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than in those of healthy control subjects.'® The overex-
pressed TSP-1 in SSc fibroblasts is thought to activate
latent TGF-B by its RFK motif and to contribute to accu-
mulation of ECM.™" In addition, COMP expression is re-
ported to be increased in SSc dermal fibroblasts, and
serum levels of COMP are correlated with severity of
changes in skin thickness.'#"3

TSP-2 has also been implicated in regulation of ECM
synthesis, cell behavior, and angiogenesis. Markedly in-
creased TSP-2 synthesis has been found in healing
wounds in mice.** In TSP-2 null mice, the attachment of
fibroblasts to various ECM molecules, as well as TSP-2
itself, is impaired,'® and the dermis shows abnormal or-
ganization of collagen fibers." Moreover, TSP-2 can in-
hibit the proliferation of microvascular endothelial cells.™®
However, the expression of TSP-2 in SSc dermal fibro-
blast has not been investigated previously. The present
study was undertaken to clarify the expression pattern of
TSP-2 in SSc and its role in pathogenesis of the disease.

Materials and Methods

Patient Materials

Serum samples were obtained from 33 patients with SSc
(6 male and 27 female; age range, 24 to 87 years; mean
age, 60.1 years). Of these, 14 patients had diffuse cuta-
neous SSc (3 male and 11 female) and 19 patients had
limited cutaneous SSc (3 male and 16 female)."”'® Con-
trol serum samples were also collected from 14 healthy
age- and sex-matched volunteers. Skin samples were
obtained from lesional skin of six patients with diffuse
cutaneous SSc. Control fibroblasts were obtained by skin
biopsy from eight healthy donors. Institutional review
board approval and written informed consent were ob-
tained according to the Declaration of Helsinki before the
patients and healthy volunteers were entered into the
present study.

Cell Culture

Human dermal fibroblasts were obtained by skin biopsy
of the affected areas (dorsal forearm) from five patients
with dcSSc who had <2 years of skin thickening, as
described previously.'® Control fibroblasts were ob-
tained by skin biopsies from five healthy donors.?° Before
experiments, cells were serum-starved for 12 to 24 hours.

Cell Lysis and Immunoblotting

Fibroblasts were cultured until they were confluent, and
then conditioned medium (normalized for cell numbers at
the time of harvest) and cell lysates (normalized for pro-
tein concentration) were analyzed by immunoblotting.®”
Antibodies for p-actin, type | collagen, TSP-2, matrix met-
alloproteinase (MMP)-1, and MMP-2 were obtained from
Santa Cruz Biotechnology (Santa Cruz, CA), Southern-
Biotech (Birmingham, AL), BD Biosciences (Bedford,
MA), Millipore (Temecula, CA), and Daiichi Fine Chemical
(Takaoka, Japan), respectively.

RNA Isolation and Quantitative Real-Time PCR

Total RNA was extracted from cultured cells with ISOGEN
(Nippon Gene, Tokyo, Japan) and from paraffin-embed-
ded sections with an RNeasy FFPE kit (Qiagen, Valencia,
CA). cDNA synthesis and quantitative real-time PCR were
performed as described previously.?’

Primer sets for TSP-2 (PPHO0238E, designed against
exon 23) and GAPDH (PPHOO150E, designed against
exon 9) were obtained from Qiagen-SABiosciences
(Frederick, MD); the «2(l) collagen primer (sense 5'-
GAGGGCAACAGCAGGTTCACTTA-3’ and antisense 5'-
TCAGCACCACCGATGTCCA-3') was obtained from Ta-
kara Bio (Otsu, Japan). DNA was amplified for 40 cycles
of denaturation for 5 seconds at 95°C and annealing for
30 seconds at 60°C.

Measurement of MMP-1 and MIMP-2 Activity

Levels of MMP-1 and MMP-2 activity were measured with
a fluorescent activity assay kit (AnaSpec, Fremont, CA)
as described previously.??

Immunohistochemistry

Wax-embedded sections were dewaxed in xylene and
rehydrated in graded alcohols. Antigens were retrieved
by incubation with antigen retrieval solution (pH 9;
Nichirei, Tokyo, Japan) for 10 minutes at 121°C. Immu-
nohistochemistry was performed with TSP-2 antibody
(1:150).2°

Intradermal Treatment of Mice with Bleomycin

Bleomycin (300 ug; Nippon Kayaku, Tokyo, Japan) or
PBS was injected intradermally into the shaved back of
6-week-old C57BL/6 mice daily for 4 weeks, as described
previously.?*?° The back skin was removed 1 day after
the final bleomycin injection, fixed in 4% paraformalde-
hyde, and embedded in paraffin.

Transient Transfection

Cells were transfected with either MMP-2 siRNA (L-
005959-00; Thermo Scientific, Bremen, Germany; a mix-
ture of four siRNAs: 5’-UCAAGGACCGGUUCAUUUG-3,
5'-GCGAGUGGAUGCCGCCUUU-3', 5'-GGAAUGCCA-
UCCCCGAUAA-3" and 5'-ACAAGAACCAGAUCACAUA-
3"), TSP-2 siRNA (sc-37031; Santa Cruz Biotechnology; a
mixture of three siRNAs; 5’-CGUCAGAUGUGCAACAAGA-
3, 5’-GAAGCAGCCAAGACGGAAA-3', and 5'-GCAAG-
GACAAGACACACAA-3'), miR-7 mimic (MSY0000252; Qia-
gen; 5’-UGGAAGACUAGUGAUUUUGUUGU-3), or miR-7
inhibitor  (MINO000252; Qiagen; 5'-UGGAAGACUAGU-
GAUUUUGUUGU-3") mixed with Lipofectamine RNAIMAX
(Invitrogen, Carlsbad, CA) as a transfection reagent.
Cells were incubated at 37°C in 5% CO,. Control siRNA
(Dharmacon D-001810-10-05; Thermo Scientific, La-
fayette, CO; or SC-37007; Santa Cruz Biotechnology),
control miRNA mimic (1027281; Qiagen), or control



miRNA inhibitor (1027271; Qiagen) were used as con-
trols. 2629

mMIiRNA [solation, Reverse Transcription, and
PCR Analysis of miRNA Expression

Isolation of MIRNA from total RNA was performed using
an RT2 gPCR-grade miRNA isolation kit (SABiosciences).
For the miRNA PCR array, miRNAs were reverse-tran-
scribed into first-strand cDNA using an RT? miRNA first-
strand kit (SABiosciences). The cDNA was mixed with
RT? SYBR Green/ROX gPCR master mix, and the mixture
was added into a 96-well RT? human cell development
and differentiation miRNA PCR array (MAH-103A; SABio-
sciences). PCR was performed on a Takara thermal cy-
cler (Dice model TP800). The threshold cycle C+ value for
each miRNA was extracted using Takara thermal cycler
Dice real-time system software, version 2.10B. The raw
C+ values for each miRNA were normalized using the
values of small RNA housekeeping gene.

For guantitative real-time PCR, a Mir-X miRNA first-
strand synthesis kit (638313; Takara) was used to syn-
thesize first-strand cDNA. The U6 primer was included in
the kit. The miR-7 primer (5'-UGGAAGACUAGUGAU-
UUUGUUGU-3') was obtained from Takara. DNA was
amplified for 40 cycles of denaturation for 5 seconds at
95°C and annealing for 20 seconds at 60°C. The miR-7
transcript levels were normalized to those of UB.

Cell Count and Migration Assay

Normal fibroblasts transfected with control or TSP-2
siRNA as described above were incubated for 120 hours.

Cell counting was performed with a Coulter patrticle
counter (Beckmann Coulter, Fullerton, CA) as described
previously.®° For the migration assay, cells were added
to the upper chamber of Transwell inserts coated with
Matrigel membrane matrix (BD Biosciences). After 12
hours, the cells remaining on the upper surface were
wiped off, and those that had migrated to the lower sur-
face were stained with hematoxylin and counted.®’

Measurement of Serum TSP-2 Concentrations

Levels of serum TSP-2 were measured with a specific
enzyme-linked immunosorbent assay kit (R&D Sys-
tems, Minneapolis, MN) according to the manufacturer’s
protocol.

In Situ Hybridization

In situ hybridization was performed with 5'-locked digoxi-
genin-labeled nucleic acid (LNA) probes complementary
to human mature miR-7 (38485-01; 5'-ACAACAAAAT-
CACTAGTCTTCCA-3') and a scrambled negative control
(99004-01, 5'-GTGTAACACGTCTATACGCCCA-3'; Ex-
igon, Vedbaek, Denmark).®2%% Briefly, human tissues
were deparaffinized and deproteinized with protease K
for 5 minutes. Slides were then washed in 0.2% glycine in
PBS and fixed with 4% paraformaldehyde. Hybridization
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was performed at 50°C for 48 hours, followed by blocking
with 2% fetal bovine serum and 2% bovine serum albu-
min in PBS and 0.1% Tween 20 (PBST) for 1 hour. The
probe-target complex was detected immunologically by
a digoxigenin antibody conjugated to alkaline phospha-
tase acting on the chromogen Nitro Blue tetrazolium/5-
bromo-4-chloro-3-indolyl phosphate (Roche Applied Sci-
ence, Mannheim, Germany). Slides were counterstained
with nuclear Fast Red and were examined under a light
microscope (BX50; Olympus, Tokyo, Japan).

Reagents

Anti-TGF-B neutralizing antibody and recombinant hu-
man TSP-2 protein were obtained from R&D Systems, the
pan-MMP inhibitor GMB001 from Merck (Darmstadt, Ger-
many), the recombinant MMP-2 protein from Enzo Life
Sciences (Plymouth, PA), and brefeldin A (BFA) from
Sigma-Aldrich (St. Louis, MO).

