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Abstract. — OBJECTIVE: To investigate the
roles of miR-15a-3p in ovarian cancer cell growth
and metastasis.

PATIENTS AND METHODS: A key role of miR-
15a-3p was identified via gene profiling and bio-
informatics analysis. The impact of miR-15a-
3p on ovarian cancer cell growth, migration
and invasion was measured by 3-(4,5-dimeth-
yl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bro-
mide (MTT), wound-healing and transwell inva-
sion assays. Bioinformatics and luciferagg.re-
porter assays were applied to identify th
family BHLH transcription factor 1 (Twist
the target gene of miR-15a-3p. The miR-1
level and the expression of Twist1 were dete
using quantitative Real-time polymerase c
reaction (qRT-PCR) assay. The
N-cadherin and E-cadherin
immunofluorescence stainj

RESULTS: miR-1
ulated in ovarian

get of miR-15a-3p in ovarian
sion was negatively

wn-regulation of Twist1 mim-
essive effects of miR-15a-3p on

CONCLUSIONS We demonstrated that
R-15a-3p is down-regulated in ovarian can-
-regulation of miR-15a-3p restrains the
and metastasis of ovarian cancer cell by
regulating Twist1.
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ity among women'~. Despite the
ganrovements in the treatment of this disease, the
ation and metastases of ovarian cancer

indicate that cancer cell metastasis is a compli-
cated process that enables tumour cells to es-
cape from primary tumour sites and form distant
metastases*®. Accumulating evidence suggests
that epithelial-mesenchymal transition (EMT) is
a crucial process that exerts vital roles in the me-
tastasis of various cancer types, including breast
cancer, colorectal carcinoma and ovarian can-
er®”. During the EMT process, cancer cells ac-
quire mesenchymal cell characteristics and lose
epithelial cell markers, which increase migration
and invasion capabilities. The EMT process is
regulated by many transcription factors, includ-
ing Snail Family Transcriptional Repressor 1/2
(Snaill/2) and Twist1®. Many studies have demon-
strated the core role of Twistl in the cancer cell
EMT process, and the up-regulation of Twistl
remarkably induces morphological changes and
increases the metastasis of cancer cells by reg-
ulating the expression of c-Fos proto-oncogene
(c-fos), metalloproteinase-9 (MMP-9), N-cadher-
in and E-cadherin.

MicroRNAs (miRNAs), which are small
non-coding RNAs, post-transcriptionally regu-
late the expression of downstream target genes
through binding to the 3’-untranslated region (3’-
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UTR) of target mRNAs”'°. In particular, miRNAs
act as either tumour suppressors or tumour pro-
moters by targeting anti-oncogenes or oncogenes,
respectively''. A large number of studies '>!* have
demonstrated that dysregulation of miRNAs is
closely associated with human cancer progres-
sion. In hepatocellular carcinoma (HCC), miR-
382 is significantly down-regulated, and miR-
382 inhibits HCC metastasis by targeting Golgi
Membrane Protein 1 (GOLM1). In oesophageal
carcinoma, miR-1 promotes the proliferation and
suppresses the apoptosis of oesophageal cancer
cells by negatively regulating the expression of
the SRC proto-oncogene (Src) gene.

MiR-15a is a part of the miR-15a/16 cluster,
which is encoded"” by its host gene deleted in
leukaemia 2. The members of the miR-15a/16
cluster have been identified as tumour promoters
or tumour suppressors in multiple tumour types,
including prostate carcinoma, pituitary adenomas
and lymphocytic lymphoma'®. In cervical can-
cer, up-regulation of miR-15a-3p promotes the
radio-sensitivity of cancer cells by regulating tu-
mour protein D52". In addition, down-regulation
of miRNA-15a-3p is associated with the prgs

ation and migration of osteosarcoma. MiR-}
is also down-regulated in gastric carcinomd
inhibits gastric cancer cell metastasis by
atively regulating the expressiQisa

ian cancer cells has
further investigatio
in the progression

Patients and Methods

ian Cancer Tissues and Cell Lines
-five pairs of ovarian cancer and paracan-
cerous tissues were obtained from the Maternal

and Child Health Care Hospital (Laiwu, Shan-
dong, China). This research was approved by the
Institutional Research Committee of tha

consent was obtained from all pa
informed consent for participat
was obtained from all patients
pation in this study. Ovarj
(OVCR3, SKOV3 and
ovarian surface epitheli

dified medium (Invitrogen,
) supplemented with 10%
(FBS; Invitrogen, Carlsbad,

; . All cells were cultured in an in-
gbator containing 5% CO, at 37°C.

