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Abstract. The purpose of the present study was to examine 
the function of microRNA-95-3p on cell growth of osteo-
sarcoma and to investigate its mechanism. Compared to 
healthy controls, the serum expression of microRNA-95-3p 
was effectively upregulated in patients with osteosarcoma. 
MicroRNA-95-3p expression in patients with osteosarcoma 
had significant association with clinical stage. Downregulation 
of microRNA-95-3p expression suppressed cell growth, 
induced apoptosis, increased caspase-3 and caspase-9 activi-
ties and Bax/Bcl-2 protein expression in osteosarcoma cells. 
The anticancer effects of microRNA-95-3p on cell growth of 
osteosarcoma cell suppressed TGF-β and p-Smad2 protein 
expression, induced p21 protein expression and suppressed 
cyclin D1 protein expression in osteosarcoma cells. Whereas, 
overexpression of microRNA-95-3p increased cell growth, 
and inhibited apoptosis of osteosarcoma cells through 
TGF-β/CDKN1A/p21/cyclin D1 expression. After promotion 
of TGF-β, the anticancer effects of microRNA-95-3p were 
effectively reversed in osteosarcoma cells. Taken together, 
our results demonstrate that downregulation of microRNA-
95-3p suppresses cell growth of osteosarcoma via CDKN1A/
p21 expression.

Introduction

Osteosarcoma is the most common primary malignant bone 
tumor, in which sarcoma cells of malignant proliferation 
generate neoplastic osteoid or immature bones directly (1). 
Its histological characteristic is that proliferative spindle 
tumor cells generate osteoid matrix or immature bones 
directly (2). Microscopically, it can be observed that there 

are many tumor cells with various sizes and shapes and 
nuclei, small multinuclear giant cells, spindle cells, immature 
chondrocytes and malignant osteoblasts which are dark with 
a large nucleus (3). Almost all metastases of osteosarcoma 
occur in lungs via blood and the minority of its metastases 
occurs in visceral organs such as brain and kidneys and via 
lymph nodes (4).

MicroRNAs (miRNAs) are a type of non-coding RNAs 
with regulatory function and a length of approximately 
20-25 nucleotides, which identify target mRNAs according 
to the principle of complementary base pairing and guide 
silencing complex to degrade target mRNAs or repress trans-
lation of mRNAs (5). Increasing studies found that miRNAs 
played an important role in specific cellular processes such 
as cell differentiation, morphosis and neoplasia (6). In human 
cancer, a miRNA can be an oncogene or a cancer suppressor 
gene in the process of tumorigenesis.

Recent research showed that microRNAs (miRNAs) 
played an important role in tumorigenesis and tumor develop-
ment, which provided a new idea for diagnosis and treatment 
of tumors  (7). miRNAs are a type of recently discovered 
non-coding microRNAs with a length of 22-28 nucleotides, 
which widely exist in eucaryon. By complete or partial 
complementary pairing with and binding to the target gene 
mRNA 3'-UTR, miRNAs cause degradation of target miRNA 
or translational suppression to regulate the expression of target 
genes, affecting biological behavior such as cell prolifera-
tion, invasion, differentiation and apoptosis. Unlike siRNAs, 
miRNAs have multiple target genes. As endogenous RNA 
interference is triggered, miRNAs regulate cells which are 
closer to a physiological level instead of regulation through a 
simple gene knockout.

The p21-activated kinase 7 (PAK7, also known as PAK5) 
is a recently discovered protein involving in cell apoptosis 
and a newly found member of the family of p21-activated 
kinases (PAKs)  (8). p21-activated kinases are a kind of 
evolutionarily conserved serine/threonine protein kinases 
which participate in regulation of many important biological 
activities such as regulation of cytoskeleton, cell cycle, cell 
apoptosis, gene transcription and angiogenesis and especially 
play an important biological role in tumorigenesis, tumor 
invasion and metastases (9).
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Materials and methods

Ethics statement, patients, and samples. Peripheral blood 
of OS patients and normal volunteers were collected at The 
Second Hospital of Jilin University, (Changchun, China). 
Serum was collected after 1000 x g for 10 min and saved at 
-70˚C. The follow-up protocols were consistent every three 
months. This study was approved by the ethics committees of 
The Second Hospital of Jilin University.

