Science, Mannheim, Germany). Slides were counterstained by nuclear fast red, and examined
under BX50 light microscope (OLYMPUS, Tokyo, Japan).

Cell cultures

Human dermal fibroblasts were cultured from the affected areas (dorsal forearm) of three
female dcSSc patients (23). Age- and sex-matched control fibroblasts were obtained from
healthy human subjects. Institutional review board approval with written informed consent
was obtained according to the Declaration of Helsinki. Monolayer cultures isolated from
different individuals independently were maintained at 37°C in 5% CO, in air. Fibroblasts
between the third and six subpassages were used for experiments. Before all experiments,

cells were serum-starved for 24 hours.

Cell lysis and immunoblotting

Cultured fibroblasts were washed twice with PBS and lysed in Denaturing Cell Extraction
Buffer (Biosource International, Camarillo, CA). Aliquots of cell lysates were separated by
electrophoresis on SDS-polyacrylamide gels, and transferred onto polyvinylidene difluoride
filters. The filters were incubated with primary antibodies (24). Primer antibody for type I
collagen-UNLB or B-actin were obtained from Southern Biotechnologies (Birmingham, AL)
or Santa Cruz Biotechnology (Santa Cruz, CA), respectively. After the incubation with
secondary antibody, the immunoreactive bands were visualized using ECL system

(Amersham Biosciences, Arlington Heights, IL).

Transient transfection

For reverse transfection, siRNAs (10nM) were mixed with Lipofectamine RNAIMAX
(Invitrogen, Carlsbad, CA), and then added when the cells were plated, followed by incubation
at 37°C in 5% CO,. siRNA against TSIX or TGF-f and control siRNA were purchased from
Qiagen and Santa Cruz Biotechnology, respectively (25,26). After the transfection, cells were
incubated for 96 hours following the manufacture's protocol
(http://www eposters.net/pdfs/long-term-gene-silencing-in-mammalian-cells-using-sirna.pdf)

and previous reports (25, 27).

This article is protected by copyright. All rights reserved.

— 282 —



Statistical analysis

Data presented as scatter plots are obtained by at least three experiments. The statistical
analysis was performed by Mann-Whitney U test for the comparison of the medians, and by
Fisher’s exact probability test for the analysis of the frequency. The P <0.05 were

considered to be significant.

Results

The expression of IncRNAs in SSc skin

As an initial experiment, we investigated the expression levels of XIST and TSIX in SSc
skin. There was no significant difference in XIST expression between normal skin, SLE
skin, 1cSSc skin and dcSSc skin (Fig.1a). XIST levels in the skin of dcSSc patients was
slightly increased compared to those in IcSSc patients, but not statistically significant. On
the other hand, TSIX levels were significantly higher in dcSSc skin than normal skin. 1cSSc
skin showed similar TSIX levels to normal skin. No difference was found between male and
female SSc patients (data not shown). HAR1A, another IncRNA randomly chosen as a
control, was not detected in most of normal skin, SLE skin or SSc skin, and we could not
find significant difference among them.

Next, we tried to determine which kinds of cells overexpress TSIX in dcSSc skin.
In situ hybridization revealed signal for TSIX was hardly detected in normal skin, while
detected in spindle-shaped fibroblasts in dcSSc skin (Fig.1b). The number of TSIX-positive
cells was significantly increased in dcSSc skin, and no difference was found between male
and female SSc patients (data not shown). Accordingly, we focused on TSIX
overexpression in dcSSc fibroblasts.

Cultured dermal fibroblasts derived from involved skin of dcSSc patients also
overexpressed TSIX compared to normal fibroblasts in vitro (Fig.1c). Because no difference
was found in TSIX levels between male and female SSc fibroblasts (data not shown), we
used female normal and dcSSc fibroblasts in the following experiments. Furthermore,
exogenous TGF-B1 stimulation induced TSIX expression significantly in normal dermal
fibroblasts, while it induced TSIX in SSc fibroblasts only slightly, probably because
TGF-B1 is already saturated as described in Introduction. When intrinsic TGF-B1 was
knocked down by the siRNA (Fig.1d), the overexpressed TSIX was reduced significantly in
SSc fibroblasts. Taken together, these results suggested that TSIX was overexpressed in
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SSc fibroblasts in vivo and in vitro, probably due to the stimulation by intrinsic TGE-8

activation.

