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Abstract. Activin A is a member of the TGF-β superfamily. 
Previous studies have demonstrated that activin A exhibited 
pluripotent effects in several tumours. However, the roles of 
activin A signaling in osteosarcoma pathogenesis have not 
been previously investigated. Therefore, the present study 
aimed to investigate the effects of activin A on osteosarcoma 
cell proliferation, invasion and migration. Firstly, the expres-
sion of activin A in osteosarcoma cell lines (MG63, SaOS-2 
and U2OS) and a human osteoblastic cell line (hFOB1.19) was 
detected using reverse transcription quantitative polymerase 
chain reaction and western blotting. Activin A was upregulated 
in osteosarcoma cell lines compared with hFOB1.19 cells. 
To investigate the effects of activin A on osteosarcoma cell 
proliferation, invasion and migration, MG63 cells were gener-
ated in which activin A was either overexpressed or depleted. 
MTT staining, propidium iodide staining and a Transwell 
assay were used to analyze the cell cycle, proliferation, inva-
sion and migration of MG63 cells, respectively. The results 
of the present study revealed that the abilities of prolifera-
tion, invasion and migration were suppressed in MG63 cells 
in which activin A was depleted, while they were enhanced 
in activin A-overexpressing cells. In conclusion, the results 
of the present study suggested that activin A may facilitate 
proliferation, invasion and migration of osteosarcoma cells, 
and it may therefore be a potential target for the treatment of 
osteosarcoma.

Introduction 

Osteosarcoma (OS) is a rare, highly malignant tumor of the 
bone. It is the most common primary bone malignancy in 
childhood and adolescence (1-3). OS is primarily a malignant 
neoplasm of the long bones, with the greatest predilection for 

the metaphyses of the distal femur and proximal tibia (4). OS 
is a highly aggressive tumor that metastasizes primarily to the 
lung (5). Metastasis is not only a sign of deterioration but also 
the major cause of treatment failure and mortality (6). The 
prognosis is poor due to lack of effective treatment methods (7). 
Therefore, innovative approaches that target the invasion and 
metastasis of osteosarcoma are urgently required. To date, the 
molecular mechanisms behind osteosarcoma development and 
metastasis have remained elusive. Therefore, broadening our 
understanding of the pathogenesis and biology of metastatic 
osteosarcoma is a key factor for improving treatment results 
and identifying potential therapeutic targets (2). 

Activin A, belonging to the TGF-β protein superfamily, 
interacts with two structurally similar serine/threonine kinase 
receptors and initiates downstream signaling via Smads to 
regulate gene expression (8). Activin is a pleiotropic cytokine 
with broad tissue distributions. Activin was initially described 
as a protein, which induces the release of follicle stimulating 
hormone from the pituitary gland. In recent years, activin 
has exhibited various effects on multiple physiological and 
pathological processes, including inflammation, metabolism, 
homeostasis, repair, cytoprotection, immune responses and 
endocrine function (9,10). Recent studies have demonstrated 
that activin has an important role in cell proliferation, differ-
entiation, apoptosis and carcinogenesis (8,11,12). 

