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Abstract. – OBJECTIVE: Ovarian cancer is a 
common malignant cancer among women. In-
creasing studies have demonstrated that microR-
NAs function as important regulation factors in 
the progression of ovarian cancer.

MATERIALS AND METHODS: Human ovarian 
cancer cell lines HO8910 and OVCAR-3 were trans-
fected with miR-934 inhibitor and corresponding 
negative control (inhibitor control). Cell prolifera-
tion and apoptosis were detected by cell counting 
kit-8 (CCK-8) and TUNEL assay, respectively. The 
expression levels of proliferation/apoptosis-related 
genes and BRMS1L were measured by quantitative 
Real Time-Polymerase Chain Reaction (qRT-PCR) 
and Western blotting. Furthermore, the association 
between miR-934 and BRMS1L was investigated 
through luciferase reporter assays.  

RESULTS: MiR-934 was significantly increased 
in ovarian cancer cell lines, whereas BRMS1L 
was significantly decreased. Downregulated miR-
934 remarkably inhibited cell proliferation and 
induced cell apoptosis. Meanwhile, miR-934 could 
influence the expression levels of Ki67, Cyclin D1, 
Caspase3, and Bcl-2. In addition, BRMS1L was 
identified as a target gene of miR-934.

CONCLUSIONS: Oncogene miR-934 promotes 
ovarian cancer cell proliferation and inhibits cell 
apoptosis through targeting BRMS1L. MiR-934 
and BRMS1L may be novel biomarkers or ther-
apeutic targets for ovarian cancer in the future.

Key Words
MiR-934, BRMS1L, Ovarian cancer, Proliferation, 

Apoptosis.

Introduction

Globally, ovarian cancer is a type of gyne-
cological cancers with high mortality rate1,2. In-
creasing progress has been made in chemothera-
py, surgery, and radiotherapy for ovarian cancer. 

However, its 5-year survival rate remains poor3,4. 
Thus, it is of great significance to find new ther-
apeutic strategies for ovarian cancer to improve 
the prognosis of patients, and to understand the 
molecular mechanism of tumor development. 

MicroRNAs (miRNAs) are short, non-coding, 
and single-stranded RNAs with 19-22 nucleotides 
in length. They can modulate the expression of 
target genes post-transcriptionally through bind-
ing to the 3’-untranslated region (3′-UTR) of tar-
get genes. Therefore, miRNAs can also repress 
the translation or degradation of mRNA5-7. Up to 
date, mounting miRNAs have been observed in 
ovarian cancer, which exert important functions 
in biological behaviors8. For example, miR-199a 
inhibits ovarian cancer proliferation and inva-
sion via directly targeting nuclear factor-kappaB1 
(NF-κB1)9. MiR-138 decreases the expression of 
SOX12. Meanwhile, it suppresses ovarian can-
cer cell proliferation, invasion, and migration10. 
The activation of miR-520h-mediated TGF-β1/c-
Myb/Smad7 axis can enhance the progression of 
ovarian cancer11. MiR-135a is lowly expressed in 
ovarian cancer and functions as a tumor suppres-
sor via targeting C-C motif chemokine receptor 
2 (CCR2) gene12. Moreover, miR-665 inhibits 
ovarian cancer cell growth and migration via tar-
geting HOXA1013. In the field of ovarian cancer 
chemo-resistance, miR-363 confers taxane resis-
tance through regulating LATS2, a member of 
the Hippo pathway14. MiR-363 suppresses cispla-
tin chemo-resistance of ovarian cancer through 
controlling Snail-mediated epithelial-mesenchy-
mal transition (EMT)15. Furthermore, miR-335 re-
stores cisplatin sensitivity by regulating BCL2L2 
gene16. However, the specific role of miR-934 in 
ovarian cancer and the possible underlying mo-
lecular mechanism remain unclear.
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In this study, we firstly identified that miR-
934 functioned as an oncogene in ovarian cancer. 
The expressions of miR-934 and BRMS1L in cell 
lines were tested by quantitative Real Time-Poly-
merase Chain Reaction (qRT-PCR) assay. In vitro, 
the effect of miR-934 on proliferation and apopto-
sis of ovarian cancer cells were observed. More-
over, the influence of miR-934 on the expression 
levels of several genes involved in proliferation 
and apoptosis was detected. Furthermore, we val-
idated that BRMS1L gene was a direct target gene 
of miR-934. Overall, our current study revealed 
that miR-934 might be a therapeutic target marker 
for ovarian cancer.

