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Abstract: It has been reported that CREPT acts as a highly expressed oncogene in a variety of tumors, affecting 
cyclin D1 signal pathways. However, the distribution and clinical significance of CREPT in NSCLC remains poorly un-
derstood. Our study focused on the role of CREPT on the regulation ofnon-small cell lung cancer (NSCLC). We found 
that CREPT mRNA and protein expression was significantly increased in NSCLC compared with adjacent lung tissues 
and was increased in various NSCLC cell lines compared with the normal human bronchial epithelial (HBE) cell line. 
siRNA-induced knockingdown of CREPT significantly inhibited the proliferation and migration of NSCLC cell lines by 
arresting cell cycle in S phase. Moreover, CREPT knocking down affected the expression of cell cycle proteins in-
cludingc-mycand CDC25A. Finally, we found there were obvious correlations between CREPT with c-myc expression 
in histological type, differentiation, and pTNM stages of NSCLC (P<0.05, rs>0.3). Immunohistofluorescence studies 
demonstrated a co-localization phenomenon when CREPT and c-myc were expressed. Thus, we propose that CREPT 
may promote NSCLC cell growth and migration through the c-myc and CDC25A signaling molecules.
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Introduction

Lung cancer remains the leading cause of can-
cer-related deaths in the worldwide [1]. Non-
small cell lung cancer (NSCLC) represents the 
approximately 85% cases of diagnosed lung 
cancer and is associated with a relatively poor 
(15%) overall 5-year survival rate [2]. Therefore, 
novel strategies are needed to treat NSCLC. 
Understanding the molecular profiles of NSCLC, 
as well as elucidating the roles of oncogenes 
and tumor suppressors in the development of 
this malignancy, is expected to identify aber-
rant signaling pathways and molecular targets 
for therapy [3].

CREPT (cell-cycle related and expression-ele-
vated protein in tumor) (Gene_ID 58490, Gen- 
bank NM_021215), a novel gene also called 
RPRD1B (regulation of nuclear pre-mRNA 
domain containing protein 1B) and C20ORF77, 
was recently identified to promote tumorigene-

sis through up-regulation of the expression of 
genes related to cell cycle. Prior research has 
demonstrated that CREPT is highly expressed 
in a variety of tumors and correlated with tumor 
stage, histology type, and a poor survival rate 
[4-6]. CREPT enhances the expression of cyclin 
D1 by promoting the formation of a chromatin 
loop by interacting with RNA polymerase II 
(RNAPII) [7]. 

Given all these elements, we speculated that 
CREPT may promote NSCLC cellular survival 
and proliferation and be a common tumor spe-
cific marker on the cell surface; however, the 
activated mechanism of CREPT and whether or 
not it further promotes NSCLC progression are 
all unclear. Thus, this research will focused on 
its detailed functions in NSCLC and provided a 
basis for further study on the development 
mechanism of NSCLC with CREPT, in order to 
proposea new clinical therapeutic target.

http://www.ajtr.org
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In this study, we confirmed that CREPT is highly 
expressed in NSCLC tissues and cell lines. 
Subsequently, we employed the newly devel-
oped lentivirus-delivered small interfering RNA 
(siRNA) technique to observe the effect of 
inhibiting CREPT on human NSCLC cells prolif-
eration and migration. 

Materials and methods

Patients and tissue samples

Paraffin-embedded tissue specimens from 72 
patients with confirmed NSCLC, collected from 
2006 to 2010, were analyzed; all tissue sam-
ples came from an archived thoracic oncology 
tissue repository housed at the Department of 
Thoracic Surgery of Tangdu Hospital affiliated 
to the Fourth Military Medical University (Xi’an, 
China). In addition, 24 fresh NSCLC tissue spec-
imens and the paired adjacent normal lung tis-
sues were obtained from patients undergoing 
radical surgery at the same center. These fresh 
specimens were placed in a 0.1% diethylpyro-
carbonate (DEPC) water-treated freezing tube 
and stored at -80°C. All samples were reviewed 
by pathologists. Histological classification of 
tumors was performed according to the World 
Health Organization criteria. All tumors were 
staged according to the pathological tumor/
node/metastasis (p-TNM) classification (7th 
edition) of the International Union against 
Cancer [8]. No patient had received chemother-
apy, radiotherapy, biotherapy, or any other 
operation before undergoing lung cancer 
surgery.

The study protocol was approved by the 
Regional Ethics Committee for Clinical Research 
of the Fourth Military Medical University. All 
patients provided written informed consent for 
the use of their medical records and tissue 
specimens for research purposes.

Cell culture 

The following human NSCLC cell lines were 
employed: squamous cell carcinoma (SCC): 
Calu-1, H520; adenocarcinoma (ADC): A549, 
H838, SK-LU-1, SPC-A-1 and normal human 
bronchial epithelial (HBE) cells. All cell lines 
were purchased from ATCC and maintained in 
RPMI 1640 medium (Gibco, USA) supplement-
ed with 10% fetal bovine serum (FBS, Gibco, 
USA) and cultured under a humidified atmo-
sphere of 5% CO2 at 37°C.

Quantitative real-time RT-PCR

Total RNA from fresh tissue and cell lines was 
extracted using Trizol reagent (Invitrogen, USA) 
according to the manufacturer’s instructions. 
The cDNA synthesis was performed using a 
reverse transcription kit (Thermo Fisher Sci- 
entific, USA) using the Random Hexamer Primer, 
and Revert AidM-MuLV Reverse Transcriptase 
[9]. RT-PCR experiments were conducted using 
SYBR Green Premix Ex Taq II kit (Takara, Japan)
according to the manufacturer’s instructions. 
The relative amount of mRNA expression in the 
target genes was calculated by the compara-
tive ΔCt method using β-actin as a control [10]. 
The average ΔCT was calculated for both target 
gene and β-actin; ΔCT was determined as the 
mean of the triplicate CT values for target gene 
minus the mean of the triplicate CT values for 
β-actin [11]. Initial denaturation was conducted 
at 95°C for 10 min, followed by 40 cycles of 
denaturation at 95°C for 15 s, annealing at 
61°C for 30 s, and final extension at 72°C for 
50 s.

