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lncRNA CDKN2A-AS1 facilitates tumorigenesis and progression of epithelial 
ovarian cancer via modulating the SOSTDC1-mediated BMP-SMAD signaling 
pathway
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ABSTRACT
Ovarian cancer (OC) is the fifth most common female malignant tumor and the leading cause of 
cancer-related death in women worldwide. Epithelial ovarian cancer (EOC) is the predominant 
type of OC. Investigating the mechanism underlying tumorigenesis and progression of EOC is 
urgent. Our previous research has shown that long non-coding RNAs (lncRNAs) CDKN2A-AS1 is 
upregulated in EOC tissues and cells. Furthermore, we have predicted that CDKN2A-AS1 is 
associated with the bone morphogenetic protein (BMP)-SMAD signaling pathway, which is 
negatively regulated by the sclerostin domain containing 1 (SOSTDC1). Therefore, we conjecture 
that the CDKN2A-AS1 regulate BMP-SMAD signaling pathway via interacting with SOSTDC1, which 
need more investigation. Moreover, the functions of the BMP-SMAD signaling pathway and the 
SOSTDC1 on EOC are still unclear. Herein, we unearthed that CDKN2A-AS1, BMP2/4/7, SMAD1/5/9 
and phosphorylation of SMAD1/5/9 (p-SMAD1/5/9) were upregulated in EOC tissues and cells, 
whereas SOSTDC1 was downregulated in EOC tissues and cells. We firstly demonstrated that 
CDKN2A-AS1 bound directly with the SOSTDC1. CDKN2A-AS1 downregulated the expression of 
SOSTDC1, but upregulated the expression of BMP2/4/7, SMAD1/5/9, and p-SMAD1/5/9. CDKN2A- 
AS1 promoted the proliferation, migration, invasion of EOC cells and tumor growth in vivo, 
whereas SOSTDC1 inhibited the proliferation, migration, invasion of EOC cells. Knockdown 
SOSTDC1 rescued the inhibitory effect of si-lncRNA CDKN2A-AS1 on the EOC cells proliferation, 
migration and invasion. These results demonstrated that CDKN2A-AS1activated the BMP-SMAD 
signaling pathway by directly bind with SOSTDC1 to promote EOC tumor growth. CDKN2A-AS1 
/SOSTDC1 axis may provide a novel therapeutic strategy for EOC treatment.
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Introduction

Ovarian cancer (OC) is the most malignant gyne-
cological cancer and the leading cause of cancer- 
related death in women worldwide [1,2]. Epithelial 
ovarian cancer (EOC) accounts for approximately 
90% of all types of OCs [2]. Lacking obvious 
symptoms is the predominant reason for the high 
mortality rate of EOC and the diagnosis of stage 
III or IV for most patients with EOC [3–5]. Hence, 
exploring potential diagnostic biomarker and 
novel efficient therapeutic target is very important 
for future diagnosis and therapy of EOC.

Among approximately 70% of the transcripts in 
the human genome that can be transcribed, but 
only 1–2% can encode proteins, and the rest are

non-coding RNAs (ncRNAs) [6]. Of all the 
ncRNAs, those with lengths of more than 200 
nucleotides are named long non-coding RNAs 
(lncRNAs), accounting for 80–90% of all ncRNAs 
[7]. Increasing evidence shows that lncRNAs are 
often imbalanced in tumors and play crucial roles 
in proliferation, differentiation, invasion and other 
cell processes [7–12]. Previous studies have shown 
that lncRNA, such as HOXD-AS1, ANRIL, and 
GAS5, participatesin the EOC cell proliferation 
and apoptosis [11–13]. In our previous study, we 
performed genome-wide lncRNA and mRNA 
microarray analyses of EOC for the first time, 
facilitating to further explore roles of candidate 
lncRNAs in EOC carcinogenesis and subsequent
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progression [14]. The expression of lncRNA 
CDKN2A-AS1 was upregulated in EOC tissues 
and cells [5,14]. Nevertheless, the role of 
CDKN2A-AS1 in EOC and the underlying 
mechanism have not been studied sufficiently, 
which need to be further investigated. Many sig-
naling pathways are highly correlated with the 
progression and recurrence of OC [14–16]. We 
conducted Kyoto encyclopedia of genes and gen-
omes (KEGG) pathways analysis and found that 
CDKN2A-AS1 was primarily involved in bone 
morphogenetic protein (BMP)-SMAD signaling 
pathway, transcriptional mis-regulation in cancer, 
MAPK signaling pathway significantly (Figure 1c). 
BMP ligands are overexpressed in OC, which is 
correlated with poor progression-free survival 
(PFS) of OC [15,17]. As a negative regulator of 
the BMP-SMAD signaling pathway, sclerostin 
domain containing 1 (SOSTDC1) has been 
shown to be associated with the development and

progression of a variety of cancers, including 
breast, stomach, kidney and thyroid cancers [18– 
22]. In light of the above-mentioned results and 
literature, we presumed that CDKN2A and 
SOSTDC1 interacted with each other and even 
worked together in the progression of EOC via 
BMP signaling pathway, which needed more 
evidence.

