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Abstract 
Context: The prognostic significance of expression of V-Crk avian sarcoma 
virus CT10 oncogene homolog-like (CRKL) and Protein kinase CK2 β in en-
dometroid carcinoma is not fully clarified. Aim: To assess the prognostic 
values and clinicopathological roles of CRKL and CK2 β expression in endo-
metroid carcinoma by correlation their expression levels with clinicopatho-
logical parameters, response to therapy, and recurrence of the tumor and pa-
tients survival. Settings: Faculty of Medicine, Zagazig University, and Mansoura 
University. Methods: CRKL and CK2 β expressions were evaluated in 50 pa-
raffin blocks EC patients that were followed up for 5 years. The relationship 
between their level of expressions, clinicopathological criteria and prognosis 
of patients was analyzed. Statistical analysis used: SPSS 22.0 for windows 
(SPSS Inc., Chicago, IL, USA) and MedCalc windows (Software bvba 13, Os-
tend, Belgium). Results: High expression of CRKL and CK was positively 
correlated with higher grade of the tumor (p = 0.004 and 0.006 respectively), 
presence of L.N metastases (p = 0.009 and 0.003 respectively), presence of 
distant metastases (p = 0.029 and 0.003 respectively) and advanced FIGO 
stage (p < 0.001), poor response to therapy (p = 0.046 and 0.005 respectively), 
higher incidence of recurrence of the tumor after therapy (p = 0.004 and 0.048 
respectively), higher incidence of cancer progression p = 0.018 and 0.044 re-
spectively), poor PFS (p = 0.008 and 0.013 respectively), and OS rates (p < 
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0.001). Conclusion: CRKL and CK2 β overexpression in endometrial carci-
noma is associated with worse clinicopathological parameters and poor 
prognosis. 
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1. Introduction 

Endometrial carcinoma is the fourth most commonly diagnosed cancer in fe-
males; its incidence is rising and it comes after breast, colorectal and lung can-
cer. Endometrial carcinoma remains the most fatal female cancer. Endometroid 
carcinoma is the commonest subtype of endometrial carcinoma and there is a 
little improvement in treatment strategies and patients’ survival which has been 
achieved recently, highlighting the need for novel targeted therapies and more 
individualized patients’ treatment [1]. Despite the marked improvement of en-
dometrial carcinoma surgical management approaches and the discovering re-
cent adjuvant therapies; the prognosis of such cancer has not been improved. So, 
it is important to discover new biomarkers that can guide physicians to plan 
treatment for individual patients who are highly needed. Identifying molecular 
mediators which are conferring more malignant potential to cells of endometrial 
carcinoma could be used as novel predictive tumor biomarkers for the risk of 
progression of endometrial carcinoma [2]. V-Crk avian sarcoma virus CT10 
oncogene homolog-like (CRKL) is an adapter proteins family member of the 
CRK; that has many biological roles, like cell proliferation, adhesion, migration, 
cell cycle progression, cell survival, and cell invasiveness [3]. CRKL protein was 
reported to be dysregulated in many malignant cancers [2]. But, its expression 
pattern in tumor cells, its biological and clinical roles in endometrial carcinoma 
patients remain uncertain. Protein kinase CK2 is a protein kinase which has 
more than 300 substrates with multifunction. It is composed of 2 catalytic sub-
units (CK2a or CK2a’) and 2 regulatory β subunits. CK2 β is involved in normal 
cell growth, proliferation and differentiation [4]. Dys-regulation of CK2 expres-
sion plays a role in the pathogenesis of cancer. CK2 regulates essential cellular 
processes, many of which are deregulated in cancer cells; cell proliferation, 
growth, survival, changes cell morphology and it is incriminated in promoting 
angiogenesis [5]. So, CK2 is considered a suitable target for cancer therapy and 
there are several CK2 inhibitors which are being tested in clinical trials in tar-
geted therapy against cancer [6]. The significance of expression of CRKL and 
CK2 β in endometrioid carcinoma and relation to its progression and patient’s 
survival are not well clarified. 

So in the current study we aimed to assess the prognostic values and clinico-
pathological roles of CRKL and CK2 β expression in endometrioid carcinoma by 
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correlation their expression levels with clinicopathological parameters, response 
to therapy, and recurrence of the tumor and patients survival.  

