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MicroRNA 181a improves proliferation and invasion,
suppresses apoptosis of osteosarcoma cell
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Abstract MicroRNA 181a (miR-181a) was found
dysregulated in a variety of human cancers and significantly
associated with clinical outcome of cancer patients. However,
the direct role of miR-181a has not yet been characterized in
osteosarcoma progression. This study was aimed at investigat-
ing the effects of miR-181a on osteosarcoma cell biological
behavior. First, the expression of miR-181a in osteosarcoma
cell lines (MG63, HOS, SaOS-2, and U20S) and a human
osteoblastic cell line (hFOB1.19) was detected by qRT-PCR.
Results showed that miR-181a was overexpressed in osteosar-
coma cell lines compared to human osteoblastic cell line
(hFOBL1.19). To investigate the effects of miR-181a on prolif-
eration, apoptosis, and invasion of osteosarcoma cells, we
generated human osteosarcoma MG63 cells in which miR-
181a was either overexpressed or depleted. The MG63 cell
viability, cycle, apoptosis, and invasive ability were analyzed
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide staining, propidium iodide (PI) staining, Annexin V-
FITC/PI double staining, and Transwell invasion experiment,
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respectively. The results showed that MG63 cell viability, pro-
liferation, and invasive abilities were suppressed, and the apo-
ptosis was enhanced in the group with underexpression of miR-
181a. The viability, proliferation, and invasive abilities were
improved, and the apoptosis was inhibited in the group with
overexpression of miR-181a. The results from Western blotting
indicated that miR-181a might be associated with the up-
regulation of bcl-2 and matrix metalloproteinase 9 and the
down-regulation of tissue inhibitor of metalloproteinases-3
and p21 in MG63 cells. Taken together, our results suggested
that miR-181a might facilitate proliferation and invasion and
suppress apoptosis of osteosarcoma cells, which might be a
potential target for the treatment of osteosarcoma.

Keywords Osteosarcoma - MicroRNA - Proliferation -
Apoptosis - Invasion

Introduction

Osteosarcoma (OS) is the most common primary bone ma-
lignancy in the pediatric age group [1, 2]. Osteosarcoma is a
tumor with a high propensity for local invasion, early me-
tastasis, and relapse; about 20 % of patients present with lung
metastases at initial diagnosis [3]. Treating metastatic osteo-
sarcoma remains a challenge in oncology. In recent years,
despite the use of multimodal therapies, including surgery
and radio- and chemotherapy, the prognosis for patients with
osteosarcoma is generally poor [2, 4]. The prognosis is
unfavorable due to lack of effective treatment methods [5].
Progression to metastatic disease is the main cause of treat-
ment failures. While, the molecular mechanisms behind os-
teosarcoma development and metastasis remain elusive.
Therefore, broadening our understanding on the pathogene-
sis and biology of metastatic osteosarcoma tumors is a key
element in improving treatment results, i.e., identifying po-
tential therapeutic targets [2].
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MicroRNAs (miRNAs) are a novel class of small non-
coding RNAs which have eluded researchers for decades
stealthily regulating many of the major biological processes
in eukaryotic cells by regulating their target genes
posttranscriptionally. Their target genes include numerous
regulators of cell proliferation, differentiation, apoptosis,
development, metabolism, and immunity [6, 7]. MiRNAs
are precisely regulated in a tissue- and developmental-
specific manner, but dysregulated in many human diseases,
in particular cancers [8]. Emerging evidence has shown that
miRNAs participate in human carcinogenesis as tumor sup-
pressors or oncogenes and have prognostic value for patients
with cancers [7]. Aberrant miRNA expression contributes to
tumorigenesis and cancer progression [9]. Therefore,
miRNAs are implicated in the initiation and progression of
cancer, tissue invasion, and metastasis formation as well [6].

