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Background: Growing evidence indicates that long noncoding RNA (IncRNA) is a group of
important regulator in cancer development. However, the correlation between IncRNA and
ovarian cancer remains elusive. Here, we aimed to investigate the roles of LEF1-AS1 in
ovarian cancer progression.

Methods: LEF1-AS1 expression was analyzed by quantitative real-time polymerase chain
reaction (QRT-PCR). Survival rate was analyzed by Kaplan-Meier method. Cell Counting
Kit-8 (CCK8) and colony formation assays were used for proliferation analysis. Transwell
assay was utilized for analyses of migration and invasion. Luciferase reporter assay was
performed to test the interaction between LEF1-AS1 and miR-1285-3p.

Results: We showed that LEF1-AS1 expression was upregulated in ovarian cancer tissues
compared with normal tissues. Besides, LEF1-AS1 level was positively correlated with lymph
node metastasis and advanced stage. Enhanced expression of LEF1-AS1 may predict a poor
prognosis. Moreover, LEF1-AS1 knockdown suppressed ovarian cancer cell proliferation,
migration and invasion. Mechanistically, LEF1-AS1 exerted its oncogenic functions through
interacting with miR-1285-3p to inhibit miRNA activity. Rescue assay validated that miR-1285-
3p inhibitors abrogated LEF1-AS1-silencer-caused suppression of ovarian cancer progression.
Conclusion: Our study revealed that LEF1-ASI acts as a vital regulation in ovarian cancer
progression.
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Introduction

Ovarian cancer (OC) is one of the most prevalent gynecological tumors and causes
growing numbers of deaths in women around the world." Traditional methods for
ovarian cancer treatment, including surgery, radiotherapy and chemotherapy, have
improved patients lifespan.” However, the five-year survival rate of ovarian cancer
patients still remains lower than 35% because of frequent metastasis.** Moreover,
most patients were diagnosed with ovarian cancer at the advanced stage.” Thus, it is
important to elucidate the molecular mechanism of ovarian cancer development.
And it is urgently required to find effective therapeutic targets.

Long noncoding RNAs (IncRNAs) are usually aberrantly expressed in tumor
tissues, including ovarian cancer.® Accumulating studies indicate that IncRNAs play
critical functions by promoting or inhibiting tumor progression.” Moreover, many
IncRNAs are identified as potential biomarkers for tumor diagnosis and prognosis.®
And several reports indicate that IncRNAs may be possible therapeutic targets for
cancer intervention.” For example, IncRNA CADMI1-AS] is reported to be a novel

indicator for gastric cancer prognosis.'” LncRNA GLCCI1 regulates glucose
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metabolism and initiates colorectal cancer development
via enhancing c-Myc stability.'" LINC00668 regulates
breast cancer cell proliferation and survival to promote
tumorigenesis.'> In addition, IncRNA FLJ33360 contri-
butes to ovarian cancer development via interacting with
miR-30b-3p."> Hence, it is necessary to explore the
detailed mechanism of IncRNA in the regulation of ovar-
ian cancer progression.

Previously, IncRNA LEF1-AS1 was shown to promote
progression of glioblastoma, prostate cancer, lung cancer and
oral squamous cell carcinoma.'*”'” Nevertheless, whether
LEF1-AS1 participates in ovarian cancer remains unknown.
Here, we identified that LEF1-AS1 expression was upregu-
lated in ovarian cancer tissues and maybe a prognostic bio-
marker. Moreover, loss of LEF1-AS1 led to impaired growth
and metastasis of ovarian cancer cells. We showed that
LEF1-AS1 interacted with miR-1285-3p to inhibit its expres-
sion, inducing ovarian cancer progression. Our work high-
lights the importance of LEF1-AS1 in ovarian cancer.

Materials and Methods

Tissue Samples

Sixty-two-ovarian cancer tissues (metastasis: 28; non-
metastasis: 34; I-1I: 35; I1I-IV: 27) and their corresponding
adjacent normal tissues were collected from Affiliated
Hospital of Jining Medical College. None of them
received chemotherapy or radiotherapy prior to surgery.
Tissues were stored in the liquid nitrogen. This study was
approved by the Ethics Committee of Affiliated Hospital
of Jining Medical College and written informed consents
were obtained from each patient.

