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Abnormal expression of key genes and proteins in the
canonical Wnt/f-catenin pathway of articular cartilage
in a rat model of exercise-induced osteoarthritis
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Abstract. To investigate the molecular pathogenesis of the
canonical Wnt/B-catenin pathway in exercise-induced osteo-
arthritis (OA), 30 male healthy Sprague Dawley rats were
divided into three groups (control, normal exercise-induced
OA and injured exercise-induced OA groups) in order to
establish the exercise-induced OA rat model. The mRNA
and protein expression levels of Runx-2, BMP-2, Ctnnbl,
Sox-9, collagen II, Mmp-13, Wnt-3a and (3-catenin in chon-
drocytes were detected by reverse transcription-quantitative
polymerase chain reaction, western blotting and immunohis-
tochemical staining. The mRNA levels of Runx-2, BMP-2 and
Ctnnbl were upregulated in the normal exercise-induced OA
and injured exercise-induced OA groups; while Runx-2 and
BMP-2 were upregulated in the injured exercise-induced OA
group when compared with the normal exercise-induced OA
group. The protein levels of Mmp-13, Wnt-3a and [3-catenin
were increased and collagen II was reduced in the normal
exercise-induced OA and injured exercise-induced OA
groups. Ctnnbl, Wnt-3a and [(3-catenin, which are key genes
and proteins in the canonical Wnt/f3-catenin pathway, were
abnormally expressed in chondrocytes of the exercise-induced
OA rat model. Ctnnbl, (3-catenin and Wnt-3a were suggested
to participate in the pathogenesis of exercise-induced OA
by abnormally activating the Wnt/B-catenin pathway during
physical exercise due to excessive pressure. The results of the
present study may provide an improved understanding of the
pathogenesis of exercise-induced OA.
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Introduction

Osteoarthritis (OA) is a type of chronic, progressive and
common clinical articular cartilage disease. It is also termed
hypertrophic arthritis or degenerative arthritis; the patho-
logical characteristics of the disease include degeneration of
articular cartilage, sclerosis of subcartilaginous bone, reactive
hyperplasia of subcartilaginous bone and osteophyte forma-
tion (1). Primary OA predominantly occurs in middle-aged
and elderly people, and the disease results from the distur-
bance of catabolism and anabolism in chondrocytes and the
extracellular matrix with the common effects of biological
and mechanical factors (2). The practice of high-loaded and
antagonistic types of physical exercise has been increasing,
such that the young population are inflicting excessive pressure
on their knee joints, which may lead to serious knee joint inju-
ries (3). Excessive wear and injury of articular cartilage, which
is predominantly mediated by mechanical factors, may result
in the aging and degeneration of articular cartilage, which
gives rise to pain, lesions and dysfunctions of the joints (4,5).
At present, the pathogenesis of exercise-induced OA in the
area of sports medicine remains unknown, therefore, it is of
significant importance to investigate its pathogenesis.

Exercise-induced OA is a type of OA, where the inflam-
matory signaling pathway-associated cytokines, including
interleukin 1f, tumor necrosis factor o, serve an important
role in the disturbance of catabolism and anabolism in chon-
drocytes and the extracellular matrix. It is the inflammatory
cytokines that alter the metabolism of chondrocytes, the histo-
logical structures of the extracellular matrix and the activation
of matrix metalloproteinase, which lead to disturbance in the
synthesis and degradation of cartilage matrix, thus resulting
in the development of OA (6,7). However, how the cytokines
transduce signaling into the chondrocytes and regulate the
inflammatory genes remains unclear.

[-catenin is a multifunctional protein in the cytoplasm, and
a key molecule in the Wnt signaling pathway for regulating
gene transcription (8). The canonical Wnt/B-catenin pathway
serves a key role in the process of formation and differentia-
tion of chondrocytes and the metabolism in the extracellular
matrix. The inactivation of -catenin may lead to the differ-
entiation of chondrocytes and cell death (9). However, the
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association between the canonical Wnt/p3-catenin pathway and
the pathogenesis of exercise-induced OA remains to be fully
elucidated.

The present study aimed to investigate the molecular
pathogenesis of the canonical Wnt/f-catenin pathway in
exercise-induced OA by establishing a exercise-induced OA rat
model, and detecting the key genes and proteins of the canonical
Wnt/f-catenin pathway by reverse transcription-quantitative
polymerase chain reaction (RT-qPCR), western blotting and
immunohistochemical staining.

