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Inhibition of smoothened decreases proliferation of
synoviocytes in rheumatoid arthritis
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Zhao-xia Li!, Xiao-xue Fengl, Fang Liu', Ming-xia Wangl, Wei-qian Chen?, Nancy Olsen’®
and Song Guo Zheng>’

Fibroblast-like synoviocytes (FLSs) contribute to synovial hyperplasia in rheumatoid arthritis (RA). Smoothened (Smo)
is a key component of sonic hedgehog (Shh) signaling and contributes to tumor cell proliferation. The objective of this
study was to investigate the role of Smo in RA synoviocyte proliferation. FLSs were isolated from RA synovium. Shh
signaling was studied using a Smo antagonist (GDC-0449) and small interfering RNA (siRNA) targeting the Smo gene in
FLSs. Cell proliferation was quantified by using kit-8 assay and cell cycle distribution and apoptosis were evaluated
by flow cytometry. Cell cycle-related genes and proteins were detected by real-time PCR and western blot. FLSs treated
with GDC-0449 or Smo-siRNA showed significantly decreased proliferation compared to controls (P < 0.05). Incubation
with GDC-0449 or transfection with Smo-siRNA resulted in a significant increase of G; phase cells compared to controls
(P < 0.05). Cell cycle arrest was validated by the significant increase in cyclin D1 and E1 mRNA expression, decrease
in cyclin-dependent kinase p21 mRNA expression in Smo-siRNA transfected cells (P < 0.05). Protein expression of
cyclin D1 was also downregulated after Smo gene knockdown (P < 0.05).The results suggest that Shh signaling plays

an important role in RA-FLSs proliferation in a Smo-dependent manner and may contribute to synovial hyperplasia.
Targeting Shh signaling may help control joint damage in patients with RA.
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INTRODUCTION
Rheumatoid arthritis (RA) manifests histologically as synovial
hyperplasia, neoangiogenesis and inflammatory cell infiltra-
tion." Activated fibroblast-like synoviocytes (FLSs), which
comprise the major cell population of the hyperplastic synovial
lining, play a central role in the pathogenesis of RA. Similar to
cancer cells, FLSs show dysregulated proliferation and apopto-
sis, contributing to synovial hypertrophy, formation of invas-
ive pannus tissue, and ultimately leading to joint destruction.?
Therefore, inhibition of synovial proliferation and induction of
FLSs apoptosis are potential therapeutic strategies for RA.
Previous studies have demonstrated that overexpression of
proto-oncogenes including c-Myc, c-Ras, and c-jun, and muta-
tions in the p53 tumor suppressor gene contribute to the aber-

rant repression in apoptosis and increase in cell cycle activity of
RA-FLSs.? In addition, cyclin-dependent kinase inhibitors and
FLS apoptosis inducers such as anti-Fas monoclonal antibodies
have shown anti-arthritic effects and could inhibit joint
destruction.* However, the exact molecular mechanisms con-
tributing to the aberrant tumor-like behavior of FLSs in RA
remains unknown.

Signaling pathways involved in cell proliferation and sur-
vival, including sonic hedgehog (Shh), have recently been iden-
tified as key factors in human cancers. As a morphogen, Shh is
essential in pattern formation and progenitor-cell proliferation
during embryogenesis.” During post-embryonic development
and in adult tissues, this morphogenetic signaling pathway is
quiescent. Canonical Shh signaling is mediated through two
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transmembrane receptors, patched (Ptchl) and smoothened
(Smo).° In the absence of the Shh ligand, Ptch1 exerts an inhib-
itory effect on Smo, which consequently prevents activation of
downstream signals. When the ligand binds to Ptchl, inhibi-
tion of Smo is reversed, thus triggering expression of a panel of
downstream target genes via activation of Gli transcription
factors (Gli1-3).”