Cell lines and human tumor samples. The human osteosar-
coma cell line F5M2 was acquired from the American Type 
Culture Collection (Manassas, VA, USA). F5M2 cells were-
cultured with RPMI-1640 medium (Gibco Life Technologies, 
Gaitherburg, MD, USA) supplemented with 10% fetal 
bovine serum (Gibco Life Technologies) and penicillin 
(100 U/ml)/streptomycin (100 µg/ml) at 37˚C in a humidified 
atmosphere with 5% CO2.

Real-time RT-PCR analysis. Total RNA was isolated using 
TRIzol reagent (Invitrogen Life Technologies) and reverse-
transcribed to cDNA by the RevertAid First Strand cDNA 
synthesis kit (Fermentas). The level of microRNA-95-3p 
was quantified by RT-qPCR (ABI Prism 7600) using power 
SYBR® Green PCR Master Mix (Applied Biosystems). PCR 
conditions were predenaturation at 95˚C for 5 min, then 94˚C 
for 1 min, annealing at 58˚C for 30 sec and elongation at 72˚C 
for 30 min, for a total of 40 cycles.

MicroRNA reagents. We purchased TGF-β, microRNA-95-3p, 
anti-microRNA-95-3p and negative control miRNA mimics 
from Guangzhou RioboBio (Guangzhou, Guangdong, China). 
MicroRNA-95-3p, anti-microRNA-95-3p and negative control 
miRNA mimics were transfected using Lipofectamine 2000 
(Gibco Life Technologies).

Cell proliferation and apoptosis assays. Cells were seeded 
onto 96-well plates and treated with methylthiazolyldiphenyl-
tetrazolium bromide (MTT) assay (Sigma-Aldrich, St. Louis, 

MO, USA) for 4 h. DMSO was added into cells with shaking 
for 20 min. The absorbance was determined at 490 nm on 
a microplate spectrophotometer (SpectraMax, Molecular 
Devices, Sunnyvale, CA, USA).

Cells were seeded onto 6-well plates and stained with 
Annexin V-FITC/PI Apoptosis Assay (BD B iosciences 
Pharmingen, San Diego, CA, USA) for 20 min in the dark. 
Apoptotic cells were recorded by applying CellQuest Software 
(BD Biosciences Pharmingen).

Western blotting. Total proteins were extracted from cells 
using RIPA buffer containing protease inhibitors and 
phosphatase inhibitors. Equal amounts (30  µg) of lysate 
were separated by 8-10% SDS-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and then transferred to PVDF 
membranes (Millipore). Membranes were blocked with 5% 
bovine serum albumin (BSA) and incubated with Bax (Cell 
Signaling Technology), TGF-β (Cell Signaling Technology), 
p-Smad2 (Cell Signaling Technology), p21 (Cell Signaling 
Technology), cyclin  D1 (Cell Signaling Technology) and 
GAPDH (Cell Signaling Technology) at 4˚C overnight. Then, 
membranes was washed with TBST and incubated with HRP 
secondary antibodies (Cell Signaling Technology) for 1 h at 
37˚C. Protein blank was visualized by ECL Western blotting 
kit (Millipore).

Figure 1. Serum expression of microRNA-95-3p. Normal, normal group; 
osteosarcoma, osteosarcoma patients. ##P<0.01 compared with normal group.

Figure 2. Cell growth and apoptosis of osteosarcoma cells by microRNA-95-3p downregulation. MicroRNA-95-3p expression (A), apoptosis rate (B), and cell 
growth (C). Control, control group; anti-microRNA-95-3p, anti-microRNA-95-3p mimics group. ##P<0.01 compared with control group.
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Statistical analyses. Comparisons between two groups were 
analyzed using the Student's t-test. The data were presented as 
means ± SD. A P<0.05 was considered statistically significant.

Results

Serum expression of microRNA-95-3p. First, we analyzed 
the serum expression of microRNA-95-3p using Real-time 
RT-PCR analysis. As shown in Fig. 1, compared to healthy 
controls, the serum expression of microRNA-95-3p was effec-
tively upregulated in patients with osteosarcoma.

Cell growth and apoptosis of osteosarcoma cells by 
microRNA-95-3p downregulation. We determined whether 
microRNA-95-3p downregulation affects on cell growth of 

osteosarcoma in  vitro. MicroRNA-95-3p downregulation 
significantly inhibited cell proliferation and induced apoptosis 
level of osteosarcoma (Fig. 2).