CREPT-primer: forward 5’-TCCGCAAAGCCAAAT- 
CAAATA-3’ and reverse 5’-CTGTATGAACTCGC- 
CGCCA-3’. c-myc-primer: forward 5’-CAAGAGG- 
CGAACACACAACGTCT-3’ and reverse 5’-AAC- 
TGTTCTCGTCGTTTCCGCAA-3’. CDC25A-primer: 
forward 5’-AAGCGTGTCATTGTTGTGTTTC-3’ and 
reverse 5’-GCTCAGGGTAGTGGAGTTTGG-3’. β- 
actin-primer: forward 5’-TGGCACCCAGCACAA- 
TGAA-3’ and reverse 5’-CTAAGTCATAGTCCG- 
CCTAGAAGCA-3’.

Protein isolation and Western blot 

Cells and fresh tissue samples (100 mg) were 
cut into small pieces, homogenized, and lysed, 
then placed on ice for 1 h in a radio-immuno-
precipitation assay (RIPA) buffer (Cell Signaling) 
containing complete protease inhibitor cocktail 
(Roche). The samples were centrifuged at 
14,000 ×g for 20 minthen the supernatant was 
harvested. The protein concentrations were 
determined using aBCA assay kit (Pierce). A 50 
μg aliquot ofeach protein sample was mixed 
with loading buffer (CW0027A, CW Bio) and 
denatured at 65°C for 30 min. The protein was 
separated by SDS-polyacrylamide gel electro-
phoresis (PAGE) using 12% separation gel and 
5% spacer gel, which were then transferred 
onto polyvinylidene fluoride (PVDF) membranes 
(GE healthcare) by electroblotting (Bio-RAD) at 
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2.5 mA/cm2 for 35 min. Membranes were 
blocked with 9% skimmed milk powder in Tris-
buffered saline (TBST: 25 mM Tris/HCl, pH 7.5, 
150 mM NaCl, 0.1% Tween 20) for 3 h at room 
temperature. Next, the membranes were incu-
bated overnight at 4°C with the primary anti-
bodies (anti-CREPT rabbit polyclonal antibody, 
1:2000, GeneTex; anti-c-myc rabbit polyclonal 
antibody, 1:1500, Cell Signaling; anti-CDC25A 
rabbit polyclonal antibody, 1:5000, protein-
tech; and anti-β-actin rabbit monoclonal anti-
body, 1:1000, CW Bio). The membranes were 
washed with TBST buffer 6times for 5 min, and 
then subsequently incubated with the second-
ary antibody (goat anti-rabbit antibodies, 
1:5000, CW Bio) at 37°C for 1 h, followed by 
color development using the Millipore chromo-
genic kit for Western blot analysis (Billerica), fol-
lowed by observation under a chemilumines-
cence analyzer (Bio-Rad).

Lentivirus vectors for CREPT RNA interfering

To observe the effect of inhibiting CREPT on 
human NSCLC cells, we employed the newly 
developed lentivirus-delivered RNA interfer- 
ing technique. hu6-MCS-CMV-EGFP-Lentivirus 
(Genechem, China) was used to express small 
interfering RNAs (siRNAs) targeting the CREPT 
sequence (Genbank no. NM_021215). Anon-
targeting sequence was used as a lentivirus 
negativecontrol (NC). Targeted oligonucleotide 
sequences were: siRNA-1: ATGTCTGTTAC- 
TAGCAGAA; siRNA-2: AAGATGTTTCTCTATTGGA; 
siRNA-3: CTCTTAATACCTGTTACTA and TTCT- 
CCGAACGTGTCACGT for the lentivirus nega- 
tivecontrol. Preliminary experiment results 
showed that siRNA-1 significantly inhibited 
CPEPT expression and was therefore, selected 
as anoptimal siRNA for following experiments.
NSCLC cell lines, Calu-1 (SCC) and H838 (ADC), 
were infected with CREPT-siRNA lentivirus and 
with NC lentivirus. Cells were plated in 6-well 
plates (5×104 cells/well), grown to 60% conflu-
ence, and treated with tittered viral superna-
tant ata multiplicity of infection (MOI) of 20 for 
12 h without toxiceffect observed. Then,the 
media was changed to RPMI 1640 medium 
supplemented with 10% FBS. The interference 
efficiency of the template was detected by 
RT-PCR and Western blot analysis.The Calu-1 
and H838 cells transfected with the CREPT-
siRNA lentivirus or NC lentivirus were designat-
ed as Calu-1-siRNA or Calu-1-NC and H838-

siRNA or H838-NC, respectively. Non-trans- 
fected cells were also included as a positive 
control and designated Calu-1-Control or 
H838-Control.

MTT assay

After 5 days of siRNAs infection, cell viability 
and proliferation were evaluated by a modified-
MTT assay. Calu-1 and H838 cells in exponen-
tial growth were trypsinized and counted, then 
plated in 96-well plates at a final concentration 
of 4×103 cells/200 μL/well in RPMI 1640 medi-
um supplemented with 10% FBS. After seed-
ing, cell viability was assessed at days 1, 2, 3, 
4, 5 and 6. An aliquot of 20 μL of MTT (5 mg/
ml) was added to each well. After an additional 
4 h of incubation at 37°C, 150 μL of DMSO  
was added to each well, and the optical density 
(OD) of each well was measured at 570 nm 
using an ELISA reader (Thermo, USA) [12]. 
Growth curves were portrayed based on the OD 
value.

