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Abstract: Accumulating evidence showed that microRNA-132 (miR-132) are involved in development and progres-
sion of several types of cancers, however, the function and underlying molecular mechanism of miR-132 in ovarian
cancer remains unclear. In this study we investigated the biological roles and molecular mechanism of miR-132 in
ovarian cancer. Here, we found that that the expression levels of miR-132 were dramatically decreased in ovarian
cancer cell lines and clinical ovarian cancer tissue samples. Then, we found that introduction of miR-132 signifi-
cantly suppressed the proliferation, colony formation, migration and invasion of ovarian cancer cells. Mechanism
investigation revealed that miR-132 inhibited the expression of transcription factor E2F5 by specifically targeting its
mRNA 3’UTR. Moreover, the expression level of E2F5 was significantly increased in ovarian cancer tissues than in
the adjacent normal tissues, and its expression was inversely correlated with miR-132 expression in clinical ovarian
cancer tissues. Additionally, silencing E2F5 was able to inhibit the proliferation, colony formation, migration and
invasion of ovarian cancer cells, parallel to the effect of miR-132 overexpression on the ovarian cancer cells. Mean-
while, overexpression of E2F5 reversed the inhibition effect mediated by miR-132 overexpression. These results in-
dicate that miR-132 suppresses the cell proliferation, invasion, migration in ovarian cancer cells by targeting E2F5.
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Introduction tides in length), highly conserved noncoding
RNAs that regulate gene expression at the post-
transcriptional level via complete or incomplete
complementarity with biding sites in the

3’-untranslated region (3-UTR) of the target

Ovarian cancer (OC) is the fifth leading cause of
cancer related deaths among women in the
world, and is one of the most common gyneco-

logical malignancies, causing over 140,000
deaths annually [1]. Although great progress in
surgical technique, radiotherapy, diagnostic
method, and new chemotherapy regimens, and
the overall survival rate of ovarian cancer has
not changed in the past 50 years because of
late diagnosis and chemoresistance [2]. Th-
erefore, the identification of new molecular bio-
markers and the development of individualized
treatment regimens are important for improv-
ing the clinical outcome of patients suffering
from ovarian cancer.

MicroRNAs (miRNAs) are a class of endoge-
nous, single-stranded, short (18-24 nucleo-

messenger RNA [3]. It has been showed that
miRNAs involved in various biological proces-
sion, such as cell differentiation, proliferation,
apoptosis, and metastasis [4]. Accumulating
evidences demonstrate that miRNAs have
essential roles in tumor initiation and progres-
sion, function as oncogenes or tumor suppres-
sor [5, 6]. In ovarian cancer, multiple miRNAs
have been reported to regulate tumor cell prolif-
eration, apoptosis, migration, and invasion [7,
8].

miR-132, located in the intron of a non-coding
gene on chromosome 17 in humans [9], has
been reported to involve in tumor initiation and
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development by regulating cancer cell prolifera-
tion, cycle, apoptosis, migration and invasion
and angiogenesis [10-15]. Recently, a report
has demonstrated that miR-132 expression
was downregulated in serum of patients with
ovarian cancer [16], however, the biological
roles and potential molecular mechanism of
miR-132 in ovarian cancer remains largely
unclear. Therefore, the aim of the present study
was to determine the role and potential mecha-
nisms of miR-132 in ovarian cancer.

Materials and methods
Patients and tissue samples

Ovarian cancer tissue samples and the corre-
sponding adjacent normal tissue taken from
the 32 patients with primary ovarian cancer
who underwent surgery at Guangzhou Women
and Children’'s Medical Center of Guangzhou
Medical University, (Guangzhou, China) from
August 2014 to August 2015. All tissue sam-
ples were immediately frozen in liquid nitrogen,
and stored at -80°C until RNA extraction. None
of the patients recruited in this study had
undergone preoperative chemotherapy, radio-
therapy or other therapy. Informed consent was
obtained from all patients before surgery. This
study was approved by the ethics committee of
Guangzhou Women and Children’s Me-
dical Center of Guangzhou Medical University,
(Guangzhou, China).