Aberrant activation and dysregulation of Shh signaling has
been reported to contribute to various cancers, either by
directly regulating cellular growth and survival® or indirectly
by influencing the tumor stroma.”'® Suppression of Shh sig-
naling using small molecules has been suggested as a promising
strategy for anti-cancer treatment. GDC-0449 is a novel, small-
molecule inhibitor of Smo. Clinical studies have revealed that
inhibition of the Shh signaling pathway using GDC-0449
results in antitumor activity in patients with basal-cell carcin-
oma, with one of the main mechanisms underlying the effect
being the decrease of tumor cell proliferation.''

Despite the critical role of Shh signaling in various cancers,
its role in the pathogenesis of RA has not yet been elucidated.
Earlier studies have described the aberrant expression of fetal
morphogenesis genes, including wingless (Wnt) and bone
morphogenetic proteins 2 and 6 in RA synovial tissue.'>"?
Recently, we identified overexpression of Shh in synovium
from RA patients. 1415 Moreover, we found that selective block-
age of Smo attenuates the expression of Shh signaling compo-
nents in FLSs."” In this study, we further demonstrate that
upregulation and suppression of Shh signaling regulates FLSs
proliferation, and that the effect may be mediated by modulat-
ing G, phase progression and G,/S transition.

MATERIALS AND METHODS

Ethics and samples

Han Chinese patients with active RA, including four males and
six females (mean age 48.2 * 9.2 years) were recruited from the
Third Affiliated Hospital of Sun Yat-sen University in
Guangzhou, China, from September 2012 to December 2013.
Synovial tissues were obtained during knee arthroscopy. RA
patients were classified according to the 1987 American College
of Rheumatology revised classification criteria'® and exhibited
moderate to severe disease activity (Disease Activity Score of 28
joint counts >3.2). This study was approved by the Medical
Ethics Committee of the Third Affiliated Hospital of Sun Yat-
sen University. All patients provided written informed consent.

Cell culture

FLSs were isolated and cultured from RA synovium. Briefly,
tissue biopsies were finely minced into pieces and transferred to
a tissue culture flask in Dulbecco’s modified Eagle’s medium
(DMEM) (Hyclone Laboratories, Logan, UT, USA) supple-
mented with 10% fetal bovine serum (FBS) (Hyclone
Laboratories). Within 14 days, FLSs migrated out from the
tissue explant and were grown to approximately 95% con-
fluency. FLSs were subsequently trypsinized, collected, re-sus-
pended, and planted for proliferation. FLSs from passages 3—5
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were used for each experiment after being confirmed as being
FLSs by morphology and purity analysis.

RNA interference

At 40% confluency, FLSs were transfected with small interfer-
ing RNA (siRNA) against human Smo (Smo-homo-1542,
Smo-homo-1292, Smo-homo-1732, Gene Pharma Co.,
Shanghai, China) using the X-treme GENE siRNA transfection
reagent (Roche, Mannheim, Germany) according to the
manufacturer’s protocol. A glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) positive control, a negative control
(NC-siRNA group) and mock transfection (blank group) were
used for the studies. The siRNA sequences were as follows
(Forward, Reverse): Smo-homo-1542: 5'-GGAGUCAUGACU-
CUGUUCUTT-3', 5'-AGAACAGAGUCAUGACUCCTT-3’,
Smo-homo-1292: 5-CUGGCACACUUCCUUCAAATT 3/,
5'-UUUGAAGGAAGUGUGCCAGTT-3', Smo-homo-1732:
5'-GGGACUAUGUGCUAUGUCATT-3’, 5'-UGACAUAGC-
ACAUAGUCCCTT-3', GAPDH: 5 -GGATATTGTTGCCAT-
CATTdTdT-3', 5'-AATGATGGCAACAATATCCATdT-3’,
Negative control: 5'-UUCUCCGAACGUGUCACGUTT-3’,
5'-ACGUGACACGUCGGAGAATT-3". The transfection
efficiency was assessed by fluorescence microscopy six hours
after transfection with fluoroscein isothiocyanate-conjugated
control siRNA. Gene knockdown of Smo was confirmed
48 hours post-transfection by western blotting, which was
performed as described in the subsequent section.

