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ABSTRACT

The aim of this study was to investigate the molecular mechanism of IncRNALOXL1-AS1 regulating the
proliferation and apoptosis of ovarian cancer cells by targeting miR-761. Ovarian cancer cells SKOV-3
and normal ovarian cells FTE187 were divided into groups according to the experimental procedures, and
were transfected negative, respectively. The expressions of IncCRNALOXL1-AS1 and miR-761 in ovarian
cancer cells were measured by qRT-PCR (quantitative real-time PCR). LncRNALOXL1-ASI targeting
miR-761 was detected by dual luciferase reporter gene assay. CCKS8 and flow cytometry were used to
detect the proliferation and apoptosis of ovarian cancer cells in each group. Compared with normal ovarian
epithelial cell FTE187, the expression of LOXL1-ASI in ovarian cancer SKOV-3 cells was significantly
up-regulated and the expression of miR-761 was significantly down-regulated; compared with the miR-
NC group, the expression level of miR-761 in SKOV3 cells was significantly increased in the miR-761
group; after LOXL1-ASI interference, SKOV3 cell proliferation and colony formation were significantly
decreased. miR-761 expression was up-regulated and apoptosis rate was increased. The biological behavior
of the LOXL1-AS1+ miR-inhibitor NC group was similar to that of the LOXL1-AS1siRNA group, and
miR-inhibitor treatment could reduce the above effects of LOXL1-AS1 on cells. LncRNALOXL1-AS1
can regulate the proliferation and apoptosis of ovarian cancer cells, and the mechanism may be related to
the regulation by targeting miR-761. Intervention of LOXL1-AS1could inhibit proliferation and promote
apoptosis of ovarian cancer cells in vivo and in vitro. Further studies showed that the mechanism of LOXL1-
AS]1 action on ovarian cancer cells is related to the regulation by targeting miR-761. The regulation of
LOXL1-AS1 may be an effective approach for the treatment and prevention of ovarian cancer.
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INTRODUCTION

Ovarian cancer is the most fatal gynecological malignant
tumor, with high morbidity and mortality around
the world. It is also the fifth largest cancer-related death
cause in the world (Shi ef al., 2019). Due to the lack of
typical symptoms, most cases were diagnosed as advanced
diseases. Metastasis which already existed in the diagnosis
of advanced diseases, resulted in poor prognosis (Dong et
al., 2014). Unfortunately, despite encouraging progress
in chemotherapy, surgery and sometimes radiotherapy,
the 5-year survival rate of ovarian cancer in all stages is
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estimated to be 35-38%. Ovarian cancer accounts for more
than 90% of all malignant ovarian tumors, which is mainly
a disease of postmenopausal women. It is most common in
the sixty or seventy years of life. About 13,850 women die
of ovarian cancer every year, which is the most common
cause of death of women with gynecological malignant
tumors (Jelovac and Armstrong, 2011). Therefore, it is
urgent to find new biomarkers to predict tumor occurrence
and clinical diagnosis, have an in-depth understanding of
the molecular mechanism of ovarian cancer pathogenesis,
development and progression, and explore new therapeutic
strategies and targets for ovarian cancer (Morice et al.,
2019).

Non-coding RNA has complex functions, including
microRNAs (miRNAs) and long-chain non-coding RNA
(IncRNAs). LncRNA plays a key role in malignant tumor.
LoxIl antisense RNA 1(LOXL1-AS1) of IncRNA has
been proven to be a pre-oncogene in many tumor types.
A large number of studies have shown that IncRNA can
control the level of miRNA target by tricking miRNA into
competing as endogenous non-coding RNA.
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LncRNA as a kind of RNA with more than 200
nucleotides in length has no protein coding function.
Studies have shown that the disorder of IncRNA expression
is associated with the tumorigenesis (Qi and Du, 2013).
The IncRNA shows various biological functions in various
stages of cancer development, including cell development
and immunity, cell proliferation and differentiation,
apoptosis regulation, serving as a genomic imprinting
marker as well as a competitive endogenous RNA
(ceRNAs) sharing the adhesion site of miRNAs (Kogo et
al., 2011; Sasaki et al., 2000). More and more researches
on ovarian cancer focus on non-protein coding genes. The
abnormal regulation of IncRNA leads to the malignant
phenotype changes of ovarian cancer to a great extent
(Wang et al., 2011; Mitra et al., 2017; Li et al., 2014).
Therefore, IncRNA can be used as a biomarker for the
treatment of ovarian cancer.

