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MicroRNA-16 inhibits migration and invasion via regulation
of the Wnt/p-catenin signaling pathway in ovarian cancer
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Abstract. As small non-coding RNA molecules, microRNAs
(miRs) function in the regulation of tumorigenesis.
Proliferation in ovarian cancer is considered to be associated
with miR-16; however, the role of miR-16 in the migration and
invasion of ovarian cancer cells remains unclear. The results
of the present study demonstrated that miR-16 expression is
downregulated in the ovarian cancer SKOV3 and OVCAR3
cell lines compared with that in normal ovarian epithelial cells
(OECs). miR-16 overexpression inhibited the proliferation,
migration and invasion of SKOV3 and OVCAR3 cells, and
decreased the expression of matrix metallopeptidase (MMP)2
and MMPO. Additionally, miR-16 upregulated the expres-
sion of cadherin 1, an intercellular adhesion molecule, and
downregulated the expression of some mesenchymal markers,
including snail family transcriptional repressor 2, snail family
transcriptional repressor 1, Vimentin, twist family BHLH
transcription factor 1 and cadherin 2 in SKOV3 and OVCAR3
cells. Furthermore, it was indicated that miR-16 overexpres-
sion in SKOV3 and OVCAR3 cells resulted in a significant
increase in anti-glycogen synthase kinase 3 [ expression
and a decrease in the expression of Wnt family member 3A,
B-catenin, MYC proto-oncogene, BHLH transcription factor
and cyclin D1 compared with the NC group. The results of
the present study indicated that miR-16 exerts a suppressive
effect on cell migration and invasion in ovarian cancer in vitro,
through inactivation of the Wnt/B-catenin signaling pathway.
The data suggest that miR-16 may be a potential therapeutic
agent for the treatment and prevention of ovarian cancer.
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Introduction

One of the most common solid tumors is ovarian carcinoma.
In the United States, ovarian cancer was the fifth leading cause
of cancer-associated mortality worldwide in 2014 (1). As a
result of limited screening and delayed diagnosis, the majority
of patients present with advanced-stage disease at the time
of diagnosis, with a 5-year survival rate of ~20% (2). The
poor prognosis of ovarian cancer is mainly caused by tumor
metastasis or recurrence (3,4). Therefore, the development of
effective therapeutic strategies and targets for the control of
ovarian cancer metastasis is crucial.

MicroRNAs (miRs/miRNAs) consist of 21-23 endogenous
non-coding nucleotides that control gene expression by binding
to the 3'-untranslated region of their target genes. This binding
results in the suppression of messenger (m)RNA translation or
the degradation of mRNA.Emerging evidence has demonstrated
that the development and progression of ovarian cancer involve
the deregulation of various miRNAs, suggesting that miRNAs
could be novel diagnostic and therapeutic markers (2,5-7). For
example, miR-205 has been reported to induce cell invasion by
repressing transcription factor 21 in human ovarian cancer (8).
In addition, miR-212 serves a tumor-suppressing role in ovarian
cancer cells by inhibiting the expression of heparin-binding
EGF-like growth factor (9).

miR-16 was the first deregulated miRNA reported to
function as a tumor suppressor in a number of types of
cancer, including B-cell chronic lymphocytic leukemia and
pituitary adenomas (10,11). In addition, miR-16 was reported
to be downregulated in numerous tumor types, including
chronic lymphocytic leukemia, prostate cancer and pituitary
adenomas (12). The reduced expression of miR-16 was also
been reported in ovarian cancer tissues and in a number ovarian
cancer cell lines, including OV-202, CP70 and A2780 (13).
miR-16 overexpression markedly inhibits the proliferation and
clonal growth of ovarian cancer cells, indicating the involve-
ment of miR-16 in the carcinogenesis of ovarian cancer via the
deregulation of proliferation (13). However, the role and under-
lying mechanism of miR-16 in ovarian cancer cell migration
and/or invasion requires further investigation.