Cell proliferation

FLSs were seeded at a density of 2.5 X 10* mL ™" in 96-well plates.
24 hours later, cells were treated with different doses of Smo
antagonist (GDC-0449, Selleckchem, Houston, TX, USA) (5
UM and 25 pM) or Smo agonist (purmorphamine, Cayman
Chemical, Ann Arbor, MI, USA) (5 uM and 25 uM), or trans-
fected with siRNA and cultured for another 48 hours. To ant-
agonize the Smo receptor, GDC-0449 (5 pM) was added 30
minutes prior to application of purmorphamine (5 pM). Cell
proliferation rates were subsequently assessed using the cell
counting kit-8 (CCK-8) (Dojindo, Tokyo, Japan) according to
the manufacturer’s instructions. GDC-0449 and purmorphamine
were dissolved at 10 mM in dimethyl sulfoxide (DMSO) and the
solution was diluted to the final concentration in DMEM supple-
mented with 10% FBS. Cells in the control group were treated
with vehicle (DMSO in DMEM supplemented with 10% EBS).

Cell cycle analysis

For cell cycle phase analysis, FLSs were plated at a density of
5% 10* mL™" in 6-well plates for 24 hours and transfected with
siRNA as described in the previous section. FLSs were serum-
starved for 18 hours before incubation with GDC-0449 (5 uM) or
purmorphamine (5 uM). After treated for 48 hours, FLSs were
harvested and fixed in 70% cold ethanol overnight at —20°C.
Fixed cells were subsequently washed in phosphate-buffered sal-
ine (pH 7.4) and incubated with RNase A (100 pg mL™")
(Invitrogen, Carlsbad, CA, USA) for 30minutes at 37 °C. For
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staining of nuclei, cells were incubated with propidium iodide (50
Hg mL™}) (Sigma-Aldrich, St. Louis, MO, USA) in the dark for
30 minutes at 4°C. Stained cells were subsequently analyzed using
a FACSCalibur Flow Cytometer (Becton Dickinson, Franklin
Lakes, NJ, USA). For each analysis, 10 000 events were evaluated
with the software ModFit LT (Verity Software House, Topsham,
ME, USA).

Apoptosis assay

For apoptosis analysis, FLSs were seeded at a density of 7 X 10*
mL ™" in 6-well plates, then incubated with GDC-0449 (5 uM)
or purmorphamine (5 pM) or transfected with siRNA for 48
hours. Apoptotic cells were determined using an Alexa Fluor
488 annexin V/Dead Cell Apoptosis kit (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s instructions.
Stained cells were analyzed by a FACSCalibur flow cytometer
(Becton Dickinson). FACS data were analyzed by Flow]Jo soft-
ware (Tree Star, Ashland, OR, USA). Viable cells were defined
as Annexin V and PI negative, while early apoptotic cells were
Annexin V positive and PI negative. Viable cells and cells
undergoing early apoptosis were in the lower-left and lower-
right quadrant of graph, respectively. Percentages in the two
quadrants of each flow cytometric graph were calculated.