Cells (1x10°) were seeded in 6-well plates and
transfected with 25 nM miR-15a-3p mimic or
the negative control (miR-NC) (GenePharma,
Shanghai, China). The Twistl overexpression
vector pCDNA3.1-Twistl was synthesized by
GenePharma (Shanghai, China). Small interfer-
ing RNA (siRNA) was used for the knockdown
of Twistl. Non-targeting control siRNA (siCon)
was used as an internal control. Pooled siRNAs
against Twistl were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Cell
transfections were performed using Lipofect-
amine 2000 reagent (Invitrogen, Carlsbad, CA,
USA).

3-(4, 5-Dimethyl-2-Thiazolyl)-2, 5-
Diphenyl- 2-H-Tetrazolium Bromide
(MTT) Assay

Cells were cultured in 96-well culture plates
for 1, 2, 3 or 4 days. MTT (Sigma-Aldrich, St.
Louis, MO, USA) was added to each well, and
the cells were incubated for 4 h. Next, the su-
pernatant was removed, and 200 pl of dimethyl
sulfoxide (DMSO) were added to 96-well plates.
The optical density (OD) value was detected at
490 nm .
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Colony Formation Assay

Cells were cultured in 96-well plates for 4
weeks. Then, colonies were stained with 1%
crystal violet, and the number of colonies for each
group was analyzed.

Wound-Healing Assay

Cells were cultured in 6-well plates for 24 h
until confluent. Then, a wound was made using
a 200 ul pipette tip. Non-adherent cells were re-
moved, and cells were cultured in medium with-
out fetal bovine serum (FBS). The wound areas
were photographed at 0 h and 48 h?°.

Transwell Invasion Assay

Cells that were transfected with miR-15-
3p or miR-NC were cultured in the upper
chamber with an 8§ pm pore size that was
pre-coated with Matrigel (BD Biosciences,
Franklin Lakes, NJ, USA), and the chamber
was placed into 24-well plates. The complete
medium containing 20% fetal bovine serum
(FBS) was added to the lower chamber. After
36 h, the invaded cells were stained using 1%
crystal violet. The number of invaded
was counted in 5 fields per filter?..

Luciferase Reporter Assay
The wild-type (wt) or mutant (rnut) 3’-untr

lated regions (3’-UTRs) of the Ty

amplified from the reverse-trg

n, Carsbad,
CA, USA). After ct1v1ty was
detected using

ga, Madison,

ing RIPA buf-
ology, Waltham, MA, USA).
arated using 8% so-
acrylamide gel elec-
and transferred onto
oride (PVDF) membrane.
blocked using 5% non-fat

echnology, Danvers, MA, USA)
anti-GAPDH (Cell Signaling Technology,
anvers, MA, USA). Next, the membrane was
S three times using Tris-buffered saline
TweW (TBST) solution and incubated with sec-
ondary antibody. Target bands were detected by
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an enhanced chemiluminescence (ECL) detection
system (Amersham Bioscience, Piscataway, NJ,
USA).

