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Background: The aberrant expression of microRNA-%

aR-139-3p on the growth and metastasis of ovarian
cancer cell in vivo were nsplanted tumor model and experimental lung

metastasis model.

tissue.
nclusion: Taken together, we demonstrated that miR-139-3p regulated ovarian cancer
and metastasis by modulating the expression of ELAVLI.
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Background
Ovarian cancer is one of the most deadly malignant tumors in gynecologic oncol-
ogy, characterized by the poor prognosis due to the extensive metastasis of ovarian
cancer cell into the peritoneal cavity.! Despite the extensive basic and clinical
investigations, only 27% of patients with advanced ovarian carcinoma survived
for 5 years after the initial diagnosis.”> There is an urgent need to explore the
underlying mechanism of ovarian carcinoma metastasis and improve the targeted
therapeutic strategies.’

MicroRNAs (miRNAs), which are a kind of conserved non-coding RNAs, reg-
ulate the expression of proteins via binding with the 3'-untranslated region (3'-UTR)
of target mRNA.*> The functions of miRNAs in many biological processes, includ-

ing cancer cell growth, apoptosis, migration and metastasis, have been widely
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investigated.® In oral squamous carcinoma cell (OSCC),
miR-139-5p suppresses the tumorigenesis and progression
of OSCC via targeting Homeobox A9 (HOXA9).” In addi-
tion, miR-139-5p is markedly down-regulated in uterine
leiomyoma tissue than that in the adjacent myometrium
tissue and miR-139-5p inhibits the growth of uterine leio-
myoma cells through regulating Tumor Protein
D52 (TPD52).® All these investigations indicate that
miR-139-5p acts as a tumor-suppressive role in several
cancers.”'' Recently, the impacts of miRNAs in the pro-
gression of ovarian cancer have already been explored.
Nevertheless, the precise function of miR-139-3p in ovarian
cancer remains largely unknown.

Herein, we revealed that miRNA-139-3p was down-
expressed in ovarian cancer tissues and cells. The roles of
miRNA-139-3p on the development of ovarian cancer cell
in vitro and in vitro were analyzed. Importantly, we vali-
dated that ELAVL1 was a functional target gene of
miRNA-139-3p and its expression was negatively corre-
lated with the level of miRNA-139-3p in ovarian cancer.
Finally, we proved that over-expression of miRNA-139-3p
suppressed the growth and aggressiveness of ovarian can-
cer through regulating the expression of ELAVLI.

Materials And Methods

Clinical Tissues
Twenty-one cases of ovarian cancer and

the Code of N@cs of the World Medical Association
(Declaration of anki) printed in the British Medical
Journal (18 July 1964).

Cell Culture

Human ovarian carcinoma cells (OVCAR-3, SK-OV-3 and
A2780) and normal ovarian epithelial cell, IOSE80, were
purchased from Chinese Academy of Sciences (Shanghai,
China). Cells were cultured using RPMI media 1640

(Thermo Fisher Scientific, Waltham, MA, USA)

containing 10% FBS (Thermo Fisher Scientific) and 1%
streptomycin/penicillin at 37°C and 5% CO,.

Cell Transfection

MiRNA-negative control (miR-NC) or miR-139-3p was pur-
chased from GeneCopoeia (Shanghai, China). A ELAVLI
expression was constructed by subcloning PCR-amplified
full-length ELAVL1 cDNA into pcDNA3.1(+) plasmid
(GeneCopoeia). MiR-139-3p or pCDNA3.1-ELAVL1 was
transfected into cell using Lipofectamine™ 2000 (Thermo
Fisher Scientific).

A synthesis was con-
verse transcriptase (Promega).
using SYBR Premix Ex
ABI 7900 Fast system (Applied
SA). The primers for ELAVLI and

GACCACATGGCCGAAGACT-3'; reverse: 5'-A
AAAGCCATAGCCCAAGC-3'; GAPDH for-
ward: 5'-ACAACTTTGGTATCGTGGAAGG-3'; reverse:
-GCCATCACGCCACAGTTTC-3". miR-129-3p for-
ward: 5'-AAGCCCTTACCCCAAAAAGTAT-3'; reverse:
5'-CTTTTTGCGGTCTGGGCTTGC-3'; fibronection for-
ward: 5'-CGGTGGCTGTCAGTCAAAG-3’; reverse: 5'-
AAACCTCGGCTTCCTCCATAA-3'; Vimentin forward:
5'-GACGCCATCAACACCGAGTT-3'; reverse: 5'-CTTT
GTCGTTGGTTAGCTGGT-3’; ZO-1 forward: 5'-CAAC
ATACAGTGACGCTTCACA-3'; reverse: 5-CACTATT
GACGTTTCCCCACTC-3'; B-catenin forward: 5'-AAAG
CGGCTGTTAGTCACTGG-3'; reverse: 5'-CGAGTCAT
TGCATACTGTCCAT-3’; U6 forward: 5'-CTCGCTTCG
GCAGCACA-3’, U6 reverse: 5'-AACGCTTCACGAAT
TTGCGT-3". The level of miR-139-3p and ELAVLI
were normalized to U6 or GAPDH, respectively, using
the 24T method.'?

