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Knockdown of IncRNA CCEPR suppresses
colorectal cancer progression
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Abstract. Long non-coding RNAs (IncRNAs) serve important
roles in colorectal cancer. The aim of the present study was
to investigate the expression and role of cervical carcinoma
expressed PCNA regulatory (CCEPR) IncRNA in colorectal
cancer progression. The results demonstrated that CCEPR
expression was significantly higher in colorectal cancer tissues
when compared with paired adjacent normal tissues. In addi-
tion, CCEPR expression was significantly higher in patients
with advanced colorectal cancer (stage III/IV) than those with
early-stage colorectal cancer (stage I/II). High CCEPR expres-
sion was significantly associated with poor differentiation,
advanced clinical stage, positive lymph node metastasis and
distant metastasis. Of particular note, patients with colorectal
cancer exhibiting high CCEPR expression levels had shorter
survival rates when compared with patients with low CCEPR
expression. In vitro experiments demonstrated that the expres-
sion of CCEPR was increased in colorectal cancer cell lines
when compared with a normal colon cell line. Knockdown of
CCEPR significantly inhibited colorectal cancer cell prolif-
eration, colony formation and cell cycle progression, as well
as cell migration and invasion. Finally, silencing of CCEPR
downregulated matrix metalloproteinase (MMP)-2 and
MMP-9 expression and suppressed epithelial-mesenchymal
transition in colorectal cancer cells. In conclusion, the results of
the present study suggest that CCEPR may exert an oncogenic
role in colorectal cancer, and CCEPR may be a promising
molecular target for colorectal cancer treatment.

Introduction
Colorectal cancer is one of the most common malignant

tumours worldwide, and has the third highest incidence rates
among all malignancies (1-3). Despite significant advances
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in surgical resection combined with radiochemotherapy, the
prognosis of patients with advanced stage colorectal cancer
remains poor with a five-year survival rate of <20% (4,5). This
is thought to be mainly due to the rapid growth and widespread
metastasis of the cancer. The molecular mechanisms under-
lying colorectal cancer growth and metastasis is currently
unclear. Understanding the molecular mechanisms may
facilitate the identification of novel and effective therapeutic
targets (6).

Long non-coding RNAs (IncRNAs) are a class of RNAs
(>200 nucleotides in length) with no protein-coding ability, that
regulate gene expression through IncRNA-mRNA interactions,
IncRNA-microRNA (miR) interactions and IncRNA-protein
interactions (7-9). Recently, an increasing number of IncRNAs
have been reported to serve key roles in various biological
processes, including cell proliferation, colony formation,
cell cycle progression, cell migration, cell invasion and
epithelial-mesenchymal transition (EMT) (10-12). In addi-
tion, deregulation of various IncRNAs has been observed in
several human malignancies (including colorectal cancer) and
IncRNAs have been demonstrated to serve either oncogenic or
tumour suppressive roles (10-13). For instance, expression of
the IncRNA, HOX transcript antisense RNA, is significantly
upregulated in colorectal cancer and regulates the progres-
sion and chemoresistance of colorectal cancer by modulating
miR-203a-3p expression and the activity of the Wnt/f-catenin
signalling pathway (5).

Cervical carcinoma expressed PCNA regulatory IncRNA
(CCEPR) is an IncRNA localized to the 10g21.1 chromosomal
region. CCEPR expression was initially identified to be signifi-
cantly upregulated in cervical cancer and is associated with
poor patient prognosis (14). Yang et al (15) reported that CCEPR
promotes cervical cancer cell proliferation via the upregula-
tion of proliferating cell nuclear antigen (PCNA) expression.
In addition, CCEPR exerts oncogenic roles in gastric cancer,
lung cancer, bladder cancer and liver cancer (16-19). Recently,
Gaballah ef al (20) identified that CCEPR expression is signifi-
cantly upregulated in colorectal cancer, and its expression
is positively correlated with the expression of phosphory-
lated (p)-ERK1/2, cyclooxygenase (COX)-2, cyclin D1 and
PCNA (20). This suggests that CCEPR may be involved in
colorectal cancer progression by modulating the ERK/COX-2
signalling pathway and cell proliferation activity. However, the
detailed role of CCEPR during colorectal cancer progression
remains currently unclear.
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Matrix metalloproteinase (MMP)-2 and MMP-9 are
members of the MMP gene family. They function as
zinc-dependent enzymes that cleave extracellular matrix
components (21). It has been demonstrated that MMP-2 and
MMP-9 serve crucial roles in tumour cell migration and inva-
sion (21). EMT is characterized by the transition of cells from
an epithelial-like phenotype to a mesenchymal phenotype,
which causes tumour cells to acquire invasive and migratory
capacities (22-24). In addition, MMP-2 and MMP-9 have been
implicated in the process of EMT (25). However, whether
CCEPR affects the expression of MMP-2 and MMP-9 and
the process of EMT in colorectal cancer has not yet been
explored.

