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Overexpression of microRNA-4935 suppresses the proliferation
and invasion and induces the apoptosis of osteosarcoma cells by
targeting high-mobility group nucleosome-binding domain 5
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Abstract. It has been suggested that microRNAs (miRNAs)
act as critical regulators in tumorigenesis. MicroRNA-495
(miR-495) has been suggested as a cancer-associated miRNA
in various types of cancers; however, the role of miR-495 in
osteosarcoma is unknown. The aim of the present study was
to determine whether miR-495 is involved in osteosarcoma,
and to investigate the potential molecular mechanism of
its involvement. We found that miR-495 was significantly
downregulated in osteosarcoma tissues and cell lines, as
detected by real-time quantitative polymerase chain reac-
tion (RT-qPCR). Overexpression of miR-495 inhibited
osteosarcoma cell proliferation in 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide, colony formation and
cell cycle assays. Overexpression of miR-495 induced osteo-
sarcoma cell apoptosis. Moreover, miR-495 overexpression
also inhibited osteosarcoma cell invasion. Bioinformatics and
luciferase reporter assays demonstrated that miR-495 targets
the 3'-untranslated region of high-mobility group nucleo-
some-binding domain 5 (HMGNS5), a potential oncogene in
various types of cancers. Overexpression of miR-495 inhibited
the expression of HMGNS, cyclin B1, Bcl-2 and matrix metal-
loproteinase 9. In addition, restoration of HMGNS protein
expression abrogated the miR-495-induced effects. Taken
together, the present study indicated that miR-495 suppresses
the proliferation and invasion and induces the apoptosis of
osteosarcoma cells by targeting HMGNS, providing a novel
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insight into the molecular pathogenesis of osteosarcoma and
suggesting a potential molecular target for the development of
an miRNA-targeted therapeutic strategy for osteosarcoma.

Introduction

Osteosarcoma is the most common bone malignancy among
patients in the pediatric age group (1). Although therapeutic
interventions for osteosarcoma have improved over the past
decade, the 5-year overall survival rate is still low (2,3). The
molecular pathogenesis of osteosarcoma remains unclear,
which has hampered efforts to improve treatment. Therefore,
a better understanding of the molecular pathogenesis of osteo-
sarcoma is crucial for the development of effective therapies
for this disease.

MicroRNAs (miRNAs) are a class of endogenous small
RNAs of ~22 nucleotides in length, and they negatively modu-
late gene expression by targeting the 3'-untranslated region
(3'-UTR) of mRNAs, leading to translational inhibition (4,5).
By post-transcriptionally regulating target genes, miRNAs
are involved in various cellular processes, including cell
proliferation, apoptosis, migration and invasion (6). In recent
years, a growing body of evidence suggests that miRNAs
with deregulated expression patterns are critical regulators
in tumorigenesis (7-9). Various miRNAs have been found to
participate in the pathogenesis of osteosarcoma, regulating
numerous target genes and critical pathways (10-12). These
deregulated miRNAs have the potential to serve as biomarkers
for diagnosis and prognosis (10-12). Targeting miRNAs has
also shown promise for the treatment of osteosarcoma. A
better understanding of the role of miRNAs in osteosarcoma
may aid in the development of miRNA-targeted therapies.

High-mobility group nucleosome-binding domain 5
(HMGNS5), also known as nucleosome-binding protein 1, has
been suggested as an potential oncogene in several types of
cancers (13,14). HMGNS can regulate histone modification,
DNA replication, DNA repair, and gene transcription through
binding to chromatin regulators (15). HMGNS is found in a
variety of tissues (16,17), and regulates the expression of
numerous genes (18). However, dysregulation of HMGNS is
associated with cancer progression and development (13). To
date, high expression of HMGNS has been linked to many
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types of cancers including gliomas (19), prostate cancer (20),
renal cell carcinoma (21), breast (22) and bladder cancer (23).
Furthermore, overexpression of HMGNS is also found in cases
of osteosarcoma that are associated with cell proliferation,
metastasis, and drug resistance (24). HMGNS has the potential
to serve as a molecular target for the prevention and treatment
of osteosarcoma.

