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Abstract. – OBJECTIVE: To explore the influ-
ence of osteopontin (OPN) on the chondrocyte 
proliferation in osteoarthritis (OA) rats. 

MATERIALS AND METHODS: A total of 30 
Sprague-Dawley rats were divided in the con-
trol group (n=10), model group (n=10), and OPN 
knockdown group (n=10). No treatment was 
performed in the control group, while OA rats 
were administrated with control adenovirus in 
the model group and OPN knockdown adeno-
virus in the OPN knockdown group. After sam-
pling, the degree of OA was evaluated via he-
matoxylin-eosin (HE) staining, and the mRNA 
expression of OPN was detected. Moreover, 
the expression of the proliferation-associat-
ed protein cyclin D1 was detected using immu-
nohistochemistry. The chondrocytes were iso-
lated from the normal rats, cultured, and trans-
fected with OPN overexpression vector or si-
OPN. Methyl thiazolyl tetrazolium (MTT) assay 
was adopted to determine the proliferative ca-
pacity of chondrocytes, and Caspase3 activ-
ity was measured to evaluate the changes in 
the apoptotic capacity of chondrocytes. Mean-
while, Western blotting was performed to ver-
ify the influences of OPN on the pathways on 
chondrocyte proliferation. 

RESULTS: After the OA model was estab-
lished, the expression level of OPN significant-
ly increased. According to HE staining results, 
OPN knockdown effectively inhibited the onset 
of OA. Compared with that in the control group, 
the expression level of cyclin D1 in the mod-
el group was raised. However, upregulated cy-
clin D1 in OA rats was repressed in OPN knock-
down group. OPN overexpression promoted the 
proliferation of chondrocytes, but suppressed 
their apoptosis, while OPN knockdown had the 
opposite effects. Besides, OPN overexpression 
upregulated nuclear factor-κB (NF-κB), and NF-
κB knockdown eliminated the regulatory effects 
of OPN on proliferation and apoptosis of chon-
drocytes. 

CONCLUSIONS: OPN promotes the expres-
sion of NF-κB signals to accelerate chondrocyte 
proliferation, thereby inducing OA in rats.
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Introduction

Osteoarthritis (OA) is regarded as one of the 
most common chronic arthropathies and is char-
acterized by degradation of articular cartilage, 
subchondral bone thickening, and synovitis1-3. OA 
mainly affects the middle-aged and elderly, with 
the morbidity rate up to 89% in the elderly older 
than 70 years. Chondrocytes, present in various 
cartilage tissues, are responsible for tissue growth 
and maintenance. Excessive proliferation of hu-
man chondrocytes may promote the pathological 
process of OA4. Osteopontin (OPN), a 44-75 
kD multifunctional phosphoprotein, is related 
to the pathogenesis of OA. OPN regulates the 
expressions of a wide variety of OA-associated 
factors, including matrix metalloproteinase-13, 
ADAMTS-4 (a disintegrin and metalloprotein-
ase with thrombospondin motifs), TIMP-8, and 
interleukin-6/8/95-8. However, researches on the 
regulation of the physiological function of chon-
drocytes by OPN now are lacked. Therefore, this 
paper aims to explore the role of OPN in the on-
set of OA via the in vivo experiments in OA rats 
administrated with OPN knockdown adenovirus. 
In addition, the influence of OPN on proliferation 
and apoptosis of chondrocytes were further ana-
lyzed. 
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Materials and Methods

Experimental Reagents and Instruments
Radioimmunoprecipitation assay (RIPA) lysis 

buffer (Beyotime Biotechnology, Shanghai, Chi-
na), papain (Doing-Higher), TRIzol (Invitrogen, 
Carlsbad, CA, USA), fluorescence quantitative 
polymerase chain reaction (qPCR) instrument 
(Bio-Rad CFX96, Hercules, CA, USA), he-
matoxylin-eosin (HE) staining kit (Beyotime 
Biotechnology, Shanghai, China), cyclin D1 
antibody (CST, Danvers, MA, USA), immu-
nohistochemistry kit, optical microscope, and 
fetal bovine serum (FBS) (Sijiqing, Hangzhou, 
China), LipoFiter (HanBio, Shanghai, China), 
methyl thiazolyl tetrazolium (MTT) assay kit 
(Beyotime Biotechnology, Shanghai, China), 
Caspase3 activity assay kit (Nanjing, Kaigen, 
Nanjing, China), and OPN antibody and nucle-
ar factor-κB (NF-κB) antibody (Abcam, Cam-
bridge, MA, USA).

