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Objective: Long non-coding RNA (IncRNA) ANRIL is emerging as a crucial role in
ovarian cancer progression and prognosis. However, the precise molecular mechanism of
ANRIL on ovarian cancer is not known. Thus, we aim to study the underlying mechanism of
ANRIL on the action.

Methods: The MTT assay assessed cell viability. Cell migration and invasion were deter-
mined using the wound healing assay, Transwell migration, and invasion assay. The relation-
ships of ANRIL, miR-324-5p, and RAN were evaluated using luciferase activity assay and
RNA pull-down assay. Cancer stem cell was identified by flow cytometry. Sphere formation
assay was conducted to determine the stem-like properties. Xenograft tumor was established
to assess tumor growth in vivo. qRT-PCR and Western blot were used to detect gene
expression.

Results: ANRIL was elevated while miR-324-5p was decreased in ovarian cancer tissues
and cells. Besides, downregulated ANRIL enhanced miR-324-5p expression, and the lucifer-
ase reporting experiment and RNA pull-down assay showed the binding interaction between
ANRIL and miR-324-5p. miR-324-5p directly targeted Ran and negatively modulated the
expression of Ran. Besides, Ran was promoted by overexpressed ANRIL, which was
reversed by overexpression of miR-324-5p. Furthermore, decreased ANRIL and increased
miR-324-5p suppressed tumor growth, migration capacity, drug resistance, and alleviated
stem-like characteristics in vitro and in vivo. Ran mediated the regulation of ANRIL on cell
viability, stem-like properties, and drug resistance of ovarian cancer cells.

Conclusion: The ANRIL/miR-324-5p/Ran axis regulated ovarian cancer development,
making the axis meaningful targets for ovarian cancer therapy.

Keywords: ANRIL, ovarian cancer, tumorigenicity, migration, drug resistance, cancer stem

cell

Introduction

Ovarian cancer is a significant cause of death from gynecologic cancer. There are
about 14,000 cases died of ovarian cancer each year in the United States. Overall
survival of women with advanced ovarian cancer was rarely improved in recent
years. Recurrence and chemotherapy resistance are the two most common causes of
high mortality for ovarian cancer patients. The acquisition of cisplatin resistance
usually occurs in about 25% of patients within six months of chemotherapy. The
standard therapy for ovarian cancer is surgery combined with cisplatin chemother-
apy at present.
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In recent years, the roles of IncRNAs in various
cancers were discussed in many reports. Emerging evi-
dence revealed that IncRNA ANRIL was elevated in
tumor tissues, and it served as oncogene roles in numer-
ous malignancies.' ™ Besides, ANRIL regulated cancer
cell proliferation, invasion, migration and apoptosis.®
Furthermore, the study has reported that ANRIL was
upregulated in ovarian cancer.® Qiu et al revealed that
ANRIL regulated ovarian cancers carcinogenesis and
might have diagnostic value in ovarian cancer.’ In addi-
tion, the resistance of ovarian cancer cells to cisplatin
was affected by ANRIL.” Additionally, ANRIL facili-
tated ovarian cancer cell proliferation and cell cycle
progression.” It is well documented that ANRIL inter-
acted with miRNAs to modulate cancer progression,
such as miR-186,° miR-99a/miR-449a,® miR-125a,’
miR-323.'% Thus, we speculated that ANRIL might reg-
ulate ovarian cancer progression via sponging miRNAs.

A study confirmed that ANRIL was upregulated while
miR-324-5p was down-regulated in laryngeal squamous
cell cancer.'! Of note, the effect of the ANRIL/miR-324-
S5p axis on ovarian cancer was unclear, which might be
similar to that in laryngeal squamous cell cancer.
According to the TargetScan prediction of RNA action
sites, Ran was considered as a target of miR-324-5p.
Interestingly, the highly expressed Ran also accelerated
the development of ovarian cancer.'*'* However, the asso-
ciation between miR-324-5p and Ran was undefined.
Hence, we aimed to investigate the role of the ANRIL/
miR-324-5p/Ran axis in ovarian cancer progression. The
malignant behaviors such as migration, invasion, cancer
stem characteristics, and cell tumorigenicity were dis-
cussed in this study.

This study identified the regulatory mechanism of
ANRIL/miR-324-5p/Ran axis on the malignant progres-
sion of ovarian cancer, making ANRIL a meaningful target

for ovarian cancer therapy.

