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Abstract. Osteoarthritis (OA) is a degenerative joint disease 
characterized by progressive cartilage destruction, matrix 
degradation and bony changes. Subchondral bone alterations 
in osteoarthritis are associated with cartilage destruction. It 
has previously been demonstrated that osteoprotegerin (OPG) 
and receptor activator of nuclear factor κβ ligand (RANKL) 
mediate this process. The RANKL/OPG ratio is altered in 
OA chondrocytes compared with normal chondrocytes. In 
the pathogenesis of OA, abnormal expression levels of matrix 
metalloproteinase-13 (MMP-13) are secreted by chondro-
cytes has a vital role in the progression of cartilage erosion. 
In the present study, the effect of various RANKL/OPG 
ratios on MMP-13 expression levels was investigated in 
interleukin-1β-stimulated SW1353 human chondrosarcoma 
cells. Cell viability was assessed by MTT assay and MMP-13 
mRNA and protein expression levels were analyzed by quan-
titative reverse-transcription-quantitative polymerase chain 
reaction, ELISA and western blot analyses, respectively. The 
results demonstrated that an increase in MMP-13 mRNA 
and protein expression levels was observed with increasing 
RANKL/OPG ratio. These findings suggest that this mecha-
nism may be used as a novel therapeutic strategy against OA.

Introduction

Osteoarthritis (OA) is the most common type of arthritis 
in adults worldwide, severely impairing patients' quality of 
life (1). OA is characterized by progressive degeneration 
of articular cartilage and bony changes, including increased 

turnover of the subchondral bone, thinning of the trabecular 
structure, osteophytes, bone marrow lesions and sclerosis of 
the subchondral plate (2). Previous experimental and clinical 
studies have suggested that the structural integrity of articular 
cartilage is dependent on normal subchondral bone turnover, 
intact chondrocyte function and appropriate biomechanical 
stress (3,4). Bone and cartilage health appear to be closely 
associated, and various studies have reported secondary positive 
effects on cartilage health when bone resorption is suppressed, 
or deterioration of cartilage when resorption is enhanced (5,6).

As members of the tumor necrosis factor superfamily, the 
molecular triad of osteoprotegerin (OPG)/receptor activator 
of nuclear factor κβ (RANK)/receptor activator of nuclear 
factor κβ ligand (RANKL) represents a key cytokine system 
for regulating bone metabolism (7,8). In OA, remodeling of the 
subchondral bone is reported to be RANKL-dependent, and 
osteoblasts express RANKL in subchondral bone (4,9). Further-
more, previous studies suggests that OPG is associated with 
the regulation of cartilage metabolism, as OPG‑deficient mice 
exhibit thinned articular cartilage layers, severe destruction 
of growth plate cartilage and enhanced cartilage degradation 
with aging (10,11). Structural integrity of articular cartilage is 
influenced by changes in subchondral bone as denser bone is 
detected below OA cartilage (2). RANKL and OPG are synthe-
sized and expressed by articular chondrocytes in a position 
adjacent to subchondral bone (12,13); therefore, these cytokines 
may affect bone turnover and alter bone density.

Despite the lack of detailed insight into the etiology and 
pathology of OA, it is well-documented that the degradation 
and destruction of type II collagen caused by matrix metallo-
proteinase-13 (MMP-13) has a key role in the occurrence and 
development of OA (14-16). Therefore, MMP-13 represents 
a target for the prevention of the onset or retardation of OA 
progression.

It has been demonstrated that the RANKL-OPG system is 
associated with the pathogenesis of OA (10,17). MMP-13 is a 
crucial collagenase that mediates type II collagen degradation, 
which is an important component of cartilage (18-20). Based on 
these findings of previous studies (21,22), in the present study 
SW1353 human chondrosarcoma cells stimulated by interleukin 
(IL)-1β were used as a cell model of OA to investigate the effects 
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of RAKNL/OPG at various ratios on the MMP-13 mRNA and 
protein expression levels of SW1353 chondrosarcoma cells.

Materials and methods

Reagents and cell lines. Recombinant human OPG and RANKL 
were purchased from Sigma-Aldrich (Merck Millipore, Darm-
stadt, Germany), dissolved in double-distilled water, diluted to 
100 µg/ml using Dulbecco's modified Eagle's medium (DMEM; 
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), 
and subsequently stored at ‑20˚C. IL‑1β was stored at ‑20˚C at 
a concentration of 100 ng/ml. The required concentrations of 
OPG, RANKL, and IL-1β used in the following experiments 
were prepared by further dilution with DMEM.