CCK-8 Assay

Cells (2 x 10%) were cultured into 96-well plates and were
cultured for 24 hrs, 48 hrs, 73 hrs or 96 hrs. Then, 10 uL
of CCK-8 solution (Beyotime, Nanjing, Jiangsu, China)
was added into plates and cells were incubated for 1.5 hrs.
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The OD was detected at 450 nm using a microplate reader
(Bio-Tek Company, Winooski, VT, USA).

Colony Formation Analysis

Cells (1 x 10%) were seeded into 6-well plates and cultured
for two weeks. After that, cell colonies were fixed using 10%
paraformaldehyde and stained using 1% crystal violet for
15 mins. Finally, the number of cell colonies was counted.

Migration Assay

Cells (1x10°/well) were cultured into 6-well plates for 24
hrs. Then, a wound was made using a micropipette tip. The
cells were cultured with FBS-free medium for 24 hrs. The
pictures of wound were taken at O hrs or 24 hrs under an
inverted microscope (CarlZeiss, Hallbergnoos, Germany).

Invasion Assay
200 pL cells (2x10%) in serum-free media were cultured
into the upper chamber of the transwell membrane
(Transwell Permeable Support with an 8.0 pm polycarbo-
nate membrane, 6.5 mm insert and 24-well plate; Corning
Costar, New York, NY, USA). 600 pL. medium containing
20% FBS was added into the lower chamber. After 24 hrs,
invaded cells were fixed using 70% ethanol and J
with 1% crystal violet. The invaded cells were co
under an inverted microscope (CarlZeiss).

ell using Lipofectamine™ 2000 (Thermo
The luciferase activity was detected using
the luciferase ref®rter gene assay system (Promega).

Western Blotting

Total proteins were isolated from cells using RIPA buffer
(Beyotime, Shanghai, China) on ice. The protein concentra-
tion was quantified using a BCA Protein Assay Kit
(Beyotime). 30 pg proteins were fractionated using 8%
SDS-PAGE and were transferred onto PVDF. The PVDF
membrane was incubated with ELAVLI1 antibody (#12,582,

Cell Signaling Technology) or GAPDH (#5174, Cell
Signaling Technology, Danvers, MA, USA) followed by
incubation with HRP-linked secondary antibody (#7074,
Cell Signaling Technology). The bands were assessed
using ECL system (Millipore, Braunschweig, Germany).

In Vivo Xenograft Model

MiR-139-3p or miR-NC-transfected SK-OV-3 cells (2x10°)
were subcutaneously injected into BALB/c nu/nu mice (n=6 in
each group). Tumor tissue was monitored each week using a

digital caliper by measuring the noth (L) and width

(W). The tumor volume was calg

¢ used for [HC staining using ELAVLI antibody.
etastatic nodules in lung were counted under a dissecting
microscope. Animal experiment was approved by the
Institutional Animal Care and Use Committee (IACUC) of
Qilu Hospital of Shandong University. The animal experiment
was conducted in accordance with Institutional Guidelines and
the Guide for the Care and Use of Laboratory Animals (NIH
publication no. 85-23, revised 1996).

Statistical Analysis

Data were obtained from at least three independent experi-
ments and were presented as means = SD. Data from all
experimental groups were analyzed using one-way analy-
sis of variance (ANOVA), followed by the LSD post hoc
test using SPSS v. 21.0 (SPSS Inc., Chicago, IL, USA).
The relationship between miR-139-3p and ELAVL1 was
detected using Spearman correlation analysis. P<0.05 was
considered statistically significant.