Materials and Methods

Cancer Samples

The ovarian cancer tissues and adjacent normal tissues
were collected from 96 ovarian cancer patients who
attended the Third Hospital of Jilin University. The har-
vested paired tissues were immediately frozen in liquid
nitrogen and preserved at —80°C freezer. The research was
permitted by the Ethical Committee of the Third Hospital

of Jilin University. Each patient has written informed

consent.
Cell Culture
Human normal ovarian surface epithelial cells

(HOSEPiCs) and human ovarian cancer cells (cisplatin-
sensitive strain SKOV3, cisplatin-resistant strain SKOV3/
DDP and A2780) were acquired from American type
culture collection (ATCC; Manassas, VA, USA). All cells
were maintained in RPMI-1640 medium (Gibco) comple-
mented with 10% FBS (Life Technologies, Grand Island,
USA) and 1% penicillin and streptomycin at 37°C envir-
onment with 5% CO,.

Cell Transfection

The si-ANRIL and miR-324-5p mimics were obtained
from Ribobio (Guangzhou, China). SKOV3 were inocu-
lated into 6-well plates (1x10* cells/well) for 24 h. Then,
50 nM si-ANRIL or miR-324-5p mimics were transfected
to SKOV3 using Lipofectamine™ 3000 (Invitrogen, USA)
following the manufacture’s protocols. The scrambled
negative control of siRNAs (si-NC) and mimic control
(miR-NC) were negative controls.

RNA Isolation and qRT-PCR

RNA isolation was conducted using TRIzol (Invitrogen,
Carlsbad, USA) following the standard protocol. Reverse
transcription was performed with the SuperScript Reverse
Transcriptase Kit (Vazyme, Nanjing, China) and TagMan™
MicroRNA Reverse Transcription Kit (Thermo Fisher
Scientific). Q-PCR assay was conducted by SuperScript III
Platinum SYBR Green One-Step qPCR kit and mirVana™
gRT-PCR miRNA Detection Kit (Thermo Fisher Scientific).
The primers sequences were: ANRIL: F, 5- GGAACCA
AGCAGACCGAAGAC —3', R, 5'- CCCCAACCCACAG
GAACATAA -3'; miR-324-5p: F, 5'- CGCGGATCCGGG
TGGATGTAAGGGATGAG-3', R, 5- CCGGAATTCTTG
GGCTGATCCAGGAGAAG-3;'* Ran: F, 5-TGGCTTG
CTAGGAAGCTCAT-3', R: 5'- CACCGCTGACATCACAG
GAC-3'; B-actin: F, 5-GACCTCTATGCCAACACAGT-3/,
R, 5-~AGTACTTGCGCTCAGGAGG-3"."* The relative gene

2—AACt

expression was obtained using the method by normal-

izing to B-actin or U6.

Luciferase Activity Assay

Wild and mutant sequences of ANRIL and Ran containing
predicted miR-324-5p binding sites were amplified and
inserted into the pMIR vector (Promega) using PCR.
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Then, vectors and miR-324-5p mimics were co-transfected
into SKOV3 cells using Lipofectamine 3000. Forty-eight
hours later, the luciferase activities were measured by
a dual-luciferase reporter system (Promega) based on the
manufacturer’s protocols and analyzed by normalizing
Renilla activities.

RNA Pull-Down Assay with Biotinylated
miR-324-5p

SKOV3 cells were transfected with biotinylated wild miR-
424-5p, mutant miR-424-5p, or negative control (NC).
Cell lysates were harvested after 48 h post-transfection
and incubated with Dynabeads M-280 Streptavidin
(Invitrogen, USA) at 4°C overnight. After the washing
step, the bound RNAs were extracted by TRIzol reagents,
and the expression of ANRIL and RAN was determined
by qRT-PCR.

Western Blot

Cell lysates were extracted using RIPA lysis buffer (Thermo
Fisher Scientific). The same amount of protein samples (40
ng) were denatured at 100 °C for 5 min. Protein samples
were subjected to SDS-PAGE and transferred to PVDF
membranes. After blocked by 5% skim milk at 25°C for 1
h, the membrane was incubated with the corresponding
primary antibody for 12 h at 4 °C. Next, the membrane
was incubated with horseradish peroxidase-labeled second-
ary antibody at 25 °C for 1 h. Finally, the luminescent
solution was added, and the exposure was taken in the gel
imager. The gray value was quantified by Image J software.
B-actin was the internal reference protein. The experiments
were conducted at least three times.