SW1353 human chondrosarcoma cells (Cell Applica-
tions Inc., San Diego, CA, USA) were cultivated in DMEM 
supplemented with 10% (v/v) fetal bovine serum and 100 U/ml 
penicillin‑streptomycin solution at 37˚C in a humidified atmo-
sphere containing 5% CO2. Prior to the addition of experimental 
components, SW1353 cells were seeded in a 6-well culture 
flask at a density of ~105 cells/cm2/well in serum-free DMEM 
supplemented with 100 U/ml penicillin-streptomycin to starve 
the cells for 24 h.

MTT assay. Cytotoxicity of various ratios of OPG and 
RANKL/OPG (1:160, 1:80, 1:40, 1:20, 1:10, 1:5 and 1:2.5) 
to SW1353 cells was evaluated using the MTT assay. Final 
concentrations of OPG and RANKL were 200 ng/ml and 
1.25, 2.5, 5, 10, 20, 40 and 80 ng/ml. SW1353 cells were 
cultured in 96-well plates (5,000 cells/well) with OPG and 
RANKL/OPG and incubated for 24 h. Subsequently, MTT 
regent (Sigma-Aldrich; Merck Millipore) was added to each 
well and the cells were incubated for a further 4 h. Super-
natants were removed, and DMSO (Sigma-Aldrich; Merck 
Millipore) was added to the wells to dissolve the formazan 
crystals. Optical absorbance values of each well were recorded 
at 450 nm using an enzyme-labeled meter (Thermo Fisher 
Scientific, Inc.). The same procedure was repeated three times.

ELISA. SW1353 cells were pre-treated with OPG and 
RANKL/OPG for 1 h, which was followed by stimulation 
with IL-1β (5 ng/ml) for 24 h or no treatment at all. The effect 
of IL-1β, OPG and/or RANKL/OPG on the protein levels of 
MMP-13 secreted by SW1353 cells in the culture supernatant 
was evaluated by ELISA kits (ab100605; Abcam, Cambridge, 
UK), according to the manufacturer's instructions. All ELISA 
experiments were performed in triplicate.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total cellular RNA was extracted using 
TRIzol reagent from SW1353 cells (Dingguochangsheng 
Biotechnology, Co., Beijing, China) according to the manu-
facturer's instructions. Extracted RNA was subsequently 
dissolved in diethylpyrocarbonate-treated water and stored at 
‑80˚C prior to use. First‑strand cDNA was synthesized using 
1 µg total RNA treated with DNase to remove genomic DNA 
with a PrimeScript-RT reagent kit (Tiangen Biotech, Beijing, 
China). PCR amplification was performed using specifically 
designed primers (Table I), the SYBR Premix Ex Taq (Takara 
Biotechnology Co., Ltd., Dalian, China) and the StepOne 

Real-Time PCR System (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). The PCR reaction contained the following: 
4 µl total RNA, 4 µl 5X buffer, 1 µl dNTPs (10 mM), 1 µl 
oligo(dT)18 (50 µM), 0.5 µl random primer (100 µM), 1 µl 
MMLV-RT (200 U/µl) and 8.5 µl DEPC H2O in a total volume 
of 20 µl. qPCR reaction volumes are presented in Table II. 
Typical thermal conditions were used as follows: Denatural-
ization at 95˚C for 30 sec; annealing for 40 cycles at 60˚C 
for 32 sec; and extension at 95˚C for 15 sec. GADPH mRNA 
expression was used as an endogenous control. MMP-13 
mRNA levels were normalized to those of GAPDH. All 
experiments were repeated three times and analyzed using 
the 2-ΔΔCq method (23).

Western blotting. Total protein was extracted using 
radio-immunoprecipitation assay buffer supplemented 
with 1% protease inhibitor cocktail (Roche Diagnostics, 
Indianapolis, IN, USA). Phosphorylated protein was obtained 
using a phosphorylated protein extraction kit (Roche Diag-
nostics). Protein samples (40 µg) were separated by 12% 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
and transferred onto polyvinylidene difluoride membranes. 
Membranes were blocked with 5% non-fat milk for 2 h, 
which was dissolved in 1% Tris-buffered saline with 
Tween 20 (TBS-T) buffer and incubated with primary anti-
bodies against MMP-13 (sc-31811; 1:500; polyclonal goat 
IgG) and with monoclonal mouse IgG1 β-actin (sc-130301; 
1:5,000; both Santa Cruz Biotechnology, Dallas, USA) as the 
internal reference. Both incubations were for 1 h. Membranes 
in the buffer were gently shaken at 4˚C overnight, and then 
washed with 1% TBS-T for 3 min thrice, followed by incu-
bation with the appropriate horseradish peroxidase-labeled 
secondary antibodies for 1 h at room temperature. Proteins 
were visualized using enhanced chemiluminescence reagent 
(Beyotime Institute of Biotechnology, Haimen, China). A 
ChemiDoc XRS+ (Bio-Rad Laboratories, Hercules, CA, 
USA) system was used to analyze the protein bands. Data 
from three independent experiments were obtained and 
calculated as the ratio of the gray value of MMP-13 protein 
divided by that of β-actin.