miRNAs are endogenous, small, non-coding RNA,
which can regulate the instability and translation inhibition
of miRNAs by combining with partial complementary
sites of the target gene 3-UTR (Li et al., 2015). Growth
studies have shown that miRNA is involved in many
cellular processes, including development, differentiation,
apoptosis, migration, invasion and proliferation (Zhao et
al., 2012). There is also increasing evidence that miRNAs
are abnormally regulated in various cancers such as gastric
cancer, bladder cancer, breast cancer, osteosarcoma, lung
cancer and hepatocellular carcinoma (Li et al., 2015). A
large number of studies have shown that miRNA is not
well expressed in cancer and can be used as both tumor
suppressor and carcinogen. miR-761 has been proven
to be closely related to the initiation and progression of
several types of cancer. Although the study of miRNAs is
still challenging due to the changes of downstream genes,
the application of miRNAs in ovarian cancer management
is vitally important (Tripathi et al., 2018). Therefore, the
identification of new biomarkers will help us improve the
living quality of cancer patients. miR/miRNAs are a kind
of non-coding RNA, which can be combined by 3’-UTR,
5’-UTR or open reading frame to regulate the expression
of target genes. A large number of studies have shown
that miRNA is not well expressed in cancer and can be
used as both tumor suppressor and carcinogen. miR-761
has been proved to be closely related to the initiation and
progression of several types of cancer. It has been reported
that the expression of miR-761 in ovarian cancer tissues
is significantly lower than that in its paired non-cancerous
tissues. Functional test has shown that miR-761 inhibits the
proliferation and invasion of ovarian cancer by targeting
MSI1 (Zhou et al., 2016). The aim of this study was to
investigate the molecular mechanism of IncRNALOXL1-
AS1 regulating the proliferation and apoptosis of ovarian
cancer cells by targeting miR-761.

MATERIALS AND METHODS

Cells and main reagents

Human ovarian cancer cells SKOV-3, immortalized
normal human oviduct epithelial cell line (FTE187),
trypsin, miR-761 mimics, negative control (NC), plasmid
extraction kit, Trizol reagent, fluorescence quantitative kit,
Annexin V-FITC/ PI apoptosis detection kit, fetal bovine
serum, RPMI1640 culture medium, Lipofectamine 2000
transfection reagent, TRIzol reagent and RIPA lysis buffer
were used in this study. SKOV-3 was preserved in McCoy
5A modified medium (Gibco, Invitrogen) supplemented
with 10% heat inactivated fetal bovine serum (FBS,
Gibco).

Cell culture

An appropriate amount of ovarian cancer cells and
normal ovarian cell suspension were added into RPMI1640
medium containing 10% fetal bovine serum. The mixture
was cultured at 37°C, 5% CO, and 70% to 80% humidity
in incubator. The culture medium was changed the next
day. Cells were digested and collected with 0. 25% trypsin
when the cell density reached 80% to 90%

Experimental plan

According to the experimental requirements, four
groups were set up (i) LOXL1-AS1 mimic, mimic-
NC, (ii)) LOXL1-AS1siRNA, siRNA-NC, (iii) miR-761
mimic, (iv) mimic NC. Lipofectamine 2000 transfection
reagent was used to transfect cells with the above groups.
After transfection, cells were digested with 0.25%
trypsin, and 2x10° cells in logarithmic growth phase were
inoculated in 6-well plates. After 24h, the cell growth
was observed under an inverted microscope until the cell
density reached 30% to 50%. The effects of LOXL1-
AS1 on ovarian cancer cells were analyzed by using
LOXL1-AS1 overexpression vector and empty vector
control (mimic-NC group), LOXL1-AS1 interference
vector (LOXL1-AS1siRNA group) and control (siRNA-
NC group). The effects of miR-761 on ovarian cancer
cells were analyzed by miR-761 mimic (miR-761
mimic group) and mimic NC (NC group). LOXL1-AS1
interference vector (LOXL1-AS1siRNA group), control
group (siRNA-NC group), LOXL1-AS1 interference
+miR-761 inhibitor (LOXL1-AS1siRNA+miR inhibitor
NC group) and LOXL1-AS1 interference + inhibitor NC
(LOXL1-AS1siRNA+miR inhibitor NC group) were
used to analyze whether LOXL1-AS1 acts through miR-
761.

