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miR-92a promotes tumor growth of osteosarcoma
by targeting PTEN/AKT signaling pathway
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Abstract. MicroRNAs (miRNAs) play critical roles in
human cancers including osteosarcoma (OS). miR-92a has
been found to be a cancer-related miRNA in many cancer
types and it is upregulated in OS cell lines. However, the
expression and biological function of miR-92a in OS have
not been investigated. In this study, we showed that miR-92a
expression was increased in OS tissues, and its high expres-
sion was correlated with clinical stage, T classification and
histological differentiation. Furthermore, patients with high
expression of miR-92a had a significantly poorer survival rate.
Functionally, miR-92a overexpression promoted the prolif-
eration and cell cycle progression, and inhibited apoptosis in
MG-63 cells. While inhibition of miR-92a showed contrary
effects with reduced proliferation, cell cycle arrest at G1
phase and increased apoptosis in U20S cells. Moreover, we
confirmed that miR-92a inhibition reversed the tumor growth
of OS cells in nude mice. Phosphatase and tensin homolog
(PTEN), a well-known tumor suppressor, was confirmed to
be the direct downstream target of miR-92a in OS. Notably,
miR-92a consequently regulated the expression of the down-
stream targets of PTEN/AKT signaling pathway including
p-Akt(Serd73), mTOR, p-p27(Thrl57) and p-MDM?2(Ser166).
Furthermore, PTEN knockdown abrogated the functional
effects of miR-92a silencing on the proliferation, apoptosis
and cell cycle progression in OS cells. Thus, miR-92a that
exerts an oncogenic role by targeting PTEN/AKT pathway in
OS potentially acts as a biomarker and drug-target.
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Introduction

Osteosarcoma (OS) is a very common malignant bone tumor
especially in children and young adults (1), accounting for
approximately 19% of the malignant cancer in the bone.
Although some advances have been achieved in the treatment
of OS including surgery, chemotherapy and radiotherapy, the
long-term prognosis of OS patients remains poor (2,3). It is
urgent to identify novel biomarkers and therapeutic targets for
OS which will greatly improve the prognosis of OS patients.
Therefore, it is of extreme importance to clarify the molecular
mechanisms underlying the pathogenesis of OS.

MicroRNAs (miRNAs), a group of non-coding, short
(14-22 nucleotides in length) RNAs (4), play fundamental roles
in human diseases by interacting with 3'-UTR of targeted
mRNA and inhibiting the translation of targeted genes (5).
They are involved in various biological processes (6) including
cell differentiation, proliferation, apoptosis and movement.
Moreover, increasing evidence showed that by acting as either
oncogenes or tumor suppressors, deregulated expression or
function of miRNAs is a critical reason for the development
and progression of a number of human cancers (5,7-9) including
OS (10). Elucidating the expression and function of specific
miRNA in OS will potentially lead to the identification of
novel biomarkers and therapeutic targets in OS. miR-92a that
belongs to miR-17-92 cluster is identified as a biomarker for
pancreatic cancer, gastric cancer, prostate cancer, colorectal
cancer and hepatocellular carcinoma (11-14). miR-92a facili-
tates the tumor growth of human hepatocellular carcinoma
by targeting F-box and WD repeat domain-containing 7
(FBXW7) (14). Otherwise, miR-92a promotes the metastasis
of nasopharyngeal carcinoma by targeting the phosphatase
and tensin homolog (PTEN)/AKT pathway (15). In OS,
Gougelet et al identified miR-92a as predictive tool, which
was overexpressed in good responders to ifosfamide (16).
Upregulated miR-92a was observed in OS cell line versus
bone (17). However, the expression of miR-92a and its function
in OS remain poorly disclosed.