Statistical Analysis

Statistical analyses were performed with a Mann-Whitney
U-test for comparison of medians and Fisher's exact
probability test for analysis of frequency. Correlations
were assessed by Pearson’s correlation coefficient. A
P value of <0.05 was considered significant. Data are
expressed as means * SD of at least three independent
experiments.

Results

TSP-2 Synthesis Is Decreased at the
Transcriptional Level in Cultured SSc
Dermal Fibroblasts

First, we compared the TSP-2 expression levels between
normal and SSc fibroblasts in the presence or absence of
exogenous TGF-B. Immunoblotting revealed that the
amount of TSP-2 in cell lysates from SSc fibroblasts was
significantly decreased, compared with that from normal
cells (Figure 1, A and B), indicating that TSP-2 protein
synthesis was down-regulated in SSc fibroblasts. On the
other hand, the TSP-2 protein levels in both normal and
SSc fibroblasts were not significantly affected by the
stimulation with exogenous TGF-g (Figure 1, A and C).

The TSP-2 mRNA levels were also down-regulated in
SSc fibroblasts (Figure 1D). Thus, the decreased TSP-2
protein synthesis in SSc fibroblasts may result from the
down-regulation of TSP-2 mRNA expression. In addition,
consistent with our findings on intracellular TSP-2 protein
levels (Figure 1C), treatment with an anti-TGF-8 neutral-
izing antibody (10 ug/mL) had little effect on the TSP-2
mRNA expression in either normal or SSc fibroblasts (Fig-
ure 1E), suggesting that the down-regulation of TSP-2
mRNA in SSc fibroblasts is likely to be independent of
TGF-B signaling.

The steady-state level of mMRNA can be affected by the
level of gene transcription and/or the stability of mRNA.
To determine whether the decrease of TSP-2 mRNA in
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Figure 1. TSP-2 protein synthesis in cultured SSc dermal fibroblasts. A: A representative result of immunoblotting for lysates from five normal and SSc fibroblasts
(1 and 2) shown from three independent experiments. Cells were incubated in the presence or absence of TGF-B for 24 hours. B: Intracellular TSP-2 protein levels
in normal and SSc fibroblasts were quantified by scanning densitometry and corrected for S-actin levels in the same samples. *P < 0.05 versus normal cells (n =
3). C: Intracellular TSP-2 protein levels in normal and SSc fibroblasts in the presence or absence of TGF-f quantified by scanning densitometry and corrected for
B-actin levels in the same samples (z = 3). D: Relative amounts of TSP-2 transcripts (normalized to GAPDH) in three different normal and SSc fibroblasts (1, 2,
and 3) were determined by real-time PCR (» = 3). E: Normal and $Sc cells were treated with an anti-TGF-B antibody (10 ug/mL) or control 1gG for 48 hours.
TSP-2 mRNA levels were quantitated by real-time PCR (#z = 3). F: Normal and $Sc fibroblasts were incubated with 2.5 ug/mL actinomycin D for 6, 12, and 18 hours.
TSP-2 mRNA expression was analyzed by real-time PCR (2 = 3). Values in untreated fibroblasts were set at 100%.

SSc fibroblasts takes place at the transcriptional or post-
transcriptional level, de novo mRNA synthesis was
blocked by actinomycin D, a RNA synthesis inhibitor, in
normal and SSc fibroblasts. After actinomycin D treat-
ment, there were no significant differences in decrease of
TSP-2 mRBNA between normal and SSc fibroblasts (Figure
1F). Taken together, these findings indicate that the sta-
bility of TSP-2 mRNA in SSc fibroblasts was not altered
and that the TSP-2 expression was likely decreased at
the transcriptional level.

Accumulation of Extracellular TSP-2 Protein Is
Up-Regulated in SSc Fibroblasts

We then determined whether the TSP-2 protein in the
conditioned medium of SSc fibroblasts is also de-
creased. Immunoblotting showed that the extracellular
TSP-2 accumulation in SSc fibroblasts was significantly
increased, compared with that in normal fibroblasts (Fig-
ure 2, A and B). We also found that matrix metalloprotei-
nase-2 (MMP-2) expression and activity were signifi-
cantly decreased in the SSc medium (Figure 2, A and B),
as reported previously.®* Given that TSP-2 is one of the
substrates of MMP-2,%% we hypothesized that degrada-

tion of TSP-2 protein in medium of SSc fibroblasts is
decreased. In fact, transfection of MMP-2 siRNA into
normal fibroblasts increased the accumulation of TSP-2
in the medium (Figure 2C). Furthermore, treatment with a
pan-MMP inhibitor, GM6001 (20 umol/L), also induced
TSP-2 accumulation in normal fibroblasts (Figure 2D). On
the other hand, supplementation of recombinant MMP-2
protein (10 nmol/L) in the SSc medium down-regulated
the increased TSP-2 accumulation (Figure 2E).
Accordingly, in SSc fibroblasts, the decreased degra-
dation of TSP-2 protein outside the cells may compensate
for the decreased synthesis of TSP-2 inside the cells,
resulting in the increased post-transcriptional accumula-
tion of extracellular TSP-2 protein. To examine this hy-
pothesis, we also investigated the TSP-2 protein levels
inside SSc fibroblasts treated with BFA, which blocks
extracellular export of protein. Brefeldin A (BFA; 10 ug/
mL) caused a time-dependent accumulation of intracel-
lular TSP-2 in SSc fibroblasts (Figure 2F); however, ac-
cumulation of TSP-2 was still decreased in SSc lysates,
compared with normal lysates (Figure 2G), indicating that
TSP-2 down-regulation inside SSc fibroblasts was inde-
pendent of extracellular export of the protein. Moreover,
after the addition of BFA, we determined the stability of
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Figure 2. TSP-2 protein accumulation in culture
medium of SSc¢ dermal fibroblasts. A: Cells were
incubated in serum-free medium for 24 hours. Ali-
quots of conditioned medium (normalized for cell
numbers at the time of harvest) were analyzed by
immunoblotting. The representative results from
five normal and SSc fibroblasts (1 and 2) are shown
from three independent experiments. B: Extracel-
Jular TSP-2 and MMP-2 protein levels were quan-
titated by scanning densitometry, and the MMP-2
activity was determined by a fluorescent activity
assay kit in normal and SSc fibroblasts (corrected
for cell numbers at the time of harvest). *P < 0.05
versus normal cells (7 = 3). C: Normal fibroblasts
were transfected with MMP-2.siRNA. Expression of
TSP-2 (culture medium) and MMP-2 (lysates) was
determined by immunoblotting. Results of one ex-
periment representative of five independent ex-
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the TSP-2 protein in medium (Figure 2H). The protein
half-life of TSP-2 outside SSc fibroblasts was significantly
up-regulated, compared with that of normal fibroblasts,
which is consistent with the above hypothesis.

Expression Levels of TSP-2 in SSc Skin

Consistent with our in vitro results (Figure 1D), real-time
PCR using total RNA extracted from skin tissue samples
showed that the mean relative TSP-2 transcript levels in
SSc skin were significantly lower than those in healthy
control subjects (Figure 3A).

On the other hand, immunochistochemical staining us-
ing paraffin-embedded sections revealed that extracellu-
lar TSP-2 expression was barely detected in normal der-
mal fibroblasts (Figure 3B), but was strongly detected in
SSc fibroblasts between the thickened collagen bundles
(Figure 3C). There was no immunoreactivity for the pro-
tein in epidermis or blood vessels of either normal or SSc
dermal sections.

To further investigate the TSP-2 expression patternin
vivo, paraffin-embedded sections from the skin of a
bleomycin-treated mouse fibrotic skin model were
stained for TSP-2. Increased numbers of spindle-

shaped fibroblasts positive for TSP-2 staining were
found in bleomycin-induced thickened skin (Figure
3E), compared with control skin treated with phosphate
buffered saline (PBS) (Figure 3D).

Moreover, when the number of TSP-2* fibroblasts was
counted in normal and SSc skin tissue, cell numbers were
significantly increased in SSc skin, compared with normal
skin (38.2 = 25.1 versus 3.2 = 3.0, P < 0.01, Mann-
Whitney U-test; Figure 3F). Similarly, TSP-2* cell num-
bers were significantly increased in bleomycin-treated
mouse skin, compared with control mouse skin (137.7 =
64.6 versus 27.3 = 16.2, P < 0.05; Figure 3G). These
results suggest that extracellular TSP-2 protein was in-
creased under fibrotic conditions. The decreased mRNA
expression and increased extracellular protein accumu-
lation of TSP-2 in SSc skin in vivo were similar to in vitro
findings (Figures 1 and 2), and such increased accumu-
lation of TSP-2 outside the cells may be associated with
pathogenesis of SSc.

We next determined whether serum TSP-2 levels can
be a disease marker in SSc patients. The serum concen-
tration of TSP-2 was significantly higher in patients with
SSc than in healthy control subjects (36.3 + 13.5 versus
27.1 = 7.6 mg/dL, P < 0.02; Figure 3H). Furthermore,
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SSc patients with elevated serum TSP-2 levels tended to
have pitting scars and/or ulcers (P = 0.08; Table 1). Thus,
higher serum TSP-2 levels may correlate with vascular
damage in SSc patients.

