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MicroRNAs (miRNAs) play important roles in several human cancers. Although miR-188 has been suggested
to function as a tumor repressor in cancers, its precise role in glioma and the molecular mechanism remain
unknown. In the present study, we investigated the effect of miR-188 on glioma and explored its relevant
mechanisms. We found that the expression of miR-188 is dramatically downregulated in glioma tissues and
cell lines. Subsequent investigation revealed that miR-188 expression was inversely correlated with B-catenin
expression in glioma tissue samples. Using a luciferase reporter assay, 3-catenin was determined to be a direct
target of miR-188. Overexpression of miR-188 reduced B-catenin expression at both the mRNA and protein
levels, and inhibition of miR-188 increased [-catenin expression. Moreover, we found that overexpression of
miR-188 suppressed glioma cell proliferation and cell cycle G,—S transition, whereas inhibition of miR-188
promoted glioma cell proliferation. Importantly, silencing -catenin recapitulated the cellular and molecular
effects seen upon miR-188 overexpression, which included inhibiting glioma cell proliferation and G,—S tran-
sition. Taken together, our results demonstrated that miR-188 inhibits glioma cell proliferation by targeting

[B-catenin, representing an effective therapeutic strategy for glioma.
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INTRODUCTION

Gliomas are the most common type of primary cancers
arising from glial cells in the central nervous system,
accounting for 40%-50% of all central nervous system
tumors'. Gliomas can be divided into astrocytomas,
anaplastic astrocytomas, glioblastomas, oligodendrogliomas,
glioblastoma multiforme, ependymomas, and medullo-
blastomas®. The incidence rate of gliomas has gradu-
ally increased and accounts for 1.9% of total cancer
incidences in the world**. Despite advances in surgery,
radiotherapy, chemotherapy, and multimodality therapy,
glioma-related mortality remains high because it is a
complex disease. The carcinogenesis and progression of
glioma involve many genetic and environmental factors,
in multistep processes’’. Accumulating evidence shows
there are a series of molecular events underlying the
tumorigenesis and progression of gliomas, which remain
unclear. Therefore, it is of vital clinical significance to
understand the molecular mechanisms of glioma, which

could identify novel drug targets and develop therapeutic
strategies for patients with gliomas.

MicroRNAs (miRNAs) are a class of endogenous,
single-stranded, small noncoding, highly conserved RNA
molecules with a length of 18-24 nucleotides, which reg-
ulate the gene expression at a posttranscriptional level
through binding to the 3’-untranslated region (3’-UTR) of
the respective target’s mRNA, leading to mRNA degrada-
tion and/or suppression of translation®"'. Accumulating
studies have shown that miRNAs play key roles in a
variety of biological processes. In particular, more and
more types of miRNAs have been shown to involve
tumorigenesis and development, including the regulation
of cancer cell survival, proliferation, cycles, differentia-
tion, apoptosis, metabolism, invasion, and migration'*"*,
According to their functions, miRNAs may serve as onco-
genes or antioncogenes, making them potential thera-
peutic targets in tumor treatment'®". In human gliomas,
altered miRNA expression and biogenesis have been
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demonstrated to play an important role in cancer-related
signaling pathways, which are associated with a range of
tumor characteristics including gliomagenesis, prolifera-
tion, apoptosis, invasion, and malignancy. According to
previous studies, we found that downregulation of miR-
188 acts as an antioncogene in several forms of cancers,
such as oral carcinoma, nasopharyngeal carcinoma, and
prostate carcinoma® 2. However, the molecular mecha-
nisms underlying the role of miR-188 in gliomas remain
unclear.

In the present study, we investigated the role and
molecular mechanisms of miR-188 in gliomas. We found
that the expression of miR-188 was remarkably down-
regulated in glioma tissues and correlated with clini-
copathological characteristics. Furthermore, miR-188
potently inhibited glioma cell proliferation and cell cycle
progression. More importantly, we provide evidence, for
the first time, that B-catenin is a direct and functional
target of miR-188. Our data suggest that miR-188 may be
a potential therapeutic target in glioma therapy.