Statistical analysis. All data were expressed as the mean ± stan-
dard deviation. Statistical differences were evaluated using 
one-way analysis of variance and P<0.05 was considered to 
indicate a statistically significant difference.

Table I. Primers used for polymerase chain reaction analysis.

Target Primer sequence

MMP-13
  Forward 5'-CAGAACATCATCCCTGCCTCT-3'
  Reverse 5'-GCCCATCAAATGGGTAGAAG-3'
GAPDH
  Forward 5'-CAGAACATCATCCCTGCCTCT-3'
  Reverse 5'-GCTTGACAAAGTGGTCGTTGAG-3'

MMP-13, matrix metalloproteinase-13.
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Results

Effects of OPG and RANKL/OPG on SW1353 cell viability. 
The cytotoxic effect of OPG (200 ng/ml) and RANKL/OPG 
on SW1353 cells at various ratios (1:160, 1:80, 1:40, 1:20, 1:10, 
1:5 and 1:2.5; OPG, 200 ng/ml; RANKL, 1.25-80 ng/ml) 
was assessed using an MTT assay. As shown in Fig. 1, cell 
viability values were consistently >70%, indicating that OPG 
and RANKL/OPG did not exhibit significant cytotoxic effects. 
The RANKL/OPG mixture at these ratios was used in the 
subsequent experiments.

MMP‑13 mRNA expression levels in IL‑1β‑stimulated 
SW1353 cells treated with OPG and RANKL/OPG. SW1353 
cells were treated with OPG (200 ng/ml) and RANKL/OPG 
at various ratios (1:160, 1:80, 1:40, 1:20, 1:10, 1:5 and 1:2.5; 
OPG, 200 ng/ml; RANKL, 1.25-80 ng/ml) for 1 h, and were 
subsequently stimulated by 5 ng/ml IL-1β for 24 h. Total 
RNA and cell extracts were collected after 48 h and the 
mRNA expression levels of MMP-13 were detected in the 
cell extracts by RT-qPCR. As demonstrated in Fig. 2, OPG 
significantly inhibited the expression levels of MMP-13 
mRNA (P<0.05 vs. IL-1β-stimulated cells). MMP-13 mRNA 
expression levels were significantly elevated by the increasing 
RANKL/OPG ratio in a concentration-dependent manner 
(P<0.001 vs. IL-1β-stimulated cells).

MMP‑13 protein expression levels in IL‑1β‑stimulated SW1353 
cells treated with OPG and RANKL/OPG. To investigate the 

effect of OPG and RANKL/OPG on MMP-13 protein expres-
sion levels, SW1353 cells were pretreated with OPG (200 ng/ml) 
and RANKL/OPG at various ratios (1:160, 1:80, 1:40, 1:20, 
1:10, 1:5, 1:2.5; OPG, 200 ng/ml; RANKL, 1.25-80 ng/ml) 
for 1 h, followed by co-incubation with IL-1β (5 ng/ml) for 

Figure 2. Relative mRNA expression levels of MMP‑13 in IL‑1β‑stimulated 
SW1353 cells, normalized to GAPDH. Data are expressed as the mean ± stan-
dard deviation. *P<0.05 vs. control; #P<0.05, ###P<0.001 vs. IL‑1β‑stimulated 
cells. MMP, matrix metallopeoteinase; OPG, osteoprotegerin; IL-1β, 
interleukin-1β.

Figure 1. Effects of OPG and receptor activator of nuclear factor κβ 
ligand/OPG on SW1353 cell viability. Cells were treated with 200 ng/ml 
OPG at various concentrations of receptor activator of nuclear factor κβ 
ligand (1.25-80 ng/ml), for 24 h. Data are expressed as the mean ± standard 
deviation. OPG, osteoprotegerin, IL-1β, interleukin-1β.