The function of TSIX in normal and SSc dermal fibroblasts

When SSc skin was divided into three groups (high, medium and low TSIX expression),
SSc cases with high TSIX levels showed significantly increased mRNA expression of al(I)
and o2(I) collagen compared to those with low TSIX (Fig.2a). Given that cultured SSc
dermal fibroblasts expressed increasing amount of collagen (Fig.2b) as described in the
Introduction, as well as TSIX, we hypothesized that TSIX contributes to the collagen
regulation in dermal fibroblasts.

Consistently, TSIX siRNA reduced the mRNA expression of al(I) and o2(I)
collagen as well as al(IIl) collagen expression in both normal and SSc dermal fibroblasts
(Fig.2¢). We confirmed that the transfection of TSIX siRNA also down-regulated expression
of al(I) and o2(I) chain of type I collagen at the protein levels using immunoblotting
(Fig.2d). On the other hand, forced down-regulation of TSIX did not have significant effects
on the expression of major disease-related cytokines or growth factors (IL-6, PDGF as well
as TGF-B) (Fig.2e), suggesting that TSIX directly contribute to the regulatory mechanism of
type I collagen expression.

To examine whether the decrease of type I collagen by TSIX siRNA takes place
at the transcriptional level or post-transcriptional level, the stability of type I collagen
mRNA and protein was examined. Because the steady-state level of mRNA is controlled by
the level of gene transcription and/or the stability of mRNA, the de novo mRNA synthesis
was stopped by actinomycin D, a RNA synthesis inhibitor, in normal and SSc fibroblasts in
the presence or absence of TSIX siRNA to specifically assess the mRNA stability. The
decreased ratio of al(I) and a2(I) collagen mRNA in cells transfected with TSIX siRNA
was significantly higher than that with control siRNA (Fig.3a). Thus, TSIX controls
collagen mRNA stability in normal and SSc fibroblasts. On the other hand, when de novo
protein synthesis was inhibited by cycloheximide, TSIX siRNA had no effects on the
protein half-lives of collagen (Fig. 3b).

Serum concentrations of TSIX
To validate whether the IncRNA is detectable extracellularly, RNA was extracted from

cultured medium, and the levels of TSIX were determined by quantitative real-time PCR
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using specific primer set (Fig.4a). SSc fibroblasts released higher amount of TSIX mRNA
into culture medium compared to normal fibroblasts.

There has been no report demonstrating the expression of TSIX in cell-free body fluid.
The amplification of TSIX was also observed in the sera of normal subjects, and Ct values
were increased by the serial dilution of the IncRNA (Fig.4b). Thus, TSIX was thought to be
detectable and quantitative in the serum using our method. On the other hand, although we
previously reported the presence of microRNAs in hair shafts (28), we could not detect TSIX
expression in the hair (data not shown).

As shown in Fig.4c, serum TSIX levels in deSSc patients were significantly higher
than those in normal subjects. In addition, patients with SSD, who did not fulfill the ACR
criteria of SSc but were thought to develop SSc in the future based on the proposed criteria
(15-17), also showed significantly increased serum TSIX levels, suggesting that serum TSIX
levels were elevated in SSc patients at the early stage. On the other hand, serum TSIX levels
were slightly increased in SLE patients compared to normal subjects, but not statistically
significant. When the cut-off value was set at mean+2SD of the normal subjects, increased
serum concentrations of TSIX were found in 21 of the 36 (58.3%) SSc patients and 5 of the
10 (50%) SSD patients. XIST and HAR1A were hardly detected in serum samples.

Supplemental Table2 shows the association of serum TSIX levels with the clinical
features in SSc patients. SSc patients with increased serum TSIX levels showed significantly
higher ratio of dcSSc: 1eSSc (13:8 vs 0:12, p<0.0005) and higher MRSS (15.9 vs 3.5,
p<0.001) compared to those with normal levels: The correlation between serum TSIX levels
and MRSS was mild but significant (1=0.58, p=0.0006). Accordingly, serum TSIX levels are
correlated with skin sclerosis, which is consisted with the results of experiments using skin

samples and cultured fibroblasts of SSc.

Discussion
Role of IncRNAs in rheumatic diseases has been poorly investigated. Most recently,
down-regulated Hotair levels in differentiated osteoclasts and rheumatoid synoviocytes were
reported (29). The authors also showed high expression level of Hotair in blood mononuclear
cells and serum exosome of patients with rheumatoid arthritis. Our study first demonstrated the
role of IncRNAs in collagen expression and its contribution to the pathogenesis of SSc by
several major findings.