Then, we investigated whether lncRNA 
CDKN2A-AS1 is dysregulated in EOC and how 
dysregulated CDKN2A-AS1 participates in the 
pathological process of EOC. We detected the 
differential expression of CDKN2A-AS1 and 
SOSTDC1 in 15 pairs of EOC tissues and normal 
tissues. Furthermore, RNA fluorescent in situ 
hybridization (RNA-FISH) assay, pull-down 
assay, western blot assay and dual-luciferase repor-
ter assay were implemented to verify the interac-
tion between CDKN2A-AS1 and SOSTDC1. Next, 
we detected the expression level of SOSTDC1,

Figure 1. Identification and characterization of CDKN2A-AS1 in EOC. (a) Relative gene expression levels of CDKN2A-AS1 in 15 paired 
ovarian tumor tissues and normal ovary tissue samples. (b) Relative expression of CDKN2A-AS1 in IOSE80,SKOV3, and OVCAR3 cell 
lines. (c) KEGG pathway analysis of CDKN2A-AS1. (d) CDKN2A-AS1 CNC analysis results. The lines between the red and blue nodes 
represent interactions between CDKN2A-AS1 and proteins. Solid lines indicate positive correlations, whereas a dashed line indicates 
a negative correlation. *p < 0.05, **p < 0.01, ***p < 0.001 vs normal tissue (control).
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BMP2/4/7, SMAD1/5/9, p-SMAD1/5/9, matrix 
metalloproteinase-2 (MMP2) after overexpression, 
or inhibition of CDKN2A-AS1 in the SKOV3 and 
OVCAR3 cell lines. Our results demonstrated that 
CDKN2A-AS1 promoted proliferation and inva-
sion of EOC cells by targeting SOSTDC1 and 
activating the BMP-SMAD signaling pathway. 
This study provided novel insights into the crucial 
involvement of the lncRNA CDKN2A-AS1 in the 
tumorigenesis and progression of EOC.

Materials and methods

Patients and ovary tissue specimens

From September 2016 to December 2017, ovary 
tissue specimens (ovarian tumors and normal tis-
sues) were obtained from 15 patients with EOC 
who underwent surgery at the Second Affiliated 
Hospital of Harbin Medical University (Harbin, 
China). The research was approved by the Ethics 
and Scientific Committees of Harbin Medical 
University.

Cell culture

The two EOC cell lines (SKOV3 and OVCAR3) 
were cultured at 37°C in 5% CO2 in RPMI-1640 
medium (HyClone, Logan, UT, USA) containing 
10% and 15% fetal bovine serum (FBS) (HyClone; 
GE Healthcare Life Sciences). The normal ovarian 
epithelial IOSE80 cell lines were cultured in 
Dulbecco’s modified Eagle medium (HyClone, 
Logan, UT, USA) supplemented with 10% FBS 
(HyClone; GE Healthcare Life Sciences). For the 
transfection procedure, SKOV3 and OVCAR3 cells 
were starved in serum-free RPMI-1640 medium 
for 24 h and then transiently transfected with si- 
lncRNA (CDKN2A-AS1 siRNA) or nonsense con-
trol of si-lncRNA (si-NC) (RiboBio Co., Ltd., 
Guangzhou, China). X-treme GENE siRNA trans-
fection reagent (cat. no. 04476093001; Roche 
Diagnostics GmbH, Mannheim, Germany) was 
used for transfection according to the manufac-
turer’s instructions. pcDNA-lncRNA (CDKN2A- 
AS1), nonsense control of pcDNA-lncRNA 
(pcDNA-NC), pcDNA-SOSTDC1, si-SOSTDC1 
(SOSTDC1 siRNA) or control plasmids were pur-
chased from Integrated Biotech Solutions Co., Ltd.

(Shanghai, China) and were transfected into cells 
using Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA). After transfection for 48 h, cells were 
harvested. The information about siRNA is shown 
in Table 1.

Quantitative real-time PCR (qRT-PCR) assay

SOSTDC1 mRNA levels were determined by qRT- 
PCR assay. Briefly, total RNA was harvested from 
tissues using 1 ml of Trizol reagent (Invitrogen, 
Carlsbad, CA, USA) according to the manufac-
turer’s protocols. cDNA synthesis was performed 
using the High Capacity cDNA Reverse 
Transcription Kit in the light of the manufac-
turer’s instructions. The SYBR Green PCR 
Master Mix Kit (cat. no. 4309155; Applied 
Biosystems) was used to quantify the relative 
mRNA levels of SOSTDC1. GAPDH was chosen 
as an internal control. The sequences of the pri-
mers are as follows:

SOSTDC1 forward, 5'- 
ACCTGCTTCTTAGAGGGCCTGGAC-3', 
and reverse, 5'- GACTCGTTGTGCTGCCGGGT- 
3',GAPDH forward, 5'- 
AAGAAGGTGGTGAAGCAGGC-3',and reverse, 
5'-TCCACCACCCAGTTGCTGTA-3';CDKN2A- 
AS1 forward, 5'-GAGGCCTGGTGAGCAAAATA 
-3',and reverse, 5'- 
AAAGCCGTGTCTCAAGATCG-3'

Western blotting assay (WB)

Homogenized specimens or cells were grounded in 
500 μlRIPA buffer containing protease and phos-
phatase inhibitors, followed by centrifugation at 
13,500 rpm for 25 min. The protein concentration 
in the supernatant was tested by the BCA Protein 
Assay (Beyotime, Shanghai, China). A 12% SDS-