Cell Viability Assay

SKOV3 cells were inoculated into 96-well plates (5x10°
cells/well). Then, cells were incubated with 10 pL MTT
(Sigma-Aldrich; Merck KGaA) for 4 h at 37 °C. After the
culture medium was removed, 100 uL. DMSO (Sigma-
Aldrich; Merck KGaA) was added to each well. The
absorbance was analyzed at 490 nm using a multiwell
microplate reader (BioTek Instruments, Inc., Winooski,
VT, USA).

Wound Healing Assay

For wound healing assay, SKOV3 cells were cultured in
a 6-well chamber. The confluent cell monolayer was
scratched using a 10-uL pipette tip. The cell migration

was observed under a DM2500 bright field microscope
(LEICA, Wetzlar, Germany) after 24 h cultivation and
analyzed using Image] software.

Migration and Transwell Invasion Assay
For migration assay, SKOV3 cells were inoculated in the
upper chamber, and the medium plus 10% FBS was added
to the lower chamber. Twenty-four hours Ilater, the
migrated cells were fixed with 95% ethanol, dyed with
hematoxylin, and observed under a DM2500 bright-field
microscope at 400 x magnification.

For invasion assay, SKOV3 cells were inoculated in the
upper chamber, which was pre-coated with Matrigel, and the
medium plus 10% FBS was added to the lower chamber.
Twenty-four hours later, the invasion cells were fixed with
95% ethanol, dyed with hematoxylin, and observed under
a DM2500 bright-field microscope at 400 x magnification.

Sphere Formation Assay

Each well of the 6-well culture dish were covered using
2 mL bottom agar mixture (DMEM, 10% (v/v) fetal calf
serum, 0.6% (w/v) agar). After the bottom layer was
solidified, a top agar-medium mixture containing 2 x 10*
cells was added and incubated at 37 °C for 4 weeks,
followed by crystal violet staining. The sphere (diameter
>100 pm) numbers were calculated from 5 fields per well.

Flow Cytometry for Cancer Stem Cell

Isolation

Cells were incubated with aldehyde dehydrogenase 1
(ALDHI; StemCell Technologies Inc., Vancouver, BC,
Canada), CD117 (Miltenyi Biotech, Auburn, CA, USA),
and Notch1 antibodies (BioLegend, San Diego, CA, USA)
followed by separating the cancer stem cells or analyze
their expression using fluorescence-activated cell sorting
analysis (FACS).

Xenografts Tumor Establishment

Female BALB/c nude mice aged 4 weeks were bought from
the Jilin University Animal Center (China). The recombinant
lentiviruses and the negative control (NC) lentivirus were
used to mediate animal gene expression. Twelve mice were
divided into four groups, including the KD-NC group, KD-
ANRIL group, OE-NC group, and OE-miR-324-5p group
(n=3). All mice were subcutaneously injected with SKOV3
cells in their flanks and feed for 35 days. Another 12 mice
were also divided into four groups, including the KD-NC
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group, KD-ANRIL group, OE-NC group, and OE-miR-324-
5p group (n=3), and all mice were subcutaneously injected
with A2780 cells in their flanks and feed for 35 days. Mice
were maintained in standard conditions (25+2°C, 70%
humidity, and 12-h light-dark periods) with a regular sterile
chow diet and free to water. The experiments were con-
ducted following the National Institutes of Health guide for
the care and use of laboratory animals. The Animal Care and
Use Committee of The Third Hospital of Jilin University
permitted the study. The tumor volume was assessed every 7
days until 35 days. After the mice were sacrificed, the tumor
was resected to determine gene expression.

Statistical Analysis

Data were described as mean + standard deviation (SD)
and analyzed using SPSS 19.0 software. The group differ-
ences were compared using the ANOVA test or student’s
t-test. P < 0.05 was regarded as statistically significant.

Results
The Expression of ANRIL and miR-324-

5p Were Abnormal in Ovarian Cancer

To explore whether ANRIL and miR-324-5p involve regu-
lating ovarian cancer, we assessed the expression of ANRIL
and miR-324-5p using qRT-PCR. As shown in Figure 1A,
ANRIL was elevated in ovarian cancer tissues. Besides, the
expression of ANRIL was associated with tumor size, FIGO
stage, and pathological grade, while not associated with age
and pathological subtype of ovarian cancer patients
(Table 1). Furthermore, miR-324-5p was decreased in ovar-
ian cancer tissues. The expression of miR-324-5p was asso-
ciated with FIGO stage and pathological grade, while not
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associated with age, tumor size and pathological subtype
(Table 2). Moreover, the expression of ANRIL and miR-
324-5p in ovarian cancer cells were determined. Compared
to the HOSEPiICs cells, the human ovarian cancer cells
(cisplatin-sensitive strain SKOV3 and cisplatin-resistant
strain SKOV3/DDP) presented increased ANRIL and
decreased miR-324-5p (Figure 1B).