Results
miR-139-3p Is Down-Expressed In

Ovarian Cancer
The qRT-PCR result indicated that miR-139-3p was mark-
edly down-expressed in ovarian cancer tissues than that in
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corresponding normal tissues (*P<0.05, Figure 1A).
Moreover, the level of miR-139-3p was significantly
decreased in advanced stage of ovarian cancer than that in
low stage (*P<0.05, Figure 1B). Meanwhile, miR-139-3p
was down-expressed in patient with lymph node metastasis
(LNM) than that in patient without LNM (No LNM)
(Figure 1C). Next, we determined the prognostic significance
of miR-129-3p in ovarian cancer. We divided patients into
miR-139-3p low and miR-139-3p high groups using the
median value of 0.36 as a cut-off value. The Kaplan—-Meier
survival analysis indicated that patients with lower level of
miR-139-3p had worse survival than patients with higher
level of miR-139-3p (Figure 1D). Finally, we also found
that miR-139-3p was down-regulated in ovarian cancer
cells, including SK-OV-3, A2780 and OVCAR-3, than that
in the normal ovarian epithelial cell, IOSE80 (Figure 1E). We
also detected the expression of miR-139-5p in ovarian cancer
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tissues and ovarian cancer cell lines. As shown in

Supplementary Figure 1A, there was no significant differ-

ence in miR-139-5p between ovarian cancer tissues and
corresponding normal tissues. Consistently, miR-139-5p
was not remarkably downregulated in ovarian cancer cell
lines than that IOSES0
(Supplementary Figure 1A). The result suggests that
miR-139-3p is down-regulated in ovarian cancer tissues

in ovarian epithelial cell,

and cell lines.

To investigate the biologic
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Figure | MiR-139-3p is down-regulated in ovarian cancer. (A) The levels of miR-139-3p in ovarian cancer tissues and adjacent normal tissues were detected using qRT-PCR
analysis. **P< 0.01 compared to adjacent. (B) The level of miR-139-3p in different clinical stages of ovarian carcinoma. (C) The level of miR-139-3p in patients with lymph
node metastasis (LNM) or without LNM (No LNM). (D) Kaplan—Meier analysis of overall survival in patients with high miR-139-3p level or low miR-139-3p level. (E) qRT-
PCR analysis of miR-139-3p in OVCAR-3, SK-OV-3 and A2780, and normal ovarian epithelial cell, IOSE80. **P<0.0] compared to IOSE80.
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Figure 2 MiR-139-3p inhibits SK-OV-3 cell proliferation and tumor growth in nude mice. (A) qRT-PCR analysis of miR-139-3p expression in miR-139-3p or miR-NC-transfected
SK-OV-3 and OVCARS3 cells. (B) CCK8 assay showing cell proliferation rates of miR-139-3p-transfected SK-OV-3 or OVCARS3 cells. (C) Estimation of colonies in SK-OV-3 or
OVCARS3 cells stable expressing miR-139-3p. **P<0.0| compared to control. (D) Xenograft tumor volumes in nude mice injected with SK-OV-3 cells stable expressing miR-139-3p
and miR-NC. Tumor volumes were measured every week until the fifth week when mice were sacrificed. (E) The weight of tumor tissue in each group was measured. (F)
Representative images of xenograft tumors derived from SK-OV-3 cells stable expressing miR-139-3p and miR-NC. *P<0.05, **P<0.0| compared to miR-NC.

OncoTargets and Therapy 2019:12 submit your manuscript 8939

Dove


http://www.dovepress.com
http://www.dovepress.com

Xue et al

Dove

of miR-139-3p reduced the proliferation of SK-OV-3 and
OVCAR-3 cells (Figure 2B). Moreover, miR-139-3p trans-
fection inhibited the colony formation of SK-OV-3 and
OVCAR-3 cells in vitro (Figure 2C). The similar results
were obtained using A2780 cell line (Supplementary
Figure 2). To future confirm the findings in vivo,
miR-139-3p or miR-NC-transfected SK-OV-3 cell was sub-
cutaneously injected into nude mice. We observed that the
tumor growth of SK-OV-3 cells in the miR-139-3p group
was significantly inhibited than that in the miR-NC group
(Figure 2D-E). After 35 days, we observed that the tumor
size in miR-139-3p group was lower than that in the
miR-NC group (Figure 2F). All these results demonstrated
that miR-139-3p inhibited the proliferation of ovarian can-
cer cell in vitro and tumor growth of SK-OV-3 cell in vivo.