Among IncRNAs, we focused on the increase of TSIX in SSc. Although expression

of XIST, antisense gene of TSIX which is well implicated in the X-chromosome inactivation,
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was reported to be lost in several human diseases including female breast or ovarian cancers
(30), our study showed XIST expression was not changed in rheumatic diseases including
SSc. We expected that TSIX has other function than the inhibitor of XIST, and found new
IncRNA-target interactions in dermal fibroblasts: forced down-regulation of TSIX leads to
decrease of type I collagen, probably via inhibited mRNA stability. The regulation of mRNA
half-life by IncRNAs has been reported in breast cancer (31), and our study is first to describe
similar phenomenon in autoimmune diseases. Our results also suggested exogenous TGF-8
stimulation induces TSIX expression in normal fibroblasts. Although Smads are known to be
key intermediates in the TGF- signaling, recent researches have identified other pathways
such as PKC-8, phosphatidylcholine-specific phospholipase C, p38 mitogen-activated protein
kinase or geranylgeranyl transferase I, as the participants in the regulatory mechanisms of
various ECM expression by TGF-B (32,33). TSIX is another downstream target to mediate
the effect of TGF-B on collagen. The up-regulation of TSIX seen in SSc fibroblasts may
result from activated endogenous TGF-P signaling, and may play a role in the constitutive
up-regulation of collagen in these cells.

Furthermore, we investigated serum IncRNA levels in SSc. This is the first report
showing that TSIX is detectable and quantitative in the serum using our method. Our results
indicate that serum TSIX levels are significantly increased in SSc patients, and that SSc
patients with elevated serum TSIX levels had significantly higher ratio of dcSSc: 1cSSc and
significantly higher MRSS. Thus, serum TSIX levels can be a disease marker, reflecting the
activity of type I collagen production. Given that cultured SSc fibroblasts released increasing
amount of TSIX mRNA into conditioned medium compared to normal fibroblasts, dermal
fibroblasts may be one of the main sources of increased serum TSIX levels in SSc patients.

Conventional treatments against severe skin fibrosis of SSc such as steroid,
cyclophosphamide and methotrexate have limited effects. In addition, various significant
adverse effects need to be considered. Given the significant effects of TSIX siRNA on
collagen expression, further studies about the regulatory mechanism of tissue fibrosis by
IncRNA in SSc skin may lead to a better understanding of the pathogenesis, new diagnostic
methods, and new therapeutic approaches of SSc.

As the limitation of this study, we did not clarity the mechanism of how TSIX
levels are increased in SSc fibroblasts, how TSIX would influence the stability of collagen
mRNA levels, and how TSIX is influenced by TGF-B1: for example, TGF-B1 might address
its effects on type I collagen levels at least in part through XIST. Also, we did not determine
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whether we obtain same results using cultured dermal fibroblasts of lcSSc patients or whether
fibroblasts obtained from normal or less affected regions of SSc patients show lower levels of
TSIX. The time-course effects of siRNAs were not evaluated in this study. The expression
and function of XIST should also be determined in the future. In addition, we should
determine the possibility that TSIX is secreted by fibroblasts and is integrated by surrounding
cells to modulate type I collagen mRNAs, and that an overexpression of TSIX or incubations
of serum with high levels of TSIX would increase the collagen expression in normal
fibroblasts. The possibility that TSIX inside or outside the cells promotes the expression of

disease-related cytokines in other cell types than fibroblasts should also be assessed.
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LEGENDS

Figure 1. The expression of TSIX in SSc skin.

(a) The levels of IncRNA expression in skin tissues of normal subjects (NS, n=5), SLE (n=3),
diffuse cutaneous SSc (D, n=8) and limited cutaneous SSc (L, n=5) were determined by
real-time PCR. Relative IncRNA levels normalized by GAPDH levels are shown on the
ordinate. Bars show means. The mean value in NS was set at 1. *P<0.05 by Mann-Whitney
U test.

(b) (left) In situ detection of TSIX in paraffin-embedded, formalin-fixed tissues of female NS skin and dcSSc

skin. Nucleus was counterstained with nuclear fast red. TSIX stained blue. The arrow indicates cells positive for
TSIX staining. One experiment representative of three independent experiments is shown. (right) The number of
TSIX-positive cells by in situ hybridization was counted at five high-power fields in the skin specimens from

three female NS and dcSSc skin. *p < 0.05 as compared with the values in NS skin.