Targeting Relationship of ANRIL and
miR-324-5p Was Found in Ovarian

Cancer

To knockdown the ANRIL expression in SKOV3 cells, two
siRNA were constructed (si-ANRIL R1: 5-GCAA
GAAACATTGCTGCTAGC-3;  si-ANRIL  R2:  5'-
GCCCAATTATGCTGTGGTAAC-3'). As a result, com-
pared with si-NC, si-ANRIL-R1 and si-ANRIL-R2 resulted
in an obvious reduction for the expression of ANRL (Figure
2A). Besides, knockdown of the ANRIL enhanced the
expression of miR-324-5p (Figure 2B). The results indicated
a negative regulation between miR-324-5p and ANRIL. In
addition, the targeting relation between ANRL and miR-324-
5p was demonstrated by the Luciferase reporter assay. miR-
324-5p mimics considerably reduced the relative luciferase
activity in cells transfected with ANRIL wild sequence while
had no effects in cells transfected with ANRIL mutant
sequence (Figure 2C). Furthermore, RNA pull-down assay
results revealed that the enrichment of ANRIL by biotiny-
lated miR-324-5p was higher than biotinylated mutant miR-
324-5p (Figure 2D). Spearman correlation analysis revealed
a negative correlation between the expression of ANRIL and
miR-324-5p in ovarian cancer (Figure 2E).

in Cells e in Cells
= <
nz: 51 - o 1.5 -
e | Y P
I s | =
5 S 1.0
o U
2 3 s
[
g 2 2
3 5 0.5
5 3
& o  0.0-
[T}
o > Rd x ) ) 4
5 % L & 3 3
£ £ F° &£ fL o
O [0 O &)
& o & &

Figure 1 ANRIL is increased and miR-324-5p is decreased in ovarian cancer. (A) The levels of ANRIL and miR-324-5p were detected in human ovarian patient tissues by
qRT-PCR. **P<0.01, versus the normal group. (B) ANRIL expression was detected in normal human ovarian surface epithelial cells (HOSEPiCs) and ovarian cancer cells
SKOV3 and SKOV3/DDP by qRT-PCR. U6 was assigned as the control gene. **P<0.01, versus HOSEPiCs cells.
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Table | Association of ANRIL Expression and Clinicopathological
Variables in Ovarian Cancer Patients

Variables ANRIL Expression (n=96)
Low (%) | High (%) | Total | P
Age
250 years 19 (35.2) | 35 (64.8) 54 0.218
<50 years Il (26.2) | 31 (73.8) 42
Pathological subtype
Serous 17 (29.8) | 40 (70.2) 57 0.646
Other 13 (33.3) | 26 (66.7) 39
Tumor size
2| cm 10 (20.4) | 39 (79.8) | 49 0.001
<l cm 20 (42.6) | 27 (57.4) | 47
FIGO stage
-l 16 (42.1) | 22 (57.9) 38 0.010
-iv 14 (24.1) | 44 (75.9) 58
Pathological grade
GI-G2 16 (43.2) | 21 (56.8) 37 0.004
G3 14 (23.7) | 45 (76.3) 59
Table 2 Association of miR-324-5p Expression and

Clinicopathological Variables in Ovarian Cancer Patients

Variables miR-324-5p Expression
(n=96)
Low (%) | High (%) | Total | P
Age
250 years 34 (72.3) 13 (27.7) 47 0.175
<50 years 40 (81.6) | 9 (184) 49
Pathological subtype
Serous 42 (75.0) 14 (25.0) 56 0.499
Other 32 (80.0) | 8 (20.0) 40
Tumor size
2| cm 50 (80.6) 12 (19.4) 62 0.135
<l cm 24 (70.6) 10 (29.4) 34
FIGO stage
-l 26 (63.4) 15 (36.6) 41 0.000
-iv 48 (87.3) | 7 (12.7) 55
Pathological grade
GI-G2 29 (69.1) 13 (30.9) 42 0.028
G3 45 (83.3) | 9 (l16.7) 54

miR-324-5p Negatively Modulates the

Ran Expression in Ovarian Cancer Cells
To explore the downstream protein of miR-324-5p, we
searched the TargetScan website and found Ran, which is