The aims of the present study were to evaluate the clinical
significance of CCEPR expression in colorectal cancer, and to
investigate the function of CCEPR in regulating the malignant
phenotypes of colorectal cancer cells in vitro.

Materials and methods

Clinical tissue samples. The present study was approved by the
Ethics Committee of the Hunan Provincial People's Hospital
(Changsha, China). A total of 58 colorectal cancer tissues and
paired adjacent normal tissues were collected from 58 patients
with primary colorectal cancer admitted to Hunan Provincial
People's Hospital between April 2012 and May 2013. These
patients included 38 male and 20 female, from 33 years
old to 75 years old. All patients provided written informed
consent. The inclusion criteria were that all patients only
had primary colorectal cancers. The exclusion criteria were
colorectal cancer patients who had received chemotherapy
or radiotherapy prior to undergoing surgery. The collected
tissues were frozen using liquid nitrogen shortly after surgical
resection, and stored at -80°C until experimentation. The total
duration of follow-up was 5 years.

Cell culture and transfection. Human colorectal cancer cell
lines, HT29, Caco2, SW480 and LS174T, and the normal
human intestinal epithelial cell line, HIEC, were purchased
from the American Type Culture Collection. Cells were
cultured in DMEM (Thermo Fisher Scientific, Inc.) containing
10% FBS (Thermo Fisher Scientific, Inc.) and maintained
in a humidified atmosphere at 37°C and 5% CO,. The HT29
and Caco-2 cell lines were established from primary adeno-
carcinomas of the colon. The SW480 and LS174T cell lines
were established from a Duke's type B adenocarcinoma of
the colon. HT29 and SW480 cells (5x10° cells per well) were
seeded in six-well plates and transfected with 100 nM CCEPR
small interfering (si) RNA (siCCEPR; Shanghai GenePharma
Co., Ltd.) or 100 nM scrambled negative control (NC) siRNA
(siNC; Shanghai GenePharma Co., Ltd.) using Lipofectamine
2000 (Thermo Fisher Scientific, Inc.) in accordance with
the manufacturer's instructions. The target sequence of the
CCEPR siRNA was 5-CGAGGGCGAGCATGTTTGTTG
TTTA-3' (15). The NC siRNA sequences were 5'-TCAAGU
CCACGACGACTTTG-3'". At 48-h post-transfection, the
subsequent experiments were conducted.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from the tissue samples or cells using
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TRIzol reagent (Thermo Fisher Scientific, Inc.) in accordance
with the manufacturer's instructions. Subsequently, 1 ug total
RNA was used to perform RT-qPCR using a SuperScript
IIT Platinum SYBR Green One-Step RT-qPCR kit (Thermo
Fisher Scientific, Inc.) and the ABI 7500 real-time PCR
system (Thermo Fisher Scientific, Inc.) in accordance with the
manufacturer's instructions. The thermocycling conditions for
reverse transcription were as follows: 16°C for 30 min, 42°C for
30 min and 85°C for 5 min. The thermocycling conditions for
PCR were as follows: 95°C for 1 min, followed by 40 cycles of
95°C for 15 sec and 60°C for 30 sec. Relative mRNA expression
levels were calculated using the 2"24%4 method (26) normalized
to the internal reference gene GAPDH. The primer sequences
were as follows: CCEPR forward, 5-"AAGGTCCCAGGATAC
TCGC-3', and reverse, 5'-GTGTCGTGGACTGGCAAAAT-3";
GAPDH forward, 5-~ACAACTTTGGTATCGTGGAAGG-3',
and reverse, 5'-GCCATCACGCCACAGTTTC-3'. This assay
was repeated 3 times.