Immunofluorescence Staining
First, cells were fixed using 13
cell membrane was permeabih

fanol, and the
1ng 0. 1%

na). Next, the cells were }
antibodies (N-cadheri
at 4°C. After 24 h

for 2 h. Cell n
amidino-2-ph

ed using TRIzol reagent (In-
CA, USA) and was reverse
e-stranded cDNA using re-
reagent (TaKaRa, Dalian, Lia-
oning, e qRT-PCR assay was conduct-
sing SYBR Mix (TaKaRa, Dalian, Liaoning,
Bio-Rad Multicolor RT-PCR System

miR-15a-3p was measured using a microRNA
first-strand synthesis and miRNA quantitation kit
(TaKaRa, Dalian, Liaoning, China). The thresh-
old cycle (Ct) values of GAPDH and U6 were
used as internal controls to normalize the levels
of Twistl and miR-15a-3p. The threshold cycle
value was applied to analyze the fold change in
the transcript level using the 2-24°T method. The
primers used for PCR were as follows (Forward
Primer and Reverse Primer, respectively): GAP-
DH: 5-TGTGGGCATCAATGGATTTGG-3' and
5'-ACACCATGTATTCCGGGTCAAT-3"; Twistl:
5-GGACAAGCTGAGCAAGATTCA-3' and
5-CGGAGAAGGCGTAGCTGAG-3"; E-cadher-
in:  5-CGAGAGCTACACGTTCACGG-3' and
5-GGGTGTCGAGGGAAAAATAGG-3;N-cad-
herin: 5“TTTGATGGAGGTCTCCTAACACC-3’
and 5-ACGTTTAACACGTTGGAAATGTG-3
U6: 5-“AAAGCAAATCATCGGACGACC-3'" and
5'-GTACAACACATTGTTTCCTCGGA-3"; miR-
15a-3p: 5-GGGGCAGGCCATATTGTG-3" and
5" TGCGTGTCGTGGAGTC-3'.

Xenografted Tumour
Experimental animal procedures were ap-
proved by the Institutional Animal Care and Use
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Committee (IACUC) of the Maternal and Child
Health Care Hospital (Laiwu, Shandong, Chi-
na). MiR-NC- or miR-15a-3p-transfected SKOV3
cells (1x10%) were subcutaneously inoculated into
female nude mice. The tumour size was mea-
sured using a calliper once a week and calculated
as the volume (0.5 x length x width)*.

Experimental Metastasis Assay

MiR-15a-3p- or miR-NC-transfected SKOV3
cells (5x10°) were injected into nude mice via the
lateral tail vein. Mice were sacrificed four weeks
after inoculation?. The number of metastatic
lung nodules was determined using an inverted
microscope (Carl Zeiss, Hallbergnoos, Germa-
ny). Animal experiments were approved by the
IACUC of the Maternal and Child Health Care
Hospital (Laiwu, Shandong, China).

Results

MiR-15a-3p is Down-regulated in
Ovarian Cancer
To analyze the dysregulation Qf

conducted to compare the mi
carcinoma tissues with c
tissues using GSE83693,
15a-3p was remarkably,

-15a-3p was
arian cancer tissues than
e levels of miR-15a-
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paratuthor tissues. **p < 0.01 as compared to normal; (C) The level of miR-15a-3p was measured in four different ovarian
cancer cell lines by qRT-PCR assay. **p < 0.01 as compared to HOSEpiC cell.
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3p in ovarian cancer cell lines, including SKOV3,
OVCAR3, and A2780, as well as in the human
ovarian surface epithelial cell line HOSEpiC were
detected using qRT-PCR. As shown in Figure
1C, the level of miR-15a-3p was also markedly
down-regulated in ovarian cancer cells. These
findings indicate that miR-15a-3p might act as a
suppressor in ovarian carcinoma.

Up-regulation of miR-15a-3p Suppresses
the Proliferation and Colony Formation
of Ovarian Cancer Cells

To explore the effect of miR-15a-3p on the pro-
liferation of ovarian cancer cells in vitro, OVCR3
and SKOV3 cells were transfected with miR-15a-
3p mimics to increase the level of miR-15a-3p.
As shown in Figure 2A, qRT-PCR indicated
that the level of miR-15a-3p was significantly in-
creased in ovarian cancer cells after miR-15a-3p
transfection. Then, we investigated the impact of
miR-15a-3p on the proliferation of SKOV3 and
OVCR3 cells using MTT assays. As shown in
Figure 2B, induction of miR-15a-3p markedly

suppressed the growth of SKOV3 and OVCR3
cells in vitro. Consistently, the colony formation
assay indicated that up-regulation of g

