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Mechanism of MicroRNA-375 Promoter
Methylation in Promoting Ovarian Cancer
Cell Malignancy
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Xia Zou, MD1, and Jun Yang, MD1

Abstract
Objective: Ovarian cancer (OC) ranks one of the most prevalent fatal tumors of female genital organs. Aberrant promoter
methylation triggers changes of microRNA (miR)-375 in OC. Our study aimed to evaluate the mechanism of methylated miR-375
promoter region in OC cell malignancy and to seek the possible treatment for OC. Methods: miR-375 promoter methylation
level in OC tissues and cells was detected. miR-375 expression in OC tissues and cell lines was compared with that in deme-
thylated cells. Role of miR-375 in OC progression was measured. Dual-luciferase reporter gene assay was utilized to verify the
targeting relationship between miR-375 and Yes-associated protein 1 (YAP1). Then, Wnt/b-catenin pathway-related protein
expression was tested. Moreover, xenograft transplantation was applied to confirm the in vitro experiments. Results: Highly
methylated miR-375 was seen in OC tissues and cell lines, while its expression was decreased as the promoter methylation
increased. Demethylation in OC cells brought miR-375 back to normal level, with obviously declined cell invasion, migration and
viability and improved apoptosis. Additionally, miR-375 targeted YAP1 to regulate the Wnt/b-catenin pathway protein expres-
sion. Overexpressed YAP1 reversed the protein expression, promoted cell invasion, migration and viability while reduced cell
apoptosis. Overexpressed miR-375 in vivo inhibited OC progression. Conclusion: Our study demonstrated that demethylated
miR-375 inhibited OC growth by targeting YAP1 and downregulating the Wnt/b-catenin pathway. This investigation may offer
novel insight for OC treatment.
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Introduction

Ovarian cancer (OC) is a heterogeneous tumor that occurs in

malignant tubal epithelium.1,2 Moreover, OC represents the

seventh most prevalent cancer in female and also the eighth

leading cause of cancer mortality worldwide, with almost 4%
of new female cancer patients.3 For its lack of early symptoms

and diagnostic treatment, there is no method to perform accu-

rately diagnosis about OC.4 Now the effective ways to measure

OC malignancy are ultrasound score, serum cancer antigen 125

and menopausal status.5 However, in most cases, OC is diag-

nosed at advanced stage, with 5-year survival rates below

30%.6 Surgery and chemotherapy are practical treatments for

OC.7 First line chemotherapy of platinum compounds and tax-

anes is effective to OC patients, but chemo-resistance and

recurrence often occur.2 What’s more, in developing countries,

age-standardized rates and number of patients are increasing as

life-expectancy improves.8 In this context, novel therapeutic

strategies for OC are in urgent need. Toward this, we undertook

a microRNA (miR)-based approach to understand the underly-

ing mechanism in OC development, in order to develop novel

intervention strategies.
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Dysregulated miR is observed in many malignancies indi-

cating tumor suppressive or oncogenic role.9 A previous study

suggested that miR-375 functions as a potential biomarker to

promote OC diagnosis.10 It has also been demonstrated that

miR-375 promoter methylation downregulates its expression.11

In our research, targeting relationship between Yes-associated

protein 1 (YAP1) and miR-375 was found. It has been proven

that the pivotal significance of activated YAP1 which repro-

grams cancer cells and incites cancer cell biological behaviors

in cancer making it a main target to possible treatment for

OC.12,13 YAP1, the downstream transcription coactivator in

the Hippo pathway, was already proven to be an impetus of

OC growth, suggesting a poor prognostic indicator.14 Evidence

has shown that declined YAP1 leads to highly expressed miR-

375 while overexpressed YAP1 results in knockdown of miR-

375.15 Besides, our research found multiple relations between

YAP1 and Wnt/b-catenin axis. As a typical Wnt-signaling

pathway, Wnt/b-catenin pathway is of great importance in pre-

eclampsia by regulating preeclampsia cell biological beha-

viors.16 YAP1 is revealed to be vital for Wnt/b-catenin

signaling activation in various cancer types, and targeted YAP1

suppresses the Wnt/b-catenin pathway.17 The YAP1 and Wnt/

b-catenin axis play active roles in maintaining cell homeostasis

and controlling colorectal cancer progression.18 From all

above, it is reasonable to hypothesize that there may be inter-

actions among miR-375, YAP1 and Wnt/b-catenin axis in OC

cell progression. Thus, we conducted a series of experiments to

verify the hypothesis.

