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Abstract: MicroRNAs (miRNAs) are endogenous, non-coding, small RNAs, which play a critical role in regulating va-
rieties of the biological and pathologic processes. MiR-196a has been reported to take part in tumorigenic progres-
sion of osteosarcoma (OS). However, the effects of miR-196a on OS are still unclear. The objective of this study is 
to investigate the molecular mechanism of miR-196a in osteosarcoma cells. In the present study, the expression of 
miR-196a in OS cell lines was detected by real-time PCR. We found that the expression level of miR-196a was mark-
edly up-regulated in osteosarcoma cell lines compared with normal osteoblastic cells. Then, the miR-196a mimic 
was transiently transfected into MG63 and U2OS cells using Lipofectamine™ 2000 reagent. Subsequently, the MTT 
and Brdu-ELISA results showed that up-regulation of miR-196a promoted the cell viability and proliferation. Our 
results also showed that miR-196a mimic accelerated cell cycle progression of MG63 and U2OS cells by down regu-
lation of p21 and p27, and upregulation of cyclin D1. In addition, overexpression of miR-196a suppressed apopto-
sis of MG63 and U2OS cells due to increasing BCL2L2 and MCL-1 expressions, and then inactivating caspase-3. 
Eventually, the effect of miR-196a mimic on the PTEN/phosphoinositide 3-kinase (PI3K)/Akt signaling pathway 
was explored by Western blot. From our results, transfection of miR-196a decreased the expression of PTEN and 
increased the phosphorylation of PI3K and Akt. Taken together, miR-196a should be an oncogene in osteosarcoma. 
The possible mechanism was that overexpression of miR-196a promoted proliferation of MG63 and U2OS cells by 
modulating the PTEN/PI3K/Akt signaling pathway.
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Introduction

Osteosarcoma (OS) is the most common and 
primary bone tumor in children and adolescent 
[1]. It happens mainly around areas with active 
bone growth and repairation. Emerging evi-
dence indicates OS was induced by genetic and 
epigenetic alterations which disturb mesenchy-
mal stem cells to differentiate into osteoblast 
[2]. Over the past decade, Advances in OS ther-
apy have improved patient outcomes [3], result-
ing in dramatically improving the five-year sur-
vival rate of OS patients to approximately 
60~70%. However, outcome is still poor and 
most of them are dead eventually due to local 
relapse or pulmonary metastases after surgical 
resection and intensive-chemotherapy [4, 5]. 

Hence, identification of the effective molecules 
or signaling pathways contributed to regulating 
tumor growth and metastasis is greatly required 
for improving the therapy of OS.

MicroRNAs (miRNAs) are a wide class of endog-
enous, small (approximately 22 nucleotides 
long), non-coding RNAs molecules [6]. MiRNAs 
play a critical role in inhibiting gene expression 
posttranscriptionally by translational repres-
sion or degradation. Up to now, miRNAs have 
been identified as both tumor suppressors and 
oncogenes, which is dependent on the role of 
their target genes. MiRNAs are frequently aber-
rantly altered in diverse cancers, including 
breast cancer [7], colon cancer [8], glioblasto-
ma [9], lung cancer [10], and OS [11]. Moreover, 
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it has been reported that miR-196a was up-
regulated in many kinds of cancers including 
pancreatic cancer, which are closely related to 
poor survival rate [12]. Zhang et al. showed that 
miR-196a overexpression could promote the 
proliferation and colony formation of cervical 
cancer cells [13]. MiR-196a has also been 
showed to promote proliferation and invasion 
of non-small cell lung cancer cell [14]. However, 
the expression and molecule mechanism of 
miR-196a in OS are still unknown.

