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Abstract: Objective: The present study aimed to explore the inhibitory effects of microRNA-133a on the development
and metastasis of ovarian cancer, investigating its mechanisms. Methods: Surgical specimens of 48 ovarian cancer
patients were gathered. Ovarian cancer SKOV-3 cells were divided into the experimental group (EG), transfected
with microRNA-133a mimic, and the control group (CG), transfected with nonsense microRNA. Expression levels
of microRNA-133a were measured using RT-PCR. Moreover, CCK8, Transwell, and flow cytometry were adopted to
measure changes in cell proliferation, invasion, and apoptosis. Western blotting was adopted to measure expression
levels of TGF-B1 related protein. Results: Relative expression levels of microRNA-133a of the ovarian cancer tissues
were lower than those of adjacent tissues (P<0.05). Compared with the control group, overexpression of microRNA-
133a remarkably inhibited cell proliferation and invasion in the experimental group (P<0.05). Expression of TGF-1
of SKOV-3 tissues was remarkably higher than that of adjacent tissues (P<0.05), being negatively correlated with
expression of microRNA-133a (r=-0.684, P<0.05). Compared with the EG, invasion and migration of SKOV-3 cells
were decreased. Expression levels of mMRNA and proteins of TGF-B1 and CTGF were decreased in the EG (P<0.05).
Compared with microRNA-133a+CG, invasion and migration of cells in the microRNA-133a mimic+TGF-B1 group
were significantly raised (P<0.05). Conclusion: Low expression of microRNA-133a in SKOV-3 tissues may inhibit the
development and metastasis of ovarian cancer via regulating the activation of TGF-B1 signaling pathways.
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Introduction

Ovarian cancer is one of the most common
gynecological malignancies after cervical and
uterine cancers. Its mortality rate is the high-
est among gynecological malignancies, with
5-year survival rates of around 30%. Ovarian
cancer is a serious threat to the health of wo-
men [1]. Due to the insufficiency of effective
early diagnosing methods and sensitive tumor
markers, symptoms, such as abdominal disten-
sion and abdominal pain, often occur in the
middle and late stages [2]. At present, multi-
disciplinary combined therapies, including sur-
gery, radiotherapy, chemotherapy, and molecu-
lar targeted therapy, are widely used in clinic.
However, these are still unable to prevent the
recurrence and metastasis of ovarian cancer,
leading to high morbidity and mortality rates in

China. Extensive metastasis of the abdominal
cavity and whole body is an important cause of
death. However, the specific mechanisms of
metastasis remain unclear, making treatment
of advanced ovarian cancer a bottleneck [3].
Therefore, it is of great significance to find tar-
gets closely related to incidence and develop-
ment of the tumors, aiming to clarify potential
mechanisms of tumor metastasis. The hope is
to promote the research of new methods in
ovarian cancer treatment, ultimately improving
patient prognosis.

MicroRNAs (microRNAs) are endogenous non-
coding small RNAs with 19-25 nucleotides, with
no function of coding proteins. However, they
can bind to the 3’ untranslated region (3'UTR)
of the messenger RNA (mMRNA). This can reduce
the stability of mRNA and negatively regulate
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expression levels of target gene mRNA [4, 5].
The main function of microRNAs is to regulate
growth, proliferation, differentiation, apoptosis,
aging, death, and other life processes of cells
[6, 7]. Some studies have confirmed that the
physiological mechanisms of microRNA-133a
are similar to those of “tumor suppressor ge-
ne”, which can suppress the proliferation and
survival of various tumor cells. Moreover, the
downregulation of microRNA-133a in tumor
cells has been correlated with development
and poor prognosis of malignancies [8]. Whe-
ther microRNA-133a plays the role of a “tu-
mor suppressor gene” in ovarian cancer, as
well as its role and mechanisms in the deve-
lopment and metastasis, are still indistinct.
The current study was conducted to explore
expression levels of microRNA-133a in ovarian
cancer cell lines and its biological function in
the development and metastasis of tumor
cells. The aim of the current study was to in-
vestigate its mechanisms, providing an experi-
mental basis for clinical research on new tar-
gets for the treatment of ovarian cancer.

Material and methods
Materials

Specimens: A total of 48 specimens of ovar-
ian cancer and adjacent cancer tissues (more
than 4 cm from the tumor margin) were gath-
ered between January 2016 and December
2017. No chemotherapy was performed be-
fore the operation. The specimens were reser-
ved in liquid nitrogen at -80°C. Patients pro-
vided informed consent and all clinicopatho-
logical data was completely preserved. The
present study was performed under the ap-
proval of the Medical Ethics Committee.