Colony formation assay

A colony formation was performed to assess 
the anchorage-independent growth ability of 
cells, as a characteristic of in vitro tumorigenic-
ity [10]. After 5 days of lentiviral infection, the 
Calu-1 and H838 cells transfected and untreat-
ed were trypsinized, counted and their 500 
cells were seeded in 60 mm plates in RPMI 
1640 medium supplemented with 10% FBS at 
37°C. All cells were grown for 3 weeks, with 
medium changed during thesecond week. Next, 
the plates were fixed with 4% formaldehyde and 
stained with Giemsa and washed twice with 
phosphate buffered saline (PBS). The images 
were obtained and visible colonies (>100 μm) 
with more than 50 cells counted by manual 
means.

Analysis of cell cycle and apoptosis

To ascertain the impact of CREPT silencing on 
Calu-1 and H838 cells, cell cycle phase and 
apoptosis were analyzed using flow cytometry. 
After 5 days of lentiviral infection, the Calu-1 
and H838 cells transfected and untreated were 
harvested, washed twice and re-suspended in 
ice-cold PBS. To analyze the cell cycle, 1×106 
cells were fixed with 75% ice-cold ethanol for 
30 min, and stained with propidium iodide (PI, 
50 μg/ml) in the presence of RNase (100 μg/
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ml). For analysis of apoptosis, the cells were 
stained with 100 μL binding buffer containing 5 
μL Annexin V-FITC, or V-PE at 37°C in the dark, 
for 15 min. The resulting cells were analyzed 
using flow cytometer (Beckman Coulter, USA).

Scratch wound healing assay 

Cell migration was measured using a scratch 
assay determined, as described previously 
[13]. After 5 days of lentiviral infection, both-
transfected and untreated Calu-1 and H838 
cells were harvested and their 5×105 cells were 
plated in 6-well plates. Cells were incubated 
overnight. After incubation, the platesyielded 
cells of 80% confluence, then the monolayer 
was scraped in a straight line to create a 
“scratch” using a 200 μL pipette tip. After 
removing debris and adding fresh media con-
taining no FBS, cells were photographed at 0 h, 
24 h, and 48 h. The migration distance was 
measured and assessed using image J soft-
ware at 3 different sites from each wound area 
of scratch, at each time point. The healing 
degree was calculated by cell relative migration 
area for each treatment.

Transwell invasion and migration assay

To further examined the cell invasion and 
migration, the transwell invasion and migration 
was performed using 8 μm pore size transwell 
chambers (Corning, USA) in vitro following the 
manufacturer’s instructions. In brief, the matri-
gel (5 mg/ml, Corning, USA) was diluted into 1 
mg/ml in ice-cold RPMI 1640 medium supple-
mented with 10% FBS. An aliquot of 200 μL 
diluted matrigel was added to the upper tran-
swell chambers and incubated at 37°C for 4 h 
for gelling. A total of 1×105 cells in 400 μL 
media supplemented with no FBS were plated 
in the upper chamber and 600 μL RPMI 1640 
medium supplemented with 10% FBS was cov-
ered on the bottom chambers as chemoattrac-
tant. After incubation at 37°C for 48 h, the non-
invasive cells in the top surface were carefully 
removed with a cotton swab. The invasive cells 
that had traversed to the bottom surface were 
fixed in dehydrated alcohol for 30 min and 
stained with 4 mg/ml crystal violet for 10 min. 
To quantify the traversed cells, cell counting 
was obtained by photographing 5 random fields 
under microscope at 400× magnification [14].

The migration assay was performed in a similar 
strategy with chamber membrane without coat-
ing with matrigel.

Immunofluorescence staining

Cells were fixed in 4% paraformaldehyde for 30 
min and blocked in 0.5% Trion X-100 for 15 
min. The cells were washed 3 times (5 min for 
each) with PBS after each step. The tumor sam-
ples were fixed with 10% formaldehyde and 
embedded in paraffin. Sections were sliced at 4 
μm thickness, deparaffinized with a series of 
xylene washes, and rehydrated through a grad-
ed series of alcohol rinses. Microwave antigen 
retrieval was performed at 750 W for 5 min and 
450 W for 15 min in 0.1 M citrate buffer (pH 
6.0) to enhance the immunoreactivity. To block 
the endogenous peroxidase activity, all the 
cells and tumor samples were incubated in 3% 
hydrogen peroxidase at room temperature for 
30 min and washed with PBS three times for 5 
min. All the cells and tumor samples were incu-
bated with 10% normal goat serum for 30 min 
at room temperature to block nonspecific anti-
body reaction, followed by incubation in a 
humidified chamber overnight at 4°C with  
anti-CREPT rabbit polyclonal antibody (1:300, 
GeneTex). After an additional series of washes, 
the samples were stained with goat anti-rabbit 
(Cy3, Zhuangzhi bio) at 37°C for 4 min, then 
each sample was washed with PBS three times, 
for 5 min. Then, the samples were incubated 
with anti-c-myc mouse polyclonal antibody 
(1:160, Abcam) overnight at 4°C. After an addi-
tional series of washes, the samples were 
stained with goat anti-mouse (Alexa Fluor 488, 
Zhuangzhi bio) at 37°C for 50 min. After the 
final washing, the samples were mounted in 
50% glycerol (in PBS) and visualized under a 
fluorescence microscope (Leica DM4000B, 
Germany).

