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Table 1 Clinical features of ECDS patients

1 F 59 6 months ey
2 M 23 2 months + - - + - - Parietal -~ + - NA, N.A.
3 F 34 25years + - - - - - Parietal  + - - NA,
4 F 32 7years - + - - + + Forehead -+ Head ache -~ N.A.
5 F 38 6yeas -~ - + - + + Temple + Head ache ~ -
6 F 53 7yeas - + - + + + Parietal  + - Intracranial +
calcification

7 F 16 2 months + - - + - - Forshead + - - -
8 F 46 Byears -~ + - - - - Forehead + - B +
9 F 11 1year - ~ + - - - Forehead + - N.A.
10 F 42 7 years - ~ + + + Parietal - - - -
11 F 21 15years - + - + + + Forehead + - -
12 M 14 2 months + - - - - - Forehead + - - -
13 M 89 1year - Ex - + - - Forehead + e - -
14 F 10 6 months + - - - e - Forehead + - NA, N.A,
15 F 17 tyears - > - + + + Forehead + - Intracranial +

; calcification
16 F 15 Byears - - + + + + Forehead + - - NA.

M, male; F, female; +, present; -, absent; N.A., not assessed; EEG, electroencephalogram.
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able 2 Result of histological evaluation of ECDS patients

ola

1 E - + - 4 + e + ++ Ak +
2 E - Aot ke - e - ++ + 4+ Eans ++
3 13 - e - + + Ead + ++ - bl
4 L o ++ ++ - b e + - - + ++
5 L + + + - L s ++ + - - - ++
] L + * B - + - + - + - et
7 E - + - - - ++ + - -
8 L + + - et ++ + - - + +
9 E + + ++ + - - 4 ++ ++ et EERs
10 L + + - - - + - - +
" E + 4 - ++ 4 A +4 ++ 4
12 E - ++ + - ++ + et ++ et bt ++
13 E - + s - et ot A+t 4 i et ke
14 E - + ++ + 4t bt ek e A+ At A
15 E - + + - b & + A+ et -+
16 L + + + - - + + + + - e

E, early; L, late; -, none; -+, mild; ++, moderate; +++, severe.
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Figure 1 Histopathological features of
ECDS (g) Moderate vacuolar changes with
necrotic keratinocytes (shown with arrows)
and melanin incontinence were seen in early
ECDS (Case 14). (b) Moderate vacuolar
changes with melanin incontinence were
seen in late ECDS (Case 4). (c, d) Moderate
vacuolar changes were seen in early ECDS
{c, Case 9) and late ECDS (d, Case 6). (g, f)
Severe vacuolar changes were seen within
the epithelium of hair follicles accompanied
with perifollicular lymphocytic infiltrate in
early ECDS (e, Case 2; f, Case 14). (g, h)
Moderate to severe perineural lymphocytic
infiltrate with scattered plasma cells was
observed in early ECDS (g, Case 9; h, Case
14). (haematoxylin-eosin stain, original
magnification x 400).

atrophy was less frequently seen, in early ECDS patients than in
late ECDS patients. Importantly, the intensity of interface
dermatitis in epidermis was comparable between early and late
ECDS lesions. Although the only characteristic histological find-
ing in early stage localized scleroderma reported so far is perivas-
cular lymphocytic infiltrate," the present observations suggest
that vacuolar changes in epidermis is a common histological
feature in lesional skin of ECDS patients and vacuolar changes
in follicular epithelium and periappendageal infiltrate serve as a
histological marker of early and active ECDS lesions in addition
to perivascular infiltrate.

JEADYV 2014, 28, 1805-1810

Although the pathogenesis of localized scleroderma still
remains unknown, the present observation that interface derma-
titis is a common histological feature in ECDS provides us a new
clue to further speculate the developmental process of this disor-
der. A wealth of evidence has suggested that a number of inter-
face dermatitis skin disorders share a common inflammatory
signalling pathway involving the actions of plasmacytoid den-
dritic cell-derived interferon-o,”® which induces the polarization
towards Thl and Thi7 immune responses.” Being still contro-
versial, it is generally accepted that Thl and Th17 cytokines are
elevated during the early stage of localized scleroderma, whereas

© 2013 European Academy of Dermatology and Venereclogy
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Th2 cytokines mainly correlate with disease damage and fibrosis
extent in its late stage.!” Furthermore, plasmacytoid dendritic
cells are abundant among inflammatory infiltrate and the
expression of myxovirus protein A, which is produced in
response to type 1 interferons, are increased around inflamma-
tory cells, including epidermis, in lesional skin of localized
scleroderma.!! Taken together, these present and previous data
suggest that the local tissue production of type I interferons by
plasmacytoid dendritic cells, which skew Th1 and Th17 polariza-
tion, induces interface dermatitis during the developmental
process of ECDS.

Another interest of the present observation is the target of
injury in interface dermatitis associated with ECDS. An impor-
tant clue to answer this question is that the skin lesions of linear
scleroderma including ECDS generally follow Blaschko’s lines
which represent the pathways of embryonic cell development of
the skin, especially of epidermal cells.'™* Given that the devel-
opmental process of localized scleroderma is possibly explained
by tissue damage and resultant fibrosis due to the elimination of
epidermal cells with somatic mutation, which theoretically dis-
tribute along Blaschko’s lines, by immune surveillance, it is plau-
sible that interface dermatitis is a common histological
characteristic in ECDS. Supporting this idea, the episodes of
trauma and vaccination, which activate immune surveillance,
are often seen as a trigger of the onset in ECDS patients.'™!®

In summary, this is the first study reporting that interface
dermatitis is a common histological feature in ECDS and peri-
vascular and/or periappendageal infiltrate and vacuolar changes
in follicular epithelium serve as a histological marker of early
and active ECDS lesions. These results are useful to determine
the activity of skin lesions in ECDS and provide us a new clue to
further understand the pathogenesis of this disorder.

JEADYV 2014, 28, 1805-1810
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Effect of ambrisentan on peripheral circulation in patients

with systemic sclerosis
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Abstract

Systemic sclerosis (S5¢) is characterized by disturbed blood circulation. The effect of
ambrisentan, an endothelin-A receptor-selective antagonist, on impaired peripheral circulation
in 5S¢ remains largely elusive. Here we show SSc patients, whose clinical symptoms such as

Keywords

Ambrisentan, Cyanosis, Raynaud'’s
phenomenon, Systemic sclerosis,
Thermography

cyanosis and Raynaud’s phenomenon, were ameliorated by the treatment with ambrisentan.

Additionally, objective evaluations with thermography showed improvement of hand coldness
in steady-state and cold challenge tests. Ambrisentan might have a potential to improve

peripheral circulation in SSc.

Introduction

Systemic sclerosis (SSc) is a multisystem autoimmune disease
characterized by initial vascular injuries and resultant fibrosis of
the skin and certain internal organs. In particular, vascular dam-
ages link to impaired peripheral circulation including cyanosis
of the fingers, Raynaud’s phenomenon (RP), and digital ulcers
(DUs) [1]. In the pathology of SSc, vascular changes are classi-
fied into two subgroups: destructive vasculopathy and proliferative
obliterative vasculopathy [2]. Destructive vasculopathy contrib-
utes to progressive loss of capillaries and impaircd angiogenesis;
whereas, proliferative obliterative vasculopathy is characterized
by the proliferation of vascular smooth muscle cells and resultant
intravascular stenosis in arterioles and arteries [3]. .

