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Long non-coding RNA DSCAM-AS1 indicates
a poor prognosis and modulates cell proliferation,
migration and invasion in ovarian cancer via

upregulating SOX4

Y. LI, J. HAO, Y.-M. JIANG, Y. LIU, S.-H. ZHANG

Department of Gynecology, Weihai Municipal Hospital, Weihai, China

Abstract. - OBJECTIVE: Recent studies have
revealed that long noncoding RNAs (IncRNAs)
play a crucial role in tumor progression. Ovari-
an cancer is a common type of fatal gynecolog-
ical cancer worldwide. This study aims to inves-
tigate how IncRNADSCAM-AS1 functions in the
progression of ovarian cancer.

PATIENTS AND METHODS: DSCAM-AS1
expression of both ovarian cancer cells and
56 paired of tissue samples was detected by
quantitative Real Time-Polymerase Chain Re-
action (qRT-PCR). Moreover, the function of
DSCAM-AS1 was identified via transwell g
wound healing assay, colony formation
and proliferation assay in vitro. The unde
mechanism was explored through qRT-PCR
Western blot assay.

RESULTS: DSCAM-AS1 expressi
ably upregulated in tumor tis
that in the adjacent normal {j
ian cancer proliferation,
were promoted after
AS1 in vitro. Moreg
DSCAM-AS1, SOX
protein level in v

results suggested
ell migration, in-

Introduction

Ovarian cancer, one of the fatal gynecologic
malignancies and the fifth leading culprit of death
in cancer, killed nearly 14,100 women in America
in 2017. Besides, there were another 22,500 new
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er, most of t
due to aty

successful intervention.

ding RNAs (IncRNAs) are
a class of non-coding transcripts.
udies have revealed that IncRNAs
Sfging with a variety of heterogeneous
molecular actions, including the complicated
gene-regulation networks in tumorigenesis. For
example, the overexpression of IncRNA CCAT2
promoted the proliferation and metastasis in
intrahepatic cholangiocarcinoma, and lead to a
poor prognosis of the patients*. LncRNA FALI
was found to be a potential oncogene for co-
lon cancer by enhancing the proliferation and
inhibiting the apoptosis of colon cancer cells’.
LncRNA SOCS2-ASI acted as an oncogene in
the development of castration-resistant prostate
cancer by inhibiting cell apoptosis®. By target-
ing MUC2 and regulating miR-34c, IncRNA
AF147447 represses cancer proliferation and
invasion in Helicobacter pylori-related gastric
cancer’. However, it remains unexplored how
IncRNADSCAM-ASI functions in the prolifer-
ation of ovarian cancer.

The current study revealed that IncRNA
DSCAM-ASI expression is significantly upreg-
ulated in ovarian cancer samples. Moreover, the
in vitro experiment showed that DSCAM-ASI fa-
cilitates the migration, invasion and proliferation
of ovarian cancer cells. Furthermore, the authors
discovered that IncRNA DSCAM-ASI exerts its
effect on ovarian cancer by regulating SOX4.

4143



Y. Li, J. Hao, Y.-M. Jiang, Y. Liu, S.-H. Zhang

Patients and Methods

Cell Culture

A2780, TOV112D, HO-8910, OVCAR-3 and
SKOV3 ovarian cancer cell lines, a normal ovarian
cell (ISOE80) and 293T cell (Chinese Type Culture
Collection, Chinese Academy of Sciences, Shang-
hai, China) were used in this study. The culture me-
dium consisted of penicillin (Dulbecco’s Modified
Eagle’s Medium — DMEM; Hyclone, South Logan,
UT, USA) and 10% fetal bovine serum (FBS; Life
Technologies, Gaithersburg, MD, USA). Besides,
cells were cultured in a humidified incubator,
which contained 5% CO, and was set at 37°C.

Clinical Samples

Human tissues came from 56 patients with ovar-
ian cancer who underwent surgery at the Weihai
Municipal Hospital. All tissues were kept at -80°C.
Each patient signed the informed consent before
the surgery. This study was approved by the Ethics
Committee of the Weihai Municipal Hospital.

