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Abstract. Previous studies have demonstrated that osteo-
pontin (OPN) levels are elevated in the synovial fluid and 
articular cartilage, and are associated with the severity of knee 
osteoarthritis (OA). However, the role of OPN in the pathogen-
esis of OA has yet to be elucidated. The present study aimed 
to investigate the effects of OPN on the expression of the 
aggrecanases, a disintegrin and metalloproteinase with throm-
bospondin motifs (ADAMTS)4 and ADAMTS5, in human 
OA chondrocytes, as they serve a key function in aggrecan 
degradation. Human OA chondrocytes were obtained from the 
knees of 16 patients with OA, and subsequently cultured in a 
monolayer. The chondrocytes were divided into three groups, 
which included the control (no treatment), N‑OPN (treated 
with 100 ng/ml OPN, the normal circulating OPN concentra-
tion) and the H‑OPN groups (treated with 1 µg/ml OPN, a 
high OPN concentration). Reverse transcription‑quantitative 
polymerase chain reaction was performed to quantify the 
relative mRNA expression levels of ADAMTS4, ADAMTS5 
and aggrecan in the chondrocytes. The mRNA expression 
levels of ADAMTS4 were significantly reduced in the N‑OPN 
and H‑OPN groups when compared with the control group 
(P<0.0001). In addition, the mRNA expression levels of 
ADAMTS4 were lower in the H‑OPN group when compared 
with the N‑OPN group (P<0.001). However, no statistically 
significant difference was observed in the relative mRNA 
expression levels of ADAMTS5 among the three groups 
(P>0.05). Furthermore, the mRNA expression levels of 
aggrecan were higher in the N‑OPN and H‑OPN groups when 

compared with the control group (P<0.0001), and a statisti-
cally significant difference was observed between the N‑OPN 
and H‑OPN groups with regard to the mRNA expression of 
aggrecan (P<0.0001). These results demonstrated that OPN 
may exert a protective effect in human OA chondrocytes 
against aggrecan degradation by suppressing the expression 
of ADAMTS4.

Introduction

Osteoarthritis (OA) is the most common degenerative disorder 
of the joint, which is characterized by the progressive loss 
of articular cartilage. This loss is attributed primarily to 
the proteolysis of certain structural components within 
the extracellular matrix (ECM), including proteoglycans 
and collagens (1‑3). Aggrecan is a major component of the 
cartilage‑specific proteoglycans. A number of studies have 
indicated that the aggrecanase‑mediated degradation of 
aggrecan is a crucial factor in the development of OA (4‑7). 
Aggrecanases are members of the A disintegrin and metal-
loproteinase with thrombospondin motifs (ADAMTS) family, 
which includes ADAMTS1, 4, 5, 8, 9 and 15, that are expressed 
in the articular cartilage tissues and chondrocytes of numerous 
animal species, in addition to humans (8). A previous study 
indicated that ADAMTS4 and ADAMTS5 were responsible 
for aggrecan degradation in a human model of OA (9).

Osteopontin (OPN) is an ECM glycoprotein that is 
hypothesized to be a potential inflammatory cytokine. OPN, 
as a biomarker, has been studied in  vivo in rats  (10), in 
healthy humans and patients with OA (11,12) and in patients 
with rheumatoid arthritis (13). Previous studies observed that 
the mRNA expression levels of OPN were enhanced in the 
cartilage of individuals with OA when compared with the 
normal cartilage (11,12). Thus, OPN may be involved in the 
molecular pathogenesis of OA, contributing to the progres-
sive degeneration of articular cartilage (10‑12). Kon et al (14) 
revealed that the function of OPN in inflammatory processes 
was regulated by syndecan‑4, a key sulfated glycosami-
noglycan that is located on the cell surface. Furthermore, 
Matsui et al (10) indicated that a deficiency in OPN resulted 
in the induction of matrix metalloproteinase (MMP)‑13, 
which degrades type II collagen, a major structural compo-
nent of the cartilage matrix.
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However, the effects of OPN on aggrecanases in human 
OA chondrocytes are yet to be fully elucidated. Therefore, the 
present study aimed to determine the effects of OPN on the 
expression levels of ADAMTS4 and ADAMTS5 in human OA 
chondrocytes.

