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Purpose: Recent findings have identified that SOX9 served as a key role during the
pathogenesis of osteoarthritis (OA). This study aimed to investigate the mechanisms by
which SOX9 regulated the formation of OA in vitro and in vivo.

Materials and methods: The relative expressions of SOX9 in patients with OA and
normal fracture of thighbone were analyzed by real-time-PCR. In vitro, IL-1p induced
inflammatory response in human chondrocytes was used to evaluate the function of SOX9.
The recombinant SOX9 lentivirus vector (Lenti-SOX9) was used to upregulate the expres-
sion of SOX9 in cells. ELISA was used to measure the concentration of tumornecrosis factor-
o (TNF-0). The protein expressions of SOX9, matrixmetalloproteinase-13 (MMP13),
Collagen II, Aggrecan and Smad3 were analyzed by Western blot. Cell proliferation and
cell apoptosis were detected by CCK-8 assay and flow cytometry, respectively. In vivo, the
effect of SOX9 on surgically induced OA mice was evaluated.

Results: The gene level of SOX9 was remarkably downregulated in patients with OA
compared with normal people, while the concentration of TNF-a was upregulated. In
addition, IL-1B reduced the expressions of SOX9, Collagen II and Aggrecan and increased
the level of MMP13 in chondrocytes. Moreover, Lenti-SOX9 notably inhibited IL-1p3-
induced growth inhibition and apoptosis in chondrocytes via increasing the expression of
Smad3. Finally, Lenti-SOX9 markedly alleviated the symptoms of OA mice in vivo.
Conclusion: Upregulation of SOX9 inhibited IL-1B-induced inflammatory response via
increasing the level Smad3 in human chondrocytes and exhibited therapeutic effect on
surgically induced OA mice in vivo. Therefore, SOX9 may serve as a potential target in
the treatment of OA in the future.
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Introduction

Arthritis is considered to be one of the most common clinical diseases. In addition,
osteoarthritis (OA) is the commonest chronic arthritis in aging people or animal.'*
OA involves synovitis, subchondral bone sclerosis and progressive articular carti-
lage damage, which will induce severe ache in the joint part and severe disability in

final. '

Damage of articular cartilage caused the changes in extracellular matrix of
cartilage.® Collagen II and aggrecan are the primary composition of the extracel-
lular matrix in cartilage, and matrix metalloproteinase (MMPs) are very important
for maintaining integrity of cartilage.* Inflammatory cytokines such as tumor
necrosis factor-a (TNF-a) and IL-18 were considered to be important in inducing
damage of articular cartilage.”® IL-1p could regulate the differentiation and func-

tion of chondrocytes, which promotes the expression of MMPs; IL-1p then breaks
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down the cartilage matrix via inducing cell apoptosis.*’
Therefore, inhibiting IL-1fB-induced inflammation might
be an effective therapeutic strategy for treating OA.

The SOX9 gene was reported to be cloned in the early "90s
via using a PCR-based screening, which was close relative of
SRY.® The SRY is a new gene identified as the sex-determin-
ing region on the Y chromosome.® Recent studies have shown
that the SOX (SRY-related HMG box)-containing genes are
now well known as master transcription factors in cell fate
determination and differentiation in a variety of lineages.® In
mesenchymal condensations, SOX9 is found to be early
expressed and takes a great effect on the subsequent differ-
entiation of prechondrogenic precursor cells into
chondrocytes.” Furthermore, Dy et al confirmed that SOX9
was important for normal cartilage formation.'® SOX9 is
required to form a growth plate and prevent chondrocytes
from transitioning from a proliferative state to a hypertrophic
state and an osteoblastic state.!®!" Moreover, SOX9 could
inhibit the proliferation and hypertrophy of chondrocyte.'”

Recent findings have identified that SOX9 serves as a
key role during the pathogenesis of OA. This study aimed
to investigate the mechanisms by which SOX9 regulated
the formation of OA in vitro and in vivo.

