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Osteopontin can decrease the expression of Col-ll and
COMP in cartilage cells in vitro
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Abstract: Objective: To observe the effect of osteopontin (OPN) on the expression of collagen type Il (Col-ll) and oligo-
meric matrix protein COMP in cartilage cells of knee osteoarthritis, and explore the mechanism of OPN in the knee
osteoarthritis. Methods: Cartilage cells were isolated from fetal rabbit, they were divided into 3 groups: A (control);
B (0.5 uM OPN) and C (1 uM OPN). The expression levels of Col-2 and COMP were detected by RT-PCR and Western
blotting methods. MMP-13 was detected using ELISA. The proliferation was determined by MTT method. Results:
Compared with the group, the expression levels of Col-2 and COMP in cartilage cells decreased in the intervention
group with dose dependent (P<0.05). The expression of MMP-13 in culture supernatant and the proliferation in-
creased in the intervention group (P<0.05). Conclusion: OPN can down-regulate the expression levels of Col-2 and
COMP in cartilage cells and up-regulate the expression of MMP-13 in culture supernatant and promote the prolifera-

tion of cells, which could accelerate the pathological process of cartilage cells.
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Introduction

The occurrence and development of knee
osteoarthritis was closely related with the
microenvironment of osteoarthritis, the compo-
nents of extracellular matrix regulated the
microenvironment directly. Therefore the extra-
cellular matrix proteins were crucial to the
occurrence and development of osteoarthritis.
Recently, some extracellular matrix proteins
such as periostin [1], MMP [2] and osteopontin
(OPN) [3] were found to play important roles in
promoting the inflammatory occurrence of car-
tilage cells in knee osteoarthritis, especially the
OPN protein has attracted wide attention. As an
important extracellular matrix protein, OPN can
mediate cellular growth, survival, adhesion and
migration in osteoarthritis [4, 5]. Although we
have found that OPN highly expressed in many
inflammatory diseases, even some researchers
thought that OPN can be used as a biomarker
for the diagnosis of knee osteoarthritis [6, 7],
but the mechanism of OPN in the knee osteoar-
thritis remains unclear. Studies have reported
that OPN promoting the occurrence and devel-
opment of knee osteoarthritis may be associ-
ated with the activation of some proteases
such as MMPs [7] and some growth factor

receptors such as EGFR [3] and so on. These
studies sufficiently indicated that OPN most
likely played a key role in many arthritis diseas-
es including knee osteoarthritis.

In this study, we observed the effect of OPN on
the expression of collagen type Il (Col-Il) and
oligomeric matrix protein COMP in cartilage
cells of knee osteoarthritis, and explored the
mechanism of OPN in the knee osteoarthritis.

Materials and methods

Isolation and microcarrier culture of cartilage
cells in vitro

Briefly, articular cartilage tissues were taken
from New Zealand rabbits. The tissues were cut
into small pieces and cultured with DMEM/F12
medium containing 20% FCS at 37°C with 5%
CO, and 95% relative humidity.

Biosilon microcarrier beads were washed with
PBS and autoclaved. The beads were suspend-
ed in DMEM medium containing 10% FCS,
1x10° cells/mL cartilage cells were seeded in
the 100 mL rotating bottle with 10 g/L concen-
trations of Biosilon micro carrier, volume of cul-
ture medium was 50 mL. The bottle was placed
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Figure 1. Immunofluorescence staining results of
cartilage cells (x400).

Table 1. Survival rate of cartilage cells (X
+SEM)

Group 24 h 48 h 72 h
Control 94+1.0 94+0.8 93+1.0
0.5uyM OPN 94+1.2 93.7+0.6 92.1+1.7
1 uM OPN 93+0.6 94.4+1.5 92.4+1.0

in the incubator at 37°C with 5% CO,, 95% rela-
tive humidity and speed of 30 rpm.