Activins are homo- or heterodimers composed of four 
different β subunits termed βA, βB, βC and βE, respectively. 
Activin A, the dimer of two βA subunits, is critically involved 
in the regulation of cell growth and apoptosis (13). Activin A 
is a multi-functional cytokine. Matsuo et al (14) demonstrated 
that activin A had an antiproliferative effect on thyroid papil-
lary carcinoma cells and had a pivotal effect on the control 
of thyroid tumorigenesis. Kaneda et al (15) revealed that 
activin A inhibited vascular endothelial cell growth and 
suppressed tumor angiogenesis in gastric cancer. Activin A 
exhibited an inhibitory role in the proliferation of breast 
cancer cells through the activation of Smads (16). Activin A is 
a potent inhibitor of proliferation of certain epithelial ovarian 
cancer cell lines (17). Activin A normally inhibits cancer 
development and progression; however, cancer cell growth in 
high-grade prostate cancer is not inhibited by activin A (18). 
Recently, activin A has been revealed to be overexpressed in 
various types of cancer (19). Several studies have revealed 
that activin A may enhance tumor formation and progres-
sion through its effect on the tumor microenvironment (10). 
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Hoda et al (20) revealed that activin A was overexpressed in 
malignant pleural mesothelioma (MPM) cells and contributed 
to the malignant phenotype of MPM cells via regulation of 
cyclin D. The elevated levels of activin A are responsible 
for the development of gonadal tumors and a cachexia-like 
weight loss syndrome (21). The overexpression of activin A 
was also correlated with positive node stage, poor histological 
differentiation and perineural invasion. Yoshinaga et al (22) 
demonstrated that activin A enhanced matrix metallopro-
teinase (MMP)-7 activity via the transcription factor activator 
protein 1 in an oesophageal squamous cell carcinoma cell line. 
Suppression of activin A in OC3 oral carcinoma cells using 
small interfering (si)RNA may attenuate cell proliferation, 
migration and invasiveness (18). Inhibition of activin A action 
is a promising strategy for the treatment of the types of cancer 
overexpressing this factor (23). Advanced myeloma is associ-
ated with high circulating levels of activin A, supporting the 
theory for the use of activin A antagonists in myeloma, such 
as sotatercept (24). Despite its pluripotent effects, the roles of 
activin A signaling in osteosarcoma pathogenesis remain to be 
elucidated. Therefore, the present study examined activin A 
expression in osteosarcoma cell lines (MG63, SaOS-2 and 
U2OS) and a human osteoblastic cell line (hFOB1.19) by 
reverse transcription quantitative polymerase chain reaction 
(RT-qPCR) and western blot analysis and observed changes 
in the viability, cell cycle as well as invasion and migration 
ability of MG-63 cells following up- or downregulation of 
activin A expression in human osteosarcoma MG-63 cells. 
The present study provided information which may aid in 
the development of prognosis prediction tools and targeted 
therapy for osteosarcoma.

Materials and methods

Reagents. Cell culture reagents were purchased from 
Gibco-BRL (Gaithersburg, MD, USA). Osteosarcoma cell lines 
(MG63, SaOS-2, U2OS) and a human osteoblastic cell line 
(hFOB1.19) were attained from the American Type Culture 
Collection (Manassas, VA, USA). Lipofectamine™2000, 
pcDNA3.1vector and pGEM-T vector were from Invitrogen 
(Carlsbad, CA, USA). Restriction endonucleases HindIII 
and BamHI were purchased from Promega (Madison, WI, 
USA). T4 DNA Ligation agent was also from Promega. Taq 
DNA polymerase was purchased from Fermentas (Vilnius, 
Lithuania). The activin A siRNA was purchased from 
RiboBio Co. (Guangzhou, China). Protein extraction buffer 
and propidium iodide (PI) were purchased from Sigma-Aldrich 
(St. Louis, MO, USA). The enhanced chemiluminescence kit 
was purchased from Pierce (Rockford, IL, USA). Matrigel was 
purchased from Collaborative Research, Inc. (Bedford, MA, 
USA). The Transwell invasion chamber was purchased from 
Costar (Cambridge, MA, USA). The rabbit anti-activin A poly-
clonal antibody was purchased from Biorbyt (San Francisco, 
CA, USA). The rabbit anti-MMP-9 polyclonal antibody 
was purchased from Abnova (Taipei, Taiwan). The rabbit 
anti-β-actin, rabbit anti-cyclin D1 and rabbit anti-MMP-2 
polyclonal antibodies were purchased from Abbiotec (San 
Diego, CA, USA). The horseradish peroxidase-conjugated 
goat anti-rabbit immunoglobulin (Ig)G was purchased from 
Invitrogen Life Technologies (Carlsbad, CA, USA).