Materials and Methods

Ethics Statement

This study was approved and supervised by the ethics commit-

tee of The Third Affiliated Hospital of Nanchang Universi-

ty(Approval number: 000011). All the subjects have signed

the informed consents. Significant efforts were made in order

to minimize both the number of animal death and their

suffering.

Sample Collection

From September 2016 to September 2018, 50 OC patients

treated in The Third Affiliated Hospital of Nanchang Univer-

sity were enlisted in this experiment for gathering of OC tissues

and non-tumor tissues. Exclusion criteria were: (1) patients

with incomplete clinical data; (2) patients complicated with

mental disease or consciousness disorder; (3) patients compli-

cated with other primary malignant tumors, autoimmune dis-

eases, severe organic diseases, dysfunction of important organs

and coagulation; (4) juveniles and pregnant or lactating

women; (5) allergic constitution or allergic to relevant exam-

ination; (6) patients with unqualified magnetic resonance ima-

ging. All the OC patients were diagnosed by pathological

examination.

Cell Cultivation

Human OC cell lines SKOV3, PEO1, OVCAR3, A2780 and

human ovarian surface epithelial cell (HOSEpiC) purchased

from American Type Culture Collection (ATCC, Manassas,

Virginia, USA) were cultured in Dulbecco’s modified Eagle

medium (DMEM) consisting of 10% fetal bovine serum (FBS),

100 U/mL penicillin and 100 mg/mL streptomycin (Gibco,

ThermoFisher Scientific, Inc., Waltham, Massachusetts, USA).

Afterward, these cells were cultured in a group of 3 mmol/L 5-

aza-20-deoxycytidine (Sigma, St Louis, Missouri, USA) for

72 h and a control group of dimethyl sulfoxide (DMSO) to

conduct demethylation.19

Methylation-Sensitive High-Resolution Melting
(MS-HRM)

The extracted total DNA from cells or tissues was transformed

by EpiTect fast DNA Bisulfite kit (Qiagen, Dusseldorf, Ger-

many). Additionally, 1000 mg DNA, 35 mL DNA protective

liquid and 85 mL conversion reagent was included in the reac-

tion system. The reaction conditions were 5 min at 95�C, 20

min at 60�C, 5 min at 95�C and 20 min at 60�C. After reaction,

the products were purified and recovered with the spin column

in the kit and stored at �20�C for further use. MS-HRM was

performed on Rotor-gene 6000 (Corbett, Sydney, Australia).

Each sample was in duplicate. In every operation, 100%,

50%, 10% and 3% methylation and unmethylated standards

were employed to detect the methylation level in every sample.

MS-HRM primers were made and synthesized in Sangon Bio-

technology Co., Ltd. (Shanghai, China) (Table 1). The 20 mL

reaction system was composed by 1 � polymerase chain reac-

tion buffer solution, 1.5-3.0 magnesiun chloride (MgCl2), 200

mM deoxy-ribonucleoside triphosphates mixture, 200-400 nM

forward and reverse primers, 1 � SYTO9 intercalation dye

(Thermo Fisher Scientific), 0.5 U Hotstar Taq DNA polymer-

ase and 10 ng DNA transformed from bisulfite. Methylation

levels were presented by percentage.