MicroRNA-495 (miR-495) is associated with tumori-
genesis in various types of cancers, through the regulation
of numerous target genes (25-28). It may be also involved in
osteosarcoma. However, no data have yet been reported. The
aim of the present study was to determine whether miR-495
is involved in osteosarcoma, and to investigate the potential
molecular mechanism of its involvement. We found that
miR-495 was significantly downregulated in osteosarcoma
tissues and cell lines. Overexpression of miR-495 inhibited
proliferation, induced apoptosis and repressed the invasion of
osteosarcoma cells. Notably, we identified HMGNS as a poten-
tial target gene of miR-495 in osteosarcoma cells. miR-495
also regulated the expression of cyclin Bl, Bcl-2 and matrix
metalloproteinase 9 (MMP9) which are the downstream targets
of HMGNS involved in regulating cancer cell proliferation,
apoptosis and invasion (20,21,23). The restoration of HMGNS5
abrogated the miR-495-induced antitumor effects. Taken
together, our findings indicate that miR-495 exerts antitumor
effects in osteosarcoma by targeting HMGNS, providing novel
insight into the molecular pathogenesis of osteosarcoma and
suggesting a potential molecular target for the development of
an miRNA-targeted therapeutic strategy for osteosarcoma.

Materials and methods

Clinical samples. Fifteen paired human osteosarcoma and
adjacent normal tissues (located >3 cm from the tumor) were
obtained from the Department of Orthopaedics at The Second
Hospital of Jilin University. The resected tissues were immedi-
ately frozen in liquid nitrogen and stored at -80°C for use. Use
of the clinical tissue samples was approved by the Institutional
Human Experiment and Ethics Committee of The Second
Hospital of Jilin University, with written informed consent
from all of the participants.

Cell lines. Human osteosarcoma cell lines (143B, SaOS-2,
U20S and MG63), normal osteoblastic cell line hFOB and
293T cells were purchased from the American Type Culture
Collection (ATCC; Manassas, VA, USA). Cells were cultured
in Dulbecco's modified Eagle's medium (DMEM; Invitrogen,
Carlsbad, CA, USA), supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin-streptomycin solution (both
from Gibco, Rockville, MD, USA), and maintained in a
humidified incubator containing 5% CO, at 37°C.

RNA extraction and real-time quantitative polymerase chain
reaction (RT-qPCR). Total RNA was extracted using TRIzol
reagent (Invitrogen), according to the recommended protocols.
The RNA samples were pretreated with DNase I (Takara,
Dalian, China) before cDNA synthesis. To detect HMGNS
mRNA expression, cDNA was generated by Moloney murine
leukemia virus (M-MLV) reverse transcriptase (BioTeke,
Corporation, Beijing, China). To detect miR-495 expression,
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cDNA was generated with the TagMan MicroRNA reverse
transcription kit (Applied Biosystems, Foster City, CA, USA).
RT-qPCR was conducted with SYBR-Green PCR Master Mix
with a 7900HT Fast Real-Time PCR System (both from
Applied Biosystems). U6 and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) were used for normalization.
Relative gene expression was calculated by the 224 method.
The fold-change of gene expression was obtained by normal-
ization against the control group. The primer sequences were
as follows: miR-495, 5'-AAACAAACAUGGUGCACUU
CUU-3" and 5-GAAGUGCACCAUGUUUGUUUUU-3' U6,
5'-GCTTCGGCAGCACATATACTAAAAT-3' (forward) and
5'-CGCTTCACGAATTTGCGTGTCAT-3"' (reverse);
HMGNS, 5-GCAGTCAGGCAGTGACTGCCTTCG-3'
(forward) and 5'-CCCTTTTCTGTGGCATCTTC-3' (reverse);
and GAPDH, 5"TGTGTCCGTCGTGGATCTGA-3' (forward)
and 5-TTGCTGTTGAAGTCGCAGGAG-3' (reverse).

Cell transfection. The miR-495 mimics and negative control
(miR-NC) were purchased from RiboBio (Guangzhou,
China) and transfected into cells using Lipofectamine 2000
(Invitrogen) following the manufacturer's instructions. The
HMGNS5 cDNA without 3'-UTR was cloned into a pcDNA3.1
vector (RiboBio) to generate a pcDNA3.1/HMGNS over-
expressing vector. The vector was transfected into cells by
Lipofectamine 2000. The transfection efficacy was assessed
using RT-qPCR or western blot analysis after a 48-h transfec-
tion period.

