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Abstract: Osteosarcoma is one of malignant bone tumors mainly occurred in young children. miR-27b was found
closely associated with the development of a variety of malignant tumors. In this study, the effect of miR-27b on the
proliferation, invasion, and migration of osteosarcoma MG-63 cells and the relationship between miR-27b and JNK/
p38 signaling pathway were investigated. Osteosarcoma MG-63 cells were conventional cultured. miRNA-27b mim-
ics, miRNA-27b inhibitor, mimic control, inhibitor control were transfected into MG-63 cells. PCR was used to detect
the expression of miRNA-27b and MAP2K4 in transfected MG-63 cells. MTT assay was used to measure MG-63 cell
proliferation activity. Luciferase reporter assay was used to analyze target genes. Transwell assay was used to mea-
sure invasion and migration (Matrigel) capability changes after transfection. Western blotting was used to measure
the expression levels of MAP2K4, JNK1, and p38 in MG-63 cells after transfection. In miRNA-27b mimic group, the
expression level of miRNA-27b significantly increased and MAP2K4 mRNA expression level decreased significantly.
In miRNA-27b inhibitor group, expression level of miRNA-27b decreased while MAP2K4 mRNA expression level
increased significantly (P < 0.05). Transfection of miRNA-27b inhibitor significantly decreased cell proliferation (P <
0.05). Capability of invasion and migration of MG-63 cells was significantly enhanced by transfection of miRNA-27b
mimic (P < 0.05). miRNA-27b inhibitor significantly reduced capability of invasion and migration of MG-63 cells (P
< 0.05). Transfection of miRNA-27b inhibitor significantly enhanced the expression of MAP2K4, JNK1, and p38 in
MG-63 cells, and transfection of miRNA-27b mimic significantly inhibited the expression of MAP2K4, JNK1, and p38
in MG-63 cells (P < 0.05). miRNA-27b can inhibit MAP2K4 expression and activate JNK/p38 signaling pathway to
suppress the proliferation, invasion, and migration of MG-63 cells.
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Introduction of their target mRNAs (Bcl-XI, Bcl-2, RAS, etc),
leading to inhibition gene expression which
play an important role in the regulation of cell
growth, development, and tumorigenesis [4].
Previous studies indicated that miR-27b level

was decreased in prostate cancer and over-

Osteosarcoma is a common malignant bone
tumor which mainly occurs in children and ado-
lescents. It is highly malignant with poor prog-
nosis and lower survival rate [1]. Many treat-

ments including surgery, chemotherapy, and
neoadjuvant chemotherapy have been carried
outin recent years. Although the survival rate is
greatly improved, many patients are unable to
adhere to chemotherapy because of the side
effects of chemotherapy drugs, leading to tu-
mor recurrence, metastasis, or forced amputa-
tion [2]. Micro RNAs (microRNAs, miRNAs) are
short (70-80 nt), non-coding single-stranded
RNA which have a strong regulatory role [3].
miRNAs bind to 3’ untranslated region (3’-UTR)

expression of miR-27b could inhibit androgen
to suppress the metastasis of prostate cancer
[5]. Expression of tumor suppressor gene, E-
cadherin was overexpressed by miR-27b to in-
hibit prostate cancer [6, 7]. Furthermore, miR-
27b has also been demonstrated to be invol-
ved in the pathogenesis of other types of can-
cers, including Non-small cell lung cancer [8],
breast cancer [9], etc. Given the closely associ-
ation of miR-27b with several cancers, whether
it is involved in the development of osteosarco-
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Table 1. Primer sequences

reagent. Cells were changed with fresh

Gene Sequence (5’-3)

medium 4-6 h after transfection and cul-

miRNA-27b  Forward 5’-AGCCGTCAAGAGCAATAACGAA-3’

Reverse 5-GTGCAGGGTCCGAGGT-3’
MAP2K4 Forward 5-TGGTGGGCAGTATGTTGT-3’

Reverse 5-GCTATTGGCATTGGTGAA-3’
ue Forward 5’-CTCGCTTCGGCAGCACA-3’

Reverse 5’-AACGCTTCACGAATTTGCGT-3’

tured for 48 h. Non-transfected MG-63
cells were used as blank control.