Establishment of OA Model
Thirty Sprague Dawley (SD) rats (Shanghai 

Model Organisms Center, Inc., Shanghai, Chi-
na) were randomly assigned into three groups, 
namely control group, model group, and OPN 
knockdown group. The rats in the control 
group received no treatment, and those in the 
model group were intra-articularly adminis-
trated with 0.2 mL 4% papain per rat once a 
day for 2 consecutive weeks. The rats in the 
OPN knockdown group were pre-injected with 
OPN knockdown adenovirus through the tail 
vein. This study was approved by the Animal 
Ethics Committee of Shandong University An-
imal Center.

Determination of Expression Level of 
OPN Via qPCR

After being ultrasonicated and homogenized, 
the tissues were added with 1 mL of TRIzol to 
extract total ribonucleic acid (RNA). 1 μg of the 
total RNA was reversely transcribed in the follow-
ing steps: 37°C for 20 min, 98°C for 5 min, and 
standing at 4°C. The products were harvested and 
prepared into 10 μL of reaction system, with the 
reaction conditions as follows: pre-denaturation 
at 98°C for 10 min, denaturation at 95°C for 5 s, 
and annealing and extension at 60°C for 1 min for 
35 cycles. The experimental results were calcu-
lated based on 2-ΔΔCt. The following primers were 
used: glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH): Forward: 5’-ACGGCAAGTTCAAC-

GGCACAG-3’, Reverse: 5’-GAAGACGCCAG-
TAGACTCCACGAC-3’ and OPN: Forward: 
5’-GTGGGAAGGACAGTTATGAA-3’, Reverse: 
5’-CTGACTTTGGAAAGTTCCTG-3’.

Immunohistochemistry
The tissues were embedded and sliced into 

4 μm-thick sections, and then they were baked 
at 60°C, deparaffinized, and dehydrated in 
gradient alcohol, followed by antigen retrieval. 
After being rinsed, the tissue sections were 
added dropwise with endogenous peroxidase 
blocker for 10-min incubation, blocked using 
5% bovine serum albumin (BSA), and incu-
bated with cyclin D1 antibody (1:200) at 4°C 
overnight. On the next day, with the primary 
antibody discarded, the resulting sections were 
rinsed, reacted with peroxidase blocker for 10 
min, and added dropwise with DAB for color 
development. Finally, the nuclei were stained 
with hematoxylin, and the sections were sealed 
and observed.

Hematoxylin-Eosin (HE) Staining
After being baked, the sections were deparaf-

finized, dehydrated in gradient alcohol, stained 
with hematoxylin for 10 min, hydrated, and 
washed using clean water. The sections were then 
stained with eosin for several seconds, decolored 
in gradient alcohol, and transparentized in xy-
lene. Finally, the sections were sealed in neutral 
resin and observed.

Extraction and Transfection 
of Chondrocytes

A total of 10 normal newborn SD rats were 
obtained, and their cartilage tissue samples 
were sliced into pieces with the thickness less 
than 1 mm. Then, they were digested using 
0.15% collagenase II (Invitrogen, Carlsbad, 
CA, USA) at 37°C for 5-6 h, while the mixture 
was stirred once every 20 min. After centrif-
ugation, the chondrocytes were isolated and 
cultured in the DMEM-F12 containing 10% 
FBS and antibiotics for 5-7 d. Subsequently, the 
chondrocytes were grouped as follows: overex-
pression vector pcDNA-OPN group (OV-OPN 
group), OPN knockdown group [small inter-
fering (si) OPN group], and NF-κB knockdown 
(siNF-κB group). The negative controls (siNCs) 
(Promega, Madison, WI, USA) were set. Fi-
nally, OA chondrocytes were transfected fol-
lowing the instructions of LipoFiter (Hanbio, 
Shanghai, China).
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MTT Assay
Cell viability was determined via MTT assay. 

After the corresponding treatment, the cells 
were cultured with 10 μL of MTT (5 mg/mL) 
separately for 2-4 h until purple deposits were 
observed. With the medium removed, 5 μL of 
dimethyl sulfoxide was applied in each well, and 
the cells were incubated at room temperature in 
the dark for 2 h. Finally, the absorbance at 490 
nm was recorded.

