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Long noncoding RNA PROX1-AS1 promoted
ovarian cancer cell proliferation and metastasis
by suppressing KLF6
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Abstract. — OBJECTIVE: Recently, the role of
long noncoding RNAs (IncRNAs) in tumor pro-
gression has attracted much attention world-
wide. Numerous studies have identified IncRNA
PROX1-AS1 as an oncogene in cancers. There-
fore, the aim of this research was to explore the
function of PROX1-AS1 in the development of
ovarian cancetr.

PATIENTS AND METHODS: PROX1-AS1 ex-
pression in both ovarian cancer patients and
normal subjects was detected by quantitative
Real Time-Polymerase Chain Reaction (qRT-
PCR). Subsequently, PROX1-AS1 shRNA was
constructed and transfected in vitro. 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide (MTT) assay, colony formation assay, tran-
swell assay, and Matrigel assay were utilized
to detect the function of PROX1-AS1 in ovari-
an cancer. In addition, the potential mechanism
was explored using qRT-PCR and Weste
assay.

RESULTS: PROX1-AS1 was highly exp
in ovarian carcinoma samples and cel

tro (p<0.05). Besides, th
pressions of KLF6 w

was" negatively
ssion in ovari-

n of ovarian cancer
6. Our findings sug-
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Introduction

e already been in
diagnosed®. Where-
patients may develop
otherapy or recurrence after

urgency of early detection and the
of new therapeutic interventions
cancer patients.

non-coding RNAs (IncRNAs) are a sub-
sup of non-coding RNAs that do not encode
oteins. Currently, IncRNAs have emerged as an
important role in tumorigenesis. Multiple studies
have found that IncRNAs have the potential to
regulate gene expression. By regulating vasculo-
genic angiogenesis, IncRNA MALATI promotes
tumorigenicity and metastasis in gastric cancer®.
LncRNA AC132217.4 promotes the metastasis of
oral squamous cell carcinoma by regulating IGF2
expression modulated by KLF8’. By sponging
miR-124-3p, IncRNA OGFRPI1 has been report-
ed to take part in the proliferation of non-small
cell lung cancer cells'. Upregulation of IncRNA
LINCO1510 has been confirmed negatively as-
sociated with the prognosis of colorectal cancer
(CRC) patients. Meanwhile, IncRNA LINCO01510
may serve as a potential independent prognostic
biomarker for CRC". LncRNA HCCLS activated
by ZEBI accelerates cell viability, cell migra-
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tion, epithelial-mesenchymal transition, and the
malignancy of hepatocellular carcinoma'?. How-
ever, few studies have uncovered the exact role
of PROX1-AS1 in ovarian cancer, as well as the
underlying mechanism.

In our study, we found that PROX1-AS1 was
remarkably upregulated in ovarian cancer tis-
sues. PROX1-AS1 enhanced the proliferation and
metastasis of ovarian cancer in vitro. Moreover,
KLF6, a tumor suppressor gene, was associated
with the function of PROX1-ASI in ovarian can-
cer.

Patients and Methods

Tissue Specimens

Paired ovarian carcinoma tissues and adjacent
normal tissues were sequentially collected from
50 ovarian carcinoma patients undergoing sur-
gery from December 2017 to December 2019 in
The First Affiliated Hospital of XinJiang Med-
ical University. The selection of patients was
based on the guideline proposed by the
for International Cancer Control (UICC
study was approved by The Ethics Com
The First Affiliated Hospital of XinlJian
ical University. The protocol of the study
performed as Declaration of Helsinki Princip
required.

Cell Culture

Human ovarian cancer ce
V112D, HO-8910, and SKO
ian cell line (ISOE80) w
co’s Modified Eagle’s
Fisher Scientific, Inc.,
sisting of 10% fetal
Fisher Scientific,
penicillin, and
sphere with 5%

t-hairpin  RNA
1-AS1 were pro-
nghai, China). The
ing PROX1-AS1 was
into pcDNA3.1 (Gene-

expression in twansfected cells was conducted
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using quantitative Real Timg
Reaction (RT-qPCR).