Increased serum levels of endothelin-1 (ET— ) were reported
to be well correlated with the extent of vascular damage in SSc
[4]. In addition; ET-1 exerts its major vascular effects of vaso-
constriction and cell proliferation through ET, and ET, receptors
on vascular smooth muscle cells [3]. Themfore. cndothehn recep-
tor antagonists (ETRAs) have been thought to be effective for
SSc-related proliferative obliterative vasculopathy including
SSc-associated pulmonary arterial hyperténsion (SSc-PAH). In
addition to prostanoids and phosphodiesterase type 5 (PDE-5)
inhibitors, ETRAs have also been shown to improve not only
idiopathic PAH but also SSc-PAH [1].

Two randomized controlled trials demonstrated that bosentan, a
dual ET,/ET,; receptor antagonist, reduced the appearance of new
DUs in SSc patients [6,7]. Probably, these successes of bosentan
might be due to not only its vasodilatory effects but also its reverse
remodeling effects, which are not shared by prostanoids or PDE-5
inhibitors. To further complicate matters, endothelial ET}; receptor
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alone has an opposing role in vasodilation [5]. Therefore, selective
ET, receptor antagonists have been expected to exert beneficial
effects especially on vasodilatation.

Ambrisentan, an ET, selective antagonist, has recently proven
effective in SSc-PAH [8]. Given few data on the use of ambrisen-
tan for SSc patients [8,9], it remains largely unknown whether
ambrisentan would show efficacy as well ‘as bosentan in the
SSc-related impaired peripheral circulation.

Patients and methods
Patients

- Among eight patients starting ambrisentan for PAH between

October 2011 and March 2013, three SSc patients with severe
cyanosis and RP in the distal extremities were selected. PAH was
diagnosed using ultrasound cardiography and/or right ventricular
catheterization. Patients were treated with ambrisentan 5 mg daily.
Concomnant ‘medications were not substantially modified durmg

\vthc follow-up period.

Thermographxc examination

Thermographic examination was performed using thermotracer

_(TH5100, NEC, Japan). In steady-state tests, the finger temperature

was measured in an air conditioned room at 25°C and 60% rela-
tive humidity. After 15 minutes of habituation, the thermographic
images of the dorsal and ventral sides of hands were taken. In cold
challenge tests, hands were immersed in water at 10°C for 60 s
after the equilibration phase of 25°C for 15 min. Immediately after
the hands were taken out of the water, thermographic images were
recorded at 5-min intervals over 20 min.

Results

Clinical features and information of all three patients are summa-
rized in Table 1. Efficacy of ambrisentan for impaired perlphcral
@ i 3 " Y 3 L1
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Table 1. Clinical features and information of the patients treated with ambrisentan.

Patient Patient 1 Patient 2 Patient 3

Age (years)/Gender 75/F 61/F 68/F

Disease duration (years) 6 15 3

Type of SSc Diffuse Diffuse Diffuse -

Specific antibodies ssDNA, Ro/SS-A Topo-I Topo-I, ssDNA

Cyanosis of the distal extremities + + +

Raynaud’s phenomenon + + +

Digital pitting scars and/or ulcers + + +

Efficacy of ambrisentan for impaired peripheral  + + +
circulation . o

Concomitant drugs aimed at improving. - Beraprost sodium, Sarpogrelate  Beraprost sodium, Sarpogrelate  Sarpogrelate hydrochloride,
peripheral circulation hydrochloride, Tocopherol hydrochloride, Limaprost Tocopherol nicotinate

nicotinate, Ethyl icosapentate

alfadex, Tocopherol nicotinate

F, Female; SSc, systemic sclerosis; ssDNA, anti-single-stranded DNA antibody; Topo-I, anti-topoisomerase I antibody.

circulation was observed in all patients, as described in detail
below. Although all patients had interstitial lung disease (ILD),
deterioration of respiratory manifestation and ILD parameters
were not found during observation periods. Ambrisentan did not
affect the serum levels of C-reactive protein, immunoglobulin G,
and anti-topoisomerase I antibodies.

Patient 1

A 75-year-old woman with a 6-year history of SSc had suffered
from RP with triphasic color changes and small pitting scars on her
fingers from 74 years. High levels of antibodies to single-stranded
DNA and Ro/SS-A were detected in her laboratory examinations.
Within one week after the start of treatment with ambrisentan,
her cyanosis of the fingers was promptly improved (Figure la, b).
To provide objective evaluations, we conducted thermographic
examination, since thermography shows promise as a diagnostic

tool for cyanosis or RP in the distal extremities [10]. The steady-
state tests showed the increase in finger temperature after start-
ing the therapy with ambrisentan (Figure lc, d). Furthermore,
cold challenge tests showed that ambrisentan treatment markedly
reduced recovery time of finger temperature (Figure le, f).

Patient 2

A 61-year-old woman with a 15-year history of SSc had suf-
fered from severe RP with biphasic color changes and recurrent
DUs for 15 years. Antibodies to topoisomerase I was detected

.in her laboratory examinations. Within two weeks after the

treatment with ambrisentan, the degree of cyanosis of the fin-
gers was improved (Figure 1g, h). Moreover, DUs also showed
healing tendency. She showed slight and controllable edema on
the lower leg, which is known to be a frequent side effect of
ambrisentan [11].

in the left hands before (a) and after (b) the administration of ambrisentan. (¢ and d; Patient 1) Thermographic images of the dorsal sides of both hands
before (¢} and after (d) starting the therapy with ambrisentan at room temperature condition (25°C and 60% relative humidity for 15 min). Median
temperature, 27.6°C. Thermal sensitivity (temperature resolution), 1.0°C. (e; Patient 1 before the treatment with ambrisentan) Thermographic images
of the dorsal sides of both hands just after the immersion in water at 10°C for 60 s (left image) and after the following 20-min exposure to an room
temperature condition (right image). Median temperature, 27.2°C. Thermal sensitivity (temperature resolution), 1.0°C. (f; Patient | after the treatment
with ambrisentan) Thermographic images as is the case before the treatment. Median temperature, 29.0°C. Thermal sensitivity (temperature resolution),
1.5°C. (g and h; Patient 2) RP in the right toes before (g) and after (h) the administration of ambrisentan. (i and j; Patient 3) RP in the right heels before

(i) and after (j) the administration of ambrisentan.
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Patient 3

A 68-year-old woman with a 3-year history of SSc had severe
cyanosis and RP in the distal extremities. Antibodies to topoi-
somerase 1 and single-stranded DNA were detected in her labo-
ratory data. Within two or three weeks after starting treatment
with ambrisentan, the degree of cyanosis was obviously improved
(Figure 1i, j). Furthermore, the pain of lower legs probably due to
the blood flow disturbance was also attenuated,

Discussion

The current study demonstrated that an ET,-selective antagonist
was useful for the improvement of peripheral circulation in SSc
patients. Specifically, peripheral vascular involvement manifest-
ing as peripheral cyanosis or RP was attenuated after the admin-
istration of ambrisentan. ETRAs have short-term vasodilator and
long-term reverse vascular remodeling effects [12]. In PAH animal
model, positive vasodilatory effects have been observed in both
selective ET,-receptor and nonselective antagonism [13]. Further-
more, several studies in animal models revealed that both nonse-
lective and ET,-selective blockade attenuated vascular remodeling
{14,15]. Considering these evidences and the fact that peripheral
vasculopathy is attributed to constriction and vascular remodeling
in SSc patients, the vasodilator and reverse vascular remodeling
effects of ETRAs might have a great influence on our observations.
In particular, our patients showed the amelioration of cyanosis of
the fingers soon after starting the treatment with ambrisentan.
Therefore, the short-term vasodilator mechanism must be greatly
involved in the improvement of impaired vascular perfusion in
our patients. Furthermore, thermographic images from Patient 1
showed improved peripheral vascular perfusion by ambrisentan
both in steady-state and under cold challenge tests. Steady-state
and cold challenge tests are suvitable for the evaluation of cyano-
sis of the distal extremities without attack and RP with attack,
respectively. RP is mainly induced by vasoconstriction; whereas,
cyanosis is closely related to vascular remodeling in addition to
vasoconstriction. Therefore, the results of this study suggest that
ambrisentan has both reverse remodeling and vasodilator effects.

