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Long noncoding RNAs (LncRNAs) show great potential as the therapeutic targets attributing to their implication in the
progression of various human cancers, including ovarian cancer (OC). Here, we aimed to explore the biological function of
IncRNA cyclin-dependent kinase inhibitor 2B antisense RNA 1 (CDKN2B-AS1) in OC and its mechanism of action. The
abundances of CDKN2B-AS1, miR-143-3p, and SMAD3 mRNA were determined by quantitative real-time polymerase chain
reaction (QRT-PCR). Cell Counting Kit-8 (CCK8) was performed to analyze cell proliferation. Cell apoptosis was assessed
by flow cytometry and western blot analyses. Transwell assay was utilized to analyze cell migration and invasion abilities.
Tumor xenograft was performed to confirm the role of CDKN2B-ASI in ovarian tumor growth in vivo. The protein level
of SMAD3 was examined by western blot assay. The interaction between CDKN2B-AS1 and miR-143-3p, or miR-143-3p
and SMAD3 was demonstrated by bioinformatic, luciferase reporter, qRT-PCR and western blot analyses. CDKN2B-AS1
was upregulated in OC and correlated with clinicopathologic features. The knockdown of CDKN2B-AS1 hampered the
development of OC, as reflected by the suppression of cell proliferation, migration, and invasion, and the enhancement
of cell apoptosis, whereas the effects could be rescued by the overexpression of SMAD3. The absence of CDKN2B-AS1
blocked tumor growth in vivo. CDKN2B-AS1 served as a molecular sponge for miR-143-3p, leading to the derepression
of miR-143-3p target SMAD3, which eventually triggered the progression of OC. In conclusion, CDKN2B-AS1 promoted
tumor growth, invasion, and migration of OC by regulation of miR-143-3p/SMAD?3 axis, hinting that CDKN2B-AS1 might

be a potential biomarker for OC diagnosis and treatment.
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Opvarian cancer (OC) is the second most common malig-
nant genital tumor in females worldwide, which accounts for
almost 2.5% of all cancer types among females, and 4.9% of
female cancer-related deaths [1]. Despite great advances have
been achieved in cytoreduction surgery and adjuvant chemo-
therapy, OC is still an obstinate gynecological carcinoma with
low overall survival rates, largely triggered by the delay of
diagnoses [2]. Thereby, a better understanding of the molec-
ular mechanisms associated with carcinogenesis is required
for the improvement of OC diagnosis and treatment.

Recently, a large number of long noncoding RNAs
(IncRNAs) have been verified to be involved in a diverse
range of cellular processes, including cell proliferation,
differentiation, cycle arrest, apoptosis, invasion, and migra-
tion [3, 4]. Alterations in the expression of IncRNAs should
be responsible for tumorigenesis via regulating a variety of
biomolecules at epigenetic, transcriptional, post-transcrip-
tional levels [5]. Furthermore, accumulating evidence and

efforts indicate that plenty of IncRNAs play vital roles in the
occurrence and development of OC. For instance, a recent
study identified a six-IncRNA signature associated with
the recurrence of OC patients [6]. Moreover, the upregula-
tion of IncRNA NEAT1, HOTAIR, and CCAT?2 contributed
to the malignant processes of OC and they were correlated
with the poor prognosis of patients [7-9]. However, IncRNA
RP11-190D6.2 played a tumor-suppressive role in OC [10].
Cyclin-dependent kinase inhibitor 2B antisense RNA 1
(CDKN2B-ASI1), also known as ANRIL, is a cancer-related
IncRNA associated with the etiology of various malignancies.
Elevated expression of ANRIL was observed in gastric cancer
[11], lung cancer [12], and bladder cancer [13], and exhibited
a significant correlation with tumor growth. In addition, a
previous study also demonstrated that ANRIL was markedly
upregulated in advanced OC, and had the ability to promote
cell invasion and tumor metastasis [14]. Moreover, ANRIL
obviously triggered cell proliferation and inhibited apoptosis
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in epithelial OC [15]. However, the specific mechanism of
CDKN2B-AS1 in OC development and progression remains
to be fully elucidated.

In the past decade, lots of pieces of evidence have demon-
strated that IncRNAs are regarded as the primary section of
the competing endogenous RNA (ceRNA) network, thereby
leading to the suppression of miRNA and the derepression
of miRNA target mRNA [16]. In our study, we performed a
series of experiments to investigate the roles and mechanisms
of CDKN2B-AS1 in OC. Results showed that CDKN2B-AS1
was upregulated in OC and associated with a poor prognosis.
Moreover, we confirmed that CDKN2B-AS1 could regulate
cell growth, migration, and invasion through upregulation
of SMAD3 by silencing miR-143-3p. Our results suggest
that CDKN2B-AS1 may serve as a biomarker to facilitate the
development of IncRNA-directed diagnostics and therapeu-
tics of OC.

