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Abstract: Evidence has indicated the important roles of long non-coding RNAs (lncRNAs) in the human cancer 
biology, providing potential targets for cancer intervention. However, the expression profile and function of lncRNA 
TP73-AS1 in human epithelial ovarian cancer (EOC) remain to be investigated. In the EOC specimens and cell lines, 
TP73-AS1 was identified to be significantly up-regulated. EOC patients with high TP73-AS1 expression had poor 
survival rate. The gain and loss of functional assay uncovered that TP73-AS1 promoted the proliferation, invasion 
and reduced the apoptosis of EOC cells in vitro. And, the knockdown of TP73-AS1 inhibited the tumor growth in vivo. 
By using chromatin immunoprecipitation and luciferase reporter assay, we identified TP73-AS1 epigenetically re-
pressed p21 via recruiting EZH2. In conclusion, this finding supports that TP73-AS1 promotes the EOC progression 
via epigenetically repressing p21, serving as a prognosis predictor for EOC patients. 
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Introduction

Worldwide, ovarian cancer has been the most 
frequent malignant gynecological tumors with 
more than 20,000 newly diagnosed patients 
every year, especially epithelial ovarian cancer 
(EOC) [1, 2]. The mainstream therapeutic meth-
od for the EOC is surgical excision, and more 
subsequent therapies were replenished to pre-
vent recurrence, such as chemotherapy and 
radiotherapy [3, 4]. Even though these atte- 
mpts, the clinical outcome is still not optimistic. 
Therefore, it is urgently required to unveil the 
deepgoing molecular mechanism underlying 
EOC to discover the tumorigenesis. 

Long noncoding RNAs (lncRNAs) are a vital 
member in the noncoding RNA family accompa-
nied by microRNA, 20-22 nt in length, and cir-
cular RNA, a covalent closed circular loop [5, 6]. 
LncRNAs are a series of nucleotide sequence 
with over 200 nucleotides in length and 

amounting roles in human cancers. For exam-
ple, lncRNA LINC00460 expression is upregu-
lated in EOC tissues and cells compared with 
that in adjacent tissues and cells, and 
LINC00460 exerts the oncogenic roles in  
EOC through binding miR-338-3p [7]. LncRNA 
CASC2 is found to be downregulated in EOC, 
and it could be able to act as a tumor suppres-
sor and is an independent risk factor for poor 
prognosis [8]. Thus, these literature could indi-
cate the emerging role of lncRNA in the EOC. 

The lncRNA TP73-AS1 is reported to be onco-
gene in multiple human cancers, such as osteo-
sarcoma, bladder cancer and clear cell renal 
cell carcinoma [9-11]. In the EOC, we found that 
TP73-AS1 was up-regulated in the EOC tissue 
and cells, and then investigated its roles on the 
EOC tumor phenotype, showing its functions 
and playing vital functions in biological 
processes. 

http://www.ajtr.org
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Materials and methods

Patients and tissue samples

EOC tumor tissues samples were obtained from 
the patients who underwent surgical resection 
therapy at the Shandong Provincial Hospital 
affiliated to Shandong University, which were 
immediately frozen at -80°C for further RNA 
isolation. And, the Ethics Committee has 
approved all these experimental process. 
Written informed consents were obtained from 
all patients. 

Cell lines

Epithelial ovarian cancer cell lines (SKOV3, 
CAOV3, HO8910, OV420) and normal human 
ovarian epithelial cell line (HOSEPiC) were pur-
chased from the Cell Bank of Chinese Academy 
of Sciences (Shanghai, China). Cells were cul-
tured in RPMI 1640 medium supplemented 
with 1% penicillin/streptomycin (Invitrogen, 
Carlsbad, USA) and 10% FBS (fetal bovine 
serum, Gibco, Life Technologies, USA).

The cultured atmosphere was set at 37°C with 
5% CO2. 