  A

  B

Figure 3. (A) MMP-13 protein expression in cultured supernatant by 
enzyme-linked immunosorbent assay.  *P<0.05 vs. control; #P<0.05, ##P<0.01 
vs. IL-1β-stimulated cells. (B) Western blotting analysis of MMP-13 protein 
expression levels in IL-1β-induced SW1353 cells, normalized to β-actin. 
Data are expressed as the mean ± standard deviation.**P<0.05 vs. control; 
#P<0.05, ##P<0.01 vs. IL-1β-stimulated cells. **P<0.05 vs. control; #P<0.05, 
##P<0.01 vs. IL-1β-stimulated cells. MMP, matrix metalloproteinase; OPG, 
osteoprotegerin; IL-1β, interleukin-1β.

Table II. Quantitative polymerase chain reaction components. 

Content Volume (µl) Concentration

cDNA 1 -
Forward primer 0.5 20 pmol/µl
Reverse primer 0.5 20 pmol/µl
2X Mix 12.5 1X
10X SYBR Green I 1 0.4X
ddH2O 9.5 -
Total volume  25 -
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24 h. MMP-13 protein was extracted and analyzed by western 
blot analysis, and the supernatant was collected and analyzed 
using an ELISA kit (Fig. 3). The results of protein expression 
analysis were consistent with that of RT-qPCR. As shown in 
Fig. 3, OPG treatment significantly reduced MMP‑13 protein 
expression levels (P<0.01 vs. IL-1β-stimulated cells); however, 
as the RANKL/OPG ratio increased, MMP-13 protein expres-
sion was significantly enhanced in IL‑1β-stimulated SW1353 
cells (P<0.05 vs. IL-1β-stimulated cells).

Discussion

Despite current treatment methods, including total joint 
arthroplasty, OA remains a troublesome disease that affects 
numerous elderly people (24,25). In the present study, 
MMP-13 mRNA and protein expression levels were elevated 
in IL-1β-stimulated SW1353 human chondrosarcoma cells 
treated with an increased RANKL/OPG ratio. To the best of 
our knowledge, the present study was the first report to inves-
tigate the association between RANKL/OPG at various ratios 
and MMP-13, which indicates that RANKL/OPG may have an 
important role in the progression of OA.

OA development is an irreversible bone disorder caused 
by cartilage destruction due to the degradation of type II 
collagen (26). Previous studies have demonstrated that aber-
rant expression of MMPs has a pivotal role in the destruction 
of articular cartilage (14,27). MMPs, as a family of colla-
genolytic enzymes, regulate various functions in articular 
cartilage, including turnover, catabolism and the degradation 
of the extracellular matrix. Among all MMPs, MMP-13 is the 
primary collagenase in OA, with an activity on type II collagen 
that is much higher than the other MMPs (28). MMP-13 is 
predominantly localized in the deeper layers of cartilage (29). 
In a study performed by Upton et al (30), increased RANKL 
mRNA expression levels were observed in grade II OA 
cartilage, particularly in the deep layer of cartilage. Various 
previous studies have reported that RANKL is expressed by 
chondrocytes in normal and OA cartilage (12,31). However, 
the role of RANKL in OA is yet to be fully elucidated, and 
the association between RANKL/OPG and MMP-13 may aid 
understanding of this mechanism. The findings of the present 
study showed that an elevated ratio of RANKL/OPG increased 
the expression of MMP-13. Although the exact underlying 
mechanism remains unclear, these results indicate that RANKL 
overexpression may exacerbate cartilage destruction by 
increasing the expression of MMP-13. A previous biochemical 
analysis of the circulating levels of macromolecules released 
from cartilage and bone in humans revealed a convergence 
of the pathological processes in cartilage and subchondral 
bone in OA at each stage (6). Furthermore, a previous study 
demonstrated that RANKL secreted by chondrocytes diffuse 
across the thin layer of calcified cartilage into subchondral 
bone, resulting in morphological changes to subchondral bone, 
which is an important factor in OA pathophysiology (30). 
Combined with the results of the present study, we hypothesize 
that RANKL overexpression in subchondral bone may diffuse 
into cartilage and elevate MMP-13 expression levels, which 
subsequently accelerates cartilage degradation.

In conclusion, to the best of our knowledge, the present 
study demonstrated for the first time that an increased 

RAKNL/OPG ratio induces MMP-13 mRNA and protein 
expression. These finding may indicate a potential strategy 
for OA treatment.
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