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Upregulation of microRNA-18b induces phosphatase
and tensin homolog to accelerate the migration
and invasion abilities of ovarian cancer
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Abstract. Ovarian cancer (OC) is the most common cause of
mortality from malignant gynecological cancers. Its lethality
is mainly a result of tumors that are difficult to detect at
the early stage and a lack of effective systemic therapy for
advanced status cancer. MicroRNAs (miRNAs/miRs) are
a category of single-stranded non-coding small RNAs that
bind to their target mRNAs, and aberrant expression levels
of miRNAs may serve key roles in regulating cell migration
and invasion of various types of human cancer. Previous
studies have demonstrated that miR-18b may function as
an oncogene in numerous types of tumors, but its role and
molecular mechanism in OC remained unclear. The present
study demonstrated for the first time that miR-18b expression
was significantly upregulated in OC tissues and cells. An
increased miR-18b expression level was positively associated
with tumor grade and lymph node metastasis. An in vitro assay
revealed that exogenous inhibition of miR-18b expression may
markedly inhibit OC cell migratory and invasive activities,
whereas overexpression of miR-18b enhanced cell migratory
and invasive abilities. Of note, using in silico methodolo-
gies and luciferase reporter assays, it was demonstrated that
phosphatase and tensin homolog (PTEN) was a direct target
of miR-18b in OC cells. Furthermore, knockdown of miR-18b
expression may significantly decrease mRNA and protein
expression levels of endogenous PTEN. The results of the
present study highlighted that upregulation of miR-18b was
involved in OC cell metastasis by directly targeting PTEN.
Inhibition of miR-18b may be a novel effective diagnostic and
therapeutic measure for OC.
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Introduction

Ovarian cancer (OC) is the sixth most common malignant
gynecological tumor and accounts for 190,000 novel cases
every year in the USA (1). Owing to the lack of explicit early
symptoms and effective biomarkers for OC monitoring and
diagnosis, the overall 5-year survival rate for patients with
OC is <30% (2,3). Therefore, elucidation of the molecular
mechanisms underlying the progression and metastasis of OC
is critical to improve therapeutic effects for patients with OC.

MicroRNAs (miRNAs/miRs) are a class of single-stranded
small non-coding RNAs 22 nucleotides in length, which are
capable of regulating the expression levels of a number of
genes at the transcriptional and post-transcriptional level (4,5).
Multiple miRNAs function as potential tumor suppressors or
oncogenes due to their fundamental roles in diverse cellular
processes of various types of human cancer, including prolif-
eration, migration, invasion and apoptosis (6-11). Currently,
numerous miRNAs including miR-126 (12), miR-137 (13),
miR-145 (14), miR-148a (15) and miR-498 (16) have been
demonstrated as tumor suppressor genes in OC. Conversely,
miR-196a (17), miR-200a (18), miR-205 (19), miR-543 (20) and
miR-661 (21) have been revealed to function as oncogenes in
OC. All these results highlight the involvement of miRNAs in
the development and progression of OC.

miR-18b is located on the X chromosome in the human
genome (22). Previous studies have demonstrated that the
aberrant expression level of miR-18b may be present in diverse
human pathologies, including multiple sclerosis, cardiac
hypertrophy and chronic hepatitis B virus infection (22,23).
miR-18b has attracted much attention as it is frequently upreg-
ulated and acts as a oncogene in human gastric cancer (24),
colonic cancer (25), breast cancer (22) and hepatocellular
carcinoma (26). However, whether miR-18b is involved in the
development and progression of OC remains unclear.

The results of the present study revealed that miR-18b
was significantly upregulated in OC tissues and cell lines
in comparison with the normal ovarian counterparts.
Furthermore, miR-18b may promote OC cell migration and
invasion by directly targeting phosphatase and tensin homolog
(PTEN). The result of the present study suggested that miR-18b
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may act as an oncogene and support the utility of miR-18b and
PTEN as potential biomarkers that may be promising targets
for the treatment of OC.