MicroRNA-181a (miR-181a) is a multifaceted miRNA that
has been implicated in many cellular processes such as cell fate
determination and cellular invasion [10]. In recent years, the
miR-181a family was found dysregulated in a variety of hu-
man cancers and significantly associated with clinical outcome
of cancerous patients [7]. Ciafre and his colleagues firstly
reported that expression of miR-181a/b displayed a significant-
ly down-regulation in primary glioblastomas and human glio-
blastoma cell lines compared to normal brain tissue [11].
Thereafter, as in glioblastoma, significant down-regulation of
miR-181a was also observed in squamous lung cell carcinoma
(SQCC) and non-small cell lung cancer (NSCLC) [12]. Shi
and his colleagues showed that miR-181a functioned as tumor
suppressors which triggered growth inhibition, induced apo-
ptosis, and inhibited invasion in glioma cells. Down-regulation
of miR-181a might be a critical factor that contributes to
malignant appearance in human gliomas [13].

However, miR-181a was significantly overexpressed in
MCF-7 breast cancer cells, hepatocellular carcinoma (HCC)
cells, and human gastric cancer tissues [14—17]. Meng and
his colleagues demonstrated that miR-181 was up-regulated
in hepatocellular cancer stem cells (HSCs), and silencing of
miR-181 led to a reduction in HSC motility and invasion
[17]. The up-regulation of miR-181 was observed when oral
squamous cell carcinoma (OSCC) progressed from leuko-
plakia, dysplasia, to invasive carcinoma, and overexpression
of miR-181 was correlated with lymph node metastasis,
vascular invasion, and a poor survival [18]. MiR-181a is
overexpressed in human gastric cancer tissues. Ectopic ex-
pression of miR-181a mimic promoted the proliferation,
colony formation, migration, and invasion and inhibited the
apoptosis of SGC-7901 gastric cancer cells [15].

Therefore, it is still unclear that miR-181a acts as a tumor
suppressor or as an oncogene. Current data indicate that the
dysregulated of miR-181a is associated with a variety of
human cancers. Jones and Hu reported that miR-181a is
overexpressed in osteosarcoma tissue and cells [19, 20].
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However, the effects of miR-181a on the biological behavior
of osteosarcoma cells are rarely reported. This study intended
to examine miR-181a expression in osteosarcoma cell lines
(MG63, HOS, Sa0S-2, and U20S) and a human osteoblastic
cell line (hFOB1.19) by qRT-PCR analysis and to observe
changes in the cell viability, cycle, apoptosis, and invasive
ability of MG-63 cells following the increased and reduced
expression of miR-181a in the human osteosarcoma MG-63
cell line. These data might provide scientific information for
prognosis prediction and targeted therapy for osteosarcoma.

Materials and methods
Reagents

All cell culture components were purchased from Gibco-BRL
(Gaithersburg, MD). MG63, HOS, SaOS-2, U20S, and a human
osteoblastic cell line hFOB1.19 were purchased from American
Type Culture Collection (Rockville, MD). Lipofectamine™
2000 was purchased from Invitrogen Life Technologies (Carls-
bad, CA). MirVana miRNA Isolation Kit was from Ambion
(Austin, TX). Taqg Man MicroRNA Reverse Transcription Kit,
TagMan MicroRNA Assay Kit, and TagMan Universal PCR
Master Mix were purchased from Applied Biosystems (Foster
City, CA). MiR-181a mimic and inhibitor were purchased from
RiboBio Co. (Guangzhou, China). Protein extraction buffer,
Annexin V-FITC, PI, crystal violet, and RNAse A were from
Sigma (St. Louis, MO). Polyvinylidenedifluoride (PVDF) mem-
branes were from Millipore Inc. (Bedford, MA). The
electrogenerated chemiluminescence (ECL) chemiluminescence
kit was from Pierce (Rockford, IL). Matrigel was from Collab-
orative Research, Inc. (Bedford, MA). The Transwell invasion
chamber was from Costar Corp (Cambridge, MA). The antibod-
ies used in this study include: rabbit anti-tissue inhibitor of
metalloproteinase 3 (TIMP3), bcl-2 and p21 polyclonal
antibodies (Abcam, Cambridge, MA), rabbit anti-human
matrix metalloproteinase 9 (MMP9) polyclonal antibod-
ies (Abnova Corp., Taipei, Taiwan), rabbit anti (3-actin
polyclonal antibody (Abbiotec Corp., San Diego, CA), and
horseradish ~ peroxidase-conjugated  goat  anti-rabbit
(Invitrogen, Carlsbad, CA).

