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Abstract. Chondrosarcoma is one of the most common 
types of primary bone cancer that develops in cartilage cells. 
Resveratrol (Res), a natural polyphenol compound isolated 
from various fruits, has a suppressive effect on various human 
malignancies. It has been shown that Res inhibits matrix 
metalloproteinase (MMP)-induced differentiation in chondro-
sarcoma cells. However, the effects of Res on cell proliferation, 
apoptosis and invasion of chondrosarcoma cells, as well as 
the underlying mechanisms, remain largely unknown. To 
the best of our knowledge, the present study showed for the 
first time that Res inhibited proliferation and induced apop-
tosis in chondrosarcoma cells in a dose-dependent manner. 
Furthermore, it was shown that Res also suppressed chondro-
sarcoma cell invasion in a dose-dependent manner, probably 
via the inhibition of MMP2 and MMP9 protein expression. 
Molecular mechanism investigations revealed that Res could 
inhibit the activity of phosphoinositide 3-kinase/AKT and p38 
mitogen-activated protein kinase signaling pathways, which 
has been demonstrated to be important in the regulation of 
proliferation, apoptosis and invasion in various cancer cell 
types. In conclusion, this study suggests that Res may serve as 
a promising agent for the treatment of chondrosarcoma.

Introduction

Chondrosarcoma is one of the most common types of primary 
bone cancer that develops in cartilage cells (1). Surgical resec-
tion is the most successful method to treat chondrosarcoma. 
As the effects of adjuvant treatments, such as proton beam 
radiation and chemotherapy are limited, the prognosis of 
patients with chondrosarcoma remains poor (1,2). Therefore, 

the identification of novel preventive drugs of chondrosarcoma 
is urgently required.

Resveratrol (Res) is a natural polyphenol compound 
isolated from various fruits, including grapes, and has been 
found to be a modulator of cell phenotype with a complex 
and pleiotropic mode of action (3). Accumulating evidence 
regarding its activity reveals that Res has an effect on cell 
proliferation, differentiation, apoptosis and autophagy (4,5). 
Furthermore, it has been demonstrated that Res has a suppres-
sive effect on various types of human malignancy (6). For 
instance, Yang et al (7) reported that Res inhibited the growth 
of gastric cancer by inducing G1 phase arrest and senescence. 
More recently, the effect of Res on chondrosarcoma has been 
suggested. Gweon et al (8) found that Res had an inhibitory 
effect on matrix metalloproteinase-induced differentiation via 
the p38 kinase and JNK pathways in chondrosarcoma cells. 
In addition, Im et al (9) showed that Res selectively compro-
mised the survival of human chondrosarcoma cells. However, 
the detailed effect of Res on chondrosarcoma as well as the 
underlying molecular mechanisms remain largely unclear.

The present study aimed to investigate the effects of Res 
on cell proliferation, apoptosis and invasion in chondrosar-
coma cells. In addition, the underlying molecular mechanisms 
involved were also analyzed.

Materials and methods

Reagents. Res and MTT were purchased from Sigma-Aldrich 
(St. Louis, MO, USA), which was dissolved in dimethyl sulf-
oxide (Sigma-Aldrich, St. Louis, MO, USA) to make a 500 mM 
stock solution and stored at -80˚C.

Cell culture. JJ012 and SW1353 human chondrosarcoma cell 
lines were purchased from Nlunbio (Changsha, China). Cells 
were cultured in RPMI-1640 medium (Life Technologies, 
Carlsbad, CA, USA) with 10% fetal bovine serum at 37˚C in a 
humidified incubator containing 5% CO2. After culturing for 
48 h, cells were serum starved for 24 h, and then treated with 
or without Res. The present study was approved by the ethics 
committee of Xiangya Hospital of Central South University 
(Changsha, China).

MTT assay. Cell viability was determined using MTT, 
according to the manufacturer's instructions. In brief, cells 
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were suspended in 0.2 ml medium at a concentration of 
5,000 cells/well and incubated overnight in 96-well plates. 
Absorbance at 490 nm was measured using a microplate 
reader (Molecular Devices, Sunnyvale, CA, USA).