Cell proliferation assay. Cell proliferation was examined using
a Cell Counting kit-8 (CCK-8) assay (Thermo Fisher Scientific,
Inc.). Briefly, HT29 and SW480 cells (10,000 cells/well) were
seeded in 96-well plates and incubated at 37°C for 0, 24, 48
or 72 h. At the indicated time points, 10 ul CCK-8 reagent
(Thermo Fisher Scientific, Inc.) was added to each well. The
cells were subsequently incubated at 37°C for 2 h. The optical
density at 450 nm was determined using a microplate reader
(Bio-Rad Laboratories, Inc.).

Colony formation assay. Transfected HT29 and SW480 cells
were seeded into six-well plates at a density of 200 cells/well.
Following culture at 37°C for 14 days, the cells were washed
with PBS (Thermo Fisher Scientific, Inc.) twice before
they were stained with 0.5% crystal violet (Thermo Fisher
Scientific, Inc.) at room temperature for 10 min. The number
of colonies (containing >50 cells) were then counted under a
light microscope (magnification, x200).

Cell cycle analysis. Flow cytometry was used for cell cycle
analysis. Briefly, transfected HT29 and SW480 cells were first
fixed in 75% ethanol at 4°C overnight, and washed with PBS
three times. The cells were then permeabilized using eBiosci-
ence™ Permeabilization Buffer (Thermo Fisher Scientific,
Inc.) at 37°C for 30 min then stained with 500 ul propidium
iodide solution (Thermo Fisher Scientific, Inc.) at 4°C for
30 min. The cell cycle distribution was determined using a
FACScan flow cytometer (Becton, Dickinson and Company)
and BD Accuri C6 system (32-bit) software version 1.0
(BD Biosciences).

Cell migration assay. A wound healing assay was performed
to examine cell migration. Briefly, the transfected HT29
and SW480 cells were seeded into 12-well plates and incu-
bated at 37°C without serum to ~90% confluence. Wounds
were generated using a 100-ul pipette tip and the cells
were then incubated at 37°C for 24 h. The wounds were
photographed at O and 24-h using an inverted microscope
(magnification, x200; Olympus Corporation) and measured
using ImagelJ software version 1.8 (National Institutes of
Health).
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Cell invasion assay. Cell invasion was examined using a
24-well Transwell chamber (8 mm pore size; Corning, Inc.)
pre-coated with Matrigel for 1-h at room temperature (EMD
Millipore; Merck KGaA). Transfected HT29 and SW480 cells
(50,000 cells/well) were seeded in 300 ul serum-free DMEM
to the upper chamber. A total of 500 ul DMEM containing
20% FBS was added into the bottom chamber. Following
incubation at 37°C for 24 h, cells on the insert were carefully
removed with a cotton-tipped swab. The cells that had invaded
through the membrane were stained with 0.5% crystal violet
at room temperature for 10 min and photographed under an
inverted microscope (magnification, x200).

