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Introduction 

Despite there is improvement in different therapeutic medical and 

surgical modalities for ovarian cancer patients managements, that 

have resulted in marked improvement in prognosis and survival rates 

of patients having such cancer type, it is still a serious type of female 

cancer that have the highest motility worldwide [1]. So several studies 

have been done regarding the prognostic roles of recent biomarkers in 

a trial to identify novel therapies that could improve the survival and 

relapse rates of ovarian carcinoma patients. 

The centrosome that is an important cellular structure had many 

cellular functions e.g. a microtubule-organizer in human cells and it is 

involved in normal cell division [2]. Centrosomal proteins (CEPs) are 

the molecules that are found inside the centrosome and are participating 

in the regulation of its related functions [3]. The centrosomal-protein 

55 (CEP55), is a centrosome- associated protein has assize of about 

~55 kDa and had been mapped on the 10q23 chromosomal location 

[4]. CEP55 was detected to have many roles in centrosome associated 

cellular functions, like centrosomal duplication, progression of cell 

cycle and in cytokinesis regulation [5,6]. CEP55 expression have been 

detected in a plethora of malignant tumors that might be related to 

oncogenesis onset, malignant proliferation and invasion [7], so it is 

considered a promising biomarker for prognosis of cancer patients and 

targeted therapies [8]. But, its pathogenic and prognostic roles in EOC 

development remain unclear and need further investigations. 

There are many disturbances were observed in cell cycle regulatory 

proteins expressions as cyclins which could control G1-Sphase 

transition. Such step is considered an important rate-limiting step in 

the progression of cell cycle. Cyclins and cyclin-dependent kinases 

(cdks) are essential structures of the cell cycle that are responsible for 

cell cycle regulation [9]. Cyclin D1 is a member of the D-cyclins family 

that has 3 members, cyclin D1, D2 and D3 and selectively could be 

able to control the progression of cell cycle [10]. Roles of Cyclin D1 
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Abstract 

Background: Disturbances in the expressions of centrosomal proteins (CEPs) and regulatory proteins that 

control G1-Sphase transition, like cyclins could participate in dysregulation of cell cycle control that has been 

incriminated in the pathogenesis of several malignancies. Centrosomal protein 55 (CEP55) has an important role 

in participation in the final stage of cell division, and cell cycle progression. CEP55 and Cyclin D1 expressions were 

detected in several tumors but their prognostic and predictive roles in epithelial ovarian carcinoma (EOC) are still 

studied. 

Aim of the study: Explore tissue expressions of CEPP55 and Cyclin D1 in EOC correlating their expression with 

pathological, clinical and prognostic parameters. 

Methods: CEP55 and Cyclin D1 expressions were evaluated in tissue biopsies that are retrieved from 60 

cases of epithelial ovarian carcinoma using immunohistochemistry, patients that were followed up for 3 years. The 

relationship between their level of expressions and degree of differentiation, spread of the tumor, disease recurrence, 

response to therapy and survival were studied. 

Results: CEP55 expression in EOC was positively correlated with loss of differentiation of the tumor, presence of 

L.N (p<0.001), and distant metastases (p=0.012) and advanced stage of the tumor (p=0.007), cyclin D1 expression 

in EOC was positively correlated with loss of differentiation and advanced stage of the tumor, presence of L.N 

(p<0.001), and distant metastases (p=0.009). CEPP 55 and Cyclin D1 were positively correlated with each other. 

Low CEPP 55 and Cyclin D1 expressions were strongly correlated with optimal surgical eradication of the tumor, 

increased 3-year overall survival (OS) and low incidence of tumor recurrence after therapy (P<0.001). 

Conclusion: High levels of expression of CEPP 55 and Cyclin D1and are markers of poor prognosis in EOC 

patients. 
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expression in different tumors, especially in ovarian cancer, had been 

found to have contradictory results that need further clarifications. 

Aim of the study was to explore tissue expressions of CEPP55 

and Cyclin D1 in EOC correlating their expression with pathological, 

clinical and prognostic parameters. 

Patients and Methods 

This is a prospective cohort study where we included 60 patients, 

clinically and radiologically diagnosed to have ovarian cancer, that were 

admitted to general surgery hospital, oncology unit and department   

of gynecology and obstetrics, faculty of medicine, Zagazig university. 