Immunohistochemistry staining

Paraffin-embedded tissues were cut into 4 μm 
sections for deparaffinized and rehydrated 
through a graded series of ethanol solution. 
Microwave antigen retrieval was performed at 
750 W for 5 min and 450 W for 12 min in 0.1 M 
citrate buffer (pH 6.0) to enhance immunoreac-
tivity. To block the endogenous peroxidase 
activity, the slides were incubated in 3% hydro-
gen peroxidase at room temperature for 20 min 
and washed with PBS (phosphate-buffered 
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saline) three times for 5 min. The slides were 
incubated with 10% normal goat serum for  
30 min at room temperature to block nonspe-
cific antibody reaction, followed by incubation 
in a humidified chamber overnight at 4°C  
with the primary antibodies (anti-CREPT rabbit 
polyclonal antibody, 1:300, GeneTex; anti-c-
myc rabbit polyclonal antibody, 1:160, Cell 
Signaling; and anti-CDC25A rabbit polyclonal 
antibody, 1:400, proteintech). After washing 
with PBS three times for 5 min, the slides were 
incubated for 50 min at 37°C with an EnVision+ 
- labeled polymer. Peroxidase activity was visu-
alized with the DAB Elite kit (Dako, Denmark), 
and the slides were counterstained with hema-
toxylin. To confirm the specificity of the immu-
nostaining, blank controls were obtained by 
replacing the primary antibody with PBS.

Evaluation of immunohistochemical staining

Five random fields from each section were 
viewed under a light microscope (Leica DM- 
4000B, Germany) at 400× magnification. 
Specimens were scored according to the stain-
ing intensity and the percentage of positive 
cells. The results were scored based on the fol-
lowing criteria: a) the percentage of positive 
cells (≤5%: 0; 6-25%: 1; 26-50%: 2; 51-75%: 3; 
and >75%: 4); b) the staining intensity (no color: 
0; yellow: 1; brown: 2; and tan: 3); and c) the 
two grades were multiplied together and speci-
mens were assigned to one of 4 levels: 0: nega-
tive (-); 1-4: weakly positive (+); 5-8: moderately 
positive (++); 9-12: strongly positive (+++) [9, 
15]. To investigate the correlation of protein 
expression, - and + was defined as low expres-
sion, and, ++ and +++ were defined as high 
expression. 

All slides were assessed by 3 independent 
investigators who were blinded to the clinical 
features and outcomes. The final immunohisto-
chemical staining score reported is the average 
of the scores from the three investigators.

Statistical analysis

Each experiment was performed in triplicate. 
Bands from Western blot were quantized using 
Quantity One software (Bio-Rad, USA). Relative 
protein levels were calculated relative to the 
amount of β-actin respectively. All statistical 
analyses were performed with SPSS 15.0 soft-
ware (SPSS, Inc., Chicago, IL). All values in the 

text and figures are expressed as the mean ± 
SD of these observations. Student’s t-test was 
used for raw data analysis. A P-value <0.05 
was considered statistically significant. Spear- 
man’s rank correlation coefficients have been 
calculated for the assessment of overall con-
cordance, and rs was expressed the relevant 
coefficient, and when P<0.05, rs>0.3 was con-
sidered of positive relevance.

Results

Patient characteristics

Paraffin-embedded tissues from 72 patients 
with confirmed NSCLC were diagnosed with 
SCC (n=39, 54.17%) and ADC (n=33, 45.83%).
Histopathologic diagnoses included: well differ-
entiation (n=10, 13.89%), moderate differenti-
ation (n=35, 48.61%) and poor differentiation 
(n=27, 37.5%) tumors. Postoperative staging 
evaluation demonstrated: stage I (n=13, 
18.06%), stage II (n=29, 40.28%), stage III 
(n=24, 33.33%) and stage IV (n=6, 8.33%).

CREPT is over expressed in NSCLC tissue sam-
ples and cell lines

We examined the expression of CREPT in 24 
paired fresh tumor tissue and the adjacent nor-
mal lung tissues from patients with NSCLC by 
using RT-PCR and Western blot to analyze the 
CREPT mRNA and protein level, respectively. 
The results showed that the CREPT mRNA and 
protein level in tumor tissue were significantly 
higher than those in the adjacent normal lung 
tissues (P<0.05, Figure 1A and 1B). To further 
confirm these observations, we examined the 
expression of CREPT in cell lines. The CREPT 
mRNA and protein level were clearly elevated in 
the six NSCLC cell lines, SCC: Calu-1, H520 and 
ADC: A549, H838, SK-LU-1, SPC-A-1, which 
were higher than those in the normal human 
bronchial epithelial (HBE) cells (P<0.01, Figure 
1C and 1D). These results indicated an associ-
ation of the CREPT over expression with NSCLC.

Silencing of CREPT by lentivirus-delivered RNA 
interfering

To further explore the mechanism of CREPT in 
NSCLC, NSCLC cell lines Calu-1 (SCC) and H838 
(ADC) were infected with CREPT-siRNA lentivi-
rus and NC lentivirus. The infection efficiency of 
green fluorescent protein (GFP) in Calu-1 and 
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H838 cells was about 80-85% after 3 days of 
infection at a multiplicity of infection (MOI) of 
20 (Figure 2A). Cells were harvested after 5 
days of infection; RT-PCR and Western blot 
analysis were used to determine the knock-
down efficiency, respectively. Compared with 
theNC-siRNA group and blank control (nosiRNA) 
group, the mRNA and protein expressions of 
CREPT were significantly inhibited in cells trans-
fected with CREPT-siRNA (P<0.05, Figure 2B 
and 2C). The successful establishment of a 
CREPT gene silencing lentivirus provided a use-
ful tool for investigating the function of CREPT 
in NSCLC cell lines.