Materials and Methods

Cell Culture and Transfection
Five ovarian cancer cell lines (HO8910, OV-

CAR-3, SKOV3, COV644, and OV90) and one hu-
man normal ovarian epithelial cell line (IOSE80) 
were obtained from American Type Culture Col-
lection (ATCC; Manassas, VA, USA). Cells were 
cultured in Roswell Park Memorial Institute-1640 
(RPMI-1640) medium (Gibco, Rockville, MD, 
USA) containing 10% fetal bovine serum (FBS; 
Gibco, Rockville, MD, USA) and penicillin (100 
U/mL). Synthetic oligonucleotide against miR-
934 (miR-934 inhibitor) and corresponding inhib-
itor control were obtained (Rockville, MD, USA). 
MiR-934 inhibitor and inhibitor control (100 nM) 
were transfected into cells according to the in-
structions of Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA). 

RNA Isolation and Quantitative Real 
Time-Polymerase Chain Reaction 
(qRT-PCR)

Total RNA was extracted from cell lines fol-
lowing the manufacturer’s protocol of TRIzol® 
reagent (Thermo Fisher Scientific, Inc., Waltham, 
MA, USA). QRT-PCR for miR-934 was conducted 
by using miRNA primers purchased from Guang-
zhou RiboBio Co., Ltd. (Guangzhou, China). RT 
was conducted by using RNA (1 µg) in water (2 
µL). Obtained results were analyzed by a Bio-Rad 
CFX96 thermal cycler (Bio-Rad Laboratories, Inc., 
Hercules, CA, USA). RT and qPCR were repeat-
ed for three times, respectively. Primer sequences 
used in this study were as follows: microRNA-934, 
F: 5’-GCCTAGAAACATCCTCCCGG-3’, R: 
5’-AGGCCATGTGTCGTGGTCG-3’; BRMS1L, 
F: 5’-TTACGCGGCATTTGGACAA-3’, R: 

5’-TTGACGAATAGCGACAGTTCT-3’; U6: F: 
5’-GCTTCGGCAGCACATATACTAAAAT-3’, R: 
5’-CGCTTCAGAATTTGCGTGTCAT-3’; GAP-
DH: F: 5’-CGCTCTCTGCTCCTCCTGTTC-3’, R: 
5’-ATCCGTTGACTCCGACCTTCAC-3’.

Western Blot
Cell lysates (2 μg) were separated by 10% 

polyacrylamide gel and transferred onto polyvi-
nylidene difluoride (PVDF) membranes (Milli-
pore, Billerica, MA, USA). After blocking with 
phosphate buffered saline-tween (PBST) and dry 
milk (5%), the membranes were incubated with 
primary antibodies against BRMS1L, Ki67, Cy-
clin D1, Caspase3, Bcl-2, and glyceraldehyde 
3-phosphate dehydrogenase (GAPDH; Cell Sig-
naling Technologies, Danvers, MA, USA). On 
the next day, the membranes were incubated 
with corresponding secondary antibody of per-
oxidase-linked anti-rabbit IgG (Life Technolo-
gies, Gaithersburg, MD, USA). Immuno-reactive 
bands were visualized by enhanced chemilumi-
nescence (ECL) detection kit (Amersham Biosci-
ences, Piscataway, NJ, USA).

Cell Counting Kit-8 (CCK-8) Assay
MiR-934 inhibitor-transfected cells were first 

seeded into 96-well plates at a density of 5×103 
cells/well. Briefly, 10 µL CCK-8 (Sigma-Aldrich, 
St. Louis, MO, USA) was added to each well, fol-
lowed by incubation at 37°C for 2 h in the dark. 
The absorbance at 450 nm was measured by a mi-
croplate reader.

Terminal Deoxynucleotidyl 
Transferase (TdT)-Mediated dUTP 
Nick-End Labeling (TUNEL) 

Based on TUNEL technique (Sigma-Aldrich, 
St. Louis, MO, USA), cells smears were fixed 
with 4% paraformaldehyde in phosphate buffered 
saline (PBS), and permeabilized with 0.1% Tri-
ton X-100 in 0.1% sodium citrate. Then, the cells 
were stained with 4’,6-diamidino-2-phenylindole 
(DAPI; Sigma-Aldrich, St. Louis, MO, USA). 
Finally, the cells were observed under a fluores-
cence microscope. The number of TUNEL-posi-
tive nuclei (green fluorescence) was expressed as 
the percentage of total nuclei (blue fluorescence).