Real time-PCR detection of miRNA-27b

MAP2K4 expression in transfected MG-63
cells

ma remains unclear. In this study, selected
osteosarcoma cell line MG-63 was transfected
with miR-27b to investigate the role of miR-27b
on the proliferation, invasion of osteosarcoma
cells.

Material and methods
Experimental cells

Osteosarcoma MG-63 cell was purchased from
Shanghai Baili biotech.

Reagents and instruments

MiRNA-27b mimics and miRNA-27b inhibitor
were purchased from U.S. GenePharma (Table
1). DMEM culture medium, penicillin/strepto-
mycin, Trizol reagent, and fetal calf serum were
purchased from Gibco (USA). LipofectamineTM
2000 was purchased from Invitrogen. miRNA-
27b, MAP2K4, JNK1, and p38 kit were pur-
chased from Takara Shuzo (Japan). RPMI-1640
medium and MTT were purchased from sig-
ma (USA). Carbon dioxide incubator and invert-
ed microscope were purchased from SANYO
(Japan).

Methods
Conventional cell culture

Osteosarcoma MGG63 cells were conventional
cultured with RPMI1640 medium in 37°C incu-
bator supplemented with 5% of CO,,.

Cell transfection

Osteosarcoma MG-63 cells were cultured with
DMEM containing 10% fetal bovine serum, 100
u/mL penicillin, and 100 u/mL streptomycin.
Cells were seeded in a cell culture plate to get a
confluence rate of about 60%. miRNA-27b mi-
mics, miRNA-27b inhibitor, mimic control, and
inhibitor control were transfected into MG-63
cells with Lipofectamine 2000 as transfection
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Total RNA was extracted 72 h after trans-

fection according to the manufacturer’s
instruction. The concentration of total RNA was
measured and 200 ng of total RNA was used
to synthesize cDNA for subsequent PCR reac-
tion at: 95°C 5 min for pre-denaturation; 30
cycles of 95°C 30s,58°C30s, 72°C 30 s; and
a final extension at 72°C for 10 min. The pri-
mers used in this study were summarized in
Table 1. U6 snRNA was used as internal con-
trol.

Luciferase reporter assay

3’-untranslated region (3’-UTR) of MAP2K4 con-
taining miRNA-27b binding site was amplified
by PCR and inserted into vector. Vectors carry-
ing mutant MAP2K4 3’-UTR was used as a con-
trol. Gene expression was measured 24 h after
transfection of miRNA-27b according to manu-
facturer’s instruction.

MTT assay

Cells with different transfection were seeded to
cell culture plate at a concentration of 8 x 104/
well. Cell viability was measured at 24, 48, and
72 h after inoculation. 20 uL of MTT solution (5
mg/mL) was added to each well, incubated for
4 h, stopped by adding 150 uL of dimethylsulf-
oxide to each well and shaking for 10 min. The
absorbance at 570 nm was measured with a
microplate reader.

Transwell assay of invasion and migration

Invasion assay: Matrigel was added to each
chamber and incubated at 4°C overnight.
Transwell chambers were hydrated in serum-
free medium at 37°C for 1 h. Transfected cells
were seeded in the upper chamber, RPMI1640
medium was added to the lower part. Cells
were stained with Giemsa staining for observa-
tion under microscopy.

Migration experiments: All steps are the same
with invasion assay except that no artificial
basement membrane was used.
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Figure 1. Expressions of miRNA-27b (A) and MAP2K4 (B) after transfection.
*Compared to Blank control, P < 0.05. #Compared to mimic, P < 0.05.
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Figure 2. Analysis of the binding of miRNA-27b and
MAP2K4 3’-UTR. *, Compared to control group (NC),
P < 0.05. 3’-untranslated region (3’-UTR) of MAP2K4
containing miRNA-27b binding site was amplified by
PCR and inserted into vector. Vectors carrying mu-
tant MAP2K4 3’-UTR was used as a control. Gene
expression was measured 24 h after transfection of
miRNA-27b according to manufacturer’s instruction.

Western blot analysis of MAP2K4, JNK1, and
p38

40 ug of cell lysates was loaded to 8% SDS-
PAGE to resolve and then transferred to PVDF
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membrane. Membrane was
then blocked at room temper-
ature for 1 h and incubated
with first antibody (anti-MAP-
2K4 antibody, anti-JNK1 anti-
body, and anti-p38 antibody
were diluted to 1:200, antip-
actin antibody was diluted
to 1:500) at 4°C overnight.
Membrane was washed with
TBST and secondary antibod-
ies (1:2000) were added and
incubated for 1 h. Membrane
was then washed and devel-
oped. Quantity One software
was used for optical density
analysis.

