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Abstract: MicroRNAs (miRNAs) play critical roles in tumor development. In the present study, we explored the role of 
miR-137 in glioma progression. Our data showed that the miR-137 expression was reduced in glioma tissues and 
cell lines and reduced expression of miR-137 was corrected with tumor progression. Luciferase assay suggested 
that EZH2 is a direct target of miR-137, while EZH2 expression was inversely correlated with miR-137 expres-
sion in glioma tissues. Overexpression of EZH2 significantly reversed miR-137 mediated inhibition of proliferation 
and epithelial-mesenchymal transition (EMT), suggesting EZH2 upregulation is involved in the function of miR-137. 
Furthermore, our data showed that miR-137 inhibited the activity of Wnt/β-catenin signaling pathway in glioma 
cells. In summary, our study provided that miR-137 could act as a tumor suppressor by targeting EZH2 in glioma 
cells, and might be useful for developing a novel therapeutic target for glioma.
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Introduction

Glioma is the most common malignant tumors 
of the brain [1]. According to the World Health 
Organization (WHO) classification which is 
based on histogical criteria, human glioma 
divided into three major histologic groups: 
includes well differentiated low grade astrocy-
tomas [WHO grade I~II], anaplastic astrocyto-
mas (WHO grade III) and glioblastoma multi-
forme (GBM, WHO grade IV) [2]. Despite the 
advances in therapeutic intervention, such as 
surgery, radiotherapy, chemotherapy, gene 
therapy, immunotherapy and other novel bio-
logical therapies, prognosis and treatment of 
this tumor type continue to be dismal [3, 4]. 
Thus, identifying novel molecular biomarker 
that can inhibit the progression will be urgent 
for the development of novel therapeutic strat-
egies in glioma.

MicroRNAs (miRNAs), small non-coding RNAs 
that regulate the translation of many genes by 
binding to the untranslated region (3’UTR) of 
target mRNAs, are involved in a variety of physi-
ological and pathological processes, including 

cancer development [5, 6]. Accumulating evi-
dence shows that miRNAs are aberrantly 
expressed in many types of cancers, including 
glioma, and some of these miRNAs function as 
tumor suppressor genes or oncogenes during 
tumor development and progression [7, 8]. 
Distinct miRNAs have been reported to be 
directly involved in glioma carcinogenesis and 
progression by regulation of cell proliferation, 
apoptosis, invasion or drug sensitivity [9]. For 
example, Gabriely et al showed that miR-21 pro-
moted glioma invasion by targeting matrix 
metalloproteinase regulators [10]. Zhang et al 
showed that miR-128 inhibited glioma cells  
proliferation by targeting transcription factor 
E2F3a [11]. Bai et al suggested that miR-296-
3p regulated cell growth and multi-drug resis-
tance of human glioblastoma by targeting 
ether-a-go-go (EAG1) [12]. However, the expres-
sion and role of miR-137 in glioma remain 
unclear. 

Enhancer of zeste homolog 2 (EZH2) is a cata-
lytic subunit of polycomb repressive complex 2 
(PRC2), which represses genes involved in 
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tumorigenesis via methylation of lysine 27 of 
histone 3 (H3K27) [13]. Recent studies report-
ed that EZH2 could act as a novel oncogene, 
playing key roles in the development and pro-
gression of human malignant tumors [14]. For 
example, Choi et al showed that EZH2 was 
upregulated in gastric cancer and high expres-
sion of EZH2 was associated with tumor cell 
proliferation and metastasis [15]. Huang et al 
suggested that miR-98 and miR-214 post-tran-
scriptionally regulated EZH2 and inhibited 
migration and invasion in human esophageal 
squamous cell carcinoma [16]. Luo et al found 
that lncRNA H19 increased bladder cancer 
metastasis by associating with EZH2 and inhib-
iting E-cadherin expression [17]. However, the 
underlying molecular mechanism of EZH2 in 
progression of glioma remains unclear.

In the present study, we aim to identify a novel 
miRNA involved in cell progression of glioma 
and investigate their roles in controlling glioma 
cell proliferation, migration and invasion, indi-
cating miR-137 could act as a promising thera-
peutic target for the treatment of glioma.