Apoptosis analysis. The Annexin V-fluorescein isothio-
cyanate Apoptosis Detection kit (Sigma-Aldrich) was used 
to perform cell apoptosis analysis. For each group, 106 cells 
were resuspended in binding buffer, and then stained with 
2.5 µl Annexin V-FITC and 5 µl propidium iodide for 15 min 
in the dark. Then, cells were then washed with Dulbecco's 
phosphate-buffered saline and analyzed by flow cytometry 
(C6; BD Biosciences, Franklin Lakes, NJ, USA).

Cell invasion assay. The cell invasive ability was investi-
gated using 24-well Transwell chambers (Chemicon, USA) 
with a layer of Matrigel (BD Biosciences). According to 
the manufacturer's instructions, 300 µl cell suspension 
(106 cells/ml) was added into the upper chamber, and 500 µl 
RPMI-1640 with 10% fetal bovine serum was added into the 
lower chamber. After incubation for 24 h, cells on the lower 
surface of the membrane was stained, rinsed and dried in 
air. Five fields were randomly selected and the cell number 
was counted under a microscope (CX22; Olympus, Tokyo, 
Japan).

Western blotting. Tissues or cells were solubilized in cold 
radioimmunoprecipitation assay lysis buffer (Sigma-Aldrich). 
Proteins were separated with 12% SDS-PAGE, and trans-
ferred onto a polyvinylidene difluoride (PVDF) membrane 
(Life Technologies), which was then incubated with Tris-
buffered saline with Tween-20 (Sigma-Aldrich) containing 
5% milk at room temperature for 3 h. The PVDF membrane 
was then incubated with rabbit monoclonal anti-matrix 
metalloproteinase (MMP)2 (cat. no. ab51125), rabbit 
polyclonal MMP9 (cat. no. ab38898), rabbit polyclonal phos-
phorylated (p)-phosphoinositide 3-kinase (PI3K; cat. no.
ab182651), rabbit monoclonal PI3K (cat. no. EP380Y), 
rabbit polyclonal p-AKT (cat. no. ab66138), rabbit mono-
clonal AKT (cat. no. ab32505), rabbit polyclonal p-p38 
mitogen-activated protein kinase (MAPK; cat. no. ab47363), 
rabbit polyclonal p38 MAPK (cat. no. ab7952) and rabbit 
polyclonal GAPDH (cat. no. ab181602) primary anti-
bodies (Abcam, Cambridge, UK), at room temperature for 
3 h. After washing with phosphate-buffered saline with 
Tween-20 three times, the membrane was incubated with 
the mouse anti-rabbit secondary antibodies (Abcam) at 
room temperature for 40 min. Chemiluminescent detec-
tion was performed using an enhanced chemiluminescence 
kit (Pierce Chemical, Rockford, IL, USA). The rela-
tive protein expression was analyzed by Image-Pro plus 
software 6.0 (Media Cybernetics, Rockville, MD, USA).

Statistical analysis. All data are presented as the 
mean ± standard deviation. Comparisons between the two 
groups were determined by a two-tailed Student's t-test using 
the Graph-Pad Prism 4 program (GraphPad Software, San 
Diego, CA, USA). Analysis of variance was used to assess 
comparisons between multiple groups. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Res inhibits chondrosarcoma cell proliferation. It was 
first hypothesized that Res can suppress chondrosarcoma 
cell proliferation. To test this hypothesis, the effect of 
Res on chondrosarcoma cell growth was investigated. As 
demonstrated in Fig. 1A, Res inhibited JJ012 cell growth 
in a dose-dependent manner. Following treatment with 
Res (25-100 µM) for 24 h, the growth speed of JJ012 cells 
was notably decreased from 82.4% to 44.3%, compared with 
the untreated control JJ012 cells. A similar effect was also 
found in the SW1353 chondrosarcoma cell line. As shown 
in Fig. 1B, following treatment with Res (25-100 µM) for 
24 h, the proliferation rate of SW1353 cells was decreased 
from 88.5 to 65.3%. In addition, since the inhibitory effect of 
Res on JJ012 cells was greater, JJ012 cells were used in the 
subsequent experiments.

