

INFTHRTEA LI, SSc & DM Tl
A3 0B AR S I PO & BRI L A
LTwa, La»L, ZORGECIZEM L
T AR L E Rk L % {, ELISA ¥
T EOMAER THEOMENLENS.

X ®

1) Kuwana M, et al: Arthritis Rheum 37:75, 1994
2) Hamaguchi Y, et al: Br J Dermatol 158: 487, 2008
3) Kaji K, et al: Arthritis Care Res 2013{in press)
4) Hamaguchi Y, et al: Mod Rhuematol 2013 (in press)
5) Targoff IN: Rheum Dis Clin North Am 20: 857, 1994
6) Hamaguchi Y, et al : PLoS One 8:e60442, 2013
7} Hamaguchi Y, et al: Arch Dermatol 147 : 391, 2011
8) Fujimoto M, et al: Arthritis Rheum 64:513, 2012
9) Sato S, et al: Arthritis Rheum 52: 1571, 2005
10) Ichimura Y, et al: Ann Rheum Dis 71:710, 2012
11) Fujimoto M, et al : Ann Rheum Dis 72: 151, 2013

EFEhk
SE2hR

ABOEFIEG [ 2T)U] [TE8l, CHHEREREE
PFTEDERNER/ER/CEC,. COBERIEFEMT
HEDLST, TEDROBETAIC “Yes' I 'No" TH
ATHOZDERRZERT. TNTOERBERZ, —58(C
FEUDITSNDEMD SHNT D. SEFIC [U/\EU
F—2av] [EEEUER] &8 Akt C DRSSk
BURLA. SESICEELULTWLD A, SSICEEZEMNT
TEWAL ZENENDFHICIERAY T — REFED 11

i 68%5% 014EMAE 61
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@ﬁUﬁ?fﬁﬁﬁf%h
TR DLELRER
2B MR

Systemic sclerosis

&Il &

DRI, RINERESE, BCHE

_Key words

U &I

EHWRFEILX, FROIHLITY, BEHE,
BEEZ ER M) 2 Ldih Y, FHCHEETY v
FEOENIPHE L NEEVH B, £/, HEY
TRXFLEDEHDIBLIE R,

AfETE, WMEEDEIR, ZE, BEREC
DWTHERH T 5.

s = L :
BEETRELE, BENE R PRI ER O RRAMEIL & KATE
REELIARLTIBERTHS. FLALED
EFICIE, BHOIAIHEB IS,
ZORBIZVELZHLPIC R o T2 0,
BEZRRCMZ T, [f5200NERICX
o THAE MR M/ MESER b S h, 408
WA ML Y, FEAAL Y, BEESTFRED
EEXNSE Lo THBNICTHE
ewrn7 7=V EDIKEEMEIEEL,
FNHAEAET B transforming growth factor
(TGF)-p3, interleukin(IL)-4, IL-6, IL-13,
IL-17A7% EDF A4+ H 4 VAR EFEA S

OMIANEE Y Uy DEEZFHET S, T/,

Vo 72 ATEMAL L 7 BHESF AR 1L, TGF-6 %
connective tissue growth factor (CTGF) 2 BT

DWT B LT o THRBEMICHRAEE Y ~
NI HEESH, FRNZRELSERENS
bolBbns(E1)

FEAEDOBBEEDEMNE VA —-HET

BET A ZORAT, BEELHEEZLZES
PUERDP RIS S NA), e S
Il 557 & ASERD & B By BB DM FIER
LEZLN, TORICEEELR EOBREFED
FERDEA S MR o TL 5. AW, Fi8
LEDRmEPHIRE Y, ETT HESTIIEER
e EDOREMENCIERT 5. EEELPRZE L
TLERF®Z EORMAICREFZEITE,
diffuse cutaneous systemic sclerosis (dcSSc) &
SHEIN, HIYEMCE & 5EHNE lin
ited cutaneous SSc(IcSSc) & T E N 5.
HEERE CROEENB VO, SEREEE
RKTH5B. F7, HRATEDFHREELETS
AR, FMEMEMRATH L. KFDEFIZ
BEILL EF 5 #BITT HEMTRFRAE
WCEA. MBREMSMEER FORIZEXT
HESDRWLOD, BIETLETFHREARTD
B BZ)—EIHEFETIIEENKL, B
WWERLTHEEZITAE, FREFTHA. 13

Minoru Hasegawa: Department of Dermatology, School of Medicine, Faculty of Medical Sciences, University of

Fukul BHKRFEEFL BREEHESEE REHE

0047-1852/14/%60/E/JCOPY
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T
I L 7 i

[ BHHT, rENA Y|

TGF-f3
CTGF
PDGF

endothelin~1

HRAI

B

TGF-5, 1.4, IL-6,

IL-13, IL-17A

MBAER 5 ¥ 757

H1 #EESh3BEIEORE
TGF: transforming growth factor, CTGF: connective tissue growth factor,
PDGF: platelet-derived growth factor, IL: interleukin.