2. Patients and Methods 

This is a prospective cohort analysis of 50 patients with endometrioid carcinoma 
who were operated in Gynecology and Obstetrics Department and General Sur-
gery Department, Faculty of Medicine, Zagazig University and Mansoura Uni-
versity. The operation was Total Abdominal Hysterectomy and Bilateral Salpin-
go-ophrectomy with pelvic lymphadenectomy. Specimens were sent to Patholo-
gy department, faculty of medicine Zagazig University, for processing, grading, 
staging and preparation for further evaluation and immunohistochemical analy-
sis. For grading and staging we have used international-federation-of-gyneco- 
logy-and-obstetrics’ (FIGO) staging system [7]. The routine histological diagno-
sis was assessed according to the World Health Organization guidelines of en-
dometrial carcinoma classification [8]. Patients were followed up for 5 years in 
the period from November 2013 to November 2018 for response to therapy, re-
currence and survival. Follow up of patients and survival data were obtained 
from patients files in; Clinical Oncology & Nuclear Medicine Departments, Fa-
culty of medicine, Zagazig University and Mansoura University and in Medical 
Oncology Department, Faculty of medicine, Zagazig University. Follow up dead 
line for all included cases was November 2018. Laboratory tests which were done 
for all included patients preoperatively, postoperatively and those which were 
needed during follow-up time were done at Clinical Pathology Department, Fa-
culty of Medicine Zagazig University and Mansoura University. Adjuvant ra-
dio-therapy with or without platinum-based chemotherapy were given to pa-
tients according to surgical stage and risk stratification of the included patients.  

We analyzed correlations between the levels of CRKL and CK2 β expressions, 
clinicopathological and follow up parameters of our patients.  

2.1. Immunohistochemistry Technique of Staining and Evaluation  
of CRKL and CK2 β Expression 

The samples were immersed in ten percent formalin for adequate fixation and 
were embedded in paraffin. Four-μm-thick sections were cut from the blocks. 
We have used avidin-biotin-peroxidase complex method for immunostaining 
[9]. We have incubated sections which were cut and put on positively charged 
slides with anti-CRKL rabbit polyclonal antibody (1:400; ABC242; Millipore, 
Billerica, USA) and anti-CK2 (monoclonal, 6D5, 1:400 dilution; Santa Cruz Bio-
technology, Santa Cruz, CA) at 4˚C overnight. Counterstaining was made with 
hematoxylin. We have randomly examined all tumor slides. Five fields were 
examined in each stained slide, and 100 cells were identified in all fields at 400× 
magnification. Immunostaining of CRKL and CK2 β was scored by evaluating the 
staining intensity and the percentage of positive tumor cells semi-quantitatively. 
The intensity of both CRKL and CK2 β staining was given scores from 0 - 3; 0 
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(no stain), 1 (light stain), 2 (moderate stain) and 3 (strong stain). The percentage 
were given scores from 0 - 4 when; 0 = negative, 1 (1% - 25%) positive, 2 (26% - 
50%) positive, 3 (51% - 75%) positive and 4 (76% - 100%) positive tumor cells.  

The scores of each tumor sample have been multiplied to reach a final stain 
score of zero-12. We consider 5 as a cut point to differentiate between CRKL and 
CK2 β low expression which is less than 5 total stain score and tumor samples 
scoring 5 - 12 were considered to exhibit CRKL and CK2 β overexpression [2]. 

2.2. Statistical Analysis 

Continuous variables were expressed as the mean ± SD & median (range), and 
the categorical variables were expressed as a number  (percentage). Percent of 
categorical variables were compared using Pearson’s Chi-square test or Fisher's 
exact test when was appropriate. Strength of relationship between IHC of CRKL 
and CK2 β was determined by computing phi coefficient with (+) sign was indi-
cator for direct relationship & (−) sign was indication for inverse relationship. 
Recurrence Free Survival (RFS) was calculated as the time from surgery to date 
of recurrence or the most recent follow-up contact that patient was known as 
recurrence-free. Progression Free Survival (PFS) was calculated as the time from 
start of treatment to date of disease progression or the most recent follow-up 
contact that patient was known as progression-free. Distant Metastasis Free Sur-
vival (DMFS) was calculated as the time from diagnosis to date of distant metas-
tasis was detected on imaging or the most recent follow-up contact that patient 
was known as distant metastasis free. Overall Survival (OS) was calculated as the 
time from diagnosis to death or the most recent follow-up contact (censored). 
Stratification of RFS, PFS, DMFS, and OS was done according to CRKL and CK2 
β expression. These survival rates were graphed using the Kaplan-Meier plot. 
The p-value < 0.05 has been considered significant.  