Quantitative PCR
The expression of IncRNALOXL1-AS1 and miR-761
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in ovarian cancer cells was measured by qRT-PCR, and the
total RNA was extracted from ovarian cancer tissues by
TRIzol reagent, taking the kit instructions as the standard.
One Step SYBR PrimeScript TM qPCR Kit was used for
detection on 7300 real-time fluorescence quantitative PCR
instrument, and the detection was carried out 40 times at
95C for 2 min, 95C for 30s, 60C for 30s and 72C for
30s. The relative expression of LOXL1-AS1 and miR-761
was calculated by 2-A ACtmethod. LOXL1-AS1 used
B-actin as internal reference, and miR-761 used U6 as
internal reference.

Dual luciferase analysis

Bioinformatics software Target Scan predicted that
miR-761 was the target gene of IncRNALOXL1-AS]1. In
this study, the wild 3> UTR (WT-IncRNALOXL1-AS1)
and the mutant 3°’UTR (MUT-IncRNALOXL1-AS1)
of IncRNALOXLI1-AS1 were connected with the dual
fluorescein vector (pMIR-Report Luciferase vector). They
were co-transfected with miR-NC and miR-761-mimics,
respectively. The luciferase activity was detected by dual
luciferase detection kit and GloMax 20/20 luminescence
detector.

Clone molding

Cells in logarithmic growth phase were digested with
0.25% trypsin and then blown into single cells. Then, the
cells were suspended in complete medium and diluted
by gradient dilution method. Each group of cells was
inoculated in a 37 C pre-temperature culture dish with a
cell density of 200. Cells were cultured at 37C and 5%
CO, for 2 weeks. After that, they were fixed with 4%
paraformaldehyde for 15 min, dyed with crystal violet
solution (RBG1019- 1, role-bio) for 30 min, and washed
with ultrapure water twice. After air drying, images were
taken.

Determination of cell count

Cell proliferation was measured by CCK8 method.
The cell density was 1x10° cells/ml, and each well was
100 mL. The cells were placed in a 96-well plate with
three parallel wells. After 24h, 48h, 72h and 96h, CCK-8
solution (PA137267, Pierce) was added to each well. And
after culture for 4h, the absorbance (OD) was measured by
enzyme-linked immunosorbent assay at 450 nm.

Assay of apoptosis

The Annexin V/PI apoptosis kit was used to detect
apoptosis according to the instructions. SKOV-3 cells were
inoculated into a 6-well plate (2x10° cells/well), cultured
in complete medium for 48h, digested and collected with
trypsin, washed with frozen PBS, and resuspended with

100ul binding buffer. Then 5ul annexin V-FITC and 5pl
PI working solution (100 pg/ml) were added into 100ul
cell suspension. The cell suspension was cultured at room
temperature in the dark for 15 min. Then, 400ul of binding
buffer was added to the cell suspension. The samples were
analyzed by flow cytometry. Each sample was tested three
times.

Western blotting experiment

RIPA lysis buffer (pH=7.5) was used to extract the
total protein and generate the whole protein lysate. The
same amount of 40ug protein was loaded into 12% SDS-
PAGE gel to separate the protein by electrophoresis. After
electrophoresis, protein was transferred to polyvinylidene
fluoride (PVDF) membrane. After blocking the nonspecific
antigen with 5% skim milk, the primary antibody was
incubated at 4°C overnight. Then the secondary antibody
which can recognize the primary antibody was added,
and the immunoreactivity was determined by enhanced
chemiluminescence autoradiography (Thermo Scientific,
PA, USA). GAPDH was developed synchronously for
load control. The sequence of primers is shown in Table I.

Table I. Sequence of primers used.