Materials and methods

Patients and specimen collection

This study was approved by the Medical Ethical
Committee of the Shanghai Jiao Tong University
Affiliated Sixth People’s Hospital. The guidelines of the
Declaration of Helsinki and Tokyo were also obeyed dur-
ing this process. OA human cartilage tissues were obtained
from patients with OA (n=20, 9 women; age range from
53 to 65 years) who were diagnosed with OA and received
total knee arthroplasty in Shanghai Jiao Tong University
Affiliated Sixth People’s Hospital. The American College
of Rheumatology (ACR) classification criteria was used
for the diagnosis of patients with OA.'> All patients have
signed the informed consents.

Cell culture and transfection
Human chondrocytes CHON-001 (American Type Culture
Collection, Manassas, VA, USA) were cultivated in DMEM
(Thermo Fisher Scientific, Waltham, MA, USA) with 10%
of FBS (Thermo Fisher Scientific) in a humidified incubator
with 5% CO, at 37°C.

The lentiviral vector and pLv-CMV-SOX9 lentiviral
plasmid were obtained from GenePharma (Shanghai,

China). The SOX9 lentivirus and control lentivirus
were transfected into 293T cells for 72 hrs. Then, the
SOXO9 lentivirus supernatant was collected. CHON-001
cells (4x10° cells per well) were plated into 60-mm cell
plates overnight at 37°C. Then, cells were transfected
with control lentivirus and SOX9 lentivirus supernatant
for 72 hrs.

Real time quantitative PCR (qPCR)

The mRNA expression of SOX9, MMP13, collagen II and
aggrecan was quantified by using real-time quantitative
PCR (qPCR). Based on the instructions of the manufacturer,
total RNA was isolated from human OA cartilage tissues or
CHON-001 cells by TRIzol reagent, respectively. 1 pg of
total RNA was used to synthesize the first-strand cDNA.
The QuantiTect Reverse Transcription kit from QIAGEN
(Venlo, the Netherlands) was used in this procedure. In
addition, the process of qPCR was performed according to
the following conditions: 10 mins 95°C, followed by 40
cycles of 15 s 95°C and 1 min 60°C. 5 uL SYBR Green
Master Mix, 0.25 uL of reverse primer and forward primer,
respectively, and 4.5 uL diluted cDNA were included in the
reaction system with a total volume of 10 pL. Fold change
(272 was used to analyze the relative expression of
target gene.'> GAPDH was used to be the inner standard
to normalize the gene concentration of target mRNAs. Each
gene analysis was performed in triplicate. The real-time
qPCR primers were as following: SOX9, forward primer
5'-GGTCTGGTTGGGGTAGA

GGT-3' and reverse primer 5-TGAAGATGGCGTTAGG
AGAGA-3'; MMP13, forward primer 5-CCAGAACTTC
CCAACCAT-3" and reverse primer 5'-ACCCTCCATAAT
GTCATACC-3’; collagen II, forward primer 5'-CTCAAG
TCGCTGAACAACCA-3' and reverse primer 5'-GTCTCC
GCTCTTCCACTCTG-3'; aggrecan, forward primer 5'-AA
GTGCTATGCTGGCTGGTT-3' and reverse primer 5-GG
TCTGGTTGGGGTAGAGGT-3"; GAPDH, forward primer
5'-TCTCCTCTGACTTCAACAGCGAC-3" and reverse
primer 5'-CCCTGTTGCTGAGCCAAATTC-3".

TNF-a activity measurement

TNF-a activity was measured as described previously.'*
Briefly, the level of TNF-a in human OA cartilage tissues
or in CHON-001 cells was measured by using commercial
ELISA kits R&D (Minneapolis, MN, USA). The absor-
bance of each sample was measured at 450 nm (ELISA)
with a microplate reader (Thermo Scientific, Waltham,
MA, USA).
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Cell viability determination

Cell viability was assessed using the CCK-8 according to
the manufacturer’s instructions (Sigma Aldrich, St. Louis,
MO, USA). CHON-001 cells (5x10* cells per well) were
cultured in 96-well plate for 24 hrs. Then, CHON-001 cells
were treated with IL-1p for 24 hrs. After that, 10 uL CCK-8
was added to each well and the cells were incubated at 37°C
for another 4 hrs. The optical density was read at a wave-
length of 450 nm with a microplate reader.

