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Abstract: Ovarian cancer accounts for the major part of the mortality attributable to female
reproductive system malignant tumors worldwide. Recently, the incidence of ovarian cancer
has been increasing annually, and there remains a lack of suitable treatment methods that can
significantly improve the 5-year survival rates of patients. Therefore, it is necessary to identify
more effective treatments for ovarian cancer. It is established that microRNAs (miRNAs) have
important roles in the diagnosis and treatment of ovarian cancer and a specific miRNA, miR-762,
can promote the development of a variety of tumors. Menin is encoded by MENI, a tumor
suppressor gene, that is usually downregulated in ovarian cancer. In this study, we evaluated
the expression levels of miR-762 and menin in ovarian cancer tissues and demonstrated that
they were correlated. In addition, we found that miR-762 can downregulate the expression of
menin through a binding site in its 3’-UTR and consequently upregulate the Wnt cell signaling
pathway to promote the development of ovarian cancer. These results indicate that miR-762 is
a promising potential target for the treatment of ovarian cancer.
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Introduction

Ovarian cancer is the most lethal gynecological tumor worldwide, and its incidence
remains high. Statistical data indicate that, in the USA alone, ovarian cancer accounted
for an estimated 22,240 new cases and 14,030 deaths in 2013.! The early clinical course
of ovarian cancer is asymptomatic, and it is difficult to distinguish the benign and
malignant histological types of the disease.? In ~30% of patients with ovarian cancer,
the tumor is confined to the ovary at diagnosis and can be removed by laparotomy;
however, in the majority of cases, the malignancy spreads to the uterus, adnexa, or
pelvic organs, and hence, there remain serious issues surrounding the timely diagnosis
and treatment of ovarian cancer.’ Over the years, there has been a great deal of research
into the pathology, clinical development, and treatment of ovarian cancer; however,
the overall cure rate remains at only 30%.* Additional studies, taking advantage of
contemporary technologies to identify molecular alterations in ovarian cancer, are
therefore urgently required to facilitate the development of strategies for earlier diag-
nosis and more effective therapy.

A group of noncoding RNA molecules, microRNAs (miRNAs), can repress multiple
target genes through the endogenous cellular mechanism, RNA interference. Dysregula-
tion of miRNAs has been reported in a variety of human cancers, and their expression is
closely associated with patient prognosis.>” Accumulating evidence demonstrates that the
biological functions of miRNAs are realized through the regulation of target cell signaling
networks. In ovarian cancer, numerous miRNAs have been suggested to have functional
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diagnostic, prognostic, and therapeutic implications. Iorio et al®
reported that miR-141, miR-200a, miR-200b, and miR-200c
were upregulated and miR-199a, miR-140, miR-145, and
miR-125b-1 were downregulated in ovarian cancer tissues/cell
lines. Moreover, Calura et al’ identified robust miRNA markers
for clear cell and mucinous histotypes through the analysis
of miRNA profiles characteristic of stage 1 epithelial ovarian
cancers. Furthermore, the miRNAs, miR-146a and miR-150,
are significantly overexpressed in omental metastases of ovar-
ian cancer and may regulate enhanced spheroid formation
and cisplatin resistance.'® Overall, these reports indicate that
miRNAs regulate multiple targets and affect various biological
functions in ovarian cancer cells.

miR-762 is upregulated in radiation-induced tumors in
mice and may affect pathways involved in apoptosis in this
context.!" Expression of miR-762 is high in both breast can-
cer cell lines and clinical specimens, and its overexpression
increases breast cancer cell proliferation and invasion. miR-762
may function by targeting interferon regulatory transcription
factor 7 (IRF7) in human breast cancer.'? Previous research also
demonstrated an association between miR-762 expression and
oral carcinogenesis;'* however, there are no reports detailing
the expression and function of miR-762 in ovarian cancer.

