
ONCOLOGY LETTERS  13:  51-56,  2017

Abstract. The v-Crk avian sarcoma virus CT10 oncogene 
homolog-like (CRKL) protein is important in cancer progres-
sion. However, its expression pattern and biological roles 
in human endometrial carcinoma remain unexplored. The 
potential mechanism of CRKL-induced cancer progression is 
still unclear. The present study aimed to explore the expression 
pattern and biological roles of CRKL in human endometrial 
carcinoma. Using immunohistochemistry, it was observed 
that the CRKL protein was overexpressed in 50.5% (44/87) of 
endometrial carcinoma tissues. Plasmid transfection of CRKL 
into Ishikawa cells was performed, and CRKL overexpression 
promoted cell proliferation, colony formation and cell cycle 
transition in the transfected cells. In addition, CRKL overex-
pression inhibited cell apoptosis in Ishikawa cells treated with 
cisplatin, with decreased caspase-3 and caspase-9 cleavage. 
Further analysis revealed that CRKL upregulated the expression 
of cyclin D1, cyclin E, B cell lymphoma (Bcl)-2 and survivin, 
and downregulated Bcl-2 associated X protein expression. In 
conclusion, the present study demonstrated that CRKL overex-
pression in endometrial carcinoma contributes to malignant cell 
growth and resistance to apoptosis, possibly through Bcl-2.

Introduction

Endometrial carcinoma is one of the most common gyneco-
logical malignancies, and its incidence is rising (1). Despite 
improved surgical treatment and the development of adjuvant 
therapy, the prognosis of endometrial carcinoma has not 
improved significantly (2,3). Thus, it is important to identify 
molecular mediators conferring the malignant potential to endo-
metrial carcinoma cells that may be used as tumor markers for 
predicting the risk of endometrial carcinoma progression (4-6).

V-Crk avian sarcoma virus CT10 oncogene homolog-like 
(CRKL) is a member of the CRK family of adapter proteins, 
which have a variety of biological roles, including cell prolif-
eration, adhesion and migration (7). CRKL was considered to 
be a key substrate of the break point cluster-Abelson murine 
leukemia viral oncogene homolog 1 fusion protein in chronic 
myeloid leukemia (8-10). The CRKL protein has been reported 
to be upregulated in several malignant cancers (11). CRKL 
amplification and protein overexpression was observed in lung 
cancer, pancreatic cancer and colorectal cancer (12-14). In 
addition, CRKL was demonstrated to facilitate cell malignant 
invasion, and correlated with poor patient prognosis (15,16). 
Taken together, these findings suggest that CRKL may serve 
as an important oncoprotein in cancer development. However, 
its expression pattern and biological roles in endometrial 
carcinoma remain unexplored.

In the present study, endogenous CRKL protein expression 
was examined in 87 endometrial carcinoma specimens. In 
addition, CRKL expression was upregulated in the Ishikawa 
cell line, and its effect on cell proliferation and apoptosis was 
examined. Furthermore, the molecular signaling pathways 
underlying the biological effects of CRKL were investigated.

Materials and methods

Patients and specimens. The study protocol was approved 
by the Institutional Review Board of Shengjing Hospital of 
China Medical University (Shenyang, China) and written 
informed consent was obtained from all patients. Primary 
tumor specimens were obtained from patients diagnosed with 
endometrioid adenocarcinoma who underwent resection in the 
First Affiliated Hospital (Shenyang, China) and the Shengjing 
Hospital of China Medical University between January 2008 
and December 2010. The histological diagnosis was evaluated 
for sections stained with hematoxylin and eosin according to 
the World Health Organization classification guidelines (17). 
Clinical and histopathological data were obtained from 
medical records.