RNA isolation and real-time PCR analysis

To measure the effects of Smo agonist and antagonist on Shh
signaling, Glil expression was determined by real-time PCR
analysis. FLSs were treated with different doses of GDC-0449
(5 uM and 25 pM) or purmorphamine (5 uM and 25 pM) for
48 hours as previously described. For the detection of cell cycle-
related genes expression, FLSs were transfected with siRNAs for
48 hours. Total RNA was isolated using Trizol reagent
(Invitrogen Life Technologies, Santa Clara, CA, USA) and
cDNAs were synthesized using the Prime Script RT Reagent
kit (Takara Biotechnology, Dalian, China) according to the
manufacturer’s instructions. Quantification of expressions of
human Glil, cyclin D1, cyclin E1, p21, and GAPDH mRNAs
was determined using SYBR Premix Ex TaqTM kit (Takara
Biotechnology) on an ABI-7500 Thermal Cycler (Applied
Biosystems Inc., Foster City, CA, USA) according to the man-
ufacturer’s instructions. All experiments were examined in
triplicate and positive and negative controls were included.
Relative levels were quantified by the comparative delta Ct
method. Primers for amplification were as follows (forward,
reverse): Glil: (5'-AGGGAGTGCAGCCAATACAG-3',5'-CCG-
GAGTTGATGTAGCTGGT-3"), cyclin D1: (5'-GCTGCGAAG-
TGGAAACCATC-3',5'-CCTCCTTCTGCACACATTTGAA-3'),
cyclin El: (5'-GCCAGCCTTGGGACAATAATG-3', 5'-AGT-
TTGGGTAAACCCGGTCAT-3"), p21: (5'-CGATGGAACTTC-
GACTTTGTCA-3',5'-GCACAAGGGTACAAGACAGTG-3"),
GAPDH: (5'-GGATATTGTTGCCATCATTATdT-3', 5'-AAT-
GATGGCAACAATATCCATAT-3").

Western blot analysis
Briefly, total protein was extracted using a lysis buffer (Cell
Signaling Technology, Beverly, MA, USA). Cell lysates (35 pg
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protein) were loaded and separated using 8% sodium dodecyl
sulfate—polyacrylamide gel electrophoresis, and then blotted
onto a polyvinylidene fluoride membrane. Membranes were
blocked at room temperature for two hours and incubated
overnight at 4°C with primary antibodies. Primary antibodies
included mouse anti-cyclin D1 (1:2000, Cell Signaling Tech-
nology) and rabbit anti-Smo (1:2500, Abcam, Cambridge,
UK). Subsequently membranes were incubated for one hour
at room temperature with secondary antibodies conjugated
with horseradish peroxidase. The expression of GAPDH was
used as an internal standard.

Statistical analysis

SPSS statistical software, version 17.0 (Chicago, IL, USA), was
used for all statistical analyses. Values are presented as means *+
standard deviation (S.D.). Comparisons of data between
groups were performed by independent sample Student’s
t-test. Statistical differences among groups were tested by
one-way analysis of variance (ANOVA) or the Kruskal-Wallis
test. The Dunnett’s -test was used for multiple comparisons.
A P-value of <0.05 was considered statistically significant.

RESULTS

Smo agonist and antagonist regulate FLSs proliferation and
cell cycle distribution

To investigate the effect of small molecules on Shh signaling,
Glil mRNA levels were examined in FLSs. As shown in
Figure 1a, Glil mRNA was significantly decreased after incuba-
tion with Smo antagonist, GDC-0449 and increased after
treatment with different doses of purmorphamine. And the
effect of Glil upregulation by purmorphamine was abolished
by GDC-0449.

To elucidate the effects of GDC-0449 and purmorphamine
on FLSs proliferation, the CCK-8 assay was performed. We
found that GDC-0449 decreased cell proliferation in a dose-
dependent manner. The proliferation rates for cells treated
with GDC-0449 (5 pM and 25uM) were 74.60% * 9.01%
and 60.80% * 7.25%, respectively, compared with controls
(100.00% = 0.00%). We also observed that FLSs proliferation
was effectively increased by purmorphamine. The proliferation
rates for cells treated with purmorphamine (5 uM and 25uM)
were 125.20% = 18.83% and 148.00% * 23.88%, respectively.
And the effect of purmorphamine (5 uM) on cell proliferation
was abolished by GDC-0449 (5 uM) pretreatment, with cell
proliferation rate 73.62% = 7.63% (Figure 1b).