Immunofluorescence identification of cartilage
cells

The fourth generation cells in good growth sta-
tus were washed with PBS for 3 times and fixed
in 4% (w/v) paraformaldehyde for 20 min at
room temperature. They were washed with PBS
for 3 times and incubated with 10% goat serum
for 1 h at room temperature to block nonspe-
cific binding. Then they were washed with PBS
for 3 times and first antibodies were added
(1:200) and incubated at 4°C overnight. After
that they were washed with PBS for 3 times and
FITC antibodies were added (1:128) and incu-
bated at dark for 1 h, the nucleus was stained
with DAPI. Mounted the slides and observed
under the fluorescence microscope with photo-
graphic record.

Expression of Col-2 and COMP were detected
with RT-PCR

Total RNA was extracted from the cells using
RNeasy Mini Kit (Qiagen) according to the man-
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ufacturer’s protocol. 1 ug total RNA was sub-
jected to reverse transcription using reverse
transcription system and Real-time PCR were
performed using SYNBR Green PCR Master Mix
following the manufacturer’s instructions. All
values obtained were normalized to GAPDH.
The PCR primers were as follows: Col-2F:
5-TGCCCAGAAAATGAAAAAGG-3’, R: 5'-GTGTAT-
GTGGCAATGCGTTC-3’; COMP F: 5-GAGAACTTT-
GCCGTTGAAGC-3’, R: 5-GCTTCCTGTAGGTGG-
CAATC-3'. Following amplification for 35 cycles,
the products were detected using 1.5% aga-
rose gel electrophoresis and viewed with digital
gel imaging system.

Western-blotting

Total proteins were extracted and analyzed with
SDS-PAGE electrophoresis. Then it was electro-
transferred to the PVDF membrane. The mem-
brane containing the proteins was used for
immunoblotting with required antibodies. They
were blocked with 5% non-fat milk in TBST (10
mM Tris-HCI (pH 8.0), 150 mM NaCl, and 0.1%
Tween-20) for 2 h, then incubated with the pri-
mary antibodies: rabbit anti-Col-2antibodies
(1:200), rabbit anti-COMP antibodies (1:200)
and anti-GAPDH (1:5000) at 4°C overnight.
Then they were incubated with secondary anti-
bodies conjugated with horseradish peroxidase
at room temperature for 1 h. Antibody binding
was detected using ChemiDoc XRS Imaging
system.

MMP13 detection with ELISA

The expression of MMP13 was detected
according to the manual of ELISA kits. Briefly, A
total of 50 ul cell supernatant and 50 pl sample
dilution were added into 96 well plate coated
with specific antibody and incubation at 37°C
for 2 h. The plates were washed 5 times, 100 pl
substrate of enzyme reaction was added and
incubation at 37°C for 2 h. Then plates were
washed 5 times and 100 pl chromogenic reac-
tion liquid was added and incubation at 37°C
for 30 min, the termination liquid was added to
terminate the reaction. The absorbance was
detected using microplate reader at 450 nm
wavelength.

Proliferation was detected with MTT and BrdU
method

MTT: Briefly, the primary cartilage cells in good
growth condition were seeded in 96-well plates
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Table 2. Effects of OPN on the expression levels of Col-2 and COMP
(X+SEM)

Survival rate detection

Cartilage cells were counted
with 0.4% trypan blue stain-
ing methods after culture for
24 h, 48 h and 72 h treated
with OPN (Table 1). There
was no obvious effect on the
cellular growth (P>0.05).