MATERIALS AND METHODS
Preparation of Human Tissue Samples

Human glioma samples (81) were collected from
patients who were diagnosed at The First Affiliated
Hospital, Xi’an Jiaotong University (Xi’an, Shaanxi,
P.R. China). Normal brain samples (26) were obtained
from people with traumatic brain injury, for whom a par-
tial resection of brain tissues was conducted in order to
reduce the intracranial pressure. We obtained informed
consent from each patient before specimen collection.
The samples were stored at —80°C. The experiments were
approved by the Ethics Committee of Xi’an Jiaotong
University Health Science Center.

Cell Culture

Human glioma cell lines H4, U87, SNB19, and LN229
and primary normal human astrocytes (NHAs) were
purchased from the Cell Bank (Shanghai Genechem
Co., Ltd., Shanghai, P.R. China). These cells were culti-
vated in Roswell Park Memorial Institute (RPMI)-1640
medium (Sigma-Aldrich, St. Louis, MO, USA) supple-
mented with 10% (v/v) fetal bovine serum (Gibco BRL,
Grand Island, NY, USA) and were incubated at 37°C in a
humidified atmosphere of 5% CO, and 95% air.

Quantitative Real-Time Reverse Transcription
Polymerase Chain Reaction (qRT-PCR)

Total RNA was extracted from human tissues and
cell lines using TRIzol reagent (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s instruc-
tions. SYBR Premix Ex Taq II Kit and PrimeScript RT
Reagent Kit (TaKaRa Biotechnology Co., Ltd., Dalian,
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P.R. China) were used for the detection of miR-188
expression and P-catenin mRNA expression. qRT-PCR
was conducted using the iCycler iQ Multicolor qRT-
PCR Detection System (Bio-Rad, Hercules, CA, USA).
The results were normalized to RNU6B (U6) gene or
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
gene expression, as recommended by the manufacturer.
The primer sequences were as follows: miR-188 reverse-
transcribed primer, 5-GTCGTATCCAGTGCGTGTCG
TGGAGTCGGCAATTGCACTGGATACGACCCCTC
CA-3’; miR-188, 5’-ATCCAGTGCGTGTCGTG-3’ (for-
ward) and 5-TGCTCATCCCTTGCATGG-3’ (reverse);
U6 reverse-transcribed primer, 5'-CGCTTCACGAATT
TGCGTGTCAT-3"; U6, 5'-GCTTCGGCAGCACATATA
CTAAAAT-3" (forward) and 5'-CGCTTCACGAATTTG
CGTGTCAT-3’ (reverse); B-catenin, 5-GTGTGGCGAC
ATATGCAGCT-3’ (forward) and 5'-CAAGATCAGCAG
TCTCATTC-3’ (reverse); GAPDH, 5-GAAGGTGAAG
GTCGGAGTCA-3’ (forward) and 5-TTGAGGTCAAT
GAAGGGGTC-3’ (reverse). All reactions were performed
in triplicate.

Dual-Luciferase Assay

The 3’-UTR of human B-catenin mRNA was con-
structed with synthetic oligonucleotides and cloned in
the pmirGLO Dual-Luciferase miRNA target expression
vector (Promega, Madison, WI, USA). The pmirGLO-f3-
catenin-3’-UTR vector was cotransfected with miR-188
into HEK293T cells using the pmirGLO vector as their
control. These cells were collected and lysed 24 h after
transfection. The Dual-Luciferase Reporter Assay System
(Promega) was used to examine reporter activity accord-
ing to the manufacturer’s protocol.

Expression Vector Construction

Hsa-miR-188 precursor expression vector (named
miR-188) and control vector (named miR-Ctrl) were con-
structed with synthetic oligonucleotides and interpolated
into pcDNA6.2-GW/EmGFPmiR vector according to the
manufacturer’s instructions. Transfection was performed
with Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s instructions.