Patients and methods

Tissue specimens and clinicopathological data. Eighty-
two fresh tumor tissues and corresponding noncancerous
tissues were obtained from OC patients who underwent
surgical resection in Beijing Tongren Hospital Affiliated to
Capital Medical University. None of them received any form
of treatment before tissue collection. These samples were
immediately snap-frozen in liquid nitrogen and store at
-80°C for the subsequent study.

According to the median value of CDKN2B-AS1 expres-
sion in tumor tissues, OC patients were divided into a high
CDKN2B-AS1 group (41 cases) and a low CDKN2B-AS1
group (41 cases). Clinicopathological data in each group,
including age, menopause status, histological type, FIGO
stage, tumor size, and lymph node metastasis, were obtained
from medical records and pathology reports, and are
described in Table 1. Then, all patients were followed-up for
five years to analyze the correlation between CDKN2B-AS1
expression and survival rates. Those who died due to other
diseases rather than OC were left out of this study. All proce-
dures performed in our study involving human participants
were conformed to the standards of the Research Ethics
Committee of Beijing Tongren Hospital Affiliated to Capital
Medical University. Written informed consent was obtained
from all participants prior to this research.

Cell culture. Human ovarian epithelial cells (HOSEpiC)
and OC A2780 cell line were purchased from the American
Type Culture Collection (ATCC, Manassas, VA, USA). OC
cell lines SKOV3, OVCAR3, and HO-8910 were obtained
from the Cell Bank of the Chinese Academy of Sciences
(Beijing, China). HOSEpiC, A2780, OVCAR3, and HO-8910
cells were grown in RPMI-1640 medium (Gibco, Carlsbad,
CA, USA). SKOV3 cells were cultured in specific McCoy’s 5A
medium (Sigma-Aldrich, St. Louis, MO, USA). All mediums
were supplemented with 10% fetal bovine serum (FBS,
Gibco).

Plasmids and transfection. CDKN2B-AS1-specific short-
hairpin RNA (sh-CDKN2B-AS1) and non-targeting shRNA
(NT shRNA) were synthesized by GenePharma (Shanghai,
China). CDKN2B-AS1-overexpressed plasmid (CDKN2B-
AS1) was constructed by GenePharma by inserting the
full-length sequences of CDKN2B-AS1 into the pcDNA
3.1 vector, with the pcDNA 3.1 vector as a negative control
(vector). miR-143-3p mimics and its scrambled control
(miR-NC mimics), miR-143-3p inhibitor, and relative
control (miR-NC inhibitor) were purchased from Thermo
Fisher (Waltham, MA, USA). SKOV3 and HO-8910 cells at
the confluence of 80% were transfected with oligonucleotides
or plasmids using Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA). Forty-eight hours thereafter, cells were harvested
for later analyses.

Quantitative real-time polymerase chain reaction
(qRT-PCR). Total RNA was extracted from tumor tissues
and cells by using TRIzol reagent (Invitrogen), followed
by the detection of RNA purity using a spectrophotometer
(Thermo Fisher). Purified RNA was reverse-transcribed into
complementary DNA (cDNA) using High Capacity cDNA
Reverse Transcription Kit (Thermo Fisher) or TagMan™
Advance miRNA cDNA Synthesis Kit (Thermo Fisher). After
that, qRT-PCR was performed using SYBR GreenER™ qPCR
SuperMix Universal (Thermo Fisher) mixed with special
primers and ran on an ABI 7500 Real-time PCR Systems
(Applied Biosystems, Foster City, CA, USA). All samples
were repeated for three times, and 2-24“* method was used
to calculate the relative expression levels by normalizing
to B-actin or U6. Primer sequences are displayed below.
CDKN2B-AS1 forward: 5-TCATCATCATCATCAT-
CATC-3] reverse: 5-TGCTTCTGTCTCTTCATA-3’ B-actin
forward: 5-GGCATCGTGATGGACTCCG-3’, reverse:
5-GCTGGAAGGTGGACAGCGA-3’. miR-143-3p RT:
5-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTT-
GAGGAGCTACA-3’, forward: 5-ACACTCCAGCT-
GGGGTGAGATGAAGCACTG-3; reverse: 5-TGGTGTC-
GTGGAGTCG-3" U6 forward: 5-CTCGCTTCGGCAG-
CACA-3) reverse: 5-AACGCTTCACGAATTTGCGT-3’

Cell Counting Kit-8 (CCK-8). Cell proliferation was
analyzed by using CCK-8 kit (Dojing, Tokyo, Japan) refer-
ring to the manufacturer’s instructions. In brief, transfected
SKOV3 and HO-8910 cells (5x10°) were seeded into 96-well
plate. At different time points after transfection (24 h, 48 h,
and 72 h), 10 ul CCK-8 reagent was added into each well and
incubated at 37°C for another 2 h. Then, the absorbance at
450 nm was measured using a microplate reader (Thermo
Fisher).