3. Results 
3.1. Patient Data 

The demographic data of the 50 included patients with endometrioid carcinoma 
that were included in the study are summarized in Table 1. 
 
Table 1. Demographic data, immunohistochemical markers and outcome of 50 patients 
with endometrioid carcinoma. 

Charactertics 

All endometrioid  
carcinoma patients  

(N = 50) Charactertics 

All endometrioid  
carcinoma patients  

(N = 50) 

No. % No. % 

Age   FIGO stage   

≤55 years 38 76% Stage I 22 44% 

>55 years 12 24% Stage II 10 20% 
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Continued 

Size   Stage III 8 16% 

<4 cm 17 34% Stage IV 10 20% 

>4 cm 33 66%    

Grade   CRKL   

Grade I 17 34% Low 22 44% 

Grade II 18 36% High 28 56% 

Grade III 15 30%    

LVSI   CK2 β   

Absent 30 60% Low 21 42% 

Present 20 40% High 29 58% 

Cervical stromal invasion   Treatment   

Absent 22 44% Surgery 25 50% 

Present 28 56% 
Concurrent 

Chemoradiation 
15 30% 

   Chemotherapy 10 20% 

Parametrial extension   Response to CRT (N = 25) 

Absent 32 64% OAR 14 56% 

Present 18 36% NR 11 44% 

Serosal invasion   
Follow-up duration 

(months) 
  

Absent 32 64% Mean ± SD 36.50 ± 15.77 

Present 18 36% Median (Range) 38.50 (12 - 60) 

Adnexal invasion   Recurrence (N = 39) 

Absent 32 64% Absent 33 84.6% 

Present 18 36% Present 6 15.4% 

Peritoneal cytology   Progression (N = 28) 

Negative 30 60% Absent 15 53.6% 

Positive 20 40% Present 13 46.4% 

Lymph node   Metastasis (N = 40) 

Negative 30 60% Absent 32 80% 

Positive 20 40% Present 8 20% 

Distant metastasis   Mortality (N = 50) 

Negative 40 80% Alive 32 64% 

Positive 10 20% Died 18 36% 

Categorical variables were expressed as number (percentage). Continuous variables were expressed as mean 
± SD & median (range). 

 
Patients age was ≤55 years in 38 (76%) and was >55 years 12 (24%). Age 

(years) Mean ± SD: 52.10 ± 6.59, Median (Range): 50.50 (39 - 70). 
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3.2. Immunohistochemical Results 

1) CRKL results Table 2, Figure 1 
 

 
Figure 1. Immunohistochemical expression of CRKL in endometrial carcinoma A; High ex-
pression in endometrial carcinoma Grade III, Stage IV 400×, B; High expression endome-
trioid carcinoma Grade II, stage III 400×, C; low expression in endometrioid carcinoma 
Grade II, stage II 400× D; Negative expression in endometrioid carcinoma Grade I, stage I 
400×. 

 
Table 2. Relation between clinicopathological features and immunohistochemical staining for CRKL and CK2 β in Endometrioid 
carcinoma patients (N = 50). 

Characteristics 

All 
CRKL p-value CK2 β p-value 

Low 
(N = 22) 

High 
(N = 28) 

 
Low 

(N = 21) 
High 

(N = 29)  (N = 50) 

No. (%) No. (%) No. (%)  No. (%) No. (%) 

Age             

≤55 years 38 (76%) 19 (50%) 19 (50%) 
0.128‡ 

19 (50%) 19 (50%) 
0.041‡ 

>55 years 12 (24%) 3 (25%) 9 (75%) 2 (16.7%) 10 (83.3%) 

Size             

<4 cm 17 (34%) 15 (88.2%) 2 (11.8%) 
0.010‡ 

15 (88.2%) 2 (11.8%) 
0.020‡ 

>4 cm 33 (66%) 7 (21.2%) 26 (78.8%) 6 (18.2%) 27 (81.8%) 

Grade             

Grade I 17 (34%) 15 (88.2%) 2 (11.8%) 

0.004§ 

15 (88.2%) 2 (11.8%) 