Gene Primer sequence 5'-3’

LOXLI1-AS1 U S5'-GATATGTTGGATGATGGA-3'

D 5-GATATGTTGGATGGATGA-3'

U 5'-ACAGCAGGCACAGAC-3'

D 5'-GAGCAGGCTGGAGAA-3'

U6 U 5'-CTCGCTTCGGCAGCACATATACT- 3’
D 5'-ACGCTTCACGAATTTGCGTGTC-3'
U 5-TGTTCGACAGTCAGCCGC-3'

D 5-GGTGTCTGAGCGATGTGGC-3'

U, upstream; D, downstream.

mir-76

GAPDH

Statistical analysis

SPSS 19.0 statistical analysis software was used for
data processing, and the data analysis results were expressed
by mean standard deviation (SD). One-way ANOVA was
used to analyze the data among multiple groups. Tukey
test was used for subsequent analysis. p<0.05 indicated
statistically significant difference between the two groups.

RESULTS AND DISCUSSION

RT-qPCR results showed that compared with those
in normal ovarian epithelial cells FTE187, LOXLI-
AS1 expression in ovarian cancer cells SKOV-3 was
significantly up-regulated and miR-761 expression was
significantly down-regulated (p < 0.05, Table II).
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Table II. Expression of LOXL1-AS1 and miR-761 in
SKOV-3 cells and FTE187 cells (x£s, n= 3).

Groups (cells) LOXL1-AS1 miR-761
FTE187 1.00+0.13 1.00+0.12
SKOV-3 2.84+0.32 0.40+0.03

Compared with miR-NC group, the expression
level of miR-761 in SKOV3 cells of miR-761 group was
significantly higher. The expression levels of cyclinD1,
MMP2 and MMP9 decreased significantly, and the cell
survival rate decreased significantly. The number of
migrating cells decreased significantly (P <0.05, Fig. 1,
Table III).

mik-NC ~ miR-761
CyclinD1 .-
MMP2 -  —
MMP9 “
B —aciin -

Fig. 1. The effect of high expression of miR-761 on
proliferation and apoptosis of SKOV3 cells.

Compared with si-NC group, the expression level of
LOXL1-ASI in ovarian cancer cells of si-HOXA11-AS
group decreased significantly (p<0.05);the results of MTT
assay showed that the proliferation activity of ovarian
cancer cells in si-LOXL1-AS1 group was significantly
lower than that in si-NC group (p < 0.05, Table V).

It can be seen from Figure 2 that the expression
of LOXLI-AS1 was significantly down-regulated
in LOXLI1-ASIsiRNA group and significantly up-
regulated in LOXL1-AS1 simulation group (p<0.05). The
proliferation ability and colony formation of SKOV3 cells
significantly decreased after LOXLI1-AS1 interference
(Fig. 2b, c, p<0.05). The results of flow cytometry showed
that LOXL1-AS1 interference promoted apoptosis (Fig.
2d, p<0.05). In contrast, LOXL1-AS1 simulation group
showed completely opposite results. The results indicated
that LOXL1-AS1 could regulate the proliferation and
apoptosis of ovarian cancer cells.
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Fig. 2. The effect of LOXL1-AS1 on the proliferation and
apoptosis of ovarian cancer cells.

At first, LOXL1-AS1 interfering cell lines need to be
constructed. qRT-PCR results showed that the expression
of miR-761 in LOXL1-AS1siRNA group was significantly
higher than that in siRNA-nc group (p<0.05), indicating that
LOXL1-ASI negatively regulated the expression of miR-
761 (Fig. 3).Targetscan, miRanda and miRDB software
show that miR-761was a potential target of LOXL1-AS1
(Fig. 3). The report system was used to further verify
whether LOXL1-AS1 targeted the dual luciferasemiR-761.
The results showed that miR-761 decreased the luciferase
activity of LOXL1-AS1 containing WT3‘UTR (p<0.05)
but did not decrease the luciferase activity of LOXL1-AS1
containing Mut3’. UTR (p>0.05) indicated that miR-761
was the target gene of LOXL1-ASI in cells (Table V).

Table III. Effect of high expression of miR-761 on proliferation and apoptosis of SKOV3 cells.