PTEN is initially recognized as a multifunctional 
tumor suppressor continually down-regulated 
in many types of human tumors [15]. PTEN neg-
atively regulates the PI3K/Akt signaling path-
way through dephosphorylating phosphatidy- 
linositol-3,4,5-trisphosphate (PIP3), eventually 
taking part in regulating the proliferation, cell 
cycle, apoptosis, migration, invasion and meta- 
stasis during the development and progression 
of cancers [16]. Recently, it has been reported 
that PTEN may be regulated by miRNAs in many 
types of cancers, including breast [7], colon [8], 
hepatocellular carcinoma [17], cervical [18], 
bladder cancer [19] and osteosarcoma [20-22]. 
Especially, Zhou et al. found that miR-20b pro-
motes cell growth of breast cancer cells partly 
by targeting PTEN [7]. Valeri et al. demonstrat-
ed that miR-135b could promote tumor trans-
formation and progression in colon cancer by 
down-regulating PTEN expression [8]. Jiang et 
al. reported that overexpression of miR-492 
decreased PTEN expression in Hepatocellular 
Carcinoma cells [17]. Sun and his team found 
that miR-222 promoted the proliferation and 
migration through modulation of PTEN in cervi-
cal cancer cells [18]. In addition, Feng et al. 
demonstrated that miR-19a acts as an onco-
genic gene in bladder cancer cells, and its on- 
cogenic role was dependent on targeting PTEN 
[19]. Some newly studies also showed that miR-
128, -17, and -181a were involved in decrease 
of PTEN expression in osteosarcoma [20-22].

In this paper, we demonstrated that the expres-
sion of miR-196a was significantly up-regulated 
in osteosarcoma cells compared with normal 
osteoblastic cell, and miR-196a acts an impor-
tant regulatory role in osteosarcoma cell prolif-
eration by regulation of the PTEN/PI3K/Akt sig-
naling pathway. Our findings demonstrated that 
miR-196a might be a novel target for further 
studies of the therapy of osteosarcoma.

Materials and methods

Chemicals and reagents

Dimethylsulfoxide (DMSO), propidium iodide 
(PI) and 3-(4, 5-dimethylthiazol-2-yl) 2, 5-diphe-
nyltetrazolium bromide (MTT) were obtained 
from Sigma Chemical Co. (USA). Roswell Park 
Memorial Institute (RPMI) 1640 and fetal 
bovine serum (FBS) were purchased from Gibco 
Co. (New York, USA). BCA Protein Assay Kit was 
purchased from Beyotime Institute of Biote- 
chnology (Jiangsu, China). Penicillin/streptomy-
cin was purchased from Hangzhou Sijiqing 
Biological Engineering Materials Co. Ltd (Hang- 
zhou, China). Annexin V-FITC Apoptosis Dete- 
ction Kit was obtained from Nanjing KeyGen 
Biotech Co. (Nanjing, China).

Cell culture

Osteosarcoma cell lines MG63, HOS, SaOS-2, 
and U2OS were cultured in RPMI 1640 contain-
ing 10% FBS and 1% penicillin-streptomycin at 
37°C in 5% CO2. hFOB1. 19 human osteoblasts 
were cultured in DMEM/Ham’s F-12 containing 
10% FBS and Geneticin (400 μg/mL) at 37°C in 
5% CO2 incubator.

miRNA transfection

To enhance miR-196a expression in MG63 and 
U2OS cells, MG63 and U2OS cells were trans-
fected with miR-196a mimics, which served as 
the miR-196a group. MG63 and U2OS cells 
transfected with miR-negative control (miR-NC) 
were used as miR-NC group. One day before 
transfection, cells at about 40 to 60% conflu-
ency were changed to the antibiotic-free media. 
After 24 h, the cells were transfected with 50 
nM miR-196a mimics using Lipofectami- 
ne™ 2000 reagent according to the manufac-
turer’s instruction.