Materials and methods

Experimental animals. A total of 30 healthy male
Sprague-Dawley rats (age, 5-6 weeks; weight, 160-230 g)
were were provided by the Laboratory Animal Center of Xi'an
Jiaotong University Health Science Center (Xi'an, China) for
use in the present study. The rats were raised in individual
cages and had ad libitum access to food and water. The
feed-stuff was provided by the Laboratory Animal Center of
Xi'an Jiaotong University Health Science Center, according to
national standards of rodent animal feed. Indoor temperature
25+3°C, relative humidity 55-75%. The present study was
approved by the ethics committee of Langfang Teachers
University (Langfang, China).

Experimental methods

Animal groups. Following feeding for 5 days in order to
adapt to the environment, the 30 Sprague-Dawley rats were
randomly divided into three groups (n=10/group), the control,
normal exercise-induced OA and injured exercise-induced OA
groups. The rats in the control group did not undergo operation
nor training.

Establishment of the exercise-induced OA rat model. In each
rat of the injured exercise-induced OA model group, the ante-
rior and posterior cruciate ligaments of their right knee joints
were cut. Firstly, the rats were anesthetized by intraperitoneal
injection with 10% chloral hydrate (0.3 ml/100 g; Sinopharm
Chemical Reagent Co., Ltd., Shanghai, China), and hair around
the surgical area was shaved and washed. The operative area
was then sterilized with iodine (GE Healthcare Life Sciences,
Logan, UT, USA), after which an incision into the skin and
articular cavity of the medial side of the right knee joint was
made. The patella was turned inside-out, with the knee flexed
as to expose the articular cavity and enable the anterior and
posterior cruciate ligaments to be cut. The above steps were
conducted with care to ensure there was no injury to the carti-
lage. Finally, the articular capsules and the skin were sutured
closed subsequent to washing of the joint with normal saline,
then the wounds were cleaned with iodine. Each rat in this
group received an intramuscular injection of 200,000 U peni-
cillin (GE Healthcare Life Sciences) for anti-inflammation.
Subsequent to 7 days of wound healing, the rats in the injured
exercise-induced OA model and normal exercise-induced OA
model groups underwent training with the animal experi-
mental treadmill to establish the exercise-induced OA model.
The first week involved the rats adapting to the treadmill
and the exercise load; the exercise intensity was gradually
increased (the speed of treadmill was gradually increased
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from 10 m/min to 16 m/min). The formal training commenced
in the second week; the speed of the treadmill was maintained
at 16 m/min and the exercise duration was 30 min. Training
lasted two weeks, and each week there were six training days
and one rest day.

Tissue preparation and cell culture. Subsequent to estab-
lishment of the exercise-induced OA model, the rats were
anesthetized by intraperitoneal injection with 10% chloral
hydrate (0.3 ml/100 g), prior to being sacrificed by decapitation.
The right knee cartilage of each rat was collected. Samples
were sequentially digested by trypsin (0.5%) and type II colla-
genase (0.2%; both GE Healthcare Life Sciences). Cells were
seeded at a density of 1.5x10* cells/cm? in Dulbecco's modified
Eagle's medium/F12 with 10% fetal bovine serum in 25 ¢cm?
culture flasks and were cultured until they reached confluence.

RT-gPCR. In order to determine the mRNA expression
levels of catenin (cadherin-associated protein) 1 (Ctnnbl),
bone morphogenetic protein 2 (BMP-2), sex determining
region Y-box 9 (Sox-9) and runt-related transcription factor 2
(Runx-2) in three groups of chondrocytes, RT-qPCR was
conducted. Total RNA was isolated from chondrocytes
using TRIzol reagent (Baosheng Biology Co., Ltd., Dalian,
China), and mRNA (0.1 xg) was converted to cDNA using
the RevertAid™ First Strand cDNA Synthesis kit (Thermo
Fisher Scientific, Inc., Waltham, MA, USA) according to
the manufacturer's protocol. Primer sequences are listed in
Table 1. All primer and probe sets were supplied by TagMan®
Gene Expression Assays (Applied Biosystems; Thermo Fisher
Scientific, Inc.). gPCR was performed using 2.0 ul cDNA, the
SYBR® Premix Ex Taq™ II kit (Takara Bio, Inc., Otsu, Japan)
and the FTC 3000 Real-Time PCR System (Funglyn Biotech
Inc., Toronto, ON, Canada). The PCR cycling conditions were
as follows: 95°C for 30 sec, followed by 40 cycles of 95°C for
5 sec and 60°C for 30 sec. The relative fold-change for each
individual gene, as normalized to the reference gene ([3-actin),
was calculated using the 2229 method (10). The PCR results
were analyzed using the Bio-Rad iQ5 software, version 2.1
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). All assays
were performed in triplicate.