Group miR-761 CyclinD1 MMP9 MMP2 Cell survival rate Apoptosis rate
miR- NC 1.00+0.11 1.15+0.12 0.98+0.10 0.86+0.09 100.86+10.08 6.78+0.69
miR-761 2.89+0.30* 0.38+0.04* 0.45+0.05* 0.37+0.04* 61.27+6.13* 18.2+1.81*
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Table IV. Effect of LOXL1-AS1 inhibition on
proliferation of ovarian cancer cells SKOV3 (x+s,n=3).

Group LOXL1- Cell viability( OD 490 nm)
ASI1 Culture  Culture Culture
for24h 48 h 72 h
Si-NC 1.00+£0.07 0.38+0.03 0.70+£0.05 1.15%0.09
si-LOXL1-  0.43+0.05b 0.35+£0.03a 0.42+0.04b 0.47+0.05b
AS

Table V. Dual luciferase report experiment (xts, n=9).

Group WT-LOXL1-AS1 MUT-LOXL1-AS1
miR-NC  1.00+0.08 0.97+0.09
miR-NC  0.43+0.04a 0.99+0.09a
3 SKOV3
%
=
]
2
E
0
GRNA-NC  LOXLI-ASI
SIRNA

Mut-LOXL1-AS1  5-CUGCACCUGCUCUGGCUACUAGUCCUGA-3
miR-761 ¥ -ACACAGUCAAAGGAUCAGGACU-S
Wi-LOXLI-AS]  $-CUGCACCUGCUCUGGCUAGGCCUAUCUG-3

Fig. 3. LOXL1-AS1 negatively regulated the expression
of miR-761.

LOXL1-ASIsiRNA group, siRNA-NC group,
LOXL1-AS1siRNA+miR inhibitor group and LOXLI1-
AS1siRNA+miR inhibitor NC group were constructed
with siRNA, and their proliferation ability (Table VI),
colony formation (Fig. 4a) and apoptosis (Fig. 4b) and other
biological behavior were detected. The results showed
that after LOXL1-AS1 interference, cell proliferation
and colony formation were inhibited, but apoptosis rate
increased. The biological behavior of LOXL1-AS1+miR
inhibitor NC group was similar to that of LOXLI-
AS1siRNA group. Treatment with miR inhibitor could
weaken the above-mentioned effects of LOXLI1-ASI1
on cells. The above results suggested that LOXL1-AS1
regulated the proliferation and apoptosis of ovarian cancer
cells by regulating miR-71.

PR — LOXLI-ASI LOXLI-ASI
SIRNA-NG - LOXLI-AS SIRNA g NA+inhibitor NC - sIRNA+miR inhibitor

Yyt

(a)
LOXLI1-AS1 siRNA
LOXLI-ASI

T, 3. 1%
0% ] 20.4%
: ,;:.L.

LOXLI-AS] siRNA
+miR inhibitor
3% 6.8%]

sIRNA tinhibitor NC

SIRNA-NC

19%
.T{ e
. s

Fig. 4. LoxI1-asl1 regulates proliferation and apoptosis of
ovarian cancer cells by regulating mir-761 (a. Proliferation
of ovarian cancer cells; b. Apoptosis map of ovarian cancer
cells).

Table VI. Cell proliferation.

Group 24h 48h 72h 96h
siRNA-NC 0.31 0.52 0.63 0.65
LOXL1-ASI si RNA 0.24 0.37 0.39 042

LOXL1-ASI si RNA+inhibitor NC 0.3 036 0.39 0.41
LOXL1-AS1 si RNA+miR inhibitor 0.31 0.45 0.60 0.63

DISCUSSION

Epithelial ovarian cancer is the most fatal
gynecological malignant tumor, largely because most
patients are diagnosed at advanced stage. Screening
strategies using ultrasound and cancer antigen (CA) 125
tumor markers are currently under study, which may
reduce the diagnosis stage. But there is no evidence to
improve the survival rate. Although most ovarian cancer
patients respond to initial chemotherapy, most of them will
eventually relapse. Chemotherapy for recurrent diseases
includes: platinum-based multi-drug treatment for women
who have relapsed for more than 6-12 months after the end
of the initial treatment; for women with early recurrence,
new targeted biological agents, especially those involving
vascular endothelial growth factor pathway and those
targeting poly (ADP-ribose) polymerase (PARP), are
highly possible to improved the prognosis of ovarian
cancer (Wu et al., 2020). Targeted therapy is an innovative
treatment for malignant tumors. At present, the research
is to inhibit or kill cancer cells by specific factors. For
ovarian cancer, scholars pay more attention to the effect of
molecular mechanism on molecular targeted therapy.