miR-139-3p Suppresses The Migration

And Invasion Of Ovarian Cancer Cell
Next, we explored the function of miR-139-3p in the aggres-
siveness of ovarian cancer cell in vitro. We found that miR-
139-3p significantly inhibited the migration and invasion of
SK-OV-3 and OVCAR-3 cells (Figure 3A-B). To further
investigate the role of miR-139-3p in the metastasis of
OV-3 cells in vivo, the experimental lung metastasis mo

monary metastasis. To unders
miR-139-3p on ovarian can

rkers (N-cadherin, fibro-
Based the levels of epithelial-
~cadherin, ZO-1 and B-catenin). These
results implied that\@@gr-expression of miR-139-3p reduced
the metastasis of SK-OV-3 cell in vivo.

related markers

ELAVLI Is The Target Of miR-139-3p

Next, we predicted the potential targets of miR-139-3p
using three tools (TargetScan, miRTarBase and miRDB).
As shown in Figure 4A, we found 5 common elements
(FN3K, UBE2G1, MIEF1, CCDC71L and ELAVL1) in
“TargetScan”, “miRTarBase” and “miRDB”. In order to

identify the direct target of miR-139-3p, the levels of these
genes in miR-NC or miR-139-3p transfected SK-OV-3 cell
were detected using qRT-PCR assay. As shown in
Figure 4B, the level of ELAVL1 (HuR) was markedly
reduced by miR-139-3p.; luciferase reporter gene assay
was used to identify ELAVL1 as the potential target gene
of miR-139-3p (Figure 4C-D). The luciferase activity in
293T cell that was cotransfected with miR-139-3p and wt-
ELAVLI1 was decreased whereas the luciferase activity in
cell that was cotransfected with miR-139-3p and mut-
ELAVLI1 was not significantly inhibjig miR-139-3p.

tes The Functional Effects
p On Ovarian Cancer Cell

-3 cells were transfected with miR-139-3p
d ELAVLI overexpressing plasmid to restore
e expression of ELAVLI levels in SK-OV-3 cells
igure SA-B). The growth, colony formation, migration
and invasion of SK-OV-3 cell were detected using CCK-8,
colony formation, wound healing and Transwell invasion
assay. As shown in Figure 5C-D, over-expression of
ELAVLI1 restored the proliferation and colony formation
of SK-OV-3 cell that was suppressed by miR-139-3p.
Consistently, the migration and invasion of SK-OV-3 cell
that was inhibited by miR-139-3p was rescued by
up-regulation of ELAVL1 (Figure SE-F). These findings
indicated that miR-139-3p inhibited ovarian cancer cell
progression through inhibiting ELAVLI1 expression.

ELAVLI Is Negatively Correlated With

miR-139-3p In Ovarian Cancer

Finally, we analyzed the mRNA level of ELAVLI in 21
cases of ovarian cancer and adjacent normal tissues using
qRT-PCR. As shown in Figure 6A, ELAVL1 was over-
expressed in the ovarian cancer tissue than that in the
(IHC)
assay proved that the expression of ELAVL1 was higher

normal tissue. Immunohistochemical staining

in ovarian cancer tissue than that in the normal tissue

submit your manuscript

8940

Dove

OncoTargets and Therapy 2019:12


https://www.dovepress.com/get_supplementary_file.php?f=210739.pdf
https://www.dovepress.com/get_supplementary_file.php?f=210739.pdf
https://www.dovepress.com/get_supplementary_file.php?f=210739.pdf
https://www.dovepress.com/get_supplementary_file.php?f=210739.pdf
http://www.dovepress.com
http://www.dovepress.com

Dove Xue et al

A Control miR-NC miR-139-3p
; A SK-OV-3
Oh 9 60 @@ Control
; < =3 miR-NC
= B miR-139-3p
£
o
24 h 2 2 .
8
c
g
& o
OVCAR-3
80

@8 Control

Ohg
; 60
40

24 h
20

Percentage of migration (%)

Control

@@ Control
3 miR-NC
B3 miR-139-3p

w 150 B3 Control
3 3 miR-NC
B3 miR-139-3
2 100 P
g
£
k]
5 50
Qo
[ *x
=
=z
o
SK-OV-3
3 157 BB miR-NC
» .
. . B 3 miR-139-3p
Control miR-NC miR-139-3p § 0 B Legend
- g
& - o
¥ c
=
5 5
!, 5 e
€
2 0
OVCAR-3
A 5
‘ S 159 @@ Control
™ -é' 2 miR-NC
14 B miR-139-3
< 8 10 B
(&) g
> =)
(@) 5
.‘6 5- P
z
€
2 0