Group 24 h 48 h 72h
Col-2 Control 8.12+2.10 8.51+2.31 10.14+2.18
0.5 uM OPN 10.75+2.89 14.11+3.751*  25.63+8.791*
1 uM OPN 15.33+4.851*  22.16+7.141* 45.86+9.251"
COMP Control 6.35+£0.80 7.18+2.89 7.32+1.02
0.5 uyM OPN 12.04+2.89 16.44+1.051* 26.23+0.621*
1 uM OPN 20.56+1.071* 34.44+2.101* 50.02+2.301*

*Compare with control group, P < 0.05.

at a density of 1x104 cells/well followed by
incubation at 37°C with 5% CO, in a humidified
atmosphere. The medium was discarded and
different concentrations of OPN diluted with
medium were added into the wells after incuba-
tion for 24 h. Then 10 pl 0.5% MTT were added
to these wells. After incubation for 4 h, the
supernatant was discarded and 100 pyl DMSO
was added to these wells. The OD values were
measured at 590 nm wavelength.

Brdu: Briefly, the primary cartilage cells in good
growth condition were seeded in 96-well plates
at a density of 1x104 cells/well and making
majority of cells in GO phase with 0.4% FCS.
They were terminated with Brdu (3 ug/L) after
culture for 3 days and incubated at 37°C with
5% CO, for 40 min. They were washed with PBS
for 3 times and fixed with methanol/acetic acid
for 10 min. Endogenous oxidase was inactivat-
ed with 0.3% H,0,-methanol for 30 min and
blocked with 5% rabbit serum. Nucleic acid was
denatured with formamide at 100°C for 5 min.
Brdu antibody was added and the OD values
were measured at 490 nm wavelength.

Statistical analysis

Data are presented as X +SEM. The SPSS soft-
ware package 19.0 was used for the statistical
tests. t-test was used to compare between two
groups. P<0.05 was considered statistically
significant.

Results

Immunofluorescence identification of cartilage
cells

The Immunofluorescence staining result of
cells was shown in Figure 1. All of cartilage
cells were positive and stained as green fluo-
rescence.
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RT-PCR results of the ex-
pression of Col-2 and COMP

The expression levels of Col-2 and COMP after
treated with OPN for 24 h, 48 h and 72 h were
detected and the results were shown in Table 2
and Figure 2.

Compared with control group, the expression
levels of Col-2 and COMP decreased signifi-
cantly in 0.5 uM OPN group after 48 h (P<0.05)
and in 1 uM OPN group after 24 h (P<0.05).

Western-blotting results of Col-2 and COMP

The Col-2 and COMP proteins after treated with
OPN for 24 h, 48 h and 72 h were detected and
the results were shown in Figure 3.

Compared with control group, The protein lev-
els of Col-2 and COMP decreased significantly
in 0.5 uM OPN group after 48 h (P<0.05) and in
1 uM OPN group after 24 h (P<0.05).

Detection of MMP-13

As shown in Table 3, the expression levels of
MMP-13 increased after treated with OPN for
48 h, (P<0.05), and the expression level of
MMP-13 increased more along with the
increased concentration of OPN intervention.

Effect of OPN on the proliferation of cartilage
cells

The MTT results were shown in Figure 4A.
There were significant differences between
control group and OPN treated group (P<0.05).
1 uM group can promote cell growth more than
0.5 yM group. The Brdu results were shown in
Figure 4B, there was no significant difference
between control group and OPN treated group
after culture for 24 h. There was significant dif-
ference between control group and OPN treat-
ed group after culture for 48 h (P<0.05).
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Figure 2. RT-PCR results of the expression of Col-2 and COMP. A. Normalized Col-2; B. Normalized COMP.
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Figure 3. Western-blotting results of Col-2 and COMP. A. Western-blotting results; B. Normalized Col-2; C. Normalized

COMP.

Table 3. Effects of OPN on the expression levels of
MMP-13 (X +SEM)

MMP-13 (ug/ml)
24 h 48 h 72 h
Control 70.55+12.73 66.88+13.02 68.48+12.50
0.5 UM OPN 75.66+14.03 79.45+15.10* 83.66+9.84*
1uMOPN  80.45+12.56 87.98+14.65* 89.44+8.96*
*Compare with control group, P < 0.05.