Reverse transcription polymerase chain reac-
tion 

Total RNA from MG63 and U2OS cells was 
extracted using Trizol reagent (Invitrogen). Two 
microgram RNA was used for gene-specific 
reverse transcription polymerase chain reac-
tion (RT-PCR) using one-step RT-PCR kit (Qia- 
gen, Venlo, the Netherlands) according to the 
manufacturer’s instructions. PCR was imple-
mented in 50 μL reaction volume including 1 μL 
of dNTPs (10 mM), 5 μL complementary DNA 
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solution, 1 μL of each primer (50 PM), 1 μL Taq 
DNA polymerase (Invitrogen), water (33 μL), 3 
μL of MgCl2 (15 mM), and 5 μL of PCR buffer 
(10×) on a thermal cycler (Thermo Scientific, 
Waltham, MA). Denaturation was performed at 
94°C for 1 minute, annealing at 59°C for 1 min-
ute, and elongation at 72°C for 1 minute for 32 
cycles, followed by 72°C for 10 minutes. Pri- 
mers used were listed in Table 1. The amplified 
products were electrophoresed on 2% agarose 
gels using Gel-Pro Analyzer 6.0 to analyze. The 
levels for each gene were counted by standard-
izing the quantified mRNA amount to the GA- 
PDH mRNA. Each sample was assessed in 
triplicate.

Cell viability assay

MG63 and U2OS cells were seeded in 96-well 
dish for 24 h. After that, cells were transfected 
with miR-196a and miR-NC. Then, the number 
of viable cells was determined using MTT rea- 
gent according to the manufacturer’s instruc-
tions. In brief, MTT reagent (10 μl) was added to 
the 100 μL medium, and incubated at 37°C for 
4 h. The supernatant was removed and dimeth-
yl sulfoxide (DMSO) was added to solubilize the 
formazan crystals. Absorbance (570 nm) of the 
medium was measured with Biotek Elx-800 
plate reader.

Cell proliferation assay

To investigate the effect of miR-196a transfec-
tion on proliferation of MG63 and U2OS cells, 
5×103 cells were seeded onto 96-well culture 
plate and allowed to grow overnight in complete 

DMEM. The culture medium was then removed 
and the cells were transfected with anti-miR-
196a and anti-miR-NC for 24 h at 37°C. Cell 
Proliferation ELISA-BrdU (colorimetric) Kit 
(Roche Diagnostics, USA) was used to deter-
mine the cells proliferation according to the 
manufacturer’s instructions. 

Annexin V-FITC/PI analysis

MG63 and U2OS cells were transfected with 
miR-196a and miR-NC for 24 h. After treat-
ments, cells were double-stained by using an 
Annexin V-FITC apoptosis detection kit accord-
ing to the manufacturer’s instructions. Samples 
stained with Annexin V and PI were quantita-
tively analyzed at 488 nm emission and 570 
nm excitation by FACSCalibur flow cytometer 
(Beckman Coulter, Inc., Fullerton, California, 
USA), and then the fluorescence was analyzed 
using the CellQuest software (Becton Dick- 
inson).

Western blot analysis

Forty-eight hours after transfection, total pro-
tein was extracted from the MG63 and U2OS 
cells using RIPA cell lysis buffer containing pro-
teinase and phosphatase inhibitors. The pro-
tein concentration of cell lysates was quantified 
by BCA Kit, and equal amounts of protein were 
separated by SDS-PAGE and then transferred 
onto a polyvinylidene fluoride (PVDF) mem-
brane (Millipore, USA). The membranes were 
blocked in 5% non-fat dry milk diluted with Tri 
Buffered Saline Tween-20 (TBST) (in mmol/L: 
Tris-HCl 20, NaCl 150, PH 7.5, 0.1% Tween 20) 
at room temperature for 1 h, and then probed 
overnight at 4°C with primary antibody. The pri-
mary antibodies and dilutions used were as fol-
lows: p21WAF1 and p27KIP1 were purchased from 
Santa Cruz Biotechnology (1:500; Santa Cruz, 
CA, USA); antibodies against cyclin D1, BCL2L2, 
MCL-1, pro-caspase-3, PTEN, phospho-PI3K 
(p-PI3K), total-PI3K (t-PI3K), phospho-Akt (p- 
Akt) and total-Akt (t-Akt) were obtained from 
Cell Signaling Technology Inc (1:1000; Beverly, 
MA, USA). The membranes were then incubat-
ed for 2 h with a goat anti-rabbit or anti-mouse 
IgG conjugated to horseradish peroxidase 
(1:1000; Santa Cruz). Monoclonal mouse α-tu- 
bulin antibody (1:1000; Sigma) or monoclonal 
rabbit GAPDH (1:1000; Cell Signaling Techno- 
logy) was used as an internal control. The pro-
teins were visualized using ECLTM western blot-
ting detection reagents (Amersham Biosciences 