Materials and methods

Study sample. Fragments of articular cartilage were obtained 
from the femoral condyles of 16 patients with knee OA, who 
had undergone total knee replacement surgery. The diagnosis 
of knee OA was determined according to the clinical and radio-
logical criteria of the American College of Rheumatology (15). 
The mean age of the patients was 64.1±5.8 years, with an 
age range of 48‑73 years. The experimental protocols were 
approved by the Institutional Review Board at Xiangya 
Hospital of Central South University (Changsha, China) and 
informed consent was obtained from each patient. A histo-
logical examination of the representative cartilage samples 
identified typical OA characteristics, including the presence 
of chondrocyte clusters, loss of metachromasia and fibrillation.

Chondrocyte cultures. Cartilage samples were dissected 
aseptically and cut into small pieces following surgery. The 
fragments were washed in Hyclone Dulbecco's modified 
Eagle's medium (DMEM; GE Healthcare Life Sciences, Logan, 
UT, USA) without phenol red, that was supplemented with 2% 
penicillin/streptomycin solution and 0.2% Amphotericin B 
(Gibco Life Technologies, Grand Island, NY, USA). The 
chondrocytes were isolated from the articular cartilage by 
sequential enzymatic digestion. Briefly, the samples were 
treated with 0.1% hyaluronidase for 30 min, 0.5% pronase for 
1 h and 0.2% collagenase for 1 h (Gibco Life Technologies) at 
37˚C in a wash solution containing DMEM, penicillin/strep-
tomycin solution and Amphotericin B. Subsequently, the cell 
suspension was filtered twice through a 70‑µm nylon mesh 
(USCN Life Science Inc., Wuhan, China), washed and centri-
fuged at 150 x g for 10 min at 4˚C. A Trypan Blue (USCN 
Life Science Inc.) viability test indicated that 94.47±1.93% of 
the cells were recovered alive. Primary chondrocyte cultures 
were maintained in an atmosphere of 5% CO2 at 37˚C for two 
weeks.

Treatments. Chondrocytes in the first passage were seeded 
in 24‑well plates at a starting density of 1x104  cells/well, 
until confluency was achieved. Next, the cell population was 
divided into three groups: i) The control group, maintained 
as unstimulated and untreated control cells; ii) the normal 
concentration (N‑OPN) group that were treated with 100 ng/ml 
OPN (R&D Systems, Inc., Minneapolis, MN, USA) for 48 h, 
which was within the normal circulating concentration range 
(2.3‑200  ng/ml) described in previous studies  (12,16‑19); 
and iii) the high concentration (H‑OPN) group, treated with 
1 µg/ml OPN for 48 h.

Cell viability assay. Following treatment with OPN for 48 h, 
the cell viability was determined using a colorimetric MTT 
assay. At one day prior to OPN treatment, the cells were seeded 
into 96‑well plates. After 48 h of OPN treatment, the culture 
medium was removed and 20 µl MTT solution (5 mg/ml, in 

phosphate‑buffered saline; USCN Life Science Inc.) was 
added to each well and incubated in conditions of 5% CO2 

at 37˚C for 4 h. The supernatant was subsequently aspirated, 
and the formazan reaction products were dissolved in dimethyl 
sulfoxide (Sigma‑Aldrich, St. Louis, MO, USA) solution and 
agitated for 15 min. Spectrophotometric absorbance values 
were measured at 570 nm using a Multiskan MK3 ELISA plate 
reader (Thermo Fisher Scientific, Inc., Waltham, MA, USA).

Total RNA isolation, quantification and reverse transcrip-
tion. Following the various treatments, the chondrocytes 
were lysed and the total RNA was extracted using TRIzol 
reagent (Invitrogen Life Technologies, Rockville, MD, USA), 
according to the manufacturer's instructions. The total RNA 
was quantified using a NanoDrop 1000 spectrophotometrer 
(Thermo Fisher Scientific, Wilmington, DE, USA). A 1‑µg 
sample of total RNA was converted to cDNA using the 
All‑in‑One™ First Strand cDNA Synthesis kit (AORT‑0020; 
GeneCopoeia, Inc., Rockville, MD, USA). For each reaction, 
4 µl 5X RT reaction buffer, 1 µl RNase inhibitor (20 U/µl), 
2 µl dNTP Mix (10 mM), 1 µl M‑MLV Reverse Transcriptase 
(200 U/µl) and sterile water were added to the RNA, with a 
final volume of 20 µl. The reaction system was incubated for 
60 min at 42˚C and then at 70˚C for 5 min. The final cDNA 
products were stored in aliquots at ‑20˚C until required.