Silencing of RNA

siRNA for TP73-AS1 and p21 synthesized by 
GenePharma (Shanghai, China). EOC cells were 
transfected with TP73-AS1 or p21 siRNA using 
were transiently transfected using Lipofect- 
amine RNAiMax (Invitrogen, USA) respectively 
according to the manufacturer’s protocol. 

Real-time PCR

For the RT-PCR, total RNA was isolated from 
EOC cells using Trizol reagent (Invitrogen, 
Carlsbad, CA, USA). cDNA was reversely tran-
scribed from total RNA using the PrimeScript 
RT reagent Kit (Takara, Japan). RNA or genes’ 
level were determined using a standard SYBR-
Green on the ABI7500 Real-Time PCR System 
(Applied Biosystems, Waltham, MA). The rela-
tive data was normalized to that of GAPDH 
using 2-ΔΔCt method. The primer sequences 
were presented as in Table S1. 

Western blotting

For western blot analysis, total protein was 
extracted from cells samples using the RIPA 
lysis buffer (Beyotime, Jiangsu, China) as previ-

ously described. Protein sample (60 μg) was 
transfered to 15% SDS-polyacrylamide gel 
(SDS-PAGE). After electrophoresis using the 
PVDF blotting membrane (Life Science), the 
member was probed with primary antibodies, 
including anti-p21, anti-EZH2 antibodies (Ab- 
cam Inc., USA), and anti-GAPDH as the internal 
control. The immunoreactivity was measured 
using the Odyssey infrared imaging system 
(LI-COR, Inc., Lincoln, NE, USA) for the band 
intensity. 

Proliferation CCK-8 assay

EOC cells (SKOV3, CAOV3) were seeded into the 
96 well plates at the destiny of 2 × 103 cells  
per well, and cultured for described times. After 
the transfection, cells were administrated with 
Cell Counting Kit-8 agent (CCK8, Dojindo, 
Tokyo, Japan) according to the manufacturer’s 
protocol. 

Transwell invasion assay

Cells were coated with the Matrigel (BD 
Biosciences, San Jose, CA) for invasion assay 
using transwell inserts (8 μm pore size; Costar, 
Cambridge, MA). Cells (2 × 104) were seeded in 
the serum free medium in the upper chamber. 
The complete DMEM medium were added in 
the bottom chamber. After 24 hour culturing, 
the invaded cells in the lower surface of cham-
ber member were fixed with 4% paraformalde-
hyde and stained with 0.1% crystal violet. 
Lastly, the invaded cell numbers were counted 
using a light microscope. 

Cellular apoptosis assay

After transfection of oligonucleotides for 48 h, 
cells were rinsed with ice-cold PBS and respec-
tively stained with propidium iodide (PI, 50 μg/
ml, Sigma) in the dark at room temperature for 
10 min. The apoptosis rate was analyzed by 
flow cytometry (FACSCalibur, BD Biosciences). 

Chromatin immunoprecipitation (ChIP) assay

To study the combination of EZH2 and the pro-
moter of p21, the ChIP assays were performed 
using a EZ-Magna ChIP™ A/G Chromatin Im- 
munoprecipitation Kit (Millipore) according to 
the manufacturer’s instructions. Cells were 
lysed and sonicated to be DNA fragments (200 
to 1000 bp). DNA fragments were precipitated 
with non-specific IgG antibodies and anti-EZH2 
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antibody (Abcam). After the immunoprecipita-
tion, DNA was eluted and measured using the 
PCR.

Animal experiment

The animal experiment was approved by the 
Ethics Committee of Shandong Provincial 
Hospital affiliated to Shandong University. The 
experimental procedure was performed accord-
ing to the guidelines of the National Institutes 
of Health. TP73-AS1 silencing transfection or 
control SKOV3 cells were subcutaneously 
injected into the flank of BALB/c nude mice 
(4-week, 5 × 106 cells in 100 μl). The size of 
tumor was measured with a caliper every three 
days and calculated as (length × width2)/2. 

Statistical analysis

The data analysis was expressed from SPSS 
19.0 (SPSS, Inc., Chicago, IL, USA) as the 

means ± SD. The analysis was carried out using 
the Student’s t-test or one way ANOVA. A value 
of p less 0.05 was considered as significant.