Immunohistochemistry. Surgically excised tumor specimens 
were fixed with 10% neutral formalin and embedded in paraffin, 
and 4-µm-thick sections were prepared. Immunostaining was 
performed using the avidin-biotin-peroxidase complex method 
(Ultra Sensitive™; Maixin, Fuzhou, China). The sections were 

CRKL overexpression promotes cell proliferation and 
inhibits apoptosis in endometrial carcinoma

LE CAI,  HE WANG  and  QING YANG

Department of Gynecology and Obstetrics, Shengjing Hospital of China Medical University, 
Shenyang, Liaoning 110004, P.R. China

Received March 15, 2015;  Accepted July 1, 2016

DOI: 10.3892/ol.2016.5394

Correspondence to: Professor Qing Yang, Department of 
Gynecology and Obstetrics, Shengjing Hospital of China Medical 
University, 36 Sanhao Street, Heping, Shenyang, Liaoning 110004, 
P.R. China
E-mail: yangqingcmu@163.com

Key words: CRKL, endometrial carcinoma, proliferation, Bcl-2



CAI et al:  CRKL IN ENDOMETRIAL CARCINOMA52

deparaffinized in xylene, rehydrated with graded alcohol, and 
then boiled in 0.01 M citrate buffer (pH 6.0) for 2 min in an 
autoclave. Hydrogen peroxide (0.3%) was applied to block 
the endogenous peroxide activity, and the sections were then 
incubated with normal goat serum (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) to reduce nonspecific 
binding. Tissue sections were incubated with an anti-CRKL 
rabbit polyclonal antibody (1:400; cat. no. ABC242; EMD 
Millipore, Billerica, MA, USA) at 4˚C overnight. Rabbit immu-
noglobulin (Ig) (1:300; cat. no. HPA009178; Sigma-Aldrich, 
St. Louis, MO, USA) was used as a negative control, by 
applying the same concentration as that used for the above 
antigen-specific antibody. Biotinylated goat anti-rabbit serum 
IgG (1:200; cat. no. A0545; Sigma-Aldrich) was used applied 
as the secondary antibody at room temperature for 10 min. 
Upon washing with phosphate-buffered saline (PBS), the 
sections were incubated with streptavidin-biotin conjugated 
with horseradish peroxidase, and the peroxidase reaction was 
developed with 3,3'-diaminobenzidine tetrahydrochloride. 
Counterstaining with hematoxylin was performed, and the 
sections were dehydrated in ethanol prior to mounting.

Two independent blinded investigators examined all 
tumor slides randomly. Five views were examined per slide, 
and 100 cells were observed per view at x400 magnification. 
Immunostaining of CRKL was scored on a semiquantitative 
scale by evaluating the staining intensity and the percentage of 
positively stained tumor cells. Cytoplasmic and nuclear immu-
nostaining in tumor cells was considered as positive staining. 
In total, 400 tumor cells were counted, and the percentage of 
positively stained cells was calculated. The intensity of CRKL 
staining was scored as 0 (no signal), 1 (moderate) and 2 (strong). 
The percentage scores were assigned as 1 (1-25%), 2 (26-50%), 
3 (51-75%) and 4 (76-100%). The scores of each tumor sample 
were multiplied to obtain a final score of 0‑8. Tumor samples 
scoring 4-8 were considered to exhibit CRKL overexpression.

Cell culture and transfection. The Ishikawa cell line was 
obtained from the American Type Culture Collection 
(Manassas, VA, USA). Cells were cultured in Dulbecco's 
modified Eagle medium (Invitrogen; Thermo Fisher Scientific, 
Inc.) containing 10% fetal calf serum (Invitrogen; Thermo 
Fisher Scientific, Inc.), 100 IU/ml penicillin (Sigma-Aldrich) 
and 100 µg/ml streptomycin (Sigma‑Aldrich) at 37˚C in an 
atmosphere of 5% CO2. Cells were grown on sterilized culture 
dishes and were passaged every 2 days with 0.25% trypsin 
(Invitrogen; Thermo Fisher Scientific, Inc.).