Cell Transfection

The pcDNA3.1 vector (Invitrogen, Carlsbad, California, USA)

was digested with restriction enzyme (EcoR I and Xba I) for

linearization. After agarose gel electrophoresis, the DNA frag-

ment was recovered. Then YAP1 cDNA (GenBank:

NM_001130145.3) covered the whole genome of normal

human ovarian epithelial cells (HOSEPiC) was cloned,

sequenced and then connected into the linearized pcDNA3.1

to construct the overexpressed YAP1 vector pcDNA3.1-YAP1.

Table 1. Primers Sequence.

Gene Primers

miR-375 promoter F: 5’-TATAGTCTGCAAAGTCTTGTA-3’

R: 5’-CGCTCAGGTCCGGTTTGTGCG-3’

Note: miR: microRNA.
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miR-375 mimics, miR-negative control (NC), small interfere

(si)-YAP1-1, si-YAP1-2, si-NC (ThermoFisher, Shanghai,

China) were designed and synthesized. Lipofectamine 2000

(Invitrogen) was used with a firm compliance to its instructions

to conduct transfection.

Reverse Transcription-Quantitative Polymerase Chain
Reaction (RT-qPCR)

TRIzol (Invitrogen) one-step method was applied to extract

total RNA of cells and tissues. Next, the extracted qualified

RNA was tested by ultraviolet analysis and formaldehyde

denaturation electrophoresis. The fluorescent quantitative PCR

was conduct based on instructions of RT-qPCR kit (Thermo-

Fisher). PCR primers were made and synthesized in Shanghai

Sangon Biotechnology Co., Ltd. (Shanghai, China) (Table 2).

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was

utilized as an internal references of YAP1, and U6 as an inter-

nal reference of miR-375. After reaction, amplification curves

and dissolution curve were identified. The relative expression

was calculated by 2�DDCt method.

3-(4, 5-Dimethylthiazol-2-yl)-2, 5-Diphenyltetrazolium
Bromide (MTT) Assay

Differentially treated cells in exponential phase were prepared

at 1� 105 cells/mL for single-cell suspension. Then, these cells

were inoculated into a 96-well plate, 200 mL per well. Cell

viability was detected by 20 mL MTT solution (5 mg/mL)

(Sigma, St. Louis, Missouri, USA) after 48 h. Each well was

added with 150 mL DMSO dissolved crystallization for 15 min.

Each well’s absorptivity ability was tested under 490 nm wave-

length by a microplate reader. Cell proliferation rate was cal-

culated by (experimental group A490-blank control group

A490)/(NC group A490-blank control group A490) �100%.

Transwell Assay and Scratch Test

Differentially treated SKOV3 or PEO1 cells were collected to

be mixed with serum-free medium consisting of 0.1% albumin

bovine serum (BSA) for resuspension to 1� 105 cell/mL on the

upper chamber. The lower chamber was added with DMEM

with 10% FBS. Transwell was placed in a 37�C incubator with

5% CO2 for 24 h. The filter membrane was taken out, washed

by phosphate buffered saline (PBS), and fixed with 0.5% glu-

taraldehyde. After that, the filter membrane was added into a

37�C crystal violet staining solution with 5% CO2 for 24 h.

Under the microscope, 5 visual fields (200 �) were randomly

chosen to be counted.

Differentially treated SKOV3 or PEO1 cells was collected

to be detached by 0.25% trypsin and was resuspended by com-

plete medium with serum to 2 � 105 cell/mL. Then, these cells

were inoculated into a 37�C 6-well plate, 2 mL per well with

5% CO2 for 12 h. Pipette tip was applied to draw a straight line

perpendicular to the center on the cell surface after cell adher-

ence. When the floating cells were washed by PBS, cells were

cultured for another 24 h and photographed under the micro-

scope. Image J software (National Institutes of Health,

Bethesda, Maryland, USA) was used to analyze the width of

cell scratch in different groups at different time points and

calculate cell migration rate, which was equivalent to 0 h

scratch width—24 h scratch width)/0 h scratch width �100%

Cell Apoptosis Assay

The collected cells were then resuspended to 1 � 106 cells/mL

and mixed and cultured with 500 mL cell suspension, 5 mL

Annexin V-fluorescein isothiocyanate and 10 mL propidium

iodide (Invitrogen) for 10 min in the dark before verified with

flow cytometry.