Radical dissection of the tumor was done, and excised tumors sent to 

pathology department, faculty of medicine, Zagazig university where 

tissues were processed, prepared for routine hematoxylin and eosin 

staining, diagnosed as epithelial ovarian carcinoma (EOC) of different 

histopathological types, for staging of the EOC we have used TNM 

[tumor-node-metastasis and FIGO [International Federation of 

Gynecology and Obstetrics] systems [11], while, we have used WHO 

grading system for pathological grading [12]. We stained sections 

from 60 paraffin blocks retrieved from all cases with both CEP55 and 

Cyclin D1 using immunohistochemistry, assessed expression of both 

markers in tumor tissue, analyzed correlations between the levels of 

markers expression with pathological parameters e.g. histopathological 

subtype, grade, stage, lymph node (LN) and distant metastases, clinical 

parameters as age of the patient, prognostic and follow up parameters 

like recurrence, survival and response to therapy. All slides are reviewed 

and revaluated by pathologists from pathology department, faculty   

of medicine, Benghazi university, Benghazi, Libya We followed our 

patients for 3 years in both medical and clinical oncology and nuclear 

medicine departments, faculty of medicine, Zagazig University. 

Immunohistochemical staining 

Immunohistochemistry was done by streptavidine-biotin method 

[13], we cut sections from the paraffin-embedded blocks of about 4μm 

thick put on positively charged slides then incubated them at 65°C for 

30 min, we deparaffinized sections with xylene, then rehydrated them, 

submerged into EDTA buffer then microwaved for antigen retrieval, 

to antagonize endogenous peroxidase activity we added 3%hydrogen 

peroxide in methanol to sections, then we incubated them with 1% 

bovine serum albumin (BSA) to overcome any nonspecific binding. 

Sections were incubated with a rabbit monoclonal anti-CEP55 (Abcam, 

ab170414, 1:250) and anti-Cyclin D1 (Abcam, ab134175, 1:1-00) 

antibodies overnight at 4°C. we washed sections then incubated them 

with anti-rabbit biotinylated secondary antibody (Abcam), followed by 

a streptavidin-horseradish peroxidase complex (Abcam) and finally we 

counterstained sections with 10% Mayer’s hematoxylin, we dehydrated 

the slides and mounted them in crystal mount. The degree of 

immunoreactivity of CEP55 and Cyclin D1 was reviewed and evaluated 

by pathologist from pathology department, faculty of medicine, 

Zagazig university, Zagazig, Egypt and pathologists from pathology 

department, faculty of medicine, Benghazi university, Benghazi, Libya. 

Scores of the intensity and extent of immune-reactivity that are 

given by all pathologists were averaged. 

Evaluation of immunostaining of CEPP5 and Cyclin D1 

We considered stained slides positive for CEPP5 and Cyclin D1 

when we detected brown cytoplasmic expression and brown nuclear 

expression respectively, in more than or equal to ≥ 1% of the tumor 

cells. Then we scored the extent and intensity of stain, multiplied them 

in each other to result in the final staining index (SI). 

We scored extent of stain as will follow: 1 (<10% positivity in 

cancer cells), 2 (10-50% positivity in cancer cells), 3 (50-75% positivity 

in cancer cells), and 4 (>75% positivity in cancer cells). We scored 

intensity of stain on a scale of 0 (no positivity in cancer cells), 1 (weak 

positivity in cancer cells=light yellow), 2 (moderate positivity in cancer 

cells=yellow brown), and 3 (strong positivity in cancer cells=brown). 

The final SI was ranged from 0 to 12, and optimal SI cutoff value 6 

were chosen and we used SI of ≥ 6 to define tumors with CEP55 over 

expression, and a score of ≤ 6 to define tumors with low expression [14]. 

The final SI was ranged from 0 to 12, and optimal SI cutoff value 4 were 

chosen and we used SI of ≥ 4 to define tumors with Cyclin D1 over 

expression, and a score of ≤ 4 to define tumors with low expression [15]. 

Results 

Patient clinicopathological results 

Age of our 60 patients with EOC was ranged from (25-75) years and 

the Mean age is 55.53 ± 10.53 years. We diagnosed 35 (58.3%) cases 

as serous ovarian carcinoma (SOC), 15 (25%) as mucinous ovarian 

carcinoma (MOC) and 10 (16.7%) as endometroid ovarian carcinoma 

37 (61.7%) cases have high grade and 23 (38.3%) cases with low grade 

EOC, distant metastases are present in 14 (23.3%) of our cases (Table 1). 

Immunohistochemical results 

CEPP55 immunoreactivity results: CEP55 over expression in 

EOC was associated with SOC more than mucinous or endometroid, 

positively correlated with advanced age of the patient, higher grade of 

the tumor, higher CA125 level, positive peritoneal cytology, presence of 

peritoneal implants, L.N (p<0.001), and distant metastases (p=0.012) 

and advanced stage of the tumor (p=0.007). No statistically significant 

correlations between CEP55 expression and presence of ascites or 

bilateral tumors (Table 2 and Figures 1 and 2). 