Cell culture

A human ovarian surface epithelial cell line
(HOSEpIC) and three human ovarian cancer cell
lines (SKOV3, OVCAR3 and A2780) were
obtained from the Type Culture Collection of
the Chinese Academy of Sciences (Shanghai,
China), and were cultured in Roswell Park
Memorial Institute (RPMI) 1640 (Gibco, Grand
Island, NY, USA) medium supplemented with
10% (v/v) fetal bovine serum (FBS; HyClone,
USA), 100 units/ml penicillin and 100 mg/ml
streptomycin. All cells were cultured in a humid-
ified atmosphere consisting of 5% CO, and 90%
humidity at 37°C.

Cell transfection
The miR-132 mimic and corresponding nega-

tive control (miR-NC), siRNA against E2F5 (si-
E2F5), siRNA against negative scramble control
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(si-NC) plasmid were obtained from Gene-
Pharma (Shanghai, China). The gene encoding
E2F5 was amplified from human genomic DNA
by PCR, and cloned into the pcDNA3 vector
(Invitrogen, Carlsbad, CA, USA), termed as pCD-
NA3-E2F5. These molecular productions were
transfected SKOV3 cells using Lipofectamine
2000 (Invitrogen) according to manufacturer’s
instructions. Transfection efficiencies were
determined in every experiment at 48 h after
transfection.

Quantitative real-time PCR

Total RNA was isolated from cultured cells or
tissues using TRIzol (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s instruc-
tions. To quantify miR-132, the RNA including
miRNAs was reversely transcribed into cDNA
using One Step Prime script miRNA cDNA
Synthesis Kit (Qiagen, Valencia, CA) following
the manufacturer’s instructions. The expres-
sion levels of miR-132 were quantified by the
TagMan miRNA assay kits (Applied Biosystems,
Foster City, CA, USA) using miR-132 and U6
primers(Applied Biosystems) under ABI 7900
Fast system (Applied Biosystems). To quantify
E2F5, cDNA were synthesized using PrimeScript
RT reagent Kit (Takara, Dalian, China) accord-
ing to the manufacturer’s instructions. The PCR
assay was performed using the SYBR Premix Ex
Taq system (TaKaRa) under ABI 7900 Fast sys-
tem. The primers of E2F5 and B-actin were
used as described previously [17]. U6 and
B-actin were used as internal standard to nor-
malize the miR-132 and E2F5 expression level,
respectively, using 24t method.

Western blot

Protein was extracted from the resected speci-
mens or cultured cells with RIPA lysis buffer (1%
NP40, 0.1% sodium dodecyl! sulfate (SDS), 100
pug/ml phenylmethylsulfonyl fluoride, 0.5% sodi-
umdeoxycholate, in PBS) containing proteinase
inhibitor (Sigma, USA) on ice for 30 min. The
supernatants were collected by centrifugation
at 12,000xg at 4°C for 20 min. Concen-
trations of protein were determined using a
BCA assay kit (Pierce, Rockford, IL). Twenty
micrograms of protein mixed with 2x SDS load-
ing buffer (125 mmol/I Tris-HCI, 4% SDS, 20%
glycerol, 100 mmol/I dithiothreitol (DTT), and
0.2% bromophenol blue) was loaded per lane,
separated by 10% sodium dodecylsulfate-poly-
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Figure 1. miR-132 expression was down-regulated in ovarian cancer cells and tissues. A. Relative miRNA levels
of miR-132 was determined by gRT-PCR in 32 ovarian cancer tissues and corresponding adjacent normal tissues
samples. **P < 0.01 compared to Normal samples. B. Relative miRNA levels of miR-132 in human three ovarian
cell lines (OVCAR3, SKOV3, and A2780), as compared to those in human ovarian surface epithelial (HOSEpic cells).
U6 snRNA was used as the internal control. **P < 0.01 compared to HOSEpic.

acrylamide gels (SDS-PAGE), and then trans-
ferred onto the polyvinylidene difluoride mem-
branes (PVDF, Millipore, Bedford, MA, USA). The
membranes were blocked with 5% non-fat dry
milk in TBST (20 mM Tris-HCI, pH 7.5, 150 mM
NaCl, 0.1% Tween-20) for 2 hour at room tem-
perature. Then membranes were incubated
with antibody against E2F5 (1:500, Santa Cruz,
CA, USA) or anti-B-actin (1:5000, Santa Cruz) at
4°C overnight. Finally, the membrane was
washed and incubated with horseradish peroxi-
dase (HRP)-conjugated goat anti-mouse IgG
(1:5000, Santa Cruz) at room temperature for 2
h. Protein bland were detected using the en-
hanced chemiluminescence (ECL) luminol re-
agent (PerkinElmer Inc.). B-actin was used as a
loading control.