In this study, we found that miR-92a expression was signif-
icantly increased in OS tissues. Increased expression level of
miR-92a was correlated with malignant clinical features and
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reduced survival rate. Functionally, miR-92a could inhibit the
tumor growth of OS by regulating cell proliferation, apoptosis
and cell cycle progression. In addition, PTEN was found to
be the direct downstream target of miR-92a. Furthermore, we
confirmed that miR-92a exerted its biological functions by
modulating PTEN/AKT signaling pathway in OS cells.

Materials and methods

Clinical tissues from OS patients. A total of 68 OS and
20 normal bone tissue samples were obtained from Renji
Hospital, School of Medicine, Shanghai Jiaotong University
during the period from January 2006 to December 2008. The
demographic features and clinicopathologic data are shown in
Table I. All patients signed the informed consents to partici-
pate in this study. The protocols and consents were approved
by the Ethics Committee of Shanghai Jiaotong University and
complied with the Declaration of Helsinki.

Cell lines and cell culture. The human OS cell lines used
in this study were MG-63 and U20S. These OS cell lines
were obtained from the American Type Culture Collection
(ATCC, Manassas, VA, USA). Cells were cultured in DMEM
(Gibco, Grand Island, NY, USA) supplemented with 10% fetal
bovine serum (FBS, Gibco), streptomycin (100 pg/ml; Sigma,
St. Louis, MO, USA), and penicillin (100 U/ml, Sigma).

Cell transfection. The miR-92a mimics and scrambled
vector, miR-92a inhibitor and negative control inhibitor were
obtained from GenePharma (Shanghai, China). PTEN siRNA
and scramble siRNA were from Geneopenia (Guangzhou,
China). Cell transfections in OS cells were carried out with
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer's instructions.

RNA extraction and gRT-PCR. RNA from tissue samples
and cell lines were extracted using TRIzol (Ambion, Austin,
TX, USA). Real-time PCR for miR-92a was performed using
TagMan microRNA assays with specific primers for miR-92a.
The PCR amplification and the quantification of the PTEN
and GAPDH were performed with the ABI PRISM 7300
Sequence Detection System (Applied Biosystems, Foster City,
CA,USA) and the SYBR® Premix Ex Taq™ II kit (Takara Bio,
Shiga, Japan). The primers for PTEN, miR-92a, U6, GAPDH
were from GenePharma. U6 was used as internal control of
miR-92a while GAPDH was used as internal control of PTEN.

Cell proliferation assay. OS cells transfected with miR-92a
mimic or inhibitor were seeded in 96-well plates and were
incubated with CCK-8 (10% diluted in normal culture medium,
Dojindo; Kumamoto, Japan) at 37°C for 2 h. Absorbance was
measured at 0, 24, 48, 72 and 96 h after transfection at the
wavelength of 490 nm.

Cell cycle assays. At 48 h after the transfection, OS cells
were collected and fixed overnight at 4°C with 80% ethanol.
Then, cells were incubated with propidium iodide (PI, Sigma)
for 20 min at room temperature. Then, flow cytometry assays
for OS cell cycle were carried out with a FACS Calibur
(BD Biosciences, Bedford, MA, USA).
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Table I. Correlation between the clinicopathological charac-
teristics and miR-92a expression in osteosarcoma.

miR-92a
expression
Clinicopathological features n  High Low P-value
Gender 0.324
Male 40 18 22
Female 28 16 12
Age (years) 0.177
<24 49 22 27
=25 19 12 7
Clinical stage <0.001*
I 27 8 19
I 34 20 14
I 7 6 1
T classification 0.003*
Tl 26 7 19
T2 42 27 15
M classification 0.690
MO 61 30 31
M1 7 4 3
Histology 0.171
Conventional osteosarcoma 58 31 27
Others 10 3 7
Histological differentiation 0.026*
Gl 27 9 18
G2 41 25 16

“Statistically significant.

Cell apoptosis assay. The apoptosis of OS cells after transfec-
tion were examined with Annexin V/PI kit (BD Pharmingen,
San Diego, CA, USA). OS cells were incubated with
Annexin V/PI at 37 °C for 30 min and were subjected to a FACS
Calibur (BD Biosciences) to evaluate the apoptotic rate.

