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Abstract. Accumulating evidence has demonstrated that the 
expression of long non‑coding RNAs (lncRNAs) is altered 
in various types of cancer, which may prove beneficial for 
their use as biomarkers. Cervical carcinoma expressed PCNA 
regulatory lncRNA (CCEPR) is a recently identified lncRNA, 
which has an important role in regulating cell proliferation and 
apoptosis in cervical and bladder cancer; however, whether 
CCEPR is involved in the progression of ovarian cancer 
(OC) remains largely unclear. The aim of the present study 
was to determine the clinical significance of CCEPR in OC 
and to investigate its biological roles. Cell Counting Kit‑8 
assay was used to analyze cell proliferation, Transwell assay 
was used to assess invasion, flow cytometric analysis was 
used to analyze apoptosis, and western blotting was used to 
perform mechanistic studies. CCEPR expression levels were 
significantly elevated in OC tissues compared with adjacent 
non‑cancer tissues. Similarly, significant increases in CCEPR 
expression were observed in OC cell lines (SK‑OV‑3 and 
OVCAR‑3) compared with the ovarian surface epithelial cell 
line, HOSEpiC. The increased expression levels of CCEPR 
were associated with increased invasion, higher International 
Federation of Gynecology and Obstetrics stage and a poorer 
overall survival rate. In vitro, the genetic silencing of CCEPR 
decreased the cell proliferation rate and invasive ability of 
OC cells, and promoted apoptosis. CCEPR‑silenced OC cells 
also demonstrated decreased expression levels of four proteins 
involved in the Wnt/β‑catenin signaling pathway: Cyclin D1, 
β‑catenin, Myc and matrix metallopeptidase‑7. In conclusion, 
the present study demonstrated that increased expression levels 

of CCEPR may predict poor prognosis in patients with OC 
and contribute to the progression of OC through regulating the 
Wnt/β‑catenin signaling pathway.

Introduction

Ovarian cancer (OC) is the most lethal form of gynecological 
malignancy and the fifth most common cause of cancer‑asso-
ciated mortality among women worldwide (1,2). The etiology 
of OC remains unclear and may be related to the following 
factors: Genetics, early menarche, ovulation abnormalities, 
nulliparity or not breastfeeding. Despite improvements in the 
diagnosis, surgery and chemotherapy treatments available for 
OC over the past few decades, the overall survival (OS) of 
patients with OC has not changed, with a 5‑year survival rate 
for all stages of 35‑38% (3,4). One of the most prominent factors 
contributing to this poor outcome is the fact that the majority 
of patients with OC are diagnosed at a late stage (stage III‑IV), 
which is closely associated with tumor recurrence and metas-
tasis (5). A number of previous studies have reported that the 
initiation and development of OC is a multi‑step pathological 
process involving a variety of alterations in gene expression 
and gene variants (6,7). Therefore, an enhanced knowledge 
of the mechanism, and the identification of novel prognostic 
and therapeutic targets is crucial to devising novel, effective 
therapies for patients with OC.

Long non‑coding RNAs (lncRNAs) are a group of 
non‑coding RNAs>200 nucleotides in length that do not 
encode proteins  (8). The majority of lncRNAs are evolu-
tionarily conserved and serve important functions in the 
modulation of gene expression at the post‑transcriptional 
level (9,10); previous studies have observed that lncRNAs are 
involved in regulating various cellular processes, such as cell 
proliferation, cell cycle, cell apoptosis, epithelial‑mesenchymal 
transition, metastasis and chemosensitivity (11,12). To date, 
accumulating evidence has suggested that the aberrant expres-
sion of lncRNAs is related to the initiation and development of 
various types of human malignancy, and that lncRNAs may 
be considered potential candidate prognostic biomarkers (13). 
For example, Liu et al (14) demonstrated that long intergenic 
non‑protein coding RNA 460 served a role in OC progression 
and suggested that it could be used as a novel therapeutic 
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strategy for OC. Li et al (15) observed that the upregulation 
of SPRY4 intronic transcript 1 accelerated tumorigenesis in 
patients with OC and its upregulation was associated with a 
poor prognosis. In addition, Luo and Liu (16) reported that TTN 
antisense RNA 1 (TTN‑AS1) may have a carcinogenic role in 
lung adenocarcinoma through destabilizing the PTEN gene to 
activate the PI3K/AKT signaling pathway, thus suggesting that 
TTN‑AS1 may be a potential biomarker for lung adenocarci-
noma treatment. However, the lncRNA‑mediated regulatory 
mechanism driving the initiation and development of OC 
remains largely unknown.