Cell proliferation and colony formation assays

For the cell proliferation assay, transfected
cells were plated into 96-well plates and cul-
tured for 24 h-72 h. In indicated times (24 h, 48
h and 72 h), 10 ul CCK-8 (DoJinDo, Japan) was
added to each well, and cultured for an addi-
tional 2 h, and the absorbance was then detect-
ed at a wavelength of 450 nm.

For the colony formation assay, transfected
cells were seeded onto six-well plates at a den-
sity of 500 cells per well, and cultured for 10
days. Then the colonies were fixed with metha-
nol and stained with 1% crystal violet (Sigma),
and the number of colonies was then counted
under a light microscope (Olympus, Tokyo, Ja-
pan).
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Migration and invasion assays

Migration and invasion assays were performed
using Transwell chamber inserts (Millipore,
USA) without (for migration) or with Matrigel (for
invasion) according to the manufacturer’s pro-
tocol. In briefly, the transfected cells were seed-
ed into the upper chamber of the insert at a
density 2 x 10° in serum-free medium. The bot-
tom of the insert was incubated in a RPMI1640
medium containing 10% FBS to serve as che-
moattractant. After 48 h incubation, cells on
the surface of upper chamber were removed by
scraping with a cotton swab, and the cells that
had migrated or invaded were fixed with 4%
paraformaldehyde, stained with 0.1% crystal
violet for 10 min. Photographs of five randomly
selected fields of the fixed cells were taken and
counted using a light microscope (Olympus).

Luciferase reporter assay

The wide-type E2F5 3'UTR, including the bind-
ing site for miR-132, was amplified by RT-PCR,
and the PCR product was cloned into the
reporter plasmid pGL3 (Promega, Madison, WI,
USA) downstream of the luciferase reporter
gene. Mutant-type E2F5 3’UTR were construct-
ed using QuickChange Site-Directed Mutage-
nesis kits (Stratagene, La Jolla, CA, USA), and
inserted into reporter plasmid pGL3 (Promega,
Madison, WI, USA). For luciferase assay, SKOV3
cells were plated in a 96-well plate at a density
of 5 x 10° cells per well. At 24 h after plating,
cells were co- transfected with 50 nM miR-132

Am J Transl Res 2016;8(3):1492-1501
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Figure 2. miR-132 inhibited cell growth of ovarian cancer cells. A. Relative expression levels of miR-132 was deter-
mined in SKOV3 cells transfected with miR-132 mimic or miR-NC by qRT-PCR. B. Cell proliferation was determined
in SKOV3 cells transfected with miR-132 mimic or miR-NC by CCK8 assay. C. Colony formation was determined in
SKOV3 cells transfected with miR-132 mimic or miR-NC by CCK8 assay *P < 0.05, **P < 0.001 compared with

miR-NC.

mimic or miR-NC mimic and 500-ng E2F5
3-UTR wide-type or E2F5 3'UTR Mutant-type
plasmid per well using Lipofectamine 2000
(Invitrogen), according to the manufacturer’s
protocol. After 48 h of transfection, luciferase
activity was calculated using the dual-lucifer-
ase assay system (Promega, Madison, USA)
according to the manufacturer’s instructions.
Renilla-luciferase was used for normalization.

Statistical analysis

The data are expressed as the means + stan-
dard deviation (SD) from at least three sepa-
rate experiments. All statistical analyses were
performed using the SPSS 19.0 statistical soft-
ware package (Chicago, IL, USA). The differenc-
es between groups were analyzed using Stu-
dent’s t-test or one-way ANOVA. The relation-
ship between miR-132 and E2F5 expressions
was tested using two-tailed Pearson’s correla-
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tion assay. A P value of less than 0.05 was con-
sidered significant.