Materials and methods

Clinical samples and cell lines. A total of 60 fresh OC
tissue samples and 60 matched normal ovarian tissues were
collected from 60 patients with OC between December 2008
and December 2014 (mean age, 54.3+3.7 years) from the Navy
General Hospital (Beijing, China). Written informed consent
was obtained from all patients for use of tissue samples in
the present study. The present study approved by the Ethics
Committee of Navy General Hospital. All specimens were
frozen immediately in liquid nitrogen until use. Tissue sample
characteristics and information are presented in Table I. ES-2
and HO8910 human OC cells, and HOSE human normal
ovarian epithelial cells were obtained from the American Type
Culture Collection (Manassas, VA, USA).

RNAisolation andreverse transcription-quantitative polymerase
chain reaction (RT-qPCR) analysis. Total RNA of OC tissues
and cells were extracted using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA), according
to the manufacturer's instructions. The cDNA was synthesized
by Oligo-dT (Takara Bio, Inc., Otsu, Japan) or specific miRNA
stem-loop RT primers (Invitrogen; Thermo Fisher Scientific,
Inc.) with 1 pg total RNA, according to the manufacturer's
protocols. RT-qPCR was performed using an ABI PRISM 7000
Sequence Detection System (Applied Biosystems; Thermo
Fisher Scientific, Inc.). The temperature protocol of RT was as
follows: 65°C for 5 min, 4°C for 1 min, 50°C for 50 min and 85°C
for 5 min. To assess miR-18b expression levels, RT-qPCR was
performed using an NCode™ EXPRESS SYBR-Green ER™
miRNA gRT-PCR kit (Invitrogen; Thermo Fisher Scientific,
Inc.) with U6 as an internal control. For determination of the
PTEN expression level, RT-qPCR was performed using the
EmeraldAmp PCR Master mix (Takara Bio, Inc.). The condi-
tions for gPCR were as follows: 98°C for 10 min, followed by
45 cycles of 98°C for 10 sec, 60°C for 30 sec and 72°C for 30 sec.
The specific primers are presented in Table II. Relative expres-
sion levels of miR-18b and PTEN were normalized to those of
U6 and GAPDH, respectively, and quantified using the compara-
tive Cq method with the formula 224 (27).

Cell culture and transfection. All cells were maintained in
Dulbecco's modified Eagle's medium (Invitrogen; Thermo
Fisher Scientific, Inc.) supplemented with 10% (v/v) fetal bovine
serum (FBS) at 37°C in a humidified chamber containing 5%
CO,. miR-18b mimic, corresponding mimic negative control,
miR-18b inhibitor and corresponding inhibitor negative
control were obtained from GenePharm, Inc. (Sunnyvale, CA,
USA). Lipofectamine 2000® transfection reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) was used to transfect either
miR-18b mimic or mimic negative control, and either miR-18b
inhibitor or inhibitor negative control into ES-2 and HO8910
cells, according to the manufacturer's protocol. After 48 h
of transfection, the efficiency of miR-18b overexpression or
knockdown in OC cells was quantified by RT-qPCR analysis
prior to in vitro cellular functional experiments.
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Protein extraction and western blot analysis. Total proteins
of OC cells were collected using radioimmunoprecipitation
assay (RIPA) reagents (Beyotime Institute of Biotechnology,
Haimen, China), according to the manufacturer's protocol.
Cell lysates were washed with PBS three times and incubated
with ice-cold RIPA buffer for 30 min at 4°C. Subsequently,
the cell lysates were centrifuged at 13,000 x g for 15 min at
4°C. Subsequently, SDS-PAGE (10% gel; Beyotime Institute of
Biotechnology) was used for separating total proteins into equal
amounts (50 ug), which were transferred onto polyvinylidene
fluoride membranes (EMD Millipore, Billerica, MA, USA).
Following blocking with 5% non-fat milk (diluted in TBST)
for 1 h at 37°C, the membranes were incubated with anti-PTEN
antibodies (#9552; 1:1,000; Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA) overnight at 4°C, followed by horseradish
peroxidase-conjugated corresponding secondary antibodies
(#7074; 1:2,000; Santa Cruz Biotechnology, Inc.).