Immunocytochemistry (ICC)

OC cells were placed on a dish with a cover glass to cultivate

slides. When the cover glass was full of cells, the culture

medium was discarded. After washed by PBS, the cover glass

was fixed by 4% formaldehyde for 15 min and incubated in

0.3% Triton X-100 for 20 min. After a PBS wash, the cover

glass was incubated in 1% BSA for 30 min. After that, the

cover glass was incubated with primary antibodies at 37�C for

1 h. After washed by PBS, the cover glass was incubated with

secondary antibody in a wet box for 30 min. The cover glass

was washed by PBS again, visualized with normal 2,4-

diaminobutyric acid, counterstained with hematoxylin and

sealed for observation after dehydration and clearing. The anti-

bodies used were E-cadherin (1:100, ab194982, Abcam, Cam-

bridge, Massachusetts, USA), and IgG (1:200, ab97196,

Abcam).

Western Blot Analysis

Protein from each sample was counted compliance with the

instructions of bicinchoninic acid kit (ThermoFisher Scien-

tific). With the loading buffer added, the extracted protein

was boiled at 95�C for 10 min. Next, 30 mg of protein was

separated with sodium dodecyl sulfate polyacrylamide gel

electrophoresis (10% (w/v) when the voltage changed from

80 v to 120 v). The proteins were gradually changed to the

Table 2. List of Primers.

Gene Primer sequence

YAP1 F: 50-GCCATGGATCCCGGGCAGCAG-30

R: 50-GGGCTCTATAACCATGTAAGA-30

GAPDH F: 50-GGGAGCCAAAAGGGTCAT-30

R: 50-GAGTCCTTCCACGATACCAA-30

miR-375 F: 50-CCCCGCGACGAGCCCCTCGCAC-30

R: 50-GCCTCACGCGAGCCGAACGAA-30

U6 F: 50-CGCTTCGGCAGCACATATAC-30

R: 50-AATATGGAACGCTTCACGA-30

Note: YAP1: Yes-associated protein 1; GAPDH: glyceraldehyde-3-phosphate

dehydrogenase; miR: microRNA.
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polyvinylidene fluoride membrane by wet transformation at

100 mv for 45-70 min. The membrane was sealed for 1 h in

5% BSA, then cultured with primary antibodies at 4�C over-

night. Afterward, the membrane was washed 3 times in tris-

buffered saline tween (TBST), and then it was incubated with

horseradish peroxidase-conjectured secondary antibody IgG

for 1 h. After fully TBST washes, the membrane was visua-

lized by electrochemiluminescence regent and the Bio-Rad

Gec EZ imager (Bio-Rad, California, USA). The targeting

relationship was verified by Image J software (National Insti-

tutes of Health) for gray value analysis. The antibodies used

and the concentration of incubation were YAP1 (1:5000,

ab52771, Abcam), E-cadherin (1:1000, ab76055, Abcam),

IgG (1:200, ab97196, Abcam), Wnt1 (1:1000, ab15251,

Abcam), b-catenin (1:1000, ab16051, Abcam), and b-actin

(1:1500, ab8227, Abcam).