Cell culture. Osteosarcoma cell lines (MG63, SaOS-2 and 
U2OS) were maintained in RPMI 1640 (Gibco-BRL) supple-
mented with 10% fetal bovine serum (FBS; Gibco-BRL) and 
1% penicillin/streptomycin (Gibco-BRL) at 37˚C. The human 
osteoblast cell line hFOB1.19 was maintained in Dulbecco's 
modified Eagle's medium (DMEM):Ham's F-12 (Gibco-BRL) 
containing 10% FBS and geneticin (400 µg/ml; Gibco-BRL) at 
34˚C in a humidified 5% CO2 incubator.

RT‑qPCR. Total RNA was extracted from cells according 
to the manufacturer's instructions. RNA was reverse-tran-
scribed and cDNA was synthesized using an iScript cDNA 
synthesis kit (Bio-Rad, Hercules, CA, USA). cDNA was 
stored at ‑80˚C until further use. All primers were purchased 
from Shanghai Generay Biotech Co., Ltd. (Shanghai, China). 
The primer sequences used were as follows: Activin A 
forward, 5'-ATAGCCCCTTTGCCAACCTC-3’ and reverse, 
5'-AGCACCTTAACGAAATGTAACTTGG-3'; and β-actin 
forward, 5'-GGCGGCCAACGCCAAAACTC-3' and 
reverse, 5'-GCCTCCGCCCGGTTCAAACA-3'. The qPCR 
reactions were performed using the iTaq Fast SYBR Green 
Supermix (Bio-Rad) according to the manufacturer's instruc-
tions. The cycle threshold (Ct) values were determined and 
the relative mRNA expression was calculated using the 
2-ΔΔCt method (25). 

Western blot analysis. Total protein was extracted from cells 
using radioimmunoprecipitation buffer and quantified through a 
bicinchoninic acid assay kit (Sigma-Aldrich). Subsequently, the 
total proteins were separated using 12% SDS-PAGE (Bio-Rad) 
and transferred onto polyvinylidene difluoride (PVDF) 
membranes (Amresco LLC, Solon, OH, USA). The PVDF 
membranes were blocked with 5% milk/TBS-0.1%-Tween 
(TBST; Bio-Rad) for 1 h at room temperature and probed with 
the appropriate primary antibody (1:1,000) at 4˚C overnight. 
Subsequently, the PVDF membranes were washed in TBST 
for 3x5 min and probed with the corresponding secondary 
antibody for 2 h at room temperature. Following washing with 
TBST, autoradiography was conducted with enhanced chemi-
luminescence reagents. The relative expression of activin A 
was evaluated with the grey value ratio of activin A content to 
β-actin content (activin A/β-actin).

Cell transfection. MG63 cells were transfected with 
plasmid containing pcDNA3.1-activin A (Invitrogen Life 
Technologies) or with activin A siRNA (RiboBio Co.) and 
Lipofectamine™2000 (Invitrogen Life Technologies), used 
as the overexpression group and knockdown group, respec-
tively. MG63 cells without any treatment were used as the 
control group. Transient transfection was performed using 
a high performance transfection reagent (Ribo FECTTM 
CP Transfection kit; RiboBio Co.). Each stable transfectant 
clone was screened for overexpression or knockdown of 
activin A by RT-qPCR and western blot analysis.

MTT assay. MG63 cells were cultured on 96-well plates. 
MG63 cells in each well were incubated with 10 µl MTT 
(5 mg/ml; Beyotime, Haimen, China) for 4 h. The formazan crys-
tals formed from MTT by the living cells were dissolved in lysis 
buffer (Sigma-Aldrich). The purple solution of the formazan 
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was detected using an OSE-260 spectrophotometer (Tiangen 
Biotech Co, Ltd, Beijing, China) to measure absorbance (A) 
at 570 nm, and a 690-nm measurement was used as a refer-
ence. The relative cell proliferation (%) was calculated by the 
following equation: Relative proliferation rate(%) = [study 
group(A570 nm-A690 nm)/control group(A570 nm-A690 nm)]x100%, as 
described in a previous study (26) and the experiment was 
performed in triplicate.