miR-188 Inhibitor Synthesis, siRNA Synthesis,
and Transfection

Interfering RNA oligonucleotides were used as miR-
188 inhibitors (named anti-miR-188) and purchased
from GenePharma (Shanghai, P.R. China). The sequence
of anti-miR-188 was 5-CCCUCCACCAUGCAAGGG
AUG-3’. Scramble siRNA was used as negative control
(named anti-miR-Ctrl), and the sequence was 5-CAGU
ACUUUUGUGUAGUACAA-3". RNA oligonucleotides
were transfected into glioma LN229 cells with Lipofec-
tamine 2000. siRNA was used for human B-catenin gene
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silencing. Human B-catenin siRNA-1 (sense: 5-GGCUA
CUGUUGGAUUGAUUTT-3’, antisense: 5-AAUCAA
UCCAACAGUAGCCTT-3"), siRNA-2 (sense: 5’-GUC
AACGUCUUGUUCAGAATT-3’, antisense: 5-UUCU
GAACAAGACGUUGACTT-3"), and negative control-
siRNA (NC-siRNA; sense: 5-UUCUCCGAACGUGUC
ACGUTT-3’, antisense: 5'-ACGUGACACGUUCGGAG
AATT-3") were chemically synthesized by GenePharma
Corporation. Lipofectamine 2000 was used to transfect
siRNA. The siRNAs were diluted to 60 nM in the plated
cells for further experimental procedures.

MTT Assay

The LN229 cells (5,000 cells/well in 200 ul of RPMI-
1640 medium) were seeded into 96-well plates and incu-
bated for 1 day. The cells were treated with miR-Ctrl,
miR-188, anti-miR-Ctrl, anti-miR-188, NC-siRNA (60 nM),
siRNA-1, or siRNA-2 for 1, 2, and 3 days, respectively.
Cell viability was measured using MTT assay FLUOstar
OPTIMA (BMG Labtechnologies, Offenburg, Germany)
at a wavelength of 490 nm. Each experiment contained
four replicates and was repeated at least three times.

Cell Cycle Analysis

The LN229 cells were cultured in six-well plates in
triplicate and treated by miR-Ctrl, miR-188, anti-miR-
Ctrl, anti-miR-188, NC-siRNA, siRNA-1, or siRNA-2
for 2 days. The cells were harvested and washed in phos-
phate-buffered saline (PBS) and fixed in ice-cold ethanol
overnight at 4°C. The fixed cells were washed in PBS
and stained with 50 pg/ml propidium iodide (PI) contain-
ing 50 pg/ml RNase A (DNase free) for 20 min at room
temperature. The cells were examined by fluorescence-
activated cell sorting (BD Biosciences, San Diego, CA,
USA). The cell cycle populations were determined by
ModFit software.

Cell Apoptosis Analysis

The cells were seeded into six-well plates in tripli-
cate and treated for 2 days. Cell apoptosis analysis was
performed with Annexin-V Fluorescein Isothiocyanate
(FITC) Apoptosis Detection Kit (Invitrogen) according
to the manufacturer’s instructions. Then the stained cells
were examined using a flow cytometer (BD Biosciences).
Quantification of apoptosis was determined by ModFit
software.

Western Blot Analysis

Total protein was extracted using a radioimmuno-
precipitation assay (RIPA) lysis buffer (Wolsen, Xi’an,
P.R. China) from cells or tissue samples, separated in 10%
sodium dodecyl sulfate (SDS)-polyacrylamide gels, and
electrophoretically transferred to nitrocellulose membrane
(Roche, Basel, Switzerland). Then the membrane was
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incubated with primary antibodies overnight at 4°C. The
primary monoclonal antibodies included rabbit mono-
clonal anti-f-catenin (1:1,000; Santa Cruz Biotechnology,
Santa Cruz, CA, USA), rabbit monoclonal anti-c-Myc
(1:1,000; Santa Cruz Biotechnology), mouse monoclonal
anti-cyclin D1 (1:1,000; Santa Cruz Biotechnology), and
mouse monoclonal anti-GAPDH (1:2,000; Santa Cruz
Biotechnology). The membranes were incubated with
enhanced chemiluminescence (ECL; Pierce, Rockford,
IL, USA) for chemiluminescence detection. The blots
were scanned, and the band density was measured with
Quantity One imaging software.

Statistical Analysis

The data were presented as mean+SEM from at least
three separate experiments. Statistical analysis was per-
formed with SPSS 21.0 software (Abbott Laboratories,
Chicago, IL, USA). Student’s #-test was used to analyze
the difference between two groups. Chi-square test was
employed to examine the relationships between miR-
188 expression and clinicopathologic characteristics, and
Pearson’s correlation analysis was calculated to estimate
the correlation between miR-188 and -catenin in glioma
tissues. A value of p<0.05 was considered statistically
significant.