0.006§ Grade II 18 (36%) 6 (33.3%) 12 (66.7%) 6 (33.3%) 12 (66.7%) 

Grade III 15 (30%) 1 (6.7%) 14 (93.3%) 0 (0%) 15 (100%) 

LVSI             

Absent 30 (60%) 19 (63.3%) 11 (36.7%) 
0.008‡ 

19 (63.3%) 11 (36.7%) 
0.029‡ 

Present 20 (40%) 3 (15%) 17 (85%) 2 (10%) 18 (90%) 
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Continued 

Extent of myometrial invasion             

<50% 17 (34%) 15 (88.2%) 2 (11.8%) 
<0.001‡ 

15 (88.2%) 2 (11.8%) 
<0.001‡ 

>50% 33 (66%) 7 (21.2%) 26 (78.8%) 6 (18.2%) 27 (81.8%) 

Cervical stromal invasion             

Absent 22 (44%) 17 (77.3%) 5 (22.7%) 
0.005‡ 

17 (77.3%) 5 (22.7%) 
0.007‡ 

Present 28 (56%) 5 (17.9%) 23 (82.1%) 4 (14.3%) 24 (85.7%) 

Parametrial extension             

Absent 32 (64%) 19 (59.4%) 13 (40.6%) 
0.003‡ 

19 (59.4%) 13 (40.6%) 
0.009‡ 

Present 18 (36%) 3 (16.7%) 15 (83.3%) 2 (11.1%) 16 (88.9%) 

Serosal invasion             

Absent 32 (64%) 19 (59.4%) 13 (40.6%) 
0.049‡ 

19 (59.4%) 13 (40.6%) 
0.043‡ 

Present 18 (36%) 3 (16.7%) 15 (83.3%) 2 (11.1%) 16 (88.9%) 

Adnexal invasion             

Absent 32 (64%) 21 (65.6%) 11 (34.4%) 
0.03‡ 

21 (65.6%) 11 (34.4%) 
0.02‡ 

Present 18 (36%) 1 (5.6%) 17 (94.4%) 0 (0%) 18 (100%) 

Peritoneal cytology             

Negative 30 (60%) 19 (63.3%) 11 (36.7%) 
0.006‡ 

19 (63.3%) 11 (36.7%) 
0.004‡ 

Positive 20 (40%) 3 (15%) 17 (85%) 2 (10%) 18 (90%) 

Lymph node             

Negative 30 (60%) 19 (63.3%) 11 (36.7%) 
0.009‡ 

19 (63.3%) 11 (36.7%) 
0.003‡ 

Positive 20 (40%) 3 (15%) 17 (85%) 2 (10%) 18 (90%) 

Distant metastasis             

Negative 40 (80%) 21 (52.2%) 19 (47.5%) 
0.029‡ 

21 (52.5%) 19 (47.5%) 
0.003‡ 

Positive 10 (20%) 1 (10%) 9 (90%) 0 (0%) 10 (100%) 

FIGO stage             

Stage I 22 (44%) 17 (77.3%) 5 (22.7%) 

<0.001§ 

17 (77.3%) 5 (22.7%) 

<0.001§ 
Stage II 10 (20%) 2 (20%) 8 (80%) 2 (20%) 8 (80%) 

Stage III 8 (16%) 2 (25%) 6 (75%) 2 (25%) 6 (75%) 

Stage IV 10 (20%) 1 (10%) 9 (90%) 1 (10%) 9 (90%) 

CRKL             

Low 22 (44%)     
 

20 (90.9%) 2 (9.1%) 
<0.001‡ 

High 28 (56%)     1 (3.6%) 27 (96.4%) 

CK2 β             

Low 21 (42%) 20 (95.2%) 1 (4.8%) 
<0.001‡ 

    
 

High 29 (58%) 2 (6.9%) 27 (93.1%)     

‡Chi-square test; §Chi-square test for trend. 

Positive expression of CRKL was detected in 28 out of 50 (56%) cases of en-
dometrioid carcinoma and it was positively correlated with larger size of the tu-
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mor (p = 0.010), higher grade of the tumor (p = 0.004), presence of LVSI (p = 
0.008), extent of myometrial invasion (p < 0.001), cervical stromal invasion (p = 
005), parametrial invasion (p = 0.003), adnexal invasion (p = 0.03), L.N metas-
tases (p = 0.009), presence of distant metastases (p = 0.029) and advanced FIGO 
stage (p < 0.001). There are no significant relations between CRKL expression 
and age of the patient. 