Material and methods

Tissue samples 

The tissue collection and analyses were app- 
roved by the Ethics Committee of Zhumadian 
Central Hospital, and written informed consent 
was obtained from all participants. 33 glioma 
tissues and 18 normal brain tissues were 
obtained from patients undergoing surgery at 
the Department of Neurosurgery, Zhumadian 
Central Hospital. None of the patients received 
preoperative treatment, such as radiation or 
chemotherapy. Pathology specimens from all 
patients were centrally reviewed and the defini-
tive tumor stage was established on the basis 
of operative findings according to the 2007 
WHO classification. All tissues were immediate-
ly snap-frozen in liquid nitrogen and stored at 
-80°C until analysis.

Cell culture and transfection

Human glioma cell lines (U87, U251, A172 and 
LN18) and normal human glial cell line (HEB) 
were obtained from the Cell Bank of the Chinese 
Academy of Sciences (Shanghai, China), and 
cultured in DMEM medium containing 10% 
fetal bovine serum (FBS, GBICO), ampicillin and 

streptomycin at 37°C in a humidified cell incu-
bator with an atmosphere of 5% CO2 at 37°C.

MiR-137 mimics, miR-137 inhibitor and nega-
tive control were obtained from GenePharma 
(Shanghai) and then transfected into cells to 
overexpression or knockdown miR-137 expres-
sion. Lentiviral vectors mediated EZH2 were 
obtained from RiboBio Co., Ltd. (Guangzhou, 
China) and then transfected into cells to overex-
pression EZH2 expression. 

Quantitative real-time PCR

Quantitative real-time PCR (qRT-PCR) was per-
formed to detect the relative levels of the tran-
scripts. The transcripts were generated from 2 
µg of the large RNA extracted from cells through 
reverse transcription using M-MLV reverse tran-
scriptase (Promega). The U6 gene was used as 
an internal control for the PCR reaction. PCR 
was performed under the following conditions: 
94°C for 4 min, followed by 40 cycles of 94°C 
for 1 min, 56°C for 1 min and 72°C for 1 min.

CCK8 assay

Cell growth was measured using the cell prolif-
eration reagent WST-8 (Roche Biochemicals). 
After plating cells in 96-well microtiter plates 
(Corning Costar) at 1.0×103/well, 10 µl of CCK8 
was added to each well at the time of harvest, 
according to the manufacturer’s instructions. 1 
h after adding CCK8, cellular viability was deter-
mined by measuring the absorbance of the con-
verted dye at 450 nm.

Cell migration and invasion assay

For migration assays, 24 h after transfection, 
5×104 cells in serum-free medium were added 
into the upper chamber of an insert (8 um pore 
size, Millipore). For invasion assays, 1×105 cells 
in serum-free medium were placed into the 
upper chamber of an insert coated with Matrigel 
(Sigma-Aldrich). Medium containing 10% FBS 
were added to the lower chamber as a che-
moattractant. After 24 h of incubation, cells 
remaining on the upper membrane were 
removed, whereas cells which had migrated or 
invaded to the lower membrane were stained 
with 0.1% crystal violet, imaged, and counted 
using a microscope (Olympus). Experiments 
were performed independently three times.



MiR-137 regulate EZH2/Wnt/β-catenin in glioma

387 Int J Clin Exp Pathol 2017;10(1):385-392

Luciferase reporter assay

The 3’-UTR of human EZH2 was amplificated 
and clone d into the pGL3-luciferase reporter 
plasmid (Promega). The pGL3-EZH2-mut vector 
was built by PCR. Cells were co-transfected 
with wild-type pGL3-EZH2 or mutated pGL3-
EZH2-mut vector, and miR-137 mimics, inhibi-
tor or negative control, using Lipofectamine 
2000 for 24 h. The luciferase activity was mea-
sured using the commercial Dual-Luciferase 
reporter assay system (Promega) according to 
the manufacturer’s instructions.