The signal network of IncRNA regulating cancer
development is complex and needs further study. Studies
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have shown that IncRNA can regulate the expression of
genes through complementary binding with miRNA. In
this study, we found that LOXL1-AS1 could complement
miR-761 and regulate the proliferation and apoptosis of
ovarian cancer cells by targeting miR-761. LOXL1-AS1
is a newly discovered cancer-promoting IncRNA, which
is involved in the occurrence of various cancers (Wang
et al., 2012; Sun et al., 2018). We studied several basic
characteristics of ovarian cancer and found that LOXL1-
AS1 could regulate the proliferation and apoptosis of
ovarian cancer cells in vivo and in vitro. miR-761 is used
as a tumor suppressor gene in some cancers such as lung
cancer and gastric cancer (Sasaki et al., 2000). Database
analysis and dual luciferase analysis shows that LOXL1-
AS1 can complement miR-761. In vitro and in vivo
experiments further show that LOXLI1-AS1 regulates
the proliferation and apoptosis of ovarian cancer cells by
regulating miR-761.

CONCLUSION

To sum up, IncRNALOXLI1-AS1 was up-regulated
in ovarian cancer tissues, interfering with the expression
of ovarian cancer significantly, effectively inhibiting the
rapid reproduction of ovarian cancer cells and accelerating
the apoptosis of cancer cells. Its mechanism is related
to the targeted regulation of miR-761 expression. In
addition, the expression of miR-761 was down-regulated
in ovarian cancer tissues, and the overexpression of
miR-761 had a certain anti-ovarian cancer effect. Many
experimental data prove that IncRNALOXLI1-ASI1
may promote the biological function of ovarian cancer
cells. As the experimental data proved, the expression
of IncRNALOXLI1-AS1 significantly decreased the
proliferation of SKOV3 cells and the expression of Cy-
clinD1 and Bcl-2 protein at 24h, 48h and 72 h, and greatly
improved the apoptosis rate and the expression of p21 and
Bax protein. And these data show that IncRNALOXL1-
AS1 and oncogene play a role in ovarian cancer. This study
provided a valuable biomarker and therapeutic target for
ovarian cancer. Human beings have made more and more
in-depth research on the non-coding region of genome.
Many studies have shown that IncRNA and miRNA have
mutual regulation in the development of tumor, which is
of great significance to the early detection and treatment
of tumor.

Statement of conflict of interest
The authors have declared no conflict of interest.

REFERENCES

Cao, M.X., Jiang, Y.P., Tang, Y.L. and Liang, X.H., 2017.
The crosstalk between IncRNA and microRNA
in cancer metastasis: orchestrating the epithelial-
mesenchymal plasticity. Oncotarget, 8: 12472-
12483. https://doi.org/10.18632/oncotarget.13957

Cui, J., Eldredge, J.B., Xu, Y. and Puett, D., 2011.
MicroRNA  expression and regulation in
human ovarian carcinoma cells by luteinizing
hormone. PLoS One, 6: ¢21730. https://doi.
org/10.1371/journal.pone.0021730

Dong, R., Liu, X., Zhang, Q., Jiang, Z., Li, Y., Wei,
Y., Li, Y, Yang, Q., Liu, J., Wei, J.J. and Shao,
C., 2014. miR-145 inhibits tumor growth and
metastasis by targeting metadherin in high-grade
serous ovarian carcinoma. Oncotarget, 5: 10816.
https://doi.org/10.18632/oncotarget.2522

Jelovac, D. and Armstrong, D.K., 2011. Recent
progress in the diagnosis and treatment of ovarian
cancer. CA Cancer J. Clin., 61: 183-203. https://
doi.org/10.3322/caac.20113