Reagents: DMEM Medium (Gibco Company,
USA); Lipofectamine 2000 (Shanghai Run-
cheng Biotechnology Co., Ltd., Shanghai,
China); microRNA-133 mimics, nonsense
microRNA, and its primers (Bioneer Trading
Co., Ltd., Shanghai, China); miRNeasy Mini Kit
(Beijing Xiangyue Huanyu Science and Tech-
nology Development Co., Ltd., Beijing, China);
Transforming growth factor-f1 (TGF-B1) and
connective tissue growth factor (CTGF) anti-
bodies (Wuhan Boster Biological Technology
Co., Ltd., Wuhan, China); GAPDH antibodies
and second antibodies (Shanghai MultiScien-
ces Biotechnology Co., Ltd., Shanghai, China);
Rabbit anti-human TGF-B1 antibody, mouse
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anti-human GAPDH antibody, and luciferase
reporter vector (TGF-B1-wt and TGF-f1-mu) in
3’-UTR of mutant and wild type TGF-31, microR-
NA-133a mimics, and over-expression plas-
mids of and TGF-B1 were packaged and syn-
thesized by Shanghai Genechem Co., Ltd.; Tra-
nswell cell and protein lysis reagent (Corning
Company, USA); Annexin V-FITC-PI apoptosis
detection kit (Nanjing Senbeijia Biotechnology
Co., Ltd., Nanjing, China).

Methods
Culture and treatment of cells

SKOV-3 of ovarian cancer was cultured in an
incubator at 37°C with 5% total humidity of car-
bon dioxide. The DMEM media contained 10%
FBS, 100 U/mL of penicillin, and 100 mg/mL of
streptomycin. Lipofectamine 2000 was used
as the transfection reagent. SKOV-3 cells in the
experimental group (EG) were transfected with
microRNA-133a mimics at a concentration of
5x10% mol/L. SKOV-3 cells in the control group
(CG) were transfected with nonsense microR-
NAs at a concentration of 5x10% mol/L. In the
microRNA-133a mimic+TGF-B1 group, all SK-
OV-3 cells were cultured in an incubator.

RT-PCR was used to detect transfected cells
for 48 hours. The cells were collected to extra-
ct RNA. The sequence of TGF-B1 gene primers
was designed by Premier 5 software. Forward
primers were 5-CCAAGGACGGAATACAGG-3/,
while the reverse primers were 5-TGAGGAGCA-
GGAAGGGGTC-3'. According to miScriptlIRT kit
instructions, the RNA was reversely transcribed
to cDNA and quantified by fluorescence PCR.
With GAPDH as internal reference gene, the
288t method was applied to calculate relative
expression levels of microRNA-133a, where
AACt = ACt (sample) - ACt (internal reference).
The experiment was duplicated three times.

CCKS8 assay for cell proliferation

After 24 hours of transfection, the cell suspen-
sion was prepared (density: 1x10%/mL) and in-
oculated on 96-well plate with 0.1 mL/well.
CCKS8 reagent was added once every 24 hours.
Absorbance (OD) levels of each well at 450 nm
were measured after 1 hour of dark culturing.
This was repeated three times. A cell prolifera-
tion curve was plotted according to the obtain-
ed data.
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Figure 1. Relative expressions of microRNA-133a in ovarian cancer tis-
sues (A) and SKOV-3 cell lines (B). Note: Compared with the cancer tissues,

*P<0.001; compared with the CG, ##P<0.001.

- miRNA-133a mimic
-e- Control group

*k ok

OD value
- - N N
F=3 n o n
L L L ]

e
(4]
1

2
=}

Time (h)

Figure 2. Effects of overexpression of microRNA-
133a on proliferation of SKOV-3 cells. Note: Com-
pared with the CG, "*P<0.001.

Transwell assay for cell migration

After transfecting for 24 hours, synchronized
cells were cultivated for 12 hours in the ser-
um-free media. FBS-free cell suspension with a
density of 1x10*/mL was prepared. The routine
Transwell chamber was glued and the margin of
plate was patted. The suspension was poured
to the upper chamber with 0.2 mL/well and cul-
tivated for 24 hours. A chemotactic inducer
was decanted into the lower chamber, contain-
ing 10% FBS culture media. The slide was rin-
sed three times, fixed with 4% poly-formalde-
hyde, rinsed three more times, and dyed with
0.1% crystal violet dye solution. Photos were

3073

taken and the numbers of
cells were calculated using

the microscope.
ey

Flow cytometry for cell apop-
tosis

After transfecting for 24 hours,

the cells were cultured in

the serum-free media for 24
@ hours. They were collected
and re-suspended with buffer
to form a suspension with a
density of 1~5x10%/mL. The
suspension of 0.1 mL was
decanted into the flow tube
and stored at 4°C in dark.
Apoptosis of the cells was
measured via Annexin VFITC/
Pl double staining. Flow data were processed
with Flow Jo software.