Flow cytometry. Cell apoptosis was assessed using
Annexin V-FITC/PI kit (Solarbio, Beijing, China). Trans-
fected cells were digested with EDTA-absented trypsin,
washed with PBS and resuspended in binding buffer. After-
ward, equal amounts of Annexin V-FITC and propidium
iodide (PI) were added and apoptotic cells were observed by
flow cytometry (BD Biosciences, Franklin Lakes, NJ, USA).
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Western blot. Total proteins were isolated from SKOV3 and
HO-8910 cells using RIPA lysis buffer (Solarbio). After detec-
tion of protein concentration by Pierce BCA Protein Assay
Kit (Thermo Fisher), 1ug of protein samples were divided
by SDS-PAGE gel and then transferred onto polyvinylidene
difluoride membranes (PVDE, Millipore, Bedford, MA, USA).
Then, the membranes were blocked with 5% skimmed milk
powder in TBST buffer and probed with primary antibodies
against Bcl-2 (1:1000; ab32124; Abcam, Cambridge, USA),
Bax (1:1000; ab32503; Abcam), cleaved-caspase 3 (1:1000;
ab2302; Abcam), SMAD3 (1:1000; ab40854 Abcam), and
GAPDH (1:5000; ab181602; Abcam) overnight at 4°C. After
being washed with TBST buffer for three times, the members
were incubated with HRP-labeled second antibody (1:5000;
ab205718; Abcam) for 1.5 h at 37°C. The protein blots were
visualized using an enhanced chemiluminescence kit (ECL,
Beyotime, Shanghai, China) and results were quantified using
Image Lab software (Bio-Rad, Hercules, CA, USA).

Transwell assays. Cell migration and invasion abilities
were evaluated using 24-well Transwell Migration Chambers
and Biocoat Matrigel Invasion Chambers (BD Biosciences).
SKOV3 and HO-8910 cells (5x10*) resuspended with
serum-free RPMI-1640 medium were added on the upper
chambers, and the lower part of the chamber was filled with
complete medium containing 10% FBS. About 16 h after
incubation, cells migrated or invaded onto the basal side
of the membrane were fixed with ethanol and stained with
crystal violet (Sigma-Aldrich). The migration and invasion
cells from five random visual fields were counted using a
microscope (Olympus, Tokyo, Japan).

Tumor xenograft model. BALB/c nude mice (aged 4-6
weeks, male) were purchased from Charles River (Beijing,
China) and fed under the pathogen-free conditions for one
week. SKOV3 cells were infected with 10pl of lentivirus
containing the NT shRNA or sh-CDKN2B-AS1. One pg/ml
puromycin (Sigma-Aldrich) was used to screen the infected
cells. Then the stably transfected cells were subcutaneously
inoculated into the flank of BALB/c nude mice. About 9 days
after inoculation, tumor volume was measured every 3 day
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according to the volume formula of (length x width?)/2.
Next, mice were sacrificed at day 30 after injection and
tumors were excised for weight and the qRT-PCR analysis
was conducted. The animal experiments performed in our
study were approved by the Animal Research Committee
of Beijing Tongren Hospital Affiliated to Capital Medical
University and all procedures were carried out in line with
the Guidelines of Animal Care and Use.

Luciferase reporter assay. Bioinformatics analyses have
validated the putative binding sites between CDKN2B-AS1
and miR-143-3p or miR-143-3p and SMAD?3 using LncBase
Predicted v.2 and Targetscan online software. For luciferase
reporter assay, partial sequences of CDKN2B-AS1 and
SMAD?3 containing putative miR-143-3p binding sites were
amplified and cloned into the psiCHECK-2 vector (Promega,
Madison, WI, USA) to generate wild-type CDKN2B-AS1
(CDKN2B-AS1 WT) or SMAD3 (SMAD3 WT). Next,
the KOD-plus-mutagenesis kit (Toyobo, Osaka, Japan)
was utilized to mutate the potential miR-143-3p binding
sequences in CDKN2B-AS1 and SMAD3 3’-untranslated
region (3’UTR), named CDKN2B-AS1 MUT and SMAD3
MUT. The luciferase reporter was transfected into SKOV3
and HO-8910 cells together with miR-NC mimics or
miR-143-3p mimics. At 48 h thereafter, the luciferase activity
was determined using the Pierce Renilla-Firefly Luciferase
Dual Assay Kit (Thermo Fisher).