Knockdown of TSP-2 Results in Down-
Regulation of Collagen Expression in
Dermal Fibroblasts

Next, to clarify the role of TSP-2 in SSc, fibroblasts were
treated with siRNA specific for TSP-2, and changes in the
expression pattern of ECM proteins and/or cellular be-
haviors were evaluated.

In both normal and SSc fibroblasts transfected with
TSP-2 siRNA, type | collagen synthesis was down-regu-
lated, but levels of extracellular MMP-1 and MMP-2 ex-
pression were unchanged (Figure 4, A and B). In addi-
tion, activity of MMP-1 and MMP-2 was not affected by
the TSP-2 siRNA in normal fibroblasts (Figure 4C). In
contrast, the addition of recombinant human TSP-2 pro-
tein (25 ng/mL) to normal and SSc fibroblasts resulted in
up-regulation of type | collagen expression (Figure 4D).

In addition, migratory activity of normal cells was signifi-
cantly up-regulated by the transfection of TSP-2 siRNA,
compared with control siRNA (Figure 4E), although cell
proliferation was not affected (Figure 4F), indicating that
increased migration by TSP-2 siRNA is independent of in-
creased cell number. Taken together, our results suggest

Figure 3. mRNA and protein expression levels
of TSP-2 in SSc skin i vivo and serum TSP-2
levels in SSc patients. A: Mean relative transcript
levels of TSP-2 (normalized to GAPDH) in skin
tissue samples from healthy control subjects and
diffuse cutaneous SSc patients were determined
by real-time PCR (1 = 3). Transcript levels in
samples from SSc patients were set at 1. *P <
0.05 versus control subjects. B-E: TSP-2 expres-
sion in normal (B) and $Sc (C) dermal tissue and
in murine tissue treated with PBS (D) or bleo-
mycin (B). Paraffin sections were subjected to
immunohistochemical analysis. Original magni-
fication, X200. Note immunoreactivity for TSP-2
in SSc¢ dermal tissue (arrows, C). Results shown
are representative of five normal and SSc skin
samples and three control and three bleomycin-
treated mouse skin samples. F: Numbers of

76

TSP-2* fibroblasts per five high-power fields
- (X400) were counted under a microscope. Sam-
d - ples were prepared from healthy control sub-
jects and diffuse cutaneous SSc patients. **P <
0.01 versus control subjects (12 = 5). G: Compar-
ison of the number of TSP-2" fibroblasts per five
high-power fields (X400) between tissue sam-
ples from control mice treated with PBS and
those from mice treated with bleomycin (12 = 3).
*P < 0.05 versus controls. H: Serum concentra-
tions of TSP-2 in 33 SSc patients and 14 normal
control subjects as determined by enzyme-
linked immunosorbent assay. Horizontal bars in-
dicate means. *P < 0.05 versus control subjects.

»

i
% s @
auumltgc #5800 &

£l

Normal SSe

that TSP-2 itself has an inducible effect on collagen synthe-
sis. Increased accumulation of extracellular TSP-2 protein in
tissue probably contributes to fibrosis in SSc by induction of
collagen synthesis. On the other hand, down-regulation of
TSP-2 synthesis inside SSc fibroblasts may be one of the
negative feedback mechanisms against increased extra-
cellular TSP-2 and/or fibrosis.

Mechanisms Regulating Collagen Expression
by TSP-2

Finally, we tried to clarify the regulatory mechanisms by
which TSP-2 affects type | collagen synthesis. mRNA
levels of a2(l) collagen were not affected by TSP-2 siRNA
in normal fibroblasts (Figure 5A). Thus, TSP-2 is thought
to regulate collagen expression post-transcriptionally.
We hypothesized that miRNAs are involved in this pro-
cess, because miRNAs usually inhibit transcription of
their target genes and do not cause degradation of the
target transcript. According to miRNA target gene pre-
dictions using the online tool TargetScan (release 5.1;
available at htip://www.targetscan.org), a leading pro-
gram in the field,®® we found several miRNAs, including
miR-7, 25, 26, 29, 32, 92, 98, 129-5p, 133, 143, 196, 363,
367, and 1297, and let-7, that are putative regulators of
al1(l) and/or a2(l) collagen. In addition, miR-21, 150, 192,
and 194 have previously been shown to regulate type |
collagen under fibrotic conditions.®”=%° Among these,
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Table 1. Correlation of Serum TSP-2 Levels with the Clinical and Serological Features in SSc Patients

Patients with elevated

Patients with normal

Clinical and serological features TSP-2 levels TSP-2 levels P value

Sample size n=24 n=9
Mean age at the time of serum sampling (years) 61.3 56.9 0.363
Mean age at onset (years) 53.9 52.2 0.539
Mean duration of disease (months) 66.1 57.1 0.906
Type (no. diffuse:no. limited) 14:10 3.6 0.188
MRSS (points) 1.4 12.0 0.943
Clinical features (%)

Pitting scars/ulcers 571 22.2 0.086

Nailfold bleeding 50.0 555 0.554

Raynaud’s phenomenon 100 100

Telangiectasia 22.7 0 0.227

Contracture of phalanges 100 83.3 0.627

Calcinosis 10.0 0 0.667

Diffuse pigmentation 35.7 33.3 0.664

Short SF 85.7 83.3 0.681

Sicca symptoms 42.9 71.4 0.440
Organ involvement

Pulmonary fibrosis (%) 28.6 44.4 0.896

Mean %VC 20.0 22.2 0.743

Mean %D _co 40.0 55.5 0.353
Pulmonary hypertension (%) 0 11.1 0.657

Esophagus 30.0 111 0.273

Heart 27.3 33.3 0.783

Kidneys 0 0

Joints 44 4 66.6 0.378
ANA specificity (%)

Anti-topo | 33.3 14.3 0.327

Anti-centromere 57.1 42.9 0.412

Anti-U1 RNP 23.8 0 0.252

ANA, antinuclear antibodies; D co, diffusion capacity for carbon monooxidase; MRSS, modified Rodnan total skin thickness score; SF, sublingual

frenulum; VC, vital capacity.

only expression of miR-7, a putative regulator of a2(l)
collagen based on the prediction, was significantly up-
regulated by the transfection of TSP-2 siRNA in normal
fibroblasts (Figure 5B). In normal fibroblasts, protein lev-
els of a2(l) collagen were down-regulated by the trans-
fection of miR-7 mimic (Figure 5C), confirming that «2(1)
collagen is a target of miR-7. Of note, the overexpression
of the miR-7 mimic also decreased a1(l) collagen expres-
sion. These results suggest that miR-7 also regulates
al1(l) collagen directly or indirectly, and that TSP-2 siRNA
down-regulates type | collagen expression via the induc-
tion of miR-7. Consistent with this hypothesis, miR-7 in-
hibitor attenuated the TSP-2 siRNA-mediated type | col-
lagen down-regulation in normal cells (Figure 5D).

We expected that accumulated TSP-2 down-regulates
miR-7 expression in SSc fibroblasts and that down-regu-
lated miR-7 contributes to the excessive collagen expres-
sion in these cells. However, a miRNA PCR array, consisting
of 88 miRNAs involved in human cell differentiation and
development, identified six MiRNAs that were overex-
pressed in SSc fibroblasts, compared with normal fibro-
blasts (Table 2). miR-7 was one of the overexpressed
miRNAs (13.3-fold increase by the AACT method). Trans-
fection of mimics of the other five miRNAs led to a less
effective decrease in type | collagen expression (data not
shown). Consistent with the array data, miR-7 expression
was increased in SSc cultured fibroblasts in vitro (Figure
5E). Moreover, in situ hybridization experiments showed
that the signal for miR-7 was barely detected in fibro-

blasts of normal skin, but was clearly evident in SSc
fibroblasts (Figure 5F).

Accordingly, miR-7 in SSc fibroblasts may not be reg-
ulated by accumulated TSP-2 outside the cells, but rather
by decreased intracellular TSP-2. We hypothesize that, in
SSc fibroblasts, decreased TSP-2 inside the cell may
stimulate expression of miR-7, which has an inhibitory
effect on collagen synthesis, probably because of nega-
tive feedback against fibrosis. Nonetheless, this negative
feedback seems to be insufficient to normalize the ex-
cessive collagen synthesis of SSc fibroblasts. Consistent
with this hypothesis, we found that type | collagen ex-
pression levels in SSc fibroblasts were strongly corre-
lated with relative extracellular TSP-2 levels (r = 0.645),
but inversely correlated with miR-7 levels (R = —0.753;
Figure 5@G).

Discussion

Three major findings demonstrate the role of TSP-2 in
matrix regulation and its contribution to the SSc phe-
notype.