Cervical carcinoma expressed PCNA regulatory lncRNA 
(CCEPR) has been reported to serve an oncogenic role in 
cervical cancer and urothelial bladder carcinoma  (17,18); 
however, the clinical significance and biological function of 
CCEPR in OC has not yet been illustrated. In the present study, 
the oncogenic function of CCEPR in OC and its prognostic 
value in patients with OC was confirmed. CCEPR knockdown 
suppressed the progression of OC by decreasing cell prolif-
eration and invasion, and inducing cell apoptosis. In addition, 
CCEPR inhibition was observed to decrease the expression 
levels of proteins involved in the Wnt/β‑catenin signaling 
pathway, including cyclin D 1, β‑catenin, Myc and matrix 
metallopeptidase‑7 (MMP‑7). In conclusion, the present study 
provided a novel insight into the biological role and regulatory 
pathways of CCEPR in OC progression, and identified CCEPR 
as a promising prognostic and therapeutic biomarker for OC 
intervention.

Materials and methods

Patient studies. The present study was conducted in accordance 
with the Declaration of Helsinki 1991 and was approved by 
the Institutional Review Board of Tianjin Central Hospital of 
Gynecology and Obstetrics (Tianjin, China). Written informed 
consent was obtained from all patients. A total of 70 paired 
OC tissues and corresponding normal tissues were collected 
from patients (aged 28‑72 years) at Tianjin Central Hospital 
of Gynecology and Obstetrics between February 2007 and 
August 2015. The following inclusion criteria were required: 
i) Good indication of suitability for surgical intervention; 
ii) must not have received radiotherapy or chemotherapy prior 
to surgery; and iii) complete clinical history. The following 
exclusion criteria were required: i) Previous surgical interven-
tion; ii) severe liver and/or kidney dysfunction; iii) abnormal 
coagulation; and iv) incomplete clinical history. All clinical 
and pathological information was obtained from each patient's 
history record. An experienced gynecological pathologist 
at the hospital assessed all tissue specimens. After surgery, 
each patient was followed up every 3 months for a period of 
60 months. The OS time was defined as the time between the 
date of surgery and the date of death or last follow‑up. All 
clinical specimens were immediately snap‑frozen in liquid 
nitrogen and subsequently stored at ‑80˚C until required for 
RNA extraction.

Cell lines and reagents. The two human OC cell lines, 
SK‑OV‑3 (cat. no. HTB‑77) and OVCAR‑3 (cat. no. HTB‑161), 
were purchased from the American Type Culture Collection. 
The human ovarian surface epithelial cell line HOSEpiC (cat. 

no. 7310) was obtained from ScienCell Research Laboratories, 
Inc. All cells were cultured in RPMI‑1640 medium (HyClone; 
GE Healthcare Life Sciences), supplemented with 10% FBS 
(HyClone; GE Healthcare Life Sciences) and 100  µg/ml 
penicillin/streptomycin. All cells were cultured at 37˚C in a 
humidified atmosphere containing 5% CO2.