Cell cycle assay. MG63 cells were cultured in serum-free 
medium for 24 h for synchronization and then cultured in 
complete medium for 24 h. Subsequently, the MG63 cells were 
detached with trypsin, washed and fixed in 70% cold ethanol 
overnight at ‑20˚C. The fixed MG63 cells were washed with 
phosphate-buffered saline (Beyotime) and then treated with 
1 mg/ml RNAse (Beyotime) for 30 min at 37˚C. Subsequently, 
the MG63 cells were incubated with PI at a final concentration 
of 100 µg/ml at room temperature for 30 min. The cell cycle 
was evaluated through flow cytometry (BD FACSCaliburTM; 
BD Biosciences, San Jose, CA, USA) and the experiment was 
performed in triplicate.

Cell invasion assay. The Transwell invasion chamber was 
washed and then 50 µl Matrigel (1 mg/ml) was added to 
evenly cover the Transwell inserts with 8-µm pores to create 
the Matrigel membrane. The Transwell invasion chamber 
was divided into the outer chamber and the inner chamber 
by the Matrigel membrane. For invasion assays, MG63 cells 
(4x105) were serum-starved overnight and seeded in starvation 
medium on the outer chamber. The inner chamber contained 
10% FBS in RPMI 1640 medium. After 48 h incubation, MG63 
cells from the outer chamber were removed from the surface 
of the matrigel membrane using a cotton swab. MG63 cells 
that had invaded into the lower compartment and attached to 
the lower surface of the filter were stained with Hoechst 33258 
for 10 min. Images of the invading cells were captured using 
an inverted microscope (XDS-1B; Wuzhou New Found 
Instrument Co., Ltd, Guangxi, China) and total cell numbers 
were counted and quantified. 

Cell migration assay. The Transwell invasion chamber was 
washed with serum-free medium. The chamber was divided 
into upper and bottom chambers by the Transwell insert. For 
migration assays, MG63 cells (4x105) were serum-starved 
overnight and seeded in starvation medium on the upper 
chamber. The bottom chamber contained 10% FBS in 
RPMI 1640 medium, which acted as a chemoattractant. After 
48 h incubation, cells on the upper surface of the chamber 
were wiped off with cotton swabs. Cells in the Transwell 
inserts and on the lower surface of the inserts were washed 
into the bottom chamber with medium until no cells were on 
the inserts. Cells in the bottom chamber were incubated with 
MTT. The formazan crystals formed from MTT by the living 
cells were dissolved in lysis buffer. The relative number of 
cells was calculated from the optical density (OD) value using 
an OSE-260 spectrophotometer. 

Statistical analysis. Values are presented as the mean ± stan-
dard deviation of three individual experiments. The SPSS 17.0 
statistical software (International Business Machines, 

Armonk, NY, USA) was used to analyze the quantitative data 
by one-way analysis of variance. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Activin A is overexpressed in osteosarcoma cell lines. In order 
to address the expression of activin A in osteosarcoma cells, 
activin A mRNA was detected by RT-qPCR and western 
blotting in three osteosarcoma cell lines (MG63, SaOS-2 and 
U2OS) and a human osteoblastic cell line (hFOB1.19). The 
expression levels of activin A mRNA and protein in the osteo-
sarcoma cell lines was higher than that in a normal human 
osteoblastic cell line, hFOB1.19 (P<0.05), as shown in Fig. 1.

