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Expression of CREPT is associated with poor
prognosis of patients with renal cell carcinoma
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Abstract. Cell-cycle-associated and expression-elevated
protein in tumor (CREPT) functions as a cell cycle modulator
that enhances the transcription of cyclin D1 by interacting
with RNA polymerase II. CREPT has been identified to be
overexpressed in various human cancer types; however, the
expression and significance of CREPT in renal cell carci-
noma (RCC) has remained largely elusive. In the present
study, increased expression of CREPT was identified in
46.7% RCC tissues compared with adjacent normal tissue
(31.1%; P=0.032) using immunohistochemistry. Furthermore,
overexpression of CREPT was significantly associated with
the Tumor-Node-Metastasis stage (y*=11.967, P=0.001) and
Fuhrman grade (y*=15.453, P<0.001). In addition, increased
expression of CREPT was associated with poor overall
survival (P=0.021) and disease-free survival (P=0.015) of
patients according to Kaplan-Meier analysis. Cellular function
assays demonstrated that knockdown of CREPT in the 786-O
and 769P RCC cell lines suppressed their proliferative, colony
formation, migratory and invasive capacity and led to cell
cycle arrest in the G1 phase. In addition, the western blotting
analysis demonstrated that CREPT may control the cell cycle
through downregulation of cyclin D1 and c-myc. Collectively,
the overexpression of CREPT was indicated to be a negative
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prognostic factor for RCC, and CREPT may serve as a novel
therapeutic target for the treatment of RCC.

Introduction

Renal cell carcinoma (RCC) is a cancer that originates from
the proximal tubular epithelium, and 70-80% of RCC cases are
clear cell RCC (1). Each year, approximately 200,000 patients
are newly diagnosed with RCC and approximately 100,000
succumb to this malignancy, while the incidence of the disease
has been steadily increasing in recent years (2,3). It was esti-
mated that almost 25% of patients present with metastases
at diagnosis (4). Surgical resection is a potentially curative
therapeutic method for early and localized RCC; however,
>30% of patients with RCC develop metastases after radical
nephrectomy (5). In addition, the 10-year relative overall
survival rates are poor (6). Therefore, exploring biomarkers
associated with tumorigenesis and progression may improve
the potential therapeutic strategies and the prognosis of RCC.

Expression of the human gene cell cycle-related and
expression-elevated protein in tumor (CREPT), also named
regulation of nuclear pre-mRNA domain-containing protein
1B gene, is upregulated in various types of cancer, and has
been indicated to increase cyclin D1 transcription and enhance
cell proliferation by directly interacting with RNA polymerase
(RNAP) II (7-12). Recently, CREPT was demonstrated to
recognize and interact with RNAP II through the N-terminal
RPR domain and C-terminal domain (13). CREPT enhances
cell growth and promotes tumorigenesis by promoting the
G1- to S-phase transition (7,14). Zhang et al (15) demonstrated
that CREPT promotes the expression of cyclin D1 and c-myc
through the regulation of Wnt signaling as an underlying
mechanism of its oncogenic role to enhance the proliferative
and migratory ability of cells. In addition, the expression of
CREPT was associated with the survival time of patients with
stomach cancer (7). However, to date, the role of CREPT in the
development of RCC has remained elusive.

In the present study, the expression of CREPT in RCC
tissues was determined by western blot and immunohisto-
chemical (IHC) analyses, and an association between CREPT
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expression and survival rate was revealed. Knockdown of
CREPT inhibited the proliferation, colony formation and inva-
sion of RCC cells in vitro. Furthermore, silencing of CREPT
was indicated to block the G1- to S-phase cell cycle transition
by regulating the expression of c-myc and cyclin D1 in RCC.