The objective of the present study was to investigate the
functions and underlying mechanisms of miR-16 in ovarian
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cancer. Using SKOV3 and OVCAR3 cells as a model, the
effects of miR-16 on proliferation, migration and invasion were
studied, in addition to the epithelial-mesenchymal transition
(EMT) of ovarian cancer in vitro. The present study aimed to
provide novel insights to improve the treatment and prevention
of ovarian cancer.

Materials and methods

Cell lines. Human ovarian cancer cell lines, SKOV3 and
OVCAR3, were obtained from the Type Culture Collection
of the Chinese Academy of Sciences (Shanghai, China).
Human ovarian epithelial cells (OECs; cat. no. 7310) were
purchased from ScienCell Research Laboratories, Inc. (San
Diego, CA, USA). The cell lines were cultured in RPMI-1640
medium (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
containing 10% fetal bovine serum (FBS; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) and 1% antibiotic-anti-
mycotic solution (100 U/ml penicillin and 100 pg/ml
streptomycin). The OECs were cultured in DMEM (Gibco;
Thermo Fisher Scientific, Inc.) containing 10% FBS. All cells
were cultured at 37°C with 5% CO?. SKOV3 and OVCAR3
cells were used in all the following experiments.

Reagents. CCK-8 solution was obtained from Abcam
(Cambridge, UK). The following antibodies were purchased
from Abcam: Rabbit anti-matrix metallopeptidase (MMP)2,
anti-MMP9, anti-cadherin 1 (E-CAD), anti-cadherin 2
(N-CAD), anti-M YC, anti-Cyclin D1, anti-Vimentin, anti-Slug,
anti-snail family transcriptional repressor 1 (SNAIL), anti-twist
family BHLH transcription factor 1 (TWIST), anti-GAPDH,
anti-Wnt family member 3A (Wnt3a), anti-glycogen synthase
kinase 3 B (Gsk3p) and anti-B-catenin. Goat anti-rabbit and
anti-mouse antibodies labeled with horseradish peroxidase
were purchased from Santa Cruz Biotechnology, Inc., (Dallas,
TX, USA). Transwell chambers were purchased from Corning,
Inc. (Corning, NY, USA).

miRNA synthesis, preparation and storage. The synthetic
miR-16 mimic and the mimic negative control (NC) were
purchased from Guangzhou RiboBio Co., Ltd. (Guangzhou,
China). The synthetic samples were first centrifuged at
12,000 x g for 20 min at 25°C following dilution with 250 ul
diethyl-pyrocarbonate-treated water as the mother liquor per
5 nmol miRNA. The samples were subpackaged and stored at
-20°C until further use. The miR sequences were as follows:
miR-16 mimic, 5-UAGCAGCACGUAAUAUUGGCGCCA
AUAUUUACGUGCUGCUAUU-3"; and miR-16 mimic
NC, 5-UUCUCCGAACGUGUCACGUTTACGUGACAC
GUUCGGAGAATT-3.

Transfection of cells with miRNAs. Cells were inoculated
1 day prior to transfection in RPMI-1640 medium without
penicillin-streptomycin solution in 6-well plates, (2,000 ul per
well) with an increase or decrease in the proportion of cells
per well. Upon reaching a confluence of 30-50%, the cells
were transfected. Opti-MEM (250 ul) was added to dilute the
miRNAs (50 nmol) and Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) was subsequently diluted sepa-
rately in Opti-MEM (250 pl) by blending gently. This mixture

LI et al: miR-16 INHIBITS MIGRATION AND INVASION IN OVARIAN CANCER

was incubated for 5 min at room temperature and gently
mixed with the diluted miRNAs prior to further incubation at
room temperature for 20-30 min. The miRNA/Lipofectamine
2000 compound was added to the 6-well plates, which were
subsequently gently agitated. After 6 h, RPMI-1640 medium
containing 10% FBS was added, and the cells were cultivated
at 37°C in a CO, incubator for 24-72 h.