P, DA ORI IS L A RENR, B4
Ly ARG ESIERE R EOBERENTFEREE
ETa2ldd5b.

SR ERE O 9 S Ll EERI T, PiEERUE
PHEHETHE ZDHH, 30-40% < HVDIE
BITH > PO X THARSBEETH 5. KiuE
PRI TiE, 12 & A EDPEFELOE 1cSSc
W END. S EE KRR ER T
bHRRERICA LN LD, BEMME 05
JRE, B —YiEEnTHhb EOETIE,
I ENIR AT & MEE b FEF IS, T0 XD
WCREHEL & B L 72T BIE D 2 & 5%\ 25,
ity iR 12k By 5 I SR 0 RAM TR BRBE £ 7 & D M1
REOREILERNICL > THA TH 5.

F72, 30-40 % BEDOEFTIE, LKLY
A5 —EIPEFHETH B ORI
F I IONE - RGNS, 8 R T A2k i 1) AT
dcSSc \ZHERT 5. MiEAE A, AR,
ODBRE, B2 —EREORBRELE
b X THEBEES L D L EEERECTEETD
B, FFICARGURB RG] Tk BB A AT ESRE O
ZEeBEL, FOL)BRENTEFHERETH
b, Fie, KWEHRBEEIE, R BE
WOFREET 73 EH D D .

PLRNA R Y X 5 —LHAEBEFIZ, FHIE
TIRBEEDS-10% 2T E 0w FEAL
DIEFNE BRI L DY deSSc T, B2 ) —¥
DERENE NI &5, RZEDSBIE I
PARAEASRBIGR S T2, PBRE D
WRF S, HIEMEM AP ENEIEERETEZY
ZENE D, FLNERAL VAT —YIPEE
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322 H 2Rk 72 % 5

£1 EE5EE £5MHEKRE

73 (2014)

ER IR

(1) kL
FiEHHVIEER TR KR
(2) ki
DFEH 5V IZREICERS 5 EEE/L
Q@ FeRW O MBMEREE, 55 WidBEozER*
@ TR B E R ER O MLMEAE

LT

@ P EA VAT —FI(SA-T0)HiEE /- idt v b o 2 THEERE

(3) Beirakie

Ox1 BEUBEE(VHORENVT AL T)ERATE

Dx2 FEOBEHEEZICLLIINT,
4) BlroHzE

REEHE % 7T b D% WA L WY 5.

REFEZ RIS DVWEEL,

HEREICEBbDEERS

MEEODP2@-@0H b 1IEBU LR T QX REEL HET{ 2.

BB LD S FRIZBRFTHS. LiL, 10-20
% B2 DIEFITIE, B O 3 DOFEIN T
LT REBLBELRETRETAZILICL
0 47 5 Bk (JL USRNP Hidk, i Th/To Hifk
)& b DEMR, BAomAESEE Sz
Vv, BHD5VEHEREREERIL S NRWERD
FET .

®

% :

=1t *ém@éﬂmmwﬁﬁﬁwﬁﬁg

ZRY. IRICENE BEETIERLTERED

B0 O EEELSHE L GEMLICIEASS 70,

FlRPRUEZBZ L, ThbLEFEERPETLD
%ﬁﬂbﬁﬁ@ﬂm&%ﬂ%%ﬁ@ FNTET
THBEELZHTE 5. REEIFECERL
WKBRELT w@%/‘ FHRImOMREEEREE £
TIXIBIEOZERE, CTICL 2HESHADOIA.
HHVITEEEICFEENECHRAEGE Y b
OXATHERELEI MRS Y AT —EIHMAE)
RO EEELSITTE 5. REBELLD
HEL WFEOBETHEEZOZADITL LI
LB, BERAOESTL Y SEENE
Fo/72WEEEIC L2 BN TEL), &
BWEIDFEALITICC WEWS T EpLHITT
Lo 2L, wIhoBEed, REEREE
(=N 74 7)), POEMS fEEH
BB EER (GVHD) & EofbnE A

4

£, A Werner FEIEEE,

LB EEELEBRAT ALEN S L. £/ R
B & R A OEBITIE, A < S0 i
REMME IV — T DILEFERIZFED 515,
B, BTG v TR SO B
EREETAILT, AIRTHS LD M
DEALAFGHRICBETE, B2 B AR
BHOBZI 1B (R2)?.