Western blot analysis. Proteins were extracted from chon-
drocytes using the Tissue Protein Extraction kit (Thermo
Fisher Scientific, Inc.), according to the manufacturer's
protocol. The concentration of total protein was quantified
using the NanoDrop ND-1000 (Thermo Fisher Scientific,
Inc., Wilmington, DE, USA). A total of 12 ul total protein was
loaded per lane and electrophoresed in 12% sodium dodecyl
sulfate-polyacrylimide gel electrophoresis using a constant
voltage of 80 V for 2 h. The proteins were then transferred onto
a0.45-nitrocellulose membrane (Hybond-ECL; GE Healthcare
Life Sciences) at 350 mA for 90 min and blocked with
5% nonfat milk at room temperature for 2 h. The membranes
were incubated overnight at 4°C with mouse anti-rat collagen I1
monoclonal antibody (mAb; 1:500; hm1062; Abgent, Inc.,
San Diego, CA, USA), mouse anti-rat Wnt-3a polyclonal anti-
body (1:50; 2391S; Cell Signaling Technology, Inc., Danvers,
MA, USA), mouse anti-rat 3-catenin mAb (1:50; sc-59737,
Santa Cruz Biotechnology, Inc., Dallas, TX, USA), mouse
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Figure 1. mRNA expression levels of Runx-2, BMP-2, Ctnnbl and Sox-9 in groups A, B and C. "P<0.05 and “P<0.01 between groups. Runx-2, runt-related
transcription factor 2; BMP-2, bone morphogenetic protein 2; Ctnnbl, catenin (cadherin-associated protein) p1, Sox-9, sex determining region Y-box 9;
group A, injured exercise-induced osteoarthritis group; group B, normal exercise-induced osteoarthritis group; group C, control group.

anti-rat Mmp-13 polyclonal antibody (1:50; bs668; Bioworld
Technology, Inc., St. Louis Park, MN, USA) and mouse anti-rat
[-actin monoclonal antibody (1:3,000; CW0096; Abgent, Inc.).
Subsequently the membranes were washed three times with
Tris-buffered saline containing 5% Tween-20 (Sinopharm
Chemical Reagent Co., Ltd.) for 5 min each, prior to incuba-
tion with horseradish peroxidase-conjugated goat anti-mouse
polyclonal IgG (1:4,000; bs-0296p; BIOSS, Beijing, China)
at 4°C for 2 h, immunoreactive proteins were visualized on
an X-ray film (Sinopharm Chemical Reagent Co., Ltd.,) with
an Enhanced Chemiluminescence kit (NEN Life Science
Products, Inc., Boston, MA, USA). Quantification of band
intensity was conducted using Gel-Pro Analyzer 4.0 (Media
Cybernetics, Inc., Rockville, MD, USA).

Immunohistochemical staining of Wnt-3a and [-catenin.
Immunohistochemical staining was performed to investigate
the expression of key proteins involved in the canonical
Wnt/B-catenin pathway (i.e. Wnt-3a and f3-catenin) in knee
cartilage from rats in the normal exercise-induced OA, injured
exercise-induced OA and control groups. Paraffin-embedded
(Sinopharm Chemical Reagent Co., Ltd.) 5-ym cartilage
sections were prepared using a histotome (Sinopharm
Chemical Reagent Co., Ltd.), and were then deparaffinized
in xylene (Sinopharm Chemical Reagent Co., Ltd.) and rehy-
drated in a graded ethanol series and water. Sections were
treated with 3% hydrogen peroxide (Beijing Zhongshan Jinqiao
Biotechnology Co.,Ltd., Beijing, China) for 10 min, washed with
phosphate-buffered saline (PBS; Sinopharm Chemical Reagent
Co., Ltd.) and incubated in 10 M urea solution (GE Healthcare
Life Sciences) and trypsin at 37°C for 20 min to unmask the
antigens. Subsequent to blocking with 5% goat serum (Beijing
Zhongshan Jingiao Biotechnology Co., Ltd.) for 20 min at room
temperature, mouse polyclonal Wnt-3a and mouse monoclonal
[-catenin antibody (1:50 dilution), as well as the anti-mouse
IgG (1:4,000) antibody, were applied and incubated overnight at

4°C. Subsequent to washing with PBS, sections were incubated
using the SAP kit (Beijing Zhongshan Jinqiao Biotechnology
Co., Ltd.). The substrate 3,3'-diaminobenzidine (Sinopharm
Chemical Reagent Co., Ltd.) was added to stain sections with
hematoxylin (Sinopharm Chemical Reagent Co., Ltd.) counter-
staining. Finally, sections were dehydrated and mounted under
coverslips. Wnt-3a and [3-catenin localization in each cartilage
zone was assessed systematically by counting the number of
positive cells under the SZX16 Stereo Microscope (Olympus
Corporation, Tokyo, Japan).