Statistical analysis

SPSS17.0 was used for statis-
tical analysis. All data are ex-
pressed as mean * standard
deviation. x? test was used
to analyze counting data. Ana-
lysis of variance was used to
do the comparison between
groups. P < 0.05 was considered statistically
significant.

Results

Upregulation of miRNA-27b and downregula-
tion of MAP2K4 in MG-63 after transfection

Results showed that in miRNA-27b mimic
group, the expression level of miRNA-27b was
significantly up-regulated in a time-dependent
manner. In contrast, the level of MAP2K4
MmRNA was significantly down-regulated in a
time-dependent manner (P < 0.05). In miRNA-
27b inhibitor group, the expression level of
miRNA-27b was significantly down-regulated in
a time-dependent manner and the level of
MAP2K4 mRNA was significantly up-regulated
in a time-dependent manner (P < 0.05) (Figure
1).

MAP2K4 mutation affects miRNA-27b binding

Luciferase density of MG-63 cells co-transfect-
ed with both MAP2K4 3’-UTR and miRNA-27b
mimic was significantly decreased (P < 0.05).
Mutation of MAP2K4 3’-UTR inhibited the bind-
ing of MAP2K4 3’-UTR and miRNA-27b, leading
to increased luciferase activity (Figure 2).
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Figure 3. Analysis of MG-63 cell proliferation after transfection. A. OD value,
B. Proliferation (%). *Compared to Blank control, P < 0.05. #Compared to

mimic, P < 0.05.

Increased cell proliferation after transfection

MTT assay was used to measure MG-63 cell
proliferation after transfection. Results showed
that OD value and ratio of proliferation of miR-
NA-27b mimic group were significantly incre-
ased in a time-dependent manner (P < 0.05).
In contrast, OD value and ratio of proliferation
of miRNA-27b inhibitor group were significant-
ly decreased in a time-dependent manner (P <
0.05) (Figure 3).

Transwell assay of invasion and migration of
MG-63 cells after transfection

Results showed that transfection of miRNA-
27b mimic significantly increased the invasion
and migration of MG-63 cells, whereas trans-
fection of miRNA-27b inhibitor significantly de-
creased the invasion and migration of MG-63
cells (P < 0.05) (Figure 4).

Expression of MAP2K4, JNK1, and p38 in
MGG63 cells after transfection

Western blot was used to measure the expre-
ssion changes of MAP2K4, JNK1, and p38 in
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MG-63 cells after transfec-
tion. Results showed that
compared with mimic control
or blank control group, trans-
fection of MIiRNA-27b inhibi-
tor significantly increased the
expression levels of MAP2-
K4, JNK1, and p38, where-
as transfection of miRNA-27b
mimic significantly decreas-
ed the expression levels of
MAP2K4, JNK1, and p38 (P <
0.05, Figure 5).

Discussion

Osteosarcoma is commonly
occurred in children and ado-
lescents and is ranked No.
4. Deaths from osteosarcoma
account for 8.9% of deaths
from all malignant tumors.
The disability-adjusted life-
years of osteosarcoma are
10 years more than that of
the gastrointestinal cancer,
lung cancer, and breast can-
cer [7, 8]. More and more
studies have found that multiple genes affect
the occurrence, development and prognosis of
osteosarcoma [9]. MicroRNAs (miRNAs) are
endogenous non-coding single-stranded RNA
which can bind to 3-UTR of target genes’
MRNAs to degrade target mRNASs, inhibit trans-
lation, and suppress gene expression [11]. Re-
searchers have found that many miRNAs in-
volved in the development and progression
of osteosarcoma, including miR-29a, miR-29c,
miR-195, miR-181a, miR-181b, miR-26a, and
miR-218 [12-14]. Previous studies also found
that miRNA-27b can inhibit the development of
prostate cancer. In this study, the effects of
miRNA-27b on the proliferation and invasion of
osteosarcoma MG-63 cells were investigated.