Materials and methods

Patients and tissues. A total of 90 patients with histologically
confirmed RCC were analyzed. All of the patients underwent
curative radical or partial nephrectomy at the Department of
Urology at Peking University People's Hospital (Beijing, China)
between July 2010 and January 2014. The freshly obtained
tissues were immediately snap-frozen in liquid nitrogen and
stored at -80°C for analysis. None of the patients received any
adjuvant therapy prior to surgical resection. The clinicopatho-
logical characteristics of the patients with RCC are presented
in Table I. In the present study, the Tumor-Nodes-Metastasis
(TNM) staging system from 2009 was utilized to classify RCC
patients (16). Tumor grade was assessed with the Fuhrman
four-grade scale (17).

All the patients provided informed consent prior to enrol-
ment in the present study and the protocol was reviewed
and approved by the Ethics Committee of Peking University
People's Hospital (Beijing, China).

Follow up. After curative surgery, all of the patients were
followed up every 6 months until death or recurrence. The
median follow up was 23.5 months (range, 8-53 months). The
follow up of the 85 patients included in the present study was
completed in July 2014.

Histological examination. Samples obtained from the kidney
were fixed in 10% formalin for 24 h at room temperature
and routinely processed for paraffin embedding. Histological
sections (4 ym) were stained with hematoxylin for 1 min and
eosin for 5 min at room temperature, and examined by a senior
pathologist.

Immunohistochemical analysis. THC analysis was performed
using an IHC polymer double detection kit (OriGene
Technologies, Inc., Rockville, MD, USA). In brief, after
being deparaffinized and rehydrated, the tissue sections were
incubated with 0.3% hydrogen peroxide for 10 min to elimi-
nate endogenous peroxidase activity at room temperature.
Subsequently, antigen retrieval was performed by heating the
sections in 10 mM citrate buffer for 2.5 min. After washing
three times with PBS, the sections were incubated with mouse
anti-CREPT monoclonal antibody (15) (dilution, 1:100;
kindly provided by Dr Zhijie Chang, Tsinghua University,
Beijing, China) overnight at 4°C in a humidified chamber.
After washing three times with PBS, the specimens were
incubated with mouse secondary antibody (dilution, 1:200;
OriGene Technologies, Inc.) for 30 min at room temperature.
The sections were stained with diaminobenzidine for 50 sec
at room temperature and the nuclei were counterstained with
Meyer's hematoxylin for 1 min at room temperature.

IHC evaluation. Nuclear immunoreactivity for CREPT was
evaluated using a semi-quantitative method by experienced
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pathologists who were blinded to the clinicopathological data of
the patients. The percentage of positive tumor cells (0%, 0; 1-10%,
1; 11-50%, 2; 51-80%;, 3; 81-100%, 4) and the staining intensity
(negative, 0; weak, 1; moderate, 2; strong, 3) were evaluated. The
numeric values of the two parameters were multiplied to obtain
an immunoreactivity score (IRS) ranging from 0 to 12 (18). For
statistical analysis, patients were divided into two groups with low
or high CREPT expression based on the IRS (IRS=0-4 or 6-12,
respectively. The IRS value could not be 5).

Cell culture. The 786-O and 769P human renal cell carci-
noma cell lines and the HK-2 normal renal tubular cell line
were obtained from the American Type Culture Collection
(Manassas, VA, USA) and cultured in RPMI-1640 medium
containing 10% fetal bovine serum (Gibco; Thermo Fisher
Scientific, Inc.) at 37°C in a 5% CO, atmosphere.