Menin is a protein encoded by the gene, multiple endo-
crine neoplasia type 1 (MENI), mutations of which are
the predominant cause of the hereditary disorder, MEN1
syndrome. Menin has various biological roles that affect
embryo growth and development, and it is closely associated
with tumor occurrence and growth, with a reported function
as a tumor suppressor. 4

In this study, we investigated the expression of miR-762
and menin in ovarian cancer and evaluated the relationship
between them. The results indicate that miR-762 is associ-
ated with ovarian cancer and can promote the growth and
metastasis of ovarian cancer cells through the downregulation
of menin expression.

Materials and methods

Tissue samples and cell lines
Paired tumor and adjacent normal tissue samples (n=60)
were obtained from patients with ovarian cancer in the
Shengjing Hospital Affiliated to China Medical University.
The study protocols were approved by the ethics committee
of Shengjing Hospital Affiliated to China Medical University.
All cases were diagnosed with ovarian cancer and treated
between May 2009 and June 2010 at the Shengjing Hospital
Affiliated to China Medical University.

The human ovarian adenocarcinoma cell lines,
SKOV3 and CAOV (purchased from Shanghai Maisha

Biotechnology, Shanghai, People’s Republic of China),
were cultured in RPMI-1640 medium supplemented with
10% fetal bovine serum (GE Healthcare Bio-Sciences Corp.,
Piscataway, NJ, USA ), under 5% CO, at 37°C.

MTT cell viability assays

Cells were seeded at a density of 1x10%/well in 96-well plates
and transfected with miR-762 mimic, GGGGCUGGGGCC
GGGGCCGAGC (miR10010301-1-5), negative control,
UCACAACCUCCUAGAAAGAGUAGA (miR01201-1-5),
or miR-762 inhibitor, CCCCGACCCCGGCCCCGGCUCG
(miR20010313-1-5), and 12 h later, cell proliferation was
evaluated using an MTT assay. Optical densities were
measured at 490 nm using a microplate reader (Bio-Rad
Laboratories Inc., Hercules, CA, USA).

Metastasis assays

Modified Boyden chambers containing polycarbonate
nucleopore membranes (24-well plates, 8-um pore size;
Corning) were used to perform metastasis assays according
to the manufacturer’s specifications. Twenty-four hours after
transfection with miR-762 mimic, miR-762 inhibitor, or
control sequences, cells were seeded in transwell chambers
in serum-free media with Matrigel membranes covered or
uncovered with medium containing 0.1% bovine serum
albumin, while medium containing 30% fetal bovine serum
was placed in the lower chambers. After 24 h, cells under-
neath the membrane were stained with 0.1% crystal violet
and counted under a microscope.

Real-time PCR

Total RNA from tissue samples or cells was extracted using
TRIzol (Thermo Fisher Scientific, Waltham, MA, USA) and
standard protocols. Real-time PCR was performed using the
real-time PCR Universal Reagent on an MX3000P instru-
ment, following the manufacturer’s instructions. Primer
sequences are presented in Table 1, and all reactions were
carried out as described previously.'

Western blot analyses

Cells and tissues were lysed in lysis buffer, supplemented
with proteinase and phosphatase inhibitors (Sigma-Aldrich,
St Louis, MO, USA). To determine the expression levels of
specific proteins, 30 ng aliquots of total proteins from each
sample were subjected to electrophoresis on 10% sodium
dodecyl sulfate (SDS)-polyacrylamide gels and transferred
onto nitrocellulose membranes (Millipore Corporation,
Billerica, MA, USA). Target proteins were probed with
specific antibodies as follows: menin (sc-374371), B-catenin
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Table | Primer sequences for the detection of RNA expression

Name Forward primer (5'—>3) Reverse primer (5'—3’)

miR-762 ACACGGGGCUGGGGCCGGGGCCGAGCGCCTC CTCAGGGGCUGGGGCCGGGGCCGAGCCAGA
ué CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