Results

miR-132 expression was down-regulated in
ovarian cancer cells and tissues

To assess the expression of miR-132 level, qRT-
PCR was conducted on 32 pairs of ovarian can-
cer samples and the corresponding adjacent
normal tissues. As shown in Figure 1A, miR-
132 expression is down-regulated significantly
in ovarian cancer tissues compared with the
corresponding adjacent normal tissues (P <
0.01). We then determined the expression lev-
els of miR-132 in a panel of human ovarian cell
lines as wells as normal ovarian surface epithe-
lial cell line (HOSEpiC). Our results indicate a
significant down-regulation in expression of
miR-132 in ovarian cancer cell lines as com-

Am J Transl Res 2016;8(3):1492-1501
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Figure 3. miR-132 inhibited cell migration and invasion of ovarian cancer cells. A. Cell migration was determined in
SKOV3 cells transfected with miR-132 mimic or miR-NC. B. Cell invasion was determined in SKOV3 cells transfected
with miR-132 mimic or miR-NC. *P < 0.05, **P < 0.001 compared with miR-NC.

pared with | normal ovarian surface epithelial
cell line (HOSEpiC) (Figure 1B). SKOV3 cells
exhibited the lowest expression of miR-132 in
among ovarian cancer cell lines (Figure 1B),
and were selected for further studies.

miR-132 inhibited cell growth of ovarian can-
cer cells

To determine whether miR-132 could affect cell
growth, SKOV3 cells were transiently transfect-
ed with miR-132 mimic or miR-NC, and then cell
proliferation, colony formation were measured
by CCK8 and colony formation assays.
Compared with the miR-NC control, the miR-
132 level was increased nearly 6 times in
SKOV3 cells transfected with miR-132 mimic (P
< 0.01) (Figure 2A). CCK8 assay showed that
the overexpression of miR-132 significantly
inhibited cell proliferation (P < 0.01, Figure 2B).
Clone formation assay demonstrated that over-
expression of miR-132 inhibited the number of
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colonies, compared with miR-NC (P < 0.01) (Fi-
gure 2C).

miR-132 inhibited cell migration and invasion
of ovarian cancer cells

Next, we also investigate whether miR-132
effect on migration and invasion assays in ovar-
ian cancer cells. Transwell assays were per-
formed in SKOV3 cells transfected with miR-
132 mimic or miR-NC. Our results demonstrated
that overexpression of miR-132 could signifi-
cantly suppress migration (Figure 3A) and inva-
sion (Figure 3B) in ovarian cancer cells.

E2F5 is a direct target of miR-132 in ovarian
cancer

To explore the underlying mechanism the
growth inhibition by miR-132 in ovarian cancer
cells, we used different algorithms (Targetscan
6.2, miRanda and PicTar) that predict the mRNA
targets of a miR-132. The seed sequence of

Am J Transl Res 2016;8(3):1492-1501
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Figure 4. E2F5 is a direct target of miR-132 in ovarian cancer. A. The predicted binding sites for miR-132 in the
3'UTR of E2F5 (positions 18-25) and the mutations in the binding sites are shown. B. Luciferase activities in SKOV3
cells 48 h after co-transfected with wide-type E2F5 3’-UTR luciferase plasmid or Mutant-type E2F5 3'-UTR luciferase
plasmid and miR-132 mimic or miR-NC. *P < 0.05 compared to miR-NC. C. Levels of E2F5 mRNA was determined by
gRT-PCR in SKOV3 cells transfected with miR-132 mimic or miR-NC. **P < 0.01 compared to miR-NC. D. Levels of
E2F5 protein was determined by Western blot in SKOV3 cells transfected with miR-132 mimic or miR-NC. E. Levels
of E2F5 mRNA was determined by gRT-PCR in 32 ovarian cancer tissues and corresponding adjacent normal tissues
samples. **P < 0.01 compared to Normal samples. F. The correlation of the expression levels of E2F5 and miR-132
in 32 ovarian cancer tissue samples.