Table 1. Sequence of primers for RT-PCR
Gene Primer Sequence
miR-196a F: 5’-GCTCTGGCTCCGTGTCTTCACTCCC-3’

R: 5’-TGCCCCAGCACAGCCCCCGTCCCTC-3’
p21 F: 5’-TGTCCGTCAGAACCCATGC-3’

R: 5’-AAAGTCGAAGTTCCATCGCTC-3’
p27 F: 5’-TAATTGGGGCTCCGGCTAACT-3’

F: 5’-TGCAGGTCGCTTCCTTATTCC-3’
cyclin D1 F: 5’-TGAGAGAAAAAGGTCCTACG-3’

R: 5’-GTAGCAGCTACTGTAGACAG-3’
PTEN F: 5’-CCAGGACCAGAGGAAACCT-3’

R: 5’-GCTAGCCTCTGGATTTGA-3’
GAPDH F: 5’-GAGTCAACGGATTTGGTCGTATTG-3’

R: 5’-CCTGGAAGATGGTGATGGGATT-3’
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Corp., USA). The densitometry of the bands was 
quantified using the Image J 1.38X software 
(USA).

Caspase-3 activity assay

A fluorescent assay kit (Nanjing KeyGen Bio- 
tech, China) was used to detect caspase-3 
activity according to the manufacturer’s instruc-
tions. In brief, MG63 and U2OS cells were har-
vested after transfection of miR-196a or miR-
NC, and washed with ice-cold PBS. Cells were 
lyzed in the lysis buffer, and then centrifuged. 

After that, the supernatants were collected. 
Equal amounts of protein samples were react-
ed with the synthetic fluorescent substrates at 
37°C for 4 h and the reactions were read at 
405 nm in a microplate reader (Bio-Rad, USA). 
Fold-increase in caspase-3 activity was deter-
mined with values obtained from the treatment 
samples divided by those from the controls. 

Cell cycle analysis

The MG63 and U2OS cells were transfected 
with miR-196a or miR-NC for 24 h. Then, both 

Figure 1. The mRNA level of miR-196a in OS cell lines. A. The relative expression of miR-196a in OS cell lines and 
hFOB1.19 human osteoblasts by real-time PCR. B. The mRNA levels of miR-196a in MG63 and U2OS cells trans-
fected with miR-196a mimic or its appropriate negative control (miR-NC) by real-time PCR. All data are presented as 
mean ± SEM, n=6. *P<0.05, **P<0.01 vs. hFOB1.19; ##P<0.01 vs. miR-NC.

Figure 2. Effects of miR-196a transfection on cell viability and proliferation in MG63 and U2OS cells. MG63 and 
U2OS cells were transfected with miR-196a or miR-NC. A. Cell viability was assessed by MTT assay. B. Cell prolifera-
tion was assessed by BrdU-ELISA assay. All data are presented as mean ± SEM, n=6. ##P<0.01 vs. miR-NC.
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cells were collected by trypsinization, washed 
with ice-cold PBS, and fixed in ice-cold 70% 
methanol by incubating them for 1 h at 4°C. 
The cells were then centrifuged, suspended in 
PBS, and incubated with RNase for 30 min at 
37°C. The cells were then stained with propidi-
um iodide for 1 h, and analyzed by FACScan 
flow cytometer and CellQuest 3.3 software.