Cell Lines and Transfection

All ovarian cancer cell lines and normal ovarian epithelial
cell line IOSE80 were obtained from American Type Culture
Collection (ATCC). Cells were cultured in Dulbecco’s mod-
ified Eagle’s medium RPMI-1640 (HyClone, Logan, UT)
supplemented with 10% fetal bovine serum (FBS). The
small interfering RNA (siRNA) targeting LEF1-AS1 (5'-
CCUGGGUGGAUAUGGUAAUTT-3") and control siRNA
(5'-UUCUCCGAACGUGUCACGUTT’-3)
Guangzhou RiboBio Co., Ltd. (Guangzhou, Guangdong,
China). Cell transfection (100-nM siRNA) was performed
using Lipofectamine 3000 transfection reagent (Invitrogen,
Carlsbad, CA, USA). After 48 h, the silencing efficiency was
determined by qRT-PCR.

were  from

gRT-PCR
Total RNA was isolated from cancer tissues or cell lines using
TRIzol (Invitrogen). Then 1pg RNA was transcribed into
complementary DNA (cDNA) using PrimeScript RT reagent
Kit (Takara, Kyoto, Japan), followed by qPCR analysis using
the SYBR Green qPCR (Takara, Kyoto, Japan). Relative
expression was normalized to U6 or GAPDH and calculated
based on the 27" method."® Primer sequences were as
follows: LEF1-AS1 (Forward: 5'-TTTGTGTGGCCTGGAC
TCTC-3" and Reverse: 5~ AACCCCTGGGACACAAACTG
-3) and GAPDH (Forward: 5-ACCCAGAAGACTGTG
GATGG-3" and reverse: 5-TCTAGACGGCAGGTCAGG
TC-3).

CCK8 Assay

Cells (2000 cells per well) were plated into the 96-well
plates and incubated for indicated days. Then CCKS solu-
tion (Dojindo Laboratories, Kumamoto, Japan) was added
and incubated for 4 h. Then the absorbance at 450 nm was
measured using a microplate reader (Becton, Dickinson
and Company, Franklin Lakes, NJ).

Colony Formation Assay

Five hundred cells were seeded into the 6-well plates and
cultured for 14 days. Then cells were fixed with 4%
paraformaldehyde and stained with 0.5% crystal violet
solution for 15 min. Colony numbers were finally counted.

Transwell Assay
Migration and invasion were measured using Transwell
assay as previously reported.'’

RNA-Pull Down

After transfection of 48 h with 50 nM biotin-labeled WT or
Mut miR-1285-3p, cells were lyzed using specific lysis
buffer (Ambion, Austin, TX) and the supernatant were col-
lected by centrifugation.® Then supernatant was incubated
with M-280 streptavidin magnetic beads (Sigma). The beads
were washed, and the precipitated RNA was eluted and
purified using TRIzol, followed by qRT-PCR analysis.

RNA Immunoprecipitation (RIP)
RIP assay was performed to analyze the interaction
between LEF1-AS1 and miR-1285-3p in ovarian cancer

cells as previously reported.’
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Luciferase Activity Assay

The interaction between LEF1-AS1 and miR-1285-3p was
analyzed by using miRDB. Wild-type or mutant-type sequence
of LEF1-AS1 containing miR-1285-3p binding site was con-
structed into the pmirGLO luciferase reporter vector
(Promega). Cells were co-transfected with luciferase reporter
vector and miR-1285-3p mimics (50 nM) or NC for 24 h. Then
the luciferase activity was measured using a Dual-Luciferase
Reporter Gene Assay Kit (Qianchen Biotechnology, Shanghai,
China).

Statistical Analysis

The results were analyzed using SPSS 21.0 software (IBM
Corp, Armonk, NY) and expressed as mean =+ standard
deviation. The #-test and one-way analysis of variance
(ANOVA) were used to analyze p value. Kaplan-Maier-
Plot was used to analyze survival rate. All experiments
were at least performed three times. The difference was
statistically significant at P <0.05.

Results
LEFI-AS| Was Upregulated in Ovarian

Cancer Tissues

To determine whether LEF1-AST1 participates in ovarian can-
cer development, we analyzed its expression in ovarian cancer
tissues. Firstly, we collected 62 pairs of ovarian cancer tissues
and adjacent normal controls. We found that LEF1-ASI1 level
was eclevated in ovarian cancer tissues (Figure 1A).
Furthermore, the expression of LEF1-AS1 was higher in
with
(Figure 1B) or advanced stages (Figure 1C). Consistently,

ovarian cancer tissues lymph node metastasis
LEF1-ASI expression was also upregulated in ovarian cancer
cell lines compared to IOSE80 cells (Figure 1D). Then, we
divided the 62 patient samples into LEF1-AS1 high expression
and low expression groups based on the median value of
LEF1-AS1. As shown, the overall survival rate of LEFI-
AS1 high expression patients were lower (Figure 1E).

LEFI-ASI Knockdown Inhibited Ovarian
Cancer Cell Proliferation, Migration and

Invasion

To explore the function of LEF1-AS1, we chose SKOV3
and OVCAR3 cells for functional experiments. We
knocked down LEFI-AS1 by siRNAs (Figure 2A).
CCKS assay indicated that LEF1-AS1 knockdown inhib-
ited the proliferation of SKOV3 and OVCAR3 cells

(Figure 2B), which was further confirmed by colony for-
mation assay (Figure 2C). To elucidate the correlation
between LEF1-AS1 expression and metastasis, we carried
out Transwell assay. We found that LEF1-AS1 knockdown
significantly reduced the numbers of migrated and invaded
SKOV3 and OVCAR3 cells (Figure 2D and E).