Western blot assay

Total protein from CHON-001 cells was extracted with
RIPA lysis buffer. After sonicating on ice, lysates were
centrifuged at 12,000x g for 30 mins at 4°C. BCA protein
assay kit purchased from Thermo Fisher Scientific was
used to determine the protein concentration. Equal amount
of protein (40 ng) was separated by 12% SDS-PAGE, and
transferred into PVDF membranes. And then, membranes
were incubated with blocking buffer (5% nonfat milk in
PBS containing 0.1% Tween-20 (PBST)) for 2 hrs at room
temperature and incubated with the primary antibodies
against SOX9, MMP13, collagen II, aggrecan, smad3
and GAPDH (Cell Signaling Technology, Danvers, MA,
USA) overnight at 4°C. PBST was used to wash the
membranes for three times (5 mins for each time). Then,
the membranes were incubated with HRP-conjugated sec-
ondary antibodies (Cell Signaling Technologies) for 2 hrs.
Finally, the membranes were detected by enhanced chemi-
luminescence kit (Thermo Fisher Scientific) and quantified
by the Image J (version 2.0, National Institutes of Health,
Bethesda, MD, USA) software.

Apoptosis analysis

An Annexin V-FITC and propidium iodide (PI) staining
kit (Thermo Fisher Scientific) was used to detect the cell
apoptosis according to the manufacturer’s protocol.
Briefly, CHON-001 cells were treated with IL-1p for 72
hrs. Then, cells were stained with Annexin-FITC and PI
for 5 mins at room temperature in the dark, and the cells
were subjected to flow cytometric analysis.

Surgically induced OA mice models

A total of 12 male C57BL/6N mice (8-week old, n=4/group)
weighing 20-25 g were purchased from the Vital River
(Beijing, China). Food and water were available ad libitum.
Mice were housed under a constant temperature of 20+2°C, a
relative humidity of 50+10% and a 12 hrs light/dark cycle. The

experimental protocol was approved by the Animal Care and
Use Committee of Shanghai Jiao Tong University Affiliated
Sixth People’s Hospital. A total of 12 mice were randomly
divided into three groups: sham (control) group, OA model
group, OA model with the treatment of SOX9-expressing
lentivirus (OA + lenti-SOX9). The medial meniscus (DMM)
of the experimental mice was destabilized surgically to simu-
late OA, as previously described.' In brief, after anesthesia
with peritoneal injection of Zoletil 50, the attachment of the
medial meniscus to the tibial plateau (medial meniscotibial
ligament) of the right knee was transected with a microsurgical
knife. The lateral meniscotibial ligament was identified and
protected during the surgery. A sham operation, consisting of
an arthrotomy without the transaction of medial meniscotibial
ligament, was also performed in the right knee joint of mice in
the sham control group. SOX9-expressing lentivirus (5 nM)
was injected into the articular cavity of mice once a week after
surgery. All animals were sacrificed 8 weeks after surgery.
Knee joint tissues were collected for further evaluation.