associated with ovarian cancer development, was
a potential target of miR-324-5p. In SKOV3 and
SKOV3/DDP cells, the mRNA and protein levels of Ran
were upregulated compared to HOSEPiCs (Figure 3A and
B). miR-324-5p mimics were introduced to analyze the
regulatory mechanism. miR-324-5p mimics remarkably
upregulated the expression of miR-324-5p (Figure 3C).
Besides, miR-324-5p mimics declined the mRNA and
protein levels of Ran (Figure 3C-F). Furthermore, the
protein level of Ran was upregulated in SKOV3 and
SKOV3/DDP cells (Figure 3F). To further confirm the
relationship between Ran and miR-324-5p, the luciferase
reporter assay was performed. Results indicated the target
binding relations between Ran and miR-324-5p (Figure
3G). Besides, RNA pull-down assay showed that the
enrichment of Ran by biotinylated miR-324-5p was higher
than biotinylated mutant miR-324-5p (Figure 3H).
Spearman correlation analysis found a negative correlation
between the expression of miR-324-5p and Ran mRNA
level in ovarian cancer patients (Figure 3I). Furthermore,
Western blot results indicated that the protein level of Ran
was promoted by overexpressed ANRIL, which was

reversed by miR-324-5p mimics (Figure 3J).

Decreased ANRIL and Increased
miR-324-5p Inhibits Ovarian Cancer Cell

Growth, Migration, and EMT in vitro

To investigate the role of ANRIL and miR-324-5p in
ovarian cancer malignant behaviors, SKOV3 cells were
transfected with si-ANRIL or miR-324-5p mimics. The
knockout efficiency of 3 siRNAs against ANRIL was
determined using the qRT-PCR. Results showed that the
knockout efficiency of si-ANRIL 2 was better than the
other two siRNAs (Figure 4A). Therefore, si-ANRIL 2
was used for subsequent experiments. MTT assay result
showed that both si-ANRIL and miR-324-5p mimics
inhibited cell viability of SKOV3 cells (Figure 4B). As
shown in Figure 4C-E, both si-ANRIL and miR-324-5p
mimics inhibited the cell migration and invasion ability of
SKOV3 cells. Furthermore, both si-ANRIL and miR-324-
5p mimics inhibited the expression of EMT-related pro-
teins, including N-cadherin, Vimentin, Snail, and
cyclinD1. Reversely, si-ANRIL and miR-324-5p mimics
upregulated the level of E-cadherin (Figure 4F). Moreover,
si-ANRIL and miR-324-5p mimics increased chemosensi-
tivity of ovarian cancer cells to cisplatin (Figure 4G) and
doxorubicin (Figure 4H). The results indicated that the
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Figure 2 ANRIL directly binds to miR-324-5p in SKOV3 cells. (A) The ANRIL level was assessed in SKOV3 cells after si-ANRIL transfection by qRT-PCR. **P<0.01, versus si-
NC group. (B) The miR-324-5p level was determined in SKOV3 cells transfected with si-ANRIL by qRT-PCR. U6 was assigned as the control gene. **P<0.01, versus si-NC
group. (C) Predict targeting regions between ANRIL and miR-324-5p. The relations of ANRIL and miR-324-5p were verified using Luciferase reporter assay. SKOV3 cells
were co-transfected with either 50 nM miR-324-5p mimics or NC oligos and 200 ng of pMIR -ANRIL-wt or pMIR -ANRIL-mut using Lipofectamine 3000. **P<0.01 versus
miR-NC group. (D) RNA pull-down assay was performed to further demonstrate the binding relationship between ANRIL and miR-324-5p. **P<0.01 versus Bio-mt-miR
-324-5p group. (E) The relationship between the expression of ANRIL and miR-324-5p was analyzed by Spearman correlation analysis.

downregulation of ANRIL and overexpression of miR-
324-5p inhibited tumor growth, migration, and EMT.

Decreased ANRIL and Increased
miR-324-5p Alleviates Stem-Like

Properties in vitro

As shown in Figure 5A and B, sphere formation assay
demonstrated that si-ANRIL and miR-324-5p mimics sig-
nificantly inhibited the sphere formation. In addition, si-
ANRIL and miR-324-5p mimics inhibited cancer stem cell
numbers (Figure 5C) and suppressed the mRNA levels of
cancer stem related genes (Figure 5D). Moreover, the effects
of ANRIL and miR-324-5p on tumorigenicity were deter-
mined by xenograft assay using SKOV3 and A2780 cells.
Results showed that stable silencing of ANRIL and over-
expression miR-324-5p inhibited ovarian cancer cell tumor-
igenicity in vivo (Figure 5E and F). The mRNA levels of
cancer stem related genes were suppressed by decreased
ANRIL and overexpressed miR-324-5p in tumor tissues
established using SKOV3 and A2780 cells (Figure 5G).