Figure 3 MiR-139-3p inhibits SK-OV-3 cell migration and invasion. (A) Wound-healing assay showing migration of control or miR-139-3p overexpressing SK-OV-3 and
OVCARS cells. (B) Transwell assay showing invasiveness of control or miR-139-3p overexpressing SK-OV-3 and OVCAR3 cells. **P<0.01 compared to control. (C) miR-NC
or miR-139-3p transfected SK-OV-3 or OVCAR3 cells were injected into the lateral vein of nude mice, respectively. Representative pictures of lungs from mice were taken
after 2 weeks of injection with SK-OV-3 or OVCAR3 cells. **P<0.01 compared to control.
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(Figure 6B). Furthermore, the Spearman correlation ana-
lysis suggested that the level of ELAVL1 was negatively
correlated with miR-139-3p in ovarian cancer (Figure 6C).

Discussion

In the current study, we have demonstrated that miRNA-
139-3p was down-expressed in ovarian cancer tissues and
cells. Our investigation also proved that miRNA-139-3p

suppressed the progression of ovarian cancer cell in vitro
and in vivo. We also identified that ELAVL1 was a func-
tional target gene of miRNA-139-3p and demonstrated that
the level of miR-139-3p was negatively correlated with the
level of ELAVLI in ovarian cancer. Further investigation
suggested that over-expression of ELAVLI rescued the
aggressiveness of ovarian cancer cell that was inhibited
by miR-139-3p. Taken together, our study indicated that
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miRNA-139-3p inhibited the progression of ovarian can-
cer cell via inhibiting the expression of ELAVLI1.
Aberrant expression of miRNA-139-3p has been
reported in several cancers and miRNA-139-3p is widely
considered to be a tumor suppressor in these cancers.'> ¢
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ination with either miR-139-3p mimic or miR-NC. (F) Transwell assay estimating the invasiveness of SK-OV-3 cells co-transfected with ELAVLI
ith either miR-139-3p mimic or miR-NC. *P<0.01 compared to miR-NC, "P<0.01 compared to miR-139-3p.

cancer than that in noncancerous tissues and lower level
of miR-139-3p was related with poor survival of patient
with colorectal cancer.'” Furthermore, down-regulation of
miR-139 was associated significantly with poor prognosis
of patients with hepatocellular carcinoma (HCC) and the
features of metastatic cancer, including microsatellite
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Figure 6 ELAVLI expression is inversely correlated with miR-139-3p level in
ovarian cancer tissues. (A) qRT-PCR analysis of ELAVLI mRNA expression in 21
paired ovarian cancer and adjacent normal tissues. GAPDH was used as an internal
control. (B) Immunohistochemical analysis of ELAVLI protein expression in ovarian
cancer tissue samples. **P<0.0] compared to adjacent. (C) Spearman correlation
analysis of the association between the ELAVLI level and miR-139-3p expression in
human ovarian cancer (n=21).

formation, reduced differentiation and absence of tum
encapsulation.'® Consistent with previous reports, we ana

cancer cells and tissues.
To date, there are plenty of i

®unction of miRNA-139-3p in
the metastatic O¥@gvior of ovarian cancer, SK-OV-3 or
OVCARS3 cell was sfected with miR-139-3p. Then, the
growth, colony formation, migration and invasion abilities of
ovarian cancer cell in vitro were analyzed. Consistent with
previous reports, our data suggested that miRNA-139-3p
served as a negative metastatic regulator in ovarian cancer.
MiRNAs imperfectly bind to the 3'-untranslated region
(UTR) of target genes and induce translation inhibition of
mRNAs degradation.”> Herein, we verified that ELAVLI
was the direct target of miRNA-139-3p in ovarian cancer.

ELAVLI1 (HuR), a nucleo-cytoplasmic shuttling protein,
plays an important role in mRNA stability as well as cellular
differentiation. The multiple functions of ELAVLI in the
development of cancer have been revealed.”>® ELAVLI is
upregulated in human colorectal cancer and has been
reported to promote colon cancer cell growth through regu-
lating RNA in the cell cytoplasm.?’ Moreover, ELAVLI
facilitates cancer stemness of lung cancer cell by modulating
miR-873/CDK3 and miR-125a-3p/CDK3 axis.’® In breast
cancer, miR-125a inhibits cell growth and promotion

of apoptosis of cancer cell via g ELAVLI.

-regulated in ovarian cancer and transfec-
-139-3p inhibited the growth as well as metas-
sis of ovarian cancer cell through inhibiting the
pression of ELAVLI1.
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