MTT assay. Cells were seeded into 96-well plates at a density
of 5x10° cells/well and cultured overnight. Cells were trans-
fected with either miR-495 mimics or miR-NC for 48 h. Then,
the medium was refreshed and 20 ul of 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; 5 mg/ml;
Sigma-Aldrich, St. Louis, MO, USA) was added to each well.
The cells were cultured for 4 h and 200 ul of dimethyl sulf-
oxide (DMSO; Sigma-Aldrich) was added to dissolve the
formazan crystals. After 15 min, the absorbance was detected
with a wavelength of 490 nm by an ELISA reader (Bio-Rad,
Hercules, CA, USA).

Colony formation assay. The transfected cells were plated
into 6-well plates at a density of 100 cells/well and cultured in
growth medium containing 0.3% noble agar (Sigma-Aldrich)
for 10 days. Afterwards, the colonies were stained with 1%
crystal violet (Sigma-Aldrich). The colonies were counted
under a microscope (Olympus, Tokyo, Japan) and analyzed.

Cell cycle assay. After treatment, cells were fixed with 70%
ethanol and washed with phosphate-buffered saline (PBS).
Cells were then treated with 100 pug/ml of propidium iodide
(PI; Sigma-Aldrich) and 10 yg/ml of RNase A (Roche Applied
Science, Indianapolis, IN, USA) for 30 min at room tempera-
ture in a dark place. Cells were examined by flow cytometer
BD FACSCalibur (BD Biosciences, San Jose, CA, USA). The
data were collected by CellQuest software (BD Biosciences).

Annexin V/PI apoptosis assay. Cell apoptosis was detected
using an Annexin V/PI double staining kit (Beyotime
Biotechnology, Haimen, China). Cells were harvested and
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Figure 1. Expression of miR-495 in osteosarcoma. (A) Expression of miR-495 in osteosarcoma and adjacent normal tissues (n=15) was detected using
RT-qPCR; "p<0.05. (B) Expression of miR-495 in 143B, Sa0S-2, U20S, MG63 and hFOB cells was detected by RT-qPCR; "p<0.05 vs. hFOB.

digested with 2.5 g/l of trypsin. After washing with PBS, cells
were re-suspended in 200 ul of binding buffer, and treated
with 10 pl of Annexin V for 30 min followed by incubation
with 5 pl of PI solution for 5 min in a dark place. Then, cells
were examined by flow cytometry (BD Biosciences).

Caspase-3 activity assay. Caspase-3 activity was detected
using a commercial kit (Roche Applied Science), following
the manufacturer's recommended protocols. Cells were lysed
and incubated with DEVD-pNA substrate at 37°C for 2 h. The
absorbance at 405 nm was determined using an ELISA reader
(Bio-Rad).

Invasion assay. Cell invasion was detected using Transwell
assay. The upper chamber of the Transwell inserts
(Costar, Corning, NY, USA) was precoated with Matrigel
(BD Biosciences). After transfection, 1x10° cells were
re-suspended in 500 ul of serum-free medium, and added to
the upper chamber. Meanwhile, the lower chamber was filled
with 500 pul of growth medium containing 10% FBS. The
cells were cultured at 37°C for 24 h. Afterwards, the filters
were removed, fixed with 20% methanol, and stained with 1%
crystal violet (Sigma-Aldrich). The invaded cells were counted
under a microscope (Olympus).

Western blot analysis. Proteins were extracted using lysis buffer
(Beyotime Biotechnology), and equivalent amounts of proteins
were loaded on 12.5% sodium dodecyl sulfate polyacrylamide
gels for separation, and then, transferred to a nitrocellulose
membrane (Bio-Rad). After being blocked with 3% non-fat
milk, the membrane was blotted with primary antibodies at 4°C
overnight, and then incubated with horseradish peroxidase-
conjugated secondary antibodies (1:2,000; Bioss, Beijing,
China). The protein bands were developed using enhanced
chemiluminescence (Millipore, Boston, MA, USA). The
intensity of the protein bands was detected using Image-Pro
Plus 6.0 software (Media Cybernetics, Inc., Rockville, MD,
USA). The fold-change of protein expression was obtained
by normalization with GAPDH, and then compared with the
control group. The primary antibodies, including anti-HMGNS,
anti-cyclin B1, anti-Bcl-2, anti-MMP9 and anti-GAPDH, were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA,
USA).