Quantitative polymerase chain reaction (qPCR). Primers 
were synthesized by Shanghai Sangon Biological Engineering 
Technology & Services Co., Ltd. (Shanghai, China), and the 
sequences were as follows: ADAMTS4 forward, 5'‑ATG​GCT​
ATG​GGC​ACT​GTC​TC‑3' and reverse, 5'‑GTG​TTT​GGT​CTG​
GCA​CAT​GG‑3'; ADAMTS5 forward, 5'‑CCT​GCC​CAC​CCA​
ATG​GTA​AATC‑3' and reverse, 5'‑CGG​CCT​ACA​TTC​AGT​
GCC​ATC‑3'; aggrecan forward, 5'‑CCT​GGT​GTG​GCT​GCT​
GTC‑3' and reverse, 5'‑CTG​GCT​CGG​TGG​TGA​ACTC‑3'; 
β‑actin forward, 5'‑GGA​AAT​CGT​GCG​TGA​CAT​TA‑3' and 
reverse, 5'‑GGA​GCA​ATG​ATC​TTG​ATC​TTC‑3'.

The All‑in‑One™qPCR Mix was used for universal qPCR 
(AOPR‑0200; GeneCopoeia, Inc.), and the reaction system 
contained 12.5  µl 2X qPCR Master Mix, 2.5  µl forward 
primer (0.3 µM), 2.5 µl reverse primer (0.3 µM), 2 µl cDNA 
template and 5.5 µl sterile water, with a final volume of 25 µl. 
SYBR Green qPCR SuperMix (GeneCopoeia, Inc.) and an 
ABI 7900 Sequence Detection System (Applied Biosystems 
Life Technologies, Foster City, CA, USA) were used for all 
the qPCR assays. The qPCR thermal cycling conditions were 
as follows: Initial denaturation at 95˚C for 10 min, followed 
by 40 cycles of denaturation at 95˚C for 15 sec, annealing 
at 60˚C for 30 sec and extension at 72˚C for 30 sec. Melting 
curve analysis was performed following the final amplification 
period via a temperature gradient of 95˚C for 15 sec, 60˚C for 
15 sec and 95˚C for 15 sec.

The mRNA expression levels of ADAMTS4, ADAMTS5 
and aggrecan were normalized against the levels of β‑actin. 
Relative quantification analysis was performed using the 2‑ΔΔCt 
method.

Statistical analysis. Results are expressed as the mean ± stan-
dard deviation. Statistical analysis was performed using 
SPSS software, version 17.0 (SPSS, Inc., Chicago, IL, USA). 
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Analysis of variance and Fisher's least significant difference 
t‑test were used for statistical evaluation among the groups, 
where P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Effect of OPN on chondrocyte viability in vitro. Table I shows 
the MTT data as fraction ratios relative to the control values. 
No statistically significant difference was observed in the cell 
viability of the three groups after 48 h of incubation. These 
results indicated that OPN did not suppress the survival of 
human chondrocytes in vitro.

Effect of OPN on the mRNA expression levels of ADAMTS4. 
As shown in Table II, the relative mRNA expression levels 
of ADAMTS4 were significantly lower in the N‑OPN group 
(0.69±0.11‑fold) when compared with the control group 
(P<0.0001). In addition, the mRNA expression levels of 
ADAMTS4 were significantly decreased in the H‑OPN group 
(0.58±0.12‑fold) when compared with the control group 
(P<0.0001). A statistically significant difference was observed 
between the N‑OPN and H‑OPN groups with regard to the 
mRNA expression levels of ADAMTS4 (P=0.009).