Menin GCACACAGACAACCTGATCTTTT TCGGGAACGTTGGTAGGGAT

Cyclin DI CCGAGGAGCTGCTGCAAATGGAG GAAATCGTGCGGGGTCATTGCG

BCL-2 GGTGAACTGGGGGAGGATTG GGCAGGCATGTTGACTTCAC

BAX AGCTGAGCGAGTGTCTCAAG GTCCAATGTCCAGCCCATGA

MMP7 ACAATTGTCTCTGGACGGCA TAGTCCTGAGCCTGTTCCCA

GAPDH CTCTGCTCCTCCTGTTCGAC GCGCCCAATACGACCAAATC

(sc-53483), cyclin D1 (sc-4074), BAX (sc-4239), BCL-2
(sc-56015), MMP7 (sc-26680), and GAPDH (sc-365062)
(Santa Cruz Biotechnology Inc., Dallas, TX, USA). Relative
expression levels were determined using ImagelJ software.

Dual luciferase reporter assay

Dual luciferase activity assays were performed as previ-
ously described.'® The menin 3’-UTR was PCR amplified
and cloned into the pMIR-REPORTTM vector (Ambion,
Shanghai, People’s Republic of China), using the prim-
ers menin-wt, F: 5-GGATTGCCGGAGTTCGAAGA-3’
and R: 5"-CGACGCGGTAACACCATTTG-3’, and
menin-del, F: 5-CACGGTCCTAAGCCAGTAGC-3" and
R: 5-CGACAAACAGGGACGCAATG-3'. SKOV3 cells
were cotransfected with 500 ng of wild type or deleted menin
3’-UTR reporter vector and 10 ng of pMIR-REPORTTM-[3gal
control plasmid, along with miR-762 mimic or miR-762 anti-
sense (as inhibitor). Luciferase activity was determined 36 h
after transfection using a Dual Luciferase® Reporter Assay
System (Promega Corporation, Fitchburg, WI, USA).

Statistical analyses

Correlation analysis using a log-rank test was used to evaluate
the relationships among the expression levels of potential
prognostic factors. Differences were analyzed by analysis
of variance (ANOVA) tests. All data were analyzed using
SPSS17.0 (SPSS, Chicago, IL, USA). Statistical significance
was defined as P<<0.05. All experiments were performed in
triplicate.

Ethics statement

All methods were carried out in accordance with relevant
guidelines and regulations. All the patients were asked to
check the study protocol and understand its significance
before providing signed informed consent. The study protocol
was approved by the Ethics Committee of the Shengjing Hos-
pital and Human Clinical Trial Committee, with reference
to the Chinese Community Guidelines. Written informed
consent was obtained from all patients.

Results
The relationship between miR-762 and

menin in ovarian cancer

Examination of the expression of miR-762 in ovarian cancer
and adjacent tissue samples from 60 patients demonstrated
that the expression of miR-762 was upregulated in tumor
relative to adjacent nontumor tissue (Figure 1A). Next, we
analyzed the association between miR-762 expression and
survival in ovarian cancer. The results of Kaplan—-Meier
analysis indicated that cases with high levels of miR-762
expression had significantly worse overall survival than
those with low levels of expression (Figure 1B). We then
investigated the relationship between menin expression and
ovarian cancer by determining expression levels of menin
in ovarian cancer and adjacent tissues by Western blot and
real-time PCR analyses (Figure 1C and D). The results dem-
onstrated lower expression of menin in the ovarian cancer
tissues than in the adjacent normal tissues.