Cyclin D 1 immunoreactivity results: Cyclin D 1 over expression 

in EOC was associated with SOC more than mucinous or endometroid, 

related to older age of the patient, advanced grade and stage of the 

tumor, presence of peritoneal implants, higher CA125 level, positive 

peritoneal cytology, L.N (p<0.001), distant metastases (p=0.009) and 

presence of ascites(p=0.009). 

No statistically significant correlations between Cyclin D 1 

expression and the presence of bilateral disease. Low CEPP 55 and 

Cyclin D1 expression were strongly related to optimal surgical 

eradication of the tumor, increased 3 year overall survival (OS) and 

low incidence of recurrence after therapy (P<0.001). No statistically 

significant correlations were found between markers expression, 

chemosensitivity or response to therapy (Table 3 and Figures 3 and 4). 

Statistical analysis 

Continuous variables were expressed as the mean ± SD and median 

(range), and the categorical variables were expressed as a number 

(percentage). Continuous variables were checked for normality by 

using Shapiro-Wilk test. Independent samples Student’s t-test was used 

to compare between two groups of normally distributed variables while 

Mann Whitney U test was used for non-normally distributed variables. 

Percent of categorical variables were compared using Pearson’s Chi- 

square test or Fisher’s exact test when was appropriate. Trend of 

change in distribution of relative frequencies between ordinal data 

were compared using Chi-square test for trend. Overall Survival (OS) 

was calculated as the time from diagnosis to death or the most recent 

follow-up contact (censored). Recurrence Free Survival (RFS) was 

calculated as the time from start of treatment to date of recurrence or 
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Characteristics All patients (N=60)  Characteristics All patients (N=60) 

Age (years)  Operation  

Mean ± SD 55.53 ± 10.53 Radical surgery 15 (25%) 

Median (Range) 57 (25 – 75) Suboptimal 18 (30%) 

<40 years 4 (6.7%) Optimal 27 (45%) 

41-59 years 34 (56.7%)   

≥ 60 years 22 (36.7%)   

Histopathology  ECOG PS  

Serous 35 (58.3%) ECOG 1 42 (70%) 

Mucinous 15 (25%) ECOG 2 18 (30%) 

Endometroid 10 (16.7%)   

Positive cytology  Number of cycles (N=57) 

Absent 39 (65%) 4 cycles 10 (17.5%) 

Present 21 (35%) 6 cycles 8 (14%) 

  8 cycles 39 (68.4%) 

CA125  Response (N=45) 

≤35U/ml 21 (35%) NR 10 (22.2%) 

>35U/ml 39 (65%) OAR 35 (77.8%) 

Bilaterality  Response after 4-6 cycles (N=45) 

Unilateral 44 (73.3%) PD 3 (6.7%) 

Bilateral 16 (26.7%) SD 10 (22.2%) 

Implants  PR 29 (64.4%) 

Absent 38 (63.3%) CR 3 (6.7%) 

Present 22 (36.7%)   

Ascites  Response after 8 cycles (N=45) 

Absent 38 (63.3%) PD 3 (6.7%) 

Present 22 (36.7%) SD 7 (15.6%) 

Grade  PR 7 (15.6%) 

Low 23 (38.3%) CR 28 (62.2%) 

High 37 (61.7%)   

LN  Follow-up duration (months)  

Node negative 21 (35%) Mean ± SD 17.01 ±9.15 

Node positive 39 (65%) Median (Range) 11 (10 – 36) 

M  Recurrence (N=43) 

M0 (non-metastatic) 46 (76.7%) Absent 12 (27.9%) 

M1 (metastatic) 14 (23.3%) Present 31 (72.1%) 

FIGO Stage  Chemosensitivity (N=31) 

Stage IA 2 (3.3%) Chemosensitive 11 (35.5%) 

Stage IB 1 (1.7%) Chemorefractory 20 (64.5%) 

Stage IC 2 (3.3%) Death  

Stage IIA 3 (5%) Alive 28 (46.7%) 

Stage IIB 7 (11.7%) Died 32 (53.3%) 

Stage IIC 6 (10%)   

Stage IIIA 9 (15%)   

Stage IIIB 12 (20%)   

Stage IIIC 4 (6.7%)   

Stage IV 14 (23.3%)   

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

Table 1: Clinicopathological and follow up criteria of our patients 

the most recent follow-up contact that patient was known as recurrence 

free. Stratification of OS and RFS was done according markers. These 

time-to-event distributions were estimated using the method of 

Kaplan-Meier plot, and compared using two-sided exact log-rank test. 

All tests were two sided. A p-value <0.05 was considered significant. 

All statistics were performed using SPSS 22.0 for windows (SPSS Inc., 

Chicago, IL, USA) and MedCalc windows (MedCalc Software bvba 13, 

Ostend, Belgium) (Figure 5). 