Histological analysis

After fixing in 4% paraformaldehyde for 24 hrs at 4°C, the
knee joint samples were decalcified in 10% EDTA solution at
4°C for 2 weeks. Then, the knee joint samples were dehy-
drated through a gradient concentration of alcohol. Next, the
knee joint samples were cleared and embedded in paraffin
blocks. 5 um thick of frontal serial sections across entire joints
were obtained. Ten slides per joint at every 50 pm were
selected. And then, the slides were stained with Safranin O/
Fast Green to show cartilage destruction. In order to determine
the extent of subchondral bone thickness, synovitis and carti-
lage degeneration, the stained sections were photographed
digitally under a microscope. The destruction of articular
cartilage was graded using the Osteoarthritis Research
Society International (OARSI) scoring system for medial
femoral condyle and medial tibial plateau.'® The section was
assigned as follows (six OA grades): 0= surface intact, carti-
lage intact; 1= surface intact; 2= surface discontinuity; 3=
vertical fissures; 4= erosion; 5= denudation; and 6= deforma-
tion. Furthermore, a summed OARSI score (0—12) from med-
ial femoral condyle and medial tibial plateau was used to
evaluate the degree of articular cartilage destruction according
to the previous reference.'® The severity of synovitis was
graded using a scoring system which was previously
described:'” enlargement of the synovial lining cell layer on
a scale of 03 (0=1-2 cells, 1=2—4 cells, 2=4-9 cells and 3=10
or more cells) and density of cells in the synovial stroma on a
scale of 0-3 (0= normal cellularity, 1= slightly increased
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cellularity, 2= moderately increased cellularity and 3= greatly
cellularity). (Carl
Zeiss, Oberkochen, Germany) was chosen to measure the

increased Axio Vision software
thickness of the medial subchondral bone plate according to

Safranin-O-stained sections.

Statistical analysis

All experiments were performed independently at least three
times. Values are shown as mean + SD. GraphPad Prism soft-
ware (version 7.0, La Jolla, CA, USA) was used to perform all
analysis. The comparison between two groups was analyzed
by Student’s ¢-test. One-way ANOVA followed by Tukey’s test
was used to calculate the statistical significance among multi-
ple groups. P<0.05 was considered statistically significant.

Results
Expression of the SOX9 in the patients
with OA

The relative expressions of SOX9 in fracture of thighbone
were illustrated by real-time qPCR firstly. And, the produc-
tion of TNF-a in OA tissues was measured by ELISA. The
data indicated that the expression of SOX9 in healthy tis-
sues were much higher than that in OA tissues (Figure 1A,
P<0.01). In addition, the production of TNF-a was
increased significantly in patients with OA compared with
healthy controls (Figure 1B). Thus, SOX9 appeared to be
downregulated in OA tissues.
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IL-1B induced inflammatory response in
CHON-001 cells

IL-1pB is considered one of the key cytokines involved in
the pathogenesis of OA, which was used to induce inflam-
matory response in human chondrocytes.'® As shown in
Figure 2A, compared to the control group, significant
downregulation of collagen II, aggrecan and SOX9
mRNA levels were observed in IL-1p-treated CHON-001
cells, whereas the mRNA level of MMP13 was upregu-
lated. Consistently, IL-1p markedly reduced protein
expressions of collagen II, aggrecan and SOX9 and
increased MMP13 protein (Figure 2B and C). In addition,
the production of TNF-a in cell medium was increased
significantly after IL-1f treatment (Figure 2D). All these
data suggested IL-1p induced significantly inflammatory
response in CHON-001 cells.