Aggressiveness of
In Vitro
Next, we found

enchymal marker (E-cadherin) and an epithe-
marker (E-caglierin) using qRT-PCR and im-
aining assays. As shown in
tion of miR-15a-3p increased
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e 2. Up-regulation of miR-15a-3p inhibits cell proliferation in vitro. (4) OVCR3 and SKOV3 cells were transfected with
3p mimics or miR-NC. The level of miR-15a-3p was measured by qRT-PCR; (B) Cells were seeded in 96-well culture

plates and cultured for 24 h, 48 h, 72 h or 96 h. MTT assay was conducted; (C) The colony formation was carried out with cells
that were transfected with miR-15a-3p or miR-NC. **p < 0.01 as compared to control.
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Figure 3. Up-regulation of miR-15a-3p inhibits migration and in
was captured with optical microscope after transfected with miR-1
NC. The mRNA levels of E-cadherin and N-cadherin were assessed b¥

of immunofluorescence staining; (D) Wound healin

the level of E-cadherin but inhibited the le
N-cadherin in both SKOV3 and OVCR3 c
Cons1stently, the 1rnmunoﬂuores =

. Therefore,
b on the mi-

E in vivo. SKOV3 cells that were
nsfected with miR-NC or rn1R-ISa-3p were
bcutaneously implanted into nude mice. The
was monitored and measured every week.
As sS®wn in Figure 4A, up-regulation of miR-
15a-3p markedly inhibited the tumour growth

cells in vitro. (4) Cell morphology
ansfected with miR-15a-3p or miR-
K, (C) Representative confocal images

of tumours derived from miR-15a-3p-transfect-
ed cells was significantly lower than that of the
miR-NC group (Figure 4B). The level of miR-15a-
3p in tumours was determined using qRT-PCR,
and we found that the level of miR-15a-3p was
increased in tumours formed by miR-15a-3p-
transfected cells (Figure 4C). To reveal the role
of miR-15a-3p in the metastasis of ovarian cancer
cells in vivo, miR-NC- or miR-15a-3p-transfect-
ed cells were injected into mice via the lateral
tail vein. Four weeks post-inoculation, metastasis
was mainly observed in the lung tissue. As shown
in Figure 4D, injection of miR-NC-transfected
cells resulted in the formation of numerous lung
metastases, whereas miR-15a-3p significantly in-
hibited pulmonary metastasis. All these findings
demonstrate that up-regulation of miR-15a-3p
suppresses the growth and lung metastasis of
ovarian cancer cells in vivo.

MiR-15a-3p Directly Binds to the 3-UTR
of Twist1

miRBase and TargetScan were selected to
predict the potential target of miR-15a-3p, and
we found that Twistl is the target gene of
miR-15a-3p **. Sequence alignment showed the
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Twistl was inser

transfected with the
igure 5B). Then, both

erEpiC (Figure 5C-D). We also
lyzed the relatlonshlp between miR-15a-3p
d Twistl in ovarian cancer tissues. As shown
gure SE-F, the mRNA level of Twist was
signiMcantly higher in ovarian cancer tissues
and was negatively associated with the level
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lungs {rd

of miR-15a-3p. Finally, the level of Twistl was
remarkably down-regulated when SKOV3 cells
were transfected with miR-15a-3p (Figure 5G).
These findings indicate that Twistl is the target
of miR-15a-3p.

The Inhibitory Impact of miR-15a-3p is
Rescued by Twistl Overexpression

To analyze whether miR-15a-3p suppressed the
growth and aggressiveness of ovarian cancer cells
by inhibiting Twistl, SKOV3 cells were cotrans-
fected with Twistl and miR-15a-3p. As shown
in Figure 6A, qRT-PCR showed that the level of
Twistl was up-regulated and was not suppressed
by miR-15a-3p. After that, the MTT and colony
formation assays indicated that overexpression of
Twistl increased the growth and colony forma-
tion of ovarian cancer cells (Figure 6B-6C). In
addition, wound-healing and transwell invasion
assays revealed that the inhibitory effects of miR-
15a-3p on the migration and invasion of ovarian
cancer cells were neutralized by the overexpres-
sion of Twistl (Figure 6D-6E). These results
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and Metastasis of Ovarian