In order to examine the effect of activin A on osteosarcoma 
cells, MG63 cells were selected for further study. MG63 cells 
were transfected with activin A overexpression vector (overex-
pression group) and activin A siRNA (knockdown group) to 
enforce activin A expression or inhibit activin A expression in 
MG63 cells, respectively. MG63 cells without any treatment 
were used as the blank group. The results from RT-qPCR and 
western blot analysis demonstrated that activin A exhibited 
a significant upregulation in the overexpression group and a 
significant downregulation in the knockdown group compared 

Figure 1. Expression of activin A in osteosarcoma cell lines. (A) Relative 
expression of activin A mRNA in osteosarcoma cell lines. (B) Western 
blot showing expression of activin A protein in osteosarcoma cell lines. 
(C) Relative expression of activin A protein in osteosarcoma cell lines, 
Values are presented as the mean ± standard deviation of three individual 
experiments. *P<0.05, compared with hFOB1.19.
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with that in the blank group (P<0.05), which indicated that the 
expression of activin A was effectively enforced or inhibited 
in MG63 cells (Fig. 2). 

Activin A improves MG63 cell viability. The MTT assay 
demonstrated that MG63 cell viability in the knockdown 
group was significantly lower than that in the blank group 
and that MG63 cell viability in the overexpression group was 
significantly higher than that in the blank group (P<0.05; 
Fig. 3). These results suggested that activin A may have an 
important role in the improvement of MG63 cell viability.

Activin A promotes MG63 cell proliferation. Flow cytometric 
analysis indicated that the number of MG63 cells from the 
overexpression group in G0/G1 phase was lower than that from 
the blank group (P<0.05) and that the number of MG63 cells 
from the knockdown group in G0/G1 phase was higher than 
that from the blank group (P<0.05). Furthermore, the results 
also demonstrated that the number of MG63 cells from the 
overexpression group in S and G2/M phase was higher than 
that from the blank group (P<0.05) and that the number of 
MG63 cells from the knockdown group in S and G2/M phase 
was lower than that from the blank group (P<0.05). The prolif-
eration index [(S+G2/M) / (G0/G1 + S + G2/M)] was higher in the 

overexpression group (P<0.05) and was lower in the knockdown 
group than that in the blank group (P<0.05; Fig. 4), which led to 
the conclusion that activin A promotes MG63 cell proliferation.

Activin A improves MG63 cell invasion and migration. 
Transwell invasion chamber assay demonstrated that the 
number of MG63 cells invading the Matrigel membrane was 
significantly lower in the knockdown group and was signifi-
cantly higher in the overexpression group compared with 
that in the blank group (P<0.05; Fig. 5A and B). These data 
indicated that activin A may improve MG63-cell invasiveness. 
Cells in the Transwell inserts and on the lower surface of the 
inserts were washed into the bottom chamber with medium 
until no cells remained on the inserts. Cells in the bottom 
chamber were then incubated with MTT. The OD value was 
proportional to the number of viable cells. The results indi-
cated that the number of MG63 cells migrated into Transwell 
inserts on the lower surface of the inserts and into the bottom 
chamber was significantly higher in the overexpression group 
and was significantly lower in the knockdown group compared 
with that in the blank group (P<0.05; Fig. 5C).

Effects of activin A on the expression of cyclin D1, MMP‑2 and 
MMP‑9 in MG63 cells. Western blot analysis demonstrated that 
the expression of cyclin D1, MMP‑2 and MMP‑9 was signifi-
cantly upregulated in the overexpression group and significantly 
downregulated in the knockdown group as compared with that 
in the blank group (P<0.05; Fig. 6). This suggested that activin A 
may be associated with the upregulation of cyclin D1, MMP-2 
and MMP-9 in osteosarcoma MG63 cells.

Discussion

Activin A, belonging to the transforming growth factor-β 
(TGF-β) superfamily, is a multi-functional cytokine. As with all 
TGF-β family members, activin A is a dimeric protein, in this 
case composed of two activin βA subunits (27). Initial investiga-
tion into the potential role of activin A focused on inflammatory 
processes, metabolism, homeostasis, repair, cytoprotection, 
immune response and endocrine function (9,10). Recent studies 
have revealed that activin A has an important role in cell prolif-
eration, differentiation, apoptosis and carcinogenesis (8,11,12). 
However, the roles of activin A signaling in osteosarcoma 
pathogenesis remain to be elucidated.