Results

LncRNA TP73-AS1 is over-expressed in the 
EOC tissue and cells 

The expression level of lncRNA TP73-AS1 in the 
EOC tissue was measured using qRT-PCR. The 
level of TP73-AS1 in EOC tissue specimens 
illustrated that TP73-AS1 was drastically over-
expressed in the tissue compared to adjacent 
normal specimens (Figure 1A). In accordance 
with the tissue results, the level of TP73-AS1 in 
EOC cells (SKOV3, CAOV3, HO8910, OV420) 
was also markedly increased in relation to non-
tumor tissue (Figure 1B). Kaplan-Meier survival 
curve analysis based on the TCGA database 
(GEPIA, http://gepia.cancer-pku.cn/) suggest-
ed that the EOC patients with higher TP73-AS1 

Figure 1. LncRNA TP73-AS1 is over-expressed in the 
EOC tissue and cells. A. qRT-PCR detected the level 
of TP73-AS1 in EOC tissue specimens compared to 
adjacent normal specimens. B. qRT-PCR detected the 
TP73-AS1 level in EOC cells (SKOV3, CAOV3, HO8910, 
OV420). C. Kaplan-Meier survival curve analysis 
based on the TCGA database suggested the prognosis 
of EOC patients with higher or lower TP73-AS1 level. 
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level was significantly correlated with the poor-
er prognosis (Figure 1C). Therefore, this data 
suggests that lncRNA TP73-AS1 is over-
expressed in the EOC tissue and cells, besides, 
the overexpression was correlated with the 
poor clinical outcome.  

TP73-AS1 facilitates the EOC cells’ prolifera-
tion in vitro and in vivo

To explore the biological functions of TP73-AS1 
on the EOC cells, the silenced expression siRNA 
and overexpression plasmid for TP73-AS1 were 
transfected into EOC cells (SKOV3, CAOV3) to 
knockdown or increase its expression (Figure 

2A). Transwell invasion assay showed that the 
silenced TP73-AS1 expression inhibited the 
invaded cell quantity, while the enforced TP73-
AS1 expression promoted the invaded cell 
quantity (Figure 2B). Flow cytometry analysis 
revealed that the silenced TP73-AS1 expres-
sion stimulated the apoptosis of EOC cells, 
while the enforced TP73-AS1 expression reced-
ed the apoptosis (Figure 2C). Proliferative 
CCK-8 assay showed that TP73-AS1 knock-
down decreased the proliferation, while the 
TP73-AS1 enforced level promoted the prolifer-
ation (Figure 2D, 2E). In vivo xenograft assay 
illustrated that TP73-AS1 knockdown repressed 

Figure 2. TP73-AS1 facilitates the EOC cells’ proliferation in vitro. A. The silenced expression siRNA and overexpres-
sion plasmid for TP73-AS1 were transfected into EOC cells (SKOV3, CAOV3). B. Transwell invasion assay showed the 
invaded cell quantity in the cells transfected with silenced TP73-AS1 expression and enforced TP73-AS1 expres-
sion. C. Flow cytometry analysis revealed the apoptosis of EOC cells transfected with silenced TP73-AS1 or enforced 
TP73-AS1 expression. D, E. Proliferative CCK-8 assay showed the proliferation of EOC cells. F, G. In vivo xenograft 
assay illustrated the tumor weight and growth. *P < 0.05, **< 0.01. 
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the tumor weight and growth compared to the 
negative control (Figure 2F, 2G). Thus, this data 
suggests that TP73-AS1 facilitates the EOC 
cells’ proliferation in vitro and in vivo.   