Cell Counting Kit (CCK)-8 assay. A CCK-8 assay was used
to assess proliferation. Cells were seeded into 96-well plates
(Corning, Inc.) and transfected with either the miR-16 mimic
or the NC as aforementioned. CCK-8 (10 pg) solution (Dojindo
Molecular Technologies, Inc., Kumamoto, Japan) was added
into 100 u1 RPMI-1640 medium at 24, 48 and 72 h post-trans-
fection. The cells were diluted with CCK-8 in RPMI-1640
medium for 2 h, lysed in radioimmunoprecipitation assay
(RIPA) buffer and centrifuged at 13,000 x g for 10 min at 4°C.
The absorbance of the supernatants was measured at a wave-
length of 450 nm on an iMark microplate reader (Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from cells using TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). RNA
samples were qualified by using a UV spectrophotometer,
and optical density (OD),s,/OD,s, was limited to 1.8-2.0. Total
RNA was reverse transcribed to cDNA using a reverse tran-
scription system (cat. no. 4368814; Fermentas, Thermo Fisher
Scientific, Inc.). In brief, total RNA was incubated at 70°C
for 10 min and centrifuged at 1,000 x g for 20 min at room
temperature. cDNA was synthesized by Avian Myeloblastosis
Virus Reverse Transcriptase (Takara Bio, Inc., Otsu, Japan),
according to the manufacturer's protocols. RT-qPCR with
SYBR Green qPCR dye (Toyobo Life Science, Osaka, Japan)
was conducted, according to the manufacturer's protocol, to
study the quantitative expression of miR-16. The thermocy-
cling conditions were as follows: 45°C for 5 min for reverse
transcription, followed by 94°C for 30 sec and then 40 cycles
of 94°C for 5 sec and 60°C for 30 sec. Three replicates were
included in the RT-qPCR analysis. The relative expression
levels of miR-16 were normalized to (-actin and calculated
using the 2722°4 method (14). The sequences of the primers
used are: miR-16, 5"TAGCAGCACGTAAATATTGGCG-3'
(forward) and 5'-TGCGTGTCGTGGAGTC-3' (reverse); and
GAPDH, 5-AGAAGGCTGGGGCTCATTTG-3' (forward)
and 5'-AGGGGCCATCCACAGTCTTC-3' (reverse).

Scratch assay. Overall, ~1x10° cells were seeded into 12-well
plates (Costar; Corning, Inc.) and incubated at 37°C until
reaching =90% confluency. The tip of a sterile 10-ul pipette
was used to create a scratch at time O h for each experiment.
After 48 h, an inverted microscope was used to image the
cells. The migration distance was calculated as follows:
Distance=(gap width at O h-gap width at 48 h)/gap width at O h.

Invasion assay. For the invasion assays, 24-well Transwell
chamber inserts with an 8-ym pore size (BD Biosciences,
Franklin Lakes, NJ, USA) were used. In total, ~1x10° cells/well
were resuspended in 200 pl FBS-free medium and seeded
on the upper chamber, which featured a Matrigel-coated
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membrane. Additionally, 500 1 RPMI-1640 medium supple-
mented with 10% FBS was added to the lower chamber, and
the plates were incubated for 24 h at 37°C with 5% CO,.
Finally, the membranes were stained with 0.1% crystal violet
for 10 min at room temperature. An inverted microscope was
used to count the number of cells on each membrane. Each
assay was repeated at least three times.