First, we found that TSP-2 synthesis in cell lysates from
cultured SSc fibroblasts was decreased at the transcrip-
tional level, whereas accumulation of TSP-2 protein in the
medium was increased in SSc fibroblasts in vitro. Expo-
sure to ectopic TGF-B or a TGF-B neutralizing antibody
did not affect TSP-2 expression. In vivo, TSP-2 mRNA
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Figure 4. Effect of TSP-2 knockdown by spe-
cific siRNA on the expression of type I collagen
or MMPs. A: Normal and SSc fibroblasts were
transfected with control or TSP-2 siRNA. After

:

lagen and extracellular MMP-1 or MMP-2 levels
were analyzed by immunoblotting. Results of
one experiment representative of three indepen-
dent experiments are shown. B: Relative
amounts of protein levels in normal and SSc
fibroblasts were quantified by scanning densi-
tometry (z = 3). C: Normal fibroblasts were
transfected with control or TSP-2 siRNA. Activity
levels of MMP-1 and MMP-2 were determined
with a fluorescent activity assay kit (12 = 3). Dz
Normal and SSc fibroblasts were treated with
recombinant human TSP-2 protein (thTSP-2; 25
ng/mL) for 24 hours. Collagen expression levels
in cell lysates were analyzed by immunoblotting.
Results of one experiment representative of five
independent experiments are shown. E: Normal
fibroblasts were transfected with control or
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expression level was significantly decreased, but depo-
sition of TSP-2 protein in SSc skin and serum was in-
creased. This discrepancy between intracellular TSP-2
synthesis and extracellular accumulation can be ex-
plained by the low degradation of TSP-2 outside cells
(a result of down-regulation of MMP-2) in SSc. We
previously found that TSP-1 accumulation in medium
was increased in SSc patients at the post-transcrip-
tional level.'" Stimulation of TGF-g increased TSP-1
expression in normal fibroblasts, and treatment with a
TGF-B neutralizing antibody normalized the up-regu-
lated TSP-1 expression only in SSc fibroblasts. Thus,
TSP-1 and TSP-2 are most likely regulated indepen-
dently. As noted in the Introduction, even though TGF-
stimulation contributes to the SSc phenotype, several
components are thought to be independent of TGF-B
signaling in SSc fibroblasts. For example, the expres-
sion of connective tissue growth factor (CTGF/CCN2) is
up-regulated in SSc fibroblasts, but was not normal-
ized by a TGF-B receptor type | (ALK-5) kinase inhibitor
or a TGF-B neutralizing antibody.*"*% TSP-2 may also
be such a component.

Second, we showed the putative function of TSP-2 in
dermal fibroblasts. Our data suggest that TSP-2 itself

TSP-2 siRNA (siTSP-2). After 120 hours, the num-
ber of cells that had migrated was evaluated
using Transwell inserts coated with BD Matrigel
(n = 3). F: Normal fibroblasts were transfected
with control or TSP-2 siRNA (siTSP-2). After 120
hours, the number of normal fibroblasts was
counted with a particle counter (12 = 3).

siTSP-2

may induce type | collagen expression and inhibit cell
migration. Considering that TGF-B stimulation is known to
induce collagen expression and inhibit cell migration in
fibroblasts,*® TSP-2 may have a similar effect as TGF-8,
and extracellularly accumulated TSP-2 may contribute to
tissue fibrosis in SSc patients (Figure 6). However, intra-
cellular TSP-2 synthesis was down-regulated in SSc
fibroblasts. We hypothesize that such down-regulation
is due to a negative feedback mechanism against in-
creased extracellular TSP-2 and/or tissue fibrosis. This
hypothesis is supported by our results showing that
miR-7, a negative regulator of collagen expression,
was increased in SSc fibroblasts (Table 2 and Figure 5,
E and F).

miRNAs are short ribonucleic acid molecules (only 22
nucleotides long, on average) acting as post-transcrip-
tional regulators that bind to complementary sequences
in the 3’ untranslated regions (3’ UTRs) of mRNAs and so
leading to gene silencing. Recent vigorous efforts in this
field indicate that miRNAs play a role in angiogenesis,
as well as in immune response and/or carcinogenesis
in vivo.**=*® The present findings suggest that miRNAs
are also involved in the regulation of the ECM. Given that
the collagen expression levels were inversely correlated
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with the miR-7 levels (Figure 5@G), the increase in miR-7
may be the result of increased type | collagen expression
as part of negative feedback system in SSc fibroblasts.
Leask et al*® reported overexpression of endoglin in SSc
fibroblasts and concluded that it may be a compensatory
mechanism, because of the ability of endoglin to sup-
press canonical TGF-B signaling. Thus, there may be
several negative feedback pathways in SSc cells that aim
at suppressing the SSc phenotype. On the other hand,

Table 2. Summary of Up-Regulated miRNAs in SSc¢ Dermal
Fibroblasts Determined by Microarray Analysis
Gene Fold change
miR-378 249.0
miR-219-5p 48.2
miR-1 38.3
miR-518b 31.6
miR-194 31.6
miR-7 13.3

A mixture of equal amounts of miRNAs from five normal fibroblasts or
five SSc fibroblasts was prepared, and the miRNA expression profile of
each cell type was evaluated using a PCR array. The raw threshold cycle
Cy was normalized using values for small RNA housekeeping gene. The
fold change was calculated as 1/2°t" = ©2, where Ct1 is the raw Cy for
each miRNA and Ct2 is the raw Cy for small RNA housekeeping gene.
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P-actin - or TSP-2 siRNA (siTSP-2). After 12 hours, miR-7
expression was determined by real-time PCR
(n = 7). C: Normal dermal fibroblasts were
transfected with a control or miR-7 mimic. Cell
lysates were subjected to immunoblotting. Re-
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sults of one experiment representative of three
independent experiments are shown. D: Normal
dermal fibroblasts were transfected with control

- or TSP-2 siRNA in the presence of a control or
- miR-7 inhibitor. After 72 hours, cells were har-
. vested. Cell lysates were subjected to immuno-

blotting. Results of one experiment representa-
tive of five independent experiments are shown.
E: Mean relative transcript levels of miR-7 in
normal and SSc¢ cultured dermal fibroblasts were
determined by quantitative real-time PCR (2 =
3). *P < 0.05 versus normal cells. F: In situ
detection of miR-7 in paraffin-embedded, forma-
lin-fixed tissues of normal and SSc skin. Nuclei

normal

R=0.645

were counterstained with nuclear Fast Red. The
miR-7 stained brown. Dermal fibroblasts are in-
dicated by arrows. Original magnification,
X200. Representative results of three normal and
three SSc skin samples are shown. G: Correlation
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we described previously that silencing TSP-1 expression
had an inhibitory effect on up-regulated «2(l) collagen in
SSc fibroblasts by suppression of TGF-g signaling, indi-
cating that constitutive overexpression of TSP-1 may play
an important role in activated TGF-g signaling and in
accumulation of ECM in SSc fibroblasts. Nonetheless,
TSP-2 seems to be unable to activate latent TGF-8, be-
cause TSP-1 (but not TSP-2) contains a RFK motif.5°

Third, we showed that SSc patients had significantly
higher serum TSP-2 levels than healthy control subjects,
and that patients with high serum TSP-2 levels have a
tendency toward pitting scars and/or ulcers, compared
with patients whose TSP-2 levels are normal. A previous
report described that TSP-2-deficient mice show in-
creased numbers of blood vessels in the skin.®" In addi-
tion, when human A431 squamous cell carcinoma cells
were stably overexpressed with TSP-2, tumor growth and
angiogenesis were inhibited.®® TSP-2 is generally
thought to be an inhibitor of angiogenesis, and so high
serum TSP-2 levels may cause vascular damage in pa-
tients with SSc. Circulating TSP-1 was also reported to be
elevated in SSc patients, and correlated with angiopa-
thy."® Thus, TSP-2 (as well as TSP-1) may be associated
with angiopathy in this disease.
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Figure 6. Expression pattern and role of TSP-2
in SSc. In SSc¢, TSP-2 synthesis inside cells is
down-regulated, but extracellular accumulation
of TSP-2 protein in tissue and serum is increased,
because of the decreased degradation of extra-
cellular TSP-2 protein. Extracellular increase in

