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Abstract: Many studies have revealed that microRNAs (miRNAs) play crucial roles in cancer
development and progression. miRNA-30a (miR-30a), as a member of the miR-30 family, has
been implicated in various cancers. However, the role of miR-30a in osteosarcoma remains
unclear. In the current study, we found that miR-30a was significantly downregulated in
osteosarcoma tissues and cell lines by using quantitative real-time polymerase chain reaction
(qRT-PCR). In addition, miR-30a could inhibit cancer cell growth, migration, and invasion
in vitro. Furthermore, bioinformatics of miRNA target prediction and luciferase reporter assay
indicated that MEF2D is a direct target of miR-30a. miR-30a was able to reduce the mRNA and
protein expression of MEF2D as assessed using RT-PCR and Western blotting assay. Interest-
ingly, overexpression of MEF2D partially reversed the miR-30a-reduced cell proliferation,
migration, and invasion of osteosarcoma cell, indicating that miR-30a suppresses osteosarcoma
cell proliferation and metastasis partially mediated by inhibition of MEF2D. Overall, our study
demonstrated that miR-30a functions as a tumor suppressor by targeting MEF2D in osteosarcoma,
providing a promising prognostic biomarker and a therapeutic strategy for osteosarcoma.
Keywords: miR-30a, MEF2D, osteosarcoma, proliferation, invasion, migration

Introduction

Osteosarcoma, as the most frequent malignant primary bone tumor, is the leading cause
of cancer-related death among children and adolescents.! Despite the improvements in
diagnosis and treatment strategies of osteosarcoma improving the 5-year survival rate
of osteosarcoma patients significantly to ~60% over the past several decades, there
is still a high risk of distant metastasis and local relapse even after complete surgical
resection for osteosarcoma patients.>* Thus, it is imperative to elucidate the underly-
ing molecular mechanisms of osteosarcoma and find novel diagnostic and prognostic
biomarkers to improve the clinical outcome of osteosarcoma patients.

MicroRNA (miRNA) is an abundant group of small noncoding RNA (with
approximately 22 nucleotides) that controls the expression of target genes by binding
to the 3’-untranslated region (UTR) of their target mRNAs and plays an important
role in a variety of biological processes, including cell proliferation, apoptosis, dif-
ferentiation, invasion, migration, and so on.*’” Many studies showed that miRNAs are
dysregulated in a variety of cancers and play a critical role in tumorigenesis.® > Recent
studies demonstrated that miRNAs have been recognized as critical regulators in the
development and progression of cancers, including osteosarcoma.'*!" Therefore, iden-
tification of novel miRNAs involved in osteosarcoma progression may contribute to
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the development of a prognostic biomarker and a therapeutic
strategy for osteosarcoma.

The miR-30 family contains six distinct mature miRNA
sequences: miR-30a/miR-30c-2, miR-30d/miR-30b, and
miR-30e/miR-30c-1.2° Accumulating evidences indicate that
the deregulation of miR-30a contributes to various malignant
tumors, including thyroid cancer, breast cancer, gastric cancer,
lung cancer, and colon cancer.?'** miR-30a suppresses the
tumorigenesis processes in these cancers by directly targeting
tumor-related proteins. For example, miR-30a suppressed
colon cancer cell growth by targeting IRS2 (insulin receptor
substrate 2).2! However, the expression and role of miR-30a
in the progression of osteosarcoma remain unclear.

In this study, we, for the first time, revealed the deregu-
lated expression of miR-30a in osteosarcoma and investigated
the function of miR-30a on osteosarcoma cell proliferation
and invasion. Furthermore, we identified MEF2D as a direct
target of miR-30a involved in the progression of osteosar-
coma. In conclusion, we found that miR-30a acts as a tumor
suppressor, and so may serve as a potential therapeutic target
in osteosarcoma.

Materials and methods

Human tissue specimens

Paired tissue specimens of osteosarcoma and matched normal
tissues were obtained, with written informed consent, from
20 osteosarcoma patients between 2013 and 2014 at the First
Affiliated Hospital of Nanchang University. All the tissues
were obtained at the time of surgery and immediately stored
in liquid nitrogen until use. The Institute Research Medical
Ethics Committee of Nanchang University granted approval
for this study.

Cell culture and transfection

Osteosarcoma cell lines (MG-63, U20S, and Saos-2 cells)
were obtained from the American Type Culture Collection
(ATCC, Manassas, VA, USA). Cells were cultured in RPMI
1640 medium (Thermo Fisher Scientific, Waltham, MA,
USA) supplemented with 10% fetal bovine serum (Thermo
Fisher Scientific). Normal osteoblast cell line NHOst was
purchased from the ATCC and was cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM)/F12 medium supple-
mented with 10% fetal bovine. Cultures were maintained at
37°C in a humidified atmosphere with 5% CO,.