Figure 2. Expression of activin A in MG63 cells. (A) Relative expression 
of activin A mRNA in MG63 cells. (B) Expression of activin A protein in 
MG63 cells. (C) Relative expression of activin A protein in MG63 cells. 
Values are presented as the mean ± standard deviation of three individual 
experiments. *P<0.05 compared with B (a, overexpression group; b, blank 
group; c, knockdown group). 

Figure 3. Effect of activin A on MG63 cell viability. Values are presented 
as the mean ± standard deviation of three individual experiments. *P<0.05 
compared with b. (a, overexpression group; b, blank group; c, knockdown 
group). OD, optical density. 
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In the present study, it was identified that activin A was 
upregulated in the osteosarcoma cell lines (MG63, SaOS-2 
and U2OS) compared with the non-cancerous osteoblastic 

cell line hFOB1.19. This was consistent with the results from a 
previous study, which demonstrated that activin A was overex-
pressed in various types of cancer (19). The overexpression of 

Figure 4. Effect of activin A on MG63 cell cycle. The y-axis represents the proportion of cells in each phase of the cell cycle. *P<0.05 compared with b. (a, over-
expression group; b, blank group; c, knockdown group). Data were analyzed using one-way analysis of variance. Values are presented as the mean ± standard 
deviation and all experiments were repeated three times with three replicates each.

Figure 5. Effect of activin A on MG63 cell invasion ability. (A) Hoechst staining of the MG63 cells that passed through the polycarbonate membrane (a, 
overexpression group; b, blank group; c, knockdown group). Scale bar, 100 µm. (B) Quantified number of invaded cells from A. (C) Viability of MG63 cells 
on the lower surface of the inserts and in the bottom chamber. *P<0.05 compared with b. These data were analyzed using one-way analysis of variance. Values 
are presented as the mean ± standard deviation and all experiments were repeated three times with three replicates each.

  B

  A
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activin A may enhance tumor formation and progression (10). 
Hoda et al (20) demonstrated that activin A exhibited an 
upregulation in MPM cells. The overexpression of activin A 
may be responsible for the development of gonadal tumors (21) 
and was also correlated with positive node stage, poor histo-
logical differentiation and perineural invasion (22). Therefore, 
it was hypothesized that activin A may positively regulate 
tumor cell proliferation, invasion and migration. To examine 
the effect of activin A on osteosarcoma cells, MG63 cells were 
selected and transfected with activin A overexpression vector 
and activin A siRNA to enforce activin A expression or inhibit 
activin A expression, respectively. The results of the present 
study indicated that the expression of activin A was effectively 
enforced or inhibited in MG63 cells. 

The overexpression of activin A contributed to the malignant 
phenotype of MPM cells (20). Inhibition of activin A in OC3 
oral carcinoma cells may attenuate cell proliferation (19). Thus, 
MG63 cell viability and proliferation were examined by an 
MTT assay and a flow cytometric assay, respectively. The MTT 
assay demonstrated that MG63 cell viability in the activin A 
knockdown group was significantly lower than that in the blank 
group and that MG63 cell viability in the activin A overex-
pression group was significantly higher than that in the blank 
group, which suggested that activin A may have a crucial role 
in the improvement of MG63 cell viability. The flow cytometric 
assay indicated that the proliferation index was higher in the 
activin A overexpression group and was lower in the activin A 
knockdown group as compared with that in the blank group, 
which indicated that activin A promotes MG63 cell prolif-
eration. Downregulation of activin A in the conditioned media 
decreased cell proliferation (28). A previous study also identi-
fied that activin A contributed to the malignant phenotype of 
MPM cells via regulation of cyclin D (20). Silencing of activin A 
expression by siRNA oligonucleotides led to reduced cyclin D1 
expression (20). Therefore, it was hypothesized that activin A 
improved MG63 cell proliferation, which was possibly via regu-
lation of cyclin D. Therefore, the expression of cyclin D1 was 
determined by western blotting in the present study. The results 
demonstrated that cyclin D1 was suppressed in the knockdown 
group and enhanced in the overexpression group, which may be 
responsible, at least partially, for the observation that activin A 
improved MG63 cell proliferation. The results of the present 