The pCMV6-CRKL plasmid was purchased from OriGene 
Technologies, Inc. (Rockville, MD, USA), and was transfected 
into the cells using Lipofectamine 2000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). The pCMV6 empty vector was 
used as a negative control. Cells were harvested 48 h after 
transfection and subjected to various analyses.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). RT-qPCR was performed using SYBR® Green 
PCR Master Mix (Applied Biosystems; Thermo Fisher Scien-
tific, Inc.) in a total volume of 20 µl on a 7500 Real-Time PCR 
System (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
as follows: 95˚C for 30 sec, and 40 cycles of 95˚C for 5 sec and 
60˚C for 30 sec. A dissociation step was performed to generate 

a melting curve to confirm the specificity of the amplification. 
β-actin was used as the reference gene. The relative levels of 
gene expression were represented as ΔCq=Cq gene - Cq refer-
ence, and the fold-change of gene expression was calculated 
by the 2-ΔΔCq method (18). Experiments were conducted in trip-
licate. The primer sequences were as follows: CRKL forward, 
5'-CCT TTG CCA TCC ACA CAG AAT-3' and reverse, 5'-TTT 
CAC GAT GTC ACC AAC CTCTA-3'; and β-actin forward, 
5'-ATA GCA CAG CCT GGA TAG CAA CGT AC-3' and reverse, 
5'-CAC CTT CTA CAA TGA GCT GCG TGTG-3'.

Western blot analysis. Total proteins from cells were extracted 
in lysis buffer (Pierce; Thermo Fisher Scientific, Inc.) and 
quantified using the Bradford method. Proteins (50 µg) were 
separated by 10% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis. Samples were transferred to polyvinyli-
dene fluoride membranes (EMD Millipore) and incubated 
overnight at 4˚C with antibodies against CRKL (rabbit poly-
clonal; 1:1,000; cat. no. ABC242; EMD Millipore), B cell 
lymphoma (Bcl)-2 (rabbit monoclonal; 1:1,000; cat. no. 3948; 
Cell Signaling Technology, Inc., Danvers, MA, USA), Bcl-2 
associated X protein (Bax) (rabbit monoclonal; 1:1,000; 
cat. no. 4223; Cell Signaling Technology, Inc.), survivin 
(rabbit monoclonal; 1:1,000; cat. no. 2808; Cell Signaling 
Technology, Inc.), caspase-3 (rabbit monoclonal; 1:1,000; 
cat. no. 9665; Cell Signaling Technology, Inc.), cleaved 
caspase-3 (rabbit monoclonal; 1:1,000; cat. no. 9664; Cell 
Signaling Technology, Inc.), caspase-9 (rabbit monoclonal; 
1:1,000; cat. no. 9502; Cell Signaling Technology, Inc.), 
cleaved caspase-9 (rabbit monoclonal; 1:1,000; cat. no. 9501; 
Cell Signaling Technology, Inc.), cyclin D1 (rabbit mono-
clonal; 1:1,000; cat. no. 2978; Cell Signaling Technology, 
Inc.), cyclin E (rabbit monoclonal; 1:1,000; cat. no. 20808; 

Table I. Distribution of CRKL status in endometrial carcinoma 
according to clinicopathological characteristics.

 No. of CRKLweak/ CRKL
Characteristics patients negative positive P-value

Age, years    0.7614
  <60 56 27 29
  ≥60 31 16 15
Grade    0.0409
  1 37 23 14
  2+3 50 20 30
T stage    0.7324
  T1a   9   5   4
  T1b 43 23 20
  T1c 29 13 16
  T2-3   6   2   4
FIGO stage    0.7001
  Ⅰ 59 30 29
  Ⅱ+III 28 13 15

CRKL, v-Crk avian sarcoma virus CT10 oncogene homolog-like; 
FIGO, International Federation of Gynecology and Obstetrics.
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Cell Signaling Technology, Inc.) and glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) (rabbit polyclonal; 1:1,000; 
cat. no. sc-25778; Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA). After incubation with peroxidase-coupled monoclonal 
mouse anti-rabbit IgG (1:1,000; cat. no. 5127; Cell Signaling 
Technology, Inc.) at 37˚C for 2 h, the bound proteins were 
visualized by enhanced chemiluminescence (Pierce; Thermo 
Fisher Scientific, Inc.) and detected using an imaging system 
(DNR Bio-Imaging Systems Ltd., Jerusalem, Israel). Relative 
protein levels were quantified using GAPDH as the loading 
control.