Cell transfection. Two short hairpin (sh)RNAs targeting 
CCEPR, shCCERP1 (cat. no. H‑4861, 5'‑ATG​TTA​TAG​CTA​
AAT​GGA​TGT​GAC​TAG‑3') and shCCEPR2 (cat. no. H‑4862, 
5'‑CAT​TTT​ATG​TCT​TGA​CAA​TGC​CTC​GAT​TTG‑3'), and 
the corresponding scrambled shRNAs [negative control (NC)], 
shNC1 (cat. no. H‑4861‑1, 5'‑ACT​GGC​TCA​TTA​CCT​GAG​
GAA​ATG​TGT‑3') and shNC2 (cat. no. H‑4862‑1, 5'‑AAT​
GTT​GGA​CCC​TTT​ACA​GTT​GGA​AATC‑3'), were designed 
and cloned into psi‑H1 vector from GeneCopoeia, Inc 
(Guangzhou, China). Sequences of all oligonucleotides were 
confirmed by Sanger sequencing (Thermo Fisher Scientific, 
Inc.). Upon reaching 80% confluence, cells in 6‑well plates 
at 8x106 cells/well were transfected with 2 µg/well shRNA or 
NC using Lipofectamine® 2000 reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) for 6 h at 37˚C, according to the manu-
facturer's protocol. Cells were incubated with RPMI‑1640 at 
37˚C supplemented with 10% FBS for 48 h prior to subse-
quent experimentation. The efficiency of cell transfection 
was analyzed using reverse transcription‑quantitative PCR 
(RT‑qPCR) analysis.

Cell proliferation assays. To measure the cell proliferation 
rate, a total of 3x103 transfected OC cells/well were plated 
into 96‑well plates and cultured overnight. Subsequently, 10 µl 
Cell Counting Kit‑8 (CCK‑8) solution (Dojindo Molecular 
Technologies, Inc.) was added to each well at the at 0, 24, 48 
and 72 h. Following incubation for 3 h at 37˚C, the absorbance 
was measured at 450 nm using an automatic microplate reader 
(Bio‑Rad Laboratories, Inc.).

Western blotting. Total protein was extracted from cells with 
ice‑cold mammalian cell total protein lysis buffer (Sangon 
Biotech Co., Ltd.) and centrifuged at 13,000 x g for 30 min to 
obtain the protein samples at 4˚C. Total protein was quantified 
using a bicinchoninic acid assay kit (Pierce; Thermo Fisher 
Scientific, Inc.) and 25 µg protein/lane was separated via 
SDS‑PAGE on a 12% gel. The separated proteins were subse-
quently transferred onto PVDF membranes (EMD Millipore) 
and blocked with 5% non‑fat milk in TBS‑0.1% Tween 20 for 
1 h at 37˚C. The membranes were incubated with the following 
primary antibodies overnight at 4˚C: Anti‑Myc (1:1,000; cat. 
no. D199941; Sangon Biotech Co., Ltd.), anti‑MMP‑7 (1:2,000; 
cat. no. MAB9071‑100; R&D Systems, Inc.), anti‑cyclin D1 
(1:1,000; cat. no. D 198702; Sangon Biotech Co., Ltd.), 
anti‑β‑catenin (1:500; cat. no. D 199519; Sangon Biotech 
Co., Ltd.) and anti‑GAPDH (1:2,500; cat. no. D 190090; 
Sangon Biotech Co., Ltd.). Following the primary antibody 
incubation, membranes were incubated with horseradish 
peroxidase (HRP)‑conjugated secondary antibodies (1:2,000; 
cat. no. D110098; Sangon Biotech Co., Ltd.) for 1 h at 37˚C. 
Protein bands were visualized using an enhanced chemilu-
minescence kit (Thermo Fisher Scientific, Inc.) and protein 
expression was semi‑quantified using a v4.6.6 Quantity One 
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software (Bio‑Rad Laboratories, Inc.), with GAPDH as the 
loading control.

Bioinformatics analysis. The Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway online database (https://www.
genome.jp/kegg/pathway.html) was used to predict the down-
stream signaling pathways of CCEPR.

