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Abstract. The present study aimed to investigate the expres-
sion of micro (mi)RNA‑21 in osteosarcoma cells, and its role 
in inhibiting the invasion and metastasis of osteosarcoma. 
Human osteosarcoma MG‑63 cells and osteoblast hFOB1.19 
cells were used to compare the expression of miRNA‑21 
using reverse transcription‑quantitative polymerase chain 
reaction analysis. A miRNA‑21 mimic or inhibitor were 
transfected into the MG‑63 cells to upregulate and down-
regulate the expression of miRNA‑21, respectively. The 
present study investigated the proliferation and invasion of 
transfected MG‑63 cells using MTT and Transwell assays. 
Western blot analyses were used to investigate the regula-
tion of important proteins in the phosphatase and tensin 
homolog/phosphoinositide 3‑kinase/RAC‑α serine/threo-
nine‑protein kinase (PTEN/PI3K/AKT) signaling pathway. 
Compared with hFOB1.19 cells, miRNA‑21 expression 
was significantly upregulated in the MG‑63 cells (P<0.01), 
which lead to increased proliferation. Downregulating 
miRNA‑21 expression reduced the proliferation of MG‑63 
cells compared with hFOB1.19 cells. Invasion assays and 
western blot analyses revealed that the overexpression of 
miRNA‑21 significantly enhanced the invasion ability of 
MG‑63 cells and the expression of phosphorylated (p‑)AKT, 
while downregulation of miRNA‑21 expression reduced 
the protein level of AKT and p‑AKT. In the MG‑63 cells, 
miRNA‑21 upregulation significantly inhibited the protein 
level of PTEN, resulting in significantly increased AKT and 
PI3K protein levels (P<0.01). In conclusion, the results of 
the present study indicate that the expression of miRNA‑21, 
PI3K and AKT is increased in the osteosarcoma cell line 
MG‑63, which results in reduced expression of PTEN and 

increased expression of proteins in the PI3K/AKT signaling 
pathway, and thus increases the aggressiveness of osteosar-
coma cells.

Introduction

Osteosarcoma is one of the most common malignant tumors 
of the bone, and is typically located in the distal femur and 
proximal tibia. The malignancy of osteosarcoma is high, with 
an extremely poor patient prognosis. Osteosarcoma often 
results in pulmonary metastasis within a number of months, 
with a 3‑5 year survival rate of 5‑20% (1). Surgery remains 
the primary treatment option for patients with osteosarcoma; 
however, the incidence of relapse for these patients is high (1). 
For patients with advanced stage osteosarcoma who have 
missed the opportunity for surgical therapy, comprehensive 
treatments, including radiotherapy, chemotherapy and biolog-
ical agents, have become the main option for therapy (2,3). 
Therefore, it is important to improve understating of the 
mechanisms underlying the occurrence, progression, invasion 
and metastasis of osteosarcoma to provide better treatments 
for this disease.

Phosphatase and tensin homolog (PTEN) is a tumor 
suppressor gene that is located on chromosome 10q23.3. The 
transcription product of the gene is a 515 kb long mRNA (4). 
PTEN belongs to the protein tyrosine phosphatase gene family 
and is the first tumor suppressor with bispecific phosphatase 
activity identified thus far. PTEN is associated with the occur-
rence of several types of tumor, and serves an important role 
in tumor cell growth, apoptosis, adhesion, migration and 
invasion (5). Previous studies have revealed that the down-
regulation or deletion of PTEN activates the phosphoinositide 
3‑kinase/RAC‑α serine/threonine‑protein kinase (PI3K/AKT) 
signaling pathway, resulting in the occurrence, development, 
invasion and metastasis of cancer (6,7).

MicroRNAs (miRNAs/miRs) are small RNA molecules 
that are 17‑25 nucleotides long and serve an important role 
in the regulation of gene expression  (8,9). Although the 
number of miRNAs in the human genome is less than that of 
protein‑coding genes, they are thought to regulate the expres-
sion of more than half of human mRNAs (10). However, few 
studies have reported the role of miRNAs in osteosarcoma 
and their mechanism of action. miRNA‑21 was revealed to be 
abnormally expressed in a variety of tumor cells and is one 
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of the few miRNAs that is expressed in all solid malignant 
tumors (10,11). A number of genes, including PTEN and tissue 
inhibitor of metalloproteinase‑3, have been identified as targets 
of miRNA‑21 (11,12).