Clinical efficacy of ambrisentan has been reported for the symp-
toms such as PAH and DUs in SSc [8.9]. In addition to these symp-
toms, this report suggests the effects of ambrlsentan on cyanosis
and RP, These all clinical symptonis were con51dered to be caused
by prohferauve obliterative - vasculopathy. Moreover, reverse
vascular remodeling effects of ETRAs are exerted by restoring
proliferative vascular changes [5]. Therefore, ETRAs. including
ambrisentan may achieve those chmcal utilities via reverse vascu-
lar remodeling effects.

In terms of safety of ambnsentan, systemic vasodilators have
been shown to interfere with  ventilation/perfusion matching
in fibrotic lung discase [16]. Therefore, there is a concern that
ETRAs may have 91nu1ar disadvantageous effects on gas exchange.
Recently, a study of patlents with PAH and ILD has reported very
small incidence - of worsening venulauon/perfusmn mismatch
[17]. Similarly, deterioration of respiratory manifestation and
ILD parameters were not found in our all three patients with SSc-
related ILD. Meanwhile, a recent double-blind study of ambrisen-
tan for idiopathic pulmonary fibrosis, not SSc-related ILD, showed
the possibility that ambrisentan might increase the risk for discase
progression {18]. Therefore, it must be still important to keep in
mind the possibility of ILD exacerbation in the use of ETRAs for
SSc patients. For more discussion about side effects, compared
with bosentan, ambrisentan appears to have a better safety profile
with regards to hepatic dysfunction and drug-drug interactions
[19]. Therefore, ambrisentan is a viable option for SSc patients,
who have liver damage resulting from bosentan or other reasons.

Ambrisentan on peripheral circulation in patients with §S¢ 3

However, ambrisentan shows a higher rate of other adverse events,
such as peripheral edema [11]. It is consistent that one of our
patients (Patient 2) showed edema on the legs. Therefore, the use
of ambrisentan for SSc patients requires special care for the pres-
ence of edema.

We herein reported three SSc patients with severely impaired
vascular perfusion, which was attenuated by ambrisentan probably
due to its vasodilator and reverse remodeling effect. The current
observation strongly supports the possibility that ambrisentan
might be useful for the treatment of impaired peripheral circula-
tion leading to RP or DUs in SSc patients.
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Circulating galectin-1 concentrations in systemic sclerosis:
potential contribution to digital vasculopathy
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Abstract

Aim: To determine serum galectin-1 levels and their clinical associations in patients with systemic sclerosis
(SSc).

Method: Serum galectin-1 levels were examined by enzyme-linked immunosorbent assay in 66 patients with SSc¢
and 24 healthy individuals.

Results: No significant differences were observed in serum galectin-1 levels between patients with SSc¢
(9.4 % 5.6 ng/mL), and healthy individuals (8.9 + 1.3 ng/mL). Among patients with SSc, no significant differ-
ences were seen in serum galectin-1 levels between those with diffuse cutaneous $Sc (8.8 =+ 5.7 ng/mL; n = 31)
and those with limited cutaneous SSc (10.0 = 5.4 ng/mL; n = 35). Patients with SSc who had increased galec-
tin-1 levels less often had pitting scars/digital ulcers than those with normal galectin-1 levels (17% vs. 49%;
P < 0.01). Consistently, galectin-1 levels were significantly lower in $Sc patients with pitting scars/digital ulcers
than in those without pitting scars/digital ulcers (6.9 + 4.8 5. 10.9 & 5.5 ng/mL; P < 0.01).

Conclusion: These results suggest that galectin-1 is a protective factor against the development of digital vascual-
opathy in SSc. In addition, measurement of serum galectin-1 levels may be useful for risk stratification for the

development of digital vasculopathy in the early phase of SSc.

Key words: digital ulcer, ELISA, galectin-1, systemic sclerosis, vasculopathy.

INTRODUCTION

Systemic sclerosis (88c) is a heterogeneous disorder
characterized by microvascular damage and excessive
fibrosis in the skin and wvarious internal organs.
Although the pathogenesis of SSc remains unknown,
microangiopathies, including the activation and
damage of endothelial cells, precede the development
of fibrosis.! Microangiopathies underlie numerous
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manifestations of SSc¢, such as digital ulcers, sclero-
derma renal crisis and pulmonary arterial hypertension.

Galectins are a family of B-galactoside-binding lectins,
which are highly conserved throughout animal species,
while 15 members of galectins have been identified thus
far.> Among them, both galectin-1 and galectin-3 are
co-expressed in a variety of tissues, including the thy-
mus and lymph nodes,? and bind to a number of glyco-
proteins, including CD29, CD43 and CD45 on T cells,”
and to extracellular matrix proteins, such as laminin,
fibronectin and vitronectin.>® It has been suggested that
galectin-1 has an immune regulatory effect. Binding of
galectin-1 induces apoptosis of immature thymocytes®
and activated T cells but not resting T cells.*” The
administration of recombinant galectin-1 reduces
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disease severity in animal models of rheumatoid arthri-
tis,® systemic lupus erythematosus,” multiple sclero-
sis,’° graft versus host disease,’! type-1 diabetes'? and
inflammatory bowel disease.’® Galectin-1 deficiency
enhances inflammation in a mouse model of multiple
sclerosis.? Moreover, serum galectin-3 levels are
increased in SSc patients with digital ulcers and elevated
right ventricular systolic pressure.’* Thus, we hypothe-
sized that galectin-1 may also play a role in the patho-
genesis of SSc. Therefore, we examined the levels of
serum galectin-1 in patients with SSc and evaluated the
results with respect to dlinical features of the disease.

METHODS
Patients

Serum samples were obtained from 66 Japanese
patients with SSc (59 women and deven men) with a
mean age of 52 years (range 12-77) on their first visit.
All patients fulfilled criteria for SSc proposed by the
American College of Rheumatology.'® Patients were
classified'® into diffuse cutaneous SSc (dcSSc; n = 31)
and limited cutaneous SSc (IcSSc; n = 35) groups. Over-
all, 24 patients were positive for anti-topoisomerase |
antibodies, 30 for anticentromere antibodies, seven for
anti-RNA polymerase I and III antibodies, one for anti-
U1IRNP (ribonucleoprotein) antibodies and two for
anti-U3RNP antibodies. Two patients were negative for
all antibodies. The mean disease duration was
5.8 &+ 6.0 years (range 0.5-27). Duration was calcu-
lated from the time of onset of the first clinical event
(other than Raynaud’s phenomenon) that was a clear
manifestation of $SSc. None of the patients had received
corticosteroids or other immunosuppressants. A further
24 age- and sex-matched healthy Japanese individuals
were included as healthy controls.