Effect of OPN on the mRNA expression of ADAMTS5. No 
statistically significant differences were observed in the rela-
tive mRNA expression levels of ADAMTS5 when comparing 
the N‑OPN and H‑OPN groups (1.12±0.53 and 1.38±0.97‑fold, 
respectively) with the control group. Furthermore, a statisti-
cally significant difference was not identified between the 
N‑OPN and H‑OPN groups (P>0.05; Table Ⅲ).

Effect of OPN on the mRNA expression levels of aggrecan. 
Relative mRNA expression levels of aggrecan were increased 
in the N‑OPN (2.82±1.18‑fold) and H‑OPN (3.73±0.61‑fold) 
groups when compared with the control group (P<0.0001). In 
addition, the relative aggrecan mRNA expression levels in the 
H‑OPN group were higher compared with the N‑OPN group 
(P<0.0001; Table Ⅳ).

Discussion

To the best of our knowledge, the present study is the first to 
demonstrate that OPN suppresses aggrecan degradation by 
downregulating ADAMTS4 expression in human OA chon-
drocytes. To date, there have been contradictory findings with 
regard to the expression of aggrecan‑degrading members of 
the ADAMTS family. Previous studies investigating arthritis 
and OA with ADAMTS4/5 knockout mice have revealed 
that inhibition of ADAMTS5, but not ADAMTS4, mitigates 
aggrecan degradation and cartilage destruction, suggesting that 
ADAMTS5 has an important function in aggrecan degradation 
in mice (20‑22). However, in human chondrocytes, ADAMTS4 
is upregulated by interleukin (IL)‑1, tumor necrosis factor α, 
oncostatin M and transforming growth factor β, indicating that 
ADAMTS4 functions as the primary aggrecanase in human 
OA cartilage (4,8,9,23‑25). The results of the present study, with 
regard to the mRNA expression of ADAMTS4 in human OA 
chondrocytes under monolayer culture, provide the first indi-

cations that OPN selectively inhibits ADAMTS4 expression, 
while the expression of ADAMTS5 is not affected by OPN.

Previous studies have confirmed the immunohisto-
chemical expression of OPN in synovial lining cells  (26), 
fibroblasts in the synovial tissues (20) and articular chondro-
cytes (27). Cell adhesion, migration or inflammation have 

Table I. Cell viability of each group.
 
Group	 Chondrocyte viability in vitro (%)

Control	 98.22±1.06
N‑OPN (100 ng/ml)	 97.05±1.11
H‑OPN (1 µg/ml)	 97.81±0.91 
 
P>0.05, comparison among the groups. OPN, osteopontin; N‑OPN, 
normal OPN concentration; H‑OPN, high OPN concentration.

Table II. Relative mRNA expression levels of ADAMTS4.

Group	 Relative fold mRNA level

Control	 1
N‑OPN (100 ng/ml)	 0.69±0.11a

H‑OPN (1 µg/ml)	 0.58±0.12ab

aP<0.0001, vs. control and bP=0.009, vs. N‑OPN. ADAMTS4, a dis-
integrin and metalloproteinase with thrombospondin motifs 4; OPN, 
osteopontin; N‑OPN, normal OPN concentration; H‑OPN, high OPN 
concentration.

Table Ⅲ. Relative mRNA expression levels of ADAMTS5.

Group	 Relative fold mRNA level

Control	 1
N‑OPN (100 ng/ml)	 1.12±0.53
H‑OPN (1 µg/ml)	 1.38±0.97

P>0.05, comparison among the groups. ADAMTS5, a disintegrin 
and metalloproteinase with thrombospondin motifs 5; OPN, osteo-
pontin; N‑OPN, normal OPN concentration; H‑OPN, high OPN 
concentration.

Table Ⅳ. Relative mRNA expression levels of aggrecan.