Methods
Cell culture

Osteosarcoma cell lines (MG63, HOS, SaOS-2, and U20S)
were cultured in RPMI 1640 supplemented with 10 % fetal
bovine serum (FBS) and 1 % penicillin/streptomycin at
37 °C. hFOBI1.19 human osteoblasts were grown in
DMEM/Ham’s F-12 containing 10 % FBS and Geneticin
(400 pg/mL) at 34 °C in a humidified 5 % CO, incubator.
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miRNA transfection

To enforce miR-181a expression or inhibit miR-181a expres-
sion in MG63 cells, MG63 cells were transfected with miR-
181a mimics and inhibitors, which served as the overexpression
group and the underexpression group, respectively. MG63 cells
without any treatment were used as blank group. One day
before transfection, cells at about 40 to 60 % confluency were
changed to the antibiotic-free media. On the next day, the cells
were transfected with different 50 nM miR-181a mimics and
inhibitors using Lipofectamine™ 2000 reagent according to the
manufacturer’s protocol.

Real-time RT-PCR for miRNAs

Total RNA was isolated from MG63 cells using the mirVana
miRNA Isolation kit according to the manufacturer’s proto-
col. MiRNA qRT-PCR was performed using the TagMan
MicroRNA Reverse Transcription Kit, TagMan Universal
PCR Master Mix, and TagMan MicroRNA Assay primers
for human miR-181a. All reactions were analyzed using
StepOne Real-Time PCR System. The levels of miRNA were
normalized to U6 controls. For miRNA expression quantifi-
cation, each reverse transcription (RT) reaction consisted of
50 ng of purified total RNA, 1x RT buffer, ANTPs (each at
0.375 mM), 5 U ul™' MultiScribe reverse transcriptase,
50 nM stem-loop RT primer, and 0.38 U pl™' RNase inhib-
itor. RT reactions were incubated at 16 °C for 30 min, 42 °C
for 30 min, and 85 °C for 5 min. Real-time PCR reactions
were performed in quadruplicate in 20 pl volumes. The real-
time reaction mix consisted of 1.33 ul RT product, 1 pl of
20x TagMan microRNA assay mix, and 10 pl TagMan 2x
Universal PCR Master Mix. Quantitative miRNA expression
data were acquired and analyzed using an Applied Biosystems
7500 real-time PCR system. The cycle threshold (Ct) values,
corresponding to the PCR cycle number at which fluorescence
emission reaches a threshold above baseline emission, were
determined and the relative miRNA expression was calculated
using the 224" method [21].

Western blotting

Total protein was extracted from MG63 cells and quantified
using a BCA assay kit. Protein samples (40 pg/sample) were
separated by SDS-PAGE and transferred to a PVYDF mem-
brane. The membrane was blocked for 1 h in TBS solution
with 5 % skimmed milk at room temperature and probed
with primary antibody at 4 °C overnight. Then, the mem-
brane was washed in TBST for 3 x5 min and probed with
corresponding secondary antibody for 2 h at room tem-
perature. Then, autoradiography was conducted with
ECL chemiluminescence reagents. The relative expression
of the target protein was valuated with the gray value ratio

of target protein content to [3-actin (target protein/[3-actin)
content.

Cell viability assay

To investigate the effect of miR-181a on proliferation of OS
cells, MG63 cells, in which miR-181a was either overexpressed
or inhibited, were evaluated by 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay. MG63 cells
were seeded into 96-well plates and allowed to adhere over-
night. Ten microliters of MTT (5 mg mL™") was added and
incubated with MG63 cells for another 4 h. Then, media were
removed and 100 uL. DMSO was added to all wells and mixed
thoroughly to dissolve the dark blue crystals. The absorbance at
570 nm was measured on a plate reader and a 690-nm mea-
surement was used as a reference. The relative cell proliferation
(percent) is calculated by the equation as described in previous
study [22] and the experiment was repeated three times.