Discussion 

In our results CEP55 overexpression in EOC was related to worse 

clinical and pathological criteria and aggressive phenotype of EOC that 

strongly supports the hypothesis that this protein expression has an 

essential role in ovarian cancer progression and poor patient prognosis. 

Zhang et al., found the same results, moreover they stated that 

CEP55 suppression could decrease cancer cells invasion, which clarified 
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Characteristics 

 
All (N=60) 

Cyclin D1  
 

p-value 

CEP55  

 
p-value 

Low 
(N=22) 

High 
(N=38) 

Low 
(N=26) 

High 
(N=34) 

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

Age (years) 

Mean ± SD 55.53 ±10.53 47.54 ± 10.10 60.15 ± 7.68  

<0.001* 
48.88 ±10.06 60.61 ±7.75  

<0.001* 
Median (Range) 57 (25-75) 45 (25-65) 59 (46-75) 47 (25-65) 60 (46-75) 

<40 years 4 (6.7%) 4 (100%) 0 (0%)  
0.002‡ 

4 (100%) 0 (0%)  
0.002‡ 41-59 years 34 (56.7%) 15 (44.1%) 19 (55.9%) 18 (52.9%) 16 (47.1%) 

≥ 60 years 22 (36.7%) 3 (13.6%) 19 (86.4%) 4 (18.2%) 18 (81.8%) 

Serous Histopathology 35 (58.3%) 5 (14.3%) 30 (85.7%)  
<0.001‡ 

8 (22.9%) 27 (77.1%)  
0.001‡ Mucinous 15 (25%) 9 (60%) 6 (40%) 10 (66.7%) 5 (33.3%) 

Endometroid 10 (16.7%) 8 (80%) 2 (20%) 8 (80%) 2 (20%) 

Positive cytology 

Absent 39 (65%) 21 (53.8%) 18 (46.2%)  

<0.001‡ 
24 (61.5%) 15 (38.5%)  

<0.001‡ 
Present 21 (35%) 1 (4.8%) 20 (95.2%) 2 (9.5%) 19 (90.5%) 

CA125 

≤35U/ml 21 (35%) 17 (81%) 4 (19%)  

<0.001‡ 
17 (81%) 4(19%)  

<0.001‡ 
>35U/ml 39 (65%) 5 (12.8%) 34 (87.2%) 9 (23.1%) 30 (76.9%) 

Bilaterality 

Unilateral 44 (73.3%) 18 (40.9%) 26 (59.1%)  

0.258‡ 
20 (45.5%) 24 (54.5%)  

0.582‡ 
Bilateral 16 (26.7%) 4 (25%) 12 (75%) 6 (37.5%) 10 (62.5%) 

Implants 

Absent 38 (63.3%) 20 (52.6%) 18 (47.4%)  

0.001‡ 
23 (60.5%) 15 (39.5%)  

<0.001‡ 
Present 22 (36.7%) 2 (9.1%) 20 (90.9%) 3 (13.6%) 19 (86.4%) 

Ascites 

Absent 38 (63.3%) 18 (47.4%) 20 (52.6%)  

0.024‡ 
20 (52.6%) 18 (47.4%)  

0.056‡ 
Present 22 (36.7%) 4 (18.2%) 18 (81.8%) 6 (27.3%) 16 (72.7%) 

Grade 

Low 23 (38.3%) 18 (78.3%) 5 (21.7%)  

<0.001‡ 
19 (82.6%) 4 (17.4%)  

<0.001‡ 
High 37 (61.7%) 4 (10.8%) 33 (89.2%) 7 (18.9%) 30 (81.1%) 

LN 

Node negative 21 (35%) 17 (81%) 4 (19%)  

<0.001‡ 
17 (81%) 4 (19%)  

<0.001‡ 
Node positive 39 (65%) 5 (12.8%) 34 (87.2%) 9 (23.1%) 30 (76.9%) 

M 

M0 (non-metastatic) 46 (76.7%) 21 (45.7%) 25 (54.3%)  

0.009‡ 
24 (52.2%) 22 (47.8%)  

0.012‡ 
M1 (metastatic) 14 (23.3%) 1 (7.1%) 13 (92.9%) 2 (14.3%) 12 (85.7%) 

FIGO Stage 

Stage IA 2 (3.3%) 2 (100%) 0 (0%)  

 

 

 

 
 

<0.001§ 

2 (100%) 0 (0%)  

 

 

 

 
 

0.007§ 

Stage IB 1 (1.7%) 1 (100%) 0 (0%) 1 (100%) 0 (0%) 

Stage IC 2 (3.3%) 2 (100%) 0 (0%) 2 (100%) 0 (0%) 

Stage IIA 3 (5%) 3 (100%) 0 (0%) 3 (100%) 0 (0%) 