Statistical analysis

All statistical analyses were performed using 
GraphPad Prism 5.0 (GraphPad Software, Inc., 
USA). Data for each study parameter from each 
group were presented as mean ± standard 
error of the mean (S.E.M.). Data from each 
group were statistically analyzed by a two-tailed 
Student’s t test or one-way analysis of variance 
(ANOVA). Differences were considered statisti-
cally significant at P<0.05.

Results

The expression of miR-196a was increased in 
osteosarcoma (OS) cell lines

To determine the levels of miR-196a in OS cells, 
four osteosarcoma cell lines (MG63, HOS, Sa- 
OS-2, and U2OS) and a human normal osteo-
blastic cell line (hFOB1.19) were used to detect 
the level of miR-196a by real time-PCR. Our 
results demonstrated that the level of miR-
196a was significantly increased in all four OS 
cell lines compared to that in human normal 
osteoblastic cell line hFOB1.19, as shown in 
Figure 1A. Among these OS cell lines, MG63 
and U2OS cells were used to study further. In 
addition, the results from real time-PCR analy-
sis showed that miR-196a displayed evident 
up-regulation in miR-196a group compared to 
miR-NC group (P<0.01). These results con-
firmed that we effectively overexpressed miR-
196a expression in MG63 and U2OS cells 
(Figure 1B).

Overexpression of miR-196a promoted cell 
proliferation in both MG63 and U2OS cells

To examine the role of miR-196a in proliferation 
of OS cells, MG-63 and U2OS cells were trans-
fected with miR-196a or miR-NC. MTT assay 

demonstrated that transfection of miR-196a 
evidently increased the viabilities of MG-63 
and U2OS cells (Figure 2A). Besides, we also 
observed promoted cell proliferation in miR-
196a mimic-transfected cells, as assessed by 
the Brdu-ELISA assay (Figure 2B), showing a 
positive correlation with the MTT assays. These 
results indicated that miR-196a overexpres-
sion had available proliferation promotion ef- 
fect in both MG-63 and U2OS cells.

Up-regulation of miR-196a accelerated cell 
cycle and modulated cell cycle-related proteins 
in OS cells

Because miR-196a mimic evidently promoted 
cell proliferation in both MG-63 and U2OS cells, 
we assumed that miR-196a could accelerate 
the cell cycle of OS cells. We confirmed this 
hypothesis by flow cytometry. Our results sh- 
owed that overexpression of miR-196a drasti-
cally decreased the percentage of cells in the 
G1/G0 peak and increased the percentage of 
cells in the S peak in both MG-63 and U2OS 
cells compared with cells transfected with miR-
NC (Figure 3A). Therefore, transfection of miR-
196a mimic may increase the proliferation of 
osteosarcoma cells by promoting the G1/S cell 
cycle transition. However, we further investigat-
ed whether the cyclin-dependent kinase (CDK) 
inhibitors p21, p27 or the CDK regulator cyclin 
D1 could be regulated by miR-196a. To demon-
strate this hypothesis, we examined the effects 
of miR-196a transfection on the expressions of 
p21 and p27 and cyclin D1, which are known as 
critical molecules involved in cell cycle arrest. 
As shown in Figure 3, the mRNA levels and pro-
tein expressions of p21 and p27 were down-
regulated in MG-63 and U2OS cells transfected 
with miR-196a (Figure 3B). Besides, cyclin D1 
is a nuclear protein required for cell cycle regu-
lation in the G1 phase of proliferating cells, 
while protein expression and mRNA level of 
cyclin D1 were markedly upregulated in miR-
196a-transfected cells compared with cells 
transfected with miR-NC (Figure 3B). These 
results indicated that transfection of miR-196a 
accelerated cell growth in MG-63 and U2OS 
cells by regulating expression of cell cycle-relat-
ed proteins.