Overexpression of SOX9 in CHON-001

cells

CHON-001 cells were treated with various concentrations of
IL-1B. The results indicated that IL-1p dose-dependently
inhibited mRNA and protein levels of SOX9 (Figure 3A—C).
Next, chondrocytes were transfected with a lentiviral vector
containing cytomegalovirus (CMV) driven pLv-SOX9-GFP
or one reporter vector pLv-GFP for 6 hrs. As shown in Figure
3D-F, Lenti-SOXO9 significantly upregulated the mRNA and
protein levels of SOX9 in CHON-001 cells.
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Figure | Expression of the SOX9 in patients with osteoarthritis (OA). (A) Relative gene expression of SOX9 in normal articular cartilage of patients with femur and
articular cartilage of OA patients was detected by using real-time qPCR. **P<0.0| compared with normal group, n=3. (B) The concentration of TNF-a in normal synovial
fluid of patients with femur and synovial fluid of OA patients was detected by using ELISA. **P<0.0] compared with normal group, n=3.
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Figure 2 IL- 1§ induced inflammatory response in human chondrocytes. (A) CHON-001 cells were stimulated with IL-1 B (10 ng/mL) for 24 hrs. Relative gene expressions
of collagen I, aggrecan, MMPI3 and SOX9 in human cells were detected with real-time qPCR. **P<0.0] compared with control group, n=3. (B) Protein expressions of
collagen Il, aggrecan, MMPI3 and SOX9 in CHON-001 cells after treating with IL-1p for 72 hrs were detected with Western blot. (C) Relative protein expressions of
collagen Il, aggrecan, MMP13 and SOX9 in cell were quantified. *P<0.05, **P<0.0l compared with control group, n=3. (D) CHON-001 cells were treated with IL-1f for 72
hrs, and the concentrations of TNF-a in cell medium were evaluated with ELISA. **P<0.0]1 compared with control group, n=3.

Overexpression of SOX9 suppressed |L-
| B-induced apoptosis in CHON-001 cells

In order to evaluate the effect of Lenti-SOX9 on the
viability of chondrocytes, CCK-8 assay was used. As
shown in Figure 4A, the viability of CHON-001 reduced
markedly in IL-1B group compared with the control
group. However, this effect was notably reversed by
Lenti-SOX9. In addition, the result of cell apoptosis
analysis demonstrated that Lenti-SOX9 significantly
inhibited in IL-1B-induced apoptosis of CHON-001 cells
(Figure 4B and C). The cell apoptotic rates were
increased to 34% in IL-1B-treated CHON-001 cells,
while the apoptotic rates were decreased to 16% follow-
ing transfection with Lenti-SOX9 (Figure 4B and C).
of TNF-o was significantly

Furthermore, the level

increased by IL-1P treatment (Figure 4D). However, the

production of TNF-a was markedly reduced in the pre-
sence of Lenti-SOX9 (Figure 4D).

Effect of Lenti-SOX9 on the expression of
collagen Il and smad3 in CHON-001 cells

Next, we investigated the mechanism underlying the pro-
tective effect of Lenti-SOX9 in IL-1B-treated human chon-
drocytes. The mRNA level of smad3 and the protein
expressions of collagen II and smad3 were measured by
real-time qPCR and Western blot, respectively. As shown
in Figure 5A and B, notable downregulation of the mRNA
expression of smad3 was observed in IL-1p-stimulated
chondrocytes. Nevertheless, Lenti-SOX9 obviously inhib-
ited the downregulation of smad3 by IL-1f in cells. In
addition, Lenti-SOX9 distinctly decreased the protein
degradation of collagen II and smad3 (Figure 5B-D).
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Figure 3 Overexpression of SOX9 in human chondrocytes. (A) CHON-001 cells were treated with 5, 10 or 20 ng/mL IL- 1B for 24 hrs. Relative gene expression of SOX9 in cells was
detected with real-time qPCR. *P<0.05, **P<0.01 compared with control group, n=3. (B) CHON-001 cells were treated with 5, 10 or 20 ng/mL IL-1 for 72 hrs. Protein expression of
SOX9 in cells was measured by Western blot. (C) Quantification of SOX9 protein. *P<0.05, **P<0.0| compared with control group, n=3. (D) CHON-001 cells were transfected with
control lentivirus vector or Lenti-SOX9 for 6 hrs. Relative gene expression of SOX9 in CHON-001 cells was detected with real-time qPCR. **P<0.01 compared with control group,
n=3. (E) Protein expression of SOX9 in cells was detected by Western blot. (F) Quantification of SOX9 protein. *P<0.01 compared with control group, n=3.