RESULTS

miR-188 Is Frequently Reduced in Human Glioma
Tissues and Glioma Cell Lines

To explore the role of miR-188 in glioma, we per-
formed real-time PCR to investigate its expression in 81
primary glioma samples and 26 normal brain tissues and
cell lines. The real-time PCR assays showed that miR-
188 expression was significantly lower in glioma tissues
than in normal brain tissues (p<0.01) (Fig. 1A). We chose
the median value of miR-188 expression as a cutoff point
(median value=0.516): glioma tissues with a relative
expression exceeding the median value were deemed to
have high miR-188 expression with all other glioma tis-
sues considered to have low miR-188 expression. Among
81 patients with gliomas, 53 (65.43%) were placed in the
low miR-188 expression group and 28 (34.57%) were
placed in the high miR-188 expression. Subsequently,
we investigated the correlation of miR-188 expression
with clinicopathological characteristics, including age, sex,
tumor size, Karnofsky performance status (KPS) score,
tumor location, and WHO grade. A significant correlation
was observed between low miR-188 expression level and
advanced WHO pathological grade of glioma (p<0.01),
high KPS (p<0.01), as well as tumor size (p<0.05).
However, miR-188 expression level was not significantly
associated with age, sex, or tumor location. In addition,
miR-188 expression in glioma cell lines (H4, U87, SNB,



788

Relative expression of miR-188
L.
f.
|

Glioma
(n=81)

Nor'mal
(n=26)

LIETAL.
0]
[e0]
< 1.0
ox
£
o 0.8- *
° -
C
S 0.6- *
@ * *
w
£ 0.4 X
=
[}
o 0.24
=
©
T) 0.0 T T ) L \
4 NHA  H4 Us7 SNB  LN229

Figure 1. MicroRNA-188 (miR-188) is downregulated in glioma tissues and cell lines. (A) The qualitative real-time reverse tran-
scription polymerase chain reaction (QRT-PCR) assay revealed that miR-188 expression was significantly decreased in glioma tissues
(n=81) compared with normal brain tissues (n=26). (B) qRT-PCR was used to analyze miR-188 expression in the glioma cell lines
H4, U87, SNB, and LN229 and the normal human astrocyte (NHA). *p<0.01.

and LN229) was downregulated compared with NHA
cells (p<0.01) (Fig. 1B). These data suggested that miR-
188 might be a useful biomarker for malignant status of
glioma.

B-Catenin Is a Direct Target of miR-188

We used bioinformatic databases (PicTar and miRanda)
to identify a large number of potential target genes of miR-
188. Among these candidates, B-catenin was selected for
further analysis. A binding site of miR-188 was observed
in the 3"-UTR of B-catenin mRNA ranging from nucle-
otide 1380 to 1404 bp (Fig. 2A). Next, we examined
[B-catenin expression at the mRNA and protein levels. The
results showed that the expression of B-catenin signifi-
cantly increased at both levels in glioma tissues compared
with the normal tissues (p<0.01) (Fig. 2B and C). The
effect of miR-188 on B-catenin was assessed based on the
data obtained from the qRT-PCR. A significant inverse
correlation was identified between B-catenin and miR-
188 (n=81, r=-0.8235, p<0.001, Pearson’s correlation)
(Fig. 2D). To validate the hypothesis that B-catenin might
be a target of miR-188, a dual-luciferase reporter system
containing wild type (WT) and mutant (MT) 3’-UTR of
B-catenin was used. HEK293T cells were cotransfected
with reporter plasmids and pre-miR-188 or pmirGLO
control vector (miR-Ctrl). As a result, pre-miR-188/
WT-B-catenin-UTR-transfected cells showed a signifi-
cant reduction of luciferase activity (p<0.01), and pre-
miR-188/MT-B-catenin-UTR-transfected cells restored
the relative luciferase activity (Fig. 2E), indicating that
miR-188 may inhibit B-catenin expression by its binding
sequences at the 3’-UTR. Because miR-188 expression
was the lowest in LN229 cells, this cell line was used
in subsequent experiments. The miR-188 expression was

upregulated in transfected LN229 cells with pre-miR-188
vector compared with that in transfected cells with con-
trol vector (p<0.01) (Fig. 2F). Overexpression of miR-
188 significantly downregulated the mRNA and protein
expression of B-catenin. Inhibition of miR-188 promoted
the expression of B-catenin at both the mRNA and protein
levels (p<0.01) (Fig. 2G and H). These results indicate
that miR-188 directly recognizes the 3’-UTR of B-catenin
mRNA and inhibits B-catenin expression.