Figure 3. Effects of miR-196a transfection on cell cycle and cell cycle-related proteins in MG63 and U2OS cells. 
MG63 and U2OS cells were transfected with miR-196a or miR-NC. A. Cell cycle was detected by flow cytometry. B. 
The mRNA levels and C. the protein expressions of p21, p27 and cyclin D1 were determined respectively by real 
time-PCR and Western Blot using α-tubulin as an internal control. All data are presented as mean ± SEM, n=6. 
#P<0.05, ##P<0.01, ###P<0.001 vs. miR-NC.
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Transfection of miR-196a negatively regulated 
apoptosis in OS cells

In order to explore whether anti-apoptosis took 
part in miR-196a mimic-induced cell prolifera-

tion, the total apoptosis rates of MG-63 and 
U2OS cells were detected by flow cytometric 
analysis of cells labeled with Annexin-V/PI dou-
ble staining. As shown in Figure 4A and 4B, flow 
cytometry analysis showed that the number of 

Figure 4. Effects of miR-196a transfection on apoptosis of 
MG63 and U2OS cells. MG63 and U2OS cells were trans-
fected with miR-196a or miR-NC. (A) Apoptosis of MG63 
and U2OS cells was measured by flow cytometric analysis of 
cells labeled with Annexin-V/PI double staining. The protein 
expressions of BCL2L2, MCL-1 and pro-caspase-3 were de-
tected by Western Blot in MG63 (B) and U2OS (C) cells using 
α-tubulin as an internal control. (D) The activity of caspase-3 
was determined by caspase-3 activity detection assay. All 
data are presented as mean ± SEM, n=6. #P<0.05, ##P<0.01, 
###P<0.001 vs. miR-NC.   
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apoptotic MG-63 and U2OS cells was signifi-
cantly lower in miR-196a mimic group than that 
in miR-NC group. In order to investigate the mo- 
lecular mechanism of anti-apoptosis, we fur-
ther determined the expressions of apoptosis-
related proteins including BCL2L2, MCL-1 and 
procaspase-3. Western blotting showed that 
miR-196a overexpression up-regulated the ex- 
pression of procaspase-3 in both MG-63 and 
U2OS cells (Figure 4B, 4C). These results were 
further determined by caspase activity assay 
showing that activity of caspase-3 was signifi-
cantly inhibited by transfection of miR-196a 
(Figure 4D). Up-regulation of miR-196a also 
increased anti-apoptotic protein BCL2L2 and 
MCL-1 expressions (Figure 4B, 4C). Taken to- 
gether, these apoptosis results suggested that 
miR-196a might negatively regulate apoptosis 
of MG-63 and U2OS cells.

MiR-196a overexpression promoted prolifera-
tion of OS cells through PTEN/PI3K/Akt path-
way 

To further investigate the molecular mecha-
nism of miR-196a on the proliferation in OS 
cells, we determined the effect of miR-196a on 
the PTEN/PI3K/Akt pathway. Twenty-four hours 
after miR-196a transfection, the expressions of 
PTEN and phosphorylation of PI3K and Akt in 
both MG63 and U2OS cells were determined by 
Western blotting. In both OS cells, overexpres-
sion of miR-196a decreased the mRNA level 
and protein expression of PTEN that is a tumor 
suppressor and a major negative regulator of 
the PI3K/Akt pathway (Figure 5A-C). It has 
been reported that down-regulation of PTEN 
expression was contributing to increased PI3K 
and Akt activation, and the subsequent growth 