The effect of GDC-0449 and purmorphamine on cell cycle
distribution was assessed by flow cytometry. Incubation with
GDC-0449 (5 pM) for 48 hours resulted in a significant
increase of cells in the G; phase to 89.32% = 0.86% compared
to controls (86.41% = 0.77%, P < 0.05) (Figure 1c). The
percentages of cells in the S and G, phase were significantly
decreased in the presence of GDC-0449 (10.68% = 0.86% in
the presence of GDC-0449 compared to 13.59% = 0.76% in the
absence of GDC-0449, P < 0.05) (Figure 1d). In addition,
incubation of FLSs with purmorphamine (5 pM) decreased
the percentage of cells in the G; phase (82.39% = 2.39%,
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Figure 1 Smo agonist and antagonist regulate FLSs proliferation and cell cycle distribution. (a—e) FLSs were treated with GDC-0449 or purmor-
phamine at different concentrations (5 pM and 25 pM). After 48 hours of incubation, real-time PCR was used to determine Glil expression (a), and
cell counting kit-8 (CCK-8) assay was performed to examine the proliferation rate of FLSs (b), and flow cytometry was used to analyze cells
in different cycle phases (c, d, e). Data are represented as means = S.D. of three independent experiments. *P <0.05 versus control group.

**P <(0.01 versus control group.

P <0.01) and increased cells in the S and G, phase (17.61% =
2.39%, P <0.01). These results demonstrate that a compound
known to suppress Shh signaling through Smo inhibition can
decrease the proliferation of FLSs.

Knockdown of Smo mediated by siRNA decreases FLSs
proliferation and induces G1 cell cycle arrest

Based on the above findings, we utilized RNA interference as
an alternative approach to further investigate the role of Shh
signaling in FLSs proliferation. FLSs were transfected with a

NC-siRNA and a siRNA directed against Smo. After 48 hours of
incubation with siRNAs, western blot analysis was performed.
Relative Smo expression was evaluated and normalized to
GAPDH, and the results revealed that the expression of Smo
is predominantly inhibited in Smo-targeted siRNA-transfected
cells versus NC-siRNA-transfected cells (Figure 2a). Cell pro-
liferation was monitored using the CCK-8 assay and cell cycle
distribution was performed using flow cytometry. The results
of the CCK-8 assay showed that suppression of Smo decreases
the proliferation of FLSs, with a cell proliferation rate of
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Figure 2 Knockdown of Smo by siRNA decreases FLSs proliferation and induces G cell cycle arrest. FLSs were transfected with a negative control
siRNA (NC-siRNA) and siRNA directed against Smo for 48 hours. The expression of Smo was measured by western blot analyses and Smo
expression was evaluated and normalized to GAPDH (ratio of Smo/GAPDH) (a). Cell proliferation (b) and cell cycle progression (c, d, e) were
determined by CCK-8 assay and flow cytometry, respectively. Data are presented as means = S.D. of three independent experiments. *P < 0.05
versus NC-siRNA group.

85.64% * 5.26%, compared to that of the NC-siRNA group
(94.04% = 4.95%, P < 0.05)(Figure 2b). The results of flow
cytometry showed that transfection of Smo-siRNA contributes
to accumulation of cells in the G, phase (82.45% = 0.15%),
when compared to NC-siRNA controls (69.33% = 1.3%,
P <0.05) (Figure 2¢). The percentages of cells in the S and G,
phase were significantly decreased after Smo-siRNA transfec-
tion (17.55% =* 0.15% versus 30.67% =+ 1.28%, P < 0.05)
(Figure 2d).
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Smo antagonist and knockdown of Smo mediated by siRNA
do not affect FLSs apoptosis