Cell Transfection

Lentiviral virus targeting DSCAM-AS
compounded before the study, and pLenti
EGFP-F2A-Puro vector (Biosettia Inc., Sal
ego, CA, USA) was then used for cloning.
followed by these viruses, the empty vector (c

(GRT-PCR)
Total RNA

plied Biosystems, Foster
R Green Real Time-PCR

ing are the primers used for
-ASl, forwards 5-CCTATC-

TGCTG -3’ SOX4, forward 5-CTT-
ACATGATTAGCTGGCATGATT 3’ and reverse
CTGTGCAATATGCCGTGTAGA-3’; glyc-
hyde 3-phosphate dehydrogenase (GAPDH),
forward 5-CCAAAATCAGATGGGGCAATGCT-
GG-3 and reverse 5-TGATGGCATGGACTGTG-
GTCATTCA-3. Thermal cycle was as follows: 95°C
for 30 sec, 95°C for 5 sec for 40 cycles, 60°C for 35 sec.
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Colony Formation Assay

After culturing with FBS for 14 days in a six-
well plate, all the cells were fixed with methanol
and stained with 0.1% crystal violet (Solarb10
Beijing, China). Meanwhile, a number of colgnie
were counted for comparison. Each assg
dependently repeated in triplicate.

Cell Proliferation Assay
Since following the proto
ular Technologies, Inc.,
cell proliferation of the
plates was monitored
Kit-8 (CCK-8) ass

into 6-well plates,
medium overnight.

DMEM. Wound closure was
time points. Each assay was
ted in triplicate.

Misformed to the top chamber of an § um
pore size insert (Millipore, Billerica, MA, USA)
with or without Matrigel (50 pg; BD Bioscienc-
es, Franklin Lakes, NJ, USA). The bottom cham-
ber was added with DMEM and FBS 48 h later,
a cotton swab was used to wipe the top surface
of chambers and immersed for 10 min with pre-
cooling methanol. The followings were stained in
crystal violet for 30 min. The count for the inva-
sion proceeded in three fields per membrane.

Western Blot Analysis

Radioimmunoprecipitation assay (RIPA; Beyo-
time, Shanghai, China) reagent was utilized to extract
protein from cells. Bicinchoninic acid (BCA) protein
assay kit (TaKaRa, Dalian, China) was chosen to quan-
tify the protein concentrations. The target proteins were
separated by sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE). Before incubated
with antibodies, they were removed to polyvinylidene
difluoride (PVDF) membrane (Millipore, Billerica,
MA, USA). Cell Signaling Technology (CST, Danvers,
MA, USA) provided us rabbit anti-GAPDH and rabbit
anti-SOX4, as well as the goat anti-rabbit secondary an-
tibody. The chemiluminescent film was applied for as-
sessment of protein expression with Image J software
(Bethesda, MD, USA).
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ASI relative to GAPDH were determined in the human ovarian cancer cell lines
Data are presented as the mean =+ standard error of the mean. * p<(0.05.

Statistical Analysis
The statistical analysis was performed via
Statistical Product and Service Solutions 17.0
(SPSS Inc., Chicago, IL, USA). Chi-square test,
Student’s #-test and Kaplan-Meier method were
selected when appropriate. The results wer
sented by mean + SD (standard deviation).
was considered statistically significant.

Results

or overexpression of DSCAM-ASI.
he DSCAM-ASI lentivirus (DSCAM-ASI) and
e empty vector (control) were synthesized and
duced into SKOV3 cells. Then, the DSCAM-
expression was determined by qRT-PCR
(Figure 2A). The authors performed the colony
formation assay and found that overexpression
of DSCAM-ASI promoted the growth of ovarian

ells was promoted after the
SCAM-ASI (Figure 2C).

ell Invasion In Vitro
the authors performed wound healing
transwell assay, thus finding out that
the overexpression of DSCAM-ASI promoted the
migration of ovarian cancer cell (Figure 3A and
3B). Furthermore, the results of the transwell as-
say showed that cell invasion capacity of ovarian
cancer cells was induced after the overexpression
of DSCAM-ASI (Figure 3C).