Statistical analysis. All data were displayed as the mean
+ standard deviation (SD) and analyzed using SPSS 20.0
software (SPSS, Inc., Chicago, IL, USA). The differences
between groups were assessed by Student’s t-test or ANOVA.
A p-value <0.05 was considered as the statistical difference.

Results

CDKN2B-AS1 was upregulated in OC and corre-
lated with clinicopathological features. We observed that
CDKN2B-AS1 expression was significantly upregulated in
ovarian tumor tissues compared with nearby normal tissues,
which was detected by qRT-PCR (Figure 1A). Likewise,
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Figure 1. CDKN2B-AS1 was upregulated in OC and associated with poor overall survival. A) The expression of CDKN2B-AS1 in OC tissues and nearby
non-tumor tissues was examined by qRT-PCR. B) The expression of CDKN2B-AS1 in a normal ovarian epithelial cell line (HOSEpiC) and OC cell lines
(SKOV3, A2780, OVCAR3, and HO-8910) was determined by qRT-PCR. C) Overall survival of OC patients with high or low CDKN2B-AS1 expression

was evaluated by Kaplan-Meier survival analysis. *p<0.05
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elevated abundances of CDKN2B-AS1 were also exhibited
in OC cell lines (SKOV3, A2780, OVCAR3, and HO-8910)
compared with that in HOSEpiC cells (Figure 1B). Correla-
tion analysis showed that high CDKN2B-AS1 expression was
associated with advanced FIGO stage, tumor size, and lymph
node metastasis (Table 1). However, there were no significant
correlations between CDKN2B-AS1 expression and other
parameters such as age, menopause status, ovarian involve-
ment, and histological type (Table 1). Moreover, the Kaplan-
Meier analysis showed that high CDKN2B-AS1 was negatively
correlated with poor overall survival of OC patients (Figure
1C). Thereby, these data suggested that CDKN2B-AS1 might
function as a major regulator in the progression of OC.

CDKN2B-AS1 promoted cell proliferation, migration,
and invasion, while inhibited apoptosis in OC. To explore
the roles of CDKN2B-ASI in OC progression, loss- and gain-
of-function experiments were performed by interfering or
overexpressing CDKN2B-AS1 in SKOV3 or HO-8910 cells.
The qRT-PCR assay showed that CDKN2B-AS1 was obviously
downregulated in sh-CDKN2B-ASI-transfected SKOV3
cells,and upregulated in CDKN2B-AS1-transfected HO-8910
cells compared to relative controls (Figures 2A, 2B), hinting
that sh-CDKN2B-AS1 and CDKN2B-AS1 could be used for
the following functional assays. The CCK-8 assay showed
that CDKN2B-AS1 knockdown inhibited, while upregula-
tion promoted cell proliferation in SKOV3 or HO8910 cells
(Figures 2C, 2D). Flow cytometric analysis revealed that
sh-CDKN2B-AS1 significantly contributed to the apoptosis
of SKOV3 cells, while CDKN2B-AS1 overexpressing plasmid
inhibited HO-8910 cell apoptosis (Figure 2E). Moreover,
depletion of CDKN2B-ASI led to a lowered expression of
Bcl-2 protein, and elevated expression of Bax and cleaved
caspase 3 proteins in SKOV3 cells (Figure 2F). However,
CDKN2B-AS1 overexpression in HO-8910 cells showed
negative effects. These results further validated the regula-
tory effect of this IncRNA on cell apoptosis. Transwell assay
showed that CDKN2B-AS1 knockdown protected SKOV3
cells from migration and invasion. However, overexpression
of CDKN2B-AS1 exhibited an opposite effect on cell migra-
tion and invasion in HO-8910 cells (Figures 2G, 2H). Taken
together, these data indicated that CDKN2B-AS1 functioned
as a positive mediator in the malignant progression of OC.