CREPT RNA interference. To knock down the expression
of CREPT, short hairpin RNA (shRNA) targeting CREPT
was used. 786-O and 769P cells were transfected with
lentiviral vector containing plasmid pLL3.7-CREPT-short
hairpin RNA (pLL3.7-CREPT-sh) or pLL3.7-CREPT-empty
vector (pLL3.7-CREPT-EV), respectively. Cells were trans-
fected with lentiviral vector at a MOI of 30 for 48 h using
Lipofectamine® 3000 according to the manufacturer's
protocol (Invitrogen; Thermo Fisher Scientific, Inc.). The
plasmids pLL3.7-CREPT-sh and pLL3.7-CREPT-EV were
kindly provided by Dr Zhijie Chang (Tsinghua University,
Beijing, China). The sequences of shRNA used were as
follows: Forward, 5"TGGACCTGAATTCACTAGAGATTC
AAGAGATCTCTAGTGAATTCAGGTCCTTTTTTC-3' and
reverse, 5-GAAAAAAGGACCTGAATTCACTAGAGATCT
CTGGAATCTCTAGTGAATTCAGGTCCA-3". The under-
lined sequences represent the 'short inverted repeat sequences'
and the sequences between the underlined sequences were the
loop of the shRNA. Stably transfected 786-O and 769P cell
lines were acquired by screening the lentiviral vector-infected
cells with puromycin at a concentration of 2 pg/ml for 2 weeks.
The expression of CREPT in the stably transfected cell lines
was determined by western blot analysis.

Western blot analysis. Proteins extracted from tissues
and cells were extracted using RIPA buffer (Solarbio Life
Sciences). Protein quantification were determined using BCA
protein assays (Solarbio Life Sciences). A total of 20 ug of
protein per lane were separated by SDS-PAGE (10% gel) and
transferred onto polyvinylidene fluoride membranes (EMD
Millipore, Bedford, MA, USA). Membranes were blocked
with 10% skimmed milk in Tris-buffered saline containing
Tween-20 (TBST) for 1 h at room temperature. Subsequently,
the membranes were incubated with primary antibodies over-
night at 4°C. The following primary antibodies were used:
Mouse anti-CREPT monoclonal antibody (1:100 dilution;
kindly provided by Dr Zhijie Chang) (15); rabbit anti-c-myc
monoclonal antibody (1:1,000; cat. no. 5605); rabbit anti-cyclin
D1 monoclonal antibody (1:1,000 dilution; cat. no. 2978); and
rabbit anti-f-actin monoclonal antibody (1:2,000 dilution; cat.
no. 4970) (all from CST Biological Reagents Co., Ltd.). After
three washes with TBST, the membranes were incubated with
secondary antibody (goat anti-rabbit IgG H&L horseradish
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Table I. Relationships between CREPT and features of patients with RCC.
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CREPT expression

Characteristics Number of cases Low High ¥ P-value

Type 4.582 0.032
Normal 90 62 28
RCC 90 48 42

Fuhrman grade 15.453 0.000
I+11 65 43 22
I 25 5 20

TNM stage 11.967 0.001
I+11 65 42 23
HI+1V 25 6 19

Sex 2.087 0.149
Male 55 26 29
Female 35 22 13

Age (years) 0.268 0.605
=60 36 18 18
<60 54 30 24

Size (cm) 0.179 0.673
=4 45 25 20
<4 45 23 22

BMI (kg/m?) 0.658 0417
=23 50 27 23
<23 40 25 15

Histological type 0.097 0.756
ccRCC 76 40 36
Others 14 8 6

CREPT, cell-cycle-related and expression-elevated protein in tumor; RCC, renal cell carcinoma; TNM, Tumour-Node-Metastasis; ccRCC,

clear cell RCC.

peroxidase-conjugated; 1:2,000; cat. no. ab205718 or goat
anti-rabbit IgG H&L horseradish peroxidase-conjugated;
1:2,000; ab205719; Abcam) at 37°C for 1 h and then washed
with TBST five times prior to exposure. Quantitative analysis
of protein expression was assessed via measurement of the
gray value of each protein band using ImageJ v1.8.0, (National
Institutes of Health, Bethesda, MD, USA). $-actin was used as
the loading control.

Cell Counting Kit (CCK)-8 assay. Cell proliferation was
examined using a CCK-8 assay. A total of 1.5x10° 786-O or
769P cells stably transfected with CREPT-EV or CREPT-sh
in 100 pl complete medium were individually seeded in
96-well plates with three repeats per condition. At different
time-points, 10 1 CCK-8 stain was added into each well,
followed by incubation for 1.5 h prior to measurement of the
absorbance at 450 nm.