Kogo, R., Shimamura, T., Mimori, K., Kawahara, K.,
Imoto, S., Sudo, T., Tanaka, F., Shibata, K., Suzuki,
A., Komune, S. and Miyano, S., 2011. Long
noncoding RNA HOTAIR regulates polycomb-
dependent chromatin modification and is associated
with poor prognosis in colorectal cancers. Cancer
Res., 71: 6320-6326. https://doi.org/10.1158/0008-
5472.CAN-11-1021

Li, Z., Lei, H., Luo, M., Wang, Y., Dong, L., Ma, Y.,
Liu, C.,, Song, W., Wang, F., Zhang, J. and Shen,
J., 2015. DNA methylation downregulated mir-10b
acts as a tumor suppressor in gastric cancer. Gastric
Cancer, 18: 43-54. https://doi.org/10.1007/s10120-
014-0340-8

Li, Z., Yu, X., Shen, J., Chan, M.T. and Wu, WK.K.,
2015. Micro RNA in intervertebral disc
degeneration. Cell Prolif., 48: 278-283. https://doi.
org/10.1111/cpr.12180

Li, Z., Yu, X., Shen, J., Wu, WK K. and Chan, M.T.,
2015. MicroRNA expression and its clinical
implications in Ewing’s sarcoma. Cell Prolif., 48:
1-6. https://doi.org/10.1111/cpr.12160

Mitra, R., Chen, X., Greenawalt, E.J., Maulik, U.,
Jiang, W., Zhao, Z. and Eischen, C.M., 2017.
Decoding critical long non-coding RNA in ovarian
cancer epithelial-to-mesenchymal transition. Nat.
Commun., 8: 1-12. https://doi.org/10.1038/s41467-
017-01781-0

Morice, P., Gouy, S. and Leary, A., 2019. Mucinous
ovarian carcinoma. New Engl. J. Med., 380: 1256-


https://doi.org/10.18632/oncotarget.13957
https://doi.org/10.1371/journal.pone.0021730
https://doi.org/10.1371/journal.pone.0021730
https://doi.org/10.18632/oncotarget.2522
https://doi.org/10.3322/caac.20113
https://doi.org/10.3322/caac.20113
https://doi.org/10.1158/0008-5472.CAN-11-1021
https://doi.org/10.1158/0008-5472.CAN-11-1021
https://doi.org/10.1007/s10120-014-0340-8
https://doi.org/10.1007/s10120-014-0340-8
https://doi.org/10.1111/cpr.12180
https://doi.org/10.1111/cpr.12180
https://doi.org/10.1111/cpr.12160
https://doi.org/10.1038/s41467-017-01781-0
https://doi.org/10.1038/s41467-017-01781-0

LncRNALOXL1-AS1 Regulates the Proliferation and Apoptosis of Ovarian Cancer Cells 1837

1266. https://doi.org/10.1056/NEJMral813254

Qi, P. and Du, X., 2013. The long non-coding RNAs,
a new cancer diagnostic and therapeutic gold
mine. Modern Pathol., 26: 155-165. https://doi.
org/10.1038/modpathol.2012.160

Sasaki, H., Sheng, Y., Kotsuji, F. and Tsang, B.K., 2000.
Down-regulation of X-linked inhibitor of apoptosis
protein induces apoptosis in chemoresistant human
ovarian cancer cells. Cancer Res., 60: 5659-5666.

Shi, C. and Zhang, Z., 2016. miR-761 inhibits tumor
progression by targeting MSIl in ovarian
carcinoma. Tumor Biol., 37: 5437-5443. https://doi.
org/10.1007/s13277-015-4377-z

Shi, Y., Gao, S., Zheng, Y., Yao, M. and Ruan, F., 2019.
IncRNA CASCI15 functions as an unfavorable
predictor of ovarian cancer prognosis and inhibits
tumor progression through regulation of miR-221/
ARIDI1A axis. Onco Targets Ther., 23: 8725-8736.
https://doi.org/10.2147/0TT.S219900

Sorrentino, A., Liu, C.G., Addario, A., Peschle,
C., Scambia, G. and Ferlini, C., 2008. Role of
microRNAs in drug-resistant ovarian cancer
cells. Gynecol. Oncol., 111: 478-486. https://doi.
org/10.1016/j.ygyno.2008.08.017