Statistical analysis. Data were presented as the mean + stan-
dard deviation, and tested for normality and equal variance.
Statistical analysis was performed using SPSS software,
version 18.0 (SPSS, Inc., Chicago, IL, USA). Differences in
the means were determined by one-way analysis of variance
for multiple comparisons followed by the least significant
difference test for two-group comparisons with multiple
comparisons. The Student's t-test was applied to determine
differences between two groups. The normality and homo-
geneity of variance of data were tested prior to statistical
analysis. The nonparametric test (Kruskal Wallis) was used
when the conditions for normality were not fulfilled. P<0.05
was considered to indicate a statistically significant difference.

Results

Expression of Runx-2, BMP-2, Ctnnbl and Sox-9 mRNA in
the cartilage of the three groups. The mRNA expression levels
of Runx-2, BMP-2, Ctnnbl and Sox-9 were detected using
RT-gPCR. As presented in Fig. 1, the results demonstrated that
the mRNA expression levels of Runx-2, BMP-2 and Ctnnbl
were significantly increased in the injured exercise-induced OA
model and the normal exercise-induced OA model groups, as
compared with the control group. In addition, the mRNA expres-
sion levels of Runx-2, BMP-2 and Ctnnbl were significantly
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Table I. Primers used in reverse transcription-quantitative polymerase chain reaction.

Name 5' Primer sequence 3' Primer sequence Amplicon size (bp)
Runx-2 GCCCAGGCGTATTTCAGATG GGTAAAGGTGGCTGGGTAGT 193
BMP-2 GCAAGAACAAAGCAGGACCA TGCTTCTTTATGAGGGCCCA 212
Ctnnbl AGACAGCTCGTTGTACTGCT GTGTCGTGATGGCGTAGAAC 150
Sox-9 CAAGAACAAGCCACACGTCA GTGGTCTTTCTTGTGCTGCA 141
[B-Actin CGGAGTCAACGGATTTGGTCGTAT AGCCTTCTCCATGGTGGTGAAGAC 120

Runx-2, runt-related transcription factor 2; BMP-2, bone morphogenetic protein 2; Ctnnbl, catenin (cadherin-associated protein) $1, Sox-9, sex
determining region Y-box 9; bp, base pairs.

Table II. Protein expression levels of chondrocytes in three groups, as measured by western blotting.

Protein

Expression in chondrocytes (densitometry, X/f3-actin)

Group A

Group B

Group C

Collagen II
Mmp-13
[-Catenin
Wnt-3a

0.34 (0.25-0.43)
1.92 (1.49-2.34)
0.95 (0.53-1.37)
0.62 (0.38-0.86)

0.56 (0.42-0.71)
135(1.12-1.57)
0.89 (0.78-1.00)
0.34 (0.17-0.43)

0.68 (0.27-1.09)
0.74 (0.54-1.15)
0.47 (0.22-0.73)
0.23 (0.17-0.30)

Group A, injured exercise-induced osteoarthritis group; group B, normal exercise-induced osteoarthritis group; group C, control group;
Mmp-13, matrix metalloproteinase 13; Wnt-3a, wingless-type MMTYV integration site family member 3A.
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Figure 2. Immunoblotting of f-catenin, Mmp-13, Wnt-3a and collagen II. The representative immunoblotting images of f3-catenin, Mmp-13, Wnt-3a and
collagen II and the densitometric analysis are presented (n=10/group). "P<0.05 and “P<0.01 between groups. Mmp-13, matrix metalloproteinase 13; Wnt-3a,
wingless-type MMTYV integration site family member 3A; group A, injured exercise-induced osteoarthritis group; group B, normal exercise-induced osteoar-

thritis group; group C, control group.



MOLECULAR MEDICINE REPORTS 13: 1999-2006, 2016 2003

Table III. Protein expression in chondrocytes in the three groups, as determined using immunohistochemistry.