Colony formation assay. The 786-O and 769P cells stably
transfected with CREPT-EV or CREPT-sh were individu-
ally seeded into 6-well plates at a density of 1,000 cells/well.

After culturing at 37°C for two weeks, the cells were stained
with 0.1% crystal violet for 10 min at room temperature.
Subsequently, the cells were washed three times with PBS and
the number of clones were counted.

Wound-healing assay. The in vitro wound-healing assay
was performed as described previously (19). The cells were
seeded in 6-well plates to generate a confluent monolayer. The
monolayer was scratched with a sterile 200-u1 pipette tip and
the floating cells were carefully removed by rinsing with PBS.
The cells were cultured in RPMI-1640 medium without FBS
at 37°C in an atmosphere containing 5% CO,. Images of the
wounds were captured at 0 and 48 h after scraping. The sizes
of the wound closure areas were analyzed using Image-Pro
plus 6.0 (Media Cybernetics, Inc., Rockville, MA, USA).

Cell invasion assay. The cell invasion assays were performed
using Matrigel Invasion Chambers with a pore size of 8§ ym
(Corning, Inc., Corning, NY, USA). A total of 3x10* 786-O
and 769P cells in 300 pl serum-free medium were seeded into
the upper chamber, and 600 ul supplemented medium was
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added to the bottom of the chamber. After culturing for 24 h,
the cells that passed through the membrane were fixed with
4% paraformaldehyde for 20 min at room temperature and
subsequently stained with crystal violet for 20 min at room
temperature. The cells on the upper surface of the chamber
were wiped off and after washing with PBS, the invaded cells
were counted in five random fields under a microscope. All the
assays were performed three times.

Flow cytometry and cell cycle analysis. Cells were collected
and washed with ice-cold PBS. The cell cycle was determined
by flow cytometry (Beckman Coulter, Brea, CA, USA) after
staining with propidium iodide (Liankenbio, Hangzhou,
China) according to the manufacturer's protocols. The data
was analyzed using CytExpert software (version 2.0; Beckman
Coulter, Inc.).

Statistical analysis. All experiments were performed at least
three times and the values are expressed as the mean =+ stan-
dard deviation. The statistical significance between the
migration and invasion of cells in different groups was
analyzed with a Student's t-test. One-way analysis of vari-
ance and a Dunnett's Multiple Comparison post-hoc test were
used to analyze the expression of CREPT in the cell lines.
Differences in the cell cycle distribution and differences of
protein expression in different groups were analyzed using
two-way analysis of variance, and Bonferroni post-hoc test
was used to determine these differences. The statistical
analyses for clinical samples were performed using the SPSS
software 19.0 (IBM Corp., Armonk, NY, USA). The ¥* test
and Fisher's exact test were used to analyze the association
between CREPT expression measured by immunohistochem-
istry and the clinicopathological characteristics of RCC.
Survival analyses were performed via drawing Kaplan-Meier
curves, and the differences between subgroups were analyzed
using the log-rank test. P<0.05 was considered to indicate a
statistically significant difference.

Results

CREPT is overexpressed in RCC tissues and cell lines. To
investigate CREPT expression in RCC, the protein expression
was first assessed in seven pairs of RCC and matched adjacent
tissues through western blot analysis. CREPT was overex-
pressed in four of the seven pairs of tissue samples (Fig. 1A).
Furthermore, IHC staining for CREPT was performed on 90
RCC samples. CREPT staining was detected in the nuclei of
tumor cells, but not in the cytoplasm (Fig. 1B). Quantification
of the staining indicated that the expression of CREPT in tumor
tissues was increased in 65% (58/90), unchanged in 33% (30/90)
and decreased in 2% (2/90) of the samples compared with
that in adjacent normal renal tissues (Fig. 1B and C). CREPT
expression was then examined via western blot analysis in RCC
cell lines, 786-O and 769P, and a normal renal tubular cell
line, HK-2. As presented in Fig. 1D, CREPT expression was
increased in 786-O and 769P cells, and considerably lower in
HK-2. Taken together, CREPT was overexpressed in RCC.

