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MiR-182-5p inhibited proliferation and
migration of ovarian cancer cells by

targeting BNIP3
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Abstract. - OBJECTIVE: To investigate the po-
tential effect of microRNA-182-5p (miR-182-5p)
on the development of ovarian cancer (OC) and
the relevant mechanism.

PATIENTS AND METHODS: The expression
levels of miR-182-5p in OC tissues and paracan-
cerous normal tissues were detected. The miR-
182-5p expression in OC cells and ovarian ep-
ithelial cells was also determined. Through
online prediction (TargetScan, miRDB), the po-
tential target of miR-182-5p was screened and
further confirmed by the Luciferase reporter
gene assay. The effects of the miR-182-5p
man ovarian serous papillary cystadeno
ma cell line (SKOV3) cells were determined
vitro experiments.

RESULTS: The low expression of miR-182
in OC was confirmed by quantitative Reve
Transcription-Polymerase Chaj i
PCR) assay. BCL2/adenovir
tein-interacting protein 3 (f
as a direct target of miR-
periments showed that
resulting from the u
inhibited cell prolif
migration ability

CONCLUSIO

(MiR-182-5p), Ovarian cancer

'oduction

r (OC), one of the three major
gnancies 1n the female reproductive sy-
in the world, has the highest mortality rate
gynecological malignant tumors. It is
d that in 2018 there will be 22,240 new

spite the progress in sutgical techniques and
chemotherapy regimens over
2, the majority of OC patients
vanced stage due to the lack

rapies. Additionally, the high he-
neity of OC makes the diagnosis and treat-
omplicated. To improve the diagnosis
d treatment of OC, it is necessary to further un-
derstand the molecular mechanism of OC onset.
As science progresses, the roles of micro-ribonu-
cleic acid (miRNA) in malignancies and related
targeted drugs have become the study focuses in
medical community nowadays.

In 1993° miRNAs were initially discovered
in Caenorhabditis elegans, and they exist in the
genomes of most eukaryotes, including humans*.
Mature miRNAs are a class of small endogenous,
non-coding, single-stranded RNAs composed of
20-22 nucleotides. They participate in forming
RNA-induced silencing complexes and act as the
post-transcriptional regulators of gene expres-
sions’. MiRNAs have been identified in many
basic life activities, and they are abnormally
expressed under various pathological conditions,
including cancers as oncogenes or tumor-suppres-
sor genes®. The overexpression of miRNAs may
exert a tumor-promoting effect via inhibiting tu-
mor-suppressor genes. MiRNAs downregulation
might play a tumor-inhibiting effect by negatively
regulating oncogenes’®. The potential association
between miRNAs and cancers was first detected
in chronic lymphocytic leukemia®. Extensive stu-
dies'™!"? have gradually revealed different miR-
NAs that are abnormally expressed in human
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malignancies. Surprisingly, approximately 50%
of human miRNAs with annotations are related
to cancers".

MicroRNA-182-5p (miR-182-5p) is an impor-
tant component of the microRNA regulatory
network. Lately, it has been widely certified that
miR-182-5p exerted critical regulatory effects on
many diseases'", but the effects of miR-182-5p
on the OC have not been researched yet. This
work aimed to detect the functions of miR-182-5p
in the occurrence and progression of OC, to pro-
vide new ideas and theoretical basis for the clini-
cal treatment and prevention of OC.

Patients and Methods

Ovarian Cancer Cases and Cells

A total of 100 pairs of OC tissues and adjacent
normal ovarian tissues surgically resected in the
Obstetrics and Gynecology Department in Navy
General Hospital from July 2016 to September
2017 were collected as the study groups. The en-
rolled patients were aged 22-65 with 55 years on
average. None of the enrolled patients undcgent
preoperative chemotherapy and radiothera
were definitely diagnosed with OC after t
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ghai, China). All c

in-interacting protein 3
gene of miR-182-5p. The
iR-182-5p at the 3°’UTR of

lated in a 24-well plate and co-transfected
miR-182-5p mimics or negative contrg
type BNIP3 or WT-type BNIP3, resj
Luciferase activity was determing
ciferase Reporter Gene Assay K
nitas, CA, USA).

Using the Lu-
iotech, Enci-

Transfection
MiR-182-5p mimic
sfected into SKOV3
instruction of Lip
Carlsbad, CA,
h, they were s
group were
ction of my

-BNIP3). Transfection plasmids were pur-
sed from RiboRio (Guangzhou, China).

were inoculated into a 6-well plate
be density of 1x10° cells/L. After 36 h of cultu-
RNA was extracted from the cells in
cordance with the instruction in TRIzol reagent
(Invitrogen, Carlsbad, CA, USA), and the concen-
tration and purity of RNA were measured using an
ultraviolet spectrophotometer. The complemen-
tary Deoxyribose Nucleic Acid (cDNA) diluted in
SsoFast EvaGreen reagent (1:10) was utilized for
gqPCR. The relative expressions were normalized
with the corresponding reference genes. QRT-
PCR conditions were 37°C for 15 min and 98°C for
5 min. Afterward, PCR was performed according
to the instruction of the kit. The expression level
of mRNA was calculated by RQ=24¢T, Primer
sequences used in this study were as follows: miR-
182-5p, F: 5>-TTAGGAACCCTCCTCTCTC-3’,
R: 5-CGGTGATGTGAAGAAGGA-3’; U6: F:
5’-GCTTCGGCAGCACATATACTAAAAT-3’,
R: 5>-CGCTTCAGAATTTGCGTGTCAT-3".