Expression in chondrocytes (positive cell rate)

Protein Group A Group B Group C
Wnt-3a 0.62 (0.35-0.88) 0.54 (0.50-0.58) 0.28 (0.17-0.29)
[B-Catenin 0.68 (0.38-0.86) 0.50 (0.47-0.54) 0.28 (0.17-0.29)

Group A, injured exercise-induced osteoarthritis group; group B, normal exercise-induced osteoarthritis group; group C, control group.
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Figure 3. Immunohistochemical localization of Wnt-3a in the chondrocytes (n=10/group). Data are presented as the mean + standard deviation. "P<0.05
and ¥P<0.01 between groups. Magnification of superficial zone, x200; magnification of middle zone, x400; and magnification of deep zone, x400. Wnt-3a,
wingless-type MMTYV integration site family member 3A; group A, injured exercise-induced osteoarthritis group; group B, normal exercise-induced osteoar-
thritis group; group C, control group.
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Figure 4. Immunohistochemical localization of B-catenin in chondrocytes (n=10/group). Data are presented as the mean + standard deviation. "P<0.05 and
“P<0.01 between groups. Magnification of superficial zone, x200; magnification of middle zone, x400; and magnification of deep zone, x400. Group A, injured
exercise-induced osteoarthritis group; group B, normal exercise-induced osteoarthritis group; group C, control group.

increased in the injured exercise-induced OA model group, as
compared with the normal exercise-induced OA model group.
Conversely, the mRNA expression levels of Sox-9 were signifi-
cantly reduced in the injured exercise-induced OA model and
the normal exercise-induced OA model groups, as compared
with control group. No significant differences were observed
between the injured exercise-induced OA model and normal
exercise-induced OA model groups in the expression of Sox-9
mRNA.

Expression of collagen II, Mmp-13, Wnt-3a and (-catenin at
the protein level in the three groups. Western blot analysis

was conducted to determine the protein expression levels of
collagen II, Mmp-13, Wnt-3a and (3-catenin. As presented in
Fig. 2, there was a significantly reduced level of collagen II
expression in the injured exercise-induced OA model and
normal exercise-induced OA model groups, as compared with
the control, and expression in the injured exercise-induced
OA model group was significantly reduced compared with the
normal exercise-induced OA model group (P<0.05). Wnt-3,
B-catenin, Mmp-13 were all significantly overexpressed in
the injured exercise-induced OA model group and the normal
exercise-induced OA model groups, as compared with the
normal control. In the expression of Wnt-3 and Mmp-13, the
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injured exercise-induced OA model group was observed to
exhibit significantly greater expression, as compared with the
normal exercise-induced OA model group (Fig. 2; Table II).

Immunostaining of Wnt-3a and [5-catenin. In the cartilage,
Whnt-3a (Fig. 3) and B-catenin (Fig. 4) expression levels
were observed to be significantly increased in the normal
exercise-induced OA and injured exercise-induced OA groups,
as compared with the control group. Additionally, the expres-
sion was identified to be significantly greater in the injured
exercise-induced OA group, as compared with the normal
exercise-induced OA group (Figs. 3 and 4; Table III). The
same trends were observed in every zone, a gradual reduc-
tion in protein expression in the superficial, middle and
deep zones across the injured exercise-induced OA, normal
exercise-induced OA and control group cartilages. Thus, it was
established that Wnt-3a and -catenin are highly expressed in
the cartilages of the normal exercise-induced OA and injured
exercise-induced OA groups.

Discussion

OA is a type of chronic arthritis that is characterized by degen-
eration and deficiency of articular cartilage and hyperostosis
of subchondral bone and the edges of joints (11,12). OA is the
most common in the knee, and this is representative of OA,
manifesting with biochemical and metabolic disturbances
and the damage of the articular cartilage structure. Local
structural cartilage damage combines inflammation of the
synovial membrane and fibroplasia of the joint capsule, which
finally lead to pain, swelling and dysfunction of knee joints,
potentially resulting in disability (13-15). OA associated
with exercise predominantly occurs as a result of excessive
abrasiveness and may lead to joint aging and early joint degen-
eration (7,16,17). The present study aimed to investigate the
molecular mechanisms of the key genes and proteins in the
canonical Wnt/f3-catenin pathway in the sport injury-induced
OA by establishing the exercise-induced OA rat model.

Whnt signaling pathway regulates numerous processes,
including growth, development, disease, aging and death,
cellular morphology and function (18,19). The embryonic
development process of higher animals involves cellular
proliferation, differentiation, apoptosis and anti-apoptosis, and
the Wnt/B-catenin pathway is the most well-known pathway
in mediating this process (20). B-catenin is a multifunc-
tional protein which may regulate cell adhesion and signal
transduction, and it is the most important component of the
Wnt/B-catenin pathway (21,22).