Furthermore, the expressions of smad3 in healthy articular
cartilage were much higher than that in OA tissues (Figure
SE, P<0.01). A significant positive relationship between
smad3 and SOX9 was demonstrated by correlation ana-
lyses (Figure 5F). All these data suggested Lenti-SOX9
inhibited  IL-1B-induced
response in human chondrocytes.

significantly inflammatory

SOX9 alleviated the progression of OA in
mice

To assess the effect of SOX9 on the progression of OA
in vivo, surgical-induced OA mice model was estab-
lished. As presented in Figure 6A, the surface of the
cartilage in control group was integrated according to
the result of Safranin O staining. Compared with the
control group, cartilage superficial destruction, exten-
sive proteoglycan loss, cartilage erosion and obvious
hypocellularity were observed in OA group. However,
Lenti-SOX9 notably inhibited the proteoglycan loss
and cartilage destruction as compared to OA group.
Consistent with the results of Safranin O staining, the
OASI score (Figure 6B) of OA group was apparently

higher than that in control group. As expected, Lenti-
SOX9 markedly lower OARSI score, compared with
OA group. In addition, evidently relieved synovitis
and the decreases in subchondral bone plate thickness
were observed in Lenti-SOX9-treated group (Figure 6C
and D). Taken together, these results demonstrated that
upregulation of SOX9 could alleviate the progression
of OA in mice.

Discussion
As a pivotal transcription factor, SOX9 is known for its
function in different tissue processes including in the
cartilage development and its maintenance in adults.''
In addition, SOX9 has been indicated to regulate the
differentiation and hypertrophy of chondrocyte."”
Though there are many studies about SOX9, the
mechanisms by which SOX9 regulates the pathogenesis
of OA remain unclear. In this study, we investigated the
effect of SOX9 in human chondrocytes in vitro and the
protective effects of SOX9 in OA mice in vivo. Our
results indicated that overexpression of SOX9 inhibited
IL-1B-induced and reduced the

cell apoptosis
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Figure 4 Overexpression of SOX9 suppressed IL-|B-induced apoptosis in human chondrocytes. (A) CHON-00I cells were transfected with Lenti-SOX9 for 6 hrs
and then stimulated with IL-IB (10 ng/mL) for 24 hrs. Cell viability was measured by CCK-8 assay. *P<0.05, **P<0.0] compared with control group, n=3. (B)
CHON-001 cells were transfected with Lenti-SOX9 for 6 hrs and then stimulated with IL-1B (10 ng/mL) for 72 hrs. Cell apoptosis of cells was measured by flow
cytometry. (C) Quantification analysis of apoptosis. **P<0.01 compared with control group. *P<0.01 compared with group treated with IL-1B, n=3. (D) The
concentration of TNF-a in cell medium of different groups was measured with ELISA . *¥P<0.0] compared with control group. ##p<0.01 compared with group

treated with IL-1B, n=3.

degradation of collagen-II in human chondrocytes.
Furthermore, we found that overexpression of SOX9
suppressed IL-1B-stimulated smad3 decrease. Besides,
treatment of SOX9 lentivirus attenuated the progression
of OA in mice in vivo.

In OA cartilage, it has been detected that cell death
showed the morphological and molecular features of
apoptosis. The detected fate suggested that chondrocyte
death/survival may play a vital role in the pathogenesis
of OA.?° In addition, apoptotic cell death in OA carti-
lage was associated with matrix degradation and calci-
fication. In turn, many studies also suggested the

important role of cell death/survival in OA pathogen-
esis. Furthermore, in apoptosis, it has been reported that
there was a close and positive relationship between the
severity of cartilage destruction and matrix depletion in
human osteoarthritic tissue specimens.”?’ Our results
showed that SOX9 inhibited IL-1-induced cell apoptosis
in human chondrocytes.