Group
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Discussion

Knee osteoarthritis is a common joint dis-
ease of orthopedics, most of the patients
are elderly. One of the main reasons which
cause joint dysfunction and pain is the
defect of articular cartilage. Articular carti-
lage has limited self repair capacity after
injury due to the lack of effective differen-
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Figure 4. Effect of OPN on the proliferation of cartilage cells. A. MTT results; B. Brdu results.

tiation and proliferation ability [7]. Articular car-
tilage defect patients accounted for about
57.6% of clinical osteoarthritis [8]. The repair of
articular cartilage is typical fibrous cartilage
repair, which is temporary without adequate
mechanical properties [9, 10]. Therefore, how
to repair the damage and defect of articular
cartilage has become a hot research topic in
experimental and clinical medicine in the world.

Articular cartilage is composed of cartilage
cells and the extracellular matrix. Cartilage
cells easily lead to unstable differentiation
after long term culture in vitro, they differenti-
ate into fibroblast like cells and lose the ability
to express Col Il and secretion of cartilage
matrix [9]. We used the cartilage cells of fetal
rabbit in this research, which have the develop-
mental plasticity high fecundity and the ability
to repair articular cartilage. Micro carrier is a
commonly used cell culture carrier, it not only
can maintain the phenotype of cartilage cells,
but also can increase the culture area. We
obtained a large number of high-quality carti-
lage cells using microcarrier culture technology
in this study. The survival rate of cartilage cells
obtained by this method was found to be high
by viable cell count and activity and phenotype
of cells were not affected. This culture method
is simple which could provide a reference for
the future large-scale culture of cartilage cells
in vitro.

OPN played an important role in the pathologi-
cal processes of osteoarthritis [11, 12]. OPN
highly expressed in the joint synovium and
synovial fluid of osteoarthritis patients and the
expression level was positively related to the
degree of arthritis severity [13-15]. OPN may
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mediate the activation of inflammatory factors
by a variety of signaling pathways such as
NF-kB to participate in the pathological process
of osteoarthritis [16-18].

Col-ll can mediate the cell-cell adhesion and
the interaction between the cell and extracel-
lular matrix (such as collagen, fibronectin and
laminin) [19, 20]. After Col-Il binding to ligand,
signal can be transmitted into the cell interior
thereby affecting the reorganization of cyto-
skeleton, phosphorylation of protein or genes
expression [21]. Thus Col-ll plays important
roles in many biological processes such as cell
movement, adhesion, synaptogenesis, prolifer-
ation, apoptosis and inflammatory reaction
[22]. Recent studies suggest that activated Col-
Il can obviously promote the growth of cartilage
cells, and promote regeneration of cartilage
cells in the surrounding environment which is
not conducive to the growth [23, 24]. Regulation
of osteoclasts is a key problem for the treat-
ment research of knee osteoarthritis, while the
COMP may have an important role in regulating
the differentiation and function of osteoclasts.

In this study we found that the expression of
Col-Il and COMP and the intervention concen-
tration of OPN were dose-dependent in carti-
lage cells. The expression and protein levels of
Col-2 and COMP decreased with the increase
of OPN intervention concentration.

With the exacerbation of knee osteoarthritis,
the expression of OPN increased which leading
to the decrease of Col-2 and COMP and was not
conducive to the repair of cartilage. Further
studies found that the intervention of OPN can
up-regulate MMP-13 level, while MMP13 can

Int J Clin Exp Med 2015;8(2):2254-2260
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degrade Col-2. So the intervention of OPN may
reduce the expression of Col-Il and COMP by
up-regulate  MMPs, which leading to the
destruction of the balance between cartilage
matrix synthesis and degradation and osteoar-
thritis occurred. We also found that OPN could
promote the proliferation of cartilage cells in
vitro. Dorotka R found that there was a positive
correlation between the proliferation of carti-
lage cells and advances in OA [24]. Therefore,
our results further verified that OPN interven-
tion can promote the proliferation of cartilage
cells thereby accelerating cartilage degenera-
tion. OPN, Col-Il and COMP may become new
targets in the treatment of knee osteoarthritis.