Mmps and cytokines serve an important role in the damage
of articular cartilage (23), however the mechanisms remain
unclear. Previous studies have, however, demonstrated that
the Wnt/B-catenin pathway regulated the expression levels
of Mmps and the BMP gene families (24). Zhu et al (21)
identified that the overexpression of (3-catenin may lead to
OA-like alterations in the knee joints of mice, and increases
in the gene expression of Mmp-9, Mmp-13 and BMP-2. The
activity of gelatinase and the gene expression of Mmp-3
and Mmp-13 has been previously identified to be increased
subsequent to the activation of the Wnt/B-catenin pathway
by Wnt-3a in the articular cartilage of rabbit (25). Based on
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the abovementioned studies, the Wnt/f-catenin pathway is
suggested to serve a key role in the mechanism of OA. In
the present study, the expression of BMP-2 and Mmp-13, the
marker genes of chondrocyte maturation and the downstream
genes in the Wnt/B-catenin pathway (20), were significantly
different among the three groups.

BMPisinvolved in the regulation of the differentiation, prolif-
eration, maturity and apoptosis and may increase the expression
of Runx-2 downstream (26). The BMP content was significantly
increased in the synovium and cartilage tissue in the mouse
model of OA induced by papain, and it was observed that the
BMP inhibitor was able to reverse the formation of osteophytes
in OA (27). When the process of endochondral ossification is
completed, overexpression of BMP leads to hypertrophy, differ-
entiation of chondrocytes and the formation of osteophytes (28).
The overexpression of BMP-2 mRNA has been previously
identified in the chondrocytes of OA knees in the patients with
mechanical injury (28). A previous study identified that the
expression of BMPs and Runx-2 were increased significantly in
the peripheral blood of patients with OA, therefore BMPs and
Runx-2 may be considered as markers for the activity of disease
and reaction to treatment (29). In the current study, Runx-2 and
BMP-2 mRNA expression levels were identified to be upregu-
lated, and the Runx-2 and BMP-2 protein expression levels were
increased in the injured exercise-induced OA model group and
exercise-induced OA model group compared with the control
group. This indicated that the normal exercise-induced OA
group had similar alterations in gene and protein expression, as
compared with the injured exercise-induced OA group; however
whether these alterations were induced by the Wnt/B-catenin
pathway requires further investigation.

Mmp-13 is the most effective collagen II degrada-
tion enzyme and the overexpression of Mmp-13 results in
damage to the articular cartilage (30). A previous study
additionally identified that the high expression levels of
Mmp-13 in transgenic mice could result in the appearane
of OA-like pathological alterations (30). The Wnt/B-catenin
signaling pathway was suggested to serve an important role
in this process; overexpression of f-catenin can lead to
increases in Mmp-13 gene expression, which contributes to
the degradation of cartilage matrix and damage of articular
cartilage (21,31).

Sox-9 regulates the development of cartilage in the early
phase and sustains the specialty of chondrocytes (32). Sox-9
serves a key regulating role in controlling differentiation
and hypertrophy of chondrocytes (32). Additionally, it has
been reported that Wnt/p-catenin signaling pathway does
not serve a role in differentiation and hypertrophy of chon-
drocytes if the expression of Sox-9 is reduced, indicating
that the Wnt/B-catenin signaling pathway-mediated promo-
tion of chondrocyte differentiation is dependent on the
expression of Sox-9 (32,33). Sox-9 has also been reported to
regulate the expression of collagen II, and it is notable that the
Wnt/p-catenin signaling pathway may regulate the upstream
Sox-9 gene as part of a feedback regulation (34). The results
of the current study identified that the expression of Sox-9
was reduced, and the expression of [B-catenin was increased
at mRNA and protein levels, thus indicating that increased
expression levels of (3-catenin regulate Sox-9 via feedback
regulation in this exercise-induced OA rat model.
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In the present study, upregulation of -catenin and Wnt-3a
was identified in the injured exercise-induced OA model and
exercise-induced OA model groups. Therefore, B-catenin and
Whnt-3a may participate in the pathogenesis of exercise-induced
OA by abnormally activating the Wnt/p3-catenin pathway as
a result of frequently excessive pressure in sports. This may
provide an improved understanding of the molecular patho-
genesis of exercise-induced OA, thus providing a basis for
future research.
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