Caspase-3 and caspase-9 activities and Bax/Bcl-2 protein 
expression of osteosarcoma cells by microRNA-95-3p down-
regulation. Then, we analyzed the mechanism of apoptosis of 
microRNA-95-3p on osteosarcoma. However, as compared 
to control group, much larger induction of caspase-3 and 
caspase-9 activity, and Bax/Bcl-2 protein expression were 
observed by microRNA-95-3p downregulation (Fig. 3).

TGF-β and Smad2 protein expression of osteosarcoma cells 
by microRNA-95-3p downregulation. To examine the regula-
tive effects of microRNA-95-3p on apoptosis of osteosarcoma, 

Figure 3. Activity of caspase-3 and caspase-9 and Bax/Bcl-2 protein expression of osteosarcoma cells by microRNA-95-3p downregulation. Caspase-3/9 
activity (A), Bax/Bcl-2 protein expression by western blot assays (B) and statistical analysis of Bax/Bcl-2 protein expression (C). Control, control group; 
anti‑microRNA-95-3p, anti-microRNA-95-3p mimics group. ##P<0.01 compared with control group.

Figure 4. TGF-β and Smad2 protein expression of osteosarcoma cells by microRNA-95-3p downregulation. TGF-β and p-Smad2 protein expression 
by western blot assays (A) and statistical analysis of TGF-β and p-Smad2 protein expression (B and C). Control, control group; anti-microRNA-95-3p, 
anti‑microRNA‑95-3p mimics group. ##P<0.01 compared with control group.
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we conducted western blotting in TGF-β and Smad2 protein 
expression. As shown in Fig. 4, TGF-β and Smad2 protein 
expression of osteosarcoma was significantly suppressed by 
microRNA-95-3p downregulation.

p21 and cyclin D1 protein expression of osteosarcoma cells 
by microRNA-95-3p downregulation. Then, we also found 
that microRNA-95-3p downregulation significantly reduced 
p21 and cyclin  D1 protein expression of osteosarcoma 
in vitro (Fig. 5). Together, these data suggest that microRNA-
95-3p regulates death of osteosarcoma cells by CDKN1A/
p21 expression.

Cell growth and apoptosis of osteosarcoma cells by 
microRNA-95-3p overexpression. We determined whether 

the overexpression of microRNA-95-3p affects cell growth 
and apoptosis of osteosarcoma cells in vitro. Compared with 
control group, cell proliferation was increased and apoptosis 
was inhibited in osteosarcoma cells by microRNA-95-3p over-
expression (Fig. 6).

Activity of caspase-3 and caspase-9 and Bax/Bcl-2 protein 
expression of osteosarcoma cells by microRNA-95-3p over-
expression. To investigate the mechanism for apoptosis of 
osteosarcoma cells by microRNA-95-3p overexpression, we 
examined the activity of caspase-3 and caspase-9 and Bax/
Bcl-2 protein expression. As showed in Fig. 7, microRNA-
95-3p overexpression suppressed the activity of caspase-3 
and caspase-9 and Bax/Bcl-2 protein expression of osteosar-
coma cells in vitro.

Figure 5. p21 and cyclin D1 protein expression of osteosarcoma cells by microRNA-95-3p downregulation. p21 and cyclin D1 protein expression by western 
blot assays (A) and statistical analysis of p21 and cyclin D1 protein expression (B and C). Control, control group; anti-microRNA-95-3p, anti-microRNA-95-3p 
mimics group. ##P<0.01 compared with control group.

Figure 6. Cell growth and apoptosis of osteosarcoma cell by microRNA-95-3p overexpression. MicroRNA-95-3p expression (A), apoptosis rate (B), and cell 
growth (C). Control, control group; microRNA-95-3p, microRNA-95-3p mimics group. ##P<0.01 compared with control group. **P<0.01.
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TGF-β and Smad2 protein expression of osteosarcoma cells 
by microRNA-95-3p overexpression. To check whether the 
decrease of microRNA-95-3p regulates TGF-β and Smad2 
protein expression of osteosarcoma cells, TGF-β and Smad2 
protein expression were determined by western blotting. 
TGF-β and Smad2 protein expression of osteosarcoma 
cells were significantly induced by microRNA-95-3p over
expression (Fig. 8).