Acknowledgements

This study was supported by the natural sci-
ence foundation of Liaoning Province (2011-
225021 and 201220234).

Disclosure of conflict of interests
None.

Address correspondence to: Dr. Tiansheng Wang,
Department of orthopedics, Hospital 463 of PLA,
Shenyang 110042, P.R. China. Tel: 86-1332244-
5138; E-mail: wangtiansheng1@126.com

References

[1] Wang S, Duan C, Zhang F, Ma W and Guo X.
Regulatory gene networks and signaling path-
ways from primary osteoarthritis and Kashin-
Beck disease, an endemic osteoarthritis, iden-
tified by three analysis software. Gene 2013;
512: 89-96.

[2] Goldring MB, Otero M, Plumb DA, Dragomir C,
Favero M, El Hachem K, Hashimoto K, Roach
HI, Olivotto E, Borzi RM and Marcu KB. Roles of
inflammatory and anabolic cytokines in carti-
lage metabolism: signals and multiple effec-
tors converge upon MMP-13 regulation in os-
teoarthritis. Eur Cell Mater 2011; 21: 202-220.

[31 YaoW, Chen X, Li D, Wang P, Xin H and Wang J.
Retraction. Effects of osteopontin on expres-
sion of IL-6 and IL-8 inflammatory factors in hu-
man knee osteoarthritis chondrocytes. Cell
Biochem Biophys 2014; 70: 703.

[4] Hasegawa M, Segawa T, Maeda M, Yoshida T
and Sudo A. Thrombin-cleaved osteopontin lev-
els in synovial fluid correlate with disease se-
verity of knee osteoarthritis. J Rheumatol
2011; 38: 129-134.

[5] Qin LF, Wang WC, Fang H, Mao XZ, Huang GL,
Chen 'Y, Zhou HD, Shen Y, Qin LH and Peng D.

2259

(6]

(8]

(9]

(10]

[11]

[12]

(13]

(14]

(15]

(16]

(17]

Expression of NF-kappaB and osteopontin of
synovial fluid of patients with knee osteoarthri-
tis. Asian Pac J Trop Med 2013; 6: 379-382.
Cheng C, Gao S and Lei G. Association of os-
teopontin with osteoarthritis. Rheumatol Int
2014; 34: 1627-1631.

Xu M, Zhang L, Zhao L, Gao S, Han R, Su D and
Lei G. Phosphorylation of osteopontin in osteo-
arthritis degenerative cartilage and its effect
on matrix metalloprotease 13. Rheumatol Int
2013; 33: 1313-1319.

Lanas A, Garcia-Tell G, Armada B and Oteo-
Alvaro A. Prescription patterns and appropri-
ateness of NSAID therapy according to gastro-
intestinal risk and cardiovascular history in
patients with diagnoses of osteoarthritis. BMC
Med 2011; 9: 38.

Lo WC, Chen WH, Lin TC, Hwang SM, Zeng R,
Hsu WC, Chiang YM, Liu MC, Williams DF and
Deng WP. Preferential therapy for osteoarthri-
tis by cord blood MSCs through regulation of
chondrogenic cytokines. Biomaterials 2013;
34: 4739-4748.

Sward P, Frobell R, Englund M, Roos H and
Struglics A. Cartilage and bone markers and
inflammatory cytokines are increased in syno-
vial fluid in the acute phase of knee injury
(hemarthrosis)-a cross-sectional analysis.
Osteoarthritis Cartilage 2012; 20: 1302-1308.
Yamanishi Y, Boyle DL, Clark M, Maki RA,
Tortorella MD, Arner EC and Firestein GS.
Expression and regulation of aggrecanase in
arthritis: the role of TGF-beta. J Immunol 2002;
168: 1405-1412.