Cell cycle assay

MG63 cells were cultured in serum-free medium for 1 day to
complete synchronization and changed to complete medium
for another day. Then, the cells were detached by exposure to
trypsin, washed, and fixed in 70 % cold ethanol overnight at
—20 °C. The next day, fixed cells were washed and then
treated with 1 mg/mL RNAse (DNAse-free) for 30 min at
37 °C. Propidium iodine was added to the solution at a final
concentration of 100 pg/mL and incubated with MG63 cells at
room temperature for 30 min. The cell cycle was evaluated by
flow cytometry and the experiment was repeated three times.

Apoptosis assay

Briefly, MG63 cells were harvested, washed, and resuspended
in Annexin V binding buffer. Then, the MG63 cells were
stained with Annexin V-FITC in the dark at room temperature
for 10 min, centrifuged, and gently resuspended in Annexin V
binding buffer. Finally, 10 uL propidium iodide staining so-
lution was added and gently mixed, and MG63 cells were kept
on ice in the dark and immediately subjected to flow cytom-
etry analysis. The experiment was in repeated thrice.

Invasion assay

The Transwell invasion chamber was washed with serum-
free medium, and then, 20 puL Matrigel (1 mg/mL) was
added to evenly cover the surface of the polycarbonate
membrane (8-pm pore size) to create the Matrigel mem-
brane. The chamber was divided into upper and lower cham-
bers. For invasion assays, MG63 cells (4% 10°) were serum
starved overnight and seeded in starvation medium on the
top chamber. The bottom chamber contained 10 % FBS in
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Fig. 1 The relative expression of miR-181a in osteosarcoma cell lines;
#p<0.05 compared to hFOB1.19; #p<0.05 compared to blank group.
These data were analyzed by one-way ANOVA. All experiments were
repeated three times with three replicates each

RPMI 1640 medium which acted as chemoattractant. After
48 h incubation, cells from the top chamber were removed by
cotton swab and invading cells were fixed with 4 % formal-
dehyde for 15 min and then stained with a crystal violet
solution for 10 min. Images of the invading cells were
photographed using an inverted microscope and total cell
numbers were counted and quantified by Image] software.
The results are presented as the mean + SD, and the exper-
iment was repeated three times for each group.

Statistical analysis

The SPSS 17.0 software was used to analyze the related data
with one-way ANOVA. The results were considered to be
statistically significant if p<0.05.

Results

MiR-181a is overexpressed in osteosarcoma cell lines

To address the expression of miR-181a in osteosarcoma
cells, four osteosarcoma cell lines (MG63, HOS, SaOS-2,

and U20S) and a human osteoblastic cell line hFOB1.19
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Fig. 2 The effect of miR-181a on MG63 cell viability. *p<0.05 com-
pared to blank group. These data were analyzed by one-way ANOVA.
All experiments were repeated three times with three replicates each
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Fig. 3 The effect of miR-181a on MG63 cell cycle. The y-axis repre-
sents the proportion of cells in each phase of the cell cycle. *p<0.05
compared to blank group. These data were analyzed by one-way
ANOVA. All experiments were repeated three times with three repli-
cates each

were used to detect the expression of miR-181a by qRT-
PCR. The expression of miR-181a was significantly up-
regulated in osteosarcoma cell lines compared to that in
normal human osteoblastic cell line hRFOB1.19 (p<0.05), as
shown in Fig. 1.

Among these osteosarcoma cell lines, MG63 cells were
used to study further. The result from qRT-PCR analysis
indicated that miR-181a displayed significant up-regulation
in overexpression group and significant down-regulation in
underexpression group compared to blank group (p<0.01).
These data demonstrated that we effectively enforce or in-
hibit miR-181a expression in MG63 cells (Fig. 1).

MiR-181a improves MG63 cell viability
The results from MTT assay suggested that the viability of

MG63 cells from overexpression group was significantly
higher than that in blank group, and that the viability of
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Fig. 4 [ The effect of miR-181a on MG63 cell apoptosis. *p<0.05
compared to blank group. // the relative content of the apoptotic cells.
These data were analyzed by one-way ANOVA. All experiments were
repeated three times with three replicates each
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MG63 cells from underexpression group was significantly
lower than that in the blank group (p<0.05) (Fig. 2). These
results indicated that miR-181a might be related to the im-
provement of MG63 cell viability.