Cell migration and invasion assays. Wound healing assays
were performed to determine the migratory ability of
miR-18b-transfected OC cells. ES-2 and HO8910 cells were
seeded at a density of ~8x10° cells/well in 6-well plates and
transfected as aforementioned. Following a 6-h transfection
period, artificial wounds were created and cell migration
images were captured from three randomly selected fields at
0, 12 and 16 h using a Leica DM4000B microscope (magni-
fication, x200; Leica Microsystems, Inc., Buffalo Grove, IL,
USA). OC cell invasion assays were performed in triplicate
using Transwell assays. Briefly, 5x10* cells were plated in
Dulbecco's modified Eagle's medium (DMEM; Invitrogen;
Thermo Fisher Scientific, Inc.) without serum, and DMEM
supplemented with 10% FBS was added as a chemoattractant
to the lower chamber. Following incubation for 48 h, cells on
top of the filter were removed, and those that migrated to the
underside of the filter were stained with Hema-Diff solution
(Thermo Fisher Scientific, Inc.) and counted for five random
fields/well using a Leica DM4000B microscope (magnifica-
tion, x200; Leica Microsystems, Inc.).

Luciferase reporter assay. Target sequences were inserted into
psiCHECK-2 luciferase reporter vectors (Promega Corporation,
Madison, WI, USA) to obtain psiCHECK-2-PTEN-WT
recombinant plasmid, which contained the miR-18b-binding
sequences at the PTEN mRNA 3'-untranslated region (UTR)
region. psiCHECK-2-PTEN-MUT contained sequences with
mutations in the putative binding site of PTEN 3'-UTRs and
was chemically synthesized by GenePharm, Inc. ES-2 cells
(~4x10%) were seeded in 24-well plates and cultured for 24 h
at 37°C. Subsequently, cells were co-transfected with 400 ng
psiCHECK-2-PTEN (WT) or psiCHECK-2-PTEN mutant
(MUT), and 20 pmol miR-18b mimic or miR-18b inhibitor for
6 h at 37°C. Firefly and Renilla luciferase activities were deter-
mined 48 h after transfection at 37°C using the Dual-Luciferase
Reporter Assay kit (Promega Corporation).

Statistical analysis. All statistical analyses were performed
using SPSS software (version 17.0; SPSS, Inc., Chicago,
IL, USA). The data are presented as the mean + standard
deviation. The differences between groups were analyzed
using two-sided Student's t-tests. P<0.05 was considered to
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Table I. Association of miR-18b expression level with clinicopathological features in patients with ovarian cancer.
miR-18b
expression level

Group n Low High Pearson's > P-value
Age, years 0.031 0.861

<50 25 12 13

>50 35 16 19
Tumor grade 7.890 0.005

G1-G2 27 18 9

G3 33 10 23
Lymph node metastasis 15.654 <0.001

Negative 14 13 1

Positive 46 15 31
Table II. Primers used in reverse transcription-quantitative polymerase chain reaction analysis.
Gene symbol Forward sequence (5'-3") Reverse sequence (5'-3")
miR-18b GCAGTTAGTGAAGCAGCTTAGA Universal primer
U6 CTCGCTTCGGCAGCACA ACGCTTCACGAATTTGCGT
PTEN GCGTGCAGATAATGACAAGG GGATTTGACGGCTCCTCTAC
GAPDH CAAGGTCATCCATGACAACTTTG GTCCACCACCCTGTTGCTGTAG

miR, microRNA; PTEN, phosphatase and tensin homolog.

indicate a statistically significant difference. All experiments
were performed =3 times.

Results

miR-18b is upregulated in human OC tissues and cell lines.
To determine the miR-18b expression level in OC, 60 pairs
of human OC tissues and matched normal ovarian tissues
were analyzed using RT-qPCR. As presented in Fig. 1A,
the expression level of miR-18b was significantly increased
in OC tissues, compared with the normal ovarian tissues
(P<0.05). In addition, for the clinicopathological correlation
analysis, the relative higher expression level of miR-18b was
positively associated with advanced tumor grade and lymph
node metastasis, but not with age (Table I). Furthermore, the
miR-18b expression level in OC cells was also detected using
RT-gPCR. Of note, its expression level was also upregulated in
ES-2 (P<0.05) and HO8910 (P<0.05) cells, in comparison with
in the HOSE human normal ovarian epithelial cells (Fig. 1B).
These results suggested that miR-18b may act as an oncogene
in OC progression.