Overexpression of miR-188 Inhibits the Proliferation
of Glioma LN229 Cells by Suppressing the B-Catenin
Signaling Pathway

To explore the role of miR-188 in glioma, MTT assay,
cell cycle analysis, and cell apoptosis analysis were
adopted. The results showed that the transient overexpres-
sion of miR-188 led to the inhibition of the proliferation
of LN229 cells at 2 and 3 days after transfection (p<0.01)
(Fig. 3A). Because the cell cycles are involved in the
regulation of cell proliferation, we analyzed the processes
with a flow cytometer. Our results revealed that cell cycles
were arrested significantly at the G,/G, stage in the miR-
188 group (p<0.01) (Fig. 3B). In addition, there was no
significant difference among the proportion of early apo-
ptosis and late apoptosis in the different treatment groups
(Fig. 3C). To further investigate the possible molecular
mechanisms of miR-188-induced cell proliferation repres-
sion, we examined the downstream pathway regulators of
[-catenin by Western blot after transfection with the pre-
miR-188 and miR-Ctrl vector. The results showed that
miR-188 can reduce the expression of c-Myc and cyclin
D1 proteins (Fig. 3D). These results suggest that miR-188
may suppress glioma cell proliferation and cell cycle by
regulating 3-catenin signaling pathway.
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Figure 2. miR-188 directly targets the B-catenin gene. (A) Bioinformatics predicted interactions of miR-188 and their binding sites
at the 3’-untranslated region (3’-UTR) of B-catenin (PicTar and miRanda). CMV, cytomegalovirus; MT, mutant; WT, wild type.
(B) B-Catenin mRNA expression in glioma (n=81) and normal brain tissues (n=26). (C) B-Catenin protein level was measured by
Western blot. Relative optical density was normalized to glyceralde 3-phosphate dehydrogenase (GAPDH) to indicate protein content.
(D) miR-188 and P-catenin levels were inversely correlated. 2™ values of miR-188 and B-catenin were subjected to a Pearson’s
correlation analysis (n=81, r=-0.8235, p<0.001, Pearson’s correlation). (E) The luciferase reporter plasmid containing wild- or
mutant-type B-catenin 3"-UTR was cotransfected into HEK293T cells in combination with miR-188 or miR-Ctrl. Luciferase activ-
ity was examined by the dual-luciferase assay. (F) The miR-188 expression was determined in glioma LN229 cells after miR-188
overexpression or anti-miR-188 treatment. (G) The B-catenin mRNA was determined after miR-188 overexpression or anti-miR-188
treatment. (H) The expression of B-catenin protein was analyzed by Western blot. GAPDH was used as control. *p<0.01, compared
with the miR-Ctrl group; #p<0.01, compared with the anti-miR-Ctrl group, n=3.
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Figure 3. Overexpression of miR-188 suppresses proliferation in glioma LN229 cells. (A) MTT assay showed that miR-188 over-
expression reduced the cell activity at 2 and 3 days. (B) Cell cycle was detected in LN229 cells 2 days after transfection by propidium
iodide (PI) staining flow cytometry. Histogram represented the percentage of cells in the G,/G,, S, and G,/M phases. (C) Cell apoptosis
was visualized using annexin V/PI staining. The data showed the percentages of early apoptosis and late apoptosis. (D) The expres-
sions of c-Myc and cyclin D1 proteins were measured by Western blot in the miR-188 group. *p<0.01, compared with the miR-Ctrl

group, n=3.