MiR-181a accelerates MG63 cell cycle progression

The results from cell cycle assay indicated that
overexpression group had less MG63 cells in GO/G1 phase
(»<0.05), and underexpression group had more MG63 cells
in GO/G1 phase than the blank group (p<0.05). Furthermore,
overexpression group had more MG63 cells in S and G2M
phases (»p<0.05), and underexpression group had less MG63
cells in S and G2M phases than blank group (p<0.05).
Proliferation index (PI)=(S+G2M)/(G0G1+S+G2M). The
proliferation index was higher in the overexpression group
(»<0.05) and was lower in the underexpression group than
that in the blank group (p<0.05) (shown in Fig. 3). Based on
the above results, we could conclude that miR-181a might
promote MG63 cell proliferation.

MiR-181a negatively regulates MG63 cell apoptosis

The results from flow cytometry analysis demonstrated that
the number of apoptotic MG63 cells was significantly lower

Fig. 5 The effect of miR-181a
on MG63 cell invasion ability.
The crystal violet staining of the
invading MG63 cells. The
number of invading MG63 cells
(*p<0.05 compared to blank
group). These data were
analyzed by one-way ANOVA.
All experiments were repeated
three times with three replicates
each
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in overexpression group and significantly higher in
underexpression group than that in blank group (p<0.05)
(Fig. 4). These data suggested that miR-181a might nega-
tively regulate MG63 cell apoptosis

MiR-181a improves MG63 cell invasion

The results from Transwell invasion chamber experiments
showed that the number of invading MG63 cells was signif-
icantly higher in overexpression group and was significantly
lower in knockdown group than that in blank group (p<0.05)
(Fig. 5). These data indicated that miR-181a might improve
MG63 cell invasiveness.

The effects of miR-181a on the expression of TIMP3, p21,
bcl-2, and MMP9 in MG63 cells

The viability, proliferation, and invasive abilities were im-
proved, and the apoptosis was inhibited in MG63 cells with
overexpression of miR-181a. Therefore, these proteins, p21
protein (a cyclin-dependent kinase inhibitor), bcl-2 (proto-
oncogene), MMP9 (associated with tumor invasion and me-
tastasis), and Western blotting analysis indicated that the
expression of bcl-2 and MMP9 displayed an up-regulation
in overexpression group and a down-regulation in knockdown
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group than those in the blank group (p<0.05). However,
TIMP3 and p21 were at a lower level in overexpression group
and at a higher level in knockdown group than those in blank
group (p<0.05) (Fig. 6). These results indicated that miR-
181a might be associated with the up-regulation of bel-2 and
MMP9 and the down-regulation of TIMP3 and p21 in MG63
cells.

Discussion

miRNAs have attracted attention because of their key regula-
tory functions in many biological events, including differen-
tiation and tumorigenesis. In recent years, the dysregulated of
miR-181a was associated with a variety of human cancers [7].
MiR-181a displayed a significant down-regulation in primary
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Fig. 6 The effects of miR-181a on the expression of bcl-2, MMP9,
p21, and TIMP3 in MG63 cells. / bcl-2, MMP9, p21, and TIMP3
protein expression in MG63 cells. /I Relative expression of bcl-2,
MMP9, p21, and TIMP3 in MG63 cells. *p<0.05 compared to blank
group. These data were analyzed by one-way ANOVA. All experiments
were repeated three times with three replicates each
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glioblastomas, SQCC, and NSCLC [11, 12]. However, miR-
181a was significantly overexpressed in MCF-7 breast cancer
cells, human gastric cancer tissues, and HCC cells [14-17].
Therefore, miR-181a displayed perplexing function in tumor-
igenesis and development.