Res induces apoptosis in chondrosarcoma cells. The effect of 
Res on JJ012 chondrosarcoma cell apoptosis was then investi 
gated. As shown in Fig. 2, the cell apoptosis level was notably 
upregulated after treatment with Res in JJ012 chondrosar-
coma cells in a dose-dependent manner. Following treatment 
with Res (25-100 µM) for 24 h, the relative apoptosis rate 
of JJ012 cells was notably increased from 3.11 to 11.73%, 
compared with the untreated control JJ012 cells. These find-
ings indicated that Res induced JJ012 chondrosarcoma cell 
apoptosis.

Res exhibits suppressive effects on chondrosarcoma cell 
invasion. The effect of Res on JJ012 chondrosarcoma 
cell invasion was then investigated. As shown in Fig. 3A, 
following treatment with Res for 24 h, JJ012 cell invasion 
was significantly decreased in a dose-dependent manner, 
compared with the untreated control JJ012 cells. These data 
suggest that Res has an inhibitory effect on chondrosarcoma 
cell invasion. Subsequently, the protein level of MMP2 and 
MMP9 in chondrosarcoma cells was examined with or 

Figure 1. An MTT assay was performed to determine the effect of Res on 
cell proliferation in (A) JJ012 (B) SW1353 chondrosarcoma cells, which were 
treated with Res (0-100 µM) for 24 h. *P<0.05 and **P<0.01 vs. 0 µM.
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Figure 3. (A) A Transwell assay was performed to determine the effect of Res on cell invasion of JJ012 chondrosarcoma cells. (B) Western blot analysis was 
performed to determine the protein level of MMP2 and MMP9. GAPDH was used as an internal reference. Control, JJ012 cells without any treatment. Res, 
JJ012 cells were treated with 75 µM Res for 24 h. *P<0.05 and **P<0.01 vs. control. Res, resveratrol; MMP, matrix metalloproteinase.

Figure 2. Apoptosis analysis was performed to examine the effect of Res on cell apoptosis in JJ012 chondrosarcoma cells. Control, JJ012 cells without any 
treatment. Res, JJ012 cells were treated with 25-100 µM Res for 24 h. *P<0.05 and **P<0.01 vs. control. Res, resveratrol.
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without treatment with 75 µM Res. The data showed that 
treatment with Res caused a decrease in the protein levels of 
MMP2 and MMP9 in chondrosarcoma cells, suggesting that 
MMP2 and MMP9 were involved in Res-induced inhibition of 
chondrosarcoma cell invasion (Fig. 3B).

Res inhibits the activity of PI3K and MAPK signaling 
pathways in chondrosarcoma cells. As PI3K and MAPK 
signaling pathways have been demonstrated to be involved 
in the regulation of proliferation, apoptosis and invasion in 
various types of cancer (10), the effect of Res on the activity 
of PI3K and MAPK signaling pathways was investigated. As 
demonstrated in Fig. 4, the data showed that the activity of 
PI3K, AKT and p38 MAPK was significantly downregulated 
following treatment with 75 µM Res for 24 h in chondro-
sarcoma cells, compared with untreated control cells. The 
results suggest that PI3K and MAPK signaling pathways 
may be involved in the effects of Res on cell proliferation, 
apoptosis and invasion in chondrosarcoma cells.

Discussion

Res is a natural polyphenol and has been demonstrated to 
act as a promising antitumor agent (6). Although Res has 
been shown to have suppressive effects on several types of 
human malignancies in vitro and in vivo, its chemotoxic 
effect on chondrosarcoma cells as well as the molecular 
mechanism remains largely unclear. In the present study, it 
was identified that Res inhibited chondrosarcoma cell prolif-
eration and the antiproliferative activity of Res occurred in a 
dose-dependent manner. In addition, Res could significantly 
induce chondrosarcoma cell apoptosis. Furthermore, Res 
was also found to suppress chondrosarcoma cell migration 
and invasion. Molecular mechanism investigation revealed 
that PI3K and MAPK signaling pathways were involved in 

Res-induced inhibition of proliferation, migration and inva-
sion in chondrosarcoma cells.