Clinical assessment

Complete medical histories, physical examinations and
laboratory tests were conducted for all patients at their
first visit. Organ system involvement was defined as pre-
viously described'”'®: lung, bibasilar fibrosis on chest
radiography and high-resolution computed tomogra-
phy (CT) scan; esophagus, hypomotility shown by bar-
ium radiography; heart, pericarditis, congestive heart
failure or arrhythmias requiring treatment; kidney,
malignant hypertension and rapidly progressive renal
failure with no other explanation; joint, inflammatory
polyarthralgias or arthritis; and muscle, proximal mus-
cle weakness and elevated serum creatine kinase. Inter-
stitial lung disease was defined as bibasilar interstitial

fibrosis on chest high-resolution CT scan. In addition, a
pulmonary function test, including vital capacity (VC)
and diffusion capacity for carbon monoxide (DLco),
was also evaluated to examine the severity of interstitial
lung disease. When DLco and VC were < 75% and
< 80%, respectively, of the predicted normal values,
they were considered to be abnormal. ,

Patients with SSc who were smokers or who had
respiratory disorders that could have affected DLco or
VC were excluded from this study. Pulmonary artery
pressure was estimated by Doppler echocardiogram.
The modified Rodnan total skin thickness score was
measured by summing the skin thickness measure-
ments, and was determined by palpation on a scale of
0-3 in 17 body areas.'” The protocol was approved by
The University of Tokyo and The University of Tokyo
Hospital, Tokyo, Japan and informed consent was
obtained from all patients. ‘

Measurement of serum galectin-1 levels

Fresh venous blood samples were drawn into pyrogen-
free blood collection tubes without additives, immedi-
ately immersed in melting ice, and allowed to clot for
1 h before centrifugation. All serum samples were
stored at —70°C before use. Serum galectin-1 levels
were measured using a specific enzyme-linked immuno-
sorbent assay (ELISA) kit (R&D Systems, Minneapolis,
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Figure 1 Serum galectin-1 levels in patients with systemic
sclerosis (SSc), diffuse cutaneous SSc (dcSSc), limited cutane-
ous SSc (1cSSc) and in healthy individuals (controls). Serum
galectin-1 levels were determined using a specific enzyme-
linked immunosorbent assay. Bars indicate mean values in
each group. Dashed line indicates the cut-off value (mean + 2
SD of control values).
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MN, USA), according to the manufacturer's protocol.
Each sample was tested in duplicate. The detection limit
of this assay was 0.022 ng/mL.

Statistical analysis

The Kruskal-Wallis test was used to compare galectin-1
levels, Fisher's exact probability test to compare fre-
quency, and Bonferroni's test for multiple comparisons.
Spearman’s rank correlation coefficient was used to
examine the relationship between continuous variables.
A P-value < 0.05 was considered significant. All data are
presented as mean + standard deviation (SD) values.

RESULTS
Serum galectin-1 levels in patients with SSc

The mean serum galectin-1 levels at the first visit were
comparable between patients with SS¢ (9.4 + 5.6 ng/mlL)

Galectin-1 levels in SSc

and healthy individoals (8.9 + 1.3 ng/ml; Fig. 1).
Among SSc subgroups, there was no significant difference
in serum galectin-1 levels between patients with dcSSc
(8.8 57 ng/mL) and 1cSSc  (10.0 + 5.4 ng/ml)
(Fig. 1). Thus, serum galectin-1 levels were not signifi-
cantly increased in patients with SSc.

Correlation between clinical characteristics
and serum galectin-1 levels

Clinical and laboratory parameters evaluated at the first
visit were compared between patients with elevated
galectin-1 levels and those with normal galectin-1 lev-
els. Values higher than the mean + 2 SD (11.6 ng/mL)
of the healthy control serum samples were considered
to be elevated in this study. Elevated galectin-1 levels
were observed in 35% (23/66) of all patients with SSc,
35% (11/31) of patients with dcSSc and 34% (12/35)
of patients with 1cSSc. The prevalence of pitting scars/

Table 1 Clinical and laboratory findings in patients with SS¢ showing elevated serum galectin-1 levels on the initial visit

Elevated galectin-1 Normal galectin-1 Odds ratio Relative risk
n=123 n =43 (95% CI) (95% CI)

Age at onset, vears (mean = SD) 46 & 15 49+ 19

Male : female 2:21 5:38

Duration, years (mean =+ SD) 554 6.3 59 459

MRSS, points (mean £ 8D) 10.2 4 8.0 11.7 £ 10.6

Clinical features %
dcsSe 48 47 0.95 (0.34-2.61) 0.98 (0.60-1.58)
1cSS¢ 52 53 1.05 {0.38-2.91) 1.04 (0.53-2.00)
Pitting scars/digital ulcers 17* 49 4.53 (1.32-15.6) 290 (1.11-7.54)
Contracture of phalanges 39 47 1.35 (0.48-3.79) 1.22 (0.62-2.41)
Diffuse pigmentation 43 40 0.85 (0.30-2.37) 0.90 (0.46-1.75)
Telangiectasia 39 42 1.12 {0.40-3.15) 1.08 (0.55-2.12)

Organ involvement %
Interstitial lung disease 35 42 1.35 (0.47-3.86) 1.22 (0.60-2.46)
Decreased %VC 22 16 0.70 (0.19-2.52) 0.80 (0.37-1.73)
Decreased %DLco 74 58 0.49 (0.16-1.49) 0.62 (0.28-1.35)
Pulmonary hypertension 13 7 0.50 (0.09-2.71) 0.67 (0.28-1.60)
Esophagus 65 74 1.55 (0.52-4.65) 1.32 (0.67-2.59)
Heart 9 12 1.38 (0.25-7.75) 1.25 (0.37-4.22)
Kidney 4 2 0.52 {0.03-8.79) 0.69 (0.17-2.86)
joint 17 35 2.55 (0.73-8.86) 1.92 (0.75-4.90)
Muscle 13 21 1.77 {0.43-7.29) 1.48 (0.52-4.19)

Laboratory findings %
Anti-topoisomerase I antibodies 35 37 1.11 {0.39-3.20) 11.07 (0.53-2.15)
Anticentromere antibodies 52 42 0.66 (0.24~-1.83) 0.76 {0.40-1.48)
Increased IgG 26 19 0.65 (0.19-2.17) 0.76 (0.37-1.57)
Elevated ESR 43 44 1.03 (0.37-2.86) 1.02 (0.52--1.98)
Elevated CRP 9 14 1.70 (0.31-9.21) 1.45 (0.42-5.01)

Cl, confidence interval; MRSS, modified Rodnan total skin thickness score; deSSc, diffuse cutaneous systemic sclerosis; 1cSSc, limited cutaneous SSc;
VC, vital capacity; DLco, diffusion capacity for carbon monoxide; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.
Unless otherwise stated, values are expressed as percentages. *P < 0.01 versus $5¢ patients with normal serum galectin-1 levels.
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digital ulcers in SSc patients with elevated galectin-1 lev-
els was lower than in those with normal galectin-1
levels (17% vs. 49%; P < 0.01; Table 1). Consistently,
galectin-1 levels were significantly lower in $Sc patients
with pitting scars/digital ulcers (6.9 & 4.8 ng/mL) than
in those without pitting scars/digital ulcers (10.9 +
5.5 ng/mL; P < 0.01; Fig. 2). Also consistent with these
findings, the estimated relative risks of pitting scars/dig-
ital ulcers were increased in SSc patients with normal
galectin-1 levels (odds ratio, 4.53; relative risk, 2.90).
Thus, raised galectin-1 levels were associated with a
lower frequency of digital vasculopathy.

DISCUSSION

To our knowledge, this is the first study to evaluate
serum galectin-1 levels in patients with SSc. Although
mean serum galectin-1 levels were comparable between
patients with SSc and healthy individuals (Fig. 1),
SSc patients with elevated galectin-1 levels had pitting
scars/digital ulcers less often than those with normal
galectin-1 levels (Fig. 2, Table 1). Thus, elevated
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Figure 2 Serum galectin-1 levels in patients with systemic
sclerosis with (+) and without () pitting scars/digital ulcers.
Serum galectin-1 levels were determined using a specific
enzyme-linked immunosorbent assay. Bars indicate mean val-
ues in each group. Dashed line indicates the cut-off value.

galectin-1 levels may be protective against the develop-
ment of digital vasculopathy in $Sc.