Luciferase reporter assays. HMGNS5-3'-UTR containing
either the predicted seed sequence of miR-495 or a mutated
binding site of the 3'-UTR were inserted into a pmirGLO
Dual-Luciferase plasmid (Promega, Madison, WI, USA). The
recombinant vector was then cotransfected with either miR-495
mimics or miR-NC, into 293T cells using Lipofectamine 2000.
After 48 h, the relative luciferase activity was analyzed using
the Dual-Luciferase Assay kit (Promega).

Data analysis. Data are expressed as means + standard
deviation. Statistical analyses were performed using the
SPSS package (version 11.5; SPSS, Inc., Chicago, IL, USA).
Differences were analyzed using Student's t-test or one-way
analysis of variance followed by Bonferroni's post hoc test.
Values of p<0.05 were regarded as statistically significant.

Results

The expression of miR-495 is downregulated in osteosar-
coma tissues and cell lines. To investigate the possible role
of miR-495 in osteosarcoma, we first investigated the expres-
sion of miR-495 in osteosarcoma tissues by RT-qPCR. The
results showed that miR-495 was significantly downregulated
in osteosarcoma tissues compared to corresponding adjacent
normal tissues (Fig. 1A). Next, we further examined the
expression pattern of miR-495 in four osteosarcoma cell lines:
143B, SaOS-2, U20S and MG63. We found that miR-495 was
markedly decreased in the osteosarcoma cell lines compared
with the normal osteoblastic cell line, hFOB (Fig. 1B). Taken
together, these findings indicate that miR-495 acts in a
tumor-suppressing role in cases of osteosarcoma.

Overexpression of miR-495 inhibits osteosarcoma cell
proliferation. To investigate whether miR-495 shows an
antitumor effect on osteosarcoma cells, we overexpressed
miR-495 in osteosarcoma by transiently transfecting miR-495
mimics into SaOS-2 and U20S cells (Fig. 2A). The effect of
miR-495 overexpression on cell proliferation was detected
by MTT assay. The results showed that overexpression
of miR-495 significantly inhibited osteosarcoma cell
proliferation (Fig. 2B). Colony formation assay showed that
overexpression of miR-495 significantly suppressed the
colony-forming capacity of the osteosarcoma cells (Fig. 3A).
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Figure 2. miR-495 inhibits osteosarcoma cell proliferation. SaOS-2 and U20S cells were transfected with miR-495 mimics or miR-NC for 48 h. (A) Expression
of miR-495 was detected using qRT-PCR; “p<0.01 vs. blank and miR-NC. (B) Cell proliferation was detected by MTT assay; ‘p<0.05 vs. blank and miR-NC.
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Figure 3. miR-495 suppresses colony formation and induces GO/G1 cell cycle arrest. (A) Colony formation assay of the effect of miR-495 overexpression on
the colony-forming capacity of osteosarcoma cells. SaOS-2 and U20S cells were transfected with miR-495 mimics or miR-NC for 48 h, and then subjected
to colony formation for 10 days. (B) Cell cycle analysis of miR-495-overexpressing cells in the GO/G1 phase. SaOS-2 and U20S cells were transfected with
miR-495 mimics or miR-NC for 48 h, and the percentage of GO/G1 phase cells was then detected using flow cytometric assay; “p<0.05 vs. blank and miR-NC.
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Figure 4. miR-495 induces osteosarcoma cell apoptosis. SaOS-2 and U20S cells were transfected with miR-495 mimics or miR-NC for 48 h. Cell apoptosis
was detected by (A) Annexin V/PI apoptosis and (B) caspase-3 activity assays; "p<0.05 vs. blank and miR-NC.

Analysis of the cell cycle distribution showed that miR-495
overexpression markedly induced cell cycle arrest in the
GO0/G1 phase (Fig. 3B). Overall, these results suggest that
miR-495 inhibits osteosarcoma cell proliferation.