The absence of CDKN2B-AS1 blocked tumor growth
in vivo. We provided the first study to explore the impact of
sh-CDKN2B-AS1 on ovarian tumor growth in vivo. The result
showed that tumor volume kept increasing after inoculating
SKOV3 cells into mice. However, the volume was smaller
in the sh-CDKN2B-AS1 group than that in the NT shRNA
group (Figure 3A). Similarly, sh-CDKN2B-AS1 exhibited an
inhibitory effect on tumor weight (Figure 3B). The result of
the qRT-PCR assay showed that sh-CDKN2B-AS1 resulted
in the reduction of CDKN2B-ASI expression in xenograft
relative to the negative control (Figure 3C). These findings
suggested that CDKN2B-AS1 knockdown suppressed tumor
growth in vivo.

Table 1. Correlation between the clinicopathological characteristics and
CDKN2B-ASI1 expression in ovarian carcinoma.

CDKN2B-AS1 n (%)

Factor No. Low expression High expression p-value
(n=41) (n=41)

Age 0.682
<53 42 19 (45.2) 23 (54.3)
>53 40 22 (55.0) 18 (45.0)

Menopause status 0.480
Premenopausal 35 20 (57.1) 15 (42.9)
Postmenopausal 47 21 (44.7) 26 (55.3)

Ovarian involvement
Single side 34 19 (55.9) 15 (44.1) 0.396
Both side 48 22 (45.8) 26 (54.2)

Histological type
Serous 55 26 (47.3) 29 (52.7) 0.421
Nonserous 27 15 (55.6) 12 (44.4)

FIGO stage 0.021*
I+11 31 20 (64.5) 11 (35.5)

II+IV 51 19 (37.3) 32 (62.7)

Tumor size 0.015*
<7.5 47 30 (63.8) 17 (36.2)
>7.5 35 11(31.4) 24 (68.6)

Lymph node metastasis 0.008*
No 46 30 (65.2) 16 (34.8)

Yes 36 11 (30.5) 15 (69.5)

*Statistically significant

CDKN2B-AS1 served as a molecular sponge for
miR-143-3p. Bioinformatics analyses using LncBase
Predicted v.2 software initially proved the existence of
putative CDKN2B-AS1 binding sequences in miR-143-3p
(Figure4A). Next, the luciferase reporter assay was performed
to explore the true interaction between CDKN2B-AS1 and
miR-143-3p. The results showed that forced expression of
miR-143-3p obviously decreased the luciferase activity of
CDKN2B-AS1 WT reporter rather that CDKN2B-AS1 MUT
reporter in SKOV3 and HO-8910 cells (Figures 4B, 4C).
Furthermore, we observed that miR-143-3p expression was
lowered in OC cell lines SKOV3 and HO-8910 compared to
normal control (Figure 4D). sh-CDKN2B-AS1 stimulated
miR-143-3p expression in SKOV3 cells, and CDKN2B-AS1
suppression showed an inhibitory effect on miR-143-3p
expression in HO-8910 cells (Figure 4E). Introduction of
miR-143-3p mimics facilitated, while miR-143-3p inhibitor
attenuated miR-143-3p expression in SKOV3 or HO-8910
cells (Figure 4F). The addition of miR-143-3p degraded the
abundance of CDKN2B-AS1 in SKOV3 cells, but miR-143-3p
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Figure 2. CDKN2B-AS1 promoted OC cell proliferation, migration, and invasion, while inhibited cell apoptosis.

SKOV3 cells were transfected with

NT shRNA or sh-CDKN2B-AS1, and HO-8910 cells were transfected with Vector, or CDKN2B-AS1. A, B) 48 h thereafter, the abundance of CDKN2B-
AS1 was detected by qRT-PCR. C, D) CCK-8 assay was performed to determine cell proliferation. E) The cell apoptotic rate was determined by flow
cytometry. F) The expression of apoptosis-related proteins Bcl-2, Bax, and cleaved-caspase 3 was examined by western blot assay. G, H) Cell migration

and invasion abilities were evaluated by Transwell analysis. *p<0.05

inhibitor showed a negative effect on CDKN2B-AS1 expres-
sion in HO-8910 cells (Figure 4G). Next, we also observed
the decreased expression of miR-143-3p in ovarian tumor
samples compared to counterparts (Figure 4H). Correlation
analysis showed the negative relationship between CDKN2B-
AS1 and miR-143-3p expression (Figure 4I). Altogether,
our data confirmed that CDKN2B-AS1 functioned as a
miR-143-3p sponge in OC.