Western blot

The cells were lysed in RIPA lysis buffer (Sigma). 
Protein lysates were prepared, and protein con-
centration was measured using the BCA Protein 
Assay kit (Beyotime). Equal quantities of pro-
tein samples were loaded on 10% SDS-PAGE 
and transferred onto PVDF membranes, and 
Blocking was performed with 5% non-fat milk. 
The membrane was incubated overnight with 
anti-EZH2, anti-E-cadherin, anti-vimentin, anti-
snail, anti-β-catenin, anti-CyclinD1, anti-c-Myc 
and anti-GAPDH (Abcam). After washing and 
incubation with horseradish peroxidase-conju-
gated antibody (Sigma) for 1.5 h at room tem-
perature, blotted proteins were detected using 
an enhanced chemiluminescence (ECL) system 
following the manufacturer’s protocol.

Statistical analysis

All the statistics were expressed as mean ± 
standard deviation (SD) of three independent 
experiments and analysis by SPSS 18.0 soft-

ware. One-way ANOVA, Student’s t test, and χ2 
test were utilized to analyze the significance of 
the differences. A P value <0.05 was consid-
ered statistically significant.

Results

MiR-137 was decreased expression in glioma

To investigate the role of miR-137 in glioma pro-
gression, we first determined the expression of 
miR-137 in 33 glioma tissues and 18 normal 
brain tissues by using quantitative real-time 
PCR (qRT-PCR). We concluded that the expres-
sion of miR-137 was significantly decreased in 
glioma tissues compared to normal brain tis-
sues (Figure 1A; P<0.05). Furthermore, we 
tested the expression of miR-137 in glioma cell 
lines (U87, U251, A172 and LN18) and normal 
human glial cell line (HEB). Our results showed 
that miR-137 was downregulated in glioma cell 
lines (U87, U251, A172 and LN18) compared 
with normal human glial cell line (HEB) (Figure 
1B; P<0.05). Those findings indicated that miR-
137 play important role in the development 
and progression of glioma.

MiR-137 inhibited cell proliferation and inva-
sion in glioma

To further explore the function of miR-137 in 
the progression of glioma, we transfected the 
U87 cells with miR-137 mimics, miR-137 inhibi-
tors or negative controls. The transfection effi-
ciency of miR-137 mimics and miR-137 inhibi-
tors was validated by qRT-PCR (Figure 2A; 
P<0.05). CCK8 assay showed that the ectopic 
expression of miR-137 evidently inhibited the 

Figure 1. Relative expression of miR-137 in glioma tissues and cell lines. A. qRT-PCR showed downregulated ex-
pression of miR-137 in glioma tissues compared with healthy brain tissues. The expression level of miR-137 was 
measured using qRT-PCR. B. qRT-PCR assay showed downregulation of miR-137 expression in four glioma cell lines 
(U87, U251, A172 and LN18) compared with normal human glial cell line (HEB). *P<0.05.
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proliferation abilities of U87 cells, while miR-
137 knockdown promoted the proliferation 
abilities of in U87 cells (Figure 2B; P<0.05). In 
addition, miR-137 overexpression significantly 

suppressed the migration and invasion ability 
of U87 cells compared with control group, while 
the miR-137 inhibitors showed the opposite 
effect (Figure 2C and 2D; P<0.05).

Figure 2. MiR-137 regulates glioma cell prolifera-
tion, migration, invasion and epithelial-to-mesen-
chymal transition (EMT). A. Validation of miR-137 
expression levels after transfected with miR-137 
mimics or miR-137 inhibitor by qRT-PCR. B. CCK8 
assay was used to explore the effect of miR-137 
on cell proliferation. C. Transwell migration assay 
was used to detect the effect of miR-137 on cell 
migration. D. Transwell invasion assay was utilized 
to analyze the effect of miR-137 on cell invasion. 
E. Western blot assay was used to identify the ef-
fects of miR-137 on glioma cell EMT. *P<0.05.
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The epithelial-mesenchymal transition (EMT) is 
one of the key initiation steps in the metastasis 

process, which provides cancer cells with mo- 
tility, invasion and migration properties. 