MG-63 cells were seeded in 12-well plates. After 12 hours,
cells were transiently transfected with the miR-30a (hsa-
miR-30a) mimic, miR-30a inhibitor, mimic negative control
(NC mimic), and inhibitor negative control (NC inhibitor)

sequences using Lipofectamine 2000 (Thermo Fisher Scien-
tific) according to the manufacturer’s instructions. The full-
length MEF2D cDNA was PCR amplified and cloned into the
pcDNA3.1 vector to generate the pcDNA-MEF2D constructs
that were used in the rescue assays. MG-63 cells were con-
transfected with the miR-30a mimic and pcDNA-MEF2D.

Quantitative real-time polymerase chain

reaction

The RNA extracted from cells and human osteosarcoma
specimens with the Trizol solution (Sigma-Aldrich Co., St
Louis, MO, USA) was subjected to reverse transcription PCR
to obtain cDNA (Primescript RT Reagent kit, Takara, Shiga,
Japan) according to the manufacturer’s instructions. Quan-
titative polymerase chain reaction (QPCR) was performed
using SYBR Premix Ex Taq Il (Takara) with the CFX96™
Real-Time PCR Detection System (Bio-Rad Laboratories
Inc., Hercules, CA, USA). The primer sequences of miR-30a
and MEF2D were described previously.?!?’

Luciferase reporter gene assays

The 3’-UTR of MEF2D containing the putative binding
site of miR-30a was amplified and subcloned into pGL3
luciferase promoter vector (Promega Corporation, Fitchburg,
WI, USA). The vector was cotransfected with the miR-30a
mimics into HEK293 cells for 48 hours. The cells were har-
vested, and the relative luciferase activity was detected using
a dual-luciferase reporter assay kit (Promega Corporation)
according to the manufacturer’s instructions. All experiments
were performed at least three times.

Western blotting analysis

Whole-cell extracts were prepared with a cell lysis reagent
(Sigma-Aldrich Co.) according to the manufacturer’s instruc-
tion manual, and the protein was quantified by BCA assay
(Pierce, Rockford, IL, USA). Then, the protein samples were
separated by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) (10%) and detected by Western
blot using polyclonal (rabbit) anti-MEF2D antibody (Santa
Cruz Biotechnology Inc., Dallas, TX, USA). Goat anti-rabbit
IgG (Pierce) secondary antibody conjugated to horseradish
peroxidase and ECL detection systems (SuperSignal West
Femto, Pierce) were used for detection.

Cell proliferation assay

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay was adopted to assess cell viability
as described previously.?
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Invasion assay

The cell invasion ability was examined by the transwell
invasion assay. Cells were placed in the upper chamber of a
24-well Transwell unit with 8-um-pore-sized polycarbonate
nucleopore filters (Corning Costar, Cambridge, MA, USA).
The upper compartment contained serum-free medium
while the lower compartment contained medium with 10%
fetal bovine serum; the cells were incubated for 48 hours
in a humidified atmosphere of 5% CO, at 37°C. The cells
from at least five representative fields were analyzed. The
invading cells across the membrane were counted under a
light microscope. The cells adhering to the lower surface
were fixed and counted. All the experiments were repeated
in triplicate.

Wound healing assay

When the transfected and untransfected MG-63 cells had
grown to 90% confluence, we used a micropipette tip to
produce a scratch in the cell monolayer. The cells were then
incubated under standard conditions for 24 hours, and images
were captured at different times. The migration potential was
estimated by counting the cells that migrated from the wound
edge. The migration distance between the leading edge of the
migrating cells and the edge of the wound was compared,
similar to a previous work.?

Statistical analysis

Each experiment was repeated at least three times. Data
were presented as mean + SD and analyzed using SPSS
19.0 (StataCorp LP, College Station, TX, USA). Statistical
comparisons between groups were analyzed using Student’s
t-test, and a two-tailed P<<0.05 was considered to indicate
statistical significance.
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Figure | The expression of miR-30a in human osteosarcoma cell lines and tissues.
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Results
Downregulation of miR-30a in

osteosarcoma tissues and cell lines

We first detected miR-30a expression in 20 human osteosar-
coma and adjacent normal bone tissues using the quantitative
real-time PCR (qQRT-PCR) assay. As shown in Figure 1A,
miR-30a expression was evidently downregulated in osteo-
sarcoma tissues compared with the corresponding adjacent
normal bone tissues. Furthermore, we investigated the
expression of miR-30a in three osteosarcoma cell lines
(MG-63, U20S, and Saos-2 cells) and the human osteoblastic
cell line NHOst by qRT-PCR. Similarly, we found that the
expression of miR-30a was much less in three osteosarcoma
cell lines than that of human osteoblast cell line NHOst
(Figure 1B). Collectively, our findings suggest that down-
regulated miR-30a may be involved in the tumorigenesis of
osteosarcoma.