Western blot analysis. Transfected HT29 and SW480 cells
were lysed using radioimmunoprecipitation buffer (Beyotime
Institute of Biotechnology) according to the manufacturer's
protocols. A bicinchoninic acid protein assay kit (Pierce;
Thermo Fisher Scientific, Inc.) was then used to determine
the protein concentrations. Protein samples (60 pg/lane) were
separated by 12% SDS-PAGE before they were transferred
to polyvinylidene difluoride membranes (Beyotime Institute
of Biotechnology). The membranes were blocked with 5%
non-fat dry milk overnight at 4°C. After washing with PBS
at room temperature three times, the membranes were incu-
bated with rabbit anti-human E-cadherin (dilution, 1:200; cat.
no. ab40772; Abcam), rabbit anti-human N-cadherin (dilution,
1:500; cat. no. ab18203; Abcam), rabbit anti-human vimentin
(dilution, 1:200, cat. no. ab92547; Abcam), rabbit anti-human
MMP-2 (dilution, 1:500, cat. no. ab181286; Abcam), rabbit
anti-human MMP-9 (dilution, 1:200, cat. no. ab137867,;
Abcam), or rabbit anti-human GAPDH (dilution 1:200, cat.
no. ab181602; Abcam) primary antibodies at room temperature
for 4 h. After washing with PBS at room temperature three
times, the membranes were then incubated with a horseradish
peroxidase-conjugated goat anti-rabbit secondary antibody
(dilution, 1:5,000, cat. no. ab6721; Abcam) at room tempera-
ture for 30 min. Chemiluminescence was examined using
SuperSignal™ West Femto Maximum Sensitivity Substrate
(Thermo Fisher Scientific, Inc.) according to the manufac-
turer's protocol. ImageJ software (v1.46; National Institutes of
Health) was used for densitometry analysis with GAPDH as
the loading control.

Statistical analysis. Data are presented as the mean + standard
deviation and were analysed using GraphPad Prism 3.0
software (GraphPad Software, Inc.). Differences between
2 groups were analysed using paired or unpaired Student's
t-tests. Differences between multiple groups were analysed
by one-way analysis of variance followed by a post hoc
Tukey's test. The association between CCEPR expression
and clinicopathological characteristics of colorectal cancer
patients was analysed using chi-square tests. Survival analysis
was performed using Kaplan-Meier survival curves and
log-rank tests. P<0.05 was considered to indicate a statistically
significant difference.

Results

Increased CCEPR expression is associated with colorectal
cancer progression. In the present study, the expression of
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CCEPR in 58 primary colorectal cancer tissues and adjacent
normal tissues was first examined. RT-qPCR results indi-
cated that CCEPR expression was significantly upregulated
in colorectal cancer tissues compared with adjacent normal
tissues (Fig. 1A). In addition, CCEPR expression levels were
significantly higher in advanced colorectal cancer tissues
(ITI/TV) than in early-stage colorectal cancer tissues (I/11;
Fig. 1B). The association between CCEPR expression and the
clinicopathological characteristics of colorectal cancer patients
was then determined. Using the median expression value of
CCEPR as a cut-off value (2.71), patients were divided into low
and high CCEPR expression groups. Statistical analysis of the
results demonstrated that high CCEPR expression was signifi-
cantly associated with poor differentiation, positive lymph
node metastasis, distant metastasis and advanced clinical stage
(Table I). This suggests that upregulation of CCEPR expres-
sion may serve a key role during colorectal cancer progression.
Of particular note, patients with high CCEPR expression
levels exhibited shorter survival rates than patients with low
CCEPR expression levels over 5 years (Fig. 1C), suggesting
that CCEPR expression may be a promising predictive marker
for colorectal cancer prognosis.

Knockdown of CCEPR inhibits the growth of colorectal
cancer cells. In vitro experiments were performed to investi-
gate the function of CCEPR in colorectal cancer further. The
expression levels of CCEPR were examined in several human
colorectal cancer cell lines including HT29, Caco-2, SW480
and LS174T, as well as in the normal human intestinal epithelial
cell line, HIEC. RT-qPCR results demonstrated that CCEPR
expression was significantly increased in colorectal cancer cell
lines compared with HIEC cells (Fig. 2A). HT29 and SW480
cells exhibited the highest CCEPR expression levels and were
therefore selected for subsequent experiments. As CCEPR
expression was observed to be significantly upregulated in
colorectal cancer samples, CCEPR siRNA was transfected
into HT29 and SW480 cells to reduce its expression levels.
Following transfection, CCEPR levels were significantly
decreased in the siCCEPR group compared with the siNC
group (Fig. 2B). A CCK-8 assay was then performed to assess
cell proliferation. The proliferation of the HT29 and SW480
cells in the siCCEPR group was significantly suppressed
compared with cells in the siNC group (Fig. 2C and D). Thus,
CCEPR may serve an oncogenic role in colorectal cancer
growth. A colony formation assay was then performed to
examine the effects of CCEPR downregulation on the colony
formation capacity of colorectal cancer cells. The results
indicated that the colony formation capacity of cells in the
siCCEPR group was significantly inhibited when compared
with cells in the siNC group (Fig. 2E). To further confirm
these findings, flow cytometry was utilised to examine the
effects of CCEPR downregulation on cell cycle progression
in colorectal cancer cells. The results indicated that silencing
CCEPR in HT29 and SW480 cells led to significant cell cycle
arrest in the G1 stage (Fig. 2F and G). Therefore, these results
demonstrated that knockdown of CCEPR inhibited the growth
of colorectal cancer cells.