&

WBEREOEEREE, WIS INT
Whn? FEBEAICE LT, RBETLEHE
Hiior BT EELONAEMIIHLT, AF
oA FOLE(TL F=VT v 20mg/H RiH)
BERLREMNHE(70FAT77IF, V7
OARY v, Fdy ooy sR)OFET
b Twa, BVEOBRFEDFRADIEETH
HEEERAICHLTIE SPBDATOL FE
YrukAT7 7 FOBEEBEENRLITHONT
Wwh, LaL, ¥Y7uRA 773 FEHFIIH
LT, »AWEI7uakA7 73 FRERTHE
DBEFEEE LT, THEFFT 7YY, Y70 R
VY, F70ARRERERINEI LD
H 5.

7.

J

6 UUTFEOEE
BEEOERY FUEERCET 5E58Y
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CmEA

TR < RO L £

PR L 72 BME Vv — 7

BRI B

M2-a BEREICHDH BN EHEIE S EHMEL—7 OUEOBESEE 15 X b

b EEACBEEREON A< BB B EMMEERETE

TRFEEHTD, HEHVIIHEY T TFORE

BIRERELZ 6T A EBBL R, E,

B O HGE  THRABF I B BT A5 5
MBI LD s, WEIXE S B B
DIbIENELELTROLNEA T
PSS JNE S & 2SRRI D D, BE) Vv F
% EDMDIBEE DB % 0 PBUFITE D R
BB, WAL LTIE, FIEME, FHE, R
MEICSWERD A SRS, YT vF BT
FLIELIEA LIS, HICHHERLE0S
Ak BLTREFICHERFBO LT AMEL D
5 XMTAOLNBFHRE LTIE, BEEED
BUK, BIEEORME, BUSALETHA.
EMBELOBVEBEETE MHoWkE &7

T EDPDR LD, BEICRER ST
Bailid, BICHESELO TEESLIET
bHb. ‘

BbHUI

BR & R BB R LS A S L A RERITIE, GREE
FEDBHIIES THAH, LIL, BHPBET
BB IEo &) LAVER TR, L1/ —
WEAA LN, FICHEEEICEREN L BOHE
PHRE SN DD, A EICHIMEARA SIS
BAIE, BEENWREETHEEICE . B
FERZHTAMBEEICBWTIE, REE S B

V< FOENEEEILT > T L LEND 5.
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st 3T ﬁ il oo sl

1) Hasegawa M, Takehara K: Potential immunologic targets for treating fibrosis in systemic sclerosis:
a review focused on leukocytes and cytokines. Semin Arthritis Rheum 42: 281-296, 2012.

2) Cutolo M, et al: Raynaud's phenomenon and the role of capillaroscopy. Arthritis Rheum 48: 3023-
3030, 2003.

3) Denton CP, Ong VH: Targeted therapies for systemic sclerosis. Nat Rev Rheumatol 9: 451464,
2013.
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B &, feis ME2REOFE L
L, HOVuFmEd: =) Lo BEggE
BEERTHE, Jduclk, BEY v ~F, &5
)52 bh—=F A (systemic lupus erythema-
tosus, BT SLE), & B 1EREE (systemic
scleroderma, PAF SSc), EEREAIA - LRERN
4%, FEEIES FERYSE, Sjogren EIRE, BEE
EREEHMEZ ErEEN S,

HKE DK R EETE 2 513, SLE 2%
iE U 7<EGNE £ TP G & 2 503, %
DR (FEREDFH 2.3 4F51) Tl SLE IR
WafidEEmb g e, Lal, 208,
SLE IS ZIN7 80 Sm FLiFEBHIR T2 &, b
%< (FH 047 £ C) ERVHER TS L D7 —
BN TVAS, Thbb, HoFRIZ®NT
B L ZERICSEfTT L T 6N, 29 0IHE
RTRIZZ &0 B KEERTH 5,

KTk, BWHOERLE, BEROZITH
SSc & ERFARAIIC LIE-> TSI L 7=, 205
DIRETIE, {6 5D FERIHFE D & A 5
N3 eN%l, BUCKERZRZ2EIN

FZRERGHE 56 (10) 5 1455~1463, 2014

EEREC & 2BEFD
—BRENE & BERF I 21DV T—

=SV I

EDD v, ZOBRIC, BEEERZE X CE
£, HOHECBE L THoER L Twvwiug,
ERBRHED S » &b BRI Z LTI 2%
T A AR,

SSc & FRG#i2 0 BIGHER, BoEz &0
EIILTLESA, HGRIENED X I ICHE
LTk whziEnd 5,

@ =8MERE (SSc)