Western Blot (WB) Analysis

Total proteins were extracted from cells and
quantified via bicinchoninic acid (BCA; Pierce,
Waltham, MA, USA). The total protein was loa-
ded (25 pg/well) for electrophoresis and transfer-
red onto membranes, followed by blocking in 5%
skimmed milk powder and inoculation with the
primary antibody overnight. After the membra-
nes were washed by Tris-Buffered Saline with
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Tween-20 (TBST) 3 times, the cells were incuba-
ted with the corresponding secondary antibody at
room temperature for 2 h, and membranes were
washed again 3 times, followed by development
via enhanced chemiluminescence (ECL). Then,
ImageLab3.0 (Bio-Rad, Hercules, CA, USA) was
employed for analysis, with the ratio between
the measured value of target protein and glyce-
raldehyde 3-phosphate dehydrogenase (GAPDH)
as the relative expression level of proteins. The
experiment was repeated 3 times.

Cell Proliferation

Cells were digested and the concentration was
adjusted to 5x10° cells/mL. After cell adherence in
a 96-well plate (100 pL/well), cells were incubated
with MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyl tetrazolium bromide) solution (Sigma-Al-
drich, St. Louis, MO, USA) to incubate for 4 h
at the appointed time point (0, 24, 48 and 72 h).
Finally, the optical density (OD) value was mea-
sured at 490 nm.

For clone formation, cells were digested, cen-
trifuged and inoculated into a 6-well cell culture
plate at 1x10%well for 10 days. At 10" dagmee
Is were washed with Phosphate-Buffere @i
(PBS) 3 times, fixed with 1 mL methanol X
20 min and with 0.1% crystal violet solutic
20-30 min. Finally, the cells were photograp
counted and analyzed.

Cell Cycle Determinatiog

trypsin, collected via lo
washed with the PBS

ith the cell density adjusted to
, the cells were inoculated into a
ell plate and placed in an incubator containing
for incubation overnight till 100% cell
F'he back of each well was marked with a

the marked line along the rule
were rinsed repeatedly with PB§

co’s Modified Eagle”s Medd
Grand Island, NY, USA)

ning 5% CO, at 37°
scratches was mea:

ression was Reduced in
Both and Cells of OC

ORT-PCR was used to detect the expression of
p. This study enrolled 100 OC patients.
e expression level of miR-182-5p in OC tissue
samples was (0.54+0.13), which was significant-
ly lower than that of matched adjacent tissues
(1.12+£0.07), and the difference was statistically
significant (p<0.01) (Figure 1A). In ovarian can-
cer cell line (SKOV3) and ovarian epithelial cells
(OECQ), the relative expression of miR-182-5p was
(0.69+0.08) and (1.03+0.16), respectively. The dif-
ference was statistically significant (p<0.001) (Fi-
gure 1B). MiR-182-5p was lowly expressed in OC.

BNIP3 was a Direct Target of MiR-182-5p
in OC Cell

The potential target of miR-182-5p was checked
in three publicly available algorithms: Target-
Scan, miRDB and microRNA. BNIP3 was found
to have a pairing sequence with the miR-182-5p
at the 3’UTR (Figure 2A). The anti-apoptotic abi-
lity of BNIP3 in malignant tumors has been wi-
dely reported®??, so we tried to verify whether
BNIP3 had a correlation with miR-182-5p in OC.
The transfection efficiency was first confirmed by
gRT-PCR (Figure 2B). We established Luciferase
reporter vectors containing the wild-type or mu-
tant-type miR-182-5p sequences of the BNIP3.
The overexpression of miR-182-5p resulted in
the decrease of the Luciferase activity of the wi-
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Figure 1. Expressions of miR-182-5p in ovarian cancer tissue samples and ovarian cancer
of miR-182-5p between OC tissues and corresponding adjacent normal iy tissues (¥*p<U¥
5p in OC cell line (SKOV3) and ovarian epithelial cell line (OEC) (**%

Difference in the expression
Expression of miR-182-

P3). The relative expression
three groups was (0.98+0.18),
.02+0.25), respectively, and the
statistically significant (p<0.05).
data evidenced the regulation of miR-182-
3 expression (Figure 2D).

de-type BNIP3 reporter gene, but it had no effect
on the Luciferase activity of mutant-type group
(Figure 2C). The experimental results of Lucife-
rase reporter assay were encouraging; ho
the specific interference method needs
experimental confirmation.