Res has been demonstrated to suppress proliferation but 
induce apoptosis in multiple types of cancer (7,13). However, 
the effects of Res on chondrosarcoma cell proliferation 
and apoptosis remain unknown. The present study found 
that Res could inhibit proliferation but induce apoptosis 
in chondrosarcoma cells. The PI3K signaling pathway 
has been widely investigated in various types of cancer. It 
is involved in the regulation of a number of intracellular 
physiological processes, including survival, proliferation, 
cell cycle progression and migration (11). In addition, Res 
was also reported to inhibit colon cancer cell proliferation 
through inhibition of PI3K and Wnt/β-catenin signaling 
pathways (12). Sui et al (13) showed that Res exhibited 
significant cytotoxic effects and induced apoptosis in K562 
chronic myeloid leukemia cells via inhibiting the PI3K 
signaling pathway. The present study also found that Res 
had an inhibitory effect on the activity of the PI3K signaling 
pathway in chondrosarcoma cells, suggesting that inhibition 
of PI3K signaling may be a common molecular mechanism 
by which Res suppresses cancer cell proliferation.

Moreover, several studies have reported that Res could 
inhibit cell invasion in several types of malignant tumors. 
For instance, Shan et al (14) reported that Res could inhibit 
migration, and invasion of oral squamous cell carcinoma 
cells. Ji et al (15) found that Res suppressed invasion and 
metastasis of colorectal cancer cells. However, the effect 
of Res on chondrosarcoma cell invasion has not previously 
been reported. The present study showed that Res also mark-
edly inhibited chondrosarcoma cell invasion. In addition, it 
was also shown that the protein levels of MMP2 and MMP9 
were also reduced after treatment with Res. As two major 
members in the MMP protein family, MMP-2 and MMP-9 
have been widely investigated in invasion and metastasis in 
various types of cancer (16,17). Gweon et al (18) showed that 
Res had an effect on MMP9 in human fibrosarcoma cells. In 
addition, they also showed that Res attenuated MMP2- and 
MMP9-regulated differentiation of chondrosarcoma cells 
through the p38 kinase and JNK pathways (8). Res also 
inhibited the epithelial-mesenchymal transition of pancre-
atic cancer cells via mediating the expression of MMP2 
and MMP9 (19). These results indicate that Res may inhibit 
chondrosarcoma cell invasion by inhibiting the expression of 
MMP2 and MMP9. Furthermore, p38-MAPK was also found 
to be regulated by Res in chondrosarcoma cells. It has been 
reported that the MAPK pathway acts as a key regulator in 
the expression of MMPs in various types of cancer, including 
chondrosarcoma (20). Res was also reported to inhibit the 
activity of p38 MAPK signaling. For instance, Res inhibited 
MAPK activity in coronary artery smooth muscle (21). In 
addition, Res suppressed mouse skin tumor growth by inhi-
bition of activated p38 MAPK (22). Accordingly, Res may be 
used for the treatment of chondrosarcoma metastasis.

In conclusion, to the best of our knowledge, this study 
demonstrated for the first time that Res inhibited cell 
proliferation and invasion and induced cell apoptosis in chon-
drosarcoma cells via regulation of PI3K and MAPK signaling 
pathways. These findings suggest that Res may serve as a 
promising agent for the treatment of chondrosarcoma.

Figure 4. Western blot analysis was performed to determine the p- or total 
protein level of PI3K, AKT and p38 MAPK, respectively. GAPDH was used 
as an internal reference. Control, JJ012 cells without any treatment. Res, 
JJ012 cells were treated with 75 µM Res for 24 h. **P<0.01 vs. control. Res, 
resveratrol; PI3K, phosphoinositide 3-kinase; MAPK, mitogen-activated 
protein kinase; p-, phosphorylated.
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