ELISA. Human Bcl‑2 (cat. no. C SB‑E08853h), Bax (cat. 
no. CSB‑E09344h) and caspase‑3 (cat. no. CSB‑E08856h) 
ELISA kits (Cusabio Technology LLC) were used to analyze 
the expression levels of Bcl‑2, Bax and caspase‑3 in trans-
fected cells. Briefly, a total of 1x106 transfected OC cells were 
harvested and lysed with lysis buffer (Cusabio Technology 
LLC) provided by the kits on ice for 30  min at 4˚C and 
centrifuged at 13,000 x g for 30 min to obtain the superna-
tants at 4˚C. A total of 100 µl/well supernatant was added to 
the 96‑well ELISA plates and incubated at 37˚C for 30 min. 
Subsequently, 100 µl 1X HRP‑conjugate solution was added 
to each well and incubated for 30 min at 37˚C. Then, 90 µl 
tetramethylbenzidine substrate solution/well was added to the 
plates and incubated for 20 min at 37˚C in the dark. Finally, 
50 µl stop solution was added to each well to terminate the 
reaction and the optical density value at 570 nm was measured 
using an automatic microplate reader (Bio‑Rad Laboratories, 
Inc.).

RT‑qPCR. Total RNA was extracted from OC cell lines and 
cancer/normal tissues using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol. The quality was assessed using a SmartSpec 
Plus spectrophotometer (Bio‑Rad Laboratories, Inc.) and 
1 µg RNA was reverse transcribed into cDNA using a cDNA 
Synthesis kit (Toyobo Life Science), according to the manu-
facturer's protocol. qPCR was subsequently performed using 
the SYBR® qPCR mix (Toyobo Life Science) and a 7900HT 
Sequence Detection system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.), according to the manufacturer's 
protocol. The following primer pairs (Sangon Biotech Co., 
Ltd.) were used for qPCR: CCEPR, forward, 5'‑AAG​GTC​CCA​
GGA​TAC​TCG​C‑3', reverse, 5'‑GTG​TCG​TGG​ACT​GGC​AAA​
AT‑3'; and GAPDH, forward, 5'‑CGC​TCT​CTG​CTC​CTC​CTG​
TTC‑3' and reverse, 5'‑ATC​CGT​TGA​CTC​CGA​CCT​TCAC‑3'. 
The following thermocycling conditions were used for qPCR: 
Initial denaturation at 95˚C for 60 sec; followed by 40 cycles 
at 95˚C for 10 sec, 60˚C for 30 sec and 72˚C for 45 sec, finally 
at 4˚C for 30 min. Expression levels were quantified using the 
2‑ΔΔCq method (19) and normalized to the internal reference 
gene GAPDH.

Flow cytometry. A total of 7x104 transfected cells/well were 
plated into 6‑well plates and cultured for 48 h in 5% CO2, 
prior to being harvested. Subsequently, cells were centri-
fuged at 1,000 x g for 10 min at 37˚C and 1x106 cells were 
fixed overnight with 70% ice‑cold ethanol at 4˚C. The cells 
were resuspended in PBS containing 50  mg/ml RNase A 
(cat. no.  ST576; Beyotime Institute of Biotechnology) for 
30 min at 37˚C, and blocked with 10% goat serum (Solarbio 
Science & Technology Co., Ltd., Beijing, China) for 2 h at 37˚C. 
Next, the cells were stained with 3 µl propidium iodide and 

5 µl Annexin V‑FITC (Thermo Fisher Scientific, Inc.) in the 
dark for 1 h at 37˚C. The apoptotic cells were visualized using 
a BD FACSCalibur™ flow cytometer (BD Biosciences) and 
subsequently analyzed using BD CellQuest™ Pro version 5.1 
software (BD Biosciences).

Transwell invasion assay. The invasion assay was performed 
using a 24‑well Boyden chamber (pore size, 8 µm; Corning, 
Inc.). A total of 5x104 transfected cells/well were resuspended 
in 200 µl serum‑free RPMI‑1640 medium and were plated 
in the upper chambers, which were precoated with Matrigel. 
A total of 500 µl RPMI‑1640 medium supplemented with 
10% FBS was plated in the lower chambers as a chemoat-
tractant. After 48 h, the invasive cells were fixed with 4% 
paraformaldehyde (Sigma‑Aldrich; Merck KGaA) at 37˚C 
for 30 min and subsequently stained with 0.5% crystal violet 
(Sigma‑Aldrich; Merck KGaA) at 37˚C for 15 min. Stained 
cells were counted in five randomly selected fields using an 
Olympus light microscope at x200 magnification (Olympus 
Corporation).