Table 1. The information about siRNA is shown below.
Name Sequence:(5'to3') Size

CDKN2A-AS1-1 CGAUGAAAUUGUUGUAAUAdTdT 21
CDKN2A-AS1-1_AS UAUUACAACAAUUUCAUCGdTdT 21
CDKN2A-AS1-2 CAAUAAAUGUUGACAAUAAdTdT 21
CDKN2A-AS1-2_AS UUAUUGUCAACAUUUAUUGdTdT 21
CDKN2A-AS1-3 GCUCAAUAAAUGUUGACAAdTdT 21
CDKN2A-AS1-3_AS UUGUCAACAUUUAUUGAGCdTdT 21
SOSTDC1 CAGUCACAACUUUGAGAGCdTdT 21
SOSTDC1_AS GCUCUCAAAGUUGUGACUGdTdT 21

CELL CYCLE 1149



PAGE gel electrophoresis was used for fractionat-
ing total proteins, and then the proteins were 
transferred onto nitrocellulose membranes. The 
membranes were blocked in PBS solution contain-
ing 5% defatted milk for 2 h at room temperature 
following incubation at 4°C overnight with pri-
mary antibodies against SOSTDC1 (1:1000) 
(Cloud-Clone Corp., Inc., Wuhan, China), BMP2 
(1:500) (Wanleibio, Inc., Shenyang, China), BMP4 
(1:500) (Wanleibio, Inc., Shenyang, China), BMP7 
(1:1000) (Wanleibio, Inc., Shenyang, China), 
SMAD1/5/9 (1:1000) (Cell Signaling Technology, 
Inc., Shanghai, China), or p-SMAD1/5/9 (1:1000) 
(Cell Signaling Technology, Inc., Shanghai, 
China), MMP2 (1:2000) (ab235167). GAPDH 
(1:1000) (Wanleibio, Inc., Shenyang, China) was 
used as an internal control. Matched secondary 
antibody (1:10,000) (LI-COR, Lincoln, NE, USA) 
was incubated for 1 h at room temperature. 
Protein expression was scanned and quantified 
by the Odyssey Infrared Imaging System (LI- 
COR Biosciences, Lincoln, USA).

Cell proliferation assay

The Cell Counting Kit-8 (CCK-8) (Dojindo, 
Kumamoto, Japan) was used to detect cell prolif-
eration. SKOV3 and OVCAR3 cells were trans-
fected with specific reagents for 24 h and then 
plated in a 96-well plate and cultivated for 24 h. 
Next, 10% CCK-8 solution was added to the cell 
culture medium for a 1 h incubation until color 
change. Optical density values were determined by 
a microplate reader, and proliferation rates were 
then calculated.

Cell migration and invasion assay

Cells were seeded in six-well plates with 
a complete medium to analyze wound healing. 
After 24 h, the cell monolayer was scratched 
with a plastic pipette tip. Then, the cells were 
rinsed with PBS and cultured with complete 
RPMI-1640 for 24 h. The wound closure was 
observed and photographed under 
a microscope. For the transwell migration 
assay, 8 μm pore size polycarbonate membrane 
24-well Transwell was used. For the invasion 
assay, 8 μm pore size polycarbonate membrane

24-well Transwell coated with a Matrigel (BD 
Bioscience) was used. Twenty-four hours after 
the transfection, cells in serum-free RPMI-1640 
medium were plated into the upper chamber, 
while 10% FBS RPMI-1640 medium was added 
to the lower chamber. After 24 h of incubation, 
the cells that migrated and invaded into the 
lower chamber through the membrane were 
fixed with 100% methanol for 15 min and 
stained with 0.1% crystal violet for 20 min. 
Images of the cells were photographed with 
a microscope.

Immunofluorescence staining assay

For immunofluorescence staining, SKOV3 and 
OVCAR3 cells were fixed with 4% paraformalde-
hyde in PBS. Then, the cells were incubated with 
blocking solution (5% BSA and 0.1% Triton-X in 
PBS) for 2 h at room temperature and subse-
quently blocked with 5% BSA dissolved in PBS 
for 2 h. Primary antibodies against SOSTDC1 
(1:200) (Cloud-Clone Corp., Inc., Wuhan, 
China) and KI-67 (1:100) (Wanleibio, Inc., 
Shenyang, China) were added overnight at 4°C, 
followed by incubation with the matched second-
ary antibody (1:500) (cat. no. A-11032; Invitrogen, 
Carlsbad, CA, USA) for 1 h at 37°C. The nuclei 
were stained with DAPI (1:100) for 20 min at 
room temperature (Beyotime, Shanghai, China). 
Finally, the cells were examined and analyzed by 
laser confocal microscopy (FV300, Olympus, 
Japan).

RNA fluorescent in situ hybridization (RNA-FISH)
The CDKN2A-AS1 probe was designed and pro-
duced by RiboBio (Guangzhou, China). SKOV3 
cells were cultured in 24-well plates overnight 
and then fixed with 4% paraformaldehyde for 
10 min before treatment with 0.5% Triton X-100 
for 10 min. Then, cells were incubated in prehy-
bridization solution, next hybridization solution 
containing the probe was added and incubated 
overnight at 37°C. After washing by PBS, 6-diami-
dino-2-phenySlindole (DAPI) was used to sign the 
nucleus. CDKN2A-AS1 was observed under 
a fluorescence microscope.
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RNA-protein pull-down assay

For in vitro RNA pull-down, 5 ml of cell lysates 
from SKOV3 cells was incubated with 1 mg biotin- 
16-UTP-labeled CDKN2A-AS1 in immunopreci-
pitation buffer for 30 min at 25°C. After the addi-
tion of 5 ml MyOne Streptavidin T1 Dynabeads 
(Invitrogen, Inc., CA, USA), the mixture was incu-
bated for an additional 30 min and subjected to 
five wash cycles with a 500 ml IPB buffer for 5 min 
each. After the final wash, magnetic beads were 
resuspended in a 12 ml protein-loading buffer, and 
RNA-bound proteins were separated by SDS- 
PAGE and detected with anti-SOSTDC1 (Cloud- 
Clone Corp., Inc., Wuhan, China) by WB.