RNA Extraction ana
Total RNA in tissues @

or 40 cycles at
od was utilized

5-CTAGTTAGCAG-
1-AS1 reverse 5-AA-
AGAGGCGTGGAAGAA-3; B-actin, for-
ATCGTCAGAGGCT-3" and
TAGTTGGAAATGC-3".

s were collected from cells via ra-
dlolmmunopre01p1tat10n assay (RIPA) buffer and
d by using a protein assay (bicinchoninic
d; Beyotime, Shanghai, China). Tar-
ins were separated by sodium dodecyl
phate-polyacrylamide gel electrophoresis
SDS-PAGE) and transferred onto polyvinylidene
ifluoride (PVDF) membranes. Then, the mem-
anes were incubated with primary antibodies
vernight. On the next day, the membranes were
incubated with rabbit anti-B-actin (Cell Signal-
ing Technology, Danvers, MA, USA) and rabbit
anti-KLF6 (Cell Signaling Technology, Danvers,
MA, USA). The Pierce enhanced chemilumines-
cence (ECL) was utilized for visualizing Western
Blotting Substrate Immunoreactive bands (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA).

MTT (3-(4, 5-Dimethylthiazol-2-yl)-
2,5-Diphenyl Tetrazolium Bromide) Assay

MTT (Roche, Basel, Switzerland) assay was
used to detect cell proliferation. 200 pL of trans-
fected cells were first seeded into 96-well plates
at a density of 2x10° cells per well. Following the
manufacturer’s protocol, cell proliferation was
assessed every 24 h.

Colony Formation Assay

To detect the long-term effect of PROX1-AS1
on cell proliferation, colony formation assay was
conducted. 5x10? cells/well cells were seeded into
6-well plate, and culture medium was replaced
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every day. 7 day later, formed colonies were fixed
with 75% ethanol for 30 min and stained with
0.2% crystal violet. Finally, colonies were photo-
graphed and counted.

Wound Healing Assay

After transfection, the cells were seeded into
6-well plates and incubated in DMEM medi-
um overnight. On the next day, the cells were
scratched with a plastic tip and cultured in se-
rum-free DMEM. Each assay was repeated in
triplicate independently. Relate distance was
viewed under a light microscope (Olympus Corp.,
Tokyo, Japan) at 48 h.

Transwell Assay and Matrigel Assay

After transfection, 1 x10° cells in 200 pL
serum-free DMEM were replanted in top cham-
ber (Corning, Inc., Corning, NY, USA) with
or without 50 pg Matrigel (BD, Bedford, MA,
USA). Meanwhile, DMEM and FBS were added
to the lower chamber. These chambers were then
cultured overnight in an incubator supplemented
with 5% CO, at 37°C. The top surface of
bers was fixed with methanol for 30 mi
wiped by cotton swab, followed by staint
crystal violet for 20 min. Five fields we
domly selected for each sample. The numb
migrating and invasive cells was finally coun
under a Leica DMI4000B micros ica Mi-
crosystems, Heidelberg, Germa

Statistical Analysis

Statistical Product an
(SPSS) 18.0 (SPSS, Chic
for all statistical analysi

two groups were compare
p<0.05 was considered stat

PROX1-ASI1
cancer tissues
tected via

Proliferation
nce of PR
our study,

as Repressed Via

-AS1 in Ovarian Cancer
-8910 cells were chosen for
PROX1-AS1 in vitro. qRT-
for detecting PROX1-ASI ex-
e 2A). MTT assay indicated that

the growth ability of HO-8910 cells was signifi-
ressed after PROX1-AS1 was knocked
0.05, Figure 2B). Colony formation
onstrated that the number of colonies
creased significantly after PROX1-AS1 was
nocked down (p<0.05, Figure 2C).