miR-30a suppresses proliferation,
migration, and invasion of

osteosarcoma cell

To explore the role of miR-30a in the development of
osteosarcoma, we transfected the miR-30a mimic or the
miR-30a inhibitor into MG63 cells and then detected pro-
liferation, migration, and invasion of osteosarcoma. As
shown in Figure 2A, the expression levels of miR-30a were
evidently upregulated by the miR-30a mimic and were evi-
dently downregulated by the miR-30a inhibitor. Next, the
MTT assay showed that the proliferation ability of MG-63
cells was significantly decreased by the miR-30a mimic
(Figure 2B). Consistent with these results, the proliferation
ability of MG63 cells was significantly increased by the
miR-30a inhibitor (Figure 2B). Furthermore, the role of
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Notes: (A) The expression of miR-30a in 20 paired primary osteosarcoma tissues and adjacent nontumor tissues. Data are presented as mean * SD. *P<<0.05 vs nontumor
group. (B) The expression of miR-30a in osteosarcoma cell lines (MG-63, Saos-2, and U20S) and normal osteoblast cell line NHOst. U6 was used as an internal control. Each
experiment was repeated three times. Data are presented as mean £ SD. *P<<0.05 vs NHOst group. Results are in response to a Student’s t-test.
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Figure 2 miR-30a regulates osteosarcoma cell proliferation, migration, and invasion.

miR-30a inhibitor

—- Control -= Scramble

w

127 | miR-30a = Anti-miR-Ctrl|
14 | == miR-30a inhibitor ;
>‘A
= £
E c
s
S<
=n
3o
0 . v . .
12h  24h  48h  72h  9h
c 25
0
G 5] *
©
£ 0 15]
"
gE 1
= *
® 05
[¢]
(14 0-
Control  miR-30a miR-30a
inhibitor
c 18
o
Ry ;
> _ 12
=9
E ® 08
[ . ES
> " 06
% 04
3 02
o 0 |
Control miR-30a miR-30a
inhibitor
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analyze the effect of miR-30a on cell invasion of MG-63 cells. *P<<0.05 vs control group. Magnification x40. (D) The wound healing assay was used to analyze the effect of
miR-30a on cell migration of MG-63 cells. Data are presented as mean * SD from three independent experiments. *P<<0.05 vs control group.

Abbreviations: h, hours; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

miR-30a on MG-63 cell migration and invasion by using
the wound healing assay and transwell invasion assay was
analyzed. The transwell invasion assay showed that the
miR-30a mimic markedly inhibited osteosarcoma cell inva-
sion (Figure 2C), while the miR-30a inhibitor evidently
increased osteosarcoma cell invasion (Figure 2C). Wound
healing assays showed the inhibition of migration ability of
osteosarcoma cells by miR-30a mimics (Figure 2D) and the
induction of osteosarcoma cell migration by miR-30a inhibi-
tors (Figure 2D). Taken together, these data demonstrated that
miR-30a functions as a tumor suppressor by inhibiting cell
proliferation, migration, and invasion of osteosarcoma.

miR-30a directly targets MEF2D in

osteosarcoma cells
To elucidate the underlying mechanisms of miR-30a on oste-
osarcoma progression, we predicted targets of miR-30a using

the miRNA target prediction websites www.microRNA.org
and TargetScan. Here, we identified a conserved miR-30a-
binding site in the 3’-UTR of MEF2D mRNA. We then
cloned WT or Mut target region sequence of the MEF2D
3’-UTR, which was inserted into a luciferase reporter
vector (Figure 3A). Subsequently, these reporter vectors
were con-transfected with miR-30a mimics (miR-30a) or
mimics control (con) into the HEK293 cell line. As shown
in Figure 3A, con-transfection of miR-30a mimics sup-
pressed the luciferase activity of the reporter-containing
wild-type MEF2D 3’-UTR sequence, but failed to inhibit
that of mutated MEF2D, as assessed by the dual-luciferase
reporter assay. These data indicate that MEF2D is one of the
direct targets of miR-30a in osteosarcoma cells. To further
confirm MEF2D as a direct target of miR-30a, the qRT-PCR
and Western blot assay were used to detect the expression
of MEF2D in MG-63 cells. As shown in Figure 3B and C,
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Figure 4 MEF2D is required for miR-30a-directed osteosarcoma cell proliferation, migration, and invasion.