Bioinformatics prediction and Dual-Luciferase 
reporter assay

A web-based program known as Freiburg RNA tools 
program (http://rna.informatik.uni-freiburg.de) was 
used to predict the target genes of lncRNA 
CDKN2A-AS1 and SOSTDC1. Their conserved 
sites matched the seed region.To do the dual- 
luciferase reporter assay, the wildtype or mutant 
SODTDC1in psiCHECKvector was co-transfected 
with CDKN2A-AS1, si-CDKN2A-AS1, pcDNA3.1 
or siRNA NC into HEK293T cells using lipofecta-
mine 2000 transfection reagent (Thermo Fisher 
Scientific). The dual-luciferase reporter assay was 
performed 48 h post-transfection using dual- 
luciferase assay system (Promega). The luciferase 
activity of each sample was normalized to the 
Renilla luciferase activity.

Nude mouse and xenograft transplantation

Athymic female nude mice were obtained from the 
animal center of Harbin Medical University at 
3 weeks of age and raised until 5 weeks old. 
A total of 3 × 106 OVCAR3 cells transfected with 
lncRNA or sh-lncRNA or NC were subcutaneously 
injected into the upper back of each mouse (n = 3 
mice/group). Mice were killed after 40 days. The 
weight and size of the tumors were measured. The 
study protocol was approved by the Animal Ethic 
Committees of Harbin Medical University.

Pathway analysis

We performed a path analysis of the differentially 
expressed mRNAs to identify rich biological path-
ways that are based on P < 0.05 by using the latest 
KEGG database (http://www.genome.jp/kegg).

CNC network analysis

Calculate the correlation coefficient between the 
normalized data of the selected LncRNA and all 
Genes in the mRNA list, and select records that 
meet abs (pcc)≥ 0.9, p-value ≤ 0.05, and fdr≤ 1 
Draw with Cytoscape v2.8.3 tools.

Complex structure prediction

The three-dimensional structures of CDKN2A- 
AS1 and SOSTDC1 were simulated by SYBYL 
and PYMOL software.

Statistical analysis

Group data was analyzed as the mean ± standard 
error of the mean (SEM). Significant differences 
were analyzed by Student’s t-test for two groups or 
one-way analysis of variance (ANOVA) test for 
more than two groups. Bonferroni’s multiple- 
comparison test was performed for comparison 
of intergroup differences. Only p < 0.05 was con-
sidered statistically significant. Data were analyzed 
by applying GraphPad Prism 5.0 software 
(GraphPad Software, Inc., La Jolla, CA, USA).

Results

CDKN2A-AS1 is dysregulated in EOC

Based on the previous microarray results of the 
lncRNAs, we identified four with the most signifi-
cant differential expression between OC and nor-
mal ovary cells (CDKN2A-AS1, LINC00184, 
LINC-PINT, and LOC100133669) [14]. To further 
investigate the function of CDKN2A in EOC, we 
determined the expression level of CDKN2A-AS1 
in 15 pairs of ovary biopsy samples from EOC 
patients, three cell lines (IOSE80, SKOV3, 
OVCAR3). The expression levels of CDKN2A- 
AS1 in EOC tissues and EOC cells (SKOV3 and
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OVCAR3) were evidently higher than that in nor-
mal ovary tissues and normal ovarian epithelial 
IOSE80 cells, respectively (Figure 1a,b). 
Moreover, to further explore the biological func-
tion of CDKN2A-AS1 in EOC, KEGG pathways 
analysis showed that CDKN2A-AS1 was primarily 
associated with BMP-SMAD signaling pathway, 
transcriptional misregulation in cancer, MAPK 
signaling pathway significantly (Figure 1c). CNC 
network was constructed to identify mRNAs asso-
ciating with CDKN2A-AS1. We selected 30 target 
mRNAs for CDKN2A-AS1, which play important 
roles in cancer progression (Figure 1d).