Association between CREPT expression and clinicopatho-
logical characteristics of patients with RCC. As presented
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in Table I, the expression of CREPT in RCC tissues was
increased compared with normal tissues (P=0.032), and was
significantly associated with the TNM stage (P=0.001) and
Fuhrman grade (P<0.001). However, there were no significant
associations identified between CREPT expression and sex
(P=0.149), age (P=0.605), tumor size (P=0.673), body mass
index (P=0.417) and histological type (P=0.756). Furthermore,
survival analysis was performed for 85 of the patients. The
85 patients were stratified into two groups according to the
expression levels of CREPT (high or low). The high CREPT
expression group comprised 38 patients, of whom 11 had
recurrence or metastasis, and 7 cases died of recurrence. The
remaining 47 patients had relatively lower levels of CREPT
expression, among whom 3 cases had recurrence or metastasis
and only one patient died of recurrence. The Kaplan-Meier
analysis revealed that patients with increased CREPT expres-
sion had significantly worse overall survival rates (P=0.021;
Fig. 1E) and disease-free survival rates (P=0.015; Fig. 1E)
compared with patients with low CREPT expression levels.
Together, these data indicate that CREPT is a powerful prog-
nostic factor for overall survival and disease-free survival of
patients with RCC.

Knockdown of CREPT inhibits the proliferation and colony
formation of RCC cells. siRNA-mediated knockdown was
performed to evaluate the effect of CREPT on the biological
behavior of RCC cells,. By using western blot analysis, it was
confirmed that the expression levels of CREPT in the RCC
cells transfected with CREPT-sh were significantly lower
compared with those in cells transfected with CREPT-EV
(Fig. 2A). The effect of CREPT knockdown on the prolifera-
tion of RCC cells was then assessed using CCK-8 assays. As
presented in Fig. 2B, the proliferation of 786-O and 769P cells
stably transfected with CREPT-sh was significantly decreased
from day 3 onwards compared with cells transfected with
CREPT-EV. Furthermore, the effect of CREPT on the colony
formation ability was evaluated using clonogenic assays.
After knocking down CREPT expression in 786-O and 769P
cells, the number and size of the colonies was significantly
decreased in both 786-0 cells (P<0.01) and for 769P cells
(P<0.001; Fig. 2C). Taken together, these results suggest that
CREPT is involved in regulating the proliferation and colony
formation of RCC cells.

Knockdown of CREPT induces cell cycle arrest at the Gl
phase. Effect of CREPT on the cell cycle was examined by
flow cytometric analysis. The results suggested that silencing
of CREPT in 786-0O or 769P cells resulted in G1 arrest
(Fig. 2D).

Furthermore, knockdown of CREPT led to a decrease in
the expression of cyclin D1. Considering that c-myc and cyclin
D1 are key regulators of the cell cycle, the protein expression
levels of c-myc and cyclin DI in stably transfected 786-O or
769P cells were assessed via western blot analysis. The results
indicated that the expression levels of cyclin D1 and c-myc
were markedly decreased in CREPT-sh cells compared with
those in CREPT-EV cells (Fig. 2E).