Stage IIB 7 (11.7%) 5 (71.4%) 2 (28.6%) 5 (71.4%) 2 (28.6%) 

Stage IIC 6 (10%) 4 (66.7%) 2 (33.3%) 4 (66.7%) 2 (33.3%) 

Stage IIIA 9 (15%) 1 (11.1%) 8 (88.9%) 3 (33.3%) 6 (66.7%) 

Stage IIIB 12 (20%) 2 (16.7%) 10 (83.3%) 2 (16.7%) 10 (83.3%) 

Stage IIIC 4 (6.7%) 1 (25%) 3 (75%) 2 (50%) 2 (50%) 

Stage IV 14 (23.3%) 1 (7.1%) 13 (92.9%) 2 (14.3%) 12 (85.7%) 

Cyclin D1 

Low 22 (36.7%)      22 (100%) 0 (0%)  

<0.001‡ 
High 38 (63.3%)     4 (10.5%) 34 (89.5%) 

CEP55 

Low 26 (43.3%) 22 (84.6%) 4 (15.4%)  

<0.001‡ 
     

High 34(56.7%) 0 (0%) 34 (100%)     

Categorical variables were expressed as number (percentage), continuous variables were expressed as mean ± SD & median (range); *Independent samples Student's 

test;  Mann Whitney U test; ‡ Chi-square test; § Chi-square test for trend; p<0.05 is significant. 

Table 2: correlations between clinicopathological criteria, Cyclin D1 and CEP55 expression in our patients. 
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A B C 

Figure 1: Immunohistochemical staining of CEPP55 in epithelial ovarian carcinoma: (A) High expression in the cytoplasm of high-grade serous ovarian carcinoma x400. (B) 

High expression in the cytoplasm of high-grade mucinous ovarian carcinoma x400. ) (c) High expression in the cytoplasm of high grade endometroid ovarian carcinoma x400. 

A B C 

Figure 2: Immunohistochemical staining of CEPP55 in epithelial ovarian carcinoma: (A) low expression in the cytoplasm of low grade serous ovarian carcinoma x400. (B) 

Low expression in the cytoplasm of low grade mucinous ovarian carcinoma x400. ) (c) low expression in the cytoplasm of low grade endometroid ovarian carcinoma x400. 

A B C 

Figure 3: Immunohistochemical staining of Cyclin D1 in epithelial ovarian carcinoma: (A) High expression in the nucleus of high-grade serous ovarian carcinoma x400. (B) 

High expression in the nucleus of high-grade mucinous ovarian carcinoma x400. ) (c) High expression in the nucleus of high grade endometroid ovarian carcinoma x400. 

A B C 

Figure 4: Immunohistochemical staining of Cyclin D1 in epithelial ovarian carcinoma: (A) low expression in the nucleus of low grade serous ovarian carcinoma x400. (B) Low 

expression in the nucleus of low grade mucinous ovarian carcinoma x400. ) (c) low expression in the nucleus of low grade endometroid ovarian carcinoma x400. 
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Characteristics 

All 

No. (%) 

Cyclin D1  
p-value 

CEP55   p-value 

Low 
No. (%) 

High 
No. (%) 

Low 
No. (%) 

Low 
No. (%) 

High 
No. (%) 

 

Operation (N=60) (N=22) (N=38)  (N=35) (N=26) (N=34)  

Radical surgery 15 (25%) 13 (59.1%) 2 (5.3%)  
<0.001‡ 

0 (0%) 13 (50%) 2 (5.9%)  
<0.001‡ Suboptimal 18 (30%) 2 (9.1%) 16 (42.1%) 17 (48.6%) 4 (15.4%) 14 (41.2%) 

Optimal 27 (45%) 7 (31.8%) 20 (52.6%) 18 (51.4%) 9 (34.6%) 18 (52.9%) 

ECOG PS (N=60) (N=22) (N=38)  (N=35) (N=26) (N=34)  

ECOG 1 42 (70%) 17 (77.3%) 25 (65.8%) 
0.350‡ 

22 (62.9%) 20 (76.9%) 22 (64.7%) 
0.306‡ 

ECOG 2 18 (30%) 5 (22.7%) 13 (34.2%) 13 (37.1%) 6 (23.1%) 12 (35.3%) 

Number of cycles (N=57) (N=19) (N=38)  (N=35) (N=23) (N=34)  

4 cycles 10 (17.5%) 8 (42.1%) 2 (5.3%)  
0.001‡ 

0 (0%) 8 (34.8%) 2 (5.9%)  
0.010‡ 6 cycles 8 (14%) 4 (21.1%) 4 (10.5%) 5 (14.3%) 4 (17.4%) 4 (11.8%) 