Western blot analysis. RIPA lysis buffer was applied to the
protein extracts from the SKOV3 and OVCAR3 cells, according
to the manufacturer's protocol. Bovine serum albumin was
used as the standard for determining the protein concentration
by the Bradford protein assay (Bio-Rad Laboratories, Inc.). The
expression levels of E-CAD, N-CAD, Vimentin, Slug, Twist,
SNAIL, GAPDH, MMP2, MMP9, Wnt3a, Gsk3f, 3-catenin,
MYC proto-oncogene, BHLH transcription factor (c-MYC)
and cyclin D1 were determined by western blot analysis. Equal
amounts (20 pg) of lysate were subjected to 10% SDS-PAGE,
and the proteins were subsequently transferred to a polyvinyli-
dene difluoride (PVDF) membrane (Millipore, Bedford, MA,
USA) using a semidry transfer method. The PVDF membrane
was blocked with 5% skimmed milk in Tween 20-BST buffer for
2 hatroom temperature. Following blocking, the membrane was
incubated overnight with the primary antibodies at 4°C followed
by incubation for 1 h with a suitable secondary antibody at room
temperature. An Enhanced Chemiluminescence Detection kit
(Thermo Fisher Scientific, Inc.) was used for the detection of
proteins, according to the manufacturer's protocols. Protein
bands were subsequently detected using a Bio-Rad imaging
system (Bio-Rad Laboratories, Inc.), and band intensity was
quantified by densitometry analysis using Image-Pro Plus 4.5
software (Media Cybernetics, Inc., Rockville, MD, USA). The
primary antibodies against MMP9 (cat. no. ab38898; 1:1,000),
MMP?2 (cat. no. ab37150; 1:1,000), GAPDH (cat. no. ab8245;
1:10,000), TWIST (cat. no. ab50581; 1:1,000), Vimentin
(cat. no. ab8978; 1:1,000), SNAIL (cat. no. ab53519; 1:1,000),
Slug (cat. no. ab27568; 1:1,000), E-CAD (cat. no. ab40772;
1:1,000), N-CAD (cat. no. ab18203; 1:1,000), p-catenin
(cat. no. ab16051; 1:1,000), Gsk3p (cat. no. ab32391; 1:1,000),
‘Wnt3a (cat. no. ab219412; 1:1,000), c-MYC (cat. no. ab32072;
1:1,000) and cyclin DI (cat. no. ab16663; 1:1,000) were
purchased Abcam. Goat anti-rabbit (cat. no. sc-2004; 1:10,000)
and anti-mouse antibodies (cat. no. sc-2005; 1:10,000) labeled
with horseradish peroxidase were purchased from Santa Cruz
Biotechnology, Inc.

Statistical analysis. The SPSS 17.0 software (SPSS, Inc.,
Chicago, IL, USA) was used for the conduction of all statistical
tests. The data were compared by one-way analysis of variance
followed by Dunnett's multiple comparison test. All data are
expressed as the mean + standard deviation. All the experi-
ments were repeated in triplicate. P<0.05 was considered to
indicate a statistically significant difference.

Results

Expression of miR-16 in human ovarian cancer cell lines.
A previous study identified that miR-16 expression is
downregulated in a number of ovarian cancer cell lines,
including OV-167, CP-70, A2780 and OV-202 (13). To further
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Figure 1. miR-16 expression in SKOV3 and OVCAR3 ovarian cancer cells
compared with normal OEC cells. "P<0.05 compared with OEC. OEC,
normal ovarian epithelial cells, miR, microRNA.

investigate the role of miR-16 in other ovarian cancer cell
lines, SKOV3 and OVCAR3, the expression of miR-16 was
first examined with RT-qPCR. Significant downregula-
tion of miR-16 expression was observed in the SKOV3 and
OVCAR3 cells compared with that in the ovarian epithelial
cells (P<0.05; Fig. 1).

Effect of miR-16 on the proliferation of human ovarian
cancer cells. To investigate the role of miR-16 in the prolif-
eration of human ovarian cancer cells, transient transfection
of miR-16 mimic and NC was conducted into SKOV3 and
OVCARS3 cells (Fig. 2). RT-qPCR was performed to examine
the miR-16 expression level in the SKOV3 and OVCAR3
cells (Fig. 2A and C), and the proliferative ability of the cells
was assessed with a CCK-8 assay. The results indicated that
following transfection for 3 days, miR-16 overexpression in
the SKOV3 and OVCARS3 cells significantly decreased the OD
values compared with the NC (Fig. 2B and D).