Figure 5. Up-regulateion 
of miR-196a promoted 
cell proliferation by acti-
vating PTEN/Akt/FOXO1 
signaling pathway. MG63 
and U2OS cells were tr- 
ansfected with miR-196a 
or miR-NC. A. The mRNA 
level of PTEN was deter-
mined by real time-PCR. 
B, C. Western blot analy-
sis was performed for 
PTEN, p-PI3K and t-PI3K, 
p-Akt, t-Akt, respectively. 
MG63 and U2OS cells 
were pretreated with DM- 
SO or LY294002 (Akt in- 
hibitor, 20 μM) for 6 h 
and then transfected wi- 
th miR-196a or miR-NC 
for another 24 h. D. Cell 
proliferation was evalu-
ated by BrdU-ELISA as-
say. All data are prese- 
nted as mean ± SEM, n= 
6. ##P<0.01, ###P<0.001 
vs. miR-NC; &&P<0.01 vs. 
miR-196a + DMSO.
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and survival in various tumors. Our results 
showed that miR-196a transfection remarkably 
increased PI3K and Akt phosphorylation in 
MG63 and U2OS cells (Figure 5B, 5C). However, 
miR-196a had no effect on total PI3K and Akt 
expressions. Moreover, in the cell proliferation 
assay, the proliferation promotion effect of 
miR-196a overexpression was largely blocked 
by pretreatment with LY294002, an Akt inhibi-
tor (Figure 5D). Collectively, these results sug-
gested that transfection of miR-196a promoted 
proliferation in both MG63 and U2OS cells by 
regulating PTEN/PI3K/Akt pathway.

Discussion

Emerging reports have demonstrated that miR-
NAs take part in the development and progres-
sion of various cancers including OS via regula-
tion of expression of multiple target genes 
related to the development and progression. 
Therefore, identification of specific miRNAs and 
their targets related to tumorigenesis would 
supply valuable insight for the diagnosis and 
treatment of patients with human malignan-
cies. MiRNA profiling studies suggest that miR-
196a is overexpressed in various types of can-
cers, such as breast, gastric, pancreatic, colo- 
rectal and cervical cancer [23-27]. Intriguingly, 
increasing reports confirm that miR-196a con-
tributes to the development and progression of 
cancers.

In this paper, our results demonstrated that 
miR-196a showed higher expression levels in 
osteosarcoma cell lines (MG63, HOS, SaOS-2, 
and U2OS) compared to a human normal osteo-
blastic cell line hFOB1.19. The results of miR-
196a expressions in osteosarcoma cell lines in 
this paper was consistent with that in osteosar-
coma tissues, which displayed that miR-196a 
evidently over-expressed in osteosarcoma tis-
sues [28]. Altogether, our results indicated that 
miR-196a acts as an oncogene playing an 
important role in the development and progres-
sion of OS. Therefore, we speculated that miR-
196a might positively regulate tumor cell prolif-
eration. In order to investigate the function of 
miR-196a in osteosarcoma cells, the expres-
sion of miR-196a over-expressed in both MG63 
and U2OS cells. The results of MTT assay and 
Brdu-ELISA assay showed that viabilities and 
proliferation of MG63 and U2OS cells were sig-
nificantly higher in cells transfected with miR-
196a than those in cells transfected with miR-