2) CK2 β results Table 2, Figure 2 
High expression of CK2 β was detected in 29 (62%) cases of endometrioid 

carcinoma and it was positively correlated with larger size of the tumor (p = 
0.020), higher grade of the tumor (p = 0.006), presence of LVSI (p = 0.029), ex-
tent of myometrial invasion (p < 0.001), cervical stromal invasion (p = 007), pa-
rametrial invasion (p = 0.009), adnexal invasion (p = 0.02), L.N metastases (p = 
0.003), presence of distant metastases (DM) (p = 0.003) and higher FIGO stage (p < 
0.001). There are no significant relations between CK2 β expression and age of the 
patient. 

3) Follow up and Survival analysis: Table 3 & Table 4, Figure 3 & Figure 4 
High CRKL expression, high CK2 β expression was related to poor response 

to therapy (p = 0.046 and 0.005 respectively), higher incidence of recurrence of 
the tumor after therapy (p = 0.004 and 0.048 respectively),, higher incidence of 
cancer progression p = 0.018 and 0.044 respectively), poor PFS (p = 0.008 and 
0.013 respectively), and OS rates (p < 0.001), We found a direct relationship be-
tween CRKL, CK2 β Phi: phi coefficient; +0.878 < 0.001 (p < 0.001). 

4. Discussion 

Endometrioid carcinoma is the commonest subtype of endometrial carcinoma 
which is considered one of the commonest gynecological cancers worldwide [2]. 
 

 
Figure 2. immunohistochemical expression of CK2 β in endometrial carcinoma A; High 
expression in endometrial carcinoma Grade III, Stage IV 400×, B; High expression en-
dometrioid carcinoma Grade II, stage III 400×, C; low expression in endometrioid carci-
noma Grade II, stage II 400× D; Negative expression in endometrioid carcinoma Grade I, 
stage I 400×. 
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Figure 3. Kaplan Meier plot of Progression Free Survival, (A) All studied patients, (B) Stratified by CRKL (C) Stratified by CK2 β. 

 

 
Figure 4. Kaplan Meier plot of Overall Survival, (A) All studied patients, (B) Stratified by CRKL (C) Stratified by CK2 β. 
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Table 3. Relation between immunohistochemical staining for CRKL and CK and outcome in Endometrioid carcinoma patients (N 
= 50). 

Outcome 
All 

CRKL p-value‡ CK2 β p-value‡ 

Low High 
 

Low High 
 

No. (%) No. (%) No. (%) No. (%) No. (%) 

Response to CRT (N = 25) (N = 5) (N = 20)  (N = 4) (N = 21)  

OAR 14 (56%) 5 (100%) 9 (45%) 
0.046 

4 (100%) 10 (47.6%) 
0.005 

NR 11 (44%) 0 (0%) 11 (55%) 0 (0%) 11 (52.4%) 

Recurrence (N = 39) (N = 22) (N = 17)  (N = 21) (N = 18)  

Absent 33 (84.6%) 22 (100%) 11 (64.7%) 
0.004 

20 (95.2%) 13 (72.2%) 
0.048 

Present 6 (15.4%) 0 (0%) 6 (35.3%) 1 (4.8%) 5 (27.8%) 

Progression (N = 28) (N = 6) (N = 22)  (N = 5) (N = 23)  

Absent 15 (53.6%) 6 (100%) 9 (40.9%) 
0.018 

5 (100%) 10 (43.5%) 
0.044 

Present 13 (46.4%) 0 (0%) 13 (59.1%) 0 (0%) 13 (56.5%) 

Metastasis (N = 40) (N = 21) (N = 19)  (N = 21) (N = 19)  

Absent 32 (80%) 19 (90.5%) 13 (68.4%) 
0.020 

19 (90.5%) 13 (68.4%) 
0.030 

Present 8 (20%) 2 (9.5%) 6 (31.6%) 2 (9.5%) 6 (31.6%) 

Mortality (N = 50) (N = 22) (N = 28)  (N = 21) (N = 29)  

Alive 32 (64%) 20 (90.9%) 12 (42.9%) 
<0.001 

19 (90.5%) 13 (44.8%) 
0.001 

Died 18 (36%) 2 (9.1%) 16 (57.1%) 2 (9.5%) 16 (55.2%) 

‡Chi-square test. 