LEFI-ASI Was the Sponge for miR-1285-
3p

Then, we explored the mechanism. We searched the poten-
tial targets of LEF1-AS1 via bioinformatics analysis using
the miRDB and LncBase v.2 tools. Many potential candi-
dates were predicted, such as miR-1285-3p, miR-6860,
miR-3941, miR-513¢-3p and miR-612. MiR-1285-3p was
identified by the both tools and had the highest predicted
score. Thus we constructed the wild-type (WT) and mutant
(Mut) LEF1-AS1 luciferase reporter vectors (Figure 3A).
Luciferase reporter assay in SKOV3 cells indicated that
LEF1-AS1-WT reporter activity was inhibited by miR-
1285-3p mimics (Figure 3B). RNA-pulldown assay using
biotin-labeled miR-1285-3p showed that WT bio-miR
-1285-3p enriched LEF1-AS1 in cell lysates (Figure 3C).
Consistently, RIP assay showed that anti-Ago2 could pre-
cipitate LEF1-AS1 and miR-1285-3p (Figure 3D). These
results demonstrated that LEF1-AS1 directly interacted
with miR-1285-3p. Of note, miR-1285-3p expression was
negatively correlated with LEF1-AS1 in ovarian cancer
tissues (Figure 3E). Thus, LEF1-ASI interacts with miR-
1285-3p and inhibits its level.

LEFI-AS| Promoted Ovarian Cancer
Progression via Inhibiting miR-1285-3p

To date, the role of miR-1285-3p in ovarian cancer remains
unclear. We found that miR-1285-3p was downregulated in
ovarian cancer tissues (Figure 4A). To determine whether
LEF1-AS1 promotes ovarian cancer development through
miR-1285-3p, we performed rescue assays. We confirmed
the silencing efficiency of miR-1285-3p inhibitor (Figure
4B). Then we carried out CCK8 and Transwell assays. As
shown, miR-1285-3p inhibitors could reverse the effects of
LEF1-AS1 knockdown on proliferation, migration and inva-
sion (Figure 4C—E). Moreover, only miR-1285-3p inhibition
promoted proliferation, migration and invasion of SKOV3
and OVCARS3 cells (Figure 4C-E). Taken together, LEF1-
AS1 promotes ovarian cancer progression via suppressing
miR-1285-3p.

Cancer Management and Research 2020:12

submit your manuscript

689

Dove


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

Zhang and Ruan

Dove

A B
61 * 61 *
C C
2 k)
7P 854 T
09D 4- 0] .
a$ as
o —_ L
23, =Py
® O ®© O I
i . i
0 T T 0 T T
Normal Tumor Lymph node (-) Lymph node (+)
C D E
6- * 5-
[ c *
.%‘_ —I_ %‘_ 4 * :\0\100
Bw 4 N2 . <
oY 4 [0} * —
&g a < 31 2
X X ;
O L oL -t
=Py 252 @ °0| P=0.008
85 = S °1- g
o o © | *+LEF1-ASTe
0 : : 0 Q@ o|+LEF1-AS1he
111 -1V Qg& R SN C R & 0 20 40 60 80
O(o X ?g’ ‘l‘o < Months
N OA 2 OA

Figure | LEFI-AS| was upregulated in ovarian cancer tissues. (A) Relative expression of LEFI-AS| was analyzed by qRT-PCR in 62 pairs of ovarian cancer tissues and
normal controls. (B) LEFI-AS| expression was analyzed by qRT-PCR in ovarian cancer tissues with lymph node metastasis or not. (C) LEFI-AS| expression was determined
in ovarian cancer tissues with early stage or advanced stage. (D) LEFI-AS| expression was measured in ovarian cancer cell lines. (E) The overall survival rate was analyzed in
ovarian cancer tissues based on LEFI-AS| expression level by Kaplan-Meier curve. *P<0.05.

Discussion

Owing to rapid cell proliferation and metastasis, ovarian
cancer is acknowledged as a deadly cancer.?® Of interest,
several reports have demonstrated the significance of
IncRNA-miRNA interaction in cancer development and
progression.”! Hence, identifying novel biomarkers or ther-
apeutic targets of IncRNA-miRNA is quite important and
urgent. Here, we investigated the roles of LEF1-AS1/miR-
1285-3p axis in ovarian cancer progression and demonstrated
LEF1-AS1 as a new oncogene via promoting cell prolifera-
tion, migration and invasion.