Figure 3. EZH2 is a direct target of miR-137. A. 
A schematic illustration of Wt and Mut 3’UTR of 
EZH2. B. Luciferase activity assay showed that 
miR-137 suppressed Wt EZH2 3’UTR luciferase 
activity, while it had no effect on Mut EZH2 3’-
UTR luciferase activity compared to control in U87 
cells. C. qRT-PCR showed the effects of miR-137 
mimics and inhibitor on EZH2 expression in U87 
cells. D. Western blot showed the effects of miR-
137 mimics and inhibitor on EZH2 expression in 
U87 cells. E. Correlation between EZH2 mRNA 
expression and miR-137 expression in human 
glioma tissues. *P<0.05.
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Therefore, we explored whether miR-137 inhib-
ited gliomas progression is mediated by the 
EMT process. Western blot showed that the 
epithelial marker E-cadherin was upregulated 
after miR-137 overexpression. By contrast, the 
mesenchymal markers vimentin and snail were 
inhibited in miR-137 overexpressed U87 cells, 
while the miR-137 inhibitors showed the oppo-
site effect (Figure 2E; P<0.05). Thus, we dem-
onstrated that miR-137 could suppress the gli-
oma progression by repressing cells prolifera-
tion, migration and invasion abilities and EMT.

EZH2 is a direct target of miR-137 in glioma

To elucidate the mechanisms through which 
miR-137 acts on glioma, we predicted the tar-
get gene of miR-137 with Targetscan databas-
es. EZH2 3’UTRs was found to have binding 
sequences for miR-137 (Figure 3A). To verify 
the effects of miR-137 on EZH2, luciferase 
activity assay was performed. Here, we found 
that miR-137 significantly inhibited the lucifer-
ase activity of the 3’UTR EZH2-Wt group, com-
pared with that in the EZH2-Mut group, indicat-
ing that EZH2 is one of the direct targets of miR-
137 in glioma (Figure 3B; P<0.05). To further 
confirm EZH2 as a miR-137 target, we deter-
mined the expression of EZH2 in miR-137 
knockdown or overexpression glioma cells. The 
EZH2 expression was downregulated at both 
the mRNA (Figure 3C; P<0.05) and protein lev-
els (Figure 3D; P<0.05) in U87 cells by miR-137 
mimics. While the EZH2 expression was upreg-
ulated at both the mRNA and protein levels in 

U87 cells by miR-137 inhibitors (Figure 3C, 3D; 
P<0.05). More importantly, there is an inverse 
correlation between miR-137 expression and 
EZH2 expression in 33 cases of glioma tissues 
(Figure 3E; P<0.05, R2=0.346). Taken together, 
those findings strongly suggested that EZH2 is 
a direct target of miR-137 in glioma.

EZH2 involved in miR-137 regulated glioma 
progression

EZH2 has been reported to involve in prolifera-
tion and invasion in various cancers. To explore 
the role of EZH2 in glioma progression, we 
transfected miR-137 mimics or miR-137 and 
EZH2 into U87 cells and determined EZH2 
expression. Our data showed that EZH2 obvi-
ously reversed the inhibition of miR-137 on cell 
proliferation in vitro (Figure 4A; P<0.05). 
Furthermore, we explore the function of EZH2 
in the EMT progression of glioma cells. As 
showed in Figure 4B, our data showed that co-
transfection with EZH2 overexpression abol-
ished miR-137 caused EMT-related marker 
changes at protein levels (Figure 4B; P<0.05). 
Those findings suggested that the miR-137 
suppressed glioma cell progression and EMT 
progression are dependent on EZH2.