2013 4Eiz, KEY v < F4£5 (ACR) kK
Y < F4£# (EULAR) Z&RT, SSc D#FfiL
LWHREEEREARELE (BEDY, §00H T
Y —DEBOEFICLBED, FDHIBD6D
BEBOMRTHS, BT TEIFEILLE
G DIBESLELD S E, LD SSc DR
B ELTERPERATENELSSe EDESN
%, fEOMERF 72 (2 WEER S Z D&
T INED, TN BH Z5EHTIE, il
DEBOEENEEL RS, I0REPIE, W
BRZ & U ChEIIREMSIIMEES X /£ 7
GHEEMEME L HHEBPO EOZITEENT
Bh, WEEREEDAE L R4 VAT~
YIHik, ik bo X 7HE FLRNAEY

* Minoru HASEGAWA, BHARFEFIEESESFE, REHE, 27
BIRIEESRSE ERIITE  BHAFEFTREEYEFRELFEIE (F 910-1193 BHREHIKFFEAHE

T#&H 23-3)
Key words REHE, BREHHL,

HOffd, REEREE, y—€ 23—
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®k1 ZHMEBRESHEELE 2013 (ACR/EULAR)

MCP B8 & 0 i fr 0 DIEE

A= IIHiE) OFRLVDEO>DEREL
TEENTwE, FETAREEZ, EEOMER
BT AV 4EEVEEN TR I LT
H3, SSc DEWICBEWT, KEOMERESD
BAEG P RHFOZEICERTH 5 2 L% KB
LTWw3,

SSc T, MEAREE L ZOEEREDR
BIZ & - CTIMERE, 5l EH CTRELIEL
BEEZLNTWS, EEIL, FRlEciEy
—BH 2 & B 7% 5 Raynaud & 2 R ER
93, 20, PRHYFHEREENb-L
HEEFER EDOFRE» b KEELHET 3
25, ZDFE FHPER LD BEAICEEELOEHE
e EF BEHIFE (limited cutaneous SSc, BA
T 1cSSc, B 1-a) &, EREHE{LL LR, KEE,
&7 ORI AR T AIEFIEE (diffuse cuta-
neous SSc, BLT dcSSc, B 1-b) I DI N5,

EEELOBEIAFORE CTEREZ A
ATEBEI, KPR (REEELR v LE
EoE) H50IEEEMSELS THS L6 %
Vo BROEL) RE»SHET 5, KEELD
BEREE DI EE L LT, modified Rodnan total
skin thickness score (MRSS) WA Z N, 51
AEEATHEENEVWEYEETH 2, HEE
{LOHET SRR AT ICEE L WIB S IS BB AR E I
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%?%% ( 3-3.; b)o

(94)

, Ry 2T s OBEEY
%%T?é%Aké%ﬁﬁ&ﬁ&ﬁﬁsé BAHFT)—DFTIE, BWiES
DFERA v FERERTS,

(C#k2) X D5IME, &%)

fTL, Wﬁﬁﬁw%gﬁmﬁaghaﬁaﬁb

ZHERT B, 1cSSc TlE, EFEIchE>THE
@m#@ L&w;a#%w# dcSSc TliEFE
IiE 5 LA ORI I RETEL S BFIETL,
Z DRIGBIRICERT 2HAR S 2,

Z OO EBEER E LT, RAEEEEC
£2b0E LT, BREDBEMB RO BRI
E (B2-a) %%, SScicain )Lt
RThHs, THICKRBBEBRESIIREVEAIC
i, BRBECEHEZEL TS (B2-b), £
7o, EERFREOERIC, BHOERENL
FELIEASNBED G, SScichis ) BN ZAT
I ERARETOR
JRLEDRAENB I LEDHEL (&,

BB IS T 2IRE L LTI, MEBET3 &
FHEEEz SICEHTEZE L 9 2EHICR
T, 7V F=r®20mg/BUTDAFuA FA
RIGExBRT 2, 2L C, BEOWEIES
ZuEH - D EEEL T 5~10 mg/HE
ECHRFT 5 Z L23% v, Raynaud HRPIER
BE - BEHICNLTE, RENb-EbRER
DIFVH) FTH R, RENEINTWLAER
RS, TURY TS5 VTF 4 VBEAEORRD
EHRPTHOND Z L23% s, SScicih bk
RBEECHEHEIIWNLT, B2UKT2ZLIZE
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