Down regulation of CREPT expression inhibited 
the growth in NSCLC cell lines

To investigate the possible role of crept in the 
growth of Calu-1 and H838 cells, MTT assays 
and colony formation assays were performed. 
MTT assays results showed the cell viability 
was significantly lower in cells infected with 
CREPT-siRNA compared to cells infected with 
NC-siRNA and blank control (no siRNA) cells fol-

lowing a 6-day growth (P<0.01, Figure 3A and 
3B). The difference was more pronounced  
with time-dependent manner. Colony formation 
assays also showed the colony-forming ability 
was dramatically decreased in cells infected 
with CREPT-siRNA compared to cells infected 
with NC-siRNA and blank control (P<0.05, 
Figure 3C and 3D). Therefore, the low viability 
and the low colony number for cells treated 
with CREPT-siRNA demonstrate that down-reg-
ulation of CREPT expression, which inhibited 
the growth of human NSCLC cells in vitro.

Knocking down of CREPT arrests the cell cycle 
in G1 phase and induces cell apoptosis

To determine whether CREPT is necessary for 
cell cycle and apoptosis progression of Calu-1 
and H838 cells, we assessed the cell cycle and 
apoptosis phases in cells by flow cytometry. As 
shown in Figure 3, the percentages of Calu-1 
and H838 cells in the G1 phase in the CREPT-
siRNA-transfected groups were much higher 
than those in the cells infected with NC-siRNA 
and blank control (Calu-1: CREPT-siRNA 69.06 

Figure 1. RT-PCR and Western blot analysis results showed that the expression of CREPT mRNA and protein was 
significantly higher in fresh tumor tissue and six NSCLC cell lines than those in paired adjacent normal lung tissues 
and the normal human bronchial epithelial (HBE) cells. A. Expression of CREPT mRNA was higher in tumor tissue 
than that in paired adjacent normal lung tissues. Data are expressed as mean ± SD. B. Expression of CREPT pro-
tein was higher in tumor tissue (T) than that in paired adjacent normal lung tissues (N), and anti-β-actin antibody 
was used as an internal control. C. Expression of CREPT mRNA was higher in six NSCLC cell lines than that in the 
normal human bronchial epithelial (HBE) cells. Data are expressed as mean ± SD. D. Expression of CREPT protein 
was higher in six NSCLC cell lines than that in the normal human bronchial epithelial (HBE) cells, and anti-β-actin 
antibody was used as an internal control. 
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± 2.96% vs. NC 51.95 ± 6.85% and Control 
48.96 ± 4.89%; H838: CREPT-siRNA 68.47 ± 
3.60% vs. NC 52.23 ± 3.16% and Control 52.99 
± 14.98%, P<0.05, Figure 3E-H). In addition, 
compared with the NC-siRNA-transfected and 
blank control groups, the percentages of  
Calu-1 and H838 cells in the S phase in the 
CREPT-siRNA-transfected group were expected 
to decrease (Calu-1: CREPT-siRNA 16.24 ± 
2.12% vs. NC 25.29 ± 4.29% and Control 34.36 
± 8.40%; H838: CREPT-siRNA 17.71 ± 1.08% 
vs. NC 25.32 ± 2.32% and Control 27.42 ± 
6.15%, P<0.05, Figure 3E-H). Cell apoptosis 
was significantly increased in the CREPT-siRNA 
groups compared to the NC-siRNA and blank 
control groups (Calu-1: CREPT-siRNA 10.20 ± 
2.80% vs. NC 2.57 ± 0.44% and Control 2.78 ± 
0.68%, P<0.01; H838: CREPT-siRNA 10.58 ± 
3.29% vs. NC 2.77 ± 0.54% and Control 2.88 ± 
0.73%, P<0.01, Figure 3I-K). Taken together, 
these data indicated that inhibitionof CREPT 

exhibited a specific inhibitory effect on NSCLC 
proliferation, as induction of a G1 phase arrest, 
inhibition of S phase entry, and by inducing 
apoptosis.

Knockdown of CREPT decreases the expres-
sion of cell cycle proteins

In order to elucidate the underlying molecular 
mechanism of how CREPT affects the cell cycle, 
we detected the expression of cell cycle-related 
molecules in CREPT-siRNA-transfected cells, 
such as c-myc and CDC25A by RT-PCR and 
Western blot analysis. The RT-PCR results 
showed that the mRNA levels of c-myc and 
CDC25A were significantly decreased in CREPT-
siRNA-transfected cells compared with those in 
the NC-siRNA and blank control cells (P<0.05, 
Figure 4A and 4B). Furthermore, we examined 
the protein levels of c-myc and CDC25A by 
Western blot analysis. As shown in Figure 4C, 