p21 and cyclin D1 protein expression of osteosarcoma cell 
by microRNA-95-3p overexpression. To examine whether the 
observed effects of microRNA-95-3p are due to regulation of 
p21 and cyclin D1 protein expression, anti-microRNA-95-3p 
mimics were transfected into cells. p21 protein expression was 

significantly suppressed and cyclin D1 protein expression was 
also induced in osteosarcoma cells in vitro (Fig. 9). Together, 
microRNA-95-3p regulates p21 and cyclin D1 protein expres-
sion of osteosarcoma cells.

The promotion of TGF-β on TGF-β and Smad2 protein 
expression in osteosarcoma cells by microRNA-95-3p 
downregulation. To further validate the finding that 
microRNA-95-3p regulates TGF-β expression, we examined 
the protein TGF-β/Smad2 expression. As shown in Fig. 10, 
TGF-β expression promotion was significantly induced by 
TGF-β and p-Smad2 protein expression in osteosarcoma 
cells by microRNA-95-3p downregulation, as compared with 
microRNA-95-3p downregulation group.

Figure 7. Activity of caspase-3 and caspase-9 and Bax/Bcl-2 protein expression of osteosarcoma cells by microRNA-95-3p overexpression. Caspase-3/9 
activity (A) Bax/Bcl-2 protein expression by western blot assays (B) and statistical analysis of Bax/Bcl-2 protein expression (C). Control, control group; 
microRNA‑95-3p, microRNA-95-3p mimics group. ##P<0.01 compared with control group.

Figure 8. TGF-β and Smad2 protein expression of osteosarcoma cells by microRNA-95-3p overexpression. TGF-β and p-Smad2 protein expression by western 
blot assays (A) and statistical analysis of TGF-β and p-Smad2 protein expression (B and C). Control, control group; microRNA-95-3p, microRNA-95-3p 
mimics group. ##P<0.01 compared with control group.
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The promotion of TGF-β on cell growth and apoptosis in 
osteosarcoma cells by microRNA-95-3p downregulation. 
Then, we found significant induction of cell growth and inhibi-
tion of apoptosis in osteosarcoma cells by microRNA-95-3p 
downregulation and TGF-β promotion expression (Fig. 11).

The promotion of TGF-β on caspase-3 and caspase-9 activi-
ties and Bax/Bcl-2 protein expression in osteosarcoma cells 
by microRNA-95-3p downregulation. To determine the impact 
of microRNA-95-3p on osteosarcoma apoptosis mechanism, 
TGF-β and microRNA-95-3p mimics was transfected into 
F5M2 cells. Furthermore, the promotion of TGF-β led to 
inhibition of caspase-3 and caspase-9 activity and Bax/Bcl-2 
protein expression in osteosarcoma cell by microRNA-95-3p 
downregulation (Fig. 12).

The promotion of TGF-β on p21 and cyclin D1 protein expres-
sion in osteosarcoma cells by microRNA-95-3p downregulation. 
The expression level of p21 and cyclin D1 was also assessed 
using western blotting. The results of western blotting showed 
that the p21 and cyclin D1 protein expression in osteosarcoma 
cells by microRNA-95-3p downregulation were significantly 
reversed by promotion of TGF-β expression (Fig. 13).

Discussion

Osteosarcoma is the most common malignant osteogenic 
tumor with easy metastases, characterized by generation of 
osteoid matrix from tumor cells and constituted by sarcoma 
osteoblasts, osteoid tissue directly generated from osteoid 
tissue and new bones (10). In osteosarcoma, osteogenesis exists 

Figure 9. p21 and cyclin D1 protein expression of osteosarcoma cells by microRNA-95-3p overexpression. p21 and cyclin D1 protein expression by western 
blot assays (A) and statistical analysis of p21 and cyclin D1 protein expression (B and C). Control, control group; microRNA-95-3p, microRNA-95-3p mimics 
group. ##P<0.01 compared with control group.