In this study, we found that miR-181a displayed higher
expression levels in osteosarcoma cell lines (MG63, HOS,
Sa0S-2, and U20S) compared to noncancerous osteoblastic
cell line hFOB1.19. The expression model of miR-181a in
osteosarcoma cell lines in this study was consistent with that
in osteosarcoma tissue, which showed that miR-181a signif-
icantly up-regulated in osteosarcoma tissue [19]. Zhang and
his colleagues demonstrated that ectopic expression of miR-
181a mimic could promote the proliferation and colony for-
mation of gastric cancer cells [15]. Depletion of miR-181a
inhibited tumor growth of HCC cells in nude mice [23].
Therefore, we speculated that miR-181a might positively
regulate tumor cell proliferation, migration, and invasion. In
order to explore the role of miR-181a in osteosarcoma cells,
the expression of miR-181a was enforced or inhibited in
MG63 cells. The results of MTT assay indicated that MG63
cell viability was significantly lower in overexpression group
and significantly higher in underexpression group than
that in blank group, which suggested that miR-181a
could improve MG63 cell viability. The results of cell
cycle assay indicated that miR-181a could improve
MG63 cell proliferation, which was possibly due to an
increase in growth-promoting factors or a reduction in
growth inhibitory factors in the downstream of the miR-
181a target genes. The p21 protein, a cyclin-dependent
kinase inhibitor, is a key regulator of the cell growth.
p21 promotes cell cycle arrest primarily at the G1/S transition of
the cell cycle [24]. Therefore, p21 was examined in our study.
The results showed that the expression of p21 was suppressed in
overexpression group and enhanced in underexpression group,
which suggested that the overexpression of miR-181a might be
a major event in cancer pathogenesis, in part due to loss of its
ability to up-regulate p21, leading to a failure to induce cell cycle
arrest. However, further study is required to elucidate the exact
mechanism. Our results also showed that miR-181a could
inhibit MG63 cell apoptosis, which was consistent with that
in gastric cancer cell lines, which showed that ectopic expres-
sion of miR-181a could inhibit the apoptosis of SGC-7901
gastric cancer cells [15]. Bcl-2 is unique among proto-
oncogenes, being localized to mitochondria and extending
cell survival by blocking programmed cell death [25]. There-
fore, we examined the expression of bel-2 and found that bel-2
was up-regulated in the overexpression group, which sug-
gested that the overexpression of miR-181a might promote
the up-regulation of bcl-2 in MG63 cells. However, the exact
mechanisms still require further elucidation. The above results
implied that miR-181a might promote the growth and prolifer-
ation of MG63 cells and suppress the apoptosis of MG63 cells.
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Recent studies have shown that miR-181a plays an im-
portant role in the process of tumor metastasis and invasion
[15, 18]. MiR-181a may enhance lymph node metastasis
through regulating migration, which could potentially be
exploited as a putative biomarker for patients with OSCC
[18]. Therefore, we investigated the effect of miR-181a on
the invasion ability of MG63 cells in vitro. In this study, we
found that the number of invading MG63 cells was signifi-
cantly higher in overexpression group and significantly low-
er in knockdown group than that in blank group, which
suggested that miR-181a might positively regulate MG63
cell invasion. Ectopic expression and depletion of miR-181a
demonstrated that miR-181a could enhance MMP9 activity
and promote growth, clonogenic survival, migration, and
invasion of HCC cells that could be reversed by modulating
TIMP3 level, which was a tumor suppressor and a validated
miR-181a target [23]. Therefore, we examined TIMP3 and
MMP9 in this study. The results showed that TIMP3
displayed lower level expression in overexpression group
and higher level expression in underexpression group, while
MMP9 displayed higher level expression in overexpression
group and lower level expression in underexpression group.
Based on these data, we supposed that miR-181a contributed
to tumor cell invasion possibly by abrogating TIMP3-
induced inhibition of MMP9 in MG63 cells.

In view of the above, we inferred that miR-181a acted as
an oncogene and might be involved in the improvement of
growth, proliferation, and invasion of osteosarcoma cells, as
well as suppression of apoptosis of osteosarcoma cells,
which might be a potential target for the treatment of osteo-
sarcoma. However, further research is still needed to provide
a good understanding of the function and mechanism of
miR-181a in osteosarcoma.
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