(c) Human dermal fibroblasts cultured from female NS and dcSSc patients were incubated
with or without TGF-B1 (2ng/ml) for 12 hours, and total RNA was extracted. Quantitative
real-time PCR determining mRNA expression of TSIX was performed. Data are expressed as
scatter plots (n=3). The mean value in untreated NS fibroblasts was set at 1. *P<0.05
compared to untreated fibroblasts.

(d) Female dcSSc fibroblasts were transfected with control or TGF-B1 siRNA for 96 hours.
The mRNA levels of TGF-B1 (white circles) and TSIX (black circles) were quantitated by

real-time PCR (n=3). The mean values in control fibroblasts were set at 1.*P<0.05.

Figure 2. Role of TSIX in collagen regulation of NS and SSc fibroblasts.

(a) SSc skin was divided into three groups: low (n=5), medium (n=4), and high (n=4) TSIX expression. al(l)
and a2(I) collagen mRNA levels in each groups were determined by real-time PCR. The mean values in low
TSIX expression group were set at 1. *P<0.05 compared to low TSIX expression group by Mann-Whitney U

test.
(b) Female NS and dcSSc fibroblasts were cultured independently under the same conditions.

Cell lysates were subjected to immunoblotting with antibody for type I collagen. The same
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membrane was reprobed with anti-B-actin antibody as a loading control. One experiment
representative of three independent experiments is shown.

{c) Female NS and dcSSc fibroblasts were transfected with control or TSIX siRNA. The
mRNA levels of indicated genes were quantitated by real-time PCR (n=3). The mean values
in control fibroblasts were set at 1. *P<0.05.

(d) (Upper panels) Lysates from female NS and dcSSc fibroblasts treated with or without
TSIX siRNA were subjected to immunoblotting with antibody against type I collagen or
B-actin. (Lower panels) Protein levels of type I collagen quantitated by scanning
densitometry and corrected for B-actin levels in the same samples are shown relative to the
level in cells transfected with control siRNA (n=3). The mean values in control fibroblasts
were set at 1. *P<0.05.

(e) Female NS and dcSSc fibroblasts were transfected with control or TSIX siRNA. The

mRNA levels of indicated genes were quantitated by real-time PCR (n=3).

Figure 3. The mechanism of TSIX-mediated collagen expression.

(a) Female NS (left panels) and dcSSc (right panels) fibroblasts were incubated in the
presence or absence of TSIX siRNA for 48 hours before the addition with 2.5ug/ml
actinomycin D for 6 or 12 hours. mRNA expression of ol (upper panels) and o2(I) collagen
(lower panels) was analyzed by real-time PCR (n=3). The values were expressed as a
percentage of the value at time O and plotted on a scale. The solid line indicates mean levels
in fibroblasts transfected with control siRNA, and the dotted line indicates those in cells with
TSIX siRNA. *P<0.05.

(b) Female NS (left panels) and dcSSc (right panels) fibroblasts were incubated in the
presence or absence of TSIX siRNA for 72 hours before the addition of cycloheximide
(10pg/ml). Cells were harvested at 2 or 4 hours after cycloheximide was administrated, and
immunoblotting using antibody for type I collagen and B-actin was performed. A
representative result of three independent experiments is shown. The levels of type I collagen
quantitated by scanning densitometry was expressed as a percentage of the value at time 0

and plotted on a scale (n=3).

Figure 4. Serum TSIX levels in patients with rheumatic diseases.
(a) Serum TSIX expression in the cultured media obtained from female NS and dcSSc fibroblast were measured

by quantitative real-time PCR (n=3). The mean value in NS fibroblasts was set at 1. *P<0.05.
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(b) TSIX gene was present in serum sample. Serial dilution of cDNA (as is, 10-fold dilution, 100-fold dilation
and 0) synthesized from serum RNAs was used as template for real-time PCR. Amplification curves of
gene-specific transcripts are presented to illustrate the process of exponential increase of fluorescence.