Oxidative stress is thought to be involved in the
development of S$Sc.?® Raynaud’s phenomenon is
observed in the majority of SSc patients,'® and is char-
acterized by vasospasm in response to cold or other
stimuli, leading to impaired oxygenation of the distal
extremities and the development of digital ulcers.?!
Ischemia-reperfusion injury following Raynaud's phe-
nomenon can generate reactive oxygen species that
induce apoptotic cell death, resulting in vascular endo-
thelial damage.*** Galectin-1 plays an important role
in angiogenesis by enhancing the proliferation and
migration of endothelial cells.** Activated endothelial
cells increase galectin-1 expression and secrete soluble
galectin-1 proteins into the extracellular space, ¢
whereas galectin-1 also has the ability to protect cells
from oxidative stress-induced cell apoptosis.?” Further-
more, treatment with recombinant galectin-1 was found
to be beneficial in an animal model of myocardial
ischemia-reperfusion injury.?® Collectively, these find-
ings suggest that galectin-1 likely has a protective effect
in ischemia-reperfusion injury. The results of this study
showed that elevated serum galectin-1 levels were asso-
ciated with a lower frequency of pitting scars/digital
ulcers in patients with SSc. Considering that pitting
scars/digital ulcers are a manifestation of vasculopathy
of the fingers and toes, increased serum galectin-1 may
suppress the development of pitting scars/digital ulcers
by protecting endothelial cells from apoptosis in $Sc.

There are several potential limitations of the present
study that should be considered. First, the population
was relatively small; a larger study is necessary to con-
firm our results. Second, our study did not take the clin-
ical features of digital ulcers into account. There could
be an association between the severity of digital ulcers
and serum galectin-1 levels. Moreover, the severity of
digital ulcers in patients with SSc shows seasonal fluctu-
ation. Therefore, it is essential to investigate the longitu-
dinal changes of serum galectin-1 levels in patients with
SSc and assess the association with disease activity and
severity of digital ulcers in future studies. Third, it is
unclear whether the raised galectin-1 levels were specific
for SSc patients with digital ulcers. Therefore, it is
required to assess serum galectin-1 levels in patients
with several other autoimmune diseases and non-auto-
immune diseases who have skin ulcers, such as diabetic
foot ulcers and venous leg ulcers. Nonetheless, the
results of this study suggest that the measurement of
serum galectin-1 levels in patients with early SSc may
be useful for risk stratification for the development of
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digital ulcers, because digital ulcers are refractory to
treatment and are the main cause of pain, impaired
hand function and disability in SSc. Furthermore, galec-
tin-1 could be a possible treatment for §Sc patients with
severe digital ulcers,
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Late-onset anaphylactic reactions following i.v.
cyclophosphamide pulse in a patient with systemic sclerosis
and systemic lupus erythematosus overlap syndrome
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ABSTRACT

Late-onset anaphylactic reaction is a rare adverse effect of i.v. cyclophosphamide pulse (IVCY), which is caused
by cyclophosphamide metabolites. We herein report a case of scleroderma and lupus overlap syndrome who
developed anaphylactic reactions 3 h to 4 days after IVCY. Long time lapses between IVCY and appearance of
symptoms are compatible with type | hypersensitivity to cyclophosphamide metabolites, appearing as late-onset
anaphylactic reaction. Albeit unusual, this is an important anaphylactic reaction to be aware of following IVCY.

Key words:
erythematosus, systemic sclerosis.

INTRODUCTION

Cyclophosphamide (CY) is an immunosuppressive and antineo-
plastic agent widely used for the treatment of systemic rheu-
matic diseases and malignant neoplasms. Common
undesirable toxic effects of CY include bone marrow suppres-
sion, infertility and hemorrhagic cystitis. On the other hand,
various type | and Il hypersensitivity reactions to CY have
been reported, including urticaria, angioedema, anaphylactic
reactions with cutaneous, respiratory and vascular manifesta-
tions, and cutaneous vasculitis.™ Importantly, there also have
been reports of late-onset type | hypersensitivity to CY in

patients with malignant neoplasms, which occurs several hours

to several days after the infusion and is associated with acute
allergic reaction to CY metabolites, such as phosphoramide
mustard and 4*hydrc»();r(;yclcphospi’:amid&:.4 Although immedi-
ate anaphylactic reactions related to i.v. CY pulse (IVCY) have
been reported in systemic lupus erythematosus (SLE)
patients,>® there is no report of late-onset type | hypersensitiv-
ity in patients with collagen vascular diseases. We herein
present a case of late-onset type | hypersensitivity following
IVCY in a patient with systemic sclerosis (SSc)/SLE overlap
syndrome.

CASE REPORT

A 46-year-old Japanese woman with diffuse cutaneous SSc/
SLE overlap syndrome presented to us in December 2004,
Laboratory work-up at presentation revealed hypocomplement-

cyclophosphamide, interstitial lung disease, late-onset anaphylactic reactions, systemic lupus

emia, positive antinuclear antibody of 1:2560 with a speckled
pattern, elevated anti-dsDNA antibody, anti-topoisomerase |
antibody and anti-U1-RNP antibody. Anti-Sm antibody was not
present. Her serological test results showed slightly elevated
KL-6 (5626 U/mL; normal, <500} and normal surfactant protein-
D (SP-D, 106 ng/mL; normal, <110) values. Chest computed
tomography (CT) revealed patchy ground-glass opacity in the
lower lobes of both lungs, compatible with interstitial lung dis-
ease (ILD) related to SSc. Since November 2009, 5 years after
first presentation, she progressively developed dyspnea and
chest CT showed worsening of her ILD. in Mach 2010, arterial
blood gas test and pulmonary function test showed hypoxia
with a decreased level of Pa0; {65.7 mmHg), decreased vital
capacity (VC; 1.30 L: 49.7% of the predicted value) and low
diffusion capacity of the lung for carbon monoxide (Dico;
5.26 mL/min per mmHg: 31.2% of the predicted value). In
addition, the disease activity of ILD was confirmed based on
the increased serum levels of KL-6 and SP-D (1642 U/ml and
136 ng/mL, respectively). Therefore, in April 2010, we decided
to start monthly IVCY (a test dose of 350 mg/m? at the first
month followed by monthly IVCY at a dose of 500 mg/m?) with
moderate dose of prednisolone (30 mg/day) for her SSc-
related ILD. During and after the first IVCY, there was no
adverse effect related to the therapy. However, 4 days after
the second IVCY, she felt feverish and experienced dyspnea
and mild wheezing. She then developed generalized macular
erythema, pruritus and muscle pain (Fig. 1). Repeated blood
cultures were all negative. These symptoms subsided sponta-
neously in 24 h but recurred after subsequent pulses, with the
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Figure 1. Cutaneous manifestations at the first episode of
adverse reactions. Bean-sized faint erythema disseminated on
the patient’s (a) forearm, (b} neck and (¢} trunk.

time lapse between infusion and appearance of symptoms get-
ting shorter and these symptoms getting severer. Three hours
after the fifth IVCY, she suddenly deteriorated with marked
tachycardia, hypotension, respiratory distress and diffuse ma-
culopapular rush, suggesting that she was in a preshock state
(Fig. 2). Her blood systolic pressure decreased by 48 mmHg
from baseline to 78 mmHg, and her pulse rate increased by
38 b.p.m. to 145 b.p.m. At that time, arterial blood gas test
showed decreased Pa0, {44.2 mmHg). The patient immedi-
ately received diphenhydramine, methylprednisolone (125 mg
i.v.) and i.v. fluids. The blood pressure stabilized without vasc-