In vivo experiments. BALB/c nude mice were employed to
perform nude mouse xenograft model. MG-63 cells trans-
fected with miR-92a inhibitors or control cells were injected
subcutaneously into the flank of the nude mouse. Tumor
volume was determined every 3 days by measuring the
length and width of the tumors and was calculated as tumor
volume = length x width x width/2. The animal protocols
were approved by the Institutional Animal Care and Use
Committee of Shanghai Jiaotong University.

Western blot analysis. Cellular proteins extracted from OS
cells with RIPA buffer were separated by SDS-PAGE (4-20%)
and were then transferred to PVDF membranes (Amersham,
Buckinghamshire, UK). Membranes were blocked with 5%
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Figure 1. The expression level and prognostic value of miR-92a in OS. (A) miR-92a expression was increased in OS tissues as compared with normal bone
tissues. "P<0.05 by t-test. (B) Patients with high miR-92a level had significantly reduced event-free survival. P<0.05 by Log-rank test. (C) Patients with high
miR-92a level had significant poor overall survival. P<0.05 by Log-rank test.
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Figure 2. The effects of miR-92a inhibition on the proliferation, apoptosis and cell cycle progression of U20S cells. (A) U20S cells were transfected with
miR-92a inhibitor and negative control inhibitor (anti-NC), respectively. miR-92a inhibitor significantly reduced the expression level of miR-92a in U20S
cells. "P<0.05 by t-test. (B) miR-92a inhibition significantly decreased the proliferation of U20S cells. "P<0.05 by ANOVA. (C) miR-92a inhibition signifi-
cantly increased the apoptosis of U20S cells. “P<0.05 by t-test. (D) miR-92a inhibition significantly inhibited the cell cycle progression of U20S cells, as
suggested by increased ratio of cells at G1 phase and decreased ratio of cells at S phase. "P<0.05 by t-test.

milk/TBST and were incubated with following antibodies at ~ p-AKT antibody (Ser473, Cell Signaling Technology, Danvers,
4°C overnight: PTEN antibody (Abcam, Cambridge, MA,USA), = MA, USA), AKT antibody (Cell Signaling Technology), mTOR
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Figure 3. The effects of miR-92a overexpression on the proliferation, apoptosis and cell cycle progression of MG-63 cells. (A) MG-63 cells were transfected
with miR-92a mimic and negative control mimic (NC), respectively. miR-92a mimic significantly increased the expression level of miR-92a in MG-63 cells.
“P<0.05 by t-test. (B) miR-92a overexpression significantly increased the proliferation of MG-63 cells. "P<0.05 by ANOVA. (C) miR-92a overexpression
significantly decreased apoptosis of MG-63 cells. “P<0.05 by t-test. (D) miR-92a overexpression significantly promoted the cell cycle progression of MG-63
cells, as suggested by decreased ratio of cells at G1 phase and increased ratio of cells at S phase. "P<0.05 by t-test.

(Cell Signaling Technology), p-p27(Thrl57, R&D Systems,
Inc., Minneapolis, MN, USA), p-MDM?2(Serl66, Cell Signaling
Technology), and GAPDH antibody (Proteintech, Chicago,
IL, USA). Formed immunocomplexes between the targeted
protein and primary antibodies were detected with secondary
antibodies (GE Healthcare, Tokyo, Japan) and were visualized
using ECL Prime system (GE Healthcare).

Luciferase reporter assay. Plasmids containing wild-type
(wt) 3-UTR of PTEN or the mutant (mt) PTEN 3'-UTR and
corresponding miRNA vectors were transfected into U20S
cells using Lipofectamine 2000 based on manufacturer's
protocol. At 48 h after transfection, U20S cells were collected
for measuring luciferase activity with the luciferase reporter
assay system (Promega, Madison, WI, USA).

Statistical analysis. The experiments in this study were
repeated at least three times. All data were collected and

showed as mean + SEM. Statistical analysis including Pearson's
Chi-squared test, Student's t-test, ANOVA, Kaplan-Meier anal-
ysis, Log-rank test and Spearman's correlation analysis were
performed in this study with Graphpad (GraphPad Software,
Inc., San Diego, CA, USA). The statistical significance level
was set at P<0.05.

Results

Increased level of miR-92a in OS is correlated with malignant
clinicopathological features and poor prognosis of patients.
We first evaluated the expression level of miR-92a in OS
tissues. Compared with normal bone tissues, OS tissues showed
significantly increased level of miR-92a (P<0.05, Fig. 1A).
This indicates that miR-92a probably plays an oncogenic role
in OS. Then, we investigated the clinical significance and the
prognostic value of miR-92a in OS. We divided all OS patients
into two groups (miR-92a low group and miR-92a high group)
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Figure 4. miR-92a inhibition significantly reduced the in vivo growth of U20S cells. U20S that were transduced with miR-92a inhibitor or negative control
inhibitor were implanted into nude mice via subcutaneous injection. Tumor growth curves indicated that miR-92a knockdown significantly decreased the

tumor growth of U20S cells in nude mice. “P<0.05 by ANOVA. Scale bar: 1 cm.

using the median level of miR-92a expression as a cutoff value.
Clinical association analysis (Table I) showed that compared
with patients who had low expression level of miR-92a,
patients with high level of miR-92a showed advanced TNM
stage (P<0.001) and high T classification (P=0.003) and poor
histological differentiation (P=0.026), indicating that miR-92a
can act as promising biomarkers for OS patients.

miR-92a promotes proliferation and the cell cycle process, and
reduces apoptosis of OS cells. After confirming the elevated
expression of miR-92a in OS, we examined the biological
functions of miR-92a in OS cells. Increased proliferation,
decreased apoptosis and deregulated cell cycle progres-
sion were critical for the malignant growth of cancer cells.
Therefore, we examined whether miR-92a could promote the
progression of OS by regulating these cellular functions. We
first downregulated miR-92a expression level in U20S cells
with miR-92a inhibitor. As shown in Fig. 2A, miR-92a inhib-
itor significantly reduced the expression level of miR-92a in
U20S cells (P<0.05). Then, we used CCKS8 assay to examine
the alteration of proliferation after miR-92a knockdown in
U20S cells. miR-92a inhibition significantly reduced the
proliferative ability of U20S cells (P<0.05, Fig. 2B). The flow
cytometry assay showed that miR-92a inhibition significantly
increased the apoptotic rate of U20S cells (P<0.05, Fig. 2C).
Furthermore, cell cycle assay showed that miR-92a inhi-
bition prevented the cell cycle progression of U20S cells as
suggested by significantly increased ratio of cells at Gl phase
and decreased ratio of cells at S phase (P<0.05, Fig. 2D). On
the contrary, miR-92a mimic significantly increased the level
of miR-92a in MG-63 cells (P<0.05, Fig. 3A). Subsequently,

miR-92a overexpression significantly increased the prolifera-
tion (P<0.05, Fig. 3B), decreased apoptosis (P<0.05, Fig. 3C),
and facilitated the cell cycle progression (P<0.05, Fig. 3D)
of MG-63 cells. After confirming the functional effects of
miR-92a in vitro, we performed subcutaneous implantation
model to test whether miR-92a could affect the growth of
U20S cells in vivo. As shown in Fig. 4, inhibiting miR-92a
significantly reduced the growth of U20S cells in nude mice
(P<0.05, Fig.4). The above indicates that miR-92a can promote
the growth of OS cells in vitro and in vivo.

PTEN is a downstream target of miR-92a in OS cells. To under-
stand the underlying mechanisms for the functional influence
of miR-92a on OS cell proliferation, apoptosis and cell cycle
progression, we used public database (Targetscan) to search for
potential downstream targets of miR-92a. As shown in Fig. 5A,
the wt 3'-UTR of PTEN contained potential binding sites
for miR-92a, indicating PTEN was a potential downstream
target of miR-92a. Next, we examined the correlation between
the level of PTEN mRNA and miR-92a expression in OS
tissues. Our data indicated that the expression level of PTEN
mRNA was negatively correlated with miR-92a expression in
OS tissues (r= -0.548, P<0.05, Fig. 5B). Then, we examined
whether miR-92a overexpression could affect the expression
level of PTEN mRNA and protein in OS cells. The results of
gRT-PCR showed that miR-92a overexpression significantly
reduced the expression level of PTEN mRNA in MG-63 cells
(P<0.05, Fig. 5C). Western blot results showed that miR-92a
overexpression significantly reduced the PTEN protein level in
MG-63 cells (P<0.05, Fig. 5D). Lastly, we performed luciferase
reporter assay to determine whether miR-92a regulated the
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expression of miR-92a through directly interacting with 3-UTR  significantly reduced the luciferase activity of wt 3'-UTR of
of PTEN. As shown in Fig. 5E and F, overexpression of miR-92a  PTEN (P<0.05, Fig. 5SE) while miR-92a inhibition increased
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Figure 7. PTEN inhibition significantly reversed the functional effects of miR-92a knockdown on cell proliferation, apoptosis and cell cycle progression.
(A) miR-92a silenced U20S cells were transfected with PTEN siRNA and scrambled siRNA (scr siRNA), respectively. PTEN siRNA significantly reduced
the expression of PTEN in miR-92a silenced U20S cells. "P<0.05 by t-test. (B) Knockdown of PTEN significantly increased the proliferation of miR-92a
silenced U20S cells. "P<0.05 by ANOVA. (C) Knockdown of PTEN significantly decreased apoptosis of miR-92a silenced U20S cells. "P<0.05 by t-test.
(D) Knockdown of PTEN significantly promoted the cell cycle progression of miR-92a silenced U20S cells. "P<0.05 by t-test.

that of wt 3-UTR of PTEN (P<0.05, Fig. 5F). Furthermore,
altering miR-92a level in OS cells did not affect the luciferase
activity of mt 3-UTR of PTEN (Fig. 5E and F).

miR-92a plays an oncogenic role by regulating PTEN/AKT
pathway. PTEN, a versatile protein, inversely regulated PI3K/
AKT/mTOR signaling in cancer cells (18). Furthermore,
PTEN/AKT pathway mediated the phosphorylation of
p27(Thrl157), AKT(Ser473) and MDM2(Ser166) (19). By
regulating the expression and phosphorylation of these
proteins, PTEN plays a tumor suppressive role in cancer cell
proliferation, apoptosis and movements (19). To further explore
the mechanisms involved in the function of miR-92a, OS cells

that were transfected with corresponding miRNA vectors were
subjected to western blot for PTEN, p-AKT(Ser473), AKT,
mTOR, p-p27(Thrl57) and p-MDM?2(Serl66) expression. As
shown in Fig. 6, miR-92a knockdown increased the level of
PTEN and reduced the expression of p-AKT(Ser473), mTOR,
p-p27(Thr157) and p-MDM2(Ser166) in U20S cells. While,
overexpressing of miR-92a decreased PTEN level and led to
increased expression of p-AKT(Ser473), mTOR, p-p27(Thrl57)
and p-MDM?2(Serl66) in MG-63 cells, thus indicating that
miR-92a regulates PTEN/AKT pathway in OS cells.

PTEN is required for the biological functions of miR-92a
in OS cells. To confirm whether PTEN was critical for the
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functional effects of miR-92a in OS cells, PTEN was knocked
down by a specific siRNA in miR-92a silenced U20S cells.
PTEN siRNA significantly decreased the expression of PTEN
in miR-92a silenced U20S cells (P<0.05, Fig. 7A). Functional
assays showed that knockdown of PTEN significantly reversed
the effects of miR-92a silencing on U20S cells with increased
proliferation (P<0.05, Fig. 7B), decreased apoptosis (P<0.05,
Fig. 7C), and enhanced cell cycle progression (P<0.05, Fig. 7D).
Thus, PTEN is not only a downstream target but also mediator
of miR-92a in OS.

Discussion

miR-92a was recently identified as a cancer-related microRNA.
Studies of nasopharyngeal carcinoma (15), colorectal
cancer (20), rectal cancer (21), gastric cancer (22), non-small
cell lung cancer(23), hepatocellular carcinoma (14), cervival
cancer (24) and ovarian cancer (25) showed that miR-92a played
critical and different roles in the development and progression
of these cancers. The expression of miR-92a is increased in OS
cell lines compared to normal bone (17). However, the clinical
values and function of miR-92a in OS has not been reported.
Herein, we found that miR-92a was significantly increased in
OS tissues. Increased expression of miR-92a was correlated
with malignant clinical features and poor prognosis of OS
patients, demonstrating that miR-92a potentially acts as a
biomarker for OS.

miRNAs have been found to play various roles in cancer
cells including cell proliferation, apoptosis, and metastasis and
drug resistance (8). In this study, functional assays showed that
miR-92a could promote the proliferation, inhibit apoptosis and
contribute to cell cycle progression of OS cells. In this way,
miR-92a promoted the in vivo growth of OS cells in nude
mice. Therefore, we confirmed that miR-92a promotes the
tumor growth of OS by regulating cell proliferation, apoptosis
and cell cycle progression.

PTEN is a well-known tumor suppressor in human cancers
and could regulate different biological functions of cancer cells
including cell proliferation, apoptosis and metastasis (26,27).
In this study, we confirmed that miR-92a could directly target
PTEN in OS cells with the following evidence: first, 3'-UTR of
PTEN contained the complementary sequences for miR-92a;
second, the expression of PTEN mRNA was negatively corre-
lated with miR-92a level in OS tissues; third, miR-92a reduced
the expression of PTEN mRNA and protein in OS cells;
fourth, miR-92a inversely regulated the luciferase activity
of wt 3'-UTR of PTEN rather than mt 3'-UTR of PTEN.
PTEN/AKT pathway converts a subset of tumor suppressor
proteins to oncogenic proteins or vice versa through multiple
pathways (19). Herein, we disclosed that miR-92a regulated
PTEN/AKT pathway and its downstream targets including
mTOR, p-p27(Thr157) and p-MDM2(Ser166). Furthermore,
functional assays confirmed that PTEN inhibition reversed the
effects of miR-92a silencing on OS cells growth. Altogether,
miR-92a promotes the tumor growth of OS probably by
targeting the PTEN/AKT pathway.

A previous study reported that ZEB2 mRNA was a PTEN
competitive endogenous RNA (ceRNA), which modulated
PTEN protein levels in a microRNA-dependent manner
including miR-92a (28). ZEB2 has been reported to be
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implicated in metastasis and epithelial-mesenchymal transi-
tion (EMT) in OS cells (29). Furthermore, miR-130a exerted
promoting effects on metastatic behavior and EMT of OS cells
through suppressing PTEN expression (30). Thus, it is worth
to investigate crosstalk among ZEB2, PTEN and miR-92a in
OS in further study.

Herein, we found that miR-92a expression was elevated
in OS tissues and correlated with malignant clinicopatho-
logical features and reduced survival of OS patients. miR-92a
played an oncogenic role in OS by promoting proliferation,
inhibiting apoptosis and contributed to cell cycle progression.
Mechanically, we showed that PTEN was a direct downstream
target of miR-92a in OS and miR-92a exerted its functional
influence on OS cells by regulating PTEN/AKT pathway.
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