Overexpression of miR-495 induces osteosarcoma cell
apoptosis. To confirm the antitumor effect of miR-495 on

osteosarcoma cells, we examined the effect of miR-495
overexpression on cell apoptosis. Annexin V/PI apoptosis
assay showed that overexpression of miR-495 significantly
promoted osteosarcoma cell apoptosis (Fig. 4A). Moreover,
miR-495 overexpression markedly increased the activity of
caspase-3 (Fig. 4B). These data imply that miR-495 induces
osteosarcoma cell apoptosis.
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Figure 5. miR-495 suppresses osteosarcoma cell invasion. SaOS-2 and U20S
cells were transfected with miR-495 mimics or miR-NC for 48 h, and then
subjected to Transwell invasion assay; “p<0.05 vs. blank and miR-NC.

Overexpression of miR-495 suppresses osteosarcoma cell
invasion. To further investigate the antitumor effect of
miR-495, we detected the effect of miR-495 overexpression on
osteosarcoma cell invasion by Transwell invasion assay. The
results showed that overexpression of miR-495 significantly
repressed the invasive potential of SaOS-2 and U20S
cells (Fig. 5), indicating that miR-495 inhibits osteosarcoma
cell invasion.

HMGNS is the potential target gene of miR-495 in osteo-
sarcoma cells. To investigate the underlying mechanism by
which miR-495 exerts an antitumor effect, we performed
bioinformatics analysis to identify the target gene of miR-495.
HMGNS, a well-known oncogene associated with osteosar-
coma tumorigenesis (13), was predicted as the target gene of
miR-495. The putative binding sites of miR-495 within the
wild-type 3'-UTR of HMGNS are described in Fig. 6A. The
complementary seed sequences were mutated to generate the
mutant 3'-UTR of HMGNS (Fig. 6A). To confirm the interaction
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1103

between miR-495 and HMGNS 3'-UTR, dual-luciferase assay
was performed using pmirGLO dual-luciferase containing
either the wild-type 3'-UTR of HMGNS or the mutant 3'-UTR
of HMGNS. The results showed that the luciferase activity of
the reporter vector with the wild-type 3'-UTR of HMGNS was
significantly suppressed by miR-495 overexpression (Fig. 6B).
However, miR-495 overexpression showed no significant
effect on luciferase activity of the reporter vector with the
mutant 3'-UTR of HMGNS (Fig. 6B), indicating that miR-495
directly targeted the 3'-UTR of HMGNS. To further verify that
HMGNS is the target gene of miR-495, we examined the effect
of miR-495 on HMGNS expression. The results showed that
HMGNS5 mRNA (Fig. 7A) and protein (Fig. 7B) expression
levels were significantly reduced by miR-495 overexpres-
sion. Taken together, these results suggest that HMGNS is the
potential target gene of miR-495.

Overexpression of miR-495 affects the downstream genes of
HMGNS5. To further investigate the molecular mechanism of
miR-495-induced antitumor effects, we detected the effect of
miR-495 on cyclin B1, Bcl-2 and MMP9 expression which are
the characterized downstream genes of HMGNS (20,21,23).
The results showed that the protein expression levels of
cyclin B1, Bcl-2 and MMP9 (Fig. 8A-D) were significantly
decreased by miR-495 overexpression. These results indicate
that miR-495-induced antitumor effects are associated with
the inhibition of cyclin B1, Bcl-2 and MMP9.