It has been well known that the major structure of the
ECM constituted collagen Il and aggrecan. Moreover, the
normal physiological function of the cartilage was also
maintained by collagen II and aggrecan. Loss of collagen
II and aggrecan contributes a lot to accelerate the progress
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Figure 5 Effect of Lenti-SOX9 on the expressions of collagen Il and smad3 in human chondrocytes. (A) CHON-001 cells were transfected with Lenti-SOX9 for 6
hrs following stimulation with IL-IB (10 ng/mL) for 24 hrs. Relative gene level of smad3 in cells was detected with real-time qPCR. **P<0.0l compared with
control group. #P<0.01 compared with group treated with IL-1f, n=3. (B) CHON-001 cells were transfected with Lenti-SOX9 for 6 hrs following stimulation with
IL-1B (10 ng/mL) for 72 hrs. The protein expressions of collagen Il and smad3 were measured by Western blot. (C, D) Quantification analysis of collagen Il and
smad3. *¥P<0.01 compared with control group. **P<0.01 compared with group treated with IL-1B, n=3. (E) Relative gene expression of smad3 in normal articular
cartilage and in patients with OA was measured with real-time qPCR. (F) The relationship between SOX9 and smad3 was evaluated by correlation analysis.

of OA. According to previous studies, retroviral expres-
sion of SOX9 in human OA articular chondrocytes was
demonstrated to induce an upregulation in expression level
of collagen I1.°*** These data corresponded well with our
results. We speculated that SOX9 transduction may be able
to renew the capacity of late passage human OA articular
chondrocytes to form cartilage matrix.

Ferguson et al have proved that smad3 is one of the key
mediators which could regulate the inhibitory effect of TGF-3
on terminal differentiation of chondrocyte.”* Without smad3
signaling, chondrocytes may be able to break their quiescent
state and undergo anomalous terminal differentiation in
further. Spontaneous maturation in smad3-deficient chondro-
cytes will be blocked if smad3 were overexpressed.”>°
Moreover, an increased risked hip and knee OA was reported
to be closely linked with a single nucleotide polymorphism in
the smad3 gene.?” Surprisingly, retroviral transduction with
SOX9 inhibited IL-1B-induced degradation of smad3 in
human chondrocytes in the current study.

Articular cartilage destruction with changes in sub-
chondral bone and synovitis is supposed to be key
factors in OA formation.”® Based on this, suffering
patients will benefit a lot from the agents which were
to be

involved in synovitis, destruction of articular cartilage

designed specifically interdict mechanisms
and subchondral bone remodeling. In addition, these
agents will provide exciting new hope for the treatment
of OA.*’ In our study, OA mice models induced by
DMM were used to evaluate the effect of SOX9 in
vivo. OARSI grade, synovitis scoring system and sub-
chondral bone plate thickness were used to assess the
severity of cartilage destruction, synovitis and sub-
chondral bone thickening, respectively. Interestingly,
overexpression of SOX9 apparently decreased the
OARSI scores as well as subchondral bone plate thick-
ness and relieved the severity of synovitis in mice OA
models, which suggested that overexpression of SOX9

alleviated the progression of OA.
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Figure 6 SOX9 alleviated the progression of osteoarthritis (OA) in mice. Mice were randomly divided into three groups: control group, OA group and Lenti-SOX9 group.
The control group underwent sham operation, and the OA and the Lenti-SOX9 groups were subjected to DMM surgery for establishing OA models. After surgery, the
Lenti-SOX9 group received an intra-articular injection of Lenti-SOX9 weekly for 8 weeks. (A) Histological morphology of cartilage was determined by Safranin O staining.
(B, C, D) OA damage in mice was evaluated with OARSI score, subchondral bone plate thickness and synovitis scores. **P<0.01 compared with sham control group.

#P<0.01 compared with the OA group, n=5.

Conclusion

In summary, we have shown that SOX9 played a key
role in regulating the formatting of OA. Furthermore,
overexpression of SOX9 decreased cartilage destruc-
tion and subchondral bone plate thickness and relieved
synovitis in OA mice. Taken together, these findings
suggested that overexpression of SOX9 might be a
potential therapeutic approach for the treatment of OA.
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