 
Table 4. Relation between immunohistochemical staining for CRKL and CK2 β and survival in endometrioid carcinoma patients 
(N = 50). 

Outcome All 
CRKL p-value† CK2 β p-value† 

Low High  Low High  

Progression Free Survival (N = 28) (N = 6) (N = 22)  (N = 5) (N = 23)  

Mean (months) 
(95% CI) 

32.11 months 
(23.96 - 40.26) 

37.67 months 
(25.29 - 50.04) 

17.54 months 
(12.42 - 22.66) 

0.008 
41.20 months 
(30.08 - 52.31) 

17.65 months 
(12.77 - 22.53) 

0.013 

1 year PFS 64.3% 100% 54.5%  100% 56.5%  

2 year PFS 64.3% 100% 54.5%  100% 56.5%  

3 year PFS 64.3% 100% 21.8%  100% 22.6%  

4 year PFS 45% - 21.8%  - 22.6%  

5 year PFS - - -  - -  

Overall Survival (N = 50) (N = 22) (N = 28)  (N = 21) (N = 29)  

Mean (months) 
(95% CI) 

46.13 months 
(40.82 - 51.45) 

57.61 months 
(54.48 - 60.75) 

34.18 months 
(27.40 - 40.96) 

<0.001 
57.61 months 
(54.48 - 60.75) 

34.63 months 
(27.94 - 41.32) 

<0.001 

1 year OS 88% 100% 78.6%  100% 79.3%  

2 year OS 79.3% 100% 61.2%  100% 62.8%  

3 year OS 66.9% 90.5% 44.5%  90.5% 45.6%  

4 year OS 64.4% 90.5% 39%  90.5% 39.9%  

5 year OS 56.8% 90.5% -  90.5% -  

†Log rank test. 
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Former researchers showed that disordered expression of certain proteins in 
endometrioid carcinoma tissues could contribute to its progression and malig-
nant behavior [2], but novel bio-markers which are responsible for malignant 
initiation and progression and that which predict the aggressive behavior have 
been still urgently needed aiming at discovering novel targeted therapy. CRKL 
protein was found to be upregulated in many cancers, moreover, CRKL amplifi-
cation was observed in bronchogenic carcinoma, colorectal cancer and pancrea-
tic cancer [2]. Additionally, CRKL was found to facilitate malignant cells inva-
sion and spread, so, it is correlated with poor patient prognosis [10]. Taken to-
gether, these findings revealed that CRKL might be considered an important 
oncoprotein in malignant development and progression. But, its expression pat-
tern and clinicopathological and prognostic roles in endometrioid carcinoma 
remain unexplored. 

The current study examined CRKL expression in fifty cases of endometrioid 
carcinoma cells, and CRKL overexpression was positively correlated with higher 
tumor grade, thus suggesting its association with aggressive malignant behavior. 
The current data have been found to be in accordance with results of previous 
reports which confirmed increased CRKL expression in endometrial carcinomas. 
These results were explained by that CRKL has a role in oncogenesis of malig-
nant tumors through controlling their biological behavior, as proliferation, inva-
sion and spread [2]. Additionally, cell cycle tests revealed that the number of di-
viding cells which are located in the S phase has increased CRKL expression, 
which pointed to role of CRKL in cell growth promotion by increasing the G1-S 
transition [2]. Moreover, cell cycle factors; cyclins E and D1, that have been 
found to control the progression of cell cycle, were associated with CRKL over 
expression [11]. The current results were in line with role of CRKL in control-
ling cell cycle. The association of CRKL with apoptosis is not previously fully 
clarified. In the present research, increased CRKL expression decreased cispla-
tin-associated apoptosis in endometrioid carcinoma cells. It was previously re-
ported that, CRKL caused decreased cleavage of caspase-three and caspase-nine, 
which suggested that CRKL functions as an apoptosis modifier in cells of endo-
metrioid carcinoma [2]. Moreover, CAI et al. [2], showed that high CRKL ex-
pression in cancer cells could lead to elevation of the levels of Bcl-2 and survivin, 
both of them have been found to be responsible for inhibition of apoptosis in 
cells of the endometrial carcinoma [12] [13]. CAI et al. [2], data support the role 
of CRKL in controlling malignant cell apoptosis. Our results were in line with 
results of previous studies that, CRKL are found to be overexpressed in many 
malignancies and have been found to play essential roles in tumor initiation and 
progression [14].  