CDKN2A-AS1 regulates BMP signaling by directly 
binding with SOSTDC1

To investigate the functions of SOSTDC1 and the 
BMP-SMAD signaling pathway in EOC, the 
expression level of SOSTDC1 in 15 pairs of EOC 
tissues and normal ovarian tissues samples were 
evaluated by qRT-PCR. Compared with normal 
tissues, mRNA levels and protein expression levels 
of SOSTDC1 in EOC tissues were downregulated 
(Figure 2a,b). Numerous studies have indicated 
that SOSTDC1 inhibits the BMP-SMAD signaling 
pathway by binding BMP proteins, including 

Figure 2. SOSTDC1, BMP-2, −4, and −7 and downstream SMAD proteins were deregulated in ovarian tumor tissues. (a) Relative gene 
expression levels of SOSTDC1 in 15 paired ovarian tumor tissues and normal ovary tissue samples. (b) Representative western 
blotting bands of the proteins. (c-h) Relative protein expression levels of SOSTDC1, BMP-2, BMP-4, BMP-7, SMAD1/5/9, and 
p-SMAD1/5/9. (i) The combination of CDKN2A-AS1 and SOSCDT1 three-dimensional structure was simulated by SYBYL and PYMOL 
software. (j) Representative images of FISH assays showing the expression of CDKN2A-AS1 in SKOV3 cells. (k) Pull-down of SOSTDC1 
by CDKN2A-AS1 in SKOV3 cells. NC: normal control. *p < 0.05, **p < 0.01, ***p < 0.001 vs normal tissue.
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BMP-2, −4, 6 and −7 [19,21,22]. The interaction 
network of the protein SOSTDC1 and BMP1, 
BMP4, BMP6, and BMP7 was searched in the 
STRING. The combined-scores were shown in 
Fig S2. The combined-score between SOSTDC1 
and BMP6 is 0.603, which is lower than those of 
SOSTDC1 and BMP2, BMP4, and BMP7. 
Therefore, we chose to detect the expression of 
BMP2, BMP4, and BMP7. The protein expression 
levels of BMP-2, −4, and −7 and the expression of 
phosphorylation levels of SMAD1/5/9 and 
SMAD1/5/9 were obviously increased in EOC tis-
sues compared with those in normal ovarian tis-
sues (Figure 2b–h). These results further validated 
the negatively regulated role of SOSTDC1 in the 
BMP-SMAD signaling pathway in EOC. For ana-
lysis of the association between the lncRNA 
CDKN2A-AS1 and SOSTDC1, the prediction tool 
RPISeq (RNA-Protein Interaction Prediction, 
http://pridb.gdcb.iastate.edu/RPISeq/) was applied. 
A high probability of lncRNA–protein interaction 
existed between them (a probability of 0.85 using 
the random forest classifier and a probability of 
0.91 using the support vector machine classifier). 
The combination of CDKN2A-AS1 and SOSTDC1 
three-dimensional structure was simulated by 
SYBYL and PYMOL software, and we found that 
strongly connected between CDKN2A-AS1 and 
SOSTDC1 (Figure 2i). Analysis of RNA isolated 
from the cytoplasmic and nuclear compartments 
of SKOV3 cells and cellular FISH experiments 
showed that CDKN2A-AS1 was present both in 
the cytoplasm and cell nucleus (Figure 2j). Pull- 
down assay was used to prove whether CDKN2A- 
AS1 interacts with SOSTDC1. We detected the 
protein SOSTDC1 in the pcDNA lncRNA 
(CDKN2A-AS1) group, but did not detect the 
protein SOSTDC1 in the NC group. The level of 
SOSTDC1 in the CDKN2A-AS1 group was 
obviously higher than that in the NC group, 
which is statistically significant (p < 001) (Figure 
2k). The results showed that CDKN2A-AS1 inter-
acted with the SOSTDC1.

To further prove direct binding between 
lncRNA CDKN2A-AS1 and SOSTDC1, the 
bioinformatic analysis and dual-luciferase repor-
ter assay were performed. Bioinformatics analy-
sis predicted that there is one binding site 
between lncRNA CDKN2A-DT and SOSTDC1

(Figure 3a). The sequences of lncRNA 
CDKN2A-AS1, SOSTDC1 and SOSTDC1-Mut 
are shown in Figure 3b. The Figure 3c,d showed 
that lncRNA CDKN2A-AS1 obviously reduced 
the luciferase activity of psiCHECK-SOSTDC1, 
but not psiCHECK-SOSTDC1-Mut (p < 0.01). 
The relative luciferase activity was calculated 
(Figure 3e). The relative luciferase activity of 
the group co-transfected with lncRNA 
CDKN2A-AS1and psiCHECK-SOSTDC1 was 
55% of that of the control group (p < 0.01). 
The relative luciferase activity of the group co- 
transfected with lncRNA CDKN2A-AS1 and 
psiCHECK-SOSTDC1-Mut has no different 
change compared with the control group. The 
results indicated that lncRNA CDKN2A-AS1 
indeed directly bound with SOSTDC1 and 
there is only one binding site between lncRNA 
CDKN2A-AS1 and SOSTDC1.

Knockdown of CDKN2A-AS1 inhibits ovarian 
cancer cell proliferation and migration

The si-lncRNA against CDKN2A-AS1 was suc-
cessfully transfected into OVCAR3 and SKOV3 
cells. Immunofluorescence staining showed that 
cell fluorescence of si-lncRNA CDKN2A-AS1 
group was increased obviously compared with 
the control group and NC group (Figure 4a,b). 
The expression level of SOSTDC1 in si-lncRNA 
CDKN2A-AS1 group was higher than that in 
control group and NC group (Figure 4a,b). 
KI67 staining showed that the cell fluorescence 
and the expression of KI67 in si-lncRNA 
CDKN2A-AS1 group were decreased obviously 
compared with the control group and NC 
group (Figure 4c,d), which indicated that inhi-
bition of CDKN2A-AS1 suppressed the prolif-
eration of the OVCAR3 and SKOV3 cells. CCK- 
8 analysis (Figure 4e) further confirmed that 
inhibition of CDKN2A-AS1 suppressed the pro-
liferation of the OVCAR3 and SKOV3 cells. 
Transwell assays indicated that the invasive 
ability of both cells was obviously decreased 
with si-lncRNA-mediated downregulation of 
CDKN2A-AS1 (Figure 4f,g). In addition, the 
cell scratch test revealed that transfection of si- 
lncRNA resulted in a decline in the migration 
capacity of the two cells (Figure 4h,i).
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Effects of transfection of siRNA against 
CDKN2A-AS1 on the BMP-SMAD signaling