To investigate whether the decrease in proliferation seen after
GCD-0449 treatment and Smo silencing is associated with an
increase in apoptosis, we utilized Annexin V and PI staining.
We found that FLSs incubated with GCD-0449 showed a low
level of apoptosis, with cell apoptotic rate of 0.99% =+ 0.40%,
compared to that of the control group (1.39% = 0.23%,
P > 0.05).Treatment of purmorphamine did not affect the
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Figure 3 Smoagonistand antagonist do not affect FLSs apoptosis. FLSs were cultured and serum-starved for 18 hours before incubation with GDC-
0449 (5 uM) or purmorphamine (5 uM) for 48 hours. Cell apoptosis was determined by Annexin V and Pl staining. Populations in the lower-right
quadrant of the flow cytometric graph represented early apoptotic cells (a). The percentage of apoptotic cells (b) and live cells (c) was quantified.
Data are represented as means * S.D. of three independent experiments. NS: not significant.

apoptosis of FLSs (Figure 3b). As shown in Figure 4, FLSs
treated with NC-siRNA and Smo-siRNA displayed enhanced
PI staining compared to the blank group (P < 0.05), suggesting
that siRNA transfection caused a non-specific cytotoxic effect
in the apoptosis assay, while the percentages of early apoptotic
cells (Annexin V positive and PI negative) were not statistically
different between the Smo-siRNA group and negative control
group (P > 0.05) (Figure 4b). These results suggest that Smo
downregulation does not significantly affect apoptosis, and
apoptosis does not significantly contribute to the inhibition
of proliferation induced by Smo suppression.

Knockdown of Smo mediated by siRNA affects the mRNA
and protein expression of cell cycle-related genes

To further investigate how the Smo silencing impacts FLSs
proliferation and cell cycle activity, we determined their impact
on the expression of key cell cycle markers using real-time PCR
and western blot analyses. Suppression of cyclin D1 and cyclin
E1 mRNA expression was evident following Smo-siRNA trans-
fection (Figure 5a and 5b), while this treatment induced an
increase of cyclin-dependent kinase inhibitor p21 mRNA
(Figure 5c). Smo-targeted siRNA also significantly inhibited

the protein expression of cyclin D1 in FLSs (Figure 5d and
5e). These results indicate that the anti-proliferative effects of
Smo silencing may be mediated by inhibiting G, phase pro-
gression and G,/S transition through regulating the expression
of cell cycle-related genes.

DISCUSSION

Excessive proliferation of FLSs and synovial angiogenesis are
the most important contributors to the progression of RA syn-
ovitis. In our previous study, we found that Shh signaling
components including Shh, Smo, and Glil are overexpressed
in RA synovium.15 Given the tumor-like behavior of FLSs, we
hypothesize that Shh might function to induce FLSs prolifera-
tion and contribute to hyperplasia of RA synovium.

In the present study, we showed that upregulation of Smo
promotes proliferation of FLSs, whereas inhibition of Smo
induces growth suppression of FLSs, indicating that Shh sig-
naling is involved in the proliferation of FLSs, and that Smo
may play a critical role in the regulation of FLSs growth.
However, it remains unclear how Shh signaling promotes
FLSs proliferation, and its role in the pathogenesis of RA. It
has been reported that pro-inflammatory cytokines promote
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Figure 4 Knockdown of Smo by siRNA does not affect FLSs apoptosis. FLSs were cultured and transfected with small interfering RNAs (NC, Smo)
for 48 hours. Cell apoptosis was determined by Annexin V and Pl staining. Populations in the lower-right quadrant of the flow cytometric graph
represented early apoptotic cells (a). The percentage of apoptotic cells (b) and live cells (c) was quantified. Data are represented as means = S.D. of
three independent experiments. *P < 0.05 versus control group. NS: not significant.

synovitis and play key roles in the pathogenesis of RA. Studies
have shown that tumor-necrosis factor-alpha (TNF-a) and
interleukin-6 (IL-6) can upregulate Shh expression and pro-
mote cell proliferation, contributing to tumor growth.'”'®
Suppression of Shh signaling by pharmacologically targeting
the Smo receptor resulted in downregulation of TNF-ot and IL-
1B mRNA expression in cholestatic rat liver.'” Heller et al.
showed that knockdown of the Shh ligand decreases IL-6 pro-
duction in tumor—stromal cells, revealing a paracrine role for
Shh signaling in tumor—stromal cell interactions.”® Our results
showed that FLSs are directly responsive to Shh signaling.
Whether synovium-derived Shh ligands can stimulate synovial
hyperplasia via the microenvironment, as well as the connec-
tion between the cytokines TNF-a and IL-6 and the Shh path-
way in RA remains to be further investigated.