Group	 Relative fold mRNA level

Control	 1
N‑OPN (100 ng/ml)	 2.82±1.18a

H‑OPN (1 µg/ml)	 3.73±0.61ab

aP<0.0001, vs. control and bP<0.0001, vs. N‑OPN. OPN, osteo-
pontin; N‑OPN, normal OPN concentration; H‑OPN, high OPN 
concentration.
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been hypothesized to be involved in the release of OPN (28). 
Attur et al (29) observed that the mRNA expression of OPN 
was highly upregulated in OA cartilage, as compared with 
normal cartilage. In addition, the authors indicated that the 
addition of recombinant OPN to human OA‑affected cartilage 
under ex vivo conditions suppressed the spontaneous produc-
tion of nitric oxide and prostaglandin E2. These observations 
demonstrated that overexpression of OPN is present in OA 
cartilage, and functions as an endogenous inhibitor of the 
production of inflammatory mediators in the cartilage. 
Furthermore, Xu et al (30) reported that overexpression of 
OPN induced the expression of proinflammatory chemokines 
and cytokines, including IL‑1, IL‑8, CXCL1 and CCL2, and 
activated the nuclear factor (NF)‑κB signaling pathway. 
Therefore, increased expression of OPN may be associated 
with the pathogenesis of OA.

Matsui et al (10) demonstrated that structural changes and 
an increase in the loss of proteoglycan from the cartilage tissue 
were elevated when OPN was absent. In addition, an OPN 
deficiency was shown to result in the induction of MMP‑13, 
which degrades type II collagen, a major component of the 
cartilage matrix. Matsui et al additionally demonstrated that 
OPN functioned as a critical intrinsic regulator of cartilage 
degradation and that OPN deficiency resulted in the accelerated 
development of OA‑like tenascin‑C deficiency. In the study by 
Okamura et al (31), the rate of cartilage repair in tenascin‑C 
knockout mice was shown to be significantly reduced when 
compared with wild type mice. In addition, tenascin‑C 
deficiency was demonstrated to progress with cartilage degen-
eration. Nakoshi et al (32) observed that the distribution of 
tenascin‑C was associated with chondroitin sulfate production 
and chondrocyte proliferation in OA cartilage. The study also 
found that tenascin‑C affected DNA synthesis, proteoglycan 
content and the mRNA expression of aggrecan in vitro. The 
authors hypothesized that tenascin‑C may be involved in the 
repair of human OA cartilage. Collectively, these observa-
tions and those of previous studies (12,33) indicate that the 
remodeling of cartilage may be involved in the elevation of 
OPN levels.

Cook  et  al  (34) revealed that OPN was able to regu-
late hyaluronan (HA) production in breast cancer cells. 
Furthermore, Tajima  et  al  (35) indicated that OPN was 
involved in multidrug resistance by enhancing the binding 
of CD44 to HA. Ariyoshi  et al  (36) demonstrated disrup-
tive changes in chondrocyte‑matrix interactions by HA 
oligosaccharides, which induced matrix degradation and 
elevated levels of aggrecanase (ADAMTS4 and ADAMTS5) 
activity via the NF‑κB signaling pathway. Yatabe et al  (4) 
observed that HA2700 (2,700 kDa HA) suppressed aggrecan 
degradation in OA chondrocytes via the downregulation of 
IL‑1α‑induced ADAMTS4 expression through the CD44 
and intracellular adhesion molecule 1 signaling pathways. 
These results suggested that OPN may suppress aggrecanase 
degradation through the direct inhibition of ADAMTS4, by 
enhancing the binding of CD44 to HA. This OPN‑mediated 
mechanism may serve a key function in the progression of 
OA. Currently, further investigations are being undertaken 
with the aim of defining the signaling events induced by OPN 
and determining potential experimental strategies to inhibit 
the development of OA.

In conclusion, the results of the present study indicate 
that OPN is involved in the progression of OA, and that the 
activation of OPN in chondrocytes may prevent aggrecan 
degradation by suppressing ADAMTS4 expression. As a 
result of OPN activation, a reduction was observed in the rate 
of cartilage degradation. Thus, OPN appears to function as 
a protective factor during the progression of OA. Additional 
experiments are currently attempting to further define the 
association between OPN and proinflammatory signaling 
pathways in human OA chondrocytes. The results of the 
present study can be used to evaluate whether transplanta-
tion of OPN‑overexpressing chondrocytes into OA cartilage 
may provide a useful local and transient therapeutic approach 
for the prevention of joint inflammation and the support of 
cartilage repair. Therefore, OPN may offer a novel therapeutic 
approach for the treatment of OA.
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