ell Migration and Invasion Was
epressed Via Silence of PROXT-AST1

in Ovarian Cancer

Wound healing assay, transwell assay, and

Matrigel assay were performed to explore how
PROX1-AS1 affected ovarian cancer metasta-

vvvvv
vvvvvvvv

Relative PROX1-AS1 expression

ISOES80

A2780 TOV112D HO-8910 SKOV3

BOX1-AS1 expression was significantly up-regulated in ovarian cancer tissues compared with adjacent
pression levels of PROX1-ASI relative to f-actin were determined in human ovarian cancer cell lines and
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significantly repressed
knocked down (p<0.05

after PROX1-ASI
Furthermore, Magri

F6 in ovarian cancer
-ASl shRNA (shRNA)

was signifi®
was knocked do¥

apregulated after PROX1-AS1
(p<0.05, Figure 4B). Moreover,
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ROXI ASI significantly reduced the number of colonies
ed the average of three independent experiments (mean +
cells.

KLF6 expression in ovarian cancer tissues was
significantly lower than that of adjacent normal
tissues (p<0.05, Figure 4C). These findings all
suggested that there was a negative association
between KLF6 expression and PROX1-AS1 ex-
pression in ovarian cancer (Figure 4D).

Discussion
Many studies'*'® revealed the abnormal ex-
pression and function of IncRNAs in the devel-
opment of malignant tumors. They have also
been found to directly participate in the prolif-
eration, apoptosis, metastasis, immune regula-
tion, and drug resistance in tumors. Meanwhile,
IncRNA in involved in the regulation of various
cellular functions, whose disorders are usually
associated with human diseases, including ma-
lignant tumor.

Reports have indicated that IncRNA is an
important regulator in the progression of ovari-
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1al biomarker and
silence of IncRNA
proliferation and mi-
r cells*. anRNA Eln—

AFAPI-A btes the proliferation and apop-
tosis of ovarian¥ancer cells's.

PROX1 antisense RNA 1 (PROX1-ASI) is a
newly explored IncRNA that has been suggested
to promote the progression of papillary thyroid
carcinoma®. Our results showed that PROXI-
ASI1 expression was significantly upregulated in
both ovarian cancer tissues and cells. Multiple
IncRNAs have been reported to participate in the
development of ovarian cancer, emerging as po-
tential indicators and therapeutic targets. In fact,
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Figure 4. Interaction between PROX1-AS1 and
KLF6 expression was significantly higher in PROX
as an internal control. B, Western blot assay revealed t
group compared with NC group. C, KLF6 was signific
adjacent normal tissues. D, The linear corrglati
tissues. The results represented the aver
error of the mean. *p<0.05.
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es and cells. A, RT-qPCR results showed that
roup compared with NC group. f-actin was used
expression of increased in PROX1-AS1 shRNA (shRNA)
regulated in ovarian cancer tissues when compared with
ression level of KLF6 and PROX1-AS]1 in ovarian cancer
periments. Data were presented as the mean + standard

target protein, Kriippel-like factor 6 (KLF6),
was significantly downregulated in ovarian can-
cer tissues. Known as a tumor suppressor, KLF6
takes part in the regulation of a variety of bio-
logical processes in many carcinomas. KLF6
is deleted glioblastomas, which is related to
poor prognosis of patients by targeting KLF6?2.
KLF6 constrains the progression of hepatocel-
lular carcinoma dissemination by regulating the
VAV3-RACI signaling axis*. Meanwhile, KLF6
accelerates cell proliferation and invasion in epi-
thelial ovarian cancer®*. In the present study, the
mRNA and protein expressions of KLF6 were
both significantly upregulated after the knock-
down of PROX1-AS1. Moreover, KLF6 expres-
sion was negatively correlated with PROX1-AS1
expression in ovarian cancer tissues. All these
results suggested that PROX1-AS1 might pro-
mote tumorigenesis of ovarian cancer via sup-
pressing KLF6.
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Conclusions

The above results demonstrated that PROX1- 1)
ASI1 was highly expressed in both ovarian cancer
tissues and cells. Besides, PROX1-AS1 enhanced
ovarian cancer cell proliferation, migration, and
invasion by targeting KLF6. The novelty of this
study was that PROX1-AS1 might contribute to
therapy for ovarian cancer as a candidate target.
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