TP73-AS1 epigenetically inhibits p21 through 
binding with EZH2

The subcellular location of TP73-AS1 was found 
to be much more in the nuclear than the cyto-

plasm fraction (Figure 3A). The cellular location 
of TP73-AS1 suggests the transcriptional regu-
lation for TP73-AS1 in the EOC cells. In the 
SKOV3 cells transfected with siRNA TP73-AS1, 
CDK inhibitors (CKIs) were measured using 
RT-PCR, including p15, p16, p21, p27, p57. The 
level of p21 was increased in the TP73-AS1 
silencing (Figure 3B). Western blot revealed 
that p21 protein was enforced in the TP73-AS1 

Figure 3. TP73-AS1 epigenetically inhibits p21 through binding with EZH2. A. The subcellular location of TP73-AS1 
in the nuclear and the cytoplasm fraction. B. The level of CDK inhibitors (CKIs), including p15, p16, p21, p27, p57. 
C. Western blot revealed the p21 protein in the TP73-AS1 silencing transfection. D. RNA-binding protein immuno-
precipitation (RIP) assay showed the binding of TP73-AS1 with EZH2. E. Chromatin immunoprecipitation (ChIP) 
revealed the direct bound of EZH2 with p21 promoter region. F. Kaplan-Meier survival curve analysis based on the 
TCGA database suggested the prognosis of EOC patients with higher or lower group. **< 0.01. 
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silencing transfection (Figure 3C). EZH2 is the 
core of subunit of polycomb repressive complex 
2 (PRC2). RNA-binding protein immunoprecipi-
tation (RIP) assay showed that TP73-AS1 could 
bind with EZH2 (Figure 3D). Chromatin immu-
noprecipitation (ChIP) revealed that EZH2 
directly bound with p21 promoter region (Figure 
3E). Kaplan-Meier survival curve analysis 
based on the TCGA database suggested the 
poor prognosis of EOC patients with higher than 
the lower group (Figure 3F). Therefore, the data 
shows that TP73-AS1 epigenetically inhibits 
p21 through binding with EZH2. 

TP73-AS1 regulates the EOC progression 
through targeting p21

The interaction within TP73-AS1 and EZH2 was 
analyzed using the data based on the TCGA, 
showing the positive interaction of TP73-AS1 
and EZH2 (Figure 4A). The p21 mRNA mea-

sured by the RT-PCR showed that p21 siRNA 
co-transfection could decrease the p21 mRNA 
level in the SKOV3 cells (Figure 4B). Transwell 
invasion and flow cytometry assay illustrated 
that p21 siRNA co-transfection up-regulated 
the invasive cells (Figure 4C), and reduced the 
apoptotic cells in the SKOV3 cells (Figure 4D). 
Meanwhile, the CCK-8 assay revealed that p21 
siRNA co-transfection increased the prolifera-
tion (Figure 4E). Kaplan-Meier survival curve 
analysis based on the TCGA database suggest-
ed the poor prognosis of EOC patients with 
lower p21 level than the higher group (Figure 
4F). Therefore, data shows that TP73-AS1 regu-
lates the EOC progression through targeting 
p21.

Discussion

LncRNAs are a group of emerging regulator in 
the human ovarian cancer, especially epithelial 

Figure 4. TP73-AS1 regulates the EOC progression through targeting p21. A. The interaction of TP73-AS1 and EZH2 
was analyzed using the data based on the TCGA. B. p21 mRNA measured by the RT-PCR in the SKOV3 cells co-
transfected with p21 siRNA and TP73-AS1 siRNA. C. Transwell invasion showed the invasive cells. D. Flow cytometry 
assay illustrated e apoptotic cells in the SKOV3 cells. E. CCK-8 assay revealed the proliferation. F. Kaplan-Meier 
survival curve analysis based on the TCGA database suggested the prognosis of EOC patients with lower p21 level 
or higher group. **< 0.01. *< 0.05. 
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ovarian cancer (EOC) [12, 13]. In this study, we 
revealed that lncRNA TP73-AS1 is the key 
upstream effector for the oncogenic function of 
p21 in EOC carcinogenesis through EZH2, and 
the expressions exhibit a close correlation with 
the tumors phenotype.   