Xenograft Tumors in Nude Mice

Eighteen female BALB/c nude mice (20 + 2 g) (Jingdi bio-

medicine Co., Ltd, Shanghai, China) were free to food and

water, a d were numbered with body weight and randomly split

into the SKOV3 group, SKOV þ miR-NC group and SKOV3

þ miR-375 mimics group, with 6 mice in each group. A col-

lection of 200 mL untreated SKOV3 cells were subcutaneously

injected into mice in the SKOV3 group, with 1 � 107 cells in

each mouse. A total of 200 mL SKOV3 cells transfected with

miR-NC were subcutaneously injected into mice in the SKOV3

þ miR-NC group, with 1 � 107cells in each mouse for the first

7 days, after that, miR-NC was injected into mice intratumo-

rally 7 days, with 2 mg in each mouse. A total of 200 mL

SKOV3 cells transfected with miR-375 mimics were subcuta-

neously injected into mice in the SKOV3 þ miR-375 mimics

group, with 1 � 107 cells in each mice for the first 7 days, after

that, miR-375 mimics was injected into mice intratumorally

every 7 days, with 2 mg in each mouse. Methods of intratu-

moral injection refer to a previous literature.20 From the

seventh day of SKOV3 injection, the volume of the tumors

came from the formula (length � width)2 � 0.5 every 3 days.

The tumors were selected and weighed after 28 days. Three

mice tumors in each group were chosen to be paraffin-

embedded and sliced. Ki67 (1:200, ab15580, Abcam) expres-

sion in tumor tissues was detected by immunohistochemistry.

The remaining 3 tumors were grinded into homogenate for

further detection.

Statistical Analysis

SPSS 21.0 (IBM Corp. Armonk, NY, USA) was employed to

get data analysis. Kolmogorov-Smirnov test indicated whether

the data were in normal distribution. The results were showed

in mean + standard deviation. The t test was used for analyz-

ing comparisons between 2 groups, one-way analysis of var-

iance (ANOVA) or two-way ANOVA for comparing different

groups, and Tukey’s multiple comparisons test for pairwise

comparisons after ANOVA. P was attained using a 2-tailed test

and p < 0.05 indicated a significant difference.

Results

miR-375 Promoter Is Methylated in OC

Abnormal expression and methylation are important indicators

in the mechanism of genes encoding proteins or miRNAs in the

progression of cancer as oncogenes or tumor suppressor genes.

miR-375 represented one of the most uncontrollable miRNA in

common cancers given its dual function.21 Since miR-375

shown significant association with hypermethylation of the

genes in OC,22 50 pairs of cancerous tissues and non-

cancerous tissues in OC patients were collected to measure

miR-375 promoter methylation level in OC by MS-HRM. Mean-

while, miR-375 promoter methylation level in 4 kinds of human

OC cell lines and normal HOSEPiC cell line were also deter-

mined. miR-375 promoter in OC tissues was higher methylated

than that in non-cancerous tissues, what’s more, various levels of

methylation in the 4 kinds of cell lines were observed, and

SKOV3 and PEO1 cells were the ones with the highest methyla-

tion level (Figure 1A). RT-qPCR indicated that miR-375 was

poorly expressed in tissues and cell lines where miR-375 pro-

moter was hypermethylated, and miR-375 expression in OC cell

lines was back to normal after being treated by demethylated 5-

aza-20-deoxycytidine (Figure 1B-D). Therefore, SKOV3 and

PEO1 cells were chosen to conduct further experiments.

Overexpressed MiR-375 Inhibits OC Cell Biological
Behaviors, While Induces Its Apoptosis

To find out the role of aberrantly methylated miR-375 promo-

ter region in OC pathological processes, SKOV3 and PEO1

cells were transfected together with miR-375 mimics to over-

express miR-375. SKOV3 and PEO1 cell viability was signif-

icantly declined with overexpressed miR-375 as showed by

MTT assay (p < 0.05; Figure 2A). Transwell assay and scratch

test discovered that as miR-375 expressed higher, SKOV3 and

PEO1 cell invasion and migration were remarkably decreased

(Figure 2B-2C) while cell apoptosis was notably increased

(Figure 2D). E-cadherin antibody was used to perform ICC

on SKOV3 and PEO1 cells, as the result showed, E-cadherin

expression in SKOV3 and PEO1 cells was greatly promoted

when miR-375 was overexpressed (Figure 2E). These results

revealed that OC cell malignancy was suppressed with over-

expressed miR-375.