Western blotting for detection of expression of
TGF-B1/CTGF signaling pathway-related pro-
teins

After transfecting for 48 hours, the total cell
protein was extracted and transferred to PV-
DF membranes by SDS-PAGE electrophoresis.
The protein was placed in 5% skimmed milk
powder at 37°C for 1 hour. The first antibody
[TGF-B1, CTGF antibodies (Wuhan Boster Bio-
logical Technology Co., Ltd., Wuhan, China); di-
luted concentration 1:50] was added. The pro-
tein was incubated overnight at 4°C and wa-
shed for 10 minutes, a total of three times.
The second antibody [GAPDH antibodies and
second antibodies (Shanghai MultiSciences
Biotechnology Co., Ltd., Shanghai, China); dilut-
ed concentration 1:1000], labeled with horse-
radish peroxidase, was added. The protein was
incubated at 37°C for 1 hour. ECL lumines-
cence was adopted for development. Image J
software was applied to analyze relative ex-
pression levels of target proteins.

Dual luciferase reporter assay

The amplified 3'UTR sequence and mutant
3'UTR sequence of TGF-B1 were cloned into p-
GL3.0 plasmid to construct wild-type TGF-B1-
3'UTR (wt) and mutant-type TGF-B1-3'UTR (mu)
reporter vectors. The cells were co-transfected
with microRNA-133a mimic and cultured for
48 hours. Fluorescence values were detected
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Figure 3. Effects of overexpression of microRNA-133a on invasion of ovarian
cancer SKOV-3 cells. A: Transmembrane cell number of CG; B: Transmem-
brane cell number of EG. Note: Compared with the CG, ###P<0.001.
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Figure 4. Effects of overexpression of microRNA-133a on migration of SKOV-
3 cells. A: Scratch healing of CG; B: Scratch healing of EG. Note: Compared
with the CG, ##P<0.001.

using a Dual-Glo dual lucifer-
ase detection system.

Statistical analysis

SPSS19.0 statistical software
was adopted for statistical
analysis of present data. Stu-
dent’s t-tests were used to
analyze measurement data
(expressed as mean * SD),
while x? tests were applied
to analyze enumeration data.
P<0.05 indicates statistical
significance.

Results

Relative expression of
microRNA-133a in ovarian
cancer tissues and SKOV-3
cell lines

Relative expression levels of
microRNA-133a in ovarian
cancer tissues (0.725+0.172)
were lower than those in ad-
jacent tissues (0.983+0.176)
(t=7.264, P=0.000, Figure
1A). Compared with the CG,
expression of miRNA-133a in
the EG was upregulated af-
ter transfecting SKOV-3 with
miRNA-133a mimics (0.992+
0.188 vs 16.714+0.455; P<
0.001, Figure 1B).

Effects of overexpression of
microRNA-133a on prolifera-
tion of SKOV-3 cells

After 48 and 72 hours of
transfection, the proliferation
of SKOV-3 cells of the EG was
remarkably lower than that of
the CG, suggesting that over-
expression of microRNA-133a
can significantly suppress the
proliferation of SKOV-3 cells
(P<0.05, Figure 2).

Effects of overexpression of
microRNA-133a on invasion
of SKOV-3 cells

The Transwell invasion experi-
ment revealed that the num-
ber of cell-penetrating cells
of the EG (53.543+12.250)
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higher than that of the CG
(7.205+0.226)% (t=168.631,

v

o - . S

-
= JAnnexin V-/PI+ ARneIdn Y $¥Y = TAnnexin V-/Pi+ Anncxin VeiPle

P<0.001, Figure 5), suggest-
ing that overexpression of mi-
croRNA-133a can significant-
ly inhibit apoptosis of ovarian
cancer SKOV-3 cells.

Annexin V-fPl- _ |Annexin.V+/Pl-

Annexin V+/Pl-

Dual-luciferase prediction and
validation of TGF-1 as a tar-
get gene of microRNA-133a

Apoptosis rate
S

-
(=]
1

(=]
I

Figure 5. Effects of overexpression of microRNA-133a on apoptosis of ovar-
ian cancer SKOV-3 cells. A: Apoptosis rate of CG; B: Apoptosis rate of EG.