Upregulation of miR-18b promotes OC cell migration. In
order to identify the role of miR-18b in OC, miR-18b mimic
or mimic negative control, and miR-18b inhibitor or inhibitor
negative control were transfected into ES-2 and HO8910 cells.
First, RT-qPCR was performed to assess the transfection
efficiency in OC cells. The expression levels of miR-18b in
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Figure 1. miR-18b is upregulated in human OC tissues and cell lines.
(A) Reverse transcription-quantitative polymerase chain reaction analysis of
the expression levels of miR-18b in 60 pairs of OC tissues and matched normal
ovarian tissues. U6 small nuclear RNA was used as an endogenous control.
(B) Upregulation of miR-18b expression in OC cell lines. All data are presented
as the mean + SD (n=3). 'P<0.05. OC, ovarian cancer; miR, microRNA.
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Figure 2. Upregulation of miR-18b promotes OC cell migration. (A) Relative miR-18b expression levels were determined by reverse transcription-quantitative
polymerase chain reaction analysis following miR-18b mimic or miR-18b inhibitor transfection in ES-2 and HO8910 cells. (B) Migratory effect of miR-18b
mimic or miR-18b inhibitor-treated ES-2 cells. (C) Treatment with miR-18b inhibitor induced a significant suppression in the migratory activities of HO8910,
whereas overexpression of miR-18b markedly promoted cell migration. All experiments were performed in triplicate. "P<0.05. OC, ovarian cancer; miR,

microRNA.

the ES-2 and HO8910 cells treated with miR-18b mimic were
significantly increased, whereas its expression level was mark-
edly decreased following treatment with the miR-18b inhibitor
(P<0.05; Fig. 2A).

The effect of miR-18b on OC cell migration was assessed
by performing wound healing assays. As presented in
Fig. 2B and C, treatment with miR-18b mimic induced a
significant increase in the migratory activity of ES-2 (P<0.05)
and HO8910 (P<0.05) cells, whereas transfection with miR-18b
inhibitor exhibited a marked decrease in cell migratory levels
(P<0.05). These results clearly suggested that miR-18b may
activate OC cell migration.

Upregulation of miR-18b promotes OC cells invasion. The
effect of miR-18b on OC cell invasion was assessed using

Transwell assays. The results revealed that inhibition of
miR-18b expression by an inhibitor repressed invasion of ES-2
and HO8910 cells (P<0.05; Fig. 3A). Conversely, overexpres-
sion of miR-18b markedly promoted the invasive activity of
OC cells (P<0.05; Fig. 3B). These results further suggested
that miR-18b acted as an oncogene in OC progression and
development.

PTEN is a direct target of miR-18b in OC cells. To clarify
the molecular mechanism underlying miR-18b activity in
OC cell migration and invasion, bioinformatics analysis
was performed to identify potential targets of miR-18b.
Among those targets predicted, PTEN was selected for
further research. Two luciferase reporters, one containing
wild-type PTEN 3'-UTR (psiCHECK-2-PTEN-WT) with the
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Figure 3. Upregulation of miR-18b promotes OC cell invasion. (A) Transwell assays indicated marked cell invasion inhibition in miR-18b inhibitor-treated ES-2
and HO8910 cells, compared with the inhibitor negative control-treated cells. (B) Invasive effect of miR-18b mimic- or mimic negative control-transfected

ES-2 and HO8910 cells. “P<0.05. OC, ovarian cancer; miR, microRNA.

miR-18b-binding sites and another containing mutant PTEN
3'-UTR (psiCHECK-2-PTEN-MUT), were constructed and
used to explore whether PTEN is a direct target of miR-18b
(Fig. 4A). In luciferase reporter assay, transfection of miR-18b
mimic significantly suppressed the luciferase activities, as
compared with the mimic control, but did not alter the lucif-
erase activities of the mutant reporter plasmid. Conversely,
inhibition of miR-18b endogenous expression induced a
marked increase in luciferase activities, compared with the
inhibitor negative control (P<0.05; Fig. 4B).