Inhibition of miR-188 Promotes Proliferation
in Glioma LN229 Cells via Regulating
[B-Catenin Signaling Pathway

Human glioma LN229 cells were transfected with
miR-188 antisense oligonucleotides (anti-miR-188). The
MTT assay showed that anti-miR-188 promoted the pro-
liferation of glioma LN229 cells (p<0.01) (Fig. 4A). The
number of S and G,/M phase cells significantly increased
in the anti-miR-188 group compared with the anti-miR-
Ctrl group; however, the number of G,/G, phase cells
remarkably decreased (p<0.01) (Fig. 4B). There was no
significant difference among the proportion of early and
late apoptosis in the different treatment groups (Fig. 4C).
c-Myc and cyclin D1 protein expressions upregulated in
transfected cells with anti-miR-188 (Fig. 4D).

Knockdown of B-Catenin Suppresses Glioma LN229
Cell Proliferation

miR-188 regulated cell proliferation and cell cycle in
glioma cells, and B-catenin was validated as a direct target
of miR-188. Thus, we knocked down [B-catenin expres-
sion in glioma LN229 cells by RNA interference (RNA1)
to confirm its involvement in the antitumor effects of
miR-188. B-Catenin mRNA expression was specifically

knocked down by siRNA-1 or siRNA-2 (p<0.01) (Fig.
5A). Silencing of B-catenin significantly decreased the
cell activity at 2 and 3 days after transfection (»p<0.01)
(Fig. 5B). The cell cycles were arrested significantly at
the G,/G, phases in the siRNA-1 or siRNA-2 group. The
number of S and G,/M phase cells significantly decreased
in the siRNA-1 or siRNA-2 group (p<0.01) (Fig. 5C).
There was no significant change among the proportion
of early and late apoptosis in different groups (Fig. 5D).
These were similar to those of miR-188 overexpres-
sion, indicating a similar effect of B-catenin knockdown
and miR-188 overexpression. In addition, we analyzed
knockdown efficiency of B-catenin siRNA at the protein
level. The protein expression of B-catenin decreased sig-
nificantly in the siRNA-1 or siRNA-2 group compared
to the NC-siRNA group; c-Myc and cyclin DI protein
expressions were also reduced (Fig. SE).