Knockdown of CCEPR suppresses the migration, invasion
and EMT of colorectal cancer cells. Following the cell
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Table I. Association between CCEPR expression and clinicopathological characteristics of patients with colorectal cancer.

Cases Low CCEPR levels High CCEPR levels
Variables (n=58) (n=33) (n=25) P-value
Age (years) 0.384
<55 31 16 15
>55 27 17 10
Sex 0.832
Male 38 22 16
Female 20 11 9
Differentiation 0.032°
Well and moderately 41 27 14
Poor 17 6 11
Node metastasis 0.043*
Present 26 11 15
Absent 32 22 10
Distant metastasis 0.003*
Present 9 1 8
Absent 49 32 17
Clinical stage 0.043¢
I-11 32 22 10
II-1v 26 11 15

“P<0.05. CCEPR, cervical carcinoma expressed PCNA regulatory IncRNA; IncRNA, long non-coding RNA.
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Figure 1. Upregulation of CCEPR is associated with colorectal cancer progression. (A) RT-qPCR analysis demonstrated that CCEPR is more highly upregulated
in colorectal cancer tissues when compared with adjacent normal tissues (“P<0.01 vs. adjacent tissue). (B) RT-qPCR analysis demonstrated that CCEPR expres-
sion is higher in advanced colorectal cancer tissues (stage ITI/IV) than in early-stage colorectal cancer tissues (stage I/I1; “P<0.01 vs. stage I/IT). (C) Patients with
colorectal cancer exhibiting with high CCEPR expression had shorter overall survival rates compared with those exhibiting low CCEPR expression. CCEPR,
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Figure 2. Inhibition of CCEPR suppresses colorectal cancer cell growth in vitro. (A) CCEPR expression levels were significantly higher in colorectal cancer
cell lines compared with the HIEC cell line (“P<0.01 vs. HIEC). (B) HT29 and SW480 cells were transfected with siNC or siCCEPR, and CCEPR levels were
then examined using reverse transcription-quantitative PCR. The results demonstrated successful transfection efficiency. A cell counting kit-8 assay was used
to determine cell proliferation in (C) HT29 and (D) SW480 cell lines. (E) Colony formation assays demonstrated that CCEPR silencing significantly reduced
colony formation in HT29 and SW480 cells. The cell cycle distribution of (F) HT29 and (G) SW480 cells. “"P<0.01 vs. siNC. CCEPR, cervical carcinoma
expressed PCNA regulatory IncRNA, IncRNA, long non-coding RNA; si, small interfering RNA; NC, negative control; OD, optical density.

growth experiments, the function of CCEPR in colorectal
cancer metastasis in vitro was investigated. Wound healing
and Transwell assays were performed to examine the effects
of CCEPR downregulation on colorectal cancer cell migra-
tion and invasion, respectively. The results of the wound
healing assay demonstrated that the migratory capacity
of the HT29 and SW480 cells in the siCCEPR group was
significantly attenuated when compared with the cells in the
siNC group (Fig. 3A and B). In addition, the Transwell assay
revealed that the number of invasive cells in the siCCEPR
group was significantly decreased when compared with the
siNC group (Fig. 3C and D), indicating that knockdown of
CCEPR suppressed colorectal cancer cell invasion. Taking
the results presented thus far into consideration, the authors
of the present study hypothesized that CCEPR may serve an
oncogenic role in colorectal cancer metastasis. To further
confirm this hypothesis, the protein expression levels
of MMP-2 and MMP-9 were then analysed. The results
demonstrated that knockdown of CCEPR significantly
downregulated MMP-2 and MMP-9 expression in HT29
and SW480 cells (Fig. 4A and B). EMT is known to serve
an essential role in cancer cell migration and invasion (10).
Therefore, the effects of CCEPR downregulation on EMT
in colorectal cancer cells was subsequently investigated. In