Figure 2. The expressions of CREPT were significantly inhibited in cells transfected with CREPT-siRNA. A. Micrograph 
of Calu-1 and H838 cells infected with CREPT-siRNA for three days in bright and fluorescent fields (400× magnifica-
tion). More than 80% of cells expressed GFP. B. RT-PCR results showing the CREPT mRNA levels were inhibited in 
cells transfected with CREPT-siRNA as compared with NC-siRNA and blank control. C. Western blot analysis showing 
the expression levels of CREPT protein in cells transfected with CREPT-siRNA was remarkable lower than that of NC-
siRNA and blank control cells. * indicates P<0.05.
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Figure 3. Down regulation of CREPT expression inhibited the pro-
liferation of Calu-1 and H838 cells. A, B. MTT assays suggest that 
CREPT-siRNA depressed the growth curves of Calu-1 and H838 
cells as compared with NC-siRNA and blank contro with time-de-
pendent manner. C, D. Colony formation assays showed that the 
CREPT-siRNA inhibited the number of cells and clones as compared 
with NC-siRNA and blank control. Data are the number of colonies 
formed expressed as mean ± SD. E-H. The percentage of cells in 
different phases of the cell cycle was determined. G1-phase popu-
lation was significantly increased, whereas the S-phase population 
was reduced in the CREPT-siRNA groups compared to the NC-siRNA 
and blank control groups (P<0.05). I-K. Knockdown of CREPT ex-
pression increased cell apoptosis in the CREPT-siRNA groups com-
pared to the NC-siRNA and blank control groups (P<0.01).* indi-
cates P<0.05, ** indicates P<0.01. 
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Figure 4. Cell cycle-related molecules were assayed by RT-PCR and Western blot analysis and the co-localization of 
CREPT protein expression and c-myc protein expression was observed. A, B. RT-PCR results found that knockdown of 
CREPT resulted in down regulation of c-myc and CDC25A mRNA levels. C. Western blot analysis showed that c-myc 
and CDC25A protein expression was down regulated in knocking down CREPT cells. D. Immunofluorescence stain-
ing results showing the co-localization of CREPT protein expression and c-myc protein expression was observed both 
in cells and tissues, ADC and SCC. ADC: adenocarcinoma; SCC: squamous cell carcinoma (400× magnification). * 
indicates P<0.05. 

Figure 5. Scratch wound healing assay, transwell migration and invasion assay proved that CREPT-siRNA signifi-
cantly impaired the ability of migration and invasion in Calu-1 and H838 cells. A-D. Scratch wound healing assay re-
sults showed that NC-siRNA and blank control cells migrated and the open area was almost healed after 48 hours. 
However, the healing of the open area was markedly attenuated when CREPT was knocked down. E, F. Transwell 
migration assay showed that the numbers of cells migrating through the membrane were greatly reduced when 
CREPT was knocked down. G, H. Transwell invasion assay showed that when CREPT was knocked down the numbers 
of cells migrating through the membrane were greatly reduced. * indicates P<0.05, ** indicates P<0.01. 
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the inhibition of CREPT down regulated c-myc 
and CDC25A protein expression in CREPT-
siRNA-transfected cells compared with that in 
the NC-siRNA and blank control cells. Taken 
these finding stogether, we suggested that 
CREPT is important for cell cycle regulation and 
may be partly mediated by affecting cell-cycle 
protein expression, including c-myc and 
CDC25A.

CREPT-siRNA significantly impaired the ability 
of migration and invasion in NSCLC cells 

Given the ability of CREPT to promote NSCLC 
cell growth and proliferation, we were interest-
ed in exploring its potential effects on migra-
tion and invasion in NSCLC cell. To test these 
possible effects, scratch wound healing assay, 
we performed transwell invasion and a migra-
tion assay. In scratch wound healing assays, 
the results displayed that Calu-1 and H838 
cells using CREPT-siRNA was decreased in 
migration by an average of 55% and 49%, 
respectively, when compared with cells infect-
ed with NC-siRNA and blank control (P<0.05, 
Figure 5A-D). In order to further prove this 
effect, we used a transwell migration assay. As 
measured by the numbers of cells migrating 
through the chamber membrane, CREPT-siRNA-
transfected groups (74 ± 16, 69 ± 13) demon-
strated a noticeable decrease in mobility com-
pared to those of the NC-siRNA and blank con-

trol groups (NC: 283 ± 35, 271 ± 29, Control: 
295 ± 26, 307 ± 32, P<0.01, Figure 5E and 5F) 
in Calu-1 and H838 cells, respectively. The 
invasion capability associated with CREPT 
expression was examined with transwell cham-
bers coated with matrigel. As expected, the 
numbers of cells migrating through the mem-
brane were greatly reduced when CREPT was 
inhibited (Calu-1: CREPT-siRNA 40 ± 11 vs. NC 
137 ± 15 and Control 125 ± 21, P<0.01; H838: 
CREPT-siRNA 36 ± 7 vs. NC 102 ± 18 and 
Control 117 ± 23, P<0.01, Figure 5G and 5H). 
Therefore, the inhibition ofCREPT significantly 
hindered NSCLC cells migration and invasion.

The co-localization of CREPT with c-myc pro-
tein expression

CREPT and c-myc are mainly located in the  
cell nucleus and to some extentin cytoplasm. 
Furthermore, we performed an immunostaining 
assay to investigate whether CREPT and c-myc 
is co-localized. Preliminary experimental results 
showed that the co-localization phenomenon of 
CREPT and c-myc protein in NSCLC existed 
both in ADC and SCC (Figure 4D). In addition, 
the same method was used in NSCLC cell lines; 
the co-localization phenomenon of CREPT and 
c-myc protein expression was exhibited both in 
cell Calu-1 and H838 (Figure 4D). These results 
indicate that CREPT may be interacts with 
c-myc in the nucleus, however, it need be iden-
tified by further research.

Figure 6. Expression of CREPT, c-myc and CDC25A by immunohistochemistry in NSCLC samples. A. Positive CREPT 
staining in SCC. B. Positive c-myc staining in SCC. C. Positive CDC25A staining in SCC. D. Positive CREPT staining in 
ADC. E. Positive c-myc staining in ADC. F. Positive CDC25A staining in ADC. (200× magnification).



CREPT in non-small cell lung cancer

2109 Am J Transl Res 2016;8(5):2097-2113

The correlation of CREPT with c-myc, CDC25A 
expression in NSCLC 

In order to investigate the role of CREPT in 
NSCLC with c-myc and the influence of CDC25A 
on the downstream signaling pathway, the cor-
relation of CREPT with c-myc, CDC25A expres-
sion rate and intensity according to immunohis-
tochemical staining of these proteins were ana-
lyzed (Figure 6, Table 1). There was anobvious 
correlation of CREPT with c-myc, CDC25A 
expression in NSCLC, ADC, and SCC (P<0.05, 
rs>0.434). Similar correlations were displayed 
in moderate differentiation (P<0.05, rs>0.378) 
and pTNM stages ofNSCLC (P<0.05, rs>0.352).