8 cycles 39 (68.4%) 7 (36.8%) 32 (84.2%) 30 (85.7%) 11 (47.8%) 28 (82.4%) 

Response (N=45) (N=9) (N=36)  (N=35) (N=13) (N=32)  

NR 10 (22.2%) 0 (0%) 10 (27.8%) 
0.173‡ 

10 (28.6%) 0 (0%) 10 (31.3%) 
0.042‡ 

OAR 35 (77.8%) 9 (100%) 26 (77.8%) 25 (71.4%) 13 (100%) 22 (68.8%) 

Response after 4-6 (N=45) (N=9) (N=36)  (N=35) (N=13) (N=32)  

PD 3 (6.7%) 0 (0%) 3 (8.3%)  

 
0.366‡ 

3 (8.6%) 0 (0%) 3 (9.4%)  

 
0.557‡ 

SD 10 (22.2%) 1 (11.1%) 9 (25%) 10 (28.6%) 2 (15.4%) 8 (25%) 

PR 29 (64.4%) 8 (88.9%) 21 (58.3%) 19 (54.3%) 10 (76.9%) 19 (59.4%) 

CR 3 (6.7%) 0 (0%) 3 (8.3%) 3 (8.6%) 1 (7.7%) 2 (6.3%) 

Response after 8 (N=45) (N=9) (N=36)  (N=35) (N=13) (N=32)  

PD 3 (6.7%) 0 (0%) 3 (8.3%)  

 
0.269‡ 

3 (8.6%) 0 (0%) 3 (9.4%)  

 
0.136‡ 

SD 7 (15.6%) 0 (0%) 7 (19.4%) 7 (20%) 0 (0%) 7 (21.9%) 

PR 7 (15.6%) 1 (11.1%) 6 (16.7%) 7 (20%) 2 (15.4%) 5 (15.6%) 

CR 28 (62.2%) 8 (88.9%) 20 (55.6%) 18 (51.4%) 11 (84.6%) 17 (53.1%) 

Recurrence (N=43) (N=21) (N=22)  (N=18) (N=24) (N=19)  

Absent 12 (27.9%) 11 (52.4%) 1 (4.5%) 
<0.001‡ 

1 (5.6%) 12 (50%) 0 (0%) 
<0.001‡ 

Present 31 (72.1%) 10 (47.6%) 21 (95.5%) 17 (94.4%) 12 (50%) 19 (100%) 

Chemosensitivity (N=31) (N=10) (N=21)  (N=17) (N=12) (N=19)  

Chemosensitive 11 (35.5%) 6 (60%) 5 (23.8%) 
0.106‡ 

4 (23.5%) 7 (58.3%) 4 (21.1%) 
0.056‡ 

Chemorefractory 20 (64.5%) 4 (40%) 16 (76.2%) 13 (76.5%) 5 (41.7%) 15 (78.9%) 

RFS (N=43) (N=21) (N=22)  (N=17) (N=24) (N=19)  

Mean (months) 
(95%CI) 

20.2 months 
(16.9 – 23.5) 

26 months 

(21.3 – 30.7) 

14.6 months 
(11.3 – 17.9) 

 

 
<0.001† 

14 months 

(10.9 – 17.2) 

25.3 months 
(20.9 – 29.8) 

13.9 months 
(10.5 – 17.3) 

 

 
<0.001† 1 year RFS 48.8% 71.4% 27.3% 27.8% 70.8% 21.1% 

2 year RFS 31.4% 52.4% 10.9% 6.9% 48.7% 10.5% 

3 year RFS 23.2% 52.4% --- --- 48.7% --- 

Death (N=60) (N=22) (N=38)  (N=35) (N=26) (N=34)  

Alive 28 (46.7%) 19 (86.4%) 9 (23.7%) 
<0.001‡ 

6 (17.1%) 22 (84.6%) 6 (17.6%) 
<0.001‡ 

Died 32 (53.3%) 3 (13.6%) 29 (76.3%) 29 (82.9%) 4 (15.4%) 28 (82.4%) 

OS (N=60) (N=22) (N=38)  (N=35) (N=26) (N=34)  

Mean (months) 
(95%CI) 

22.3 months 
(19 – 25.5) 

32.6 months 
(29 – 36.2) 

15.8 months 
(12.5 – 19.1) 

 

 
<0.001† 

14.1 months 
(11.5 – 16.8) 

32.2 months 
(28.7 – 35.6) 

14.7 months 
(11.6 – 17.8) 

 

 
<0.001† 1 year OS 44.9% 86.4% 19.7% 14.7% 84.6% 15.1% 

2 year OS 44.9% 86.4% 19.7% 14.7% 84.6% 15.1% 

3 year OS 44.9% 86.4% 19.7% 14.7% 84.6% 15.1% 

Continuous variables were expressed as mean (95%CI); categorical variables were expressed as number (percentage); 95%CI: 95%Confidence Interval; ‡ Chi-square 

test; † Log rank test; p<0.05 is significant 

Table 3: correlations between Cyclin D1 and CEP55 expression and outcome of our patients. 

its role in increasing ovarian cancer cells migratory and invasive 

capabilities [14]. 