To better understand the role and mechanism of action of 
miRNA‑21 in the invasion and metastasis of osteosarcoma, in 
addition to cell apoptosis and proliferation, the expression of 
miRNA‑21 was investigated. This revealed that miRNA‑21 
expression was upregulated in osteosarcoma cells. In addi-
tion, the impact of miRNA‑21 on the expression of PTEN 
was investigated. The findings from the present study provide 
insights into the role of miRNA‑21 in osteosarcoma, and reveal 
potential therapeutic targets for the prevention and treatment 
of this disease.

Materials and methods

Cell lines and culture. The human osteosarcoma cell line, 
MG‑63, and osteoblast cell line, hFOB1.19, were purchased 
from the cell bank of the Typical Culture Preservation 
Committee of the Chinese Academy of Sciences (Beijing, 
China). Cells were cultured in Dulbecco's modified Eagle's 
medium (DMEM) supplemented with 10% fetal bovine serum 
(FBS; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) at 37˚C with 5% CO2. Cell proliferation and viability 
were assayed using an MTT cell proliferation assay kit 
according to the manufacturer's protocol (cat. no. C0009; 
Beyotime Institute of Biotechnology, Haimen, China).

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR) analysis. Total RNA was extracted from the 
cells using TRIzol reagent according to the manufacturer's 
protocol (Invitrogen; Thermo Fisher Scientific, Inc.), and 
measured for quantity and purity using the NanoDrop™ 2000 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). 
Reverse transcription of the RNA was performed using 
the High‑Capacity RNA‑to‑cDNA™ kit (Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
qPCR analysis was performed using the TaqMan Gene 
Expression Master mix (Thermo Fisher Scientific, Inc.) 
in a total volume of 20 µl containing 5 µl cDNA products, 
10 µl TaqMan® Gene Expression Master Mix (2X), 100 µM 
primers and 4 µl nuclease‑free water. The primer sequences 
for miRNA‑21 were: Forward, 5'‑TGT​ACC​ACC​TTG​TCG​
GAT​AG‑3' and reverse, 5'‑CTG​CTG​TTG​CCA​TGA​GAT‑3'. 
GAPDH was used as internal reference gene with the 
following primers: Forward, 5'‑GCG​CGT​CGT​GAA​GCG​
TTC‑3' and reverse, primer 5'‑GTG​CAG​GGT​CCG​AGG​
GT‑3'.

The thermocycling conditions were as follows: 50˚C for 
2 min, 95˚C for 10 min, 37 cycles of 95˚C for 15 sec and 1 min 
at 60˚C. Samples were run in triplicate and the mean value was 
calculated for each case. The data were managed using RQ 
Manager software (version 1.2.1; Applied Biosystems; Thermo 
Fisher Scientific, Inc.). Relative mRNA expression was calcu-
lated using 2‑ΔΔCq method as previously described (13).

Transfections. The transfection of MG‑63 cells was performed 
using Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. Briefly, MG‑63 cells 

were seeded at a concentration of 1x105 cells/well in 6‑well 
culture plates. Following 24 h of culturing (70% confluence), 
the cells were transfected with 50 nM hsa‑miR‑21 mimic (cat. 
no. 4464066) or inhibitor (cat. no. 4464084; both Thermo 
Fisher Scientific, Inc.). The transfection efficiency was checked 
by qPCR and visualization of positive controls by confocal 
microscopy (Olympus FV‑1000 Inverted Microscope; 
Olympus Corporation, Tokyo, Japan).

Cell invasion assays. For the assessment of invasion, 5x105 
transfected cells in serum‑free DMEM were placed into the 
upper chamber of a Transwell insert coated with Matrigel 
(BD Biosciences, Franklin Lakes, NJ, USA). For the two 
experiments, media containing 10% FBS were added to the 
lower chamber. Following 24 h of incubation at 37˚C, the cells 
remaining on the upper membrane were removed with cotton 
wool, whereas the cells that had migrated or invaded through 
the membrane were stained with 2% crystal violet in 25% 
methanol/PBS at room temperature for 15 min, then imaged 
and counted using an EVOS XL Core inverted microscope 
(Thermo Fisher Scientific, Inc.). The experiments were inde-
pendently repeated three times.