NC, which indicated that miR-196a could 
improve MG63 and U2OS cells viabilities and 
proliferation. The results of cell cycle assay by 
flow cytometry showed that miR-196a mimic 
could promote cell cycle progression of MG63 
and U2OS cells, which was potentially due to 
up-regulation of growth-promoting factors such 
as cyclin D1 or down-regulation of growth-inhib-
itory factors such as p21CIP1 and p27KIP1 in the 
downstream of the miR-196a target genes. The 
p21 and p27 proteins, two cyclin-dependent 
kinase inhibitors, are key regulators of the cell 
growth, which promote cell cycle arrest primar-
ily at the G1/S transition of the cell cycle [29]. 
Hence, p21 and p27 were determined in our 
study. The results showed that the expressions 
of p21 and p27 were decreased in MG-63 and 
U2OS cells transfected with miR-196a, which 
suggested that the overexpression of miR-196a 
might be a major event in cancer pathogenesis, 
partly due to its ability to down-regulate p21 
and p27, leading to promoting cell cycle pro-
gression. Besides, cyclin D1 is a growth-pro-
moting factor required for cell cycle regulation 
in the G1 phase of proliferating cells. Our re- 
sults showed that up-regulation of miR-196a 
significantly increased the expression of cyclin 
D1 in MG-63 and U2OS cells. However, further 
study is required to elucidate the exact mecha-
nism. Our findings also exhibited that up-regula-
tion of miR-196a could suppress apoptosis of 
MG63 and U2OS cells, which was consistent 
with that in pancreatic cancer cell, which sh- 
owed that overexpression of miR-196a could 
inhibit the apoptosis of Panc-1 cells [30]. It has 
been reported that down-regulation of anti-
apoptotic proteins BCL2L2 (Bcl-w) and MCL-1 
may contribute to increasing apoptosis of OS 
cells [31]. Both BCL2L2 and MCL-1, two mem-
bers of the Bcl-2 family, can improve cells sur-
vival. BCL2L2 can form complexes of Bax/
Bcl-w and Bak/Bcl-w by binding to pro-apoptot-
ic proteins such as Bax and Bak. The decreased 
expression of Bcl-w activates Bax and Bak, and 
then induces apoptosis [32, 33]. Moreover, 
MCL-1 can inactivate the pro-apoptotic protein 
Bak, and then combine with Bak via the BH3 
domain to form a heterodimer. Then Bak is 
inactivated, resulting in inhibiting the activation 
of caspase cascade to promote cell viability 
[34]. Therefore, we examined the expressions 
of BCL2L2, MCL-1and procaspase-3, and the 
activity of caspase-3. We found that expres-
sions of BCL2L2, MCL-1 and procaspase-3 
were up-regulated and the activity of caspase-3 
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was inhibited in MG63 and U2OS cells after 
transfection of miR-196a. Further, the above 
results suggested that miR-196a might pro-
mote the growth and proliferation of MG63 and 
U2OS cells and inhibit the apoptosis of MG63 
and U2OS cells. However, the precise mecha-
nisms were still further investigated.

We next demonstrated that PTEN is a direct tar-
get of miR-196a in MG63 and U2OS cells. 
PTEN, a well-established tumor suppressor, is 
closely related to the development and pro-
gression of tumors [35]. PTEN dephosphory-
lates Phosphatidylinositol 3,4,5-trisphosphate 
(PIP3), and antagonizes phosphatidylinositol 
3-kinase (PI3K) signaling [36]. The PTEN/PI3K/
Akt signaling pathway is closely related to 
tumorigenesis and metastasis [37]. PTEN sup-
presses growth and motility of cancer cells 
through inhibiting the PI3K/Akt signaling path-
way [38]. PTEN expression is down-regulated in 
certain malignant tumors, leading to increasing 
the activation of Akt and promoting cell prolif-
eration, migration, invasion and angiogenesis 
[39]. Collectively, our findings exhibited that 
overexpression of miR-196a promoted growth 
and proliferation of MG63 and U2OS cells, and 
up-regulation of miR-196a was correlated with 
down-regulation of PTEN in both OS cells.

In conclusion, we demonstrated that miR-196a 
mimic promoted proliferation of MG63 and 
U2OS cells through downregulation of p21/CIP1 
and p27/KIP1 and upregulation of cyclin D1, re- 
sulting in accelerating cell cycle progression. 
Furthermore, our findings confirmed that up-
regulation of miR-196a had anti-apoptotic func-
tion in MG63 and U2OS cells by increasing 
BCL2L2 and MCL-1 expressions and thereby 
activating caspase3. However, the possible me- 
chanism was that overexpression of miR-196a 
promoted proliferation of MG63 and U2OS cells 
by modulating the PTEN/PI3K/Akt signaling 
pathway. Our findings indicated that miR-196a 
has potential roles as a novel treated target for 
OS therapy.
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