Note: Compared with the CG, ###P<0.001.

was remarkably lower than that of the CG
(120.544+15.672) (t=23.336, P<0.001, Figure
3), indicating that overexpression of microRNA-
133a can significantly inhibit invasion of SKOV-
3 cells.

Effects of overexpression of microRNA-133a
on migration of SKOV-3 cells

Scratch testing revealed that healing levels of
cell scratches of the EG were remarkably lower
than those of the CG (P<0.05, Figure 4), imply-
ing that overexpression of microRNA-133a can
inhibit migration of SKOV-3 cells.

Effects of overexpression of microRNA-133a
on apoptosis of SKOV-3 cells

Flow cytometry revealed that the apoptotic rate
of the EG (28.542+0.847)% was remarkably
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A target scan network data-
base was applied to predict
the target gene of microRNA-
133a. It was found that TGF-
1 and microRNA-133a had
a similar 3’-UTR binding se-
quence (Figure 6A), suggest-
ing that TGF-B1 directly tar-
geted microRNA-133a. At the
same time, microRNA-133a-
mimics and TGF-B1 were co-
transfected into ovarian can-
cer SKOV-3 cells. Luciferase
reporter gene assay results
showed that microRNA-133a-
mimic significantly inhibited
luciferase activity (Figure 6B).

Additionally, RT-PCR and Wes-
tern blotting showed that ex-
pression levels of mRNA and
proteins of TGF-B1 of the EG
were remarkably lower than those of the CG
(P<0.05, Figure 6C, 6D). Present results sug-
gest that microRNA-133a directly regulated
TGF-B1.

Effects of TGF-B1 on inhibition of invasion and
migration of SKOV-3 cells mediated by microR-
NA-133a

Compared with the microRNA-133a mimic+CG
group, expression levels of TGF-B1 and CTGF
downstream proteins in TGF-B1 mRNA signal-
ing pathways of SKOV-3 cells in the microRNA-
133a+TGF-B1 group were remarkably raised
(P<0.05, Figure 7A, 7B). The numbers of cell-
penetrating cells and scratch healing in the
Transwell chambers were significantly increa-
sed (P<0.05, Figure 7C, 7D), indicating that
microRNA-133a can suppress the invasion
and migration of tumor cells via downregula-
ting TGF-B1 and CTGF.

Int J Clin Exp Med 2020:13(5):3071-3079
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Figure 6. Dual-luciferase prediction and validation of TGF-B1 as the target gene of microRNA-133a. A: TGF-B1 has
similar 3’-UTR binding sequence to miRNA-133a; B: Luciferase activity in cells was shown by Luciferase reporter
gene assay; C: TGF-B1 mRNA was detected by RT-PCR; D: TGF-B1 protein expression was detected by Western blot-

ting. Note: Compared with the CG, "P<0.05.

Discussion

Ovarian cancer is one of the most common
malignancies in women. It is the most deadly
gynecological malignancy with the highest mor-
tality rate. About 70% of patients with ovarian
cancer are diagnosed at the advanced stage.
Thus, they have missed the best opportunity for
treatment [9, 10]. Since the 1970’s, cytoreduc-
tive surgery and postoperative chemotherapy,
combined with platinum and taxanes, have
become the standard treatment for ovarian
cancer. Although the scheme has improved the
prognosis of patients, the therapeutic effects
of ovarian cancer were poor. This was due to
the recurrence of the disease, drug resistance,
and non-specific molecular targeted treatment,
with an overall 5-year survival rate of 30.60%
[11-13]. Therefore, investigating the mechanis-
ms of ovarian cancer metastasis is of positive
significance, exploring new ideas for treatment
of ovarian cancer. Some studies have found
that there are about 30 kinds of microRNAs
with abnormal expression in ovarian cancer.
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This factor plays a vital role in the incidence
and development of tumors, as well as the in-
vasion and migration of tumor cells [14-16].

Moreover, microRNA-133a has been demonstr-
ated to be downregulated in esophageal squa-
mous cell carcinoma, bladder cancer, colorec-
tal cancer, breast cancer, and other solid tu-
mors. Additionally, microRNA-133a has been
shown to have the effects of a tumor suppres-
sor gene and tumor suppressor factor in many
tumors. Guo N et al. [17] found that expression
of microRNA-133a inhibited the proliferation
and invasion of lung cancer cells via targeting
AKT/ERK signaling, regulating EGFR. In colorec-
tal cancer, Ruebel K et al. [18] believed that
expression of microRNA-133a was remarkably
downregulated in the development of tumors.
Results implied that microRNA-133a is a tu-
mor suppressor factor and is low-expressed in
many solid tumors or cell lines. However, ex-
pression of microRNA-133a in ovarian cancer
and its mechanisms have not been clearly re-
ported. SKOV-3 is the main tissue type of ovar-