miR-132 was complementary to the 3’-UTR of Figure 4B), while transfection of miR-132 mimic
E2F5 at position 18-25 (Figure 1A). To further had no inhibition effect on the mutant IGF1R-
confirm whether E2F5 is a direct target of miR- 3'UTR reporter activity (Figure 4B), suggesting
132, luciferase activity assay were performed. that E2F5 may be a target of miR-132 in ovari-
Our result showed that SKOV3 cells transfected an cancer. We then sought to determine wheth-
with miR-132 mimic significantly decrease wild- er the overexpression of miR-132 in ovarian
type E2F5-3'UTR reporter activity (P < 0.01, cancers can regulate E2F5 expression on mR-
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Figure 5. E2F5 deletion inhibited cell proliferation, colony formation, migration, and invasion in ovarian cancer cells.
(A and B) Levels of E2F5 mRNA (A) and protein (B) were determined in SKVO3 cells transfected with si-E2F5 or
miR-NC by gRT-PCR and western blot, respectively. (C-F) Cell proliferation (C), colony formation (D), migration (E) and
invasion (F) were determined in SKVO3 cells transfected with si-E2F5 or miR-NC. *P < 0.05, **P < 0.001 compared

with si-NC.

NA and protein levels. qRT- PCR and western
blotting confirmed that overexpression of miR-
132 in SKOV3 cells significantly decrease E2F5
expression on mRNA level (Figure 4C) and pro-
tein level (Figure 4D). In addition, we also inves-
tigated E2F5 mRNA expression in 32 pair ovar-
ian cancer tissues and corresponding adjacent
normal tissues by qRT-PCR. As expected, E2F5
expression on mRNA levels were higher in ovar-
ian cancer tissues than that of adjacent normal
tissues (Figure 4E), and its expression was
inversely correlated with miR-132 expression
(Figure 4F; r=-0.555, P=0.001). These results
suggested that E2F5 was a direct target of miR-
132 in ovarian cancer.

E2F5 deletion inhibited cell proliferation,
colony formation, migration, and invasion in
ovarian cancer cells

To determine the role of E2F5 in ovarian cancer
cells lines, SKVO3 cells were transfected with
si-E2F5 or the si-NC. As shown in Figure 5A and
5B, the E2F5 mRNA and protein expression lev-
els were decreased in cells transfected with si-
E2F5 compared with cells transfected with
si-NC. In addition, we also found that downregu-
lation of E2F5 in SKOV3 cells significantly cell
proliferation and colony formation, migration
and invasion (Figure 5C-F), which mimicked the
effect of miR-132 overexpression on ovarian
cancer cells.
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MiR-132 inhibited cell proliferation, colony
formation migration, and invasion via targeting
E2F5 in ovarian cancer cells.

To confirm that miR-132 exerted its functions
on ovarian cancer cells via targeting E2F5, a
rescue experiment was performed. SKOV3
cells were transfected with miR-132 mimic or
miR-NC, together with either vector control
(pcDNA3) or overexpression E2F5 plasmids
(pcDNA3-E2F5). gRT-PCR and western blot
showed that the expression level of E2F5 was
restored by cotransfection with pcDNA3-E2F5
and miR-132 when compared with the control
vectors combination with miR-132 (Figure 6A
and 6B). In addition, we found that transfection
of E2F5 overexpression plasmid was able to
counteract the inhibitory effect of miR-132 on
cell proliferation (Figure 6C), colony formation
(Figure 6D), cell migration (Figure 6E), and cell
invasion (Figure 6F) in ovarian cancer cells.
Taken together, these data suggested that miR-
132 inhibited cell proliferation, colony forma-
tion migration, and invasion via targeting E2F5
in ovarian cancer cells.

Discussion

Increasing evidence suggested that numerous
miRNAs involved in ovarian cancer develop-
ment, progression, and metastasis by targeting
a large number of critical protein-coding genes

Am J Transl Res 2016;8(3):1492-1501
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Figure 6. miR-132 inhibits cell proliferation, colony formation, migration, and invasion via targeting E2F5 expres-
sion. (A and B) Levels of E2F5 mRNA (A) and protein (B) were determined in SKVO3 cells transfected with miR-132
mimic or NC, together with either vector control (pcDNA3) or overexpression E2F5 plasmids (pcDNA3-E2F5). Cell
proliferation (C), colony formation (D), migration (E) and invasion (F) were determined in SKVO3 cells transfected
with miR-132 mimic or NC, together with either vector control (pcDNA3) or overexpression E2F5 plasmids (pcDNA3-
E2F5). *P < 0.05, **P < 0.01 compared with cells transfected with miR-132 plus control vector.