Struhl, K., 2007. Transcriptional noise and the fidelity
of initiation by RNA polymerase II. Nat. Struct.
mol. Biol., 14: 103-105. https://doi.org/10.1038/
nsmb0207-103

Sun, X., Hou, H., Li, K. and Zheng, M., 2018.
microRNA-761 regulates glycogen synthase kinase
3B expression and promotes the proliferation and
cell cycle of human gastric cancer cells. Oncol.
Lett., 16: 3459-3464. https://doi.org/10.3892/
01.2018.9133

Tripathi, M.K., Doxtater, K., Keramatnia, F., Zacheaus,

C., Yallapu, M.M., Jaggi, M. and Chauhan, S.C.,,
2018. Role of IncRNAs in ovarian cancer: Defining
new biomarkers for therapeutic purposes. Drug
Discov.  Today, 23: 1635-1643. https://doi.
org/10.1016/j.drudis.2018.04.010

Wang, D., Chen, J., Chen, H., Duan, Z., Xu, Q., Wei, M.,
Wang, L. and Zhong, M., 2012. Leptin regulates
proliferation and apoptosis of colorectal carcinoma
through PI3K/Akt/mTOR signalling pathway. J.
Biosci., 37: 91-101. https://doi.org/10.1007/
s12038-011-9172-4

Wang, Y., Qu, Y., Niu, X.L., Sun, W.J., Zhang, X.L. and
Li,L.Z.,2011. Autocrine production of interleukin-8
confers cisplatin and paclitaxel resistance in
ovarian cancer cells. Cytokine, 56: 365-375. https://
doi.org/10.1016/j.cyt0.2011.06.005

Wu, X., Cui, F., Chen, Y., Zhu, Y. and Liu, F., 2020.
Long non-coding RNA LOXLI1-AS1 enhances
colorectal cancer proliferation, migration and
invasion  through  miR-708-5p/CD44-EGFR
Axis. Onco Targets Ther, 13: 7615. https://doi.
org/10.2147/0TT.S258935

Zhao, Y., Li, Y., Lou, G., Zhao, L., Xu, Z., Zhang, Y.
and He, F., 2012. MiR-137 targets estrogen-related
receptor alpha and impairs the proliferative and
migratory capacity of breast cancer cells. PLoS
One, 7: €39102. https://doi.org/10.1371/journal.
pone.0039102

Zhou, X., Zhang, L., Zheng, B., Yan, Y., Zhang, Y.,
Xie, H., Zhou, L., Zheng, S. and Wang, W., 2016.
Micro RNA-761 is upregulated in hepatocellular
carcinoma and regulates tumorigenesis by targeting
Mitofusin-2. Cancer Sci., 107: 424-432. https://doi.
org/10.1111/cas.12904


https://doi.org/10.1056/NEJMra1813254
https://doi.org/10.1038/modpathol.2012.160
https://doi.org/10.1038/modpathol.2012.160
https://doi.org/10.1007/s13277-015-4377-z
https://doi.org/10.1007/s13277-015-4377-z
https://doi.org/10.2147/OTT.S219900
https://doi.org/10.1016/j.ygyno.2008.08.017
https://doi.org/10.1016/j.ygyno.2008.08.017
https://doi.org/10.1038/nsmb0207-103
https://doi.org/10.1038/nsmb0207-103
https://doi.org/10.3892/ol.2018.9133
https://doi.org/10.3892/ol.2018.9133
https://doi.org/10.1016/j.drudis.2018.04.010
https://doi.org/10.1016/j.drudis.2018.04.010
https://doi.org/10.1007/s12038-011-9172-4
https://doi.org/10.1007/s12038-011-9172-4
https://doi.org/10.1016/j.cyto.2011.06.005
https://doi.org/10.1016/j.cyto.2011.06.005
https://doi.org/10.2147/OTT.S258935
https://doi.org/10.2147/OTT.S258935
https://doi.org/10.1371/journal.pone.0039102
https://doi.org/10.1371/journal.pone.0039102
https://doi.org/10.1111/cas.12904
https://doi.org/10.1111/cas.12904