Blood vessel

intracellular

TSP-2 deposition causes tissue fibrosis, as a re-

| extracellular serum E sult of its inductive effect on collagen expression
and the angiopathy resulting from its inhibitory
effect on angiogenesis. On the other hand,
S o o down-regulation of TSP-2 synthesis inside SSc
® e PN fibroblasts is one of the negative feedback mech-
et : ‘. @ ® @ anisms to prevent increased extracellular TSP-2
~~~~~~~~~ o and/or tissue fibrosis. Decreased TSP-2 inside
: e the cell stimulates the expression of miR-7,
| which has an inhibitory effect on collagen syn-
! thesis.
| Negative feedback
| ‘
_ . Fibrosis Angiopathy
miR-7

Taken together, our findings can be expressed sche-
matically in a hypothetical model (Figure 6). In cases of
SSc, TSP-2 synthesis inside the fibroblasts is down-reg-
ulated at the transcriptional level, whereas extracellular
accumulation of the TSP-2 protein in tissue and serum is
increased because of decreased degradation of extra-
cellular TSP-2 protein. The increase in extracellular TSP-2
deposition contributes to tissue fibrosis by its inductive
effect on collagen expression similar to TGF- and con-
tributes to angiopathy by its inhibitory effect on angiogen-
esis. On the other hand, down-regulation of TSP-2 syn-
thesis inside SSc fibroblasts is one of the negative
feedback mechanisms against increased extracellular
TSP-2 andfor tissue fibrosis. Decreased expression of
TSP-2 inside the cell stimulates expression of miR-7,
which has an inhibitory effect on collagen synthesis.
Nonetheless, this negative feedback seems to be insuf-
ficient to normalize the excessive collagen synthesis of
SSc fibroblasts.

BFA had similar effects in normal cells (Figure 2G)
as in SSc fibroblasts (Figure 2F). Likewise, expression
levels of type | collagen, miR-7, and TSP-2 in SSc
fibroblasts (Figure 5G) were similar to those in normal
fibroblasts using TSP-2 siRNA (Figure 4A), recombi-
nant TSP-2 protein (Figure 2D), or miR-7 mimic (Figure
5C). These results are therefore thought to be applica-
ble to both normal and SSc fibroblasts. In addition, our
findings on the effects of TSP-2 siRNA or miR-7 on gene
expression and cellular activity in normal cells (Figures 4,
C-F, and 5, A-D) may also be applicable to SSc cells,
because the suppressive effect of TSP-2 siRNA on col-
lagen expression was similar in normal and SSc fibro-
blasts (Figure 4, A and B). We also assume that the
effects of the MMP-2 siRNA/inhibitor and MMP-2 recom-
binant protein (Figure 2, C-E) would not differ between

normal and SSc fibroblasts; however, this needs to be
confirmed in future study.

As another limitation of the present study, the de-
tailed mechanisms underlying the miR-7-mediated reg-
ulation of collagen in dermal fibroblasts need to be
elucidated. Although we found that both «1(1) and «2(l)
collagens were target genes of miR-7, a1(l) collagen is
not listed as a target of miR-7 by the prediction pro-
gram. Therefore, the effect of miR-7 on a1(l) collagen
may be indirect, and there may be some mediators that
control this effect. Further studies are needed to ex-
plain the contradictory results, that increased extracel-
lular TSP-2 overcomes the increased miR-7-mediated
negative feedback system against excessive collagen
expression in SSc fibroblasts. Investigations of the
overall regulatory mechanisms of fibrosis and angio-
genesis by TSP-2 may lead to a new therapeutic ap-
proach for systemic sclerosis.
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TGF-B-Mediated Downregulation of MicroRNA-196a
Contributes to the Constitutive Upregulated Type I Collagen
Expression in Scleroderma Dermal Fibroblasts

Noritoshi Honda,* Masatoshi Jinnin,* Ikko Kajihara,* Takamitsu Makino,*
Katsunari Makino,* Shinichi Masuguchi,* Satoshi Fukushima,* Yoshinobu Okamoto,’
Minoru Hasegawa,” Manabu Fujimoto,” and Hironobu Ihn*

Previous reports indicated the significance of the TGF-p signaling in the pathogenesis of systemic sclerosis. We tried to evaluate the
possibility that microRNAs (miRNAs) play a part in the type I collagen upregulation seen in normal fibroblasts stimulated with
exogenous TGF-$ and systemic sclerosis (SSc) fibroblasts. miRNA expression profile was evaluated by miRNA PCR array and real-
time PCR. The protein expression of type I collagen was determined by immunobloetting. In vivo detection of miRNA in paraffin
section was performed by in situ hybridization. Several miRNAs were found to be downregulated in both TGF-B-stimulated normal
fibroblasts and SSc fibroblasts compared with normal fibroblasts by PCR array. Among them, miR-196a expression was decreased in
SSc both in vivo and in vitro by real-time PCR or in situ hybridization. In SSc fibroblasts, miR-196a expression was normalized by
TGF-$ small interfering RNA. miR-196a inhibitor leads to the overexpression of type I collagen in normal fibroblasts, whereas
overexpression of the miRNA resulted in the downregulation of type I collagen in SSc fibroblasts. In addition, miR-196a was
detectable and quantitative in the serum of SSc patients. Patients with lower serum miR-196a levels had significantly higher ratio
of diffuse cutaneous SSc:limited cutaneous SSc, higher modified Rodnan total skin thickness score, and higher prevalence of pitting
scars than those without. miR-196a may play some roles in the pathogenesis of SSc. Investigation of the regulatory mechanisms of type
I collagen expression by miR-196a may lead to new treatments using miRNA. The Journal of Immunology, 2012, 188: 3323-3331.

disorder that typically results in fibrosis of the skin and

internal organs. Although the pathogenesis of this disease
is still unclear, it includes inflammation, autoimmune attack, and
vascular damage, leading to the activation of fibroblasts and dis-
turbed interactions with different components of the extracellular
matrix (ECM) (1, 2). Thus, abnormal SSc fibroblasts that are re-
sponsible for fibrosis may develop from a subset of cells that have
escaped from normal control mechanisms (3, 4).

Although the mechanism of fibroblast activation in SSc is
presently unknown, many of the characteristics of SSc fibroblasts
resemble those of healthy fibroblasts stimulated by TGF-B1 (5, 6).
The principal effect of TGF-B1 on mesenchymal cells is its stim-
ulation of ECM deposition. Fibroblasts from affected SSc skin
cultured in vitro produce excessive amounts of various collagens,
mainly type I collagen, which consists of a1(I) and a2(I) collagen

E; ystemic sclerosis (SSc) or scleroderma is an acquired
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(7, 8), suggesting that the activation of dermal fibroblasts in SSc
may be a result of stimulation by TGF-8 signaling. This notion
is supported by our following recent findings: 1) although the
transcriptional activity of the a2(I) collagen gene in SSc fibroblasts
was constitutively higher than that in normal fibroblasts, the re-
sponsiveness to ectopic TGF-B1 was decreased in SSc cells (9); 2)
phosphorylated levels and DNA-binding activity of Smad3, a
mediator of TGF-B1 signaling, were constitutively upregulated
in SSc fibroblasts (10); and 3) the blockade of TGF-B1 signaling
with anti-TGF-B1-neutralizing Abs abolished the increased ex-
pression of human o2(I) collagen mRNA in SSc fibroblasts (11).

Recently, epigenetics has attracted attention for its involve-
ment in the various cellular behavior, including cell development,
cell differentiation, immune response, organogenesis, growth con-
trol, and apoptosis. microRNAs (miRNAs), short RNA molecules
on average only 22 nt long, are posttranscriptional regulators that
bind to complementary sequences in the 3’ untranslated regions
(3'UTRs) of mRNAs, leading to gene silencing (12-14). Because
there are >1000 miRNAs in the human genome, which may tar-
get ~60% of mammalian genes (15), miRNAs are thought to be
the most abundant class of regulators. Accordingly, miRNAs have
been implicated in the pathogenesis of various human diseases,
such as immunological disorders, cancers, and metabolic disorders
(16-21). However, little is known about the role of miRNAs in
SSc. In the current study, we tried to evaluate the possibility that
miRNAs may also play some roles in the constitutive upregulation
of type I collagen expression seen in SSc.

Materials and Methods

Cell culture

Human dermal fibroblasts were obtained by skin biopsy from the affected
areas (dorsal forearm) of five patients with diffuse cutaneous SSc and <2y of
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skin thiclsening, as described previously (22). Control fibroblasts were ob-
tained by skin biopsies from five healthy donors. Control donors were each
matched with SSc patients for age, sex, and biopsy site. Institutional review
board approval and written informed consent were obtained according to the
Declaration of Helsinki. Primary explant cultures were established in 25-
em? culture flasks in MEM supplemented with 10% FCS and antibiotic-
antimycotic (Invitrogen, Carlsbad, CA). Monolayer cultures independently
isolated from different individuals were maintained at 37°C in 5% CO,
in air. Fibroblasts between the third and six subpassages were used for
experiments. Before experiments, cells were serum starved for 12-24 h.

Patient material

Skin samples were obtained from affected skin of 10 SSc patients. Patients
were grouped into 5 diffuse cutaneous SSc (dcSSc) and 5 limited cutaneous
SSc (1cSSc) according to the classification system proposed by LeRoy et al.
(23). Patients with SSc fulfilled the criteria proposed by the American
College of Rheumatology (24, 25). Control skin samples were obtained
from routinely discarded skin of healthy human subjects undergoing skin
graft. Immediately after removal, skin samples were fixed by formalin and
embedded in paraffin (26).

Serum samples were obtained from 40 patients with SSc (20 dcSSc and
20 1cSSc}). Control samples were collected from 25 healthy age- and sex-