To demonstrate a downstream regulatory target 
of CDKN2A-AS1, the expression levels of 
SOSTDC1 in both OVCAR3 and SKOV3 cells 
were investigated. The protein expression level 
of SOSTDC1 was obviously increased after 
CDKN2A-AS1 suppression in both OVCAR3 
and SKOV3 cells by western blotting assay 
(Figure 5a–c). Whereas the protein expression 
levels of BMP-2, −4, and −7 and the expression 
of phosphorylation levels of SMAD1/5/9 
(p-SMAD1/5/9) and SMAD1/5/9 were 
obviously decreased in both cell lines (Figure 
5d–h)

Overexpression of CDKN2A-AS1 promotes 
ovarian cancer cell proliferation and migration

The recombinant plasmid pcDNA-CDKN2A-AS1 
was successfully transfected into OVCAR3 and 
SKOV3 cells. Immunofluorescence staining 
showed that cell fluorescence of pcDNA-lncRNA 
CDKN2A-AS1 group was decreased obviously 
compared with the control group and NC group 
(Figure 4a,b). The expression level of SOSTDC1 in 
pcDNA CDKN2A-AS1 group was lower than that 
in control group and NC group (Figure 6a,b). KI67 
staining (Figure 6c,d) and the CCK-8 assay (Figure 
6e) suggested that upregulation of CDKN2A-AS1 
enhanced the propagation of both OVCAR3 and 
SKOV3 cells. Transwell assays demonstrated that 

Figure 3. CDKN2A-AS1 directly target SOSTDC1. (a) Bioinformatics analysis showed the predicted CDKN2A-AS1 binding sites in 
SOSTDC1. (b)The sequences of the SOSTDC1, SOSTDC1-Mutant and CDKN2A-AS1. (c) The dual-luciferase reporter assay was 
performed to determine luciferase activity in cell co-transfected withpsiCHECK-SOSTDC1 and CDKN2A-AS1,si-CDKN2A-AS1, 
pcDNA3.1 or siRNA NC. (d) The dual-luciferase reporter assay was performed to determine luciferase activity in cell co-transfected 
with psiCHECK-SOSTDC1-Mut and CDKN2A-AS1,si-CDKN2A-AS1, pcDNA3.1 or siRNA NC. (e) The relative luciferase activity was 
calculated.**p < 0.01 vs control.
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overexpression of CDKN2A-AS1 markedly facili-
tated cell viability in both OVCAR3 and SKOV3 
cells (Figure 6f,g). Additionally, cell migration of 
both OVCAR3 and SKOV3 cells was enhanced by 
transfection of pcDNA-CDKN2A-AS1 (Figure 
6h,i).

Effects of transfection of pcDNA CDKN2A-AS1 on 
the BMP-SMAD signaling

To reverse validate the function of CDKN2A-AS1 
in EOC development, we transfected SKOV3 and 
OVCAR3 cells with pcDNA targeting CDKN2A- 
AS1. The protein expression level of SOSTDC1 
was obviously decreased after CDKN2A-AS1 over-
expression in both OVCAR3 and SKOV3 cells 
(Figure 7a–c). Consistently, the protein expression 
levels of BMP-2, −4, and −7 and the expression of

phosphorylation levels of SMAD1/5/9 (p-SMAD1/ 
5/9) and SMAD1/5/9 were obviously increased in 
both cell lines (Figure 7d–h).

Inhibiting SOSTDC1 can rescue the decrease of 
ovarian cancer cell proliferation and migration 
induced by suppressing CDKN2A-AS1

Compared with the control group, downregulation 
of the CDKN2A-AS1 (si-lncRNA group) or over-
expression of the SOSTDC1 (SOSTDC1 group) 
decreased the proliferation and migration of the 
ovarian cells. Compared with the si-lncRNA group 
or SOSTDC1 group, the proliferation and migra-
tion of ovarian cells were further reduced by co- 
transfecting si-lncRNA and SOSTDC1 (si-lncRNA 
/SOSTDC1 group). The proliferation and migra-
tion of ovarian cells in si-lncRNA/si-SOSTDC1