To explore the relationship between miR-762 and MEN]
expressions in ovarian cancer, we analyzed the correlation
of their real-time PCR expression results and found that they
exhibited a negative correlation (Figure 1E). Next, using the
miRDB software, we identified an miR-762-binding site
within the menin 3’-UTR sequence (Figure 1F). Luciferase
reporter assays demonstrated that miR-762 can indeed
directly reduce the expression of menin at the transcriptional
level (Figure 1G), since cells cotransfected with a luciferase
reporter construct containing the wild-type menin 3’-UTR
and miR-762 generated reduced luciferase activity compared
to controls; however, no significant variation in luciferase
levels was observed in cells cotransfected with the menin-
del luciferase reporter or miR-762 antisense (miR-762
inhibitor).

miR-762 can inhibit the proliferation of
ovarian cancer cells by targeting menin
An MTT assay was used to examine the effect of miR-762
on the proliferation of ovarian cancer cells. Transfection
with miR-762 mimic resulted in a significantly enhanced
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Figure | The relationship between miR-762 and menin in ovarian cancer.

Notes: (A) The levels of miR-762 were detected by real-time PCR in 60 samples of ovarian cancer and adjacent tissues. There was higher expression of miR-762 in
ovarian cancer tissues. Data are presented as mean + SEM. (B) The relationship between miR-762 expression levels and patient survival. The survival time of patients with
high expression of miR-762 was shorter than that of patients with low expression. (C) Menin protein levels in ovarian cancer (C) and adjacent tissues (N) were detected
by Western blotting. The expression level of menin was lower in the ovarian cancer tissues than in the control tissues. Quantitative data (right) are presented as mean +
SEM; **P<<0.01 tumor tissue group vs adjacent control tissue group. (D) mRNA expression of MEN/ in 60 samples of ovarian cancer and adjacent tissues was detected by
real-time PCR. The expression of menin was lower in ovarian cancer tissues than in the control tissues. Data are presented as mean £ SEM. **P<<0.01 for the comparison
of tumor tissue group vs adjacent control tissue group. (E) Correlation between the expression levels of miR-762 and menin. The expression of miR-762 was negatively
correlated with that of menin. (F) Prediction that miR-762 can specifically bind to the menin 3’-UTR using miRDB. (G) The interaction between miR-762 and the menin
3’-UTR was evaluated using luciferase reporter assays. Assays were performed by the cotransfection of miR-762 or miR-762 antisense and menin-wt or menin-del. Data are
presented as mean + SEM. ¥¥P<<0.01 vs TK-menin group.

Abbreviations: SEM, standard error of mean; PCR, polymerase chain reaction; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; UTR, untranslated regions.
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proliferation of SKOV3 and CAOV cells (Figure 2A). In
contrast, transfection with miR-762 inhibitor led to sup-
pression of ovarian cancer cell proliferation (Figure 2B).
Cyclin D1 is a protein in the Wnt/B-catenin signaling
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Figure 2 (Continued)

pathway involved in cell proliferation. Therefore, we

analyzed the levels of Cyclin D1, B-catenin, and menin
protein and mRNA after transfection of SKOV3 cells with
miR-762 mimic or inhibitor (Figure 2C—F). When miR-762
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Figure 2 miR-762 can promote the proliferation of ovarian cancer cells by targeting menin.

Notes: (A) After transfecting with miR-762 mimic, the proliferation rates of SKOV3 and CAOV cells were determined using MTT assays. Data are presented as mean + SEM.
(B) After transfection with miR-762 inhibitor, the levels of proliferation of SKOV3 and CAQV cells were determined using MTT assays. Data are presented as mean + SEM.
(C and D) After transfecting SKOV3 cells with miR-762 mimic, the protein and mRNA levels of menin, B-catenin, and cyclin D| were detected by Western blotting and real-
time PCR, respectively. Data are presented as mean + SEM. **P<0.01. (E and F) After transfection of SKOV3 cells with miR-762 inhibitor, the protein and mRNA levels of
menin, B-catenin, and cyclin D| were detected by Western blotting and real-time PCR. Data are presented as mean + SEM. **P<0.01.