matched volunteers. Clinical and laboratory data reported in this study were
obtained at the time of serum sampling. All serum samples were stored at

miR-196a IN SYSTEMIC SCLEROSIS

—80°C prior to use. Institutional review board approval and written in-
formed consent were obtained before patients and healthy volunteers were
entered into this study according to the Declaration of Helsinki.

Mice

Heterozygous TSK/+ mice on a C57BL/6 background were purchased
from The Jackson Laboratory (Bar Harbor, ME). All mice were housed
in a specific pathogen-free barrier facility and sacrificed at 8 wk. The
Committee on Animal Experimentation of Kanazawa University Graduate
School of Medical Science approved all studies and procedures (27).

In situ hybridization

In situ hybridization was performed with 5'-locked digoxigenin-labeled nucleic
acid probes complementary to human mature miR-196a and scrambled negative
control (Exiqon, Vedbeak, Denmark) (28, 29). Briefly, human tissues were
deparaffinized and deproteinized with protease K for 5 min. Slides were then
washed in 0.2% glycine in PBS and fixed with 4% paraformaldehyde. Hy-
bridization was performed at 50°C overnight, followed by blocking with 2%
FBS and 2% BSA in PBS and 0.1% Tween 20 for 1 h. The probe—target
complex was detected immunologically by a digoxigenin Ab conjugated to
alkaline phospatase acting on the chromogen nitroblue tetrazolium/5-bromo-4-
chloro-3-indolyl phosphate (Roche Applied Science, Mannheim, Germany).
Slides were counterstained with nuclear fast red, and examined under a light
microscope (Olympus BX50, Tokyo, Japan).

Table I. Summary of microRNA expression in normal and SSc fibroblasts by PCR array analysis

miRNA Name NS NS + TGF-B SSc miRNA Name NS NS + TGF-B SSc

let-7a —6.69 —4.95 —4.44 miR-132 —1.53 ND 0.38
let-7b —6.34 —4.77 —4.27 miR-133b 8.39 8.76 8.54
let-7c —1.05 0.79 1.43 miR-134 —1.23 0.98 1.71
let-7d 1.17 1.84 2.82 miR-137 0.15 2.17 2.44
let-7e —-2.28 —1.16 -0.39 miR-141 2.75 10.10 5.59
let-7f 3.58 12.17 6.08 miR-142-3p 4.29 12.96 6.35
let-7g —3.02 —-1.73 —1.09 miR-142-5p 6.10 11.55 8.49
let-7i —2.34 —1.61 —1.76 miR-146a —1.99 1.31 1.47
miR-1 9.33 ND 477  miR-146b-5p —1.01 222 3.53
miR-7 11.33 5.10 8.30 miR-150 —0.46 1.80 2.63
miR-9 8.83 ND 6.69 miR-155 0.58 3.24 3.19
miR-10a —2.85 —1.46 2.37 miR-181a 2.50 ND 0.94
miR-10b —2.75 —0.31 0.13 miR-182 2.29 6.08 6.64
miR-15a 1.20 ND 2.44 miR-183 2.66 4.23 9.75
miR-15b -4.97 —2.57 ~1.54 miR-185 1.41 ND 523
miR-16 —6.67 —4.67 —-3.29 miR-192 —0.90 5.06 3.44
miR-17 —1.70 0.08 0.14 miR-194 731 6.01 3.03
miR-18a 298 3.23 3.13 miR-195 —5.83 —3.65 —2.64
miR-18b 5.68 6.15 6.01 miR-196a —2.61 —-0.55 5.61
miR-20a —0.58 —0.51 0.57 miR-205 1.40 4.19 443
miR-20b 4.06 3.63 5.58 miR-206 3.01 6.93 6.69
miR-21 —932 —8.06 ~7.14 miR-208a —0.24 2.55 3.50
miR-22 —1.45 ND —-0.83 miR-210 -0.93 1.58 1.51
miR-23b —5.64 —4.68 ~4.41 miR-214 -3.61 -233 —1.79
miR-24 —5.01 =3.72 —4.35 miR-215 7.37 10.67 7.66
miR-26a —5.35 —4.04 —3.67 miR-218 —1.18 1.25 2.53
miR-33a 8.38 6.00 7.76 miR-219-5p 9.58 4.40 4.69
miR-92a —3.00 -1.17 —1.22 miR-222 -0.83 —0.83 —0.29
miR-93 -0.39 0.19 1.93 miR-223 7.30 3.20 473
miR-96 1.24 ND 342 miR-301a 8.71 3.73 9.20
miR-99a —2.82 -1.27 0.13 miR-302a 8.74 5.61 10.10
miR-100 —06.65 —4.80 —3.64 miR-302¢c 8.99 10.85 8.45
miR-101 0.57 1.64 1.35 miR-345 3.46 3.45 2.71
miR-103 —0.44 0.45 0.14 miR-370 1.65 4.14 4.33
miR-106b 0.60 1.44 2.82 miR-371-3p 2.57 4.36 4.63
miR-122 1031 ND 11.82 miR-375 —1.84 1.50 1.90
miR-124 0.01 2.61 2.03 miR-378 11.66 5.06 4.40
miR-125a-5p  —5.13 —3.27 —2.29 miR-424 —3.07 -3.05 -3.06
miR-125b —9.49 —3.62 -6.21 miR-452 4.82 8.88 5.92
miR-126 1.83 3.08 5.19 miR-488 7.50 9.06 9.57
miR-127-5p 9.71 7.52 7.75 miR-498 8.28 8.82 8.00
miR-128 0.26 3.61 2.80 miR-503 2.26 3.68 4.83
miR-129-5p —0.70 1.45 1.86 miR-518b 12.04 8.31 7.76
miR-130a 1.93 6.77 2.89 miR-520g 9.18 13.74 11.03

A mixture of equal amounts of microRNAs from five normal fibroblasts (NS), five normal fibroblasts stimulated with TGF-
(NS + TGF-B), or five scleroderma fibroblasts (SSc) was prepared, and miRNA expression profile in each cell group was
evaluated using PCR array. The AACt (the raw Ct value of each miRNA — Ct value of small RNA housekeeping gene) is shown.
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Transient transfection

Control small interfering RNA (siRNA) and TGF-B siRNA were purchased
from Santa Cruz Biotechnology. miRNA inhibitors, mimics, and miScript
Target protectors for control or miR-196a were purchased from Qiagen.
Lipofectamine RNAIMAX (Invitrogen, Carlsbad, CA) was used as trans-
fection reagent. For reverse transfection, siRNAs, miRNA inhibitors (50 nM),
mimics (5 nM), and protectors (500 nM) mixed with transfection reagent
were added when cells were plated, followed by the incubation for 48-96 h at
37°C in 5% CO,. Control experiments showed transcript levels for target of
miRNA inhibitors to be reduced by >80%, and expression of miRNAs was
increased at least 5-fold by the transfection of mimics (data not shown).

Cell lysis and immunoblotting

Fibroblasts were washed with cold PBS twice and lysed in Denaturing
Cell Extraction Buffer (Biosource, Camarillo, CA). Aliquots of cell lysates
(normalized for protein concentrations) were subjected to electrophoresis
on 10% NaDodSO,-polyacrylamide gels and transferred onto nitrocellu-
lose filters. The nitrocellulose filters were then incubated with Ab against
type I collagen, fibronectin, or B-actin. Then the filters were incubated with
secondary Ab, and the immunoreactive bands were visualized using an
ECL system (Amersham Biosciences, Arlington Heights, IL), according to
the manufacturer’s recommendations.

Measurement of type I collagen concentrations

Levels of typeIcollagen in cell lysate were measured with enzyme immunoassay
(EIA) kit for procollagen type I C-terminal peptide (PIP; Takara Bio, Shiga,
Japan). Briefly, anti-PIP mAbs were precoated onto microtiter wells. Aliquots of
cell lysate were added to each well, followed by peroxidase-conjugated Abs to
PIP. Color was developed with hydrogen peroxide and tetramethylbenzidine
peroxidase, and the absorbance at 450 nm was measured. Wavelength correction
was performed by absorbance at 540 nm. The concentration of PIP in each
sample was determined by interpolation from a standard curve.
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miRNA extraction and PCR array analysis

miRNA isolation from cultured cells or skin tissue was performed using RT?
gPCR-Grade miRNA Isolation Kit (SA Bioscience) or miRNeasy FFPE kit
(Qiagen, Valencia, CA), resgectively‘ miRNAs were reverse transcribed into
first-strand cDNA using RT* miRNA First Strand Kit (SA Bioscience). For
RT? Profiler PCR array, the cDNA was mixed with RT? SYBR Green/ROX
gPCR Master Mix, and the mixture was added into 96-well RT? miRNA
PCR array (SA Bioscience) that includes primer pairs for 88 human
miRNAs. PCR was performed on a Takara Thermal Cycler Dice (TP800)
following the manufacturer’s protocol. Threshold cycle (Ct) for each
miRNA was extracted using Thermal Cycler Dice Real Time System
ver2.10B (Takara Bio). The raw Ct was normalized using the values of
small RNA housekeeping genes.

For quantitative real-time PCR, primers for miR-196a, U6, or Snord68
(SA Bioscience) and templates were mixed with the SYBR Premix Ex Tagll
(Takara Bio). DNA was amplified for 40 cycles of denaturation for 5 s at
95°C and annealing for 30 s at 60°C. Data generated from each PCR were
analyzed using Thermal Cycler Dice Real Time System ver2.10B. Tran-
script levels of miR-196a were normalized to U6 for humans and Snord68
for mice.

miRNA extraction from serum and PCR analysis of miRNA
expression

miRNA isolation from serum samples was performed with miRNeasy RNA
isolation kit (Qiagen) following the manufacturer’s instructions with mi-
nor modification (30). Briefly, 100 pl serum was supplemented with 5 pl
5 fmol/pl synthetic nonhuman miRNA (Caenorhabditis elegans miR-39;
Takara Bio) as controls, providing an internal reference for normalization
of technical variations between samples. After Qiazol solution (1 ml) was
added and mixed well by vortexing, then samples were incubated at room
temperature for 5 min. Aqueous and organic phase separation was ach-
ieved by the addition of chloroform. The aqueous phase was applied to
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FIGURE 1. Expression levels of miR-196a in normal and scleroderma fibroblasts. (A) Five normal and scleroderma fibroblasts were serum starved for

24 h and incubated in the presence or absence of TGF-B1 (2 ng/ml) for 6 h. Total miRNA was extracted, and the relative level of miR-196a (normalized to
U6) in each of normal (NS, white bars) and scleroderma fibroblast (SSc, gray bars) was determined by quantitative real-time PCR, as described in Materials
and Methods. The values in normal fibroblasts were set at 1. (B) Mean relative transcript levels of miR-196a in normal fibroblast (NS, white bars), normal
fibroblasts stimulated with TGF-f (NS + TGF-(, black bars), and scleroderma fibroblasts (SSc, gray bars). The data are expressed as mean = SE of
independent experiments using five NS and five SSc fibroblasts. *p < 0.05 as compared with the value in untreated NS cells (1.0). (C and D) Scleroderma
dermal fibroblasts were cultured in 6-well plates and transfected with TGF-B1 siRNA or control siRNA, as described in Materials and Methods. Then,
relative transcript levels of TGF-B1 (C, normalized to GAPDH) and miR-196a (D, normalized to U6) were determined by real-time PCR. #*p < 0.05 as
compared with the values in fibroblasts transfected with control siRNA (1.0).
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FIGURE 2. miR-196a regulates type I collagen expression in vitro. (A) Upper panel, Normal (NS) and scleroderma (SSc) fibroblasts were cultured
independently under the same conditions until they were confluent, and serum starved for 24 h. Then cells were incubated in the presence or absence of