Effect of miR-16 on the migration and invasion of SKOV3
cells. A scratch test and a Transwell assay were used to deter-
mine the effect of miR-16 on the migration and invasion of
human ovarian cancer cells, respectively. In the scratch test,
miR-16 overexpression significantly inhibited wound healing
of the SKOV3 and OVCAR3 cells compared with the NC
(Fig. 3A and B). In the Transwell assay, a significant reduction
was observed in the invasion rate of SKOV3 and OVCAR3
cells compared with the NC due to the overexpression of
miR-16 (Fig. 3C and D).

Effect of miR-16 on MMP expression in human ovarian
cancer cells. Two critical proteins involved in cell migration
and invasion are MMP2 and MMP9 (15). A western blot
analysis was used to detect the expression of MMP proteins
when miR-16 was overexpressed, in order to observe the asso-
ciation between these proteins and the invasion and migration
of miR-16-regulated cells. The results indicated a significant
decrease in MMP2 and MMP9 expression levels in the cells
transfected with the miR-16 mimic in comparison with the
cells transfected with the NC (P<0.05; Fig. 4).

Effect of miR-16 on the expression of EMT-associated
proteins in human ovarian cancer cells. EMT is an impor-
tant process by which epithelial cells gain migratory and
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Figure 2. miR-16 inhibits the proliferation of ovarian cancer cells. (A) The inhibition efficiency of miR-16 mimics with regard to the expression of miR-16
in SKOV3 cells. (B) The proliferation of ovarian cancer in SKOV3 cells between 0 and 72 h. (C) The inhibition efficiency of miR-16 mimics with regard to
the expression of miR-16 in OVCARS3 cells. (D) The proliferation of ovarian cancer in OVCARS3 cells between 0 and 72 h. "P<0.05 compared with the NC.

OD, optical density; miR, microRNA; NC, negative control.

invasive capabilities by transforming into mesenchymal stem
cells (16,17). Western blot analysis was utilized to observe the
expression of different EMT markers upon miR-16 overex-
pression, in order to investigate whether EMT mediated the
effect of miR-16 on migration and invasion. Overexpression
of miR-16 upregulated the expression of the epithelial marker,
E-CAD, and downregulated the expression of the mesen-
chymal markers, including N-CAD, Slug, SNAIL, Vimentin
and Twist in the SKOV3 and OVCAR3 cells (Fig. 5).

Effect of miR-16 on the Wnt/f-catenin signaling pathway in
human ovarian cancer cells. The results of previous studies
have demonstrated the important role of Wnt/p-catenin
signaling in the acquisition of the EMT phenotype, and in
cancer metastasis (18,19). Therefore, the expression of proteins
involved in the Wnt/p-catenin pathway was examined in
miR-16-regulated SKOV3 and OVCAR3 cells by western
blot analysis. The results of the western blot analysis revealed
an increase in Gsk3p expression, but a decrease in Wnt3a
and [-catenin expression in the miR-16 mimic-transfected
cells (Fig. 6). In addition, the downstream members of the
Wnt/B-catenin pathway, c-MYC and cyclin D1, were addition-
ally downregulated by the miR-16 mimic (Fig. 6).

Discussion

An miR-15a/miR-16-1 cluster was identified as a tumor
suppressor in chronic lymphocytic leukemia, providing
the first evidence linking miRNAs to human cancer (13).
Following this pioneering study, there has been increasing
evidence of the significant role of miRNAs in the early

diagnosis, prognosis, prevention and therapeutic evaluation
of cancer (2,20-22). Identification of alterations in specific
miRNAs, in addition to understanding their functions in each
type of cancer will improve the accuracy of diagnosis and
prognosis of numerous types of cancer. Previous studies have
indicated that certain miRNAs, including the members of the
miR-200 and let-7 families, are involved in the progression and
prognosis of ovarian cancer, as well as the response of ovarian
cancer to chemotherapy (23). Bhattacharya er al (13) reported
that miR-16 is downregulated in ovarian cancer cell lines
and patient samples, whereas miR-16 upregulation inhibits
the proliferation of ovarian carcinoma cells (13). The specific
roles and underlying mechanisms of miR-16 in ovarian tumor
metastasis remain unclear.