Western blot analysis. MG‑63 cells were transfected with 
miRNA‑21 mimic or inhibitor for 48  h. Subsequently, 
proteins were extracted using the ReadyPrep™ Protein 
Extraction kit (Total Protein) (Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA) and quantified using the BCA 
Protein Quantification kit (Vazyme, Piscataway, NJ, USA), 
according to the manufacturer's protocol. A total of 10 µg 
per lane of protein was separated by 12% SDS‑PAGE and 
transferred to PVDF membranes (EMD Millipore, Billerica, 
MA, USA). The membranes were blocked with 5% defatted 
milk (OriGene Technologies, Inc., Beijing, China) at room 
temperature for 1 h before reacting to the secondary anti-
body. Human AKT/phosphorylated (p‑)AKT, PTEN and 
PI3K protein expression levels were quantified using rabbit 
polyclonal antibodies specific for each protein (1:1,000; 
Signalway Antibody and Santa Cruz Biotechnology). The 
expression levels of these three proteins were standardized to 
GAPDH using a mouse polyclonal antibody directed against 
GAPDH (ABS16; 1:1,000; EMD Millipore) at room tempera-
ture for 2 h. The primary antibodies were detected using goat 
anti‑rabbit horseradish peroxidase‑conjugated secondary 
antibodies (cat. no. A0208; 1:200; OriGene Technologies, 
Inc.) at room temperature for 1 h. Immunoreactive bands 
were visualized using Western Lighting Chemiluminescence 
Reagent Plus (PerkinElmer, Inc., Waltham, MA, USA), 
according to the manufacturer's protocol and then quantified 
by densitometry (Image J Pro Plus v1.51; National Institutes 
of Health, Bethesda, MD, USA) using a ChemiGenius Gel 
Bio Imaging system (Syngene, Frederick, MD, USA).

Statistical analyses. Statistical analyses were performed using 
GraphPad Prism software (version 6.0; GraphPad Software, 
Inc., La Jolla, CA, USA). All experiments were repeated at least 
three times and performed in triplicate. Data are expressed as 
the mean ± standard deviation, and means were compared 
using the Student's t‑test. P<0.05 was considered to indicate a 
statistically significant difference.
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Results

miRNA‑21 is upregulated in MG‑63 osteosarcoma cells. 
qPCR assays revealed that miRNA‑21 expression was signifi-
cantly upregulated in MG‑63 cells compared with hFOB1.19 
cells (P<0.01; Fig. 1).

miRNA‑21 increases the proliferation and invasion of 
MG‑63 osteosarcoma cells. To investigate the effect of 
miRNA‑21 on the proliferation and invasion of MG‑63 cells, 
a miRNA‑21 mimic or inhibitor were transfected into the 
MG‑63 cells to upregulate and downregulate miRNA‑21 
expression, respectively. qPCR analyses demonstrated that 
the mRNA expression level of miRNA‑21 was significantly 
increased or decreased following the transfection with the 
mimic or inhibitor, respectively, compared with the control 
group (P<0.05, Fig. 2A).

MTT assays demonstrated that at 48 and 72 h following 
miRNA‑21 mimic or inhibitor transfection, the proliferation 
of MG‑63 cells was significantly increased in cells transfected 
with the mimic and decreased in cells transfected with the 
inhibitor compared with their respective control groups 
(P<0.05, Fig. 2B).

The Transwell assays (Fig. 2C) revealed that following 
transfection with the miRNA‑21 mimic, MG‑63 cell inva-
sion was increased significantly compared with the control 
group (85.2±10.6 vs. 47.6±2.6), while transfection with the 
miRNA‑21 inhibitor resulted in a significantly reduced inva-
sion ability compared with the control (32.8±12.7 vs. 58.4±4.9) 
(both P<0.05; data not shown).

miRNA‑21 increases PTEN/PI3K/AKT signaling. The above 
results indicated that the expression level of miRNA‑21 
impacts the proliferation and invasion of the osteosarcoma 
cells. Considering this, the influence of miRNA‑21 on the 
expression of proteins in the PTEN/PI3K/AKT signaling 
pathway was analyzed. The activation state of the PI3K/AKT 
signaling pathway was determined by measuring the protein 
expression level of p‑AKT. The results demonstrated that the 
protein expression of p‑AKT was positively associated with 
the miRNA‑21 level. Upregulation of miRNA‑21 expres-
sion significantly increased the p‑AKT level compared with 
treatment with the miRNA‑21 inhibitor (P<0.01; Fig.  3). 
In regards to other important proteins in the PI3K/AKT 
signaling pathway, the miRNA‑21 mimic significantly inhib-
ited the expression of PTEN and increased the expression 
of PI3K compared with cells treated the miRNA‑21 mimic 
(P<0.01; Fig. 3).

Discussion

Non‑coding RNA has been demonstrated to serve important 
roles in numerous biological processes, and the development 
and treatment of diseases  (14). As a group of non‑coding 
RNAs, miRNAs exist in a wide variety of organisms and have 
been demonstrated to have important biological functions 
with complicated mechanisms of action, each having single 
or multiple target genes to regulate (14‑16). miRNA‑21 is a 
ubiquitous miRNA, which is expressed at abnormal levels in 
numerous types of cancer, including colorectal cancer, bile 

duct carcinoma, lymphoma, multiple myeloma and glioma, 
suggesting that it is an oncogene (15‑17).