miR-375 Targets YAP1 to Regulate the Wnt/b-catenin
Pathway-Related Protein Expression

Targeting relationship between YAP1 and miR-375 was

noticed during searching the targeting genes of miR-375 in

database (http://starbase.sysu.edu.cn) (Figure 3A). The target-

ing relationship was proved by dual-luciferase reporter gene

assay (Figure 3B). RT-qPCR and Western blot analysis found
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that YAP1 expression was noticeably increased in OC tissues

(p < 0.05), SKOV3 and PEO1 cells (p < 0.05), and was

expressly decreased as miR-375 was overexpressed (p <

0.05) (Figure 3C, D).

There were multiple associations between the Hippo axis

and the Wnt/b-catenin axis.23 Detection on Wnt/b-catenin sig-

naling pathway-related protein in SKOV3 cells revealed that

with overexpressed miR-375 declined the expression of Wnt1

and b-catenin significantly (p < 0.05), while E-cadherin expres-

sion was evidently improved (p < 0.05; Figure 3E).

Overexpressed YAP1 Enhances OC Cell Malignancy
Inhibited by Overexpressed miR-375

YAP1 was intervened by transfected with si-YAP1 in SKOV3

cells. Firstly, two si-YAP1 s were designed and synthesized, and

si-YAP1-1 was found to have a more powerful intervention

capacity in SKOV3 cells (Figure 4A), so it was utilized in further

experiments. YAP1 expression in SKOV3 cells was dramati-

cally declined after being intervened (Figure 4B), with an evi-

dent decrease of SKOV3 cell invasion and migration (Figure 4C,

D) and a significant increase of cell apoptosis (Figure 4E). In the

meantime, pcDNA3.1-YAP1 was transfected in SKOV3 cells

with overexpressed miR-375, after that, YAP1 expression was

remarkably promoted (p < 0.05; Figure 4B). Compared with

controlled SKOV3 cells, SKOV3 cells with overexpressed

YAP1 was more active in invasion and migration (Figure 4C,

D), but was less powerful in apoptosis (Figure 4E).

Overexpressed miR-375 In Vivo Inhibits OC Progression

Then, the subcutaneous tumorigenesis mouse models in OC

was formed and miR-375 mimics was injected into mice. As

Figure 1. miR-375 promoter is methylated in OC. (A) miR-375 promoter methylation in OC tissues, non-cancerous tissues and OC cell lines

was detected by MS-HRM and the dissolution curve was represented by standards. In every sample, 0%, 3%, 10%, 50%, and 100% standards

were included. Methylation levels were identified by comparison between sample dissolution and standards. miR-375 promoter methylation was

obviously increased in OC tissues, SKOV3 and PEO1 cells were the ones with the highest methylation level in OC cell lines. (B-D) miR-375

expression in OC tissues, non-cancerous tissues and OC cell lines was detected by RT-qPCR. 5-aza-20-deoxycytidine is a demethylation drug,

dimethyl sufoxide is its control. (B) Compared with normal tissue, (C) compared with HOSEPiC, (D) compared with dimethyl sulfoxide. ***p <

0.001. (B) and (C) were analyzed by one-way ANOVA, (D) was analyzed by two-way ANOVA. Tukey’s multiple comparisons test was applied

to determine statistical significance, N ¼ 50 in OC tissues and non-cancerous tissues. Repetitions ¼ 3 in cell line assay. OC, ovarian cancer;

miR, microRNA; MS-HRM, methylation-sensitive high-resolution melting; RT-qPCR, reverse transcription quantitative polymerase chain

reaction; HOSEPiC, human ovarian surface epithelial cell; ANOVA, analysis of variance.
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Figure 3. Target relationship between miR-375 and YAP1 and expression of related proteins in the Wnt/b-catenin axis. (A) database (http://

starbase.sysu.edu.cn) sought the targeting point of miR-375 and YAP1; (B) targeting relationship between miR-375 and YAP1 was verified by

dual-luciferase reporter gene assay, compared with negative control group, ***p < 0.001; (C, D) YAP1 expression in OC tissues, non-cancerous

tissues and OC cell lines was detected with RT-qPCR and Western blot analysis, compared with control group, ***p < 0.001; (E) Wnt/b-catenin

signaling pathway-related protein after overexpressing miR-375 was measured with Western blot analysis, compared with control group, ***p <