Western Blotting
An equal amount of protein was separated 

via sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred onto 
a polyvinylidene difluoride (PVDF) membranes 
(Merck Millipore, Burlington, MA, USA). After 
blockage in 5% skim milk in Tris-Buffered Saline 
with Tween 20 [20 mL of tris (pH=7.6), 150 mL 
of NaCl and 0.1% Tween 20] for 3 h, the mem-
branes were incubated with anti-OPN antibody 
and anti-NF-κB antibody (Abcam, Cambridge, 
MA, USA) at room temperature for 1 h. Then, 
the membranes were incubated at 4°C overnight 
and with the HRP-conjugated secondary anti-
bodies for another 1 h, with actin as an internal 
reference.

Caspase3 Activity Determination
At 48 h after transfection, Caspase3 activity 

was determined using the commercial kit (Nan-
jing Kaigen, Nanjing, China). The cells were 
first lysed in lysis buffer on ice for 20 min. After 
centrifugation, the supernatant was reacted with 
Caspase substrates in the reaction buffer at 37°C 
for 4 h. Finally, the absorbance of the cells was 
read at a wavelength of 405 nm, and the relative 
activity of Caspase3 was calculated based on the 
ratio of A405 in the OPN knockdown group to that 
in the control group.

Statistical Analysis
All data were expressed as mean ± standard 

deviation (SD) and analyzed using Statistical 
Product and Service Solutions (SPSS) 16.0 soft-
ware (SPSS Inc., Chicago, IL, USA). Measure-
ment data were expressed as mean ± SD. The 
differences between the two groups were ana-
lyzed by the Student’s t-test. The comparison be-
tween multiple groups was done using One-way 
ANOVA test followed by post-hoc test (Least 
Significant Difference). p<0.05 suggested that the 
difference was statistically significant.

Results

OPN Expression and Pathological 
Degree in OA Rats

According to the qPCR results of RNAs ex-
tracted from rat tissues, the expression level of 
OPN was upregulated in the model group and 
substantially decreased in the OPN knockdown 
group compared with that in the control group 
(Figure 1A). HE staining revealed that compared 
with the control group, the rats in the mod-
el group exhibited cartilage damage, while the 
modeling-induced damage was alleviated in OPN 
knockdown group (Figure 1B).

Expression of Cyclin D1 Detected 
Through Immunohistochemistry

According to the immunohistochemistry re-
sults (Figure 2), cyclin D1-positive cells were 
stained brown, indicating their strong prolifer-
ative capacity. In comparison with those in the 
control group, the chondrocytes in the model 
group had a stronger proliferative capacity, while 
those in the OPN knockdown group had a weaker 
proliferative capacity, showing statistically sig-
nificant differences (p<0.05).

Identification Isolated Chondrocytes 
in Rats

At 24 h after adherence, the isolated chondro-
cytes were observed to be flagstone-shaped in 
morphology and linked closely (Figure 3).

Verification of Transfection Efficiency
24 h after transfection of chondrocytes with 

OPN plasmids, the transfection efficacy was de-
termined. It was found that OPN was over-
expressed successfully by transfection of pcD-
NA-OPN (Figure 4A). Moreover, at 48 h after 
transfection of si-OPN, the knockdown efficiency 
was verified (Figure 4B).

Influence of OPN on Chondrocyte 
Proliferation

According to MTT results (Figure 5), com-
pared with that in the control group, the prolifer-
ative capacity of chondrocytes was enhanced by 
overexpressing OPN (p<0.01), but was weakened 
via knocking down OPN (p<0.01).

Impact of OPN on 
Chondrocyte Apoptosis

It was found that the overexpression of OPN 
weakened the activity of Caspase3 in chondro-
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cytes (p<0.01), while the knockdown of OPN en-
hanced the activity of Caspase3 to promote their 
apoptosis (Figure 6).

Influence of OPN on NF-κB Signals
Western blotting results showed that OPN 

overexpression increased the protein expression 
level of NF-κB, whereas OPN knockdown de-
creased its protein expression level (Figure 7).

Impact of NF-κB on OPN 
Overexpression-Promoted 
Chondrocyte Proliferation

According to MTT results (Figure 8), NF-κB 
knockdown repressed the cell proliferation accel-
erated by OPN overexpression.

Figure 1. A, OPN 
expression detected 
via qPCR. B, Mor-
phological changes 
in cartilage tissues 
identified through 
HE staining (×200). 
**p<0.05 vs. control 
group, ***p<0.05 vs. 
control group.

Figure 2. Expression of cyclin D1 detected via immunohistochemistry (×200).

Figure 3. Morphological identification image of rat 
chondrocytes (×200).
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Influence of NF-κB on OPN 
Overexpression-Inhibited 
Chondrocyte Apoptosis

Based on the Caspase3 activity assay results 
(Figure 9), NF-κB knockdown reversed the OPN 
overexpression-induced decline in chondrocyte 
apoptosis.