At present, the pathogenesis of osteosarcoma remains 
unclear. As with other solid tumors, the activation of onco-
genes and the abnormal expression of tumor suppressor 
genes are considered the main reasons for the occurrence 
of osteosarcoma (18). Previous studies have revealed that 
PTEN inhibits the proliferation, invasion and metastasis of 
tumor cells (19‑21). The mutation and deletion of the PTEN 
gene have been confirmed to occur in osteosarcoma in dogs, 
where, in 60% of osteosarcoma cells, PTEN gene expression 
was suppressed or the gene was deleted (22). It has previ-
ously been demonstrated that in human osteosarcoma AKT, 
which is known to promote cell proliferation, invasion and 
angiogenesis, is highly expressed and activated (23). One of 
the causes of abnormal expression and activation of AKT 
is the abnormal expression of its upstream regulatory gene, 
PTEN (24).

The present study demonstrated that, compared with 
the normal osteoblast cell line hFOB1.19, PTEN in MG‑63 
osteosarcoma cells was significantly downregulated, while 
the levels of the downstream proteins AKT and p‑AKT were 
significantly elevated. This indicates that in human osteosar-
coma cells PTEN is abnormally expressed, which is consistent 
with the results of the aforementioned studies.

Using a bioinformatics method, it has been predicted 
that PTEN is the target gene of miRNA‑21 and a number 
of studies have demonstrated that miRNA‑21 can regulate 
the mRNA expression of PTEN (12,24). However, little is 
known about the expression of miRNA‑21 in osteosarcoma. 
Analyses in the present study revealed that the expression 
of miRNA‑21 in osteosarcoma cells was upregulated in 
comparison with normal cells. The impact of miRNA‑21 on 
cell behavior and the PTEN/PI3K/AKT pathway in MG‑63 
osteosarcoma cells was then investigated using a miRNA‑21 
mimic and inhibitor. The results of the present study demon-
strated that the downregulation of miRNA‑21 in MG‑63 
cells resulted in decreased proliferation, and invasion. By 
contrast, the upregulation of miRNA‑21 in MG‑63 cells 
using a mimic led to increased cell proliferation and invasion 
ability, suggesting that miRNA‑21 promotes the growth and 
development of osteosarcoma.

Figure 1. microRNA‑21 is overexpressed in osteosarcoma cells. *P<0.01 
vs. hFOB1.19 cells.
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Furthermore, analysis of the expression of proteins in 
the PTEN/PI3K/AKT signaling pathway demonstrated that 
miRNA‑21 inhibited the expression of PTEN to regulate 
the activity of the PTEN/PI3K/AKT signaling pathway. The 
level of miRNA‑21 was positively associated with the level of 
AKT/p‑AKT, indicating that miRNA‑21 regulates the prolifera-
tion and invasion of MG‑63 cells. Similarly, Meng et al (25,26) 
revealed that miRNA‑21 regulated PTEN expression in bile 

duct cancer and hepatocellular cancer, and promoted the inva-
sion of tumor cells. Therefore, the results of the present study 
indicate that in osteosarcoma cells the abnormal expression 
of miRNA‑21 may activate the PTEN/PI3K/AKT signaling 
pathway by regulating the expression of PTEN. This suggests 
that miRNA‑21 functions as an oncogene. The results of the 
present study may provide potential therapeutic targets for the 
prevention and treatment of this disease.

Figure 2. miR‑21 overexpression increases the aggressiveness of osteosarcoma. (A) Relative miR‑21 level, (B) proliferation and (C) invasion ability of MG‑63 
cells following transfection with the miR‑21 mimic or inhibitor. Wells 1 and 4, blank control; well 2, the miR‑21 mimic; well 3, the mimic control; well 5, the 
inhibitor control; well 6, the miR21 inhibitor. *P<0.05, **P<0.01 vs. the control group. miRNA/miR, microRNA.

Figure 3. miR‑21 overexpression activates the PTEN/PI3K/AKT signaling pathway. Western blot and quantification of the expression levels of proteins in the 
PTEN/PI3K/AKT signaling pathway. *P<0.01. miR, microRNA. AKT, RAC‑α serine/threonine‑protein kinase; p‑, phosphorylated; PI3K, phosphoinositide 
3‑kinase; PTEN, phosphatase and tensin homolog.
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