Franke et al. [15], provided another explanation of the role of CRKL in cancer 
progression through stimulation of epithelial-mesenchymal transition that is re-
sponsible for cancer spread and metastases. 

Our results identified CRKL as novel prognostic marker in endometrioid car-
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cinoma through several mechanisms but as its role in cancer cell apoptosis in 
such type of cancer is still not fully clarified we chose another marker; CK, which 
is related to apoptosis in endometrioid carcinoma and assessed its protein ex-
pression. 

Protein kinase CK2 is a serine/threonine kinase that is distributed in eukaryo-
tic organisms. Several studies have demonstrated the elevated CK2 activity in 
several malignancies, and changes in the intracellular location with an enhanced 
nuclear translocation [16]. But its role in endometrioid carcinoma is not well 
clarified. 

We have found that the level of CK2 is correlated with tumor grade, stage, and 
clinical outcome. This is near results of, Pallares, et al. [16], in endometrial car-
cinoma and results of Ma et al. [4], in epithelial ovarian carcinoma.  

Dys-regulation of CK2 has been found in several cancers [17] [18]. Taken to-
gether results of the current study and results of previous studies revealed that, 
CK2 overexpression is a risk factor of poor patient prognosis for cancers of 
many organs and it is considered a potential novel cancer therapeutic target. Si-
milarly Ma et al. [4], proved that CK2 was shown to be overexpressed in malig-
nant ovarian tissue and it plays a role in tumor cell proliferation and apoptosis 
suggesting its role in cancer progression. Ortega et al. [19], found that is also 
overexpressed in ovarian cancer tissues and it was associated with lower patient 
survival rate. 

CK2 is found to be involved in protein kinase networks which are responsible 
for controlling tumor cell growth, proliferation and suppression of apoptosis. 
Pallares, et al. [16], were able to demonstrate for the first time that CK2 is fre-
quently over expressed in endometrial carcinoma and it played an important 
role in TRAIL- and Fas-induced apoptosis in such malignancy, by regulating 
FLIP. Pallares, et al. [16], confirmed their results at the mRNA level by RT-PCR 
and proved that CK2 expression was associated with increased cell proliferation.  

Additionally previous studies proved the requirements for CK2 at various 
stages of the cell cycle, including G1 phase and the G1/S and G2/M transitions 
[20] [21]. So CK overexpression is responsible for cancer progression through 
activation of cell cycle in cancer cells. 

The possibility of using targeted therapy against CK was previously studied as 
Llobet et al. [22], demonstrated that inhibition of CK2 could sensitize endome-
trial carcinoma to TRAIL-induced apoptosis. TRAIL has been discovered emerged 
as a promising antineoplastic agent, so, it was found that pharmacological inhi-
bition of CK2 might be considered an interesting target for combination thera-
pies for endometrial carcinomas, as, CK2 was found to have obvious effects on 
cancer proliferation, apoptosis, migration, and the cell cycle [23], additionally, 
CK2 is proposed to regulate cell transformation and cancer-associated angioge-
nesis [6]. There are many CK2 inhibitors which are being tested in clinical trials 
as targeted therapies for cancer [6] [24].  

In addition to its roles in cell cycle progression and inhibition of apoptosis in 
cancer cells, CK can regulate signaling pathways like (Hh), JAK/STAT, NF-κB, 
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and PTEN/PI3K/Akt-PKB. CK2 can activate Wnt signaling by phosphorylating 
and up-regulating the transcriptional co-factor, β-catenin [1]. 

The development of specific inhibitors against CK2 for clinical use is now be-
ing paralleled by targeted drug delivery methods, e.g. nanocapsules which are 
targeted to cancer cells [25]. 

5. Summary and Conclusions 

In the current study we found a positive association between both CRKL and CK 
expression in endometrial carcinoma tissues which both are associated with 
poor clinicopathological parameters and worse patients survival, and we ex-
plained such results that both markers are associated with cell cycle progression 
and inhibition of apoptosis in such type of cancer which highlighted the possi-
bility of using such markers as targeted therapy in combination with the cur-
rently used therapies so as to improve the prognosis of such common cancer.  
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