Notes: (A) MEF2D expression was increased by transfection with MEF2D plasmids in miR-30a mimics osteosarcoma cell. (B) The MTT assay was used to detect MG-63 cells
cotransfection with miR-30a mimic and pcDNA-MEF2D plasmid. (C) The wound healing assay was performed to detect the effects on cell migration of MG-63 cells treated
as described. (D) The transwell invasion assay was used to detect the effects on cell invasion of MG-63 cells treated as described. Data are presented as mean * SD from
three independent experiments. *P<<0.01 vs miR-30a group. **P<<0.01 vs miR-30a + MEF2D group.

Abbreviations: h, hours; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; OD, optical density.

both mRNA and protein expression levels of MEF2D were
significantly downregulated by miR-30a mimics and were
upregulated by miR-30a inhibitors in MG-63 cells.

The relationship between MEF2D and miR-30a was
further analyzed by detecting the expression levels of MEF2D
in osteosarcoma tissues and cell lines. We found that MEF2D
levels in osteosarcoma tissues were greatly upregulated
compared with adjacent nontumor tissues or osteoblast cell
line (Figure 3D). Then, we correlated MEF2D with miR-30a
expression in the same osteosarcoma specimens. As shown
in Figure 3E, the mRNA levels of miR-30a and MEF2D
showed a significant inverse correlation when assessed using
the Spearman’s correlation analysis (R=—0.658, P<<0.001).
Taken together, these data strongly supported the speculation
that MEF2D is a direct target of miR-30a in osteosarcoma.

Overexpression of MEF2D rescues
the miR-30a-induced suppression
of osteosarcoma cell proliferation,

migration, and invasion

To further confirm that MEF2D is a functional target of
miR-30a, MEF2D plasmids were used to restore MEF2D
expression. The expression levels of MEF2D were

significantly increased in the cells cotransfected with
pcDNA-MEF2D and miR-30a mimics compared with the
miR-30a mimics-only group (Figure 4A). Moreover, over-
expression of MEF2D by transfecting with pcDNA-MEF2D
could reverse the inhibition of proliferation, migration, and
invasion by miR-30a mimics (Figure 4B-D). In conclu-
sion, these results indicated that MEF2D is involved the
miR-30a-suppressed proliferation, migration, and invasion
of osteosarcoma cells.

Discussion

Increasing evidences have indicated that miRNAs are
involved in the tumorigenic processes by targeting a variety
of tumor-related genes.' In this study, we investigated the
roles of miR-30a in osteosarcoma cell proliferation, migra-
tion, and invasion. We found that miR-30a expression was
significantly downregulated in osteosarcoma tissue and cell
lines compared with adjacent nontumor tissues and osteoblast
cell line NHOst. Further studies indicated that miR-30a was
able to regulate cell proliferation, migration, and invasion
of osteosarcoma cells by targeting MEF2D. Therefore, our
study, for the first time, revealed miR-30a as a tumor sup-
pressor in the progression of osteosarcoma.
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The myocyte enhancer factor 2 (MEF2) transcription
factors have roles in muscle, cardiac, skeletal, vascular,
neural, blood, and immune system cell development
through their effects on cell differentiation, proliferation,
apoptosis, migration, shape, and metabolism.’® Altered
MEF2 activity plays a role in human diseases and has
recently been implicated in the initiation and progression
of human cancers.*! Recently, it was reported that MEF2D,
one member of the MEF2 family, was involved in the
progression of several cancers, including hepatocellular
carcinoma,’! lung carcinoma,*? and rhabdomyosarcoma.* In
osteosarcoma, MEF2D elevation in osteosarcoma clinical
specimens was associated with poor patient prognosis.
MEF2D suppression was shown to decrease the proliferation
of osteosarcoma cells.?” In our study, the luciferase reporter
assay revealed that MEF2D was a direct target of miR-30a
in osteosarcoma cells. Overexpression of miR-30a reduced
MEF2D mRNA and protein levels in osteosarcoma cells.
A significant inverse correlation was observed by the
Spearman’s correlation analysis between the mRNA lev-
els of miR-30a and MEF2D in the same osteosarcoma
specimens. Furthermore, reexpression of MEF2D rescued
the suppressive effect of miR-30a on the proliferation and
metastasis of osteosarcoma cells. Our results indicated that
miR-30a functions as a tumor suppressor in osteosarcoma by
targeting MEF2D. The regulatory mechanisms of miRNAs
on deregulated MEF2D in human cancers remain to be
explored in the future.

Taken together, our study, for the first time, revealed
miR-30a as a tumor suppressor in osteosarcoma, with the
expression levels of miR-30a being significantly decreased
in tumor tissues and cell lines and its ectopic expression
inhibiting cell proliferation and metastasis. The tumor sup-
pressor function of miR-30a was mediated by the regulation
of MEF2D expression. These results indicate that miR-30a
deregulation may play important roles in tumor progression
and that miR-30a may be a potential therapeutic target for
the treatment of osteosarcoma.
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