Ran Participates in the ANRIL-Mediated
Modulation of Stem-Like Properties in

Ovarian Cancer Cells

To investigate the role of Ran in the regulation of ANRIL
on stem-like properties, Ran was overexpressed in SKOV3
cells. As a result, the mRNA and protein levels of Ran and
RhoA were inhibited by si-ANRIL, while were reversed by
Ran overexpression (Figure 6A and B). MTT results indi-
cated that si-ANRIL inhibited cell viability, and Ran over-
expression increased the phenomenon (Figure 6C). In
addition, si-ANRIL reduced the cancer cell spheres and
size, while Ran abrogated the effect (Figure 6D and E). To
confirm the stem-like properties, the mRNA levels of
stem-related genes were determined. The mRNA expres-
sion levels of CD24/44/117/133, ALDH, and Norchl were
inhibited by si-ANRIL but reversed by overexpression of
Ran (Figure 6F). Finally, si-ANRIL increased chemosen-
sitivity of ovarian cancer cells to cisplatin and doxorubi-
cin, while abrogated by overexpression of Ran (Figure
6G). Thus, Ran mediated the regulation of ANRIL on

submit your manuscript

570

Dove

OncoTargets and Therapy 2021:14


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

Dove Wang et al

in Cells B in Cells C

[ = Q
] < [
14 4- . [:4 4 . §' in SKOV3 cells 5 in SKOV3 cells
‘s P ‘s 1 | s | © o o
c o~ c o z 4 — 5 15
o o = -
g g c 3 4
o o o 2 1.0
3 24 3 24 a g
< c o 2 )
z 2 g 2
E N g 1 < 1 goe
2 2 g 0
S 0- s o 2 o 0.0
& o Rt ‘2 E ) %) 04 E < 2 & < o
R . o &
£ L \\'5\00 &° 494 f-,\°o & & & ¢ & &
§ S 2 K & &
S *9 Q‘O *_0 R blg,,Q
& & e &
E & &
- in SKOV3 cells F G .
[ miR-324-5p 3’-UGUGGUUACGGGAUCCCCUACGC-5’
N 1_5.
::: - R Ran WT 5’-...AUGUGCUUCAUCUGUGGGAUGCU...-3
| e | Ip— | | R —— .
% Ran MUT 5’-...CUGUGCUGCAUCAGUGUGACGGU...-3’
1.0 b
g R o B-actin e 215
c 2 - 3 miR-NC
S 45l & LKL eo 2 B — B miR-324-5p mimics
5 05 & O & & 3
5 & %{~ ) S 6‘\ & 1.0
o K & g
= b’ [*]
® 0.0 T 9 V 32
& o o & %
& & ki
& & “o
’I?'b pMIR-Ran-wt pMIR-Ran-mut
i
H &
I 121
121 k] Y =-0.7082*X + 7.446 J
] c -
= —* s 101, R2=0.550 P<0.001 - > @ -« RAN
c 101 O Bio-NC I
[ - . .
E 4 B Bio-wt-miR-324-5p 52 ] - -+ '_: . P-actin
Q o ANRIL =
= E Bio-mt-miR-324-5 b4
E 9 P 2 4 ° BV o+ - - -
= 4 % 2 oo o miR-324-5p mimics = = = +
0 4 8 12 16
0- Relative miR-324-5p expression

Figure 3 miR-324-5p negatively regulates Ran expression in ovarian cancer cells. (A) The Ran mRNA level was measured in SKOV3 and SKOV3/DDP cells by qRT-PCR.
**P<0.01, versus HOSEPICs group. (B) The Ran protein level was determined in SKOV3 and SKOV3/DDP cells. **P<0.01, versus HOSEPiCs group. (C) The expression of
miR-324-5p was detected in SKOV3 cells transfected with miR-324-5p mimics. U6 was assigned as the control gene. **P<0.01, versus miR-NC group. (D) qRT-PCR was used
to detect the Ran mRNA level was detected in SKOV3 cells transfected with miR-324-5p mimics. **P<0.01, versus miR-NC group. (E and F) The protein expression of Ran
in SKOV3 cells transfected with miR-324-5p mimics was evaluated by Western blot. *¥P<0.01, versus miR-NC group. (G) Predict targeting regions between RAN and miR-
324-5p. The relations of Ran and miR-324-5p were verified using Luciferase reporter assay. **P<0.01, versus miR-NC group. (H) RNA pull-down assay was performed to
further prove the target relationship between miR-324-5p and Ran. **P<0.01 versus Bio-mt-miR-324-5p group. (I) The relationship between the expression of miR-324-5p
and Ran mRNA level was analyzed by Spearman correlation analysis. (J) The protein levels of Ran in SKOV3 cells with overexpression of ANRIL and miR-324-5p were
determined by Western blot.