Figure 4. Proliferation and migration of OVCAR3 cells and SKOV3 cells were inhibited by knockdown of CDKN2A-AS1. (a) 
Representative images of immunofluorescence staining showing expression of SOSTDC1 in OVCAR3 and SKOV3 cells. Scale bar 
indicates 50 μm. (b) The fluorescence intensity of SOSTDC1 was counted. (c) Representative images of immunofluorescence staining 
showing expression of KI67 in OVCAR3 and SKOV3 cells. Scale bar indicates 50 μm. (d) The fluorescence intensity of KI67 was 
counted. (e) Results of the CCK-8 assay in OVCAR3 cells and SKOV3 cells. (f and g) Effect of si-CDKN2A-AS1 downregulation on the 
invasion of OVCAR3 cells and SKOV3 cells was assessed by the transwell assay. Scale bar indicates 100 μm. (h and i) Wound healing 
assay showed that si-CDKN2A-AS1 caused a slower closing of scratch wounds. **p < 0.01, ***p < 0.001 vs. control.
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group were higher than those in si-lncRNA group, 
SOSTDC1 group, si-lncRNA/SOSTDC1 group, 
while lower than those in the control group. The 
above results indicated that the negative relation-
ship between CDKN2A-AS1 and SOSTDC1. 
Downregulation of the SOSTDC1 (si-SOSTDC1) 
obviously rescued the inhibitory effect of si- 
lncRNA CDKN2A-AS1 on the ovarian prolifera-
tion and migration. To detect the relationship 
between SOSTDC1 and BMP-SMAD, the protein 
expression level of the BMP2, SMAD and 
p-SMAD in ovarian cells transfected with 
SOSTDC1 or siRNA against SOSTDC1were deter-
mined by WB (Figure 8d,e). Compared with the 
control group, overexpression of SOSTDC1 
decreased the expression level of the BMP2 and 
SMAD (SOSTDC1 group and si-lncRNA 
/SOSTDC1 group), which demonstrated the nega-
tive relationship between SOSTDC1 and BMP- 
SMAD signaling pathway.

The expression of MMP2 in ovarian cells was 
determined. MMP2 played important role in pro-
moting the process of cancer cell invasion. 
Downregulating the lncRNA CDKN2A-AS1 (si-

lncRNA group) decreased the expression of 
MMP2 (Figure 8d,e) and the invasion ability of 
ovarian cells (Figure 4f,g), which is consistent with 
previous studies.

lncRNA CDKN2A-AS1 promoted tumor 
progression

On the basis of the above-mentioned results, we 
researched the function of lncRNA in vivo xeno-
graft. Compared with the control group, the tumor 
volume and weight in lncRNA group were 
obviously increased, whereas the tumor volume 
and weight in si-lncRNA group were reduced 
(Figure 9a–c). Overexpressing the lncRNA 
CDKN2A-AS1 promoted the tumor growth, 
while knockdown of the lncRNA CDKN2A-AS1 
suppressed the tumor growth (Figure 9a–c).

Discussion

EOC is the most aggressive subtype of OC [2]. 
High recurrence and mortality rates are obvious 
characteristics when compared to other subtypes

Figure 5. Effects of transfection of siRNA against CDKN2A-AS1 on the BMP-SMAD signaling pathway in SKOV3 and OVCAR3 cells. (a) 
Representative western blotting bands of proteins in OVCAR3 cells. (b) Representative western blotting bands of proteins in SKOV3 
cells. Results of western blotting of SOSTDC1 (c), BMP2 (d), BMP4 (e), BMP7 (f), SMAD1/5/9 (g), and p-SMAD1/5/9 (h) in OVCAR3 cells 
and SKOV3 cells. *p < 0.05, **p < 0.01, ***p < 0.001 vs control.
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of OC [2,13,23]. Most patients with EOC have 
intraperitoneal dissemination at the time of diag-
nosis, contributing to an average 5-year survival 
rate of only 30% [24]. Hence, exploiting novel 
biomarkers and targets that could serve as early 
diagnosis tools and therapeutic targets for EOC is 
urgently needed. Our previous results suggested 
that the lncRNA CDKN2A-AS1 should be consid-
ered a sensitive and specific marker for EOC, as it 
was highly expressed in OC tissues when com-
pared with that in normal ovarian tissue. KEGG 
pathway analysis showed that lncRNA CDKN2A- 
AS1 was involved in the BMP-SMAD signaling 
pathway, which participated in normal ovarian 
function [15,25]. SOSTDC1 (also known as 
WISE, USAG1, and ectodin) functions as an 
antagonist of BMPs [26]. Based on our knowledge, 
the expression and biological function of

SOSTDC1 in EOC remains unclear. In order to 
determine how SOSTDC1 and lncRNA CDKN2A- 
AS1 are implicated in EOC, we detected the 
expression level of CDKN2A-AS1 and SOSTDC1 
in EOC tissues and cells (SKOV3 and OVCAR3), 
then studied the interaction and binding sites 
between CDKN2A-AS1 and SOSTDC1, deter-
mined the expression levels of key genes and pro-
teins in EOC cells (SKOV3 and OVCAR3) and 
normal ovarian epithelial IOSE80 cells with over-
expression and knockdown of the CDKN2A-AS1, 
examined cell proliferation, migration, and inva-
sion, finally estimated the function of lncRNA 
CDKN2A-AS1 on the tumor growth by in vivo 
xenograft experiment.