HMGNS is involved in miR-495-induced antitumor effects.
To validate whether miR-495 exerts antitumor effects
through HMGNS, we performed rescue experiments using
pcDNA3.1/HMGNS as an overexpressing vector. The results
showed that the decreased HMGNS expression induced by
miR-495 overexpression was markedly restored by transfection
of the pcDNA3.1/HMGNS vector (Fig. 9A). We then evalu-
ated the effect of HMGNS restoration on miR-495-induced
antitumor effects. The results showed that HMGNS restoration
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Figure 6. miR-495 targets the 3'-UTR of HMGNS. (A) Schematic diagram of the miR-495 binding sites and mutant binding sites in the 3'-UTR of HMGNS.
(B) Dual-luciferase reporter assays showed the effects of miR-495 overexpression on luciferase activity. pmirGLO dual-luciferase vector containing wild-type
or mutant 3-UTR of HMGNS3 were cotransfected with miR-495 mimics or miR-NC into 293T cells for 48 h; “p<0.05 vs. blank and miR-NC.
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Figure 7. miR-495 inhibits HMGNS expression. SaOS-2 and U20S cells were transfected with miR-495 mimics or miR-NC for 48 h. (A) The mRNA and
(B) protein expression levels of HMGNS5 were detected by RT-qPCR and western blotting, respectively; “p<0.05 vs. blank and miR-NC.
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Figure 8. miR-495 inhibits the expression of cyclin Bl, Bcl-2 and MMP9.
Sa0S-2 and U20S cells were transfected with miR-495 mimics or miR-NC
for 48 h. (A) Protein expression levels of cyclin Bl, Bcl-2 and MMP9
were detected by western blot analysis. Relative protein expression of
(B) cyclin Bl, (C) Bcl-2 and (D) MMP9 was quantitatively analyzed using
Image-Pro Plus 6.0; “p<0.05 vs. blank and miR-NC.

significantly reversed the effects of miR-495 overexpression
on cell proliferation (Fig. 9B), apoptosis (Fig. 9C) and inva-

sion (Fig. 9D). Overall, these findings indicate that miR-495
exerts antitumor effects by targeting and inhibiting HMGNS.

Discussion

A growing body of evidence suggests that miRNAs are
critical regulators in osteosarcoma (12). Deregulated miRNAs
can be used as biomarkers for the diagnosis and prognosis of
cancer (10-12). Targeting miRNAs has shown promise for the
treatment of osteosarcoma. Therefore, it is of great importance
to gain a better understanding of how miRNAs act in osteosar-
coma. In the present study, we revealed that miR-495 is a novel
miRNA involved in osteosarcoma. We found that miR-495
was downregulated in osteosarcoma and that overexpression
of miR-495 inhibited osteosarcoma cell proliferation and inva-
sion and promoted cell apoptosis. These findings suggest that
miR-495 may be associated with the development and progres-
sion of osteosarcoma, and could be a potential molecular target
for the development of miRNA-targeted therapies.

The deregulated expression of miR-495 has been found
in numerous types of cancers (29-32). Li ef al reported that
miR-495 inhibited gastric cancer cell migration and invasion
through targeting phosphatase of regenerating liver-3 (33).
Similarly, gastric cancer cell migration and invasion can be
suppressed though demethylation treatment, which upregulates
miR-495 (34). Numerous studies have reported that miR-495
is decreased in brain tumors and can be used to inhibit tumor
progression by targeting cyclin-dependent kinase 6 (35),
Glutl (36), Gfil (37) and v-myb avian myeloblastosis viral
oncogene homolog (38). Downregulation of miR-495 was
found in non-small cell lung cancer tissues and cells, and
overexpression of miR-495 inhibited cell proliferation and
migration by targeting metastasis-associated protein 3 (25).
Moreover, overexpression of miR-495 promoted the sensitivity
of non-small cell lung cancer cells to platinum by inhibiting
copper-transporting P-type adenosine triphosphatase A (39).
Xu et al reported that miR-495 inhibited cell growth and
migration in endometrial cancer by targeting Forkhead
box C1 (40). Overexpression of miR-495 also inhibited prostate
cancer cell migration and invasion by targeting Akt and the
mammalian target of rapamycin signaling (28). Additionally,
miR-495 induced cell cycle arrest in breast cancer cells by
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Figure 9. Restoration of HMGNS abolishes the miR-495-induced antitumor effects. SaOS-2 and U20S cells were cotransfected with miR-495 mimics and
pcDNA3.1/HMGNS vector and cultured for 48 h. miR-495 mimics + vector, cells were cotransfected with miR-495 mimics and pDNA3.1 empty vector;
miR-495 mimics + HMGNS, cells were cotransfected with miR-495 mimics and pcDNA3.1/HMGNS vector. (A) Protein expression level of HMGNS was
detected by western blotting. (B) Cell proliferation was determined by MTT assays. (C) Cell apoptosis was detected by caspase-3 activity assay. (D) Cell

invasion was examined using Transwell invasion assays; “p<0.05.