Luciferase Reporter Gene Assay
Wild-type or mutant BRMS1L 3’-UTR lucifer-

ase reporter vector, as well as pmir-GLO plasmid 
(Promega Corporation, Madison, WI, USA) with 
negative control (NC) or miR-934 mimics, were 
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cancer cell lines was significantly down-regulated 
(p<0.05; Figure 1B). These findings indicated that 
miR-934 and BRMS1L might be implicated with 
the progression of ovarian cancer.

Downregulated MiR-934 Inhibited Cell 
Proliferation and Induced Cell Apoptosis

To explore the physiological roles of miR-934 
in ovarian cancer, miR-934 inhibitor or inhibitor 
control was stably transfected into HO8910 and 
OVCAR-3 cell lines. Transfection efficiency was 
validated by qRT-PCR (Figure 2A, 2B). Then, the 
CCK-8 assay was used to detect the proliferative 
ability of ovarian cancer cells. Apparently, the 
proliferative ability of cells transfected with miR-
934 inhibitor was markedly reduced when com-
pared with control group (Figure 2C, 2D). Since 
cell apoptosis is an important feature in cancer 
progression, we also conducted TUNEL assay. 
As shown in Figure 2E, 2F, the number of apop-
tosis in cells transfected with miR-934 inhibitor 
was significantly increased when compared with 
control group. These data provided evidence that 
downregulated miR-934 inhibited cell prolifera-
tion and induced cell apoptosis.

MiR-934 Influenced the Expression 
Levels of Ki67, Cyclin D1, Caspase3, 
and Bcl-2

Based on the above findings, we further de-
tected the expression levels of proliferation/apop-
tosis-related genes in ovarian cancer cell lines. 
As expected, Western blot results demonstrated 
that down-regulation of miR-934 resulted in sig-

transfected into HO8910 (20 nM) in strict accor-
dance with Vigofect transfection reagent (Vigor-
ous Biotechnology, Beijing, China). 48 h after the 
transfection, the relative luciferase activity was 
detected by a luciferase reporter kit (Promega 
Corporation, Madison, WI, USA). 

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 18.0 software (SPSS Inc., Chicago, IL, 
USA) was used for all statistical analysis. The 
experimental data were expressed as mean ± stan-
dard deviation (SD). The Student’s t-test was 
used to compare the difference between the two 
groups. The one-way analysis of variance (ANO-
VA) was used for comparison among different 
groups, followed by Post-Hoc Test (Least Signifi-
cant Difference). *p<0.05 was considered statisti-
cally significant.

Results

The Expression of MiR-934 and BRMS1L 
in Ovarian Cancer Cell Lines

To investigate the underlying roles of miR-934 
and BRMS1L in ovarian cancer, we first detect-
ed miR-934 and BRMS1L levels in five ovarian 
cancer cell lines (HO8910, OVCAR-3, SKOV3, 
COV644, and OV90) and one human normal ovar-
ian epithelial cell line (IOSE80) by the qRT-PCR 
assay. The results showed that miR-934 was highly 
expressed in ovarian cancer cells (p<0.05; Figure 
1A). However, expression of BRMS1L in ovarian 

Figure 1. MiR-934 was significantly increased while BRMS1L was decreased in ovarian cancer cell lines. A, MiR-934 
expression in five ovarian cancer cell lines (HO8910, OVCAR-3, SKOV3, COV644, and OV90) and human normal ovarian 
epithelial cell line (IOSE80) was detected by qRT-PCR assay. B, BRMS1L expression was detected in five ovarian cancer cell 
lines (HO8910, OVCAR-3, SKOV3, COV644, and OV90) and human normal ovarian epithelial cell line (IOSE80) by qRT-PCR 
assay. *p<0.05.
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Figure 2. Downregulated miR-934 inhibited cell proliferation and induced cell apoptosis. A, (HO8910) and B, (OVCAR-3) 
miR-934 inhibitor or inhibitor control was stably transfected into cell lines. Transfection efficiency was validated by qRT-PCR. 
C, (HO8910) and D, (OVCAR-3) cell proliferation was detected by CCK-8 assay. E, (HO8910) and F, (OVCAR-3) Tunel assay 
was used to determine the effect of miR-934 on apoptosis of ovarian cancer cells (magnification: 200×). *p<0.05.
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the luciferase activity of wild-type BRMS1L 
3’-UTR (Figure 4B). To further validate wheth-
er BRMS1L was a direct target of miR-934, we 
conducted qRT-PCR and Western blot assays. All 
the results indicated that miR-934 could inversely 
regulate BRMS1L (Figure 4C-4F). In conclusion, 
the results showed that BRMS1L was a direct tar-
get gene of miR-934.