p-regulation of miR-15a-3p suppresses the
and aggressiveness of ovarian cancer
Py regulating Twistl, which suggests that

cell
Twist] might also regulate ovarian cancer cell

Bp. (4) Predicted miR-15a-3p target sequences in 3’-UTR of
to miR-NC + wt-Twistl; (C) The level of Twistl in ovarian
as compared to HOSEpiC cell (D) The expressmn of Twistl in
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cd by qRT-PCR. **p < 0.01 as compared to normal; (F) The correlation analysis
e level of Twistl in SKOV3 cells that were transfected with miR-15a-3p was

progression. Then, we explored whether Twistl
knockdown mimicked the suppressive effects
of miR-15a-3p on the growth and metasta-
sis of ovarian cancer cells. siRNA targeting
Twistl was applied to decrease the expression
of Twistl in SKOV3 cells (Figure 7A). To inves-
tigate the role of Twistl in ovarian cancer cells,
the impact of Twistl knockdown on the growth
and colony formation of ovarian cancer cells
was examined. As shown in Figure 7B-7C,
down-regulation of Twistl in SKOV3 cells
restrained the growth and colony formation of
SKOV3 cells, suggesting an oncogenic effect
of Twistl on ovarian cancer growth. Consis-
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. gulation of Twistl in SKOV3 Discussion

s inhibited the migration and invasion of

OV3 cells (Figure 7D-7E). Altogether, these Ovarian cancer has the highest mortality rate
demonstrate that Twistl knockdown has due to metastatic progression. Therefore, inves-
simiWr effects on ovarian cancer cells as the tigating the underlying mechanisms of cancer
up-regulation of miR-15a-3p. cell metastasis is important for the develop-
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ment of targeted therapies”. Cancer metastasis
is a complex process, including local invasion,
intravasation, circulation, extravasation, prolif-
eration and formation of distant metastases?®.
Emerging evidence suggests that dysregulation
of miRNAs is involved in cancer metastasis by
regulating tumor suppressors and oncogenes. In-
vestigating the underlying mechanisms of ovar-
ian cancer invasion and metastasis is crucial
for developing effective therapies for ovarian
cancer?’?. The current study demonstrates that
miR-15a-3p is down-regulated in ovarian cancer.
Furthermore, miR-15a-3p inhibits the growth
and metastasis of ovarian cancer cells by regu-
lating Twistl.

Previous investigations demonstrated that
miR-15a targets oncogenes and that down-reg-
ulation of miR-15a-3p alters the expression of
target genes in tumors'’. MiR-15a suppresses the
mobility and invasion of osteosarcoma cells by
down-regulating the expression of B-cell lym-
phoma-2 (Bcl-2). Moreover, down-regulation of
miR-15a promotes the occurrence and progres-
sion and induces the EMT process of non-small
cell lung cancer (NSCLC) cells in vitrg,
chronic myeloid leukemia, miR-15a-5p neg

cancer and

15a-3p was down-re )
hibited the

that up-regulatio
growth and met

miR-15a-3p. It
wistl is a regulator of EMT
en to be targeted by miR-15a-

ombined with the luciferase
these findings indicate that

’ thermore the level of Twist was higher in
arian cancer tissues and was negatively cor-

ults showed that knocking down Twistl
mimics the suppressive impacts of miR-15a-3p on

1944

the growth and metastasis of ovarian cancer cells.
Although some important findings were obtained
in this study, there were some limitatigg
in a subcutaneous tumor model,
transfected cells were injected ing
In fact, the cells that were stg

prognosis of patients
to be investigated in

induces the rnesenchyrnal -ep-
ET) process of ovarian can-
, miR-15a-3p suppresses the
lung metastasis of ovarian

he direct target of miR-15a-3p, which exerts
ole in the inhibitory impact of miR-
a-3p oh ovarian carcinoma cell. These results
elucidate a molecular linkage between the Twistl
and miR-15a-3p pathways that determine growth
and metastasis of ovarian cancer.
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