© 2014 Japanese Dermatological Association

Late-onset anaphylaxis following IVCY
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Figure 2. Time course of anaphylactic symptoms during i.v.
cyclophosphamide pulse (IVCY) therapy. Degree of anaphylac-
tic reactions became stronger and time lapse between IVCY
and appearance of anaphylactic symptoms became shorter as
the number of IVCY increased. PSL, prednisolone.

pressors, and other symptoms gradually resolved within 24 h.
These series of events made us notice the relationship
between these anaphylactic reactions and IVCY because her
symptoms appeared only after IVCY. Despite the extraordi-
narily long time lapse between CY infusion and appearance of
these anaphylactic reactions, these events were consistent
with late-onset anaphylactic reactions caused by type | hyper-
sensitivity to CY metabolites. Although prick tests and i.d. skin
tests with suspected drug or metabolites were not performed
for fear of anaphylactic shock induction, we diagnosed her,
based on the characteristic clinical courses, as having
late-onset anaphylactic reactions related to IVCY. Although
monthly IVCY were effective, confirmed by improvement of
dyspnea, VC and D co on pulmonary function test (1.75 L and
5.80 mi/min per mmHg representing 66.5% and 34.5% of the
predicted values, respectively), chest CT manifestations, and
decreased serum KL-68 and SP-D levels after the fifth IVCY
(1510 U/mL and 85 ng/mL, respectively), we did not perform
further IVCY to prevent the induction of anaphylactic reactions.
Even after recovering from the preshock state, serum biomar-
kers kept similar levels. Her {LD had been well controlled with
mizoribine (300 mg/day) as a p.o. maintenance immunosup-
pressive therapyV for 1.5 years until there was an increased fre-
quency of dry cough accompanied by increased biomarkers
(1621 U/mL and 107 ng/mL for KL-6 and SP-D, respectively)
and deterioration in respiratory function (1.48 L and 5.34 mL/
min per mmHg, representing 57.2% and 31.8% of the
predicted values for VC and Do, respectively) in 2011, After
that, her ILD was successfully treated with rituximab.”

DISCUSSION

Although CY has been reported as a possible causative drug
of late-onset anaphylactic reactions, it is clinically difficult to
notice the relationship between late-onset anaphylactic reac-
tions and IVCY because there is a long time interval between
CY infusion and appearance of symptoms. in our case,

913

— 497 —



T. Taniguchi et al,

although skin allergy tests were not performed, anaphylactic
reactions appeared to be associated with CY infusion because
re-administration of CY reproduced these reactions and the
degree of reactions got stronger as the number of IVCY
increased. Given that mild clinical symptoms related to type |
allergic reaction are occasionally similar to manifestations of
collagen vascular diseases and easily confused with exacerba-
tions of the underlying diseases, it is important to be aware of
late-onset allergic reactions when IVCY is performed for
patients with those diseases.

Clinical delay in late-onset anaphylactic reactions is thought
to reflect the time to metabolize the drug and then generate
metabolite-dependent allergens.® Popescu et al* demon-
strated the positive immediate skin test results of CY metabo-
lites, such as 4-hydroxycyclophosphamide and phosphoramide
mustard, but not CY itself, in all of the five patients with late-
onset type | hypersensitivity, including four patients with
8-16 h of delay and a patient with 10 days of delay, indicating
that immunoglobulin E-mediated allergic reaction to these two
metabolites is a major mechanism underlying late-onset ana-
phylactic reactions. Given . that 4-hydroxycyclophosphamide
and phosphoramide mustard reach peak levels within 0.5-3 h
and 3-6 h after IVCY, respectively,’ there may be other mech-
anisms due to underlying autoimmune diseases, such as
altered metabolism of CY in the liver, to induce these reactions
several days after IVCY. Importantly, although serum levels of
aspartate aminotransferase and alanine aminotransferase
before IVCY were within normal limits (23 and 15 U/L, respec-
tively), they were slightly reduced before the third IVCY (14 and
9 U/L, respectively) and kept the reduced levels thereafter.
These results may support the idea that repeated IVCY thera-
pies ameliorated altered CY metabolism due to the patient’s
autoimmune disease, leading to earlier appearance of allergic
reactions afterwards.

Another problem related to adverse reactions after IVCY is
that it is difficult to distinguish late-onset type | hypersensitivity
from type Il hypersensitivity occutring several hours to a few
day after administration of the allergens and anaphylactoid
reactions showing a quite similar clinical picture to that of
anaphylaxis due to non-allergic hypersensitivity reactions. The
former two types of allergic reactions are different from each
other in that type Il hypersensitivity does not trigger anaphy-
jaxis, while type | hypersensitivity does, though some
symptoms such as urticarial rash, macular erythema, muscle
pain and arthralgia are common manifestations. Regarding dis-
crimination between anaphylactic and anaphylactoid reactions,
escalating intensity of her symptoms suggests that her reac-
tions were of an allergic nature. Although high-grade fever is
not a common symptom in anaphylactic reactions, presence of
pyrexia does not necessarily deny the possibility that her
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reactions were due to type | hypersensitivity because pyrexia
is not a rare symptom in patients with type | hypersensitivity
related to CY.*®'° Taken together, her symptoms seemed to
be typical type | allergic reactions from the beginning, but the
longer time interval between CY infusion and appearance of
symptoms hindered diagnosis and she finally developed severe
anaphylactic reactions. Given that most patients treated with
IVCY are under an immunosuppressive condition due to CY
and concomitant immunosuppressants, we need to know that
the first clinical symptoms of type | hypersensitivity following
IVCY may be largely modified and different from typical type |
hypersensitivity reactions.

In summary, we presented late-onset anaphylaxis due to
IVCY in a patient with SSc/SLE "overlap syndrome. These
unusual features of anaphylaxis should be taken into consider-
ation when IVCY therapy is conducted in patients with co!!agen
vascular diseases.
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Decreased Interleukin-20 Expression in
Scleroderma Skin Contributes to Cutaneous Fibrosis

Hideo Kudo,' Masatoshi Jinnin," Yoshihide Asano,” Maria Trojanowska, Wakana Nakayama,'
Kuniko Inoue,! Noritoshi Honda,! Ikko Kajihara,! Katsunari Makino,’
Satoshi Fukushima,! and Hironobu Ihn®

Objective. To clarify the role of interleukin-20
(IL-20) in the regulatory mechanism of extracellular
matrix expression and to determine the contribution of
IL-20 to the phenotype of systemic sclerosis (SSc).

Methods. Protein and messenger RNA (mRNA)
levels of collagen, Fli-1, IL-20, and IL-20 receptor
(IL-20R) were analyzed using polymerase chain reac-
tion (PCR) array, immunoblotting, immunohistochem-
ical staining, enzyme-linked immunosorbent assay, and
real-time PCR. :

Resulfs. PCR array revealed that IL-20 decreased
gene expression of a2(I) collagen (0.03-fold), Smad3
(0.02-fold), and endoglin (0.05-fold) in cultured normal
dermal fibroblasts. Fli-1 protein expression was induced
by IL-20 (~2-fold). The inhibition of collagen by I11-20,
the induction of Fli-1 by IL-20, and the reduction of
Smad3 and endoglin by IL-20 were also observed in SSc
fibroblasts. Serum IL-20 levels were reduced only
slightly in SSc patients but were significantly decreased
in patients with scleroderma spectrum disorders (the
prodromal stage of SSc) compared with those in normal
subjects (111.3 pg/ml versus 180.4 pg/ml; P < 0.05). On
the other hand, IL-20 mRNA expression in SSc skin was
decreased compared with that in normal skin (P <
0.05), which may result in the induction of collagen
synthesis in SSc dermal fibroblasts. IL-20R was ex-
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pressed in normal and SSc fibroblasts. Moreover, IL-20
supplementation by injection into the skin reversed skin
fibrosis induced by bleomycin in mice (~0.5-fold).