In the present study, miRNA-27b mimics, miR-
NA-27b inhibitor, mimic control, and inhibitor
control were transfected into human osteosar-
coma MG-63 cells. Results showed that trans-
fection of miRNA-27b mimics increased the
level of miRNA-27b and decreased the level
of MAP2K4 mRNA in a time-dependent man-
ner. In contrast, transfection of miRNA-27b in-
hibitor decreased the level of miRNA-27b and
increased the level of MAP2K4 mRNA in a time-

Int J Clin Exp Med 2017;10(5):7767-7773
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Figure 4. Invasion and migration of MG-63 after transduction. A. Invasion of MG-63-miRNA-27b mimic; B. Invasion
of MG-63-miRNA-27 inhibitor; C. Invasion of MG-63-mimic control; D. Invasion of MG-63-inhibitor control; E. Inva-
sion of MG-63-miRNA-control; F. Migration of MG-63-miRNA-27b mimic; G. Migration of MG-63-miRNA-27 inhibitor;
H. Migration of MG-63-mimic control; I. Migration of MG-63-inhibitor control; J. Migration of MG-63-miRNA-control.
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Figure 5. Expression of MAP2K4, JNK1, and p38 in MG63 cells after trans-
fection. A. Representative western blot graph. B. Quantitative analysis of ex-
pression of MAP2K4, JNK1, and p38.

dependent manner. These re-
sults suggest that miRNA-27b
has certain inhibitory effect
on the expression of MAP2K4.
Luciferase reporter assay sh-
owed that miRNA-27b can
bind to 3-UTR of MAP2K4 to
negatively regulate the expre-
ssion of MAP2K4. Inhibition
of miRNA-27b resulted in the
increase of MAP2K4 in MG-
63 cells.

In this study, after MTT assay
was used to measure the
proliferation of MG-63 cells
after transfection. OD values
and proliferation ratio of miR-
NA-27b mimic group show-
ed significant increase in a
time-dependent manner, wh-
ereas OD values and prolif-
eration ratio of miRNA-27b
inhibitor group showed sig-
nificant decrease in a time-
dependent manner, suggest-
ing that miRNA-27b inhibited
the proliferation of MG-63
cells. Migration and invasion
assay showed that transfec-
tion of miRNA-27b mimic en-
hanced the capability of mi-
gration and invasion of MG-
63 cells. In contrast, transfe-
ction of miRNA-27b inhibitor
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suppressed the capability of migration and in-
vasion of MG-63 cells. These results suggest-
ed that lower level of miRNA-27b inhibited the
migration and invasion of MG-63 cells. Previous
studies have found that miR-27b can inhibit the
growth, proliferation, and metastasis of neuro-
blastoma via acting on the peroxisome prolifer-
ator-activated receptors [15]. Moreover, miR-
27b can act angiogenic growth factor to pro-
mote the proliferation of vascular endothelial
cells [16, 17]. Ye et al. found that the expres-
sion level of miR-27b in colon cancer tissue was
significantly lower than that of adjacent tissue.
Over-expression of miR-27b to inhibit VEGF
could inhibit the proliferation of colon cancer
cells [18]. Studies also found that overexpres-
sion of miR-27b resulted in the inhibition of
cancer cells’ proliferation, invasion, and migra-
tion, however, overexpression of c-MET result-
ed in the enhancement of cancer cells’ prolif-
eration, invasion, and migration, indicating that
miR-27b inhibits cancer cells’ proliferation th-
rough suppression of c-MET [19-23].

In this study, the protein levels of MAP2K4,
JNK1, and p38 were measured by Western
blot. Results showed that transfection of miR-
NA-27b mimic decreased the protein levels of
MAP2K4, JNK1, and p38 in MG-63 cells. In
contrast, transfection of miRNA-27b inhibitor
increased the protein levels of MAP2K4, JNK1,
and p38 in MG-63 cells, suggesting that inhi-
bition of miRNA-27b could activate the JNK1/
p38 signaling pathway.

In summary, miRNA-27b was expressed in the
osteosarcoma MG-63 cells. miRNA-27b can
affect MAP2K4 expression. Transfection of
mMiRNA-27b could increase the expression le-
vel of MAP2K4 and activate JNK1/p38 sig-
naling pathway, leading to the suppression of
MG-63 cells’ proliferation, invasion, and migra-
tion. miRNA-27b plays a vital role in the occur-
rence and progression of osteosarcoma and
might be used to improve clinical treatment
and prognosis of osteosarcoma.
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