Figure 10. The promotion of TGF-β on TGF-β and Smad2 protein expression in osteosarcoma cells by microRNA-95-3p downregulation. TGF-β and 
p-Smad2 protein expression by western blot assays (A) and statistical analysis of TGF-β and p-Smad2 protein expression (B and C). Control, control group; 
anti‑microRNA-95-3p, anti-microRNA-95-3p mimics group; TGF+anti-95-3p, anti-microRNA-95-3p mimics+TGF-β group. ##P<0.01 compared with control 
group, **P<0.01 compared with anti-microRNA-95-3p mimics group.
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Figure 11. The promotion of TGF-β on cell growth and apoptosis in osteosarcoma cells by microRNA-95-3p downregulation. Cell growth (A) and apoptosis 
rate (B). Control, control group; anti-microRNA-95-3p, anti-microRNA-95-3p mimics group; TGF+anti-95-3p, anti-microRNA-95-3p mimics+TGF-β group. 
##P<0.01 compared with control group, **P<0.01 compared with anti-microRNA-95-3p mimics group.

Figure 12. The promotion of TGF-β on activity of caspase-3 and caspase-9 and Bax/Bcl-2 protein expression in osteosarcoma cells by microRNA-95-3p 
downregulation. Caspase-3/9 activity (A), Bax/Bcl-2 protein expression by western blot assays (B) and statistical analysis of Bax/Bcl-2 protein expression (C). 
Control, control group; anti-microRNA-95-3p, anti-microRNA-95-3p mimics group; TGF+anti-95-3p, anti-microRNA-95-3p mimics+TGF-β group. ##P<0.01 
compared with control group, **P<0.01 compared with anti-microRNA-95-3p mimics group.

Figure 13. The promotion of TGF-β on p21 and cyclin D1 protein expression in osteosarcoma cells by microRNA-95-3p downregulation. p21 and 
cyclin D1 protein expression by western blot assays (A) and statistical analysis of p21 and cyclin D1 protein expression (B and C). Control, control group; 
anti‑microRNA‑95-3p, anti-microRNA-95-3p mimics group; TGF+anti-95-3p, anti-microRNA-95-3p mimics+TGF-β group. ##P<0.01 compared with control 
group, **P<0.01 compared with anti-microRNA-95-3p mimics group.
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with osteoclasia at the same time, so it is classified into an 
osteoblastic type and an osteolytic type according to propor-
tions of osteogenesis and osteoclasia (11). Osteosarcoma is 
highly malignant with extremely poor prognosis (12). Even 
when a therapeutic schedule combining  surgery with chemo-
therapy is adopted, the five-year survival rate of patients is 
only 55-68% (12). The main cause of the poor prognosis 
is that metastases occur in its early stage. As a result, the 
current anti-metastasis treatment cannot achieve a satisfac-
tory effect (13). In addition, the large side-effect of systemic 
chemotherapy will damage various organs of human body 
to a certain degree and it is often hard for patients to accept 
severe impacts on their limb functions caused by surgical 
treatment (13). Hence, treatment of osteosarcoma has become 
a problem for researchers to solve urgently (3). We found that 
the serum expression of microRNA-95-3p was effectively 
upregulated in patients with osteosarcoma. Conversely, 
miR-95-3p expression in patients with osteosarcoma had 
significant association with clinical stage, which showed 
microRNA-95-3p may regulate osteosarcoma development 
and progression. Fan et al reported that the microRNA-95-3p 
downregulation inhibits proliferation and invasion promoting 
apoptosis of glioma cells (14).

miRNAs are a type of recently discovered non-coding 
microRNAs with a length of 22-28 nucleotides, which widely 
exist in eucaryon (5). By complete or partial complementary 
pairing with and binding to the target gene mRNA 3'-UTR, 
miRNAs cause degradation of target miRNA or transla-
tional suppression to regulate the expression of target genes, 
affecting biological behavior such as cell proliferation, 
invasion, differentiation and apoptosis (15). Unlike siRNAs, 
miRNAs have multiple target genes (15). As endogenous RNA 
interference is triggered, miRNAs regulate cells which are 
closer to a physiological level instead of regulation through a 
simple gene knockout (16). We found that downregulation of 
microRNA-95-3p expression suppresses cell growth, induced 
apoptosis, increased caspase-3 and caspase-9 activities and 
Bax protein expression in osteosarcoma cells; overexpression 
of microRNA-95-3p increased cell growth, and inhibited 

apoptosis of osteosarcoma cells, suggesting that microRNA-
95-3p has a potential benefit in osteosarcoma.