Colony formation and 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑di‑
phenyltetrazolium bromide (MTT) assays. For the colony 
formation assay, cells were transfected with the aforemen-
tioned plasmids for 48 h, and then plated into three 6-cm 
cell culture dishes (~2,000 cells/dish). Cells were incubated 
for 12 days in medium containing 10% fetal bovine serum. 
Plates were next washed with PBS and stained with Giemsa. 
The number of colonies containing >50 cells was counted 
manually using a microscope.

For the MTT assay, 24 h after transfection, cells were 
plated in 96-well plates at a density of ~3,000 cells/well, and 
were cultured for 5 days. For quantitation of cell viability, 
20 µl of 5 mg/ml MTT (thiazolyl blue) solution was added 
to each well, and incubated for 4 h at 37˚C. Subsequently, 
the medium was removed from each well, and the resulting 
MTT formazan was solubilized in 150 µl of dimethyl sulf-
oxide. Each solution was measured spectrophotometrically 
at 490 nm.

Cell cycle and apoptosis analysis. Cells (100,000) were 
seeded into 6-cm tissue culture dishes, and 12 h later 
were transfected with the indicated amounts of plasmid 
(1.2 µg/dish). After 48 h, cells were harvested, fixed in 1% 

paraformaldehyde, washed with PBS and stained in 5 mg/ml 
propidium iodide (PI) in PBS supplemented with RNase A 
(Roche Diagnostics, Indianapolis, IN, USA) for 30 min at 
room temperature. Data were collected using a BD system 
(BD Biosciences, Franklin Lakes, NJ, USA).

Cell apoptosis detection was performed with Annexin V/PI 
double staining. Briefly, 48 h after transfection, cells were 
harvested by 0.25% trypsin, washed twice with chilled PBS 
and resuspended in 250 µl of binding buffer. Staining solu-
tion containing Annexin V/fluorescein isothiocyanate and 
PI was added to the cell suspension. After incubation in the 
dark for 30 min, cells were analyzed by FACSCalibur flow 
cytometer (BD Biosciences).

Statistical analysis. SPSS version 11.5 (SPSS, Inc., Chicago, 
IL, USA) was used for all statistical analyses. The χ2 test 
was used to examine possible correlations between CRKL 
expression and clinicopathological factors. The Student's 
t-test was used to compare densitometry data between the 
control and CRKL-transfected cells. All P-values are based 
on a two-sided statistical analysis, and P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Expression of CRKL in human endometrial carcinoma. 
CRKL immunostaining was examined in 87 cases of endo-
metrial carcinoma. In normal endometrial tissues, stromal 
and glandular tissues exhibited weak or negative staining 
(Fig. 1A). In total, 44 of 87 (50.5%) primary endometrial 
cancers displayed positive CRKL immunoreactivity, which 
was located in the nuclear and cytoplasmic compartment of 
the carcinoma cells (Fig. 1B-D). The association of CRKL 
overexpression with clinicopathological characteristics is 
listed in Table I. High CRKL immunostaining score in the 

Figure 1. Expression of CRKL protein in endometrial carcinoma tissues. (A) Weak CRKL expression in normal endometrial tissue. (B) Negative CRKL 
expression in a case of grade 1 endometrial carcinoma. (C) Positive staining of CRKL in a case of grade 1 endometrial carcinoma. (D) Positive CRKL expres-
sion in a case of grade 2 endometrial carcinoma. Magnification, x400. CRKL, v‑Crk avian sarcoma virus CT10 oncogene homolog‑like.