Abbreviation: MTT, 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

was overexpressed in SKOV3 cells, menin was downregu-
lated, while the expression of B-catenin and cyclin D1 was
promoted. Conversely, after the inhibition of miR-762, the
expression of menin was increased, while B-catenin and
cyclin D1 expressions were inhibited. These results suggest
that miR-762 can affect the proliferation of ovarian cancer
cells through regulation of the expression of menin and the
Whnt/B-catenin signaling pathway.

miR-762 inhibits the apoptosis of

ovarian cancer cells by suppressing the
Whnt/B-catenin pathway

Next, we examined the expression of the key regulators of
apoptosis, BAX and BCL-2, by Western blotting and real-
time PCR in the context of overexpression or downregula-
tion of miR-762 (Figure 3A-D). The results demonstrated
that miR-762 can inhibit the expression of menin and BAX;
however, it significantly increased the expression of 3-catenin
and BCL-2. Overall, these results indicate that miR-762 can

negatively regulate menin and, consequently, promote the
proliferation and inhibit the apoptosis of SKOV3 cells through
regulation of the Wnt/B-catenin signaling pathway.

miR-762 promotes the metastasis of

ovarian cancer cells by suppressing menin
Transwell assays (with or without Matrigel) were used to
determine whether miR-762 can affect phenotypes associated
with metastasis (migration and invasion) in ovarian cancer
cells (Figure 4A-D). Migration and invasion of SKOV3 and
CAOV cells were significantly promoted when miR-762 was
overexpressed; however, when miR-762 expression was
knocked down, their migration and invasion were inhib-
ited. In addition, Western blotting and real-time PCR were
used to determine the protein and mRNA levels of menin,
B-catenin, and MMP7 in SKOV3 cells (Figure 4E-H). Menin
was significantly downregulated in response to miR-762
expression, while B-catenin and MMP7 were significantly
upregulated. These experiments confirm that miR-762 can
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Figure 3 miR-762 inhibits the apoptosis of ovarian cancer cells by suppressing the Wnt/B-catenin pathway.

Notes: (A and B) After transfection of SKOV3 cells with miR-762 mimic, the protein and mRNA levels of menin, B-catenin, BAX, and BCL-2 were determined by Western
blotting and real-time PCR. Data are presented as mean = SEM. ¥*P<<0.01. (C and D) After transfection of SKOV3 cells with miR-762 inhibitor, the protein and mRNA levels
of menin, B-catenin, BAX, and BCL-2 were detected by Western blotting and real-time PCR. Data are presented as mean + SEM. **P<0.01.

Abbreviation: SEM, standard error of mean.

promote phenotypes associated with metastasis in ovarian
cancer cells through the regulation of menin.

Discussion

Experimental studies indicate that menin can inhibit the
expression of SOX4 and, consequently, regulate early embry-
onic and nervous system development. SOX4 may function
in the apoptosis pathway, leading to cell death, as well as
tumorigenesis, and may also mediate the downstream effects
of parathyroid hormone (PTH) and PTH-related protein
(PTHrP) in bone development. Menin also inhibits the tran-
scriptional expression of PAX?2 to regulate Wilms’ tumor,!”
induces cellular DNA repair, and promotes apoptosis.'®2!
Furthermore, menin can interact with JunD to block cell
proliferation, interact with Smad to affected the transforming
growth factor signal transduction pathway, and regulate the
cell cycle through its influence on cyclin-dependent kinases.
Moreover, there is evidence that menin may be involved in
regulation of the Wnt and MAPK signaling pathways,'32!

which are closely related to the occurrence and development
of tumors. Hence, menin is a potential therapeutic target in
various cancers.

Previous studies have reported abnormal miRNA expres-
sion in ovarian cancer, and miR-762 overexpression has been
reported in breast cancer and thymic lymphoma, where it
could promote cancer cell growth and metastasis.'?