cell viability, stem-like properties, and drug resistance of  strategy to overcome ovarian cancer resistance and reduce
ovarian cancer cells. mortality.'® Thus, it is meaningful to explore the under-

lying mechanism of malignant behaviors, including EMT,
Discussion invasion, stem-like properties, and drug resistance in ovar-
Ovarian cancer is one of the most lethal gynecological ian cancer cells.

malignant owing to the late discovery and high recurrence LncRNAs have been broadly studied in cancer biology,
rate.'® Resistance to conventional cisplatin therapy is and many researches indicated that IncRNAs might be
attributed to populations of cancer stem cells that possess ~ potential biomarkers in cancers.'” LncRNA ANRIL served
stem-like characteristics and high tumorigenicity.'” It was  as oncogene roles in some cancers, including pancreatic
well documented that the biology of ovarian cancer stem cancer,”® bladder cancer®' and breast cancer,”” and so on.
cells and identified various markers and signaling path- ~ANRIL was related to cell proliferation, cell cycle, poor
ways for their self-renewal ability in recent years. prognosis, and the sensitivity to cisplatin in ovarian cancer
Targeting cancer stem cells is the most prospective cells.*>7?* A lot of literature showed that overexpressed
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Figure 4 Downregulation of ANRIL and overexpression of miR-324-5p suppresses ovarian cancer cell growth, migration, and EMT. SKOV3 cells were divided into 4 groups:
si-NC, si-ANRIL, miR-NC, and miR-324-5p mimics groups. (A) The knockout efficiency of 3 siRNAs against ANRIL was determined using the qRT-PCR. *¥P<0.01, versus si-
NC group. (B) MTT assay was carried out to assess the cell viability of SKOV3 cells in different group. *P<0.05, **P<0.01 versus si-NC group or miR-NC group. (C) The
SKOV3 cells migration was measured though conducting wound healing assays. **P<0.01, versus si-NC group or miR-NC group. (D) The SKOV3 cells invasion was assessed
using Transwell invasion assays. **P<0.01, versus si-NC group or miR-NC group. (E) Wound healing assay, Transwell migration assay and Transwell invasion assay were
performed to detect cell migration and invasion ability. (F) The protein levels of E-cadherin, Vimentin, N-cadherin, Snail and cyclinD Iwere determined in SKOV3 cells
through performing Western blot. **P<0.01, versus si-NC group or miR-NC group. (G) MTT assay was performed to determine the cell viability of SKOV3 cells in different
group with treatment of different concentration of cisplatin. **P<0.01 versus si-NC group or miR-NC group. (H) MTT assay was performed to determine the cell viability of
SKOV3 cells in different group with treatment of different concentration of doxorubicin. **P<0.01 versus si-NC group or miR-NC group.

ANRIL promoted cell invasion ability, EMT process, and
stem-like properties in cancers.”**> In this study, ANRIL
was elevated in ovarian cancer, and knockdown of ANRIL
significantly suppressed cell invasion, stem-like properties,
and drug resistance to cisplatin or doxorubicin, which
were consistent with the previous studies.

Furthermore, ANRIL interacted with a variety of
miRNAs in several cancers. For instance, ANRIL func-
tioned as miR-125a sponge in CAL27 cells,”® miR-199a
sponge in Triple-negative breast cancer,”” and miR-186
sponge in cervical cancer.”® miR-324-5p was proved to
exert tumor-suppressive functions.?’ Decreased miR-324-
5p was observed in laryngeal squamous cell cancer,'' lung