[7, 8]. For example, miR-494 drastically inhibit-
ed ovarian cancer cell proliferation, colony for-
mation, migration and invasion, induced cell
apoptosis and cell cycle arrest at G1 stage in
vitro, as well as reduced tumor growth in vivo by
targeting insulin-like growth factor 1 receptor
(IGF1R) [18]. miR-338-3p significantly inhibited
ovarian cancer cell proliferation, colony forma-
tion, migration and invasion, as well as induced
cell apoptosis and enhanced caspase-3, -8,
and -9 activities by targeting Runx2 [19]. miR-
214 inhibited ovarian cell proliferation and
promoted apoptosis by repressing Sema 4D
[20]. Here, we showed that miR-132 ex-
pression was obviously decreased in ovarian
cancers tissue and cell lines, which is consis-
tent with previous study [16]. Of note, to our
knowledge, we first showed that the miR-132
inhibited ovarian cancer cell growth, migration
and invasion. These results suggested that
miR-132 might be involved in ovarian cancer
initiation and progression.

miR-132, arising from the miR-212/132 clus-
ter, has been reported to involved in various
biological procession, such as inflammation,
cell transformation, the vascular smooth mus-
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cle dysfunction mediated as well as tumouri-
genesis [10-16, 21-23]. For cancer, miR-132
has been found to be downregulated, and func-
tion as a tumor suppressor in a series of can-
cers, such as breast cancer [10], colorectal
cancer [11], osteosarcoma [12], non-small
lung cancer [13], and hepatocellular carcinoma
[14]. On the contrary, in glioma and gastric
cancer, miR-132 expression was upregulated,
and served as oncogene [24, 25]. Although
recently a report demonstrated that the miR-
132 is downregulated in serum of patients with
ovarian cancer [16], the detail function and
underlying molecular mechanism of miR-132 in
ovarian cancer remains largely unclear. In cur-
rent study, we determined that miR-132 levels
were markedly decreased in ovarian cancer tis-
sues and cell lines, Moreover, miR-132 overex-
pression in ovarian cancer cells reduced cell
proliferation, colony formation, migration and
invasion in vitro. All the results from our study
suggested that miR-132 was a tumor suppres-
sor in ovarian cancer progression.

It was well known that miRNAs exerted its bio-
logical function by regulating target genes [26].
Therefore, identification and characterization

Am J Transl Res 2016;8(3):1492-1501
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of the targets of altered miRNAs may contribute
to elucidate the molecular mechanisms invo-
Ived in carcinogenesis. E2F5 were selected as
the potential target of miR-132 for further vali-
dation by several biological soft (Targetscan6.2,
miRanda and PicTar). E2F5 is an important
member of the E2F family that binds to the pro-
moters of the target genes involved in cell cycle
control and that consequently regulates the
expression of these target genes [27]. It has
been showed that The E2F family involved in
cell growth and proliferation through regulating
the genes involved in cell cycle progression
[28]. It has been reported that E2F5 expression
was upregulated in various solid tumors includ-
ing ovarian cancer [29], suggest E2F5 is onco-
gene gene. In addition, E2F5 has been identi-
fied as a target gene of several miRNAs,
including miR-106 [30], miR-181a [31], miR-
34a [32] and miR-128-2 [33]. In this study, we
characterized E2F5 as a functional target of
miR-132 by luciferase reporter gene assays,
gRT-PCR and Western blot analysis, respective-
ly. We also showed that the expression level of
E2F5 was significantly increased in ovarian
cancer tissues and its expression was inversely
correlated with miR-132 expression in clinical
ovarian cancer tissues. Of note, we found that
downregulation of E2F5 have similar inhibition
effect of miR-132 overexpression on the ovari-
an cancer cells, and that overexpression of
E2F5 reversed the inhibition effected mediated
by miR-132 overexpression. These results sug-
gested that miR-132 exerted tumor suppressor
role in ovarian cancer by targeting E2F5.

In summary, the results presented here demon-
strate that miR-132 expression level was
decreased in ovarian cancer tissues and ovari-
an cell lines, and that miR-132 overexpression
in ovarian cancer cells drastically inhibited cell
proliferation, colony formation, migration and
invasion by repressing E2F5. These results sug-
gested that miR-132 functioned as tumor sup-
pressor in ovarian cancer by targeting E2F5,
and that miR-132 may serve as a potential
therapeutic candidate in the treatment of ovar-
ian cancer.
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