In the present study, downregulation of miR-16 expression
was observed in two other ovarian cancer cell lines, SKOV3
and OVCAR3, providing evidence of the role of miR-16 in the
process of proliferation. The results of the present study are
consistent with those in the study by Bhattacharya et al (13),
where miR-16 was downregulated in ovarian cancer cell lines
and tumor tissues. Additionally, the present study indicated
that overexpression of miR-16 inhibited the migration and
invasion of SKOV3 and OVCAR3 cells. Previous studies
have also examined the roles of miR-16 in tumor metastasis.
Li et al (24) reported that miR-16-1 functions as a negative
regulator of cell migration and invasion in glioma. In addition,
Wu et al (25) revealed the suppressive effects of miR-16 on the
metastasis of hepatocellular carcinoma.

In addition, the results of the present study indicate that
the overexpression of miR-16 is able to decrease MMP2 and
MMP9 expression in human ovarian cancer cells. The MMPs
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are a group of proteases involved in the degradation of the
extracellular matrix, as these proteases also regulate invasion
and tumor metastasis (15,17,18). MMP2 expression levels have
been reported to be increased in patients with ovarian cancer
with advanced tumors and metastasis (26). Therefore, the roles
of miR-16 in ovarian cancer invasion and migration may be
associated with the effect of MMPs on the extracellular matrix.

Inaddition, the effect of miR-16 on EMT may be another factor
that regulates tumor metastasis. During EMT, epithelial cells
lose their apical-basal polarity and cell-cell adhesion, allowing
their conversion to motile mesenchymal cells, as this conver-
sion promotes invasion and metastasis in cancer (16,17,27,28).
Decreased expression of the intercellular adhesion molecule
E-CAD has been reported as an EMT marker, along with
increased expression of a series of mesenchymal markers,
including Slug, SNAIL and Vimentin (27,29). In a previous study,
Wang et al (30) reported that miR-16 may inhibit the expression
of EMT-associated proteins in human glioma. Wang et al (31)
reported that miR-16 mimics inhibited transforming growth
factor-pl-induced EMT via activation of autophagy in non-small
cell lung carcinoma cells. In the present study, it was determined
that overexpression of miR-16 in SKOV3 and OVCAR3 cells
inhibited the expression of Slug, SNAIL, Vimentin and Twist,
but downregulated the expression of E-CAD.

It was also revealed that miR-16 mimics led to a significant
increase in the expression of Gsk3f and decreased the expres-
sion levels of Wnt3a and f-catenin in SKOV3 and OVCAR3
cells. The Wnt/B-catenin signaling pathway has a regula-
tory function in a number of cellular processes, including
development, differentiation, proliferation and adult tissue
homeostasis. Therefore, aberrant Wnt/B-catenin signaling has
been indicated to be involved in the pathogenesis of multiple
tumors (18,19,32,33). Additional evidence indicates that the
activation of the Wnt/B-catenin signaling pathway promotes
the EMT process and the secretion of MMP?2 in cancer cells,
providing them with an increased ability for survival and
metastasis (18,34-36).

However, the present study included a number of limita-
tions. Firstly, the study was conducted to examine the effects
of miR-16 on SKOV3 and OVCAR3 cell proliferation, invasion
and metastasis, and to determine the involved signaling path-
ways. However, the target genes of miR-16 in these processes
remain unknown. Further experiments are required. Secondly,
this study is an in vitro study; therefore, in vivo studies should
be conducted in the future to confirm the findings.

In conclusion, the present study demonstrated that
miR-16 served a negative role in the proliferation, invasion
and metastasis of SKOV3 and OVCAR3 cells. Furthermore,
overexpression of miR-16 inhibited the process of EMT by
inactivating the Wnt/p-catenin signaling pathway. The afore-
mentioned results suggest that miR-16 may be a promising
therapeutic target for ovarian cancer.
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