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism 5.0 software (GraphPad Software, Inc.). Data 
are presented as the mean ± SD and are representative of ≥3 
experimental repeats. The association between CCEPR expres-
sion and clinicopathological variables was analyzed using a 
χ2 test; Kaplan‑Meier curves and the log‑rank test were used 
to analyze the association between CCEPR expression levels 
and OS in patients with OC; Student's t‑tests were used to 
identify statistical differences between two groups; and differ-
ences among >2 groups were analyzed using one‑way ANOVA 
followed by a Bonferroni's correction post hoc test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

CCEPR is highly expressed in OC tissues and cell lines. To 
determine the potential role of CCEPR in the progression of 
OC, RT‑qPCR was performed to analyze the expression levels 
of CCEPR in 70 OC and matched normal tissues. The expres-
sion levels of CCEPR were significantly increased in OC 
tissues compared with the matched normal tissues (Fig. 1A; 
P<0.05). Furthermore, CCEPR expression was also examined 
in two OC cell lines, SK‑OV‑3 and OVCAR‑3. Compared 
with the HOSEpiC cell line, CCEPR expression levels were 
significantly increased in the two OC cell lines (Fig. 1B and C; 
P<0.05).

CCEPR expression is associated with the clinicopathological 
features and prognosis of patients with OC. To determine the 
clinical value of CCEPR in OC, the relationship between the 
expression levels of CCEPR and clinicopathological variables 
was analyzed. Based on the median expression levels of 
CCEPR in OC tissues, patients with OC were divided into 
two groups: High expression group (n=35) and low expres-
sion group (n=35). Increased CCEPR expression levels were 
associated with an increased invasive ability and a higher 
International Federation of Gynecology and Obstetrics (FIGO) 
stage (Table I; P<0.05), but not with patients' age, pathological 
type, differentiation, tumor size, CA125 levels or lymph node 
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metastasis. Kaplan‑Meier curves revealed that the 5‑year 
OS rate was significantly lower in patients within the high 
expression group (11.43%) compared with patients in the 
low expression group (25.71%; Fig. 2A; P<0.05). The median 
survival time of patients with OC in the low expression group 
was 45.0 months, whereas the median survival time of patients 
with OC in the high expression group was 19.6 months. These 
data suggested that increased CCEPR expression levels may 
be related to aggressive clinicopathological behaviors and may 
predict an unfavorable prognosis in patients with OC.

CCEPR knockdown suppresses the proliferation and invasion 
of OC cells. Given the association of CCEPR expression with 
invasion and FIGO stage in OC, the biological effects of 
CCEPR on the proliferation rate and invasive ability of OC cells 
were further investigated by loss‑off function assays. CCEPR 
expression levels were significantly decreased in SK‑OV‑3 
and OVCAR‑3 cells following transfection with shCCEPR1 
compared with shNC1‑transfected cells (Fig. 2B; P<0.05); 
however, transfection with shCCEPR2 only significantly 
decreased expression levels in OVCAR‑3 cells compared with 
shNC2‑transfected cells (Fig. 2C). Therefore, the shCCEPR1 
shRNA was chosen for subsequent experiments. The CCK‑8 
assay revealed that the proliferative ability of cells was mark-
edly suppressed in shCCEPR‑1‑transfected SK‑OV‑3 and 
OVCAR‑3 cells compared with the shNC1‑transfected group 
(Fig. 2D and E; P<0.05). In addition, a Transwell invasion 
assay was performed to investigate the effect of CCEPR 
expression on tumor cell invasion. CCEPR knockdown 
significantly decreased the invasive abilities of SK‑OV‑3 and 
OVCAR‑3 cells (Fig. 3A‑D; P<0.05) compared with the cells 
transfected with the shNC1. These findings suggested that the 

knockdown of CCEPR may impede cell growth and invasion 
in vitro.