Figure 4. A, Verification of efficiency of OPN overexpression in chondrocytes. B, Verification of efficiency of OPN 
knockdown in chondrocytes.

Figure 5. Influences of OPN overexpression and knockdown 
on chondrocyte proliferation detected via MTT assay. *p<0.01 
vs. empty vector group, **p<0.01 vs. siNC group.

Figure 6. Impacts of OPN overexpression and knockdown 
on chondrocyte apoptosis examined through Caspase3 activ-
ity assay. *p<0.01 vs. empty vector group, **p<0.01 vs. siNC 
group.

Figure 7. Influences of OPN overexpression and knock-
down on NF-κB signals detected via Western blotting.

Figure 8. Impact of NF-κB knockdown on chondrocyte pro-
liferation after OPN overexpression detected via MTT assay. 
*p<0.01 vs. empty vector group, **p<0.01 vs. empty vector group.

Figure 9. Influence of NF-κB knockdown on chondrocyte 
apoptosis after OPN overexpression according to Caspase3 
activity assay. *p<0.01 vs. empty vector group, **p<0.01 vs. 
OV-OPN group.
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Discussion

OA results in pathological lesions in particular 
cartilages. In addition to the changes in cartilage 
with aging, cartilage degeneration may occur in 
inappropriate mechanical stress and low-grade 
systemic inflammation associated with trauma, 
obesity, and genetic susceptibility, which is the 
leading risk factor for the development and pro-
gression of OA9. Chondrocytes provide frames 
for the bones in development and regulate the 
growth of long bones via the growth plate. The 
chondrocytes expressed in articular cartilage 
maintain tissue stability through the synthesis 
and degradation of extracellular matrix (ECM). 
Cell growth, differentiation, death, and ECM re-
modeling are modulated by the cellular signaling 
pathway networks to respond to various extracel-
lular stimuli10,11. The disorders in these processes 
may greatly contribute to cartilage-related diseas-
es, including OA.

OPN, known as an early T-cell activation 
gene-1, is secreted by many types of cells, such 
as macrophages, lymphocytes, epithelial cells, 
vascular smooth muscle cells, chondrocytes, and 
synovial cells12-13. Notably, the messenger RNA 
(mRNA) expression and protein abundances of 
OPN are correlated with the onset of OA. A 
study14 initially found that the mRNA expression 
level of OPN in human OA cartilage is higher 
than that in normal cartilage. Besides, OA pa-
tients have higher OPN content in the plasma, 
synovia, and articular cartilage. The above find-
ings suggested that OPN expression is related 
to progressive joint injury and the severity and 
progression of OA.

In the present study, the OA model was estab-
lished in SD rats. OPN was upregulated in OA 
rats than controls. Rats administrated with OPN 
knockdown adenovirus showed much-alleviated 
cartilage lesions. Meanwhile, the proliferative 
capacity of chondrocytes was enhanced after OA 
modeling, and OPN knockdown inhibited the 
modeling-induced enhancement of the prolifer-
ative capacity of chondrocytes. Moreover, OPN 
overexpression promoted the proliferation, but 
inhibited the apoptosis of primary chondrocytes, 
whereas OPN knockdown had the opposite con-
sequences.

OPN can activate NF-κB to promote the se-
cretion of ECM in chondrocytes15. NF-κB is 
able to activate the genes that maintain cell pro-
liferation, which is composed of two subunits 
p65 and p50. Silencing NF-κB expression is 

believed to hinder the proliferation of HeLa cells, 
while its upregulation is likely to directly cause 
the oncogene HRAS to induce cell proliferation. 
However, the expression of NF-κB is upregulat-
ed in OA tissues in knee joints due to the action 
of inhibitors16,17. MiR-9 expression is associated 
with the increased proliferation of OA cells in 
the knee. MiR-9 has been corroborated to nega-
tively regulate the expression of NF-κB. Besides, 
NF-κB exerts anti-apoptosis and anti-prolifera-
tion effects18,19. Therefore, it is speculated in this 
study that OPN may promote the proliferation 
and further accelerate the development of OA by 
facilitating NF-κB signal expression. The results 
of the present study revealed that the regulatory 
effects of OPN on proliferation and apoptosis of 
OA-related chondrocytes were dependent on the 
activation of NF-κB. 

Conclusions

In summary, we first verified that OPN can 
regulate the NF-κB signaling pathway to affect 
the proliferation of chondrocytes, thereby allevi-
ating OA, which lays a theoretical foundation for 
the treatment of OA.
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