Conclusion. 11-20 reduces basal collagen tran-
scription via Fli-1 induction, while down-regulation of
Smad3 and endoglin may cancel the effect of transform-
ing growth factor B in SSc fibroblasts. To confirm the
therapeutic value of IL-20 and IL-20R, their function
and expression in vivo should be further studied.

Systemic sclerosis (SSc) or scleroderma is one of
the rheumatic diseases characterized by tissue fibrosis of
the skin and internal organs. In the skin, thickened
dermis due to uncontrolled excessive deposition of ex-
tracellular matrix (ECM), mainly type I collagen (which
consists of «1{I] and a2[I] collagen), is a hallmark of this
disease (1,2). The source of the increased ECM is
thought to be dermal fibroblasts activated by interac-
tions with endothelial cells, lymphocytes, or macro-
phages, via various mediators including cytokines and
growth factors (3,4). For example, many researchers
have suggested that transforming growth factor Bl
(TGFpB1) may play a central role in fibroblast activation
(5~7). In addition, connective tissue growth factor (7),
platelet-derived growth factor (8), insulin-like growth
factor, interleukin-1 (IL-1), IL-6, and IL-7 are reported
to be involved in the pathogenesis of this disease (9-12).
Accordingly, investigating the cytokine network mediat-
ing fibroblast activation of S8Sc is essential to understand
the molecular mechanism(s) of this disease.

IL-20 is identified as a member of the IL-10
family (13), which includes IL-10, TL-19, IL-22, IL-24
(melanoma differentiation-associated protein 7), and
IL-26 (AKI155). Although IL-19, TL-20, and IL-24 have
partial homology in their amino acid sequences and
share their receptor (14), the main biologic effects of
these 3 cytokines seem quite distinct. IL-19 and IL-24
are mainly implicated in immune activity and tumor
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apoptosis, respectively (15-17). On the other hand,
IL-20 is expressed by multiple cell types, including
monocytes and skin keratinocytes, and is implicated in
the pathogenesis of autoimmune diseases. 1L-20 was
reportedly elevated in synovial fluid from patients with

rheumatoid arthritis (18). Moreover, 1L-20 is thought to

be correlated with the etiology of lupus nephritis (19,20).
In addition, IL-20 expression and IL-20 receptor (IL-
20R) complexes are dramatically up-regulated in psori-
atic skin lesions (21). However, there have been no
reports that validate the function of IL-20 in the regu-
lation of ECM or the pathogenesis of SSc.
In the present study, we investigated the effect of
IL-20 on ECM expression in normal fibroblasts. In
_addition, we compared the expression pattern of IL-20
in the sera and skin between normal subjects and SSc
patients, and we demonstrated the involvement of IL-20
signaling in the abnormal ECM regulation seen in SSc.

PATIENTS AND METHODS

Reagents. Recombinant human IL-19, 1L-20, and
1L-24 and mouse IL-20 were obtained from R&D Systems.

Patients. Serum samples were obtained from 33 pa-
tients with 8Sc (5 males and 28 females, mean age 58.7 years
[range 24-85 years]); 13 had diffuse cutaneous SSc¢ (deSSc),
and 20 had limited cutancous SSc. All patients fulfilled the
classification criteria proposed by the American College of
Rheumatology (ACR) (22). We also included in the study 10
patients with systemic lupus erythematosus (SLE), 12 patients
with dermatomyositis (DM), and 9 paticnts with scleroderma
spectrum disorders who did not fulfill the ACR classification
criteria for SSc but who we thought would meet these criteria
in the future (23-25) (further information available from the
corresponding author). Control serum samples were also-ob-
tained from 15 healthy volunteers. Skin biopsy specimens of
lesional skin were obtained from SSc patients. Control samples
of routinely discarded skin were obtained from healthy human
subjects undergoing skin grafts. Institutional review board
approval and written informed consent according to the Dec-
laration of Helsinki were obtained before patients and healthy
volunteers were entered into this study.

Diagnosis of scleroderma spectrum disorders by the
point system. A total score was evaluated as the sum of 5
factors for the diagnosis of scleroderma spectrum disordcrs
(23-25):

1. Skin sclerosis: swollen fingers = 1 point, sclerodactyly =
3 pomls, proximal sclerosis = 5 points, diffuse sclerosis =
10 points.

2. Pulmonary changes: pulmonary fibrosis accompanied by
forced vital capacity (FVC) =80% predicted = 2 points,
pulmonary fibrosis accompanied by FVC <80% pre-
dicted = 4 points.

3. Antinuclear antibodies (ANAs): anti~topoisomerase 1
antibody = 5 points, anticentromere or anti-Ul RNP
antibody = 3 points, antinucleolar antibody = 2 points,
other ANAs = 1 point. .
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4. Pattern of Raynaud’s phenomenon: biphasic or bilat-
eral = 1 point, biphasic and bilateral = 2 points, tripha-
sic = 3 points.

5. Nailfold bleeding: 1 or 2 f”mgers = 1 point,
2 points.

=3 fingers =

A total score of 5-8 is consistent with scleroderma
spectrum disorders, and a total score of =9 is consistent with
SSe.

Cell cultures. Human dermal fibroblasts were obtained
by skin biopsies of the affected areas (dorsal forearm) of 7
healthyhﬂman subjects and dcSSc patients (26). Institutional
review board approval and written informed consent were
obtained according to the Declaration of Helsinki. Indepen-
dently isolated monolayer cultures of fibroblasts obtained from
different individuals were maintained at 37°C in 5% CO, in air.
Cells were serum-starved for 24 hours before all experiments,

Cell lysis and immunoblotting. Cultured fibroblasts
were washed twice with cold phosphate buffered saline (PBS)
and lysed in Denaturing Cell Extraction Buffer (BioSource
International). Aliquots: of the cell lysates (normalized for
protein concentrations) were separated by electrophoresis on
10% sodium dodecyl sulfate-polyacrylamide gels and trans-
ferred onto PVDF filters. The PVDF filters were then incu-
bated with antibodies against type 1 collagen (SouthernBio-
tech) or against Ets-1, Fli-1, IL-20R, or'B-actin (all from Santa
Cruz Biotechnology). The filters were incubated with second-
ary antibody, and the immunoreactive bands were visualized
using an ECL system (Amersham Biosciences).

Immunohistochemistry. Wax-embedded sections
(4-pm thickness) were dewaxed in xylene and rehydrated in
graded alcohols. For the immunostaining of IL-20 and Smad3,
antigens were retrieved by incubation with citrate buffer (pH
6) for 9 minutes with a microwave. Endogenous peroxidase
activity was inhibited with a solution of 0.3% H,0O, in methyl
aleohol, after which sections were blocked with 5% donkey
serum for 20 minutes and then reacted with antibodies to IL-20
(Abcam) or Smad3 (Santa Cruz Biotechnology) at 4°C. After
excess antibody was. washed out with PBS, samples were
incubated with horseradish peroxidase (HRP)-labeled anti-
mouse antibody (Nxchuei Biosciences) at 37°C.

For immunostaining of IL-20R or Fli-1, antigens were
retrieved by incubation with citrate buffer (pH 9) for 9 minutes
with a microwave. Antibodies to IL-20R (Abcam) and Fli-1
(Santa Cruz Biotechnology) and HRP-labeled anti-rabbit an-
tibody (Nichirei Biosciences) were used.