Song RH, Tortorella MD, Malfait AM, Alston JT,
Yang Z, Arner EC and Griggs DW. Aggrecan deg-
radation in human articular cartilage explants
is mediated by both ADAMTS-4 and ADAMTS-5.
Arthritis Rheum 2007; 56: 575-585.

Fushimi K, Troeberg L, Nakamura H, Lim NH
and Nagase H. Functional differences of the
catalytic and non-catalytic domains in human
ADAMTS-4 and ADAMTS-5 in aggrecanolytic
activity. J Biol Chem 2008; 283: 6706-6716.
Roughley PJ, Barnett J, Zuo F and Mort JS.
Variations in aggrecan structure modulate its
susceptibility to aggrecanases. Biochem J
2003; 375: 183-189.

Miwa HE, Gerken TA and Hering TM. Effects of
covalently attached chondroitin sulfate on ag-
grecan cleavage by ADAMTS-4 and MMP-13.
Matrix Biol 2006; 25: 534-545.

Llamazares M, Obaya AJ, Moncada-Pazos A,
Heljasvaara R, Espada J, Lopez-Otin C and Cal
S. The ADAMTS12 metalloproteinase exhibits
anti-tumorigenic properties through modula-
tion of the Ras-dependent ERK signaling path-
way. J Cell Sci 2007; 120: 3544-3552.
Yasumoto T, Bird JL, Sugimoto K, Mason RM
and Bayliss MT. The G1 domain of aggrecan
released from porcine articular cartilage forms

Int J Clin Exp Med 2015;8(2):2254-2260


mailto:wangtiansheng1@126.com

(18]

[19]

[20]

[21]

2260

Osteopontin and the expression of Col-Il and COMP

stable complexes with hyaluronan/link protein.
Rheumatology (Oxford) 2003; 42: 336-342.
Zheng W, Li R, Pan H, He D, Xu R, Guo TB, Guo
Y and Zhang JZ. Role of osteopontin in induc-
tion of monocyte chemoattractant protein 1
and macrophage inflammatory protein 1beta
through the NF-kappaB and MAPK pathways in
rheumatoid arthritis. Arthritis Rheum 2009;
60: 1957-1965.

Turajane T, Thitiset T, Honsawek S, Chavee-
wanakorn U, Aojanepong J and Papadopoulos
KI. Assessment of chondrogenic differentia-
tion potential of autologous activated periph-
eral blood stem cells on human early osteoar-
thritic cancellous tibial bone scaffold.
Musculoskelet Surg 2014; 98: 35-43.
Rousseau J and Garnero P. Biological markers
in osteoarthritis. Bone 2012; 51: 265-277.
Guzman-Morales J, Lafantaisie-Favreau CH,
Chen G and Hoemann CD. Subchondral chito-
san/blood implant-guided bone plate resorp-
tion and woven bone repair is coupled to hya-
line cartilage regeneration from microdrill
holes in aged rabbit knees. Osteoarthritis
Cartilage 2014; 22: 323-333.

[22]

(23]

[24]

Steinecker-Frohnwieser B, Weigl L, Kullich W
and Lohberger B. The disease modifying osteo-
arthritis drug diacerein is able to antagonize
pro inflammatory state of chondrocytes under
mild  mechanical stimuli.  Osteoarthritis
Cartilage 2014; 22: 1044-1052.

Kawcak CE, Frisbie DD and Mcllwraith CW.
Effects of extracorporeal shock wave therapy
and polysulfated glycosaminoglycan treatment
on subchondral bone, serum biomarkers, and
synovial fluid biomarkers in horses with in-
duced osteoarthritis. Am J Vet Res 2011; 72:
T72-779.

Dorotka R, Bindreiter U, Vavken P and Nehrer
S. Behavior of human articular chondrocytes
derived from nonarthritic and osteoarthritic
cartilage in a collagen matrix. Tissue Eng
2005; 11: 877-886.

Int J Clin Exp Med 2015;8(2):2254-2260