Wnt/β-catenin signaling pathway plays impor-
tant roles in kinds of tumor progression includ-
ing glioma. Furthermore, recent studies showed 
that Wnt/β-catenin signaling pathway was a 
downstream of EZH2 in tumor progression. In 
the present study, we explored the function of 

Figure 4. EZH2 involved miR-137 reg-
ulated glioma progression. A. CCK8 
assay was used to explore U87 cells 
proliferation ability, which transfected 
with miR-137 or contransfected with 
miR-137 and EZH2. B. Western blot 
showed the effects of miR-137 and 
EZH2 on glioma EMT in U87 cells. C. 
Western blot showed the effects of 
miR-137 and EZH2 on glioma Wnt/β-
catenin in U87 cells. *P<0.05.
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miR-137 on Wnt/β-catenin signaling pathway in 
glioma. As shown in Figure 4C, western blot 
revealed that β-catenin, Cyclin D1 and c-Myc 
were significantly decreased by miR-137 mim-
ics, which was reversed by increased expres-
sion of EZH2. Our study indicated that miR-137 
inactivated the Wnt/β-catenin signaling path-
way via inhibiting EZH2 expression.

Discussion

Increasing studies revealed that dysregulated 
miRNAs contribute to tumor progression. The 
present study explored the function of miR-137 
in the progression of glioma. We found that the 
expression of miR-137 was decreased in glio-
ma tissues and cell lines. Increased expression 
of miR-137 suppressed glioma cell prolifera-
tion, migration and invasion in vitro. While, inhi-
bition of miR-137 have the opposite effect. 
These findings were consistent with previous 
reports showed that miR-137 was downregu-
lated in several cancers. For example, Balaguer 
et al found that epigenetic silencing of miR-137 
was an early event in colorectal carcinogenesis 
[18]. Chen et al showed that miR-137 was fre-
quently down-regulated in gastric cancer and 
was a negative regulator of Cdc42 [19]. Guo et 
al showed that miR-137 could act as a tumor 
suppressor to inhibit cell growth in ovarian can-
cer by targeting AEG-1 [20]. The epithelial-to-
mesenchymal transition (EMT) has been con-
firmed to be important in cell invasion in types 
of cancer [21]. Recently, miRNAs was reported 
to involve the metastasis of cancer by regulat-
ing EMT [22]. In the present study, our data 
showed that miR-137 could suppress the EMT 
progression in glioma for the first time.

It is well known that miRNAs perform their func-
tion by regulating the expression of its target 
gene. Thus, we explore the functional target 
gene for miR-137 which was involved in glioma 
progression. Targetscan and luciferase report-
er assay suggested that EZH2 might be the 
functional target gene of miR-137. Furthermore, 
increased expression or knockdown of miR-137 
significantly inhibited or promoted EZH2 expres-
sion, respectively. In addition, we found that 
miR-137 expression was inversely correlated 
with EZH2 expression in glioma. In vitro assay, 
our data revealed that EZH2 partially abolished 
the inhibition of miR-137 on glioma cell pro-
gression and reversed miR-137 caused EMT-
related marker changes, suggesting that miR-
137 could regulate glioma progression via tar-
geting EZH2.

The Wnt/β-catenin signaling pathway is a vital 
signal transduction pathway, as the activation 
of this pathway contributes to carcinogenesis 
and cancer metastasis in certain types of can-
cer including glioma [23, 24]. Furthermore, re- 
cent studies showed that Wnt/β-catenin signal-
ing pathway was a downstream of EZH2 in tu- 
mor progression. For example. Cheng et al sug-
gested that EZH2-mediated concordant rep- 
ression of Wnt antagonists promotes β-catenin-
dependent hepatocarcinogenesis [25]. Yuan et 
al found that down-regulation of EZH2 by RNA 
interference inhibits proliferation and invasion 
of ACHN cells via the Wnt/β-catenin pathway 
[26]. Guo et al indicated that miR-144 down-
regulation increased bladder cancer cell prolif-
eration by targeting EZH2 and regulating Wnt 
signaling [27]. In the present study, our data 
showed that miR-137 significantly decreased 
β-catenin, Cyclin D1 and c-Myc expression in 
glioma, which was reversed by overexpressed 
EZH2, suggesting that miR-137 inactivated the 
Wnt/β-catenin signaling pathway by suppress-
ing EZH2.

In summary, the current study provided that 
miR-137 could serve as a potential tumor sup-
pressor in glioma progression. MiR-137 sup-
pressed glioma cell proliferation, migration, 
invasion and EMT by targeting EZH2 via Wnt/β-
catenin signaling pathway.
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