CDKN2B-AS1 promoted OC progression by sponging
miR-143-3p. In the present study, rescue experiments were
conducted to probe the regulatory mechanism of CDKN2B-
AS1 in the malignant progression of ovarian cells. SKOV3
cells were transfected with NT shRNA, sh-CDKN2B-AS1,
sh-CDKN2B-AS1+miR-NC inhibitor, or sh-CDKN2B-
AS1+miR-143-3p inhibitor, and HO-8910 cells were trans-
fected with vector, CDKN2B-AS1, CDKN2B-ASI+miR-
NC mimics, or CDKN2B-AS1+miR-143-3p mimics. As

the results displayed, the miR-143-3p inhibitor abolished
the inhibitory effect of sh-CDKN2B-AS1 on miR-143-3p
expression in SKOV3 (Figure 5A). Inversely, miR-143-3p
mimics overturned the promotive effect of CDKN2B-AS1
on miR-143-3p expression in HO-8910 cells (Figure 5B).
CCK-8 analysis disclosed that knockdown of miR-143-3p
abrogated CDKN2B-AS1-inhibited SKOV3 cell prolifera-
tion (Figure 5C), while miR-143-3p restoration weakened
CDKN2B-AS1-stimulated HO-8910 cell proliferation
(Figure 5D). Flow cytometric and western blot analyses
showed that the stimulatory impact of sh-CDKN2B-AS1 on
SKOV3 cell apoptosis was reversed following miR-143-3p
inhibition, which was demonstrated by the changes of
apoptotic rate (Figure 5E), and apoptosis-related proteins
Bcl-2, Bax, cleaved-caspase 3 (Figures 5G, 5I). The inhibi-
tory impact of CDKN2B-AS1 on HO-8910 cell apoptosis was
overturned following miR-143-3p overexpression (Figures 5F,
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lowing the transfection of miR-NC mimics or miR-143-3p mimics was determined by luciferase reporter assay. D) miR-143-3p expression in OC cell
lines (SKOV3 and HO-8910) and normal ovarian epithelial cell line (HOSEpiC) was measured by qRT-PCR. E) The expression of miR-143-3p in sh-
CDKN2B-AS1-transfected SKOV3 and CDKN2B-AS1-transfected HO-8910 cells was detected by qRT-PCR. E, G) The expression of miR-143-3p and
CDKN2B-AS1 in miR-143-3p mimics-transfected SKOV3 and miR-143-3p inhibitor-transfected HO-8910 cells was detected by qRT-PCR. H) Relative
expression of miR-143-3p in OC tumor tissues and adjacent non-tumor tissues was measured by QRT-PCR. I) The relationship between CDKN2B-AS1
and miR-143-3p expression was assessed by correlation analysis. *p<0.05
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Figure 5. CDKN2B-AS1 promoted the progression of OC cells via sponging miR-143-3p. sh-CDKN2B-AS1 was transfected into SKOV?3 cells along
with miR-NC inhibitor or miR-143-3p inhibitor. CDKN2B-AS1 was transfected into HO-8910 cells along with miR-NC mimics or miR-143-3p mim-
ics. A, B) The abundance of miR-143-3p was detected by qRT-PCR. C, D) CCK-8 assay was carried out for the determination of cell proliferation. E,
F) Cell apoptotic rate was examined by flow cytometry assay. G-J) The expression levels of apoptosis-related proteins Bcl-2, Bax, and cleaved-caspase
3 were measured by western blot assay. K, L) Cell migration and invasion abilities were evaluated by Transwell analysis. *p<0.05; mim. = mimics, inh.

= inhibitor

5H, 5]). Transwell analysis revealed that miR-143-3p inhib-
itor enhanced SKOV3 cell migration and invasion, which
were initially suppressed by sh-CDKN2B-AS1 (Figure 5K).
Also, miR-143-3p mimics attenuated CDKN2B-AS1-stimu-
lated HO-8910 cell migration and invasion (Figure 5L). In a
word, CDKN2B-AS1 contributed to the progression of OC
by sponging miR-143-3p.

SMAD3 was an authentic target of miR-143-3p. Bioin-
formatics analysis was performed to explore the candidate
target of miR-143-3p using TargetScan software, and SMAD3
was selected attributing to its implication in various cancer
progressions (Figure 6A) [17]. Following luciferase reporter
assay further confirmed the true interaction between
miR-143-3p and SMAD3, as demonstrated by the decreased
luciferase activity of SMAD3 WT reporter in miR-143-3p-
overexpressed SKOV3 and HO-8910 cells, with no significant
change in SMAD3 MUT reporter (Figures 6B, 6C). Next, we
observed a lowered expression of SMAD3 in SKOV3 and

HO-8910 cells after transfection of miR-143-3p mimics
(Figure 6D), and elevated expression of SMAD?3 after trans-
fection of miR-143-3p inhibitor (Figure 6E). SMAD3 expres-
sion was notably upregulated in OC cells and tissue samples
compared with normal controls (Figures 6F, 6G). Corre-
lation analysis showed the negative relationship between
miR-143-3p and SMAD?3 expression (Figure 6H). These data
suggested that SMAD3 could be negatively modulated by
miR-143-3p via direct interaction.