Discussion

CREPT (cell-cycle related and expression-ele-
vated protein in tumor, also named RPR1B) is a 
novel gene that belongs a new family of pro-
teins within the RPR domain and was recently 
identified to promote tumorigenesis by up-regu-
lating the expression of genes related to the 
cell cycle. CREPT has been reported to be an 
elevated expressed oncogene in a variety of 
tumors including colon, lung, liver, breast, pros-
tate, stomach, uterine endometrium, and cer-
vix cancers [4]. CREPT over expression level 
has been closely correlated with the degree of 
differentiation, tumor stage, histology type and 
depth of invasion. [5, 6]. In retroperitoneal leio-
myosarcomas, (78.9%) patients displayed posi-
tive expressions of CREPT, Ki-67, and PCNA. 

The expression of CREPT correlated with mitot-
ic count and tumor size. The patients lacking 
CREPT expression exhibited significantly longer 
overall postoperative survival (median, 60.0 
months) than the patients displaying CREPT 
expression (median, 33.0 months), and CREPT 
expression correlated with distant recurrence 
within 5 years after surgery [5]. Therefore, we 
hypothesized that CREPT might be a key factor 
in neoplasia and its development [6].

Yet, the expression and activated mechanism 
of CREPT in NSCLC and whether further pro-
mote NSCLC progression are still all unclear. 
So, in this report, we first detected the mRNA 
and protein expression of CREPT in NSCLC tis-
sue samples and cell lines. The results showed 
that the CREPT mRNA and protein level in tumor 
tissue were significantly higher than in the adja-
cent normal lung tissues. To further confirm 
these observations, we examined the expres-
sion of CREPT in cells. The CREPT mRNA and 
protein level were clearly elevated in the 6 
NSCLC cell lines compared to that in the  
normal human bronchial epithelial (HBE) cells. 
Therefore, whether the CREPT can regulate the 
NSCLC progression and the possible mecha-
nism require investigation.

To further explore the relationship between 
CREPT and NSCLC, NSCLC cell lines were 
infected with CREPT-siRNA lentivirus. In our 
study, we found that both in SCC and ADC 
NSCLC cells, lacking of CREPT significantly 

Table 1. The correlation of CREPT with c-myc and CDC25A expression in NSCLC

Group CREPT
c-myc CDC25A

Low High Statistics Low High Statistics
NSCLC (n=72) Low 15 8 rs=0.439

P=0.000
20 7 rs=0.462

P=0.111High 10 39 12 33
Histological type

ADC (n=33)
Low 8 3 rs=0.434

P=0.024
11 2 rs=0.583

P=0.001High 6 16 5 15

SCC (n=39)
Low 7 5 rs=0.446

P=0.009
9 5 rs=0.354

P=0.043High 4 23 7 18
Differentiation

Well+Moderate (n=45)
Low 11 5 rs=0.399

P=0.012
17 6 rs=0.378

P=0,017High 8 21 8 14

Poor (n=27)
Low 4 3 rs=0.497

P=0.024
3 1 rs=0.467

P=0.042High 2 18 4 19
pTNM stages

I-II (n=42)
Low 10 6 rs=0.352

P=0.029
14 4 rs=0.440

P=0.006High 7 19 8 16

III-IV (n=30)
Low 5 2 rs=0,558

P=0.007
6 3 rs=0.463

P=0.003High 3 20 4 17
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depressed the growth curves and inhibited the 
number of cells and clones. Flow cytometry 
suggested that CREPT-siRNA arrests the cell 
cycle in G1 phase and induces cell apoptosis. 
In conclusion, knocking down CREPT decreas-
es the proliferation and growth of NSCLC Cells. 
Previous studies reported that RPRD1A and 
RPRD1B appear to bind preferentially to RNAP 
II with a phosphorylated CTD [16]. Binding of 
RPRD1A and RPRD1B to RNAP II results in a 
specific reduction of RNAP II with S5P and S7P 
at target gene promoters [17, 18]. Dongdong Lu 
et al. found that CREPT regulates cyclin D1 
expression by binding to its promoter (B) and 
terminator (F), enhancing its transcription both 
in vivo and in vitro, and interacting with RNA 
polymerase II (RNAPII) [4]. Cell-cycle-related 
proteins precisely regulate cell proliferation. 
Cyclin D/CDK4 or cyclin D/CDK6 complex forms 
in early G1 phase and functions during the 
whole G1 to S phase transition [19]. Cyclin D1 
controls the G1/S transition of the cell cycle 
and is tightly regulated by activators or repres-
sors, which together keep cells growing normal-
ly [20]. The cell cycle-related factors, such as 
cyclin D1, cyclin E, CDK6, CDK4, and CDK2 
increased dramatically when CREPT was over 
expressed. In the nude mice model, CREPT 
overexpression significantly accelerated the 
tumor xenograft growth, accompanied by ele-
vated cyclin D1 and Ki-67 [6]. Our results and 
their conclusion are consistent.