HT?29 and SW480 cells from the siCCEPR group, the protein
expression levels of E-cadherin (an epithelial marker) were
significantly increased, while the protein expression levels
of N-cadherin and vimentin (mesenchymal markers) were
reduced when compared with cells from the siNC group
(Fig. 4C and D). This indicated that knockdown of CCEPR
significantly inhibited EMT in colorectal cancer cells.
Therefore, it was hypothesized that silencing CCEPR may
inhibit colorectal cancer cell migration and invasion via
suppression of EMT.

Discussion

The underlying molecular mechanisms of CCEPR in colorectal
cancer progression is currently unknown. The present study
observed that the expression of CCEPR was significantly
higher in colorectal cancer tissues when compared with
paired adjacent normal tissues. In addition, CCEPR expres-
sion was significantly higher in advanced colorectal cancer
tissues (stage III/IV) than early-stage colorectal cancer
tissues (stage I/II). High CCEPR expression was significantly
associated with poor differentiation, advanced clinical stage,
positive lymph node metastasis and distant metastasis. Of
particular note, patients with colorectal cancer exhibiting high
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Figure 3. Inhibition of CCEPR suppresses colorectal cancer cell migration and invasion. Cells were transfected with siCCEPR or siNC and wound healing
assay analysis demonstrated that CCEPR knockdown significantly reduced cell migration in (A) HT29 and (B) SW480 cell lines. Transwell assay analysis
demonstrated that CCEPR knockdown reduced cell invasion significantly in (C) HT29 and (D) SW480 cell lines. “P<0.01 vs. siNC. CCEPR, cervical carcinoma
expressed PCNA regulatory IncRNA; IncRNA, long non-coding RNA; si, small interfering RNA; NC, negative control.

CCEPR expression had shorter survival rates when compared
with patients exhibiting low CCEPR expression. Subsequent
in vitro experiments determined that the expression of CCEPR
was significantly higher in colorectal cancer cell lines when
compared with a normal colon cell line. Knockdown of
CCEPR significantly inhibited colorectal cancer cell prolifera-
tion, colony formation, cell cycle progression, cell migration
and invasion. In addition, silencing of CCEPR also downregu-
lated MMP-2 and MMP-9 expression, and suppressed EMT in
colorectal cancer cells.

An increasing number of IncRNAs have been reported to
serve as important mediators in human cancers (27,28). Specific
IncRNAss are significantly deregulated in colorectal cancer and
have been demonstrated to promote tumour growth and metas-
tasis. For instance, the growth arrest-specific 5 IncRNA is a
prognostic marker in colorectal cancer that has been demon-
strated to inhibit tumour cell proliferation, induce GO/G1 arrest
and apoptosis (29). In addition, the small nucleolar RNA host
gene 12 IncRNA promotes the growth and inhibits apoptosis
of colorectal cancer cells (30). The present study observed that