The FISH and pull-down assay results validated 
that SOSTDC1 is a downstream target of 
CDKN2A-AS1. By directing binding with the

Figure 6. Effects of overexpression of CDKN2A-AS1 on the proliferation and migration of OVCAR3 cells and SKOV3 cells. (a) 
Representative images of immunofluorescence staining showing the expression of SOSTDC1 in OVCAR3 and SKOV3 cells. Scale 
bar indicates 50 μm. (b) The fluorescence intensity of SOSTDC1 was counted. (c) Representative images of immunofluorescence 
staining showing the expression of KI67 in OVCAR3 and SKOV3 cells. Scale bar indicates 50 μm. (d) The fluorescence intensity of KI67 
was counted. (e) Results of the CCK-8 assay in OVCAR3 cells and SKOV3 cells. (f and g) Effect of pcDNA-CDKN2A-AS1 upregulation on 
the invasion of OVCAR3 cells and SKOV3 cells was assessed by the transwell assay. Scale bar indicates 100 μm. (h and i) Wound 
healing assay showed that pcDNA-CDKN2A-AS1 caused a faster closing of scratch wounds. **p < 0.01, ***p < 0.001 vs control.
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SOSTDC1 gene, CDKN2A-AS1 downregulated the 
expression level of SOSTDC1, resulting in the 
activation of the BMP-SMAD signaling pathway. 
After transfection with the si-lncRNA of 
CDKN2A-AS1, the expression level of SOSTDC1 
was elevated, while BMP2, BMP4, and BMP7 and 
the phosphorylation of SMAD1/5/9 were all sup-
pressed. This phenomenon was reversed by trans-
fection with the pc-DNA of CDKN2A-AS1. 
Western blotting assays further validated that 
high expression of CDKN2A-AS1 decreased the 
expression of SOSTDC1 and activated the BMP- 
SMAD signaling pathway.

Our results implied that CDKN2A-AS1 can func-
tion as a proto-oncogene that induces the develop-
ment and metastasis of tumors. We identified that 
the CDKN2A-AS1/SOSTDC1 axis was functionally 
connected with the phenotype of EOC at the cellular 
level. Immunofluorescence staining assays proved 
the inhibitory effect of CDKN2A-AS1 against the 
protein output of SOSTDC1. Knockdown of 
CDKN2A-AS1 by siRNA inhibited metastasis and 
propagation of both SKOV3 and OVCAR3 cells. In 
contrast, diverse results were observed with pc-DNA 
of CDKN2A-AS1 treatment. In vivo xenograft 
showed that knockdown lncRNA CDKN2A-AS1

(si-lncRNA group) indeed suppressed the ovarian 
tumor growth, while overexpression of lncRNA 
(lncRNA group) promoted the ovarian tumor 
growth. The present study demonstrated that 
CDKN2A-AS1 was a vital regulator of the activation 
of the BMP-SMAD signaling pathway and regulated 
the output of the signaling proteins BMP2, BMP4, 
and BMP7 through binding the gene SOSTDC1, 
implying that CDKN2A-AS1 can be used as 
a novel diagnostic marker/a potential therapeutic 
target for EOC. However, several limitations of the 
present study existed, including the absence of an 
in vivo experiment regarding CDKN2A-AS1 in OC 
metastasis and the incomplete clinical data of the 
samples, in particular, the absence of lncRNA asso-
ciated with differentiation, TNM stage, and lymph 
node metastasis. Additional experiments are 
required to further confirm the molecular mechan-
ism of the binding of SOSTDC1 and CDKN2A-AS1. 
Furthermore, the regulatory mechanism of the 
CDKN2A-AS1/SOSTDC1 axis in other biological 
functions of ovarian cells remains to be investigated 
in future studies.

In conclusion, we validated the dysregulation of 
both the lncRNA CDKN2A-AS1 and the mRNA 
gene SOSTDC1 in EOC. The former was 

Figure 7. Effects of transfection of pcDNA CDKN2A-AS1 on the BMP-SMAD signaling pathway in SKOV3 and OVCAR3 cells. (a) 
Representative western blotting bands of proteins in OVCAR3 cells. (b) Representative western blotting bands of proteins in SKOV3 
cells. Results of western blotting of SOSTDC1 (c), BMP2 (d), BMP4 (e), BMP7 (f), SMAD1/5/9 (g), and p-SMAD1/5/9 (h) in OVCAR3 cells 
and SKOV3 cells. *p < 0.05, **p < 0.01, ***p < 0.001 vs control.
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overexpressed, whereas the latter was downregu-
lated in patients with EOC. Meanwhile, we also 
validated the regulatory relationship between 
CDKN2A-AS1 and SOSTDC1, which involved 
direct binding. Our study substantiated that 
CDKN2A-AS1 modulated the BMP-SMAD

signaling pathway through SOSTDC1, thereby 
promoting the tumorigenesis and progression of 
EOC. Our study not only contributed to the inten-
sive study on the explicit mechanism of CDKN2A- 
AS1/SOSTDC1 but also provided promising ther-
apeutic targets for the treatment of EOC.

Figure 8. Effect of the SOSTDC1 and CDKN2A-AS1 on the proliferation, migration and invasion of the OVCAR3 and SKOV3 cells. (a, b) 
Migration assay was performed in OVCAR3 and SKOV3 cells. (c) The proliferation of the OVCAR3 and SKOV3 cells. (d) The protein 
expression level of BMP2, SMAD, p-SMAD and MMP2 were detected by WB in SKOV3 cells. (e) The protein expression level of BMP2, 
SMAD, p-SMAD and MMP2 were detected by WB in OVCAR3 cells. *p < 0.05,**p < 0.01 vs control.
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Figure 9. lncRNA CDKN2A-AS1 promoted tumor growth in the nude mouse xenograft tumor formation assay. (a) OVCAR3 cells stably 
knockdown lncRNA, overexpressed lncRNA were subcutaneously injected into nude mice. (b, c) The volume and weight of xenograft 
tumors in five groups with different treatment. *p < 0.05, **p < 0.01 vs control.
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