CCEPR knockdown induces apoptosis of OC cells. To further 
confirm whether CCEPR knockdown suppressed OC cell 
proliferation through regulating cell apoptosis, flow cyto-
metric analysis was performed. The results revealed that the 
apoptotic rate in the shCCEPR1‑transfected cells was signifi-
cantly increased compared with the shNC1‑transfected cells 
(Fig. 4A‑D; P<0.05). Furthermore, the expression levels of cell 
apoptosis‑related proteins, including Bcl‑2, Bax and caspase‑3 
were analyzed using ELISA following CCEPR knockdown. 
The protein expression levels of Bcl‑2 were significantly 
decreased in OC cells post‑transfection with shCCEPR1 
compared with the shNC1‑transfected cells (Fig. 4E; P<0.05), 
whereas the protein expression levels of Bax and caspase‑3 
were significantly increased in shCCEPR1‑transfected cells 
compared with shNC1‑transfected cells (Fig.  4F  and  G; 
P<0.05). These results suggested that the knockdown of 
CCEPR may induce apoptosis of OC cells in vitro.

Wnt/β‑catenin signaling pathway is associated with the role 
of CCEPR in OC cells. The potential mechanism through 
which CCEPR regulates OC progression was subsequently 
investigated. KEGG analysis was used to predict the down-
stream signaling pathways of CCEPR and the Wnt/β‑catenin 
signaling pathway was highly enriched; thus, western blotting 
was used to verify this. Significantly decreased expression 
levels of proteins involved in the Wnt/β‑catenin signaling 
pathway, including cyclin D1, β‑catenin, Myc and MMP‑7, 
were observed in shCCEPR1‑transfected OC cells compared 
with the shNC1‑transfected cells (Fig. 5A‑D; P<0.05). These 

Figure 1. CCEPR expression levels are increased in human OC tissues and cell lines. Reverse transcription‑quantitative PCR was used to analyze CCEPR 
expression levels in (A) 70 paired OC tissues and corresponding normal tissues, (B) the OC cell line SK‑OV‑3 and HOSEpiC cells, and (C) the OC cell line 
OVCAR‑3 and HOSEpiC cells. Data are presented as the mean ± standard deviation of ≥3 individual experiments. *P<0.05. CCEPR, cervical carcinoma 
expressed PCNA regulatory lncRNA; OC, ovarian cancer.



Molecular Medicine REPORTS  21:  1950-1958,  20201954

results suggested that CCEPR may be involved in the progres-
sion of OC through regulating the Wnt/β‑catenin signaling 
pathway.

Discussion

Accumulating evidence has demonstrated that lncRNAs 
are frequently dysregulated in OC and serve as important 
regulators of numerous cellular processes  (20,21). For 
example, TP73‑AS1 was highly expressed in OC tissues 
and cells, whereas the knockdown of TP73‑AS1 expression 
significantly suppressed proliferation, and the migratory and 
invasive ability of SK‑OV‑3 cells (22). Growth arrest specific 
5 has been reported to serve a tumor suppressive role towards 
the proliferation of OC cells through suppressing microRNA 
(miR)‑21 expression and increasing sprouty RTK signaling 
antagonist 2 expression (23). Nuclear paraspeckle assembly 
transcript 1 promoted OC cell metastasis via regulating the 
miR‑382‑3p/ROCK1 signaling pathway  (24); and lncRNA 
SRY‑box transcription factor 4 has been reported to exert an 
oncogenic effect on the development of OC by increasing cell 

proliferation and reducing cell apoptosis (25). These findings 
indicated that lncRNAs may demonstrate potential as novel 
biomarkers and therapeutic targets for the treatment of OC. 
In the present study, increased CCEPR expression levels were 
associated with a poor prognosis in patients with OC, and 
contributed to the progression of OC through regulating the 
Wnt/β‑catenin signaling pathway.