Pannus formation in RA may stem from an imbalance
between proliferation and apoptosis of FLSs. An earlier study
reported that FLSs from RA patients expand in a monoclonal
fashion and display enhanced growth ability compared to
synoviocytes in osteoarthritis (OA).! Moreover, the protein
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levels of cell cycle-related genes, cyclin A and B1 were signifi-
cantly higher in synovial tissues of RA patients than in those of
OA patients or patients with traumatic arthritis.** Experiments
using adjuvant arthritis in rats have shown that gene therapy
with p21/cyclin-dependent kinase-interacting protein 1 (CIP1)
inhibits the growth of FLSs and exerts anti-inflammatory
effects.” Tt is possible that the deregulation of cell cycle pro-
gression involves multiple pathways and molecules ultimately
leading to overgrowth of FLSs. Here, we demonstrated that
suppression of Shh signaling by targeting Smo downregulation
results in loss of cell cycle progression and G;/S transition in
FLSs.

Several studies have shown that the distinct ability of Shh to
induce cell proliferation may be due to its direct connection
with the principal G; cell-cycle regulator, cyclins.***
Furthermore, the Ptchl protein is reported to cause cell cycle
arrest by inhibiting the translocation of cyclin Bl from the
cytoplasm to the nucleus.*® In addition, Shh signaling has been
described to negatively regulate p21/CIP1, a suppressor of the
G4/S transition.”” We now demonstrate that the disruption of
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Figure 5 Knockdown of Smo by siRNA affects the mRNA and protein expression of cell cycle-related genes. The level of mMRNA expression of cyclin

D1 (a),cyclin E1 (b),and p21/CIP1 (c) were evaluated using real time-PCR. Relative quantification of gene expression was performed by the

2 —AACt

method. The level of protein expression of cyclin D1 (d) was estimated using western blot analysis. Expression of cyclin D1 protein was quantified
using GAPDH as an internal control (e). Data are represented as means + S.D. of three independent experiments. *P < 0.05 versus NC-siRNA

group. p21/CIP1: p21/cyclin-dependent kinase-interacting protein 1.

Smo by siRNA negatively regulated the expression of cyclin D1
and E1 while increasing p21/CIP1 expression in FLSs, further
validating observations previously reported in other cell types.
Thus, our results suggest that Shh signaling promotes cell cycle
progression in FLSs through interactions with G, cyclins and a
cyclin-dependent kinase inhibitor, providing further support
for the role of Shh in the proliferation of FLSs. However,
whether suppression of Shh signaling has anti-inflammatory
effects via upregulation of p21/CIP1 is still not known.
Reduced apoptosis of FLSs is another important mechanism
associated with synovial hyperplasia of RA. However, we found
that inhibition of Smo does not induce apoptosis in FLSs.
Previous studies have indicated that Shh signaling exerts its
anti-apoptotic effect in a Smo-independent manner.”*?’
Therefore, it will be necessary to further explore the effects of
Ptchl and Glil in the regulation of apoptosis to gain a better
understanding of Shh signaling in the pathogenesis of RA.

CONCLUSION

In the current investigation, we elucidated the impact of the
Shh signaling pathway in FLS proliferation and advanced the
understanding of the molecular mechanisms by which the Shh

pathway is linked to cell cycle regulation. These findings may
provide important insights into the pathogenesis of RA and
implicate a potential therapeutic strategy to control hyperpla-
sia of synovium in RA.
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