RT-qPCR and western blot analyses demonstrated that
knockdown of miR-18b induced a significant decrease in
PTEN mRNA and protein expression levels in ES-2 and
HO8910 cells, whereas silencing of miR-18b increased the
PTEN expression level (P<0.05; Fig. 4C). The results of the
present study demonstrated that PTEN was a direct target of
miR-18b in OC cells.

Discussion

Recent studies have revealed that miRNAs serve key roles in
cancer progression and potentially serve as novel biomarkers
for the prediction and treatment in various types of human
cancer (28-30). The aim of the present study was to clarify the
biological function of miR-18b in human OC. The preliminary

experiments demonstrated that miR-18b was highly expressed
in OC tissues and cell lines, compared with in normal ovarian
tissues and ovarian epithelial cells. The relatively increased
expression level of miR-18b was positively associated with
advanced tumor grade and lymph node metastasis, which
suggested that upregulation of miR-18b may be involved in
OC metastasis. Exogenous knockdown of miR-18b expression
markedly inhibited OC cell migration and invasion activities,
whereas overexpression of miR-18b promoted the migration
and invasion of OC cells. Furthermore, miR-18b inhibited
PTEN expression by directly targeting its 3'-UTR.

Recent studies have provided abundant evidence that miR-18b
functions as onco-miRNAs in numerous types of human cancer.
For instance, upregulation of miR-18b identified patients with
mantle cell lymphoma with poor outcome and improved the
mantle cell lymphoma prognostic indicator-B by decreasing the
proliferation rate of mantle cell lymphoma cells (31). miRNA-18b
was highly expressed in breast cancer and modulated gene
expression levels involved in cell migration (22). The expression
level of miR-18b in hepatocellular carcinoma was associated
with the grade of malignancy and prognosis (26). The results of
the present study have revealed that miR-18b was significantly
upregulated and promoted human OC cell migration and inva-
sion. Therefore, the results of the present study also support the
view that miR-18b acts as an oncogenic miRNA in OC.
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Figure 4. PTEN is a direct target of miR-18b in OC cells. (A) Sequences of miR-18b-binding sites within the PTEN mRNA 3'UTRs. (B) Effect of miR-18b
on psiCHECK-2-PTEN-WT and psiCHECK-2-PTEN-MUT luciferase reporter plasmids. (C) Reverse transcription-quantitative polymerase chain reaction
and western blotting analyses of the PTEN expression level with GAPDH used as an internal control. Results are presented as the mean =+ standard deviation
of three measurements. ‘P<0.05. PTEN, phosphatase and tensin homolog; OC, ovarian cancer; miR, microRNA; UTR, untranslated region; WT, wild-type;

MUT, mutant.

miRNAs typically exert their functions by inhibiting the
expression levels of target gene mRNA, therefore the further
aim of the present study was to identify miR-18b target genes
in OC. PTEN was predicted as a critical downstream target
gene using various prediction algorithms (32,33). PTEN was
identified as a tumor suppressor gene located on chromo-
some 10 (34). In recent years, PTEN has gained particular
attention for its critical role in multiple types of cancer.
Numerous previous studies have demonstrated that low expres-
sion levels of PTEN were associated with poor prognosis and
chemoresistance in OC (35,36).

In the present study, luciferase reporter assays revealed that
miR-18b induced a significant decrease in the luciferase activi-
ties of the psiCHECK-2-PTEN-WT reporter, but did not affect
the mutant reporter activities. Of note, transfection of miR-18b
mimic decreased the PTEN expression level in OC cells. In
view of these results, it is proposed that miR-18b downregulates

PTEN gene expression by directly binding to its 3'-UTR. The
results of the present study revealed for the first time, to the
best of our knowledge, that miR-18b-induced cell migration
and invasion may be mediated by targeting PTEN.

In conclusion, the results of the present study provided
novel evidence that miR-18b promoted the migration and inva-
sion of OC cells by directly targeting PTEN, which suggested
that miR-18b may be a novel promising biomarker for OC
prognosis and treatment.
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