Discussion

Emerging evidence has demonstrated that 
miRNAs serve as oncogenes or tumor suppres-
sors in a variety of diseases, including cardiac 

nificantly decreased Ki67, Cyclin D1, and Bcl-2. 
However, miR-934 down-regulation significantly 
increased the protein level of Caspase3 (Figure 
3A, 3B). These results suggested that miR-934 
could influence the expression levels of Ki67, Cy-
clin D1, Caspase3, and Bcl-2, eventually regulat-
ing cell proliferation and apoptosis.

BRMS1L Was a Potential Target 
of MiR-934

Bioinformatics software predicted that 
BRMS1L was a target gene of miR-934 (Figure 
4A). To confirm our prediction, the dual lucif-
erase reporter assay was performed. Transfec-
tion of miR-934 mimics significantly decreased 

Figure 3. MiR-934 could influence the expression levels of Ki67, Cyclin D1, Caspase3, and Bcl-2. A, (HO8910) and B, 
(OVCAR-3). Western blot was used to detect the protein expression levels of Ki67, Cyclin D1, Caspase3, and Bcl-2. *p<0.05.
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In this study, we found that expression of 
miR-934 was significantly higher in ovarian can-
cer cells. Downregulated miR-934 inhibited cell 
proliferation and induced cell apoptosis. Further-
more, down-regulation of miR-934 resulted in 
markedly decreased Ki67, Cyclin D1, and Bcl-2. 
However, lowly expressed miR-934 inversely in-
creased the protein expression of Caspase3. 

Breast cancer metastasis suppressor 1 
(BRMS1) can modulate metastasis-associated 
miRNA, as well as metastasis of different cancers 
without blocking tumorigenesis. Upregulation of 
BRMS1L represses miRNAs, including miR-335 
and miR-146b. This reveals that miRNAs par-
ticipate in the metastasis of cancers30. BRMS1 
has been identified to repress the progression of 
NSCLC31, melanoma32, and breast cancer33. MiR-
93 can enhance lacrimal adenoid cystic carcino-
ma cell migration, invasion, and proliferation by 

hypertrophy17, cardiac fibrosis18, non-alcoholic 
steatohepatitis19. They cannot only be regarded 
as biomarkers for patients with malignant tu-
mors20,21, but also influence the development and 
progression of malignant tumors22,23. Multiple 
regulatory functions of miRNAs on cancer cell 
molecular behaviors, such as maturation, metas-
tasis, proliferation or apoptosis, are mainly due 
to the relationship between miRNAs and target 
genes24,25. Li et al26 have identified that miRNAs 
can control one or two target genes via binding 
to 3’-UTR of targeted mRNAs. MiRNAs can in-
teract with lncRNAs (another non-coding RNAs) 
or transcription factors, eventually regulating tu-
mor development together26,27. Furthermore, miR-
NAs can also contribute to regulatory networks 
via playing various roles in multiple signal path-
ways28,29. However, there is still a long way to ex-
plore the miRNA world. 

Figure 4. BRMS1L was a target gene of miR-934. A, Bioinformatics analysis predicted that BRMS1L was a target gene of 
miR-934. B, To confirm our prediction, dual luciferase reporter assay was performed. C-F, QRT-PCR and Western blot assay 
were used to detect the mRNA and protein levels of BRMS1L. *p<0.05.
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decreasing BRMS1L via the regulation of Wnt 
signaling pathway34. In glioma, lowly expressed 
BRMS1L is correlated with glioma grade, which 
also predicts poor survival by an invasive phe-
notype35. BRMS1L represses the metastasis of 
ovarian cancer through inhibition of β-catenin/
Wnt pathway36. Instead, BRMS1L expression in 
ovarian cancer cells was significantly lower than 
that of the normal ovarian epithelial cell line. No-
tably, luciferase reporter gene assay revealed that 
BRMS1L was a target gene of miR-934. Further-
more, miR-934 could inversely regulate BRMS1L 
at both mRNA and protein levels.

Conclusions

We demonstrated miR-934 as an oncogene 
in ovarian cancer. MiR-934 was significantly 
increased, whereas BRMS1L was decreased in 
ovarian cancer cell lines. Downregulated miR-
934 inhibited cell proliferation and induced cell 
apoptosis. MiR-934 could influence the expres-
sion levels of Ki67, Cyclin D1, Caspase3, and 
Bcl-2. BRMS1L was a target gene of miR-934. 
Oncogene miR-934 promoted ovarian cancer cell 
proliferation and inhibited cell apoptosis through 
targeting BRMS1L. MiR-934 and BRMS1L 
might be novel biomarkers or therapeutic targets 
for ovarian cancer in the future.
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