CCEPR is a newly identified lncRNA 2,502 nucleotides in 
length, which is localized on the human chromosome 10q21.1 
region (26). A previous study demonstrated that increased 
CCEPR expression was significantly correlated with a higher 
TNM stage and histological grade in urothelial bladder 
carcinoma, in addition to predicting a poorer prognosis (17). 
Consistent with these findings, in the present study it was 
demonstrated that the expression levels of CCEPR were signif-
icantly increased in OC tissues and cell lines. Furthermore, 
higher CCEPR expression levels were significantly associated 
with poor OS and unfavorable clinicopathological behaviors, 
including an increased invasive ability and an advanced 
FIGO stage. Notably, the present results revealed that the 
5‑year OS rate was significantly lower in patients with OS 

Table I. Association between CCEPR expression levels and clinicopathological variables in patients with ovarian cancer.

	CCE PR expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	N	L  ow 	 High 	 χ2	 P‑value 

Age (years)				    2.809	 0.094
  <50	 37	 15	 22		
  ≥50	 33	 20	 13		
Differentiation				    2.885	 0.089
  Well	 29	 18	 11		
  Poor	 41	 17	 24		
Tumor size (cm)				    2.692	 0.101
  <4	 52	 29	 23		
  ≥4	 18	 6	 12		
CA125 levels (U/ml)				    3.049	 0.081
  <5,000	 25	 16	 9		
  ≥5,000	 45	 19	 26		
Pathological type				    0.402	 0.526
  Serous	 58	 30	 28		
  Mucinous	 12	 5	 7		
Invasion				    4.242	 0.039
  T1 + T2	 22	 15	 7		
  T3 + T4	 48	 20	 28		
Lymph node metastasis				    1.296	 0.255
  Absent (N0)	 16	 10	 6		
  Present (N1‑N3)	 54	 25	 29		
International federation of 				    17.425	 <0.001
gynecology and obstetrics stage	
  I‑II	 27	 22	 5		
  III‑IV	 43	 13	 30		

CCEPR, cervical carcinoma expressed PCNA regulatory lncRNA.
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Figure 3. Effects of CCEPR knockdown on the invasive ability of ovarian cancer cells. Transwell invasion assays were used to analyze the invasive ability of 
shCCEPR1‑transfected (A) SK‑OV‑3 and (B) OVCAR‑3 cells compared with shNC1‑transfected cells. Scale bars, 100 µm. (B) CCEPR knockdown significantly 
impaired the invasive ability of (C) SK‑OV‑3 and (D) OVCAR‑3 cells compared with the cells transfected with shNC1. Data are presented as the mean ± SD of 
≥3 individual experiments. *P<0.05. CCEPR, cervical carcinoma expressed PCNA regulatory lncRNA; NC, negative control; sh, short hairpin RNA.

Figure 2. Effects of CCEPR knockdown on the proliferation of OC cells. (A) Patients with OC in the high CCEPR expression group (n=35) demonstrated 
poorer overall survival compared with patients in the low CCEPR expression group (n=35). Expression levels of CCEPR were detected by reverse tran-
scription‑quantitative PCR in SK‑OV‑3 and OVCAR‑3 cells transfected with specific shRNAs (B) shCCEPR1 and shNC1, and (C) shCCEPR2 and shNC2. 

Cell Counting Kit‑8 assays were used to detect the effects of shCCEPR1 on the proliferative ability of (D) SK‑OV‑3 and (E) OVCAR‑3 cells compared with 
the shNC1. Data are presented as the mean ± SD of ≥3 individual experiments. *P<0.05. CCEPR, cervical carcinoma expressed PCNA regulatory lncRNA; 
NC, negative control; OC, ovarian cancer; OD, optical density; sh/shRNA, short hairpin RNA.
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that demonstrated high expression levels of CCEPR compared 
with those patients with low expression levels of CCEPR. 
These results suggested that increased CCEPR expression 
may be used as a promising prognostic biomarker for patients 
with OC.