the expression levels of CCEPR were significantly increased
in colorectal cancer tissues and cell lines when compared with
adjacent normal tissues and non-tumour HIEC cells, respec-
tively. Consistent with these observations, Gaballah et al (20)
also reported that CCEPR expression was upregulated in 60
colorectal cancer tissues than in adjacent normal tissues. The
current study also demonstrated that the expression levels of
CCEPR were higher in advanced colorectal cancer tissues
(stage III/IV) compared with early-stage colorectal cancer
tissues (stage I/II). Further investigation demonstrated that
high CCEPR expression was associated with poor differen-
tiation, positive lymph node metastasis, distant metastasis
and advanced clinical stage in colorectal cancer. Consistent
with these observations, Gaballah et al (20) determined that
increased CCEPR expression was associated with increased
tumour size, poor differentiation, advanced Dukes' stage, posi-
tive lymph node involvement and vascular invasion. Taking the
results of the present and previous studies into consideration,
the authors hypothesize that increased CCEPR expression
may therefore serve a role in colorectal cancer progression.
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Figure 4. Knockdown of CCEPR inhibits EMT in colorectal cancer cells. MMP-2 and MMP-9 protein expression was significantly decreased following
CCEPR knockdown in (A) HT29 and (B) SW480 cell lines. E-cadherin protein expression was significantly increased, while N-cadherin and vimentin protein
expression was significantly decreased, following CCEPR knockdown in (C) HT29 and (D) SW480 cell lines. “P<0.01 vs. siNC. CCEPR, cervical carcinoma
expressed PCNA regulatory IncRNA; IncRNA, long non-coding RNA; EMT, epithelial-mesenchymal transition; MMP, matrix metalloproteinase; si, small

interfering RNA; NC, negative control.

In addition, the present study is the first to investigate whether
CCEPR expression may predict the prognosis of patients with
colorectal cancer. The results demonstrated that patients with
colorectal cancer exhibiting high CCEPR expression levels
had shorter survival times than patients with low CCEPR
expression levels.

Based on the results observed in clinical samples, the
present study performed further in vitro experiments to
investigate the function of CCEPR in regulating the malignant
phenotypes of colorectal cancer cells. As CCEPR expression
was significantly upregulated in colorectal cancer samples,
CCEPR siRNA was used to transfect HT29 and SW480 cells
to downregulate its expression. The results of the in vitro
experiments demonstrated that silencing CCEPR significantly
suppressed colorectal cancer cell proliferation and colony

formation capacity, potentially via inducing cell cycle arrest
at the G1 stage. These results suggest that CCEPR serves an
oncogenic role in colorectal cancer growth. In addition, inhibi-
tion of CCEPR was associated with a significant reduction in
colorectal cancer cell migration and invasion when compared
with cells expressing normal endogenous CCEPR levels. This
suggests that CCEPR may promote colorectal cancer metas-
tasis, which is consistent with the clinical findings. Similarly,
Liao et al (17) demonstrated that CCEPR promotes the
proliferation, metastasis and invasion of non-small cell lung
cancer cells. Peng et al (18) reported that silencing of CCEPR
significantly inhibits hepatocellular carcinoma cell growth
and induces cell apoptosis.

EMT is characterized by loss of the epithelial phenotype
and the acquisition of mesenchymal properties; a process that
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is essential for cancer cells to escape their original sites and
gain invasion and migration capabilities (22,31). It has been
widely reported that inhibiting EMT effectively suppresses
cancer cell migration and invasion (22,31). Recent studies
have implicated several IncRNAs in the regulation of EMT
in colorectal cancer (32-34). For instance, the X-inactive
specific transcript IncRNA promotes metastasis and modu-
lates EMT in colorectal cancer (32). However, whether
CCEPR regulates EMT in colorectal cancer cells currently
remains unclear. In the present study, western blot analysis
demonstrated that silencing of CCEPR in HT29 and SW480
cells resulted in significant upregulation of the epithelial
marker, E-cadherin, but a significant downregulation in
the expression of two mesenchymal markers, N-cadherin
and vimentin, indicating that EMT was suppressed.
Therefore, the inhibitory effects of CCEPR downregulation
on colorectal cancer cell invasion and migration may be
attributed to the inhibition of EMT.

In conclusion, the results of the present study demonstrated
that CCEPR is upregulated in colorectal cancer and may be
associated with colorectal cancer progression, as well as
poor prognosis in patients. In addition, CCEPR may serve
an oncogenic role in regulating the malignant phenotypes of
colorectal cancer cells. Therefore, CCEPR may be a promising
therapeutic target for colorectal cancer treatment.
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