(c) Serum TSIX expression measured by quantitative real-time PCR in patients with SLE (n=8), SSD (n=10) or
SSc (n=36), and in normal subjects (NS, n=12) are shown. SSc patients were divided into dcSSc (D, n=13) and
1eSSc (L n=23). Relative TSIX levels normalized by the levels of GAPDH are shown on the ordinate. The
horizontal bars in each group show the mean values. The mean values in NS were set at 1. Dotted line indicates
mean+2SD of the values in NS. *P<0.05.
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® Dermatomyositis and systemic lupus erythematosus have common skin features,

including dermal mucin deposition and interferon signature.
What does this study add?

® PSMB9 and versican V1, a core protein for glycosaminoglycan, were up-regulated while
type I collagen was down-regulated in both DM and SLE skin.

® Interferon signature reduces collagen in dermal fibroblasts of DM and SLE skin, while
PSMB9 overexpressed by interferon induces TGF-$2/B3 in epidermal keratinocytes,
which results in the versican overexpression in dermal fibroblasts.

® The TGF-B2-ADiHS-diS1 pathway is the specific molecular changes to DM skin.

Summary

Background

Dermatomyositis (DM) and systemic lupus erythematosus (SLE) have common skin features,
including dermal mucin deposition and interferon signature, although their roles are
unknown.

Objective

To identify common or specific molecular changes in DM and SLE skin.

Methods

Proteomic analysis was performed utilizing DM and normal subject (NS) skin.
Glycosaminoglycans were analyzed by high-performance liquid chromatography.

Results

The expressions of 61 proteins were upregulated or downregulated in DM skin compared to
NS skin in the proteomic analysis. Among those proteins, PSMB9, an immunoproteasome
subunit, was up-regulated in the epidermis of DM and SLE, but not in other skin diseases.
Furthermore, versican V1, a core protein for glycosaminoglycans, was upregulated while type
I collagen was downregulated in the dermis of DM and SLE. Interferon stimulated PSMB9
expression in cultured keratinocytes and reduced collagen expression in dermal fibroblasts,
but did not affected on versican expression. The PSMB9 knockdown in keratinocytes led to
the significant suppression of TGF-2 and TGF-B3, inducers of versican synthesis. TGF-3
expression was upregulated in both DM and SLE, while TGF-B2 expression was increased
only in the DM epidermis. ADiHS-diS1, a component of heparan sulfate, was significantly
increased only in DM. TGF-B2 expression significantly increased the ADiHS-diS1 expression

in dermal fibroblasts in vitro.
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Conclusions

The interferon signature in DM and SLE skin reduces collagen in dermal fibroblasts, whereas
overexpression of PSMBY induced by interferon stimulates versican inducers in epidermal
keratinocytes. In addition, the TGF-B2-ADiHS-diS1 pathway may be the specific molecular
change of the skin with DM.

Introduction

Dermatomyositis (DM) and systemic lupus erythematosus (SLE) are autoimmune disorders
characterised by acute or chronic inflammation. They have several common features in the
skin, including erythematous eruptions, photosensitivity and the Kobner phenomenon.'”
Recent studies have indicated that the gene expression profiles in DM and SLE patients are
remarkably similar. For example, interferon (IFN)-related genes were reported to be
overexpressed in the skin, muscle, and peripheral blood of DM and SLE patients.* Although
IFN may be a key signal in the pathogeneses of both DM and SLE skin, the specific targets of
the signaling have yet to be elucidated.

The histopathological findings from skin with DM and SLE include liquefaction
degeneration of basal layer, mild infiltration of lymphocytes, and dermal mucin depositionf'7
but these findings are not specific to these diseases. Glycosaminoglycans (GAGs),
histologically known as dermal mucin, usually exist by binding with core proteins, and the
resulting complex is called proteoglycan. Excess mucin deposition in the skin with DM and
SLE is speculated to be caused by increased GAGs production by dermal fibroblasts after
some immunological stimulation or by decreased hyaluronidase-mediated resorption.8
However, the detailed mechanism is still unknown.

Accordinglyy, DM and SLE are sometimes difficult to clinically and
histopathologically distinguish in terms of cutaneous eruptions. Several previous reports
attempted to identify specific changes in each disease, including microvasculopathy or
immunocomplex deposition, but such candidates have not been clinically utilised. Compared
with the many research studies that used muscle tissues, the kidney, or peripheral blood,>"
the number of researches that examined the skin of DM or SLE patients is limited. The aim
of present study was to identify common molecular changes of the skin with DM and SLE, or

specific molecular changes of the skin with DM, especially focusing on IFN signaling and

mucin deposition.
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