p21-activated kinase (PAK) proteins are evolutionarily 
conserved serine/threonine protein kinases which participate 
in regulation of biological functions such as cytoskeleton 
rearrangement, cell survival, cell apoptosis, angiogenesis and 
mitosis (15). p21 is a currently known as cell cyclin inhibition 
protein with the most extensive kinase inhibitory activity (17). 
Some scholars reported that positive expression rates of 
p21 in colon cancer and gastric cancer were 50.5 and 39%, 
respectively, and research showed that the expression of p21 
protein was related to tumorigenesis, tumor differentiation, 
invasion and metastases and clinical stages of tumors (18). 
In our results, downregulation of microRNA-95-3p expres-
sion induced p21 protein expression and overexpression 
of microRNA-95-3p suppressed p21 protein expression in 
osteosarcoma cells. Ye et al demonstrated that upregulation of 
miR-95-3p promotes tumorigenesis of hepatocellular cells via 
p21 expression (19).

TGF-β/Smad promotes angiogenesis and strengthens 
interactions between tumor cells and extracellular matrix 
to enhance invasion and metastases of tumors mainly 
through immunosuppression/immune escape  (20). New 
vessels of tumor cells are necessary for invasion and metas-
tases of tumors and these vessels are immature vascular 
structures formed by endothelial cells falling off from 
mature vessels around the tumor with high permeability. 
Tumor cells permeate in the blood system, causing tumor 
metastases (21). TGF-β/Smad can induce expression levels 
of angiogenic factors, such as VGEF and connective tissue 
growth factors (CTGFs), in epithelial cells and fibroblasts 
and expression, secretion and activation of matrix metal-
loproteinases, MMP-2 and MMP-9, in endothelial cells and 
tumor cells, leading to endothelial cell detachment from 
basement membranes  (22). Our results demonstrate that 
downregulation of microRNA-95-3p expression suppressed 
TGF-β and p-Smad2 protein expression, and overexpression 
of microRNA-95-3p induced TGF-β and p-Smad2 protein 
expression in osteosarcoma cells. Taken together, our results 
demonstrate that microRNA-95-3p regulates TGF-β/Smad2 
expression in osteosarcoma.

Gene p21waf1/cip1 is located on human chromosome 
6p21.2 and Mr of the protein that it codes is 21x103. 
P21 has an extensive inhibiting effect on CDKs (cyclin-
dependent kinases), especially on CDK2 and CDK4  (23). 
The Cyclin-CDK complex is a positive regulatory factor 
in the cell cycle, called the engine of cell cycles, and can 
help cells quickly pass checkpoints of the cell cycles (23). 
Its overexpression can reduce cell mass and promote 
proliferation and transformation. P21waf1/cip1 plays a role 
of checkpoint control in inhibition of Cyclin-CDK  (24). 
Cyclin D1 is cell cycle protein synthesized from early G1 
phase and reaching its peak during middle G1 phase (7,25). 
It promotes cells to enter S phase from G1  phase and 
overexpression of cyclin D1 can shorten G1 phase and make 
cells step into S phase from G1 phase in advance, resulting 
in uncontrolled growth, transformation and cancerization of 
cells (26). In our experiments, TGF-β promotion reversed the 
anticancer effects of microRNA-95-3p on osteosarcoma cells 
through p21/cyclin D1 expression. Hwang et al reported that 

Figure 14. Downregulation of microRNA-95-3p expression suppresses cell 
growth of osteosarcoma via CDKN1A/p21 expression.
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microRNA-95-3p overexpression reduced brain metastasis of 
lung adenocarcinoma via cyclin D1 expression (27).

In summary, we have found that the serum expression of 
microRNA-95-3p was effectively upregulated in patients with 
osteosarcoma. Downregulation of microRNA-95-3p expres-
sion suppresses cell growth, induced apoptosis, increased 
caspase-3 and caspase-9 activities and Bax/Bcl-2 protein 
expression in osteosarcoma cell through TGF-β/CDKN1A/
p21/cyclin D1 expression (Fig. 14). This study established 
microRNA-95-3p as a potential biomarker for diagnosis 
of osteosarcoma through TGF-β/CDKN1A/p21/cyclin  D1 
expression and as a new therapeutic target for prevention and 
treatment of osteosarcoma.
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