Furthermore, we found that over expression of the protein CEP55 is 

considered an independent prognostic factors for worse 3 year OS, RFS 

rates in patients with EOC. 

Under normal non neoplastic conditions, CEP55 had many roles 

during cytokinesis which is needed during cell division in two daughter 

cells by guiding the process of segregation of chromosomes that are 

replicated, properly into the two daughter cells. But in case of CEP55 

overexpression which may lead to defects in cytokinesis that resulted in 

manychromosomeinstabilities. Suchabnormalitiesarecommoncriteria 

in malignant EOC cells [14]. Also, CEP55 overexpression promoted 

growth signaling pathways that could result in cancer cell metastasis 
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and poor patient prognosis [16]. All these findings have suggested that 

CEP55 played a major role in cancer initiation and progression, which 

explain our results about association between CEPP55 overexpression, 

tumor aggressiveness, worse clinicopathological and prognostic 

parameters 

Similar to our findings CEP55 protein overexpression had been 

found to be related to tumor aggressiveness in a plethora of cancers 

[17,18]. 

Our patients with CEP55 over-expression showed a shorter OS rate 

than patients with lower levels of expression that protein that provides 

essential evidence about the significance of CEP55 expression in EOC 

as a reliable prognostic marker for ovarian cancer patients. 

We found that patients with CEP55 protein overexpression showed 

no detected statistically significant difference with chemosensitivity 

that was different from results of Zhang et al. that proved that patients 

with increased CEPP55 expression are better to take neo-adjuvant 

chemotherapy. Such differences might be due to different patients’ 

number between their study and ours which gave a statistical difference 

[14]. 

The value of exploring the prognostic role of CEP55 biomarker in 

EOC could help to detect which patients had a worse outcome, which 

subsequently might help to choose better treatment for patients to 

reduce mortality and improve their prognosis. LN metastasis is a poor 

prognostic parameter for patients with ovarian cancer [19], moreover 

early detection of intraperitoneal implants can help to improve 

prognosis and survival of patients with EOC [20]. 

So if we had the ability to predict LN and intra-peritoneal metastasis 

by tissue protein marker expression it will be essential to predict patient 

prognosis. In our study,  we tried to give solution to such problem   

and found that CEP55 protein over expression was related to LN and 

intra-peritoneal metastasis that was also similar to Zhang et al., results 

which explained the roles of CEP55 in ovarian carcinoma patients [14]. 

Epithelial mesenchymal transition (EMT) is the recently discovered 

process that is responsible for cancer cells invasion, dissemination, and 

therapy resistance criteria of cancer cells [21]. CEP55 found to have  

a critical role in EMT regulation e.g. in nasopharyngeal carcinoma     

it promotes EMT by activation of osteopontin/ CD44 pathway [22]. 

Moreover, Chen et al. showed that CEP55 regulate EMT by activation 

of CEP55/FOXM1/ MMP-2 pathway in squamous cell carcinoma of 

the oral cavity, and the VEGF-A/PI3K/AKT pathway in bronchogenic 

carcinoma [23]. Zhang et al., have proved that CEP55 down regulation 

could inhibit malignant cells invasion of ovarian cancer and inhibit EMT 

[14]. But, more studies are needed to explain the signaling pathways 

that are related to CEP55 in regulating EMT in ovarian carcinoma. 

A promising management of advanced EOC included neoadjuvant 

chemotherapy, then surgical cyto-reduction [23]. CEP55 protein over 

expression was associated with accepting neoadjuvant chemotherapy. 

This adds to our results that CEP55 could be considered a critical 

prognostic bio-marker for patients with ovarian cancer [24]. Similar 

A B C 

D E F 

Figure 5: Kaplan Meier plot, of recurrence Free Survival & overall Survival; (A & D) All studied patients, (B & E) Stratified by Cyclin D1 & (C & F) Stratified by CEP55. 
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findings to us was detected by Chen et al., that CEP55 overexpression 

in cancer lung promotes cell invasion and migration [25], also Jiang et 

al. have reported that overexpression of CEP55 is related to advanced 

cancer stage, poor tumor differentiation, increased incidence of visceral 

pleural invasion, shorter five-year OS rate and poor outcome of patients 

with stage I adenocarcinoma of the lung [26]. 