Although miR-762 is overexpressed in numerous cancers,
there were no previous reports of investigations of miR-762
in ovarian cancer; therefore, we evaluated miR-762 in this
context. In our study, we confirmed by real-time PCR that the
expression of miR-762 in ovarian cancer was almost twice
that in the adjacent tissues. There was also an association
between miR-762 expression and the survival time of patients
with ovarian cancer, where patients with high expression of
miR-762 exhibited shorter survival times than those with low
expression of miR-762. As a tumor suppressor gene, menin
has been shown to inhibit the occurrence and development
of a variety of tumors.?? When menin is overexpressed, it can
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reduce B-catenin nuclear accumulation and its transcriptional
activity,” and there is ample evidence that it can regulate
cell growth and metastasis through the suppression of
Wnt/B-catenin signaling.’>* We wished to determine whether

miR-762 could affect the 3-catenin pathway through targeting
of menin. The expression of menin in ovarian cancer tissues,
at both the protein and mRNA levels, was lower than that in
samples from adjacent control tissue. Meanwhile, statistical
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Figure 4 miR-762 promotes the metastasis of ovarian cancer cells by the suppression of menin.

Notes: (A and B) After overexpression of miR-762 in SKOV3 and CAOV cells, transwell assays with or without Matrigel were performed. Cells were counted and results
represent the means * SD of three experiments. *P<0.01. (C and D) After transfecting miR-762 mimic into SKOV3 cells, the protein and mRNA levels of menin, B-catenin,
and MMP7 were detected by Western blotting and real-time PCR. Data are presented as mean + SEM. **P<<0.01. (E and F) After downregulation of miR-762 in SKOV3
and CAQV cells, transwell assays with or without Matrigel were performed. Cells were counted, and the results represent the mean + SD of three experiments. **P<<0.01.
(G and H) After transfection of miR-762 inhibitor into SKOV3 cells, the protein and mRNA levels of menin, -catenin, and MMP7 were detected by Western blotting and
real-time PCR. Data are presented as mean = SEM. *P<<0.01.

Abbreviations: SEM, standard error of mean; PCR, polymerase chain reaction; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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analysis showed that miR-762 expression exhibited a
negative correlation with that of menin (y=—0.9604x+1.211;
R?=0.7184). Furthermore, miR-762 was predicted to have a
binding site in the 3’-UTR of menin by bioinformatic analy-
sis and reporter gene experiments confirmed that miR-762
could directly inhibit menin expression. When miR-762 was
overexpressed or downregulated in ovarian cancer cells,
their proliferation was promoted or suppressed, respectively.
Since miR-762 could potentially promote the proliferation
of ovarian cancer cells through regulation of the expression
of menin, we investigated whether miR-762 could also
function in ovarian cancer cell apoptosis. BAX and BCL-2
are important downstream proteins in the Wnt/B-catenin
signaling pathway, which regulate apoptosis. Our results
also demonstrated an effect of miR-762 on apoptosis in
SKOV3 cells. The regulatory effect of miR-762 on cell pro-
liferation was achieved through its inhibition of menin and a
consequent influence on the Wnt/B-catenin signal pathway.
[-Catenin is the most critical molecule in the Wnt signaling
pathway and is responsible for its activation. B-Catenin can
influence metastasis in numerous ways, including via its
actions on epithelial-mesenchymal transition and via MMPs,
specifically the common B-catenin/MMP7 pathway. We
hypothesized that miR-762 could promote ovarian cancer
cell metastasis through promotion of the B-catenin/MMP7
pathway. The results of transwell assays demonstrated that
miR-762 could promote the invasion and migration of both
SKOV3 and CAOV cells through regulation of the expres-
sion of menin, B-catenin, and MMP7.

Conclusion

In this study, we confirmed that there is a specific relation-
ship between miR-762 and the occurrence and development
of ovarian cancer. MiR-762 can directly target menin to
regulate the Wnt/B-catenin signaling pathway through the
inhibition of menin expression. MiR-762 can also promote
the proliferation and metastasis of ovarian cancer cells
through negative regulation of menin expression. Our find-
ings suggest that miR-762 may be a potential therapeutic
target in ovarian cancer.
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