study also suggested that the overexpression of activin A may 
be a major event in cancer pathogenesis, in part due to improve-
ment of its ability to upregulate cyclin D1, leading to a failure 
to induce cell cycle arrest. However, further study is required to 
elucidate the exact mechanism. 

The overexpression of activin A was also correlated with 
migration and invasion. Activin A promotes migration of 
prostate cancer cells to osteoblasts (29). Yoshinaga et al (22)
demonstrated that activin A enhanced migration and invasion 
of esophageal squamous cell carcinoma cells by enhancing 
MMP-7 activity (22). Chang et al (19) suggested that suppres-
sion of activin A in OC3 oral carcinoma cells may attenuate cell 
migration and invasiveness. Therefore, the effect of activin A 
on the invasion and migration ability of MG63 cells in vitro 
was investigated in the present study. The results revealed that 
the number of MG63 cells migrated into Transwell inserts on 
the lower surface of the inserts and into the bottom chamber 
was significantly higher in the overexpression group and was 
significantly lower in the knockdown group compared with 
that in the blank group, which suggested that activin A may 
improve the abilities of MG63 cell invasion and migration. 

Le Bras et al (30) revealed that activin A increases cell inva-
sion through CD44 upregulation following E-cadherin loss and 
increased CD44 expression in areas of cell invasion associated 
with MMP-9. In addition, activin A induced in vitro invasion of 
esophageal squamous cell carcinoma cells, which was accom-
panied by an increased MMP-2 and MMP-9 in esophageal 
squamous cell carcinoma cells samples (28). Incorvaia et al (31) 
demonstrated that activin A, MMP-2 and MMP-9 may be 
regarded as possible therapeutic targets in the treatment of 
metastatic bone disease. Therefore, MMP-2 and MMP-9 
were examined in the present study. The results revealed that 
MMP‑2 and MMP‑9 exhibited significant upregulation in the 
overexpression group and significant downregulation in the 
knockdown group compared with that in the blank group, which 
suggested that activin A may be associated with the upregula-
tion of MMP-2 and MMP-9 in osteosarcoma MG63 cells. A 
previous study by our group revealed that miR-181a was overex-
pressed in osteosarcoma cell lines and miR-181a may facilitate 
proliferation and invasion (32). Neel and Lebrun (12) revealed 
that activin and TGF-β regulated the expression of the miR-181 
family to promote cell migration and invasion in breast cancer 

Figure 6. Effects of activin A on the expression of cyclin D1, MMP-2 and MMP-9 in MG63 cells. (A) Cyclin D1, MMP-2 and MMP-9 protein expression in 
MG63 cells, (B) Relative expression of cyclin D1, MMP-2 and MMP-9 in MG63 cells. (a, overexpression group; b, blank group; c, knockdown group. *P<0.05 
compared with b. Data were analyzed using a one-way analysis of variance. Values are presented as the mean ± standard deviation and all experiments were 
repeated three times with three replicates each. MMP, matrix metalloproteinase.
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cells (12). Therefore, it was hypothesized that the overexpression 
of activin A in osteosarcoma may enhance the upregulation of 
miR-181, facilitating the proliferation and invasion of osteosar-
coma cells. This hypothesis requires further investigation. 

In conclusion, the results of the present study suggested that 
activin A may be involved in the enhancement of proliferation, 
invasion and migration of MG63 cells. However, further study 
is required to provide a thorough understanding of the func-
tion and mechanism of activin A in osteosarcoma. 
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