The cell cycle-related factors, CDC25A and 
c-myc play an important role in cell proliferation 
regulation. CDC25A is essential for transition 
from G1 to S phase [21]. The CDC25A protein 
phosphatase is an example of a key cell-cycle 
regulator that is over produced in many human 
cancers [22]. CDC25A drives the cell cycle for-
ward by activating cyclin-dependent proteinki-
nases (Cdks). The importance of CDC25A  
regulation is underscored by the observation 
that its overproduction leads to accelerated 
entry of cells into both S phase and mitosisand 
failure to regulate CDC25A during a checkpoint 
response causes bypass of DNA damage and 
replication checkpoints, resulting in enhanced 
DNA damage [23, 24]. The c-myc proto-onco-
gene belongs to a family of related genes impli-
cated in the control of normal cell proliferation 
and the induction of neoplasia [25]. CDC25A 
expression was raised following activation of 
c-myc and the CDC25A gene contains three 
Myc/Max binding sites within the first two 

introns. These can direct Myc-dependent tran-
scription to from a heterologous promoter [21].

Increasing evidence has shown that CREPT pro-
motes the transcriptional activity of the Wnt/β-
catenin pathway. CREPT interacts with both 
β-catenin and TCF4, and enhances the activity 
of the β-catenin-TCF4 complex to initiate tran-
scription of Wnt target genes, including cyclin 
D1 and c-myc, resulting in up-regulated cell  
proliferation and invasion [26-28]. Moreover, 
CREPT was shown to occupy at TCF4 binding 
sites (TBS) of the promoters of Wnt-targeted 
genes under Wnt stimulation. CREPT localizes 
to the TBS in both CCND1 and c-myc promot-
ers; Wnt stimulation enhances occupancy, and 
CREPT is important for the occupancy of 
β-catenin and TCF4 on the promoter of c-myc 
[20].

Taking all of these data in to account, we specu-
late that there may be a new CREPT/c-myc/
CDC25A pathway different from CREPT/cyclin 
D1 pathway. To verify our conjecture, we tested 
the expression of c-myc and CDC25A by RT-PCR 
and Western blot analysis in CREPT-siRNA-
transfected cells. The results found that inhibi-
tionof CREPT decreases the expression of cell 
cycle factor c-myc and CDC25A. Furthermore, 
we noticed that there was a co-localization phe-
nomenon of CREPT with c-myc protein expres-
sion both in NSCLC cells and tissues. In addi-
tion, we also found that there were obvious cor-
relation of CREPT with c-myc, CDC25A expres-
sion in NSCLC, ADC and SCC. Commendable 
correlations were also displayed in moderate 
differentiation and pTNM stages in NSCLC. 
Thus, according to our experimental results, 
oursurmise of this possible pathway is highly 
convincing. However, the underlying molecular 
mechanism of this possible CREPT/c-myc/
CDC25A pathway is still unclear and need 
requires further investigation.

As discussed above, lacking of CREPT signifi-
cantly depressed the cell growth and inhibited 
cells proliferation. We further characterized  
the biological function of CREPT in migration 
and invasion of NSCLC cells. Our results showed 
that inhibition of CREPT decreased migration 
by an average of 55% and 49% in scratch 
wound healing assays and the numbers of cells 
migrating through the membrane (with and 
without matrigel-coating) were greatly reduced 
when CREPT was inhibited. Thus, CREPT-siRNA 
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significantly impaired the ability of migration 
and invasion in NSCLC cells. However, the 
mechanism of how CREPT regulates NSCLC 
migration and invasion is remains unclear. A 
BCAT1 (branched chain aminotransferase 1 
gene, also known as ECA39) gene, may play a 
certain role in this process. BCAT1 was identi-
fied from a c-myc-induced tumor and has been 
proven to be directly regulated by c-myc through 
its binding to the specific DNA sequence, 
CACGTG [29]. Suppression of BCAT1 in glioma 
cell lines blocked the excretion of glutamate 
and has led to reduced proliferation and inva-
siveness in vitro, as well as significant decreas-
es in tumor growth in a glioblastoma xenograft 
model [30]. A proteomics approach identified 
the cytoskeletal proteins actin and cdc42 as 
down-regulated in c-myc reconstituted fibro-
blasts, which suggest that c-myc plays a role in 
enhancing fibroblast motility [31]. As mentioned 
above, we found that CREPT can regulate the 
expression of c-myc in NSCLC. Thus, we can 
infer that CREPT may regulate the NSCLC migra-
tion and invasion through c-myc and BCAT1. 
However, more evidence is required to deter-
mine the importance of CREPT in NSCLC cells 
on migration and invasion. The interaction of 
CREPT with metastasis-associated protein 
such as Cd44v6, CEA, E-cadherin, MMP-2, 
MMP-9 and β-Catenin is still unclear and needs 
to be tested.

CREPT is a highly conserved oncogene, which is 
highly expressed in tumors and accelerates 
tumor development. Taken together the results 
in this study, we found that CREPT expression 
was significantly increased in NSCLC tissues 
and various NSCLC cell lines. Then, for the first 
time we have identified that siRNA-induced 
knocking down of CREPT significantly inhibited 
the proliferation and migration of NSCLC  
cell lines. Moreover, CREPT knocking down 
depressed the expression of cell cycle proteins 
including c-myc and CDC25A. Furthermore, we 
noticed that there was a co-localization phe-
nomenon of CREPT with c-myc protein expres-
sion in NSCLC. In addition, we also found that 
there were obvious correlation of CREPT with 
c-myc, CDC25A expression in NSCLC. Thus, we 
suggested that CREPT may promote NSCLC cell 
growth through the c-myc and CDC25A signal-
ing pathway. We believe that CREPT should be 
another target for tumor diagnosis and therapy 
development. However, the mechanism of 
NSCLC progression by CREPT regulating needs 
to be examined further. The pertinence of the 

over expression CREPT levels and poor progno-
sis in NSCLC is still not fully defined. To com-
pensate for these shortcomings, we intend to 
carry out further multicenter clinical studies, 
expand the sample size, and enrich the means 
of detection.
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