Cyclin D1 is a cell cycle protein that regulates the progression    

of G1 phase to S phase of DNA synthesis in the cell cycle [27]. Any 

disturbances of cyclin expression were found to result in enhanced 

cellular proliferation and progression to cancer [28]. The association 

between cyclin D1 overexpression and malignant transformation of 

cells was explored and studied in many types of malignant tumors [29]. 

In the present study, we found significant associations between over 

expression of cyclin D1, advanced stage and higher grade of EOC which 

was in line with results of Mehmet Kanter et al., that have detected a 

higher cyclin D1 expression in malignant ovarian tumors [30], and 

results of Turan et al. who found that cyclin D1 over expression was 

associated with advanced stage and higher grade in EOC [31]. Lin    

et al. have demonstrated that cyclin D1 was over expressed during 

progression from benign to borderline to malignant ovarian tumors 

[29]. 

Sui et al., have proved that cyclin D1 was overexpressed in borderline 

and well differentiated malignant ovarian tumors, and decreased the 

expression in high grade tumors [32], such results were contradictory 

with our results. 

Also many conflicting results were found by previous studies that 

explored prognostic role of cyclin D 1 in carcinoma of the ovary and 

other organs [33,34]. 

The cause of such conflict may be due to different clones of the 

antibody used, different number of patients or different method of 

assessment of the immune-reactivity, moreover EOC had marked 

heterogeneity and variable alterations in regulatory genes of the cell 

cycle and there are multiple cellular pathways that occur during EOC 

development. 

We detected a significant association between cyclin D1 

overexpression and poor patient OS rate that was similar to results of 

Barbieri et al. and . Bali et al., who found that cyclin D1 overexpression, 

had been related to worse progression-free and overall survival rates in 

ovarian cancer patients [35,36]. 

On the contrary other studies have found a strong correlations 

between cyclin D1 expression and better survival rates in male having 

colorectal carcinoma (CRC) [37], in addition Ioachim et al., [38], and 

Al-Maghrabia, et al., [39], found no statistically significant correlation 

between cyclin D1 expression and OS rate or pathological parameters 

in patients with CRC, except with lympho-vascular invasion. Causes 

of such discrepancy is that Al-Maghrabia, et al., [39], study have 

included tissue microarray (TMA) that uses only a small part of the 

tumor tissue specimen which might be not representative of the actual 

cyclin D1 protein expression or distribution within the cancer, and 

also had heterogeneous patterns of staining in different regions of the 

tumor [40]. Many former researchers proved results similar to ours, 

that overexpression of cyclin D1 had been found as a bad prognostic 

parameter in several malignancies such as bronchogenic, pancreatic 

and tongue carcinoma [41]. 

Our results could be clarified by that in addition to Cyclin D1  

role in the control of cell cycle, it increased cell proliferation rate that 

contributed to malignancy [28], moreover, Li et al. [42], investigated 

relation between cyclin D1 and Cyclooxgenase-2 (COX-2) that is an 

inflammatory mediator and  stimulus  for  and  tumor  initiation  and 

is found to be upregulated in a many of cancers including EOC, and 

they found that celecoxib, a COX-2 inhibitor found to significantly 

found to reduce tumor growth and also decreased the cyclin D1 

expression that indicated a dependent mechanism of cyclin D1 and 

COX-2. So, cyclin D1 targeting by inhibitors COX-2 might be used in 

management of EOC in addition to the current therapies [42,43]. The 

main causes of variability of such previous study results regarding the 

prognostic role of CEP55 and Cyclin D expression in EOC and other 

cancers might be due to that the great majority of these studies used 

only immunohistochemistry to detect the expression of cyclin D1,     

as although that method has an accepted degree of sensitivity but its 

results are not quantitative and lacking a fixed and standardized scoring 

system or a uniform accepted positivity threshold for all studies that are 

serious limitations to immunohistochemistry results interpretations. 

We found a significant positive association between the expression 

of CEP55 and Cyclin D in EOC and found that increased expression 

of both markers together is related to aggressive clinicopathological 

parameters and could predict poor prognosis in patients with EOC. 

In our study, we demonstrated the upregulated expression of 

CEP55 and Cyclin D in EOC and correlated their expression with its 

clinical stage, LN, intra-peritoneal and distant metastasis, in addition 

to correlation with patient survival, disease recurrence and response to 

therapy and we finally proved that both markers induced LN and distant 

metastasis via regulating EMT. Taken together, our results suggest that 

CEP55 and Cyclin D 1 are markers predicting unfavorable outcomes 

in EOC and play significant roles in the invasion and spread of EOC. 

Future studies are needed  to  prove  the  roles  of  both  markers 

in EOC using large number of patients and different methods of 

assessment to explore the possible discovery of therapeutic targets 

against such markers to decrease aggressively of EOC and improve 

patients’ prognosis. 
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