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Abstract: -  
Aim:The aim of this study was to evaluate ER(Estrogen-receptor), PR(Progesteronreceptor), cerb-B2, ki-67, p53, Bcl-

2(B cell lymphoma-2), Cyclin-D1 expressions in invasive breast carcinomas and compare them with the clinical and 

histopathological parameters.  

Methods: We analyzed 70 female patients retrospectively who underwent Modified Radical Mastectomy with Axillary 

lymph node dissection and were diagnosed as Invasive ductal carcinoma of the breast-Not otherwise specified at Muğla 

Sıtkı Koçman University, Faculty of Medicine, Department of Pathology between 2012 and 2016.  

ER, PR, cerb-B2, ki-67, p53, Bcl-2, Cyclin-D1 expressions of these tumors were obtained by immunohistochemistry. 

Clinical parameters of the patients were obtained from the hospital automation system.  

Results: Bcl-2; was found to be more positive in patients with young age, small and lowgrade, ER/ PR-positive tumors 

without distant organ metastasis. However, Bcl-2 negativity was found to be higher in p53, cerb-B2 positive and fastly-

growing (tumors with high ki67 index) tumors.  

Cyclin-D1; was found to be more positive in small and low-grade, slowly-growing (tumors with low ki-67 index), cerb-

B2 and p53 negative tumors without vascular invasion and axillary lymph node metastasis.  

Conclusion: These results were interpreted as; Bcl-2 and Cyclin-D1 positivity were in favor of better outcome and better 

prognosis.  
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INTRODUCTION  

Breast cancer is the most common type of cancer among women. It accounts for 23% of all female cancers. The main 

treatment of breast cancer is surgery. However, adjuvant chemotherapy, hormone therapy and/or radiotherapy can be 

added if needed. Various immunohistochemical tests are being used for determining the hormone receptors and gene 

expressions which are important in patient-based treatment and predicting prognosis (1,2).   

Estrogen receptor (ER) and progesteron receptor (PR) are nuclear transcription factors that induce growth of normal breast 

epithelial cells. Also, they affect the growth of breast cancers which express ER and PR. PR expression is regulated by 

ER. That’s why the PR expression shows the stability and functionality of ER pathway. In invasive breast cancers, ER 

and PR expressions can be determined by immunohistochemistry on formalin fixed, parafine embedded tissues (1-3).  

cerb-B2 is a transmembrane glycoprotein located in the chromosome 17 which codes a growth factor on the surface of 

normal breast epithelial cells. It is reported that 15% of breast cancers show amplification of cerb-B2 associated with 

higher protein expression (1,4).   

Ki-67(MIB-1) expression which is seen in all proliferating cells, is being investigated as a prognostic factor of breast 

cancer in various studies. The prognostic value of ki-67 has been recognized, especially in early breast cancers (5-7).  

p53 is a gene located in the chromosome 17 preventing proliferation of mutated cells. Wild type p53 is a tumor suppressor 

protein which has a role in the genomic stability by apoptosis when DNA repair mechanisms cannot save the cell. When 

p53 is mutated, it begins to accumulate in the nucleus by posttranscriptional modification. p53 mutation is seen in 18-

25% of primary breast cancers (7,8).   

The expressions of ER and PR are associated with good prognosis and long-term survival whilst cerb-B2 and p53 gene 

expressions and high ki-67 proliferation index points out poor prognosis (1-3,5-8).  

Bcl-2(B cell lymphoma-2) is one of the most important anti-apoptotic genes and can be immunohistochemically 

determined. In the recent years, controversial results have been declared in different studies in some of which Bcl-2 

expression was associated with good prognosis and vice versa (9-12, 13,14)  

Cyclin-D1 is a protein regulating G1 to S phase transition of cell cycle. High expression of Cyclin-D1 is reported in well-

differentiated and slowly growing breast cancers in some of the studies however it is found to have no prognostic effect 

in others (15,16).   

In this study, we aimed to determine the expressions of the well-known prognostic markers such as ER, PR, cerb-B2, p53 

and ki-67 in additon to novel proteins of Bcl-2 and Cyclin-D1 in breast cancer.   

  

METHODS:  

Patients: We analyzed 70 female patients retrospectively who underwent Modified Radical Mastectomy with Axillary 

lymph node dissection without any neoadjuvant theraphy and were diagnosed as Invasive ductal carcinoma of the breast-

Not otherwise specified in Department of Pathology of our hospital in this study.   

This Project was evaluated by Research and Publication Ethics Committee of our hospital and it was approved in terms 

of scientific researches and patient ethics.   

  

Immunohistochemistry: The hematoxylin-eosin slides of these patients were reviewed and representative sections and 

paraffin blocks of each tumor appropriate for immunohistochemistry were selected. ER, PR, cerb-B2, p53, ki-67, Bcl-2 

and Cyclin-D1 antibodies were applied to the four micrometer thick sections of formaldehyde fixed paraffin embedded 

tumor blocks by Leica Bond-Max brand fully automatic immunohistochemistry device. For each slide, hematoxylin was 

used as the counterstain. The antibodies used were as follows:  anti-ER: Bond ready to use-7ml; PA0151-Leica, anti-PR: 

Bond ready to use-7ml; PA0312-Leica, anti-cerb-B2: NCL-L-CB11 (ready to use7ml; Novocastra), anti-p53: ready to 

use-7ml; PA0057-Leica, anti-ki-67: ready to use-7ml;  

PA0230-Leica, anti-Bcl-2: ready to use-7ml; PA0117-Leica, anti-Cyclin-D1: NCL-LCYCLIN D1-GM (ready to use-7ml; 

Novocastra). Immunstaining was evaluated with the light microscope (Olympus, BX46 Clinical Microscope- Japan).  

  

Clinical and the pathological parameters of the patients and the evaluation methods:  

Clinical parameters of the patients were obtained from the hospital automation system. The parameters evaluated were 

age, tumor localization, tumor size, tumor grade according to the Modified Bloom Richardson grading system (1,17), the 

presence of Ductal carcinoma in situ (DCIS) (1,18,19), vascular invasion (1,20), axillary lymph node (1,21) and distant 

organ metastasis at the time of diagnosis (1,22).   

Nuclear staining for ER and PR were accepted as positive. The ‘expression rate’, the extent of staining for both antibodies, 

were scored according to the number of nuclear stained carcinoma cells in 100 tumor cells.  As determined by International 

Committees, the presence of 1% or more nuclear positive tumor cells was considered as positive (123,24).     

The evaluation of cerb-B2 was also done according to the criters of International Committees. The cