Am J Transl Res 2016;8(8):3439-3447
www.ajtr.org /ISSN:1943-8141/AJTR0O031045

Original Article

MicroRNA-494 inhibits proliferation and metastasis of
osteosarcoma through repressing insulin

receptor substrate-1

Xiaodong Zhit, Kai Wu?, Deshui Yu?, Yansong Wang?, Yang Yu?, Peng Yan3, Gang Lv*

Departments of 1Spine Surgery, 2Trauma, 3Joint, The First Affiliate Hospital of Liaoning Medical University, Jinzhou
121000, China

Received April 22, 2016; Accepted July 10, 2016; Epub August 15, 2016; Published August 30, 2016

Abstract: Despite microRNA-494 (miR-494) has a well-established role in many types of cancer; the biological func-
tion and potential mechanism of miR-494 in human osteosarcoma (0S) has not been elucidated. The aim of this
study was therefore to investigate the role and underlying mechanism of miR-494 expression in osteosarcoma.
Here, we found that miR-494 was significantly decreased in OS tissues and cell lines compared to the adjacent
noncancerous bone tissues (P<0.01) and human normal osteoblast cells (NHOst) (P<0.05), respectively. Functional
assays demonstrated that ectopic overexpression of miR-494 could significantly inhibit cell proliferation, colony
formation, migration and invasion in vitro, as well as suppress tumor growth in nude mice model. Further integra-
tive and functional studies suggested insulin receptor substrate 1 (IRS1) as a target gene of miR-494 in OS cells.
IRS1 expression was upregulated, and inversely correlated with miR-494 expression in clinical OS tissues (r=-0.589,
P=0.001). Moreover, downregulation of IRS1 had similar the inhibition effect on cell proliferation, colony formation,
migration and invasion of miR-494 overexpression. Overexpresion of miR-494 obviously decreased AKT signal path-
way activation. These findings suggested that miR-494 functioned as a tumor suppressor in OS, at least in part, by
targeting IRS1.
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Introduction tides that negatively regulate mRNA stability
and/or repress mRNA translation by binding to
the 3’-untranslated region (UTR) of their target
mMRNAs [5]. miRNAs have been proven to play
crucial roles in many biological progresses,
including cell proliferation, differentiation and
death [6]. Accumulating evidence suggested
that miRNAs functioned as oncogene or tumor
suppressor by regulating initiation and progres-
sion of cancer, including differentiation, apopto-
sis, proliferation, cell cycle, and metastasis (7,
8]. To date, a larger number of miRNAs has
been identified to involve in OS initiation and
development, and act as potent therapeutic tar-

Osteosarcoma is the most common primary
bone malignancy in young adults and adoles-
cents, with high morbidity [1]. Despite the
improvement of currently available treatment
strategies, including wide tumor excision, adju-
vant chemotherapy and radiotherapy, has sig-
nificantly improved the prognosis of patients
with malignancy OS [2], for patients who pres-
ent with metastatic disease or whose tumor
recurs, the survival of five years was less than
30% [3, 4]. Therefore, there is an urgent need
to understand the molecular mechanisms that

involved in development and metastasis of OS,
which may contribute to finding novel diagnosis
marker and novel therapeutic targets for this
disease.

MicroRNAs (miRNA) are small endogenous non-
coding RNAs composed of about 19-25 nucleo-

gets or diagnosis marker for OS [9, 10].

MiR-494, located on chromosome 14q32.31,
has been widely reported to play crucial roles in
initiation and development in a variety of can-
cers including colorectal cancer [11], breast
cancer [12], hepatocellular carcinoma [13],
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ovarian cancer [14], prostate cancer [15], and
non-small lung cancer [16] etc. However, whe-
ther miR-494 is involved in OS progression
remains unclear. In this study, we investigate
the biological function and underlying mecha-
nism of miR-494 in osteosarcoma by in vitro
and in vivo study. Here, we show that miR-494
was downregulated in OS tissues and cell lines,
and that restoration of miR-494 expression in
OS cells inhibited cell proliferation, colony for-
mation, migration and invasion in vitro, and
suppressed tumor growth in vivo by direct tar-
geting of IRS1. Through both in vitro and in vivo
analyses, we revealed the mechanisms of miR-
494 downregulation and its tumor suppressive
role in OS pathogenesis.

Materials and methods
Clinical samples

The collection and the use of all tissue samples
in the present study were approved by the
Research Ethics Committee of the First affiliate
hospital of Liaoning medical university (Jinzhou,
China). Written informed consent was obtained
from all the patients. A total of 30 OS tissues
and self-matched noncancerous bone tissues
collected from 30 patients with osteosarcoma
were retrospectively enrolled according to the
surgical pathology records of the First affiliate
hospital of Liaoning medical university, from
September 2013 to September 2015. All OS
tissues were confirmed pathologically from the
specimens obtained from surgery. Those
patients who received chemo- or radio-therapy,
or other therapy were excluded from this study.
All tissues were snap-frozen in liquid nitrogen
following surgery, and stored at -80°C until use
for further analysis.

Cell culture and transfection

The osteosarcoma cell lines U20S, MG-63, and
SA0S-2 and human osteoblastic cell line hFOB
were purchased from the Cell Bank Type Culture
Collection of the Chinese Academy of Sciences
(Shanghai, China), and maintainedin Dulbecco’s
Modified Eagle’s medium (DMEM, Gibco, Grand
Island, NY, USA) supplemented with 10% fetal
bovine serum (FBS, Gibco) at 37°C in a humidi-
fied 5% CO, atmosphere.

miR-494 mimic and negative control (NC)
were purchased from GenePharma (Shanghai,
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China). siRNA against IRS1 (si-IRS1) and si-
RNA against negative control (si-NC) RiboBio
(Guangzhou, China). Transfection was carried
out using Lipofectamine 2000 (Invitrogen,
Grand Island, NY, USA) according to the manu-
facturer’s instructions.

Reverse transcription and quantitative poly-
merase chain reaction (RT-gPCR)

Total RNA was extracted from tissues or cul-
tured cells using TRIzol reagent (Invitrogen)
according to the manufacturer’s instructions.
For miR-494 detection, RT-qPCR assays were
performed using the TagMan miRNA Assay (Life
Technologies, Grand Island, NY, USA) according
to the manufacturer’s instructions. The expres-
sion level of miR-494 was normalized to the
expression level of U6. Primers for miR-494
and U6 in this study were obtained from Applied
Biosystems (Foster City, USA). For the detection
of IRS1 mRNA level, 0.5 pg of total RNA was
reverse transcribed into cDNA using PrimeScript
RT reagent Kit (Takara, Dalian, China) following
the manufacturer’s instructions, followed by
quantitative PCR (gPCR) with SYBR Premix Ex
Taq (Takara) under 7900 Real-Time PCR System
(Applied Biosystems). IRS1 mRNA level was
normalized to the B-actin mRNA level. Primers
for IRS1 and B-actin were used in this study as
previous described [17]. Data were analyzed
using the 224t method.

Cell proliferation and colony formation assays

Cell proliferation was assessed by MTT assay.
In brief, the cells were seeded in 6-well plates
at the density of 2 x 10* cells per well at 24 h
post-transfection. At the indicated time (24 h,
48 h and 72 h), 20 pyl MTT reagent (5 mg/ml)
was added to each well and further incubated
at 37°C for 4 h. Then the culture medium was
removed from each well, and 150 ul dimethyl
sulfoxide (DMSO, Sigma) was added to each
well to dissolve the MTT-formazan crystals for
10 min at 37°C. The absorbance of each well at
570 nm was determined using a microplate
reader (Thermo Fisher Scientific, Pittsburgh,
PA, USA).

For colony formation assay, 1,000 transfected
cells/well were seeded in 6-well plate and cul-
tured for 2 weeks to allow colony formation.
Then colonies were washed three times with
PBS, and fixed with 4% paraformaldehyde for
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20 min and stained with 1% crystal violet
(Sigma). Images were captured digitally and
colonies were counted under a light microscope
(Olympus, Tokyo, Japan).

Cell migration and invasion assay

The migration and invasion assays were per-
formed using Transwell insert chambers (8-um
pore size, Corning Costar Corp, USA). For migra-
tion assay, 1 x 10° transfected cells were seed-
ed into upper transwell chamber in free-serum
medium. 600 pl DMEM medium containing
10% FBS was added to the lower chamber.
After incubating for 24 h at 37°C with 5% CO,,
cells migrated to the lower surface of filter were
fixed in 70% ethanol for 30 min and stained
with 2% crystal violet for 10 min. Invasion
assays were applied similarly with coating the
upper chamber with Matrigel. The number of
migration or invasion cells was imaged and
counted in five randomly selected fields under
microscope (Olympus).

Luciferase assays

The 3-untranslated regions (3-UTRs) of the
IRS1 gene containing predicted miR-494 target
sites were amplified by PCR, and were inserted
into downstream of the firefly luciferase coding
region into the Nhel and Xhol restriction sites of
the pGL3-control plasmid (Promega Corpo-
ration, Madison, WI, USA), named as Wt-IRS1.
Mutant of IRS1 3-UTR was constructed from
wild-type 3’-UTR of IRS1 using the QuikChange
Lightning Site-Directed Mutagenesis Kit (Str-
atagene) according to the manufacturer’s pro-
tocol, refereed as Mut-IRS1. All constructs were
verified by sequencing.

For luciferase assays, The U20S cells were plat-
ed in 24-well plates at the density of 5 x 10%/
well, and were cotransfected with 100 ng
Wt-IRS1 or Mut-IRS1 luciferase reporter plas-
mid, and 100 nM of miR-494 mimic or miR-NC,
using Lipofectamine 2000 (Invitrogen) accord-
ing to the manufacturer’s protocol. The cells
were harvested at 48 h post-transfection, and
firefly luciferase activity was measured using
the Dual Luciferase Reporter Assay System
(Promega, Madison, WI, USA), and normalized
to Renilla signals.

Western blot assay
Total proteins were extracted from cultured

cells by using lysis buffer (0.2% SDS, 0.2% sodi-
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um deoxycholate, 1% Triton X-100, 1 mmol/I
EDTA and 50 mmol/I Tris-HCI at pH 7.4). The
protein concentration was quantified by BCA kit
(Beyotime Institute of Biotechnology, Guang-
zhou, China). Equal amounts of protein (30 ug)
was separated using sodium dodecyl sulfa-
te polyacrylamide gel electrophoresis (SDS-
PAGE), and then electrotransferred to nitrocel-
lulose membranes (Bio-Rad, Munich, Germany).
The membranes were blocked in 5% non-fat dry
milk diluted with Tri-buffered saline Tween-20
(TBST) (in mmol/I: Tris-HCI 20, NaCl 150, pH
7.5, 0.1% Tween-20) at room temperature for 2
h and incubated overnight at 4°C with primary
antibody against IRS1, Akt, p-Akt (Serd73) and
B-actin (all from Santa Cruz Biotechnology Inc.,
California, USA). After the membrane was wa-
shed three times with TBST, was further probed
with horseradish peroxidase (HRP)-conjugated
second antibody (Santa Cruz, USA) for 2 h at
room temperature. The protein bland was
detected with using Supersignal West Pico
Chemiluminescent Substrate Kit (Pierce,
Rockford, IL, USA).

Tumor growth assay in mice

Male BALB/c nude mice (4-6 weeks old) were
brought from Experiment Animal Center of
Liaoning Medical University (Jinzhou, China),
and maintained under specific pathogen-free
(SPF) conditions. Animal studies were per-
formed according to Institutional Animal Care
and Use Committee guidelines of Liaoning
Medical University. U20S cells (2 x 10°) stably
expressing miR-494 or miR-NC were harvested
by trypsin, washed with PBS, and resuspended
in Matrigel: DMEM medium (1:1), and were s.c.
injected into the flanks of nude mice (n=10).
Tumor volume was measured every week, and
was calculated from the length (a) and the
width (b) by using the following formula: Volume
=ab?/2. Five weeks after inoculation, the mice
were Killed, and tumor tissues were striped and
weighted.

Statistical analysis

Data from each group were expressed as mean
+ standard error of the mean (mean + SEM)
and statistically analyzed by Student’s t-test.
Pearson correlation analysis was conducted to
determine the correlation between expression
of miR-494 and IRS1. All statistical analyses
were performed using SPSS 19.0 software
(SPSS Inc., Chicago, IL, USA). Differences were
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Figure 1. miR-494 was downregulated in osteosarcoma tissues and cell
lines. A. The expression level of miR-494 in 30 OS tissues and corresponding
adjacent noncancerous tissues (ANT) were detected by RT-gPCR. **P<0.01
compared to ANT. B. The levels of miR-494 in three cell lines U20S, MG-63,
and SAOS-2 and human osteoblastic cell line hFOB were detected by RT-
gPCR. *P<0.05, **P<0.01 compared to hFOB.
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Figure 2. miR-494 suppresses osteosarcoma growth in vitro and in vivo. (A)
The expression level of miR-494 was detected in U20S cells transfected with
miR-494 mimic or miR-NC by RT-gPCR. (B, C) Cell proliferation (B) and colony
formation were determined in U20S cells transfected with miR-494 mimic or
miR-NC. (D) Tumor growth curves were established by measurement tumor
volume every week until five weeks. (E) Tumor weights of different group.
*P<0.05, **P<0.01 compared to miR-NC.

Results

miR-494 was downregulated
in osteosarcoma tissues and
cell lines

To explore the role played by
miR-494 in osteosarcoma
development, miR-494 ex-
pression levels in 30 paired
OS tissues and adjacent non-
cancerous bone tissues (ANT)
were measured. The result of
RT-gPCR demonstrated that
miR-494 was significantly do-
wnregulated in OS tissues
compared with adjacent non-
cancerous bone tissues (Fig-
ure 1A). We also examined
miR-494 expression in the
normal human osteoblastic
cell line hFOB and three hu-
man osteosarcoma cell lines
U20S, MG-63, and SAOS-2 by
RT-gPCR. As shown in Figure
1B, miR-494 expression was
significantly decreased in the
osteosarcoma cell lines com-
pared to normal human os-
teoblastic cell line. These
data suggested that miR-494
might play a role in human
osteosarcoma development.

miR-494 suppresses osteo-
sarcoma growth in vitro and
in vivo

To explore the effect of miR-
494 on osteosarcoma growth
in vitro, miR-494 was overex-
pressed using a miR-494
mimic in U20S cells, which
express low levels of endoge-
nous miR-494 (Figure 1B).
miR-494 overexpression in
transfected U20S cells was
confirmed by RT-qPCR (Figure
2A). Next, cell proliferation
and colony formation were
measured using the MTT
assay and colony forming
assay, respectively. Overex-
pression of miR-494 in U20S

considered statistically significant at a P-value cells significantly inhibited proliferation (Figure
of <0.05. 2B) and colony formation (Figure 2C).
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Figure 3. miR-494 suppresses osteosarcoma cell migration and invasion. A,
B. Representative images of and quantitative data on the migration of U20S
cells transfected with miR-494 mimic or miR-NC. C, D. Representative im-
ages of and quantitative data on the invasion of U20S cells transfected with
miR-494 mimic or miR-NC. *P<0.05, **P<0.01 compared to miR-NC.

To investigate the effects of miR-494 on tumor
growth in vivo, U20S cells stably expressing
miR-494 or miR-NC were s.c. injected into the
flanks of nude mice, tumor volume was mea-
sured every weeks until five weeks. It was found
that tumor growth was slower in U20S/miR-
494 group than that of U20S/miR-NC group
(Figure 2D). Five weeks after inoculation, the
mice were Killed, and tumor tissues were
striped and weighted, and found that average
tumor weight was also markedly reduced in
U20S/miR-494 compared with U20S/miR-NC
group (Figure 2E). These data suggested that
mMiR-494 inhibited OS growth in vitro and in
VIVO.

miR-494 suppresses osteosarcoma cell migra-
tion and invasion

To explore the effect of miR-494 on osteosar-
coma metastasis in vitro, cell migration and
invasion were determined in U20S cells trans-
fected with miR-494 mimic or miR-NC by tran-
swell chamber assay. It was found that overex-
pression of miR-494 induced a significant
decrease in migration (Figure 3A and 3B) and
invasion (Figure 3C and 3D) abilities of U20S
cells. These data suggested that miR-494
inhibited OS metastasis.
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IRS1 is a direct target of miR-
494 in osteosarcoma cells

To investigate the underlying
mechanism the growth inhibi-
tion by miR-494 in OS, we
used two publicly available
algorithms (Targetscan 6.2
and miRanda) to identify tar-
get gene of miR-494. miR-494
was predicted to bind to one
site within the 3’-UTR of IRS1
MRNA at position (4748-4754
bp) (Figure 4A). To verify whe-
ther IRS1 direct target of miR-
494, we cotransfected Wt/
Mut-IRS1 report plasmid and
mMiR-494 mimic or miR-NC in
U20S cells, then luciferase
assay was performed. U20S
cells transfected with miR-
494 mimic decrease wild-type
IRS1-3’'UTR reporter activity
(P<0.01), while had no inhibi-
tion effect on the mutant
IRS1-3’'UTR reporter activity in U20S cells
(Figure 4B), indicting the direct regulation of
miR-494 in the 3’'UTR of IRS1 mRNA. Next, we
examined the effect of miR-494 on IRS1
expression on mRNA level and proteins level by
RT-gPCR and western blot, respectively. We
found that overexpression of miR-494 marked-
ly reduced mRNA and protein expressions of
IRS1 in U20S cells (Figure 4C and 4D). In addi-
tion, IRS1 mRNA expression level was mea-
sured in OS specimens and adjacent noncan-
cerous tissues. gRT-PCR analysis showed sig-
nificantly higher mRNA levels of IRS1 in OS tis-
sues, compared with adjacent noncancerous
tissues (Figure 4E). Pearson’s correlation anal-
ysis disclosed an inverse correlation between
miR-494 expression and IRS1 expression (r=-
0.589, P=0.001) (Figure 4F).

Inhibition of IRS1 performed similar effect with
miR-494 overexpression in osteosarcoma cells

To investigate the roles played by IRS1 in the
miR-449a inhibition effect in OS cells, we
explored whether knockdown of endogenous
IRS1 mimicked the effect of miR-494 overex-
pression in OS cells. We found transfection of
si-IRS1 significantly suppressed IRS1 expres-
sion both on mRNA level and protein level in

Am J Transl Res 2016;8(8):3439-3447
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and apoptosis of human tu-
mors by activating AKT signal-
ing pathways [18, 19]. There-
fore, we hypothesized that by
targeting IRS1, miR-494 mi-
ght affect the AKT signaling
pathway in osteosarcoma
cells. IRS1, AKT and pAKT pro-
tein levels were determined in
U20S cells after transfection
with the miR-494 mimic or si-
IRS1. The results showed that
overexpression of miR-494 in
U20S cells obviously decre-
ased IRS1 and p-AKT protein
expression, but the total AKT
levels did not significantly
change (Figure 6). Similarly,
downregulation of IRS1 by tra-
nsfection of si-IRS1 in U20S
cells reduced IRS1 and p-AKT
. protein expression, without
effect total AKT expression
:. (Figure 6). These results indi-
‘. cate that miR-494 exerts
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Figure 4. IRS1 is a direct target of miR-494 in osteosarcoma cells. (A) Puta-
tive binding sites of miR-494 within the 3’-UTR region of IRS1 mRNA, and the

cells by repressing IRS1, and
thus indirectly regulating the
AKT signaling pathway.

sequences of wild-type and mutant-type vector were shown. Wt: wild-type;

Mut: mutant-type. (B) Luciferase reporter assays were measured in U20S

Discussion

cells co-transfected with Wt or Mut 3'UTR of IRS1 and miR-494 or miR-NC.

WT: wide-type, Mut: Mutant-type. (C, D) IRS1 expression on mRNA level (C)
and protein level (D) were detected in U20S cells transfected with miR-494
mimic or miR-NC. B-actin was used as internal control. *P<0.05, **P<0.01
compared to miR-NC. (E) IRS1 expression on mRNA level was detected in 50
OS tissues and corresponding adjacent noncancerous tissues (ANT) were
detected by RT-gPCR. B-actin was used as internal control. **P<0.01 com-
pared to ANT. (F) Perason’s correlation analysis between miR-494 expres-

sion and IRS1 mRNA level (r=-0.589, P=0.001).

U20S cells (Figure 5A and 5B). In addition, we
also showed that downregulation of IRS1 by
transfection of si-IRS1 in U20S cells significant-
ly inhibited cell proliferation, colony formation,
migration and invasion (Figure 5C-F), suggest-
ing that the tumor suppressor functions of miR-
494 in 0OS cells may be exerted via repressing
IRS1.

miR-494 targets IRS1 in osteosarcoma cells
via inhibiting activation AKT signaling pathway

IRS1, a key mediator in oncogenic insulin-like
growth factor (IGF) signaling, has been report-

3444

Accumulated evidence has
indicated that aberrant ex-
pression of miRNAs contrib-
utes to the pathogenesis of
various human malignancies,
including osteosarcoma [9,
10]. A number of miRNAs has
been reported to play key
roles in OS procession by regulating target
genes. For example, Zhao et al reported that
miR-154 significantly inhibit cell proliferation,
colony formation, migration and invasion, as
well as induced cell arrest at G1 stage by tar-
geting Wnt5a [20]. Qu et al found that miR-150
significantly inhibit OS cell proliferation, migra-
tion and invasion, and induced apoptosis in
vitro, as well as suppressed tumor growth of 0S
in vivo by regulating IGF2 mRNA-binding protein
1 (IGF2BP1) [21]. Chen et al showed that miR-
133a suppresses osteosarcoma progression
and metastasis by targeting IGF1R in human
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Figure 6. miR-494 targets IRS1 in osteosarcoma
cells by regulating the AKT signaling pathway. West-
ern blot analysis of p-AKT, AKT and IRS1 protein lev-
els in U20S cells transfected with a miR-494 mimic/
miR-NC or si-IRS1/si-NC.