DSCAM-AS1 Promoted Ovarian
Cancer Tumorigenesis Via SOX4

The results of QRT-PCR demonstrated that the
SOX4 mRNA expression was upregulated in ovar-
ian cancer cells when transfected with DSCAM-
ASI lentivirus (Figure 4A). Western blot analysis
results further verified that the expression level of
SOX4 protein was upregulated in ovarian cancer
cells when transfected with DSCAM-ASI lenti-
virus (Figure 4B). To explore the interaction be-
tween DSCAM-ASI] and SOX4, the expression
level of SOX4 was detected in ovarian cancer
tissues. As a result, SOX4 expression of cervical
cancer tissues was markedly higher in ovarian
cancer tissues compared with that in the adjacent
tissues (Figure 4C). The linear correlation analy-
sis revealed that the SOX4 expression positively
correlated to DSCAM-ASI expression in ovarian
cancer tissues (Figure 4D).
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Figure 2. Overexpression of DSCAM-ASI promoted ovarian cancer cell proliferation. A, DS
cancer cells transduced with control vector (control) or DSCAM-ASI lentivirus (DSCAM-ASI)
was used as an internal control. B, Colony formation assay showed that number of colonies |
markedly increased compared with empty control group in SKOV3 ovarian cancer cells. C,

Discussion i \fs treatment resistance.

LncRNAs, which can be utilized as classifi-
ers for personalized therapy, have been reported ichigan Center for Transla-
to be the important factors in ovarian cancer. For NA DSCAM-ASI exhibits
instance, IncRNA CCAT2 is overexpressed in ecific expression pattern, es-
ovarian cancer and is reported to be related (4 i cancer and breast cancer'®. For
poor prognosis®. LncRNA LINC00092 act$s ncRNA DSCAM-ASI has as an on-
important driver of metastatic progression ole in ER-positive breast cancer pheno-
progression of ovarian cancer which is med omotes cell reproduction and suppresses
by cancer-associated fibroblasts’. LncRNA T cell apoptosis in tamoxifen-resistance breast can-

up-regulates the proliferation g an cand cer'. According to the recent study, it was found
by promoting epithelial-m out that DSCAM-ASI was upregulated in both of
tion'®. Moreover, after kg the tissues and cells of ovarian cancer. Further-
MNX1-ASI, the cell prolivgm gt more, after DSCAM-ASI was overexpressed, the
of ovarian cancer arcg@ibi : ability of cell growth, migration and invasion was

promoted. The data indicated that DSCAM-ASI1
functions as an oncogene and enhances the tum-
Bnt role in origenesis of ovarian cancer.

potential target fo
Previous re

control DSCAM-AS1 control DSCAM-AS1

B

e 3. Overexpression of DSCAM-ASI increased ovarian cancer cell invasion. A, Wound healing assay showed that the
migPated length of cells in DSCAM-ASI lentivirus group was remarkably increased compared with empty control group in
SKOV3 ovarian cancer cells. B, The transwell assay showed that the migrated length of cells in DSCAM-ASI lentivirus group
was significantly increased compared with empty control group in SKOV3 ovarian cancer cells. C, The transwell assay showed
that overexpression of DSCAM-ASI markedly increased cell invasion in SKOV3 ovarian cancer cells. The results represent
the average of three independent experiments (mean + standard error of the mean). *p<0.05, compared with the control cells.
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ian cancer. A, The RNA expression level of SOX4 in DSCAM-
ontrol cells in SKOV3cells. B, Protein expression of SOX4 was
lls. C, SOX4 was significantly upregulated in ovarian cancer
n between the expression level of SOX4 and DSCAM-ASI in
ree independent experiments. Data are presented as the mean +

ukemogenesis. Besides, the
OX4 is related to poor prog-
yeloid leukemia!é. Furthermore,
Fies the ability of cell proliferation

important role in the metastasis of renal cancer by
epithelial-mesenchymal transition'®. In this work,
the result of Western blot analysis indicated that
SOX4 was upregulated after DSCAM-ASI was

overexpressed in vitro. Besides, it was discovered
that there had been positive correlation between
SOX4 and DSCAM-ASI expression in tumor tis-
sues. The above results revealed that DSCAM-
AS1 may fulfill its function via SOX4.

Conclusions

We detected a new biomarker in the develop-
ment of ovarian cancer. The results also indicate
that IncRNA DSCAM-ASI is vital in the carcino-
genesis of ovarian cancer and can be served as a
promising mark for ovarian cancer.
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