30,31 32 33

cancer, breast cancer,”” gastric cancer,”” cervical

cancer,”* bladder cancer,”® and colon cancer.>®*” miR-

324-5p inhibited the Warburg effect and repressed tumor-
igenesis of ovarian cancer.’® We revealed that miR-324-5p
was decreased in ovarian cancer. The relationship between
miR-324-5p and ANRIL has been investigated in laryn-
geal squamous cell cancer, in which highly expressed
ANRIL promoted overall survival, advanced clinical
stage, and lymph node metastasis.'' Consistent with pre-
vious studies,'! our study revealed that the modulation of
ANRIL on ovarian cancer was mediated by sponging miR-
324-5p. Most of the aforementioned studies demonstrated
that miR-324-5p suppressed cell growth and migration.
Besides, miR-324-5p suppressed drug tolerance to cispla-
tin in non-small cell lung cancer.*® In this study, we further
discussed the role of miR-324-5p in EMT and stem-like
properties and drug resistance. MTT results suggested that
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Figure 5 Decreased ANRIL and increased miR-324-5p alleviates stem-like properties in vitro and in vivo. Cells were divided into 4 groups: si-NC, si-ANRIL, miR-NC, and
miR-324-5p mimics groups. (A) Sphere formation assay was conducted to assess the stem-like properties. (B) The number and size of spheres were counted. **P<0.01,
versus si-NC group or miR-NC group. ns: P>0.05. (C) Flow cytometry for detection of cancer stem cell in SKOV3 cells was conducted. (D) The mRNA expression levels of
cancer stem cell biomarkers were assessed by qRT-PCR. **P<0.01, versus si-NC group or miR-NC group. (E) Mice were divided into 4 groups: KD-NC, KD-ANRIL, OE-NC,
and OE-miR-324-5p groups. The recombinant lentiviruses and the negative control (NC) lentivirus were used to mediate animal gene expression. (F) The volume of tumors
in mice established using SKOV3 and A2780 cells was assessed. *P<0.05, **P<0.01 versus KD-ANRIL group or OE-NC group. (G) The mRNA expression levels of cancer
stem cell biomarkers in tumor tissues of mice established using SKOV3 and A2780 cells were assessed by qRT-PCR. **P<0.01 versus KD-ANRIL group or OE-NC group.

the increased miR-324-5p induced by si-ANRIL inhibited
the drug resistance. Cell invasion inhibition was also
observed in various cancers by up-regulated miR-324-
5p. %% Our results agree with the previous studies.
Furthermore, we first revealed that miR-324-5p upregula-
tion inhibited the stem-like properties in ovarian cancer.
To investigate the mechanism of miR-324-5p suppressing
ovarian cancer cell malignant behaviors, we screened the target
genes of miR-324-5p using prediction software. We primarily
identified that Ran could be targeted by miR-324-5p, which
was consistent with previous study.** Small GTPase Ran was

a carcinogenic protein. Several miRNAs, including miR-802,
miR-2, miR-197, miR-203 could directly bind to Ran to mod-

154447 which indicated

ulate cancer cell behaviors in cancers,
that Ran involved in the regulation of malignant behaviors in
cancers. Until now, some articles have revealed the regulatory
mechanism of Ran in ovarian cancer, including stem-like

1,°° and prognosis,*

properties,*® cell invasion,* cell surviva
which further indicated the carcinogenic role of Ran in ovarian
cancer. In this study, we reported that ran mediated the regula-
tion of ANRIL on cell viability, stem-like properties, and drug

resistance of ovarian cancer cells.
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Figure 6 Ran mediates the modulation process of ANRIL on stem-like characteristics in ovarian cancer cells. Cells were divided into 4 groups: si-NC, si-ANRIL, si-ANRIL +
pcDNA, and si-ANRIL + pcDNA-Ran groups. (A) The mRNA expression levels of Ran and RhoA were detected. **P<0.01, compared with si-NC group or si-ANRIL +
pcDNA group. (B) The protein levels of Ran and RhoA were determined. **P<0.01, versus si-NC group or si-ANRIL + pcDNA group. (C) MTT assay was conducted to
assess the cell viability of SKOV3 cells in different group. *P<0.05, versus si-NC group or si-ANRIL + pcDNA group. (D and E) Sphere formation assay was conducted to
assess the stem-like properties. **P<0.01, versus si-NC group or si-ANRIL + pcDNA group. ns: P>0.05. (F) The mRNA expression levels of cancer stem cell biomarkers
were assessed by qRT-PCR. *¥P<0.01, versus si-NC group or si-ANRIL + pcDNA group. (G) MTT assay was conducted to assess the cell viability of SKOV3 cells in different
group after treated by cisplatin and doxorubicin. *P<0.05, **P<0.01, versus si-NC group or si-ANRIL + pcDNA group.

Taken together, the downregulation of ANRIL suppressed  Fundin g

the cell proliferation, metastasis, drug resistance, and stem-like  There is no funding to report.

properties of ovarian cancer cells. In conclusion, this study

supplemented the tumorigenic role of ANRIL in ovarian can- Disclosure

cer. Excitingly, we revealed a new regulatory mechanism of o
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ANRIL in ovarian cancer malignant behaviors, including

excessive proliferation, invasion, metastasis, EMT, and che-
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