0.001; two-way ANOVA and Tukey’s multiple comparisons test was applied to determine statistical significance, Repetitions ¼ 3. miR:

microRNA; YAP1: Yes-associated protein 1; OC: ovarian cancer; RT-qPCR: reverse transcription quantitative polymerase chain reaction;

ANOVA: analysis of variance.
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miR-375 overexpressed, YAP1 expression in mice tumor tis-

sues declined (Figure 5A), mice tumor growth slowed down

significantly (Figure 5B, C), Ki67 positive rate reduced in mice

tumor tissues (Figure 5D), Wnt1 and b-catenin expression

decreased notably (p < 0.05), and E-cadherin expression

increased noticeably (p < 0.05; Figure 5E). In a word, enhance-

ment of miR-375 played an important role in inhibiting OC

development.

Figure 4. Alteration of OC cell malignancy after intervening YAP1 expression. (A) Effects of siRNA after being transfected were calculated by

RT-qPCR, compared with control group, ***p < 0.001. Compared with si-YAP1-1,## p < 0.01; (B) Western blot analysis was used in detecting

YAP1 expression in differentially treated SKOV3, compared with control group, ***p < 0.001. Compared with miR-375 mimics/pcDNA3.1-

NC, ###p < 0.001; (C-E) scratch test, Transwell assay and flow cytometry were applied to determine biological behaviors in differentially treated

cells respectively, compared with control group, *p < 0.05, **p < 0.01, ***p < 0.001. Compared with miR-375 mimics/pcDNA3.1-NC, ###p <

0.001; one-way ANOVA and Tukey’s multiple comparisons test was applied to determine statistical significance, Repetitions ¼ 3. YAP1: Yes-

associated protein 1; OC: ovarian cancer; si: small interfere; RT-qPCR: reverse transcription quantitative polymerase chain reaction; miR:

microRNA; ANOVA: analysis of variance.
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Discussion

As a fatal disease in female, OC was always diagnosed at its

advanced stages for its symptomless condition and lacking of

practical treatments and diagnostic target markers.2 Differen-

tially expressed miRs have been demonstrated to be oncogenes

or suppressors in many different cancers.24 As a kind of exo-

somal miRNA, miR-375 acted as a potential biomarker of OC

and was expected to promote OC diagnosis.10 Evidence

showed that miR-375 was often downregulated in various kinds

of cancer.25 However, miR-375 promoter methylation brought

about a knockdown of miR-375.11 In this study, we

hypothesized that there can be mechanism of miR-375 promo-

ter methylation in OC cell malignancy by targeting YAP1 and

regulating the Wnt/b-catenin pathway. Consequently, our data

showed that demethylated miR-375 discouraged OC cell inva-

sion and migration and its overexpression functioned as a sup-

pressor to OC growth.

Firstly, the results of MS-HRM shown that miR-375 promo-

ter was methylated in OC. Prior research has already proven

that abnormal promoter methylation obviously downregulated

miR-375 expression in cancers.26 Promoter methylation

resulted in homologous recombination deficiency in almost

half of OC patients.27 Hypermethylation was associated with

Figure 5. Overexpressed miR-375 in vivo inhibits OC progression. (A) Western blot analysis was employed to determine YAP1 expression in

vivo after miR-375 mimic were injected into mice via tail vein. (B, C) Mice weight and volume measurement was obtained. Tumor volume