Int J Clin Exp Med 2020;13(5):3071-3079
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ian cancer. Results suggest that expression of
microRNA-133a in SKOV-3 tissues was remark-
ably lower than that in adjacent tissues, reve-
aling that low expression of microRNA-133a in
SKOV-3 tissues may be related to tumor sup-
pressor factors. In addition, in the present stu-
dy, microRNA-133a and its control were syn-
thesized and transfected into ovarian cancer
SKOV-3 cell line. The Transwell chamber and
scratch tests showed that overexpression of
microRNA-133a suppressed the invasion and
migration and accelerated the apoptosis of
SKOV-3 cells, indicating that microRNA-133a
provides anti-cancer effects in ovarian cancer
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miR-133a miR-133a
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Figure 7. Effects of TGF-1 on the inhibition of SKOV-3 cell
invasion and migration mediated by microRNA-133a. A: RT-
PCR was used to detect TGF-B1 expression after transfection
of SKOV-3 cells with TGF-B1 and microRNA-133a mimic; B:
Western blotting was used to measure TGF-B1 protein ex-
pression after transfection of SKOV-3 cells with TGF-B1 and
microRNA-133a mimic; C: Transmembrane cell number af-
ter transfection of SKOV-3 cells with TGF-31 and microRNA-
133a mimic; D: Cell scratch healing after transfection of
SKOV-3 cells with TGF-B1 and microRNA-133a mimic. Note:
Compared with the CG, "P<0.05.

tissues. Thus, it suppresses the invasion and
migration of tumor cells. A microRNA usually
has multiple target genes with different biolo-
gical functions. Thus, microRNAs play a corre-
sponding biological function by regulating tar-
get genes. In the present study, there were
binding sites of microRNA-133a in the promo-
ter region of TGF-B1 by bioinformatics predic-
tion. TGF-B1 was identified as the target gene
of microRNA-133a via dual-luciferase assay.
TGF-B1/CTGF signaling pathways participated
in regulating cell differentiation, migration, and
growth, playing a vital role in tumorigenesis.
TGF-B is a multifunctional peptide growth fac-

Int J Clin Exp Med 2020:13(5):3071-3079
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tor, which can be divided into three subtypes,
TGF-B1, TGF-B2, and TGF-B3. The functions of
each subtype are not exactly identical [19-21].
It has been found that, as a component of ex-
tracellular matrix, TGF-B1 expression is signifi-
cantly upregulated in some advanced tumors,
enabling invasion, metastasis, and drug resis-
tance of tumors [22-24]. CTGF is a multi-effect
biological protein molecule involved in wound
repair, inflammation, and vessel and tissue fib-
rosis [25, 26]. With in-depth clinical research,
it has been found that CTGF participates in the
growth and metastasis of tumor tissues and is
an important factor in promoting tumor angio-
genesis [27]. Results of the luciferase reporter
gene experiment showed that microRNA-133a
directly and negatively regulated TGF-B1 genes.
However, whether microRNA-133a could sup-
press the development and metastasis of ovar-
ian cancer via targeted regulation of TGF-B1
could not be clarified.

Results of the current study revealed that inva-
sion and migration levels of SKOV-3 cells were
significantly inhibited after microRNA-133a tra-
nsfection. For example, microRNA-133a sup-
pressed the invasion and metastasis of SKOV-
3 cells through negatively regulating TGF-B1.
Overexpression of TGF-B1 weakened the inhi-
bition of microRNA-133a. When SKOV-3 cells
were simultaneously transfected with both
microRNA-133a and TGF-B1, the Transwell ch-
amber and scratch tests indicated that, com-
pared with the CG, the number of cell-penetrat-
ing cells and scratch healing were significantly
increased after microRNA-133a transfection.
Results suggest that TGF-B1 could weaken the
inhibition of microRNA-133a on SKOV-3 cell
invasion and migration of. TGF-B1 could pro-
mote cell invasion and migration. Results con-
firmed that microRNA-133a inhibited the prolif-
eration and metastasis of ovarian cancer cells
via targeting down-regulation of TGF-f1 and
CTGF expression levels.

In conclusion, expression of microRNA-133a
was shown to be low in SKOV-3 tissues and
ovarian cancer cells. It can suppress the de-
velopment and metastasis of ovarian cancer
through regulating the activation of TGF-B1/
CTGF signaling pathways. Present results may
provide a new intervention target for the treat-
ment of ovarian cancer.
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