osteosarcoma cells [22]. Herein, we found that
miR-494 expression is down-regulated in
osteosarcoma cells and tissues compared with
osteoblastic cell and paired adjacent noncan-
cerous bone tissues, respectively. Moreover,
we found that overexpression of miR-494 sup-
pressed osteosarcoma cell proliferation, colony
formation, migration and invasion in osteosar-
coma cells U20S. Furthermore, we also identi-
fied IRS1 as a direct target of miR-494. Our
findings suggest that miR-494 may be a novel
potential therapeutic target for OS treatment.

Growing evidence has indicated that miR-494
has dual biological functions: either as tumor
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suppressor or oncogene dependent on the spe-
cific cancer tissue type. It has been reported
that miR-494 was up-regulated in several solid
tumors, including hepatocellular carcinoma
[13], acute myeloblastic leukemia [23], bron-
chial carcinogenesis [24], retinoblastoma [25],
and colorectal cancer [11], plays an oncogenic
role by targeting MCC, PTEN. On the contrary,
miR-494 has been reported to be downregu-
late in a number of solid tumors, including pan-
creatic cancer [26], prostate cancer [15], non-
small-cell lung cancer [16], breast cancer [12],
ovarian cancer [14], and cholangiocarcinoma
[27], and exerts a tumor-suppressive role by
targeting IGF1R, Sirt1, C-myc, CXCR4, Bim etc.
However, the biological role and underlying
mechanism of miR-494 expression in osteosar-
coma cells remain unclear. In this study, we
identified that miR-494 is an tumor suppressor
miRNA in OS cells inhibiting OS cell prolifera-
tion, colony formation, migration and invasion
by direct targeting of IRS1, suggesting a crucial
role of miR-494 in OS progression and meta-
stasis.

It was well known that miRNAs exerted biologi-
cal activities by suppressing their target genes
[7]. To explore the molecular mechanism by
which miR-494 suppressed osteosarcoma cell
growth, metastasis, we used TargetScan and

Am J Transl Res 2016;8(8):3439-3447
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miRanda algorithm to search for targets of miR-
494, IRS1 was selected as the potential target
for further validation since it has been showed
to involve in initiation and development of vari-
ous cancers [28]. IRS1, a key mediator in onco-
genic insulin-like growth factor (IGF) signaling,
has been showed to be upregulate in various
cancers, including osteosarcoma [29]. Recently
a reporter showed that osteosarcoma cells
over-expressing IRS1 have increased metastat-
ic potential and tumor growth in vivo [30]. In
addition, it has been reported that abnormal
IRS1 could affect several downstream path-
ways, including AKT signaling pathway [18, 19],
which is involved in tumorigenesis and develop-
ment of osteosarcoma [31, 32]. In the present
study, luciferase reporter assays showed that
miR-494 overexpression led to a significant
decrease in luciferase reporter activities of
cells expressing IRS1 with wild-type but not
mutant 3’-UTRs. Both mRNA and protein levels
of IRS1 was significantly downregulated in miR-
494-expressing U20S cells. IRS1 was also
found to be upregulated in osteosarcoma tis-
sues, and be negatively correlated with miR-
494 in OS tissues. These results further con-
firmed that IRS1 was a target of miR-494 in
osteosarcoma cells. In addition, downregula-
tion of IRS1 using si-IRS1 inhibited the prolifer-
ation, colony formation, migration and invasion
of osteosarcoma cells, which had similar
effects with miR-494 overexpression. Of note,
we found that miR-494 overexpression or
downregulation of IRS1 could inhibit activation
AKT signaling pathway. These results indicate
that miR-494 may function as a tumor suppres-
sor partly mediated by repressing IRS1 expres-
sion and regulating AKT signal pathway in
osteosarcoma development.

In summary, to our knowledge, the present
study first showed that miR-494 was dramati-
cally downregulated in osteosarcoma tissues
and cell lines, and that miR-494 overexpres-
sion significantly inhibited osteosarcoma cell
proliferation, colony formation, migration and
invasion in vitro, as well as suppressed tumor
growth in vivo through directly targeting IRS1
and indirectly regulating the AKT signaling path-
way. This novel miR-494/IRS1 axis might pro-
vide novel insights into the molecular mecha-
nisms underlying progression and metastasis
of osteosarcoma.
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