TGF-B1 (2 ng/ml) for additional 24 h. Cell lysates were subjected to immunoblotting with Ab for type I collagen. The same membrane was reprobed with
anti—B-actin Ab as a loading control. The representative results for five normal and SSc fibroblasts are shown. Molecular mass of marker proteins is shown
on the right. Lower panel, a1(I) collagen (white bars) and a2(I) collagen (black bars) protein levels quantitated by scanning densitometry and corrected for
the levels of B-actin in the same samples are shown relative to the level in normal fibroblast (1.0). The data are expressed as mean * SE of three in-
dependent experiments. *p < 0.05 as compared with the value in normal cells. (B) Upper panel, Normal human fibroblasts at a density of 2 X 10* cells/well
in 24-well culture plates were transfected with control inhibitor or miR-196a inhibitor for 96 h. Cell lysates were subjected to immunoblotting using Ab for
type I collagen, fibronectin, and B-actin. Lower panel, a1(I) collagen (white bars) and a2(I) collagen (black bars) protein levels quantitated by scanning
densitometry and corrected for the levels of B-actin in the same samples are shown relative to the level in cells transfected with control inhibitor (1.0). The
data are expressed as mean * SE of three independent experiments. *p << 0.05 as compared with the value in cells with control (Figure legend continues)
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RNeasy spin column and RNeasy MinElute spin column. miRNA was
eluted from the column with nuclease-free water.

¢DNA was synthesized from miRNA with Mir-X miRNA First Strand
Synthesis and SYBR gRT-PCR Kit (Takara Bio). Quantitative real-time
PCR with a Takara Thermal Cycler Dice (TP800) used primers and tem-
plates mixed with the SYBR Premix. The sequence of hsa-miR-196a primer
was designed based on miRBase (http://www.mirbase.org): 5'-TAGGTAG-
TTTCATGTTGTTGGG-3'. The primer set was prevalidated to generate
single amplicons. DNA was amplified for 40 cycles of denaturation for 5 s
at 95°C and annealing for 20 s at 60°C. Data generated from each PCR
were analyzed using Thermal Cycler Dice Real Time System ver2.10B
(Takara Bio). Specificity of reactions was determined by dissociation curve
analysis. The relative gene expression of hsa-miR-196a and cel-miR-39
was calculated by standard curve method. Transcript level of miR-196a
was normalized to that of cel-miR-39.

Statistical analysis

Statistical analysis was carried out with a Student 7 test or Mann—Whitney
U test for comparison of means, and Fisher’s exact probability test for the
analysis of frequency. The p values <0.05 were considered significant.
This research was approved by the Ethics Committee at Kumamoto Uni-
versity (No.177).

Results

Several miRNAs are downregulated in normal fibroblasts
stimulated with TGF-B and in SSc fibroblasts

As an initial experiment, to determine which miRNAs were in-
volved in the pathogenesis of SSc, we performed miRNA PCR
array analysis, consisting of 88 miRNAs involved in human cell
differentiation and development. A mixture of equal amounts
of miRNAs from five normal fibroblasts, five normal fibroblasts
stimulated with exogenous TGF-B1, and five SSc fibroblasts was
prepared, and miRNA expression profile in each cell group was
evaluated using the PCR array. There were several miRNAs
downregulated in both TGF-B-stimulated normal fibroblasts and
SSc fibroblasts compared with normal fibroblasts (Table I; the
complete dataset is available at the Gene Expression Omnibus
microarray data repository, www. ncbi.nlm.nih.gov/geo/, acces-
sion number GSE34827). Among them, we focused on miR-196a
as the regulator of both «al(I) and «2(I) collagen, according to
miRNA target gene predictions using the TargetScan (version
5.1, http://www.targetscan.org/), MiRanda (August 2010 Release,
http://www.microrna.org/), DIANAmicroT (version 3.0, http://
diana.cslab.ece.ntua.gr/microT/), and PicTar (http://pictar.mdc-
berlin.de/), leading programs in the field (31-34).

The array showed the expression of miR-196a was downregulated
in normal fibroblasts stimulated with TGF-1 (2.06-cycle difference;
4.17-fold change in AACt method) and SSc fibroblasts (8.22-cycle
difference; 298.17-fold change). To confirm the results obtained by
miRNA PCR array, we performed quantitative real-time PCR anal-
ysis using the specific primer for miR-196a. As expected, miR-196a
was decreased in all five normal fibroblasts in the presence of TGF-
and all five SSc fibroblasts (Fig. 1A), and the decrease of miR-196a
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in these cells was statistically significant (p < 0.05, Fig. 1B). In-
terestingly, when TGF-f signaling was inhibited by the specific
siRNA in SSc fibroblasts (Fig. 1C), real-time PCR revealed that the
miR-196a expression was significantly upregulated (Fig. 1D). The
recovery of miR-196a expression by TGF-31 siRNA in SSc fibro-
blasts suggests that downregulation of miR-196a is due to the
stimulation of TGF-3 signaling in that cell type, as described above.

Low miR-196a expression leads to the upregulation of type I
collagen protein

As described above, the expression of both al(I) and a2(I) col-
lagen protein was increased in SSc fibroblasts as well as normal
fibroblasts stimulated with TGF-B, compared with untreated
normal fibroblasts (Fig. 2A). Next, we determined the contribution
of downregulated miR-196a to the upregulation of type I collagen
in TGF-B-treated normal fibroblasts and SSc fibroblasts, using
miRNA inhibitor and mimic: miRNA inhibitor is chemically
synthesized, ssRNA, which has complementary sequence of the
target miRNA, and specifically inhibits the target miRNA by the
transfection into cells. miRNA mimic is also chemically synthe-
sized RNA that mimics mature endogenous miRNA. The down-
regulation of miR-196a by the transfection of specific miRNA
inhibitor in normal fibroblasts resulted in statistically significant
increase of protein expression of al(l) and «2(I) collagen (Fig.
2B). In contrast, the overexpression of miR-196a using miR-196a
mimic normalized the upregulated type I collagen expression in
SSc fibroblasts (Fig. 2C). Fibronectin, another ECM that is also
increased in SSc and induced by TGF-3 stimulation (35, 36), but
not the target of miR-196a, was not affected by the miRNA in-
hibitor or mimic (Fig. 2B, 2C), suggesting that the effect of miR-
196a inhibitor or mimic is specific to type I collagen. These results
indicated the possibility that a1(I) and a2(I) collagen is the target
of miR-196a. The inducible or suppressive effect of miR-196a
inhibitor or mimic on the collagen expression was confirmed by
the EIA experiment determining PIP (Fig. 2D).

Furthermore, because the construct of 3'UTR of type I collagen
for reporter assay was not available, to determine the direct in-
teraction between miR-196a with a1(I) or a2(I) collagen 3'UTR,
we used miScript Target Protector (Qiagen), ssRNA comple-
mentary to the miR-196a binding site on the collagen mRNA: the
protector covers the flanking region of the binding site and spe-
cifically interferes with the direct interaction between miRNA and
mRNA (http://www.qiagen.com/products/miscripttargetprotectors.
aspx) (37). As shown in Fig. 2E, transfection of the miR-196a
protector resulted in the upregulation of type I collagen expres-
sion, but not fibronectin, suggesting the direct interaction between
miR-196a and collagen 3'UTR. Furthermore, in the presence of
miR-196a protector, TGF-B1 could not increase the collagen ex-
pression, probably because the binding of miR-196a to collagen
3'UTR was already inhibited by the protector and TGF-f31-me-

inhibitor. (C) SSc fibroblasts at a density of 2 X 10* cells/well in 24-well culture plates were transfected with control miRNA or miR-196a mimic for 96 h.
Cell lysates were subjected to immunoblotting, and the protein levels were quantitated, as described in (B). (D) Left panel, Normal human fibroblasts at
a density of 2 X 10* cells/well in 24-well culture plates were transfected with control inhibitor or miR-196a inhibitor for 96 h. Cell lysates were subjected to
EIA experiment, as described in Materials and Methods. Type 1 collagen protein levels are shown relative to the level in cells transfected with control
inhibitor (1.0). The data are expressed as mean * SE of independent experiments using five NS fibroblasts. *p < 0.05 as compared with the value in cells
with control inhibitor. Right panel, SSc fibroblasts at a density of 2 X 10* cells/well in 24-well culture plates were transfected with control mimic or miR-
196a mimic for 96 h. Cell lysates were subjected to EIA experiment described in Materials and Methods. (E) Normal fibroblasts at a density of 2 X 10*
cells/well in 24-well culture plates were transfected with control or specific miScript protector for the miR-196a binding site on a1(I) and a2(I) collagen for
48 h. Then cells were incubated in the presence or absence of TGF-B1 (2 ng/ml) for additional 24 h. Cell lysates were subjected to immunoblotting, and the
protein levels were quantitated, as described in (B). (F) Normal fibroblasts at a density of 2 X 10* cells/well in 24-well culture plates were transfected with
control or miR-196a inhibitor in the presence of miScript Target protector for the miR-196a binding site on a(I) and o2(I) collagen for 96 h. Cell lysates
were subjected to immunoblotting, and the protein levels were quantitated, as described in (B).
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diated downregulation of miR-196a had no effect on the collagen al(l) and a2(I) collagen (Fig. 2F). Taken together, miR-196a may
expression. Consistent with this, cotransfection of the 196a pro- directly contribute to the constitutively upregulated type I collagen
tector blocked the miR-196a inhibitor-mediated upregulation of expression in SSc fibroblasts.