  A   B

  C   D
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primary endometrial carcinoma was significantly corre-
lated with advanced tumor grade (grade 2+3 vs. grade 1, 
P=0.0409). CRKL expression was relatively higher in tumors 
with advanced T stage (T2-3, 66.6%) compared with tumors 
with lower T stage (T1a, T1b and T1c, 49.3%), which did not 
reach statistical significance. No significant correlation was 
observed between CRKL level and other parameters such as 
International Federation of Gynecology and Obstetrics stage 
(P=0.7001) or patient age (P=0.7614).

CRKL promotes Ishikawa cell proliferation and upregulates 
cell cycle proteins. To determine the biological roles of CRKL 
in endometrial cancer, plasmid transfection was performed 
in the Ishikawa cell line. As shown in Fig. 2A and B, CRKL 
plasmid transfection significantly upregulated CRKL protein 
and messenger RNA expression. MTT assay revealed that 
CRKL upregulation increased the cell proliferation rate 
(Fig. 2C). Colony formation assay was also conducted, 
as shown in Fig. 2D, and the results revealed that CRKL 
transfection significantly increased the colony number of 
Ishikawa cells (83±9 colonies for empty vector-transfected vs. 
156±12 colonies for CRKL plasmid-transfected cells, P<0.05). 

Figure 3. CRKL inhibits apoptosis of Ishikawa cells. (A) CRKL transfection 
upregulated the protein expression of cyclin D1, cyclin E, Bcl-2 and survivin, 
and downregulated that of Bcl-2 associated X protein. (B) CRKL transfection 
was performed in Ishikawa cells, and cisplatin treatment (1 µM for 24 h) was 
applied 48 h after transfection. The rate of cell apoptosis was significantly 
decreased in CRKL-overexpressing cells. The levels of caspase-3 cleavage 
and caspase-9 cleavage were also decreased. *P<0.001 vs. control. CRKL, 
v-Crk avian sarcoma virus CT10 oncogene homolog-like; GAPDH, glycer-
aldehyde 3-phosphate dehydrogenase; Bcl-2, B cell lymphoma-2; Bax, Bcl-2 
associated X protein.

Figure 2. CRKL transfection promotes cell proliferation and cell cycle in the 
Ishikawa endometrial carcinoma cell line. (A) Western blot analysis demon-
strated that CRKL transfection in the Ishikawa cell line upregulated CRKL 
protein expression. (B) Reverse transcription-quantitative polymerase chain 
reaction analysis demonstrated that CRKL transfection in the Ishikawa cell 
line upregulated CRKL messenger RNA expression. *P<0.001 vs. control.
(C) 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay 
revealed that CRKL transfection upregulated cell proliferation. (D) Colony 
formation assay revealed that CRKL transfection increased the colony for-
mation ability of Ishikawa cells. *P<0.001 vs. control. (E) Flow cytometry 
analysis demonstrated that CRKL transfection facilitated G1-S cell cycle 
transition. *P=0.023 vs. control. CRKL, v-Crk avian sarcoma virus CT10 
oncogene homolog-like; GAPDH, glyceraldehyde 3-phosphate dehydroge-
nase; mRNA, messenger RNA; Dip, diploid. 
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Cell cycle analysis was performed, and it was observed that 
CRKL transfection increased the percentage of cells in the 
S phase and decreased the percentage of cells in the G1 phase, 
thus suggesting that CRKL facilitated the G1-S cell cycle tran-
sition (Fig. 2E). Accordingly, CRKL transfection upregulated 
cyclin D1 and cyclin E expression (Fig. 3A).