(mm3) equaled to (length � width)2 � 0.5; (D) ki67 expression in tumor was tested with IHC; (E) Wnt/b-catenin signaling pathway-related

protein expression in tumor tissues was verified by Western blot analysis. Compared with SKOV3 cells, ***p < 0.001. (A) (B) and (C) were

analyzed by one-way ANOVA, (E) was analyzed by two-way ANOVA. Tukey’s multiple comparisons test was applied to determine statistical

significance, N ¼ 3. miR: microRNA; YAP1: Yes-associated protein 1; IHC: immunohistochemistry; ANOVA: analysis of variance.
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cisplatin resistance, which would result in a bad treatment out-

come.28 Moreover, miR-375 hypermethylation in OC was

closely relevant to lymph node and peritoneum metastasis of

OC.22 Our study also found that SKOV3 and PEO1 cells were

the most methylated cells in OC cells. Recently, a research

discovered that SKOV3 cells overexpression was found to be

able to enhance tumorigenesis.29 And PEO1 cell was a kind of

glycolytic phenotype, which propelled ovarian tumor to con-

duct metabolic reprogramming and gain more energy.30

What’s more, it was observed that overexpressed miR-375

inhibited OC cell invasion and migration. In a previous study,

it was tested that miR-375 overexpression made OC cell more

susceptible to ruthenium derived compound, which encouraged

OC cell death.31 Interestingly, E-cadherin was increased evi-

dently as miR-375 overexpressed. E-cadherin was closely rela-

tive to OC development as the knockdown of E-cadherin

demonstrated OC cell development.32 In a word, miR-375

overexpression was proved to greatly refrained OC cell

malignancies.

Additionally, dual-luciferase reporter gene assay found a

targeting link between miR-375 and YAP1, the effector in

Hippo axis. Then, we focused on YAP1. By controlling various

organ size, Hippo signaling pathway actively regulated many

cancers, including OC.33 As a major component of the Hippo

signaling pathway, highly expressed YAP was a sign of low

OC survival rates and poor prognosis.34 YAP1 was negatively

relevant to Hippo, serving as an oncoprotein to improve cancer

cell activity.18 Functional assays implied that ectopic miR-375

suppressed YAP transcriptional viability and protein expres-

sion.35 Additionally, highly expressed YAP1 diminished

miR-375 effects on inhibiting tumors.36 Importantly, the con-

nection between YAP1 and the Wnt/b-catenin axis was also

noticed. Wnt/b-catenin signaling pathway is able to regulate

OC cell generation and development by controlling OC cell

biological behaviors, making it a possible target in OC treat-

ment.37 There were complex relations between YAP1 and the

Wnt/b-catenin signaling pathway: methylated YAP1 contribu-

ted to loss of Wnt/b-catenin activation in destruction complex,

at the same time, joint with Wnt/b-catenin, YAP1 played a role

in its transcription progression.23 A study has revealed that

Wnt/b-catenin signaling pathway was activated via suppres-

sing the positive feedback loop of YAP.38 Besides, in our study,

we found that overexpressed YAP1 enhanced OC cell malig-

nancy induced by miR-375 overexpression. YAP1 was already

proved to be oncogenes in OC malignancy.39 Finally, we drew

a conclusion that overexpressed miR-375 in vivo refrained OC

growth. Meanwhile, miR-375 expression in cervical cancer

(CC) diminished cell progression, while improve cell apopto-

sis, discouraging CC progression.40 Generally speaking, highly

expressed miR-375 was effective in blocking OC growth.

In summary, our study supported that miR-375 inhibited OC

malignancy by targeting YAP1 and downregulating the Wnt/b-

catenin signaling pathway. These results unveiled a brand-new

way to OC treatment. More attention will be paid to seeking

reliable therapeutic targets of OC. Although our findings pro-

vide therapeutic implication in OC treatment, the experiment

results and effective application into clinical practice need fur-

ther validation.
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