inhibiting B cell-specific Moloney murine leukemia virus
integration site 1 (27). Overall, these findings suggest that
miR-495 has a tumor suppressive role. However, an oncogenic
role of miR-495 has also been reported. In breast cancer stem
cells, miR-495 was found to be overexpressed, and promoted
cell proliferation and invasion in hypoxia (41). In addi-
tion, overexpression of miR-495 induced breast cancer cell
migration by targeting junctional adhesion molecule A (26).
Under hypoxic conditions, miR-495 was found to be overex-
pressed and promote proliferation and tumor angiogenesis of
gastric cancer cells by inhibiting Runt-related transcription
factor 3 (42). In the present study, we found that miR-495
was significantly decreased in osteosarcoma tissues and cell
lines. Overexpression of miR-495 suppressed osteosarcoma
cell proliferation and invasion and induced cell apoptosis of
osteosarcoma cells, supporting a tumor-suppressive role of
miR-495 in osteosarcoma. The apparent discrepancy in the
role of miR-495 in tumorigenesis implies that the precise
biological role of miR-495 may be dependent on cell type and
condition. Thus, the role of miR-495 in tumorigenesis requires
further investigation.

To investigate the underlying mechanism responsible for
miR-495-mediated antitumor effects, we characterized the
functional target gene of miR-495 in osteosarcoma cells.
We found that HMGNS, a well-known oncogene (14), is a
potential target of miR-495. A reduction in HMGNS5 was
found to inhibit proliferation and induce apoptosis of prostate

cancer cells (20,43), and suppression of HMGNS induce cell
cycle arrest in glioma cells (19). High expression of HMGNS5
is also found in many other cancer types including renal
cell carcinoma (21), breast (22), bladder (23,44) and lung
cancer (45), and it is associated with tumor progression.
HMGNS5 promotes tumorigenesis through regulating
cyclin Bl1, Bcl-2 and MMP9 (20,21,23). Cyclin Bl regulates
the G2/M transition (46), Bcl-2 is a strong anti-apoptotic
protein (47), and MMP9 promotes cancer cell metastasis (48).
By promoting the expression of these genes, HMGNS
contributes to cancer development and progression. HMGNS5
has been found to be highly expressed in osteosarcoma
tissues associated with pathologic staging (24). Suppression
of HMGNS inhibited the invasion, induced cell cycle arrest,
and promoted the sensitivity to doxorubicin-induced cell
apoptosis in osteosarcoma cells (24). Suppression of HMGNS5
also increased apoptosis gene expression and decreased Akt,
cyclin Bl and MMP9 gene expression (24). In line with these
findings, Yang et al reported that HMGNS overexpression
promoted drug resistance by upregulating autophagy in
osteosarcoma cells (49). These findings indicate that HMGNS5
plays an important role in osteosarcoma cells. In the present
study, we demonstrated that inhibition of HMGNS by miR-495
overexpression inhibited osteosarcoma cell proliferation and
invasion, and induced cell apoptosis of osteosarcoma cells,
indicating the potential for the development of a novel strategy
for the treatment of osteosarcoma by targeting HMGNS.
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The epigenetic regulation of HMGNS5 by miRNAs has
been reported in several studies (50-52). Yao et al reported
that miR-186 inhibited the growth and metastasis of bladder
cancer by targeting HMGNS (50). By targeting HMGNS,
miR-340 repressed the tumorigenic potential of prostate
cancer cells (51). In addition, inhibition of HMGNS by
miR-326 impeded non-small cell lung cancer cell prolifera-
tion and invasion (52). In line with our findings, these studies
indicate that HMGNS underwent epigenetic regulation during
tumor progression. Targeting HMGNS with specific miRNAs
shows promise for the development of cancer therapies.

The present study found, for the first time, that miR-495
plays a critical role in osteosarcoma. Decreased levels of
miR-495 were observed in osteosarcoma and miR-495 over-
expression showed obvious antitumor effects. Investigation
of the underlying mechanism showed that miR-495 targeted
HMGNS and inhibited HMGNS expression. The present study
provides novel insights into the molecular pathogenesis of
osteosarcoma and suggests a potential molecular target for the
development of miRNA-based therapy for osteosarcoma.
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