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five high-power fields (original magnification X400) in the skin specimens from three normal and three SSc skin. *p < 0.05 as compared with the values in
normal skin. (J) The levels of miR-196a expression in each tissue of five healthy control (HC, white bars), five 1cSSc (gray bars), and five dcSSc (black bars)
were determined by real-time PCR, as described in Materials and Methods. The transcript levels in samples from healthy controls were set at 1. (K) Mean
relative transcript levels of miR-196a in tissues from five healthy control (HC, white bars), five 1cSSc (gray bars), and five dcSSc (black bars). The data are
expressed as mean * SE. *p < 0.05 as compared with the value in samples from HC (1.0). (L) Total miRNA was extracted from the skin, liver, and serum of
three TSK mice (TSK, black bars) and three wild-type mice (WT, white bars), and relative transcript levels of miR-196a (normalized to Snord68) were
determined by real-time PCR, as described in Materials and Methods. *p < 0.05, as compared with the values in samples from WT mice (1.0).
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The association between dermal fibrosis and miR-196a
expression in vivo

We then tried to determine the role of miR-196a in tissue fibrosis
in vivo. Histopathologically, compared with normal tissue (Fig. 3A,
3B), SSc skin is characterized by dermal fibrosis due to thickened
and increased collagen fibers (Fig. 3C, 3D). In situ hybridization
showed that signal for miR-196a was evident in fibroblasts of
normal skin (Fig. 3E, 3F), but hardly detected in SSc fibroblasts
between the thickened collagen bundles (Fig. 3G, 3H). Actually,
the number of miR-196a—positive nuclei by in situ hybridization
was significantly decreased in SSc skin (Fig. 3I). In addition, we
performed quantitative analysis of the miR-196a expression in
normal and SSc skin. Compared with five normal skin, four of the
five 1cSSc skin and all five deSSc skin showed decreased miR-
196a expression (Fig. 3J), and the decrease of miR-196a in dcSSc
skin was statistically significant compared with the value in nor-
mal skin (Fig. 3K), which is consistent with in vitro result (Fig.
1A, 1B). Also, to further investigate the miR-196a expression
in vivo, miRNA was purified from the skin, liver, or serum of TSK
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FIGURE 4. Serum miR-196a levels in patients with dcSSc or 1cSSc and
healthy control subjects (HC). (A) miR-196a is present in serum sample.
Serial dilution of cDNA (10-fold dilution, 100-fold dilution, 1000-fold
dilution, and water) synthesized from serum-derived miRNA was used
as template for real-time PCR, as described in Materials and Methods.
Amplification curves of gene-specific transcripts are shown to illustrate the
process of exponential increase of fluorescence. Horizontal dotted line
indicates the threshold. (B) Serum miR-196a levels (normalized to cel-
miR-39) were measured by quantitative real-time PCR. miR-196a con-
centrations are shown on the ordinate. Bars show means. The maximum
value in the healthy controls (HC) was set at 1.
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mice, the animal fibrotic skin model: in the TSK mice skin, col-
lagen expression is reported to be upregulated (38-40). Consistent
with this, real-time PCR revealed that mean miR-196a levels in
the skin of TSK mouse were significantly lower than those in wild-
type mice (p < 0.05, Fig. 3L). In contrast, the miR-196a ex-
pression in the liver and serum was also slightly decreased in TSK
mice compared with wild type, but not significant. Therefore, both
in vitro and in vivo, the expression of miR-196a was likely to be
decreased in fibrotic skin.

Correlation of serum miR-196a levels with clinical
manifestations and laboratory data in SSc patients

We also determined serum concentration of miR-196a in SSc
patients and evaluated the possibility that serum miR-196a levels
can be a disease marker.

There has been no report demonstrating the expression of miR-
196a in cell-free body fluid. To validate that the miRNA is indeed
detectable in human serum, miRNA was extracted from sera of
healthy individual, and the level of miR-196a was determined by
quantitative real-time PCR using primer set specific for miR-196a
(Fig. 4A). The amplification of miR-196a was observed, and Ct
values were increased by the serial dilution of the miRNA. Thus,
miR-196a was thought to be detectable and quantitative in the
serum using our method.

Serum samples were obtained from 40 patients with SSc (9 men
and 31 women); 20 patients had dcSSc, and 20 patients had IcSSc.
Twenty-five healthy subjects were also included in this study. There
was no statistically significant difference between healthy control
subjects and SSc patients (p = 0.90 by Mann—Whitney U test,

Table II.  Correlation of serum miR-196a levels with clinical and
serological features in SSc patients

Patients with
Lower miR-196a

Patients with

Clinical and Serological Normal miR-196a

Features Levels (n = 18) Levels (n = 22)
Age at onset (year) 63.4 56.5
Duration of disease (month) 48.5 64.8
Type (diffuse: limited) 4:14 16:6*
MRSS (point) 7.7 15.9%
Clinical features
Pitting scars/ulcers 25.0 70.6%*
Nailfold bleeding 60.0 333
Raynoud’s phenomenon 100 84.2
Telangiectasia 40.0 353
Contracture of phalanges 100 88.9
Calcinosis 0 0
Diffuse pigmentation 333 57.1
Short SF 80.0 80.0
Sicca symptoms 50.0 70.0
Organ involvement
Pulmonary fibrosis 375 40.0
Mean %VC 94.7 92.6
Mean %DLCO 78.6 75.9
Pulmonary hypertension 555 54.5
Esophagus 7.1 31.5
Heart 40.0 50.0
Kidney 6.7 0
Joint 27.7 13.6
ANA specificity
Anti-topo I 333 27.2
Anti-centromere 66.6 40.0
Anti-Ul RNP 11.1 9.1

Unless indicated, values are percentages.

#p < 0.05 versus patients with normal serum miR-196a levels using Fisher’s
exact probability test or Mann—Whitney U test.

ANA, anti-nuclear Ab; anti-centromere, anti-centromere Ab; anti-topo I, anti-
topoisomerase I Ab; DLCO, diffusion capacity for carbon monooxidase; RNP, ribo-
nucleoprotein; SF, sublingual frenulum; VC, vital capacity.
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Fig. 4B). However, by the analysis of the association between miR-
196a levels and the clinical or laboratory features, we found that
patients with lower miR-196a levels had significantly higher ratio
of dcSSc:1cSSc (16:6 versus 4:14, p < 0.05) and significantly
higher modified Rodnan total skin thickness score (MRSS) (15.9
versus 7.7, p < 0.05) than those without (Table II). Also, the
patients with lower miR-196a levels were accompanied with pitting
scars at the significantly higher prevalence than those without
(70.6% versus 25.0%, p < 0.05).

Discussion

This study demonstrated the role of miR-196a in type I collagen
expression and its contribution to the pathogenesis of SSc by three
major findings.

First, we identified several overexpressed or suppressed miRNAs
specifically in SSc fibroblasts as well as TGF-p—stimulated normal
fibroblasts, compared with untreated normal fibroblasts by miRNA
PCR array consisting of 88 miRNAs involved in human cell dif-
ferentiation and development. We focused on miR-196a as the
regulator of both «1(I) and a2(I) collagen. Although the expres-
sion of miR-196a has been evaluated in glioblastoma and breast
cancer (41, 42), to our knowledge our study is the first to dem-
onstrate the expression of miR-196a in autoimmune diseases, in-
cluding SSc.

Second, in this study, we also found the new miRNA-target
interactions in dermal fibroblasts: downregulated miR-196a leads
to the overexpression of type I collagen in normal fibroblasts,
whereas overexpression of the miRNA resulted in the downregu-
lation of type I collagen in SSc fibroblasts. Also, our results sug-
gest exogenous TGF-B stimulation upregulated type I collagen
expression via miR-196a downregulation in normal fibroblasts, at
least partly. Although Smad proteins are known to be key inter-
mediates in the TGF-B signaling process, recent reports have
identified other pathways, including protein kinase C-8, phos-
phatidylcholine-specific phospholipase C, geranylgeranyl trans-
ferase I, or p38 MAPK, as the participants in the regulation
of various ECM expressions by TGF-f family (43, 44). miR-196a
may also be one of such downstream targets to mediate the effect
of TGF-B. The downregulation of miR-196a seen in SSc fibro-
blasts may result from activated endogenous TGF-B signaling,
and may play a role in the constitutive upregulation of type I
collagen in these cells.

Recently, Maurer et al. (45) have reported that downregulation
of miR-29a contributes to the ECM overexpression in SSc fibro-
blasts. Our study supports the idea that miRNAs are involved in
the pathogenesis of SSc. Furthermore, we investigated tissue and
serum miRNA levels in SSc. To our knowledge, this is the first
report showing that miR-196a is detectable and quantitative in the
serum using our method. Our results indicate that SSc patients
with lower serum miR-196a levels had significantly higher ratio of
dcSSc:1¢SSc, significantly higher MRSS, and significantly higher
prevalence of pitting scar. Thus, serum miR-196a levels can be
a disease marker, reflecting the activity of type I collagen pro-
duction. However, we could not find statistically significant dif-
ference in serum miR-196a levels between SSc patients and
healthy controls. This may be because of the small number of
patients. Larger studies are needed in the future.

In conclusion, SSc may be the good model for tissue fibrosis.
There are thought to be so many factors regulating the fibrotic
process in SSc, and miR-196a may also play some roles in the
pathogenesis of this disease. Investigation of the regulatory mecha-
nisms of collagen expression by miRNAs may lead to new treat-
ments using miRNA by the transfection into the fibrotic lesion.

miR-196a IN SYSTEMIC SCLEROSIS
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