There are many oncogenes or tumor suppres-
sor in the EOC carcinogenesis and emerging 
evidence illustrates the vital role in this molecu-
lar progression [14]. The fields mediated by 
these elements contain transcriptional regula-
tion and post-transcriptional regulation [15]. 
The tumorous phenotypes involving this regula-
tion include invasion, metastasis, proliferation 
and metastasis [16]. For instance, lncRNA 
HOXD-AS1 is upregulated in EOC tissues and 
cell lines, which is closely correlated with lymph 
node metastasis, advanced FIGO stage and 
poor overall survival in EOC patients [17]. 
LncRNA ABHD11-AS1 is higher in EOC tissues 
than that in normal ovarian tissue, which is pos-
itively associated with the tumor stage and 
well/poorly/moderately differentiated group 
[18]. 

In this research, we discovered that TP73-AS1 
is markedly up-regulated in the EOC tissue and 
cells. Moreover, this aberrant high level of 
TP73-AS1 is responsible for the poor clinical 
outcome and prognosis for the EOC patients. 
TP73-AS1 is also found to be oncogene in 
human cancers. In non-small cell lung cancer, 
TP73-AS1 is significantly increased and regu-
lates NSCLC cell proliferation, tumor growth 
and cycle progression by targeting miR-449a-
EZH2 axis [19]. In colorectal cancer, TP73-AS1 
negatively regulates the miR-194 and then reg-
ulates the downstream target of transforming 
growth factor alpha (TGFα) [20].

The mechanical research revealed that the 
TP73-AS1 silencing could activate the expres-
sion of p21 among these cyclin kinase inhibi-
tors (CDKIs). Further research showed that the 
TP73-AS1 epigenetically silenced the p21 pro-
tein through binding the EZH2, a key element 
for the polycomb protein inhibits complex 2 
(PRC2). EZH2 is validated to be over-expressed 
in EOC and enhances angiogenesis, promotes 
cell proliferation and inhibits apoptosis by tar-
geting both ovarian cancer cells and ovarian 
tumor microenvironment [21]. Overall, this data 
suggest the critical function of TP73-AS1 in the 
EOC tumorigenesis.

The previous studies illustrated the potential of 
lncRNAs, playing key roles in regulation of the 
malignant phenotypes of cancer. For example, 
lncRNA DLEU1 is involved in the EOC genesis 
and accelerates the cell proliferation, migra-
tion, and invasion, and inhibited apoptosis [22]. 
A critical role of CCAT1 promotes the EOC via 
CCAT1-miR-152/miR-130b-ADAM17/WNT1/
STAT3/ZEB1 regulatory network [23]. Our find-
ing validates the novel role of TP73-AS1 in the 
EOC. 

Taken together, our work reveals that the TP73-
AS1 exerts a critical function in the EOC as an 
oncogene in the proliferation, invasion and 
tumor growth, through epigenetically silence 
p21 protein via the H3K27me3 induced by 
EZH2. These findings suggest a new insight into 
EOC origin and progression, and provodes 
novel potential therapeutic target for EOC 
diagnosis. 
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Table S1. Primers sequences for qRT-PCR and sequenc-
es of siRNA

Sequences
si-TP73-AS1-1# 5’-GTGTAAACTACTTAGCAAATT-3’
si-TP73-AS1-2# 5’-TAAACAGTGTAAAACTTTTGT-3’
si-TP73-AS1-3# 5’-CAATTAATTCATATGAAGTT-3’
p21 Forward, 5’-TGTGATGAAAGACGGCACAC-3’

Reverse, 5’-CTTCCTTTGGGTATTGTTTGG-3’
EZH2 Forward, 5’-CCTCAGACTCCGTAATGTG-3’

Reverse, 5’-CCGGGATTGTCAGATAGG-3’
TP73-AS1 Forward, 5’-AGAAGGTGAGAGGAATGGCTACC-3’

Reverse, 5’-TGGACCCAGGCGAGAAGGAT-3’
GAPDH Forward, 5’-AGAAGGCTGGGGCTCATTTG-3’

Reverse, 5’-AGGGGCCATCCACAGTCTTC-3’