Research has indicated that dysregulation of IncRNAs is
correlated with ovarian cancer development.”* For exam-
ple, IncRNA GASS5 upregulation suppresses the develop-
ment of ovarian cancer by regulating the MAPK
signaling.”® Upregulation of IncRNA HOXB-AS3 enhances
ovarian cancer progression and indicates a poor
prognosis.”* Our work confirmed that LEF1-AS1 was
highly expressed in ovarian cancer tissues and cell lines.
Previously, a study identified that LEF1-AS1 was a novel

IncRNA associated with colorectal cancer metastasis and

patients’ prognosis.>> Afterwards, some experiments dis-
covered that LEF1-AS1 overexpression contributed to glio-
blastoma progression.'* Then, a study revealed that LEF1-
AS1 promotes cell proliferation and invasion in prostate
cancer by sponging miR-330-5p and upregulating LEF1
expression.'” Furthermore, it was demonstrated that LEF -
ASI1 regulates growth and migration of lung cancer cells by
sponging miR-544a and enhancing FOXP1 translation.?
LEF1-AS1 was also demonstrated to regulate proliferation
and metastasis of oral squamous cell carcinoma and mye-
loid tumor.'®*” Thus, LEF1-AS1 is a very important
IncRNA involved in tumorigenesis. Nevertheless, whether
LEF1-AS1 regulates ovarian cancer development remains
uninvestigated. In our work, we identified that LEF1-AS1 is
overexpressed in ovarian cancer tissues. Furthermore,
LEF1-AS1 knockdown suppressed proliferation, migration
and invasion of ovarian cancer tissues. Therefore, our study
convincingly shows that LEF1-AS1 exerts vital oncogenic
roles in ovarian cancer.

The implication of IncRNA-miRNA axis in regulating
various biological processes of tumor cells has been
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Figure 2 LEFI-AS| knockdown inhibited ovarian cancer cell proliferation, migration and invasion. (A) Relative expression of LEFI-AS| was checked after transfection with
siRNA targeting LEFI-AS|. (B) CCK8 assay indicated that LEFI-AS| knockdown reduced proliferation. (C) LEFI-AS| silencing decreased the numbers of colony formation.
(D and E) Transwell assay showed that LEFI-AS| knockdown reduced the migrated and invaded cell numbers. *P<0.05.

widely identified.”® Many reports have demonstrated the  for several miRNAs, including miR-330-5p, miR-544a and
existence of IncRNA-miRNA regulatory axis in ovarian ~miR-489.">'72¢ LncRNA could directly interact with
cancer, such as FLJ33360-miR-30b axis.'> A number of miRNAs to suppress their levels, consequently inducing
experiments have confirmed that LEF1-AS1 is a sponge upregulation of the miRNA downstream genes.”’ For
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invasion. *P<0.05.
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Figure 5 Work model. LEFI-AS| promoted ovarian cancer progression through
targeting miR-1285-3p.

instance, LINCO1116 interacts with miR-136 to promote
FN1 expression in oral squamous cell carcinoma.*® In our
study, via bioinformatics analysis, we identified that
LEF1-AS1 was the sponge for miR-1285-3p. We demon-
strated their direct interaction through luciferase reporter
assay, RNA-pulldown and RIP assays. Moreover, we
showed that miR-1285-3p expression was increased after
LEF1-AS]1 silencing in ovarian cancer cells.

Recently, the role of miR-1285-3p in ovarian cancer
still remains unknown. Previous studies have indicated
miR-1285-3p may be a tumor suppressor. For example,
miR-1285-3p could target JUN to inhibit hepatocellular
31 miR-1285-3p was
reported to suppress the malignant behaviors in cervical

carcinoma progression.”” Besides,

cancer.>> Moreover, miR-1285-3p targets YAP1 to repress
osteosarcoma growth and serves as a prognostic marker.>
In our study, we showed that miR-1285-3p inhibition
could abrogate the effects of LEF1-AS1 knockdown on
ovarian cancer progression. Moreover, we indicated that
miR-1285-3p expression was downregulated in ovarian
cancer tissues and miR-1285-3p silencing alone promoted
cell proliferation, migration and invasion. Thus, miR-
1285-3p is a tumor suppressor in ovarian cancer. In other
cancer, miR-1285-3p has been shown to regulate several
including YAP! and JUN.?'%
Whether miR-1285-3p regulates similar signals in ovarian

downstream signals,

cancer requires further investigations.

In conclusion, our work provided evidence to support
that LEF1-AS1/miR-1285-3p axis play vital roles in reg-
ulating ovarian cancer progression (Figure 5). And they
may be novel therapeutic targets. However, our study is

still at the preclinical stage. And the in-depth mechanism

downstream LEF1-AS1/miR-1285-3p axis remains to be
elucidated.
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