Silencing of CREPT inhibits the migration and invasion of
RCC cells. To evaluate the effect of CREPT on the metastatic
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Figure 1. CREPT is upregulated in RCC tissues and associated with the prognosis of patients with RCC. (A) Upregulated expression of CREPT protein was
observed in 4 out of 7 patients with RCC when compared with paired normal renal tissues by western blot analysis. (B) CREPT was overexpressed in RCC
tissues and was primarily located in the nuclei of tumor cells according to the results of the IHC analysis. (C) Pie chart of the distribution of CREPT expression
in 90 tumor tissues compared with the paired adjacent normal renal tissues by IHC. T>N, the expression levels of CREPT were increased in tumor tissues; T=N,
the expression levels of CREPT were unchanged; T<N, the expression levels of CREPT were decreased. (D) Western blot analysis indicated that the expression
levels of CREPT in RCC cell lines were higher than those in the HK-2 normal kidney cell line (left). The statistical analysis of CREPT protein expression in
786-0 and 769P cells compared with that in HK-2 cells (right) (E) Association between CREPT expression and overall survival or disease-free survival of
patients with RCC by Kaplan-Meier analysis. 'P<0.05, “P<0.01. T, tumor tissue; N, normal tissue; RCC, renal cell carcinoma; CREPT, cell-cycle-related and
expression-elevated protein in tumor; IHC, immunohistochemistry.

ability of RCC cells, the two stably transfected cell lines  Discussion

were subjected to wound healing and invasion assays. Of

note, downregulation of CREPT significantly reduced the  Although clinical treatment strategies and preliminary health
migration rate and the number of invaded 7860 or 769p cells  checks have improved in recent years, the prognosis for patients
(Fig. 3A and B). with RCC remains unsatisfactory, which is partly due to the high
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Figure 2. Roles of CREPT in renal cell carcinoma cells. (A) Western blot analysis and densitometry analysis indicated that the expression levels of CREPT
were significantly decreased in the CREPT-sh-infected cell lines compared with the control cells transfected with CREPT-EV. (B) Cells transfected with
CREPT-sh grew slower compared with the control cells transfected with CREPT-EV. (C) Colony formation by cells transfected with CREPT-sh was reduced
compared with the control cells transfected with CREPT-EV. (D) Percentage of cells in G1 phase of the cell cycle in the CREPT-sh group was significantly
higher compared with the control cells transfected with CREPT-EV. (E) Western blot analysis (left) and densitometry analysis (right) indicated that the expres-
sion of cyclin D1 and c-myc was decreased following CREPT depletion. CREPT-sh, shRNA specifc for cell-cycle-related and expression-elevated protein in
tumor; CREPT-EV, empty vector. ‘P<0.05, “P<0.01 and ““P<0.0001. GO-1, GO and Gl phase in cell cycle; S, S phase in cell cycle; G2-M, G2 and M phase in
cell cycle; PE, phycoerythrin; PE-A, area of detected signal in PE channel.

rate of recurrence and distant metastasis. At present, the estab-
lished TNM staging and Fuhrman grading systems are used as

prognostic indicators for RCC (20-22). Our understanding of the
pathogenesis of RCC has increased in recent years, and various
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Figure 3. Silencing of CREPT inhibits the migration and invasion of renal cell carcinoma cells. (A) Wound-healing assays revealed that CREPT-shlenced
cells had a lower motility compared with that of the control-transfected cells. (B) Number of invaded cells in the CREPT-sh group was lower than that in the
CREPT-EV group. “P<0.01 and ““P<0.001. CREPT-sh, shRNA specific for cell-cycle-related and expression-elevated protein in tumor; CREPT-EV, empty
vector. CREPT, cell-cycle-related and expression-elevated protein in tumor; sh, short hairpin; EV, empty vector.

prognostic indicators of RCC progression have been identi-  the response to drug treatment. In particular, patients with the
fied, including the expression levels of leucine zipper-EF-hand = same TNM stage and/or Fuhrman grade of RCC have a high
containing transmembrane protein 1, lactate dehydrogenase and  variability in disease recurrence and metastasis. Therefore,
microRNAs (miRs) (23-26). However, there is still a lack of reli-  novel biomarkers with the ability to effectively predict differ-
able biomarkers for predicting RCC progression and monitoring  ential prognoses for patients with the same TNM stage and/or
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Fuhrman grade are required. It is desirable to identify novel
molecular markers associated with the progression of RCC,
which may also be of great significance for the improvement of
therapeutic strategies and patient prognosis.