CRKL inhibits Ishikawa cell apoptosis and upregulates Bcl-2 
and survivin. In order to investigate the association between 
CRKL and apoptosis in endometrial carcinoma cells, control 
cells and CRKL-transfected cells were treated with cisplatin 
(1 µM, 24 h) and subjected to cell apoptosis analysis. Compared 
with the control group, the rate of cell apoptosis in CRKL-overex-
pressing Ishikawa cells decreased significantly (empty vector vs. 
CRKL plasmid, 23.8±1.7 vs. 10.3±1.2%, respectively, P=0.009) 
(Fig. 3B). Accordingly, the levels of caspase-3 and caspase-9 
cleavage decreased upon CRKL upregulation. The level of apop-
tosis-related proteins was also examined, and CRKL transfection 
was observed to upregulate Bcl-2 and survivin expression in the 
Ishikawa cell line. By contrast, the level of Bax was downregu-
lated following CRKL transfection (Fig. 3A).

Discussion

Endometrial carcinoma is one of the most common gynaeco-
logical cancers worldwide (19,20). Although previous studies 
have reported that multiple aberrantly expressed genes in 
endometrial carcinoma could contribute to the malignant 
behavior (15,21-24), novel markers that are able to identify 
tumor progression and predict the aggressive phenotype are 
still urgently required. Upregulation of CRKL expression has 
been implicated in several human cancers, including breast 
cancer, lung cancer and pancreatic cancer (15,16,25,26), where 
it leads to increased proliferation and invasion. However, its 
biological roles and clinical significance in human endometrial 
carcinoma remain unexplored. The present study examined 
CRKL protein expression in 87 cases of endometrial carci-
noma, and CRKL overexpression was observed in 50.5% of 
cancer tissues. CRKL overexpression positively correlated 
with advanced tumor grade, thus suggesting its association 
with malignant phenotype. The current data is in accordance 
with previous reports that confirmed CRKL as an oncogene 
overexpressed in human endometrial carcinomas.

There is a growing body of evidence suggesting that 
CRKL is involved in carcinogenesis of solid tumors by 
regulating their biological behavior, including proliferation, 
differentiation and invasion (27-29). In order to assess the 
function of CRKL in endometrial carcinoma progression, 
a CRKL-expression plasmid was employed in the Ishikawa 
cell line. The results demonstrated that transient transfection 
of the above CRKL plasmid caused an obvious increase 
in the proliferation rate and colony formation ability of 
Ishikawa cells. In addition, cell cycle analysis revealed 
that the percentage of cells in the S phase was increased in 
CRKL-transfected cells, thus suggesting that CRKL promotes 
cell growth through the G1-S transition. The present study 
also examined cell cycle-related factors, and observed that 
CRKL caused upregulation of cyclin E and cyclin D1, which 
control cell cycle progression through the restriction point at 
the G1-S phase (26,30). Previous reports demonstrated that 

cyclin D1 and cyclin E were overexpressed in endometrial 
carcinoma and were important in cancer progression (31,32). 
The current results were in accordance with their role in cell 
cycle control.

The association of CRKL with apoptosis is not well 
characterized. In the present study, CRKL overexpression led 
to decreased cisplatin-induced apoptosis in Ishikawa cells. 
CRKL transfection also caused decreased caspase-3 and 
caspase-9 cleavage, which suggests that CRKL may function 
as an important modifier of the apoptosis process in endo-
metrial carcinoma cells. Regulation of cancer cell apoptosis 
involves the interaction of multiple genes. In the current study, 
the change in the levels of Bcl-2 and survivin in endometrial 
carcinoma cells upon CRKL overexpression was examined, 
and it was observed that CRKL overexpression increased the 
levels of Bcl-2 and survivin, both of which have been reported 
to be involved in apoptosis inhibition in numerous cancers, 
including endometrial carcinoma (33-36). The present data 
strongly support the role of CRKL in regulating cell apoptosis 
through Bcl-2 and survivin.

In conclusion, CRKL is overexpressed in human endome-
trial carcinomas and correlates with advanced tumor grade. 
CRKL promotes tumor proliferation through regulation of 
cyclin proteins, and inhibits apoptosis through Bcl-2 and 
survivin upregulation. CRKL may serve as a novel therapeutic 
target for endometrial carcinoma.
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