DISCUSSION

In the last decade, growing evidence has confirmed
the important roles of miRNAs in glioma™?*'. Although
the miRNA signatures have been well characterized
in glioma, the role of dysregulated miRNAs on glioma
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Figure 4. Inhibition of miR-188 promotes cell proliferation in glioma LN229 cells. (A) MTT assay showed that anti-miR-188
increased the cell activity at 3 days. (B) Cell cycle analysis showed the percentage of cells in the G,/G,, S, and G,/M phases. S and
G,/M phase cells significantly increased in the anti-miR-188 group. (C) The data showed the percentage of early and late apoptosis in
the anti-miR-188 group. (D) c-Myc and cyclin D1 protein expressions were examined in the anti-miR-188 group. *p<0.01, compared
with the anti-miR-Ctrl group, n=3.
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Figure 5. B-Catenin small interfering RNAs (siRNAs) inhibit the proliferation of glioma LN229 cells. (A) gqRT-PCR results showed
the knockdown efficiency of B-catenin siRNAs in LN229 cells. (B) MTT assay showed that B-catenin siRNAs decreased the activity
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phase cells increased after B-catenin siRNA treatment, whereas S and G,/M phase cells decreased. (D) The data showed the percentage
of early and late apoptosis after B-catenin siRNA treatment. (E) f-Catenin, c-Myc, and cyclin D1 protein expressions were examined
after B-catenin siRNA treatment. *p<0.01, compared with the NC-siRNA group, n=3.
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progression and development remains largely unknown.
Identifying miRNAs and elucidating their precise bio-
logical functions in glioma will aid the search for novel
targets for diagnosis and therapy of the disease. It is
reported that miR-188 regulates the progression of several
human cancers, including oral carcinoma, nasopharyn-
geal carcinoma, prostate carcinoma, and hepatocellular
carcinoma®***. During the course of our study, Ding
and colleagues reported that miR-188 may act as a tumor
suppressor in glioma by directly targeting the insulin-
like growth factor 2-binding protein 2 (IGF2BP2) gene™.
However, the clinical significance and function of miR-
188 in glioma were not entirely clear. In this study, we
further verify that miR-188 expression is frequently
downregulated in both glioma tissues and cell lines. The
clinicopathological significance of miR-188 expression
was also analyzed. We found that low miR-188 levels
are significantly associated with advanced WHO patho-
logical grade of glioma, high KPS, and tumor size. No
significant correlation is identified between miR-188
expression and other clinicopathological characteristics.
Our experiment demonstrates that miR-188 suppresses
glioma cell proliferation by blocking G,—S transition
in vitro. These findings indicate that miR-188 plays an
important role in glioma development and progression.
In this study, we provide the first evidence that miR-188
suppresses glioma cell proliferation by targeting a novel
miR-188 target, B-catenin. B-Catenin was postulated to
be a target of miR-188 using two different databases. As
indicated on reporter assaying, miR-188 repressed the
construct with the B-catenin 3’-UTR. Overexpression of
miR-188 suppressed B-catenin 3’-UTR luciferase activ-
ity, and this effect was abolished by mutation of the
miR-188 seed binding site; there is an inverse correlation
between miR-188 and B-catenin expression in glioma
tissues; and miR-188 overexpression repressed expres-
sion of the B-catenin mRNA and protein in glioma cell.
These results indicate that miR-188 may play the role of a
negative regulator or tumor suppressor for the cell growth
partly mediated by repressing B-catenin expression. The
wingless-related integration site (Wnt)/3-catenin pathway
is an evolutionarily conserved signaling pathway, which
is important in initiating and regulating a diverse range
of biological process, including embryogenesis, carcino-
genesis, calcium homeostasis, cell proliferation, apopto-
sis, cell polarity, and so on’™!. For example, activation
of the Wnt/B-catenin signaling pathway can promote the
proliferation of embryonic, skin, intestinal, and neural
stem cells, and induce the self-renewal and differentia-
tion of stem-like cells*™’. Our results showed that knock-
down of B-catenin suppressed glioma cell proliferation.
There are a number of downstream target proteins in the
Whnt/B-catenin signaling pathway, including c-Myc and
cyclin D1%*. The results demonstrated that miR-188 may
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have specific effects on the Wnt/B-catenin signal path-
way by targeting B-catenin. To investigate these effects
of miR-188 on the Wnt/B-catenin pathway, c-Myc and
cyclin D1 protein expression levels were measured using
Western blot analysis. The results showed that miR-188
overexpression may reduce the expression of c-Myc and
cyclin D1, and miR-188 inhibition may promote their
expression. In brief, miR-188 suppresses glioma cell pro-
liferation by directly targeting B-catenin.

The first gap (G,) phase of the cell cycle is a crucial
stage when cells respond to environmental signals to
determine their cell fate such as cell survival, prolifera-
tion, and cellular senescence. Important cell cycle regula-
tors include cyclin A-cyclin-dependent kinase 2 (CDK?2)
and cyclin D-CDK4/6 protein kinase complexes, which
regulate the cellular progression through the G,/G,-to-S
phase of the cell cycle”. CDK4 and CDKG6 are stably
expressed in a cell cycle-independent manner, but the
expression of cyclins (D1, D2, and D3) fluctuates dur-
ing the cell cycle, indicating that different D-type cyclins
play important roles in the regulation of cell cycle varia-
tions*. After the extracellular mitogenic stimulation,
D-cyclins can lead to the release of the E2F transcrip-
tion factors and drive cell entry into the S phase of the
cell cycle. It was reported that cyclin D1 is involved in
human tumorigenesis®'. In this experiment, we demon-
strate that miR-188 overexpression and -catenin siRNA
may suppress the expression of cyclin D1 and induce G,
phase cell cycle arrest, while anti-miR-188 may promote
the expression of cyclin D1 and lead more cells into the
S and G,/M phases. These results suggest that miR-188
may inhibit the expression of cyclin D1 and induce G,
phase cell cycle arrest by targeting B-catenin.

In conclusion, our study reports a tumor suppressor
role for miR-188 in glioma. We find that miR-188 is
downregulated in glioma and demonstrates that miR-188
suppresses glioma cell proliferation, decreases cyclin D1
expression, and induces G, phase cell cycle arrest by tar-
geting B-catenin. These findings add to our understanding
of the molecular pathogenesis of glioma and provide an
effective therapeutic strategy for glioma.
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