Previous findings have shown the upregulation of CREPT
in various tumors and studied the role it serves in tumorigenesis
and disease progression. In colorectal cancer, CREPT upregula-
tion is involved in cell proliferation and is directly controlled
by miR-383 through targeting the 3'-untranslated region of the
CREPT gene (27). Additionally, upregulation of CREPT was
associated with histological grade of colorectal cancer and was
involved in conferring sensitivity of colorectal cancer cells to
5-fluorouracil treatment (28). Consistent with the expression
of CREPT in colorectal cancer, the results of the present study
confirmed that CREPT protein was localized to the nuclear
region of RCC cells, and that the expression levels of CREPT
were significantly higher in RCC tissues compared with those in
normal adjacent tissues. Furthermore, CREPT expression was
associated with the TNM stage and Fuhrman grade of RCC, but
not with sex, age, tumor size and histological type of patients
with RCC, which indicated that overexpression of CREPT is a
major promoter of the development and progression of RCC. In
addition, it was indicated that patients with increased CREPT
expression had a significantly lower overall and disease-free
survival rate than those with low CREPT expression. Therefore,
CREPT may be a negative prognosticator for RCC.

In the present in vitro study, the effects of CREPT on RCC
cells were assessed through silencing of CREPT in RCC cell
lines (786-O and 769P). The results indicated that the prolif-
eration, colony formation, migration and invasion of 786-O
and 769P cells were significantly suppressed after knockdown
of CREPT. Therefore, CREPT may be used as a novel marker
to identify malignant progression in patients with RCC.

The dysregulation of the cell cycle is a common phenom-
enon in almost all types of human cancer (29-31). In the present
study, it was indicated that silencing of CREPT resulted in cell
cycle arrest at G1 phase, which may explain the inhibitory
effect of CREPT on the proliferation of RCC cells. Cyclin D1,
a cell cycle regulator, was confirmed to have a critical role in
the initiation and progression of RCC (32,33). Dysfunction or
abnormal expression of numerous regulatory genes may cause
the development of cancer through upregulating the expres-
sion of cyclin DI (33). In gastric cancer, silencing of CREPT
suppressed cell proliferation through the induction of GO/G1
phase cell cycle arrest via reducing the expression of cyclin D1
and Cyclin D-dependent kinase 4, and inducing the expression
of p53 and p21 (34). Consistent with the findings in gastric
cancer, the present results indicated that cyclin D1 may be
regulated by CREPT in RCC. C-myc is also a key regulator
of the cell cycle and may be regulated by CREPT through the
Wht signaling pathway (15). In the present study, CREPT was
demonstrated to decrease the expression of c-myc and promote
the progression of RCC. However, no evidence for CREPT
regulating the expression of cyclin D1 and c-myc directly was
provided. Further investigation of the underlying mechanisms
of CREPT-mediated regulation of cyclin D1 and c-Myc is
required. Furthermore, previous studies have revealed that
CREPT may be regulated by miR-383 in colorectal cancer, and
influences the sensitivity of colorectal cancer to fluorouracil,
as well as gastric cancer cell apoptosis (27,28,34), indicating
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a pleiotropic effect of CREPT on various cancer types and
complex mechanisms by which CREPT promotes tumor
progression. Therefore, further studies are required in order
to elucidate the potential molecular mechanisms underlying
CREPT in promoting tumor progression. .

In conclusion, the present study is the first to report that
CREPT is significantly overexpressed in RCC and is associated
with the TNM stage, Fuhrman grade and prognosis of patients
with RCC, to the best of the our knowledge. Knockdown of
CREPT suppressed RCC cell growth, colony formation and
invasion, and caused cell cycle arrest through restraining the
expression of cyclin D1 and c-myc. Thus, CREPT may be a
promising novel prognostic marker and a potential target for
the treatment of RCC.
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