MiR-182-5p Decreased the Expression
Level of BNIP3

Western blot assay was
expression of BNIP3 in the

MiR-182-5p Suppressed Proliferation
of OC Cell

MTT assay results showed that the overexpres-
sion of miR-182-5p inhibited the proliferation of
control), miR-182-5p mi SKOV3 cells. On the third day of the MTT assay,
sfected with miR-182-5p the cell proliferation status began to show signifi-
BNIP3 (SKOV3 cell t i i cant differences (p<0.05, relative to the negative
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re 2. BNIP3 is a direct and functional target of miR-182-5p. 4, Diagram of putative miR-182-5p binding sites of BNIP3.
ansfection efficiency detection by qRT-PCR (¥*p<0.01). C, Relative activities of Luciferase reporters (**p<0.01). D, The
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Figure 3. 4, MiR-182-5p inhibited the proliferation of OC cell (*p<0.05, **p<0.Q
OC cell analyzed using flow cytometry (*p<0.05, **p<0.01 vs. NC group; #p<
formation (**p<0.01 vs. NC group; ##p<0.01 vs. Mimics group). All data wer:

control group). The proliferation curve of SKOV3
cells in the miR-182-5p overexpression group
showed significant inhibition of proliferation
(p<0.01, relative to the negative control group).
However, the proliferation ability of SKOV3 cells
in the mimics+BNIP3 group was not much dif-
ferent from that of the negative control
(p>0.05, relative to the negative control
(Figure 3A).

In the clone formation experiment, th
proliferation inhibition of miR-182-5p was si
taneously demonstrated. The overexpression
miR-182-5p led to an approxig ‘

¥ detect the
8t miR-182-5p

d 48 h were (0.95+0.04) and (0.37+0.09), whi-
were (0.94+0.05) and (0.43+£0.01) at 0 h and 48
the miR-182-5p mimics group. The wound

larger than that of the'miR-NC group at 48
<0.05). Howeygr, we found that in the mimic-
relative percentage of wound
ells at 48 h was (0.33+£0.08),
as not statistically significant
o the negative control group)

Discussion

OC is one of the most common malignant tu-
mors in women. Although new biological mar-
kers and treatment strategies have been advanced
in the past several decades, the survival rate of
OC women is still not substantially improved. It
is essential to raise the awareness of the molecu-
lar mechanism of OC onset to discover highly
specific and sensitive biological markers for OC
screening and early detection. The development
of potential therapeutic targets contributes to im-
proving the survival rate and clinical outcomes of
OC patients.

The occurrence of tumors is a complex process
involving multi-stage processes. The control of
cell proliferation, the balance between cell sur-
vival and programmed cell death/apoptosis, the
communication with adjacent cells and extracel-
lular matrix, the induction of tumor angiogenesis
and the invasion and migration of tumor cells are
of great significance. The major biological cha-
racteristics of malignancies include the abnormal
proliferation, apoptosis, invasion and migration
of tumor cells and angiogenesis. MiRNAs are
involved in various processes, including the oc-
currence and development of tumors, and affect
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Figure 4. The migration of OC cells was analyzed using wound healing assay a
were presented as means + standard deviations (*p<0.05 vs. NC group; #p<0.05 y,

many characteristics of tumor cells'®*. Moreover,
miRNAs are differentially expressed in multiple
tumors, and may serve as crucial biological mar-
kers for tumor treatment. Scholars'>?* pointed out
that multiple miRNAs could be detected in the
early stage of OC and are correlated with the pro-
gnosis of the disease. Therefore, miRNA is a key
molecule with high specificity and sensitivity in
the diagnosis and treatment of OC.

In 1994, BNIP3, a kind of apoptosis-i
protein, was first discovered and named by
al® in the screening proteins of the yeast t

adenovirus EIB 19 kD protem
the full length of 1,535 bp, 4
chromosome 10g26.3 and
acids. In different types d
ts, it participates in exjgnsi

family to 1nh1b1t the
er’. The findings

is closely relatc¥ to the pathoge-
ancies mentioned above.

focused on its specific ef-
the invasion and migration

p expression level was determined
paracancerous tissues, suggesting that miR-182-
d as a tumor suppressor in OC. Additionally,
as identified as a functional target of miR-
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ssion level of miR-182-5p in SKOV3 cells at
after the transfection with miR-182-5p mimics,
y raised compared with that in
roup. Subsequently, the biolo-
82-5p on the proliferation and
3 cells were studied to further

formation and flow cytometry assay,
er-expressed miR-182-5p could effectively repress
the proliferation of SKOV3 cells. It was also disco-
vered through in vitro wound healing assay that the
expression level of miR-182-5p was negatively cor-
related with the migration ability of SKOV3 cells.

Conclusions

We showed that miR-182-5p/BNIP3, as a target
for the treatment of OC, may become a feasible
and new method of tumor treatment. The study of
the miRNA regulatory mechanism provided a new
perspective for the research and treatment of OC.
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