The reaction was visualized using a diaminobenzidine
substrate system (Dojin). Slides were counterstained with
Mayer’s hematoxylin and examined under a light microscope
(BX50; Olympus).

RNA isolation, array analysis, and quantitative real-
time polymerase chain reaction (PCR). Total RNA was ex-
tracted from culture cells with Isogen (Nippon Gene) or from
paraffin-embedded sections with an RNeasy FFPE kit (Qia-
gen). For the array, first-strand complementdry DNA (cDNA)
was synthesized from RNA using an RT? First Strand Kit
(Qxagen) Complementary DNA was mixed with RT*> SYBR
Green/Rox qPCR Master Mix (Qiagen), and the mixture was
added to a 96-well Extracellular Matrix and Adhesion Mole-
cules PCR Array (Qiagen). PCR was performed on a Takara
Thermal Cycler Dice (TP800) instrument (Takara Bio). The
threshold cycle (C,) for each RNA was extracted using Ther-
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mal Cycler Dice Real Time System software, version 2.10B
(Takara Bio). The raw C, was normalized using the values of
housckeeping genes. For quantitative real-time PCR, first-
strand cDNA was synthesized using a PrimeScript RT reagent
Kit (Takara Bio) (27). GAPDH primer was purchased from
Qiagen, and other primers were purchased from Takara Bio.
Using a Takara Thermal Cycler Dice instrument, DNA was
amplified for 40 cycles of denaturation for 5 seconds at 95°C
and annealing for 30 seconds at 60°C. The relative expression
of each gene of interest and GAPDH was calculated using a
standard curve method.

Immunoprecipitation. Phosphorylated Fli-1 was de-
tected as described previously (28). For the detection of
acetylated Fli-1, cells were lysed in Pierce IP lysis buffer with
the Halt phosphatase inhibitor cocktail (Thermo Scientific
Pierce). Cell lysates were precleared with protein G-Sepharose
(GE Healthcare) and then were incubated with monoclonal
mouse anti~Fli-1 antibody (BD Biosciences) and protein
G-Sepharose beads overnight at 4°C. The immunoprecipitated
proteins were washed with Pierce buffer. Agarose-bound pro-
teins were extracted by incubation in sample buffer at 95°C.
The sample was then assessed by immunoblotting with anti-
acetylated lysine antibody (Cell Signaling Technology). The
membrane was stripped and reprobed with rabbit polyclonal
anti~Fli-1 antibody (Santa Cruz Biotechnology) (29).

Chromatin immunoprecipitation (ChIP) assay. ChIP
assay was performed using an EpiQuik ChIP kit (Epigentek)
(28). Briefly, after cells were treated with 1% formaldehyde for
10 minutes, the crosslinked chromatin was sonicated. The
DNA fragments were immunoprecipitated with IgG isotype
control antibody or polyclonal anti-Fli-1 antibody at room
temperature. After crosslinking was reversed, the immunopre-
cipitated chromatin was amplified by PCR of a specific region
of the o2(I) collagen genomic locus. The primers used were
5'-CTGGACAGCTCCTGCTTTGAT-3' (forward) and 5'-C-
TTTCAAGGGGAAACTCTGACTC-3’ (reverse). The ampli-
fied DNA products were run out on an agarose gel containing
ethidium bromide.

Plasmid construction. A construct consisting of the
full-length human o2(I) collagen gene fragment linked to the
chloramphenicol acetyltransferase (CAT) reporter gene and a
series of 5'-deletions of the construct were generated as
previously described (30).

Transient transfection. For CAT assay, fibroblasts
were transfected with promoter constructs employing Lipo-
fectamine 2000 (Ynvitrogen), as described previously (30). In
order to correct minor variations in transfection efficiency,
pSV-B-galactosidase vector (Promega) was included in all
transfections.

For reverse transfection of small interfering RNAs
(siRNAs), siRNAs were mixed with Lipofectamine
RNAIMAX (Invitrogen) and then added when the cells were
plated, followed by incubation at 37°C in 5% CO,. Small
interfering RNA against Fli-1 and control siRNA were pur-
chased from Dharmacon.

CAT assay. After 48 hours of incubation after the
transfection of constructs with CAT reporter, cells were har-
vested. CAT activity in cell lysates was assayed colorimetrically
using a CAT ELISA kit (Roche) (31).

Immunofluorescence microscopy. Fibroblasts were
grown in 4-well LAB TEK chambers (Nunc) to subconfluence
as described above. Immunofluorescence was performed using

KUDO ET AL

antibody to IL-20R as primary antibody and fluorescein
isothiocyanate~conjugated donkey anti-goat IgG (Santa Cruz
Biotechnology) as secondary antibody. A Zeiss fluorescence
microscope was used (6) to visualize fluorescence.

Measurement of serum IL-20 concentrations. Serum
IL-20 levels were measured with a specific enzyme-linked
immunosorbent assay (ELISA) kit (Human IL-20 Immunoas-
say; R&D Systems) (27,32). Briefly, antibody to IL-20 was
precoated onto microtiter wells. Aliquots of serum were added
to each well, followed by peroxidase-conjugated antibodies to
IL-20. Color was developed with H,O, and tetramethylbenzi-
dine peroxidase, and absorbance at 450 nm was measured.
Wavelength correction was performed by absorbance at 540
nm. The concentration of IL-20 in each sample was deter-
mined by interpolation from a standard curve.

Intradermal treatment with bleomycin. Bleomycin
(Nippon Kayaku) was dissolved in PBS at a concentration of 1
mg/ml and sterilized by filtration. Bleomycin (300 ug) or PBS
was injected intradermally into the shaved backs of 6-week-old
BALB/c mice 6 times per week for 1 month, as described
previously (33,34). Injection was performed using a 27-gauge
needle. The back skin was removed on the day after the final
injection. The skin samples were then fixed in 10% formalin
solution and embedded in paraffin. Sections were stained with
hematoxylin and eosin (H&E). Dermal thickness was evalu-
ated by 2 investigators (HK, WN) in a blinded manner who
measured the distance between the epidermal-dermal junction
and the dermai-fat junction in H&E-stained sections under
100X magnification.

Collagen assay. The amount of collagen in the
paraffin-embedded skin sections was quantified using a Semi-
Quantitative Collagen Assay Kit (Chondrex). After being
dewaxed in xylene and rehydrated in graded alcohols, 20-um
thick sections were immersed in staining solution at room
temperature for 30 minutes. The staining solution was re-
moved and a bleaching solution was added to measure the
absorbance at 540 nm and 605 nm in an ND-1000 spectro-
photometer (NanoDrop Technologies). The collagen concen-
tration was calculated based on the following formula: collagen
(g/section) = (optical density [OD] at 540 nm — [ODg4s X
0.291})/37.8 x 1,000 (35).

Statistical analysis. Data presented as bar graphs are
the mean * SEM of at least 3 independent experiments. The
statistical analysis was carried out using the Mann-Whitney U
test for the comparison of medians and Fisher’s exact proba-
bility test for the analysis of frequency. P values less than 0.05
were considered significant.

RESULTS

Effect of IL-20 on expression of ECM-related
genes in cultured normal dermal fibroblasts. As an
initial experiment, to determine the cffect of IL-20 on
ECM expression, we performed a PCR array of 84
ECM-related genes using RNA obtained from 3 dermal
fibroblasts either unstimulated or stimulated with IL-20
for 12 hours. When a 16-fold difference by the AAC,
method was considered meaningful, 3 of the 84 genes
were up-regulated and 13 genes were down-regulated in
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