CDKN2B-AS1 positively regulated SMAD3 expression
via miR-143-3p. Here, rescue experiments were carried out
to investigate whether CDKN2B-ASI functioned as a major
mediator of SMAD3 via miR-143-3p. Notably, the silencing
of CDKN2B-AS1 significantly suppressed SMAD3 expres-
sion, which was subsequently promoted by miR-143-3p
inhibition in SKOV3 cells (Figure 7A). Forced expression of
CDKN2B-AS1 overtly upregulated SMAD3, while this effect
was reversed by miR-143-3p overexpression in HO-8910 cells
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Figure 6. SMAD3 was targeted by miR-143-3p. A) The putative binding regions of miR-143-3p within the in the 3’UTR of SMAD3 were predicted using
TargetScan software. B, C) Luciferase activity of SMAD3 WT or SMAD3 MUT reporter in miR-NC mimics or miR-143-3p mimics-transfected SKOV3
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qRT-PCR. H) The relationship between miR-143-3p and SMAD3 expression in OC tissues was assessed by correlation analysis. *p<0.05

(Figure 7B). Furthermore, a positive relationship between
CDKN2B-ASI and SMAD3 expression in OC tissue samples
was observed by correlation analysis (Figure 7C). These
results showed that CDKN2B-ASI resulted in the derepres-
sion of SMAD?3 via sponging miR-143-3p.

Overexpression of SMAD3 attenuated the impact
of CDKN2B-AS1 silencing-mediated inhibition on
the progression of OC cells. To further investigate the
roles of CDKN2B-AS1 and SMAD3 in the progression of
OC, the expression of SMAD3 in SKOV3 and HO-8910
cells transfected with sh-CDKN2B-AS1 or sh-CDKN2B-
AS1+SMAD3, as well as their matched controls, was detected
by qRT-PCR. The results showed that the level of SMAD3
was downregulated in the sh-CDKN2B-AS1 group, while the
expression of SMAD3 was upregulated in the sh-CDKN2B-
AS1+SMAD3 group (Figure 8A). MTT assay indicated the

upregulation of SMAD3 rescued the effect of CDKN2B-AS1
silencing-mediated inhibition on the proliferation of OC
cells (Figures 8B, 8C). Moreover, the impact of CDKN2B-
ASI1 silencing-mediated promotion on apoptosis was abated
by the overexpression of SMAD3 (Figure 8D). At the same
time, the downregulation of CDKN2B-AS1 reduced the
protein levels of SMO and Bcl-2 and elevated the levels of
Bax and cleaved-caspase 3, whereas SMAD3 overexpression
weakened the effects (Figures 8E-H). Further studies eluci-
dated that overexpression of SMAD3 mitigated the impacts
of CDKN2B-ASI silencing-mediated suppression on migra-
tion and invasion of OC cells (Figures 81, 8]). All in all, these
results demonstrated that overexpression of SMAD3 rescued
the effects of CDKN2B-ASI silencing-mediated repression
on proliferation, migration, invasion, and promotion on
apoptosis of OC cells.
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Figure 7. The knockdown of CDKN2B-AS1 resulted in the repression of SMAD3 via sponging miR-143-3p. A) Relative protein expression of SMAD3
was detected by western blot analysis in SKOV3 cells after transfecting with NT shRNA or sh-CDKN2B-AS1, or co-transfecting with sh-CDKN2B-AS1
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ship between CDKN2B-AS1 and SMAD3 expression in OC tissues was assessed by correlation analysis. *p<0.05

Discussion

To date, large improvements have been achieved to
contribute to the prognosis and therapeutics of OC patients.
However, OC remains one of the lethal cancers in females
due to the late-stage diagnosis. Replacement of IncRNAs
presents a novel opportunity for targeted therapy of OC [15].
In the present study, we investigated the role of CDKN2B-
AS1 in the prognosis and progression of OC and proposed
the first integrative view that CDKN2B-ASI contributed
to cell growth, migration, and invasion by modulation of
miR-143-3p/SMAD3 axis.