There is increasing interest regarding the roles of CCEPR in 
the proliferation and apoptosis of human cancer (17,18). Thus, to 
evaluate the function of CCEPR, SK‑OV‑3 and OVCAR‑3 cells 
were used to detect the effect of CCEPR knockdown on cell 
behaviors in vitro. The results indicated that CCEPR expression 
levels were significantly decreased in SK‑OV‑3 and OVCAR‑3 
cells following transfection with shCCEPR1. Using the CCK‑8 
assay, Transwell invasion assay and flow cytometric analysis, it 
was observed that transfection of OC cell lines with shCCEPR1 
significantly suppressed proliferation and invasion, whilst 
promoting cell apoptosis. On account of these observations, it 
was hypothesized that CCEPR may serve an oncogenic role in 
OC cells. These data were consistent with previous studies, in 
which CCEPR was demonstrated to be an oncogene in cervical 
cancer and urothelial bladder carcinoma (17,18).

The Wnt/β‑catenin signaling transduction pathway 
regulates development and homeostasis, but is also tightly 

associated with the development of cancer (27,28). Activation 
of the Wnt/β‑catenin signaling pathway has been demon-
strated to mediate the initiation and progression of OC through 
regulating cell proliferation, apoptosis and metastasis (29). 
In addition, the Wnt/β‑catenin signaling pathway has been 
reported to be an important modulator of cell invasion, and 
it has been observed to participate in cisplatin‑induced 
chemoresistance of OC (30). In the Wnt/β‑catenin signaling 
pathway, the β‑catenin and T‑cell factor complex translocates 
to the nucleus, where it drives the transcription of downstream 
genes, such as MYC, cyclin D1 and MMP‑7, which promotes 
the transformation of a normal cell into a tumor cell (31,32). 
Using KEGG pathway analysis, the Wnt/β‑catenin signaling 
pathway was observed to be highly enriched among the down-
stream signaling pathways of CCEPR. In order to confirm 
whether CCEPR exerted a biological role in the Wnt/β‑catenin 
signaling pathway, western blotting revealed that the knock-
down of CCEPR significantly decreased the expression levels 
of protein involved in the Wnt/β‑catenin signaling pathway, 
including cyclin D1, β‑catenin, Myc and MMP‑7. Thus, it 
was suggested that CCEPR may contribute to the progression 
of OC via regulating the Wnt/β‑catenin signaling pathway. 

Figure 4. CCEPR knockdown induces the apoptosis of ovarian cancer cells. Apoptotic rate of shCCEPR1‑transfected (A) SK‑OV‑3 and (B) OVCAR‑3 
cells compared with shNC1‑transfected cells, as assessed using flow cytometric analysis. CCEPR knockdown significantly increased the apoptotic rate of 
(C) SK‑OV‑3 and (D) OVCAR‑3 cells compared with cells transfected with shNC1. Apoptosis‑related markers, (E) Bcl‑2, (F) Bax and (G) caspase‑3 were 
detected using ELISA in SK‑OV‑3 and OVCAR‑3 cells transfected with shCCEPR1 or shNC1. Data are presented as the mean ± SD of ≥3 individual experi-
ments. *P<0.05. CCEPR, cervical carcinoma expressed PCNA regulatory lncRNA; NC, negative control; sh, short hairpin RNA.
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However, one limitation of the study was that only 70 cases 
of OC were analyzed; hence, in vivo experiments and further 
investigations are required in the future to explore the onco-
genic mechanism of CCEPR in OC.

In conclusion, to the best of our knowledge, the present 
study was the first to identify that high CCEPR expression may 
be related to unfavorable clinicopathological behaviors and may 
predict a worse prognosis in patients with OC. In addition, the 
data suggested that CCEPR may contribute to the progression 
of OC through regulating the Wnt/β‑catenin signaling pathway. 
These findings suggested a novel direction for the potential 
therapeutic value of CCEPR in OC treatment in the future.
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