LncRNAs are a type of transcripts larger than 200 nucleo-
tides with limited or no protein-coding capacity. Recently,
numerous pieces of evidence disclosed the importance of
misregulated IncRNAs in disease pathology, which indicated
that these special IncRNAs might provide new insights into
the biology of human diseases. Moreover, IncRNAs have
emerged as gene regulators and prognostic markers in several
malignancies, including OC. For example, human ovarian
cancer-specific transcript 2 (HOST2) promoted malignant
cell behavior in OC by regulating the availability of let-7b
[18]. Nuclear paraspeckle assembly transcript 1 (NEAT1),
collaboratively controlled by HuR and miR-124-3p, contrib-
uted to OC tumorigenesis and exhibited a significant corre-
lation with the advanced FIGO stage and lymph node
metastasis [19]. CDKN2B-ASI1 is reported to participate
in the regulation of cell phenotypes in various cancers. For
instance, CDKN2B-ASI significantly promoted the prolif-
eration of gastric cancer through a mechanism involving
miR-99a/miR-449a [11]. Moreover, CDKN2B-AS1 triggered
cell metastasis in lung and thyroid cancer [20, 21]. Consistent
with the previous studies, we found that CDKN2B-ASI was
upregulated in OC patients and cell lines, and its expression
was associated with the FIGO stage, tumor size, and lymph
node metastasis. The knockdown of CDKN2B-ASI resulted

in the inhibition of cell growth, invasion, and migration.
Furthermore, the tumor-suppressive role of CDKN2B-AS1
was also confirmed in vivo. These findings are similar to the
study reported by Qiu et al. showing that CDKN2B-AS1 was
important in controlling ovarian carcinogenesis [14].

The molecular mechanism by which CDKN2B-ASI
alters cancer-cell phenotype varies by cancer type. Previous
studies have validated that CDKN2B-ASI may serve as
ceRNA to sponge miRNA, thereby derepressing miRNA
target and influencing cancer-tumor development. Here, we
confirmed that CDKN2B-AS1 was an endogenous sponge
for miR-143-3p. Moreover, we observed the negative regula-
tion between CDKN2B-AS1 and miR-143-3p expression.
miR-143-3p is regarded as an anti-tumor miRNA involved
in the regulation of multiple cell phenotypes in several types
of cancers, including breast, esophagus, and gastric [22-24].
Furthermore, the tumor-suppressive role of miR-143-3p in
ovarian cancer was also demonstrated by Zhang et al., who
described that miR-143-3p was notably downregulated in
OC and stimulated cell growth via targeting RALBP1 [25]. In
the present study, we revealed that restoration of miR-143-3p
suppressed CDKN2B-ASI1-triggered tumor growth in OC,
indicating that CDKN2B-ASI promoted tumorigenesis by
serving as a molecular sponge for miR-143-3p.

Cell growth mediated by transforming growth factor-
beta (TGF-B) is a common event during tumorigenesis and
metastasis [26]. SMAD3 is a member of the SMAD3 family
which functions as a direct mediator of TGF-f signaling
through forming a complex with SMAD4 and then shuttle
to the nucleus [27]. Alteration of the TGF-f/ SMAD?3 signal
is associated with the growth, migration, and invasion of
different types of cancers, like breast cancer and glioma [28,
29]. Zhao et al. found that SMAD3 could be regulated by
TCF and JUN through interactions with histone deacetylases
and acetyltransferases [30]. Also, higher SMAD3 was linked
to the poor overall survival of OC patients, and SMAD3
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interference abrogated TGF-P-induced cell invasion and
MMP secretion in ovarian cancer [31]. In view of the impli-
cation of SMAD3 in OC progression, we hypothesized
that miR-143-3p functioned as a suppressive factor in the
development of OC possibly by interacting with SMAD3.
Our data showed that miR-143-3p notably decreased the
SMAD3 protein level via direct targeting in OC cells. An
elevated abundance of SMAD3 in OC tissues had a negative
correlation with miR-143-3p. Furthermore, the knock-
down of miR-143-3p abolished sh-CDKN2B-AS1-sup-
pressed SMAD3 expression in SKOV3 cells, while restora-
tion of miR-143-3p counteracted the stimulatory effect of
CDKN2B-AS1 on SMAD3 expression in HO-8910 cells.
Besides, the upregulation of SMAD3 alleviated the effect
of CDKN2B-ASI silencing-mediated suppression on the
progression of OC.

In conclusion, CDKN2B-AS1 regulates cell proliferation,
apoptosis, invasion, and migration through the miR-143-3p/
SMAD3 axis. These findings highlight the detailed mecha-
nism of CDKN2B-AS1/miR-143-3p/SMAD3 network in OC
progression, indicating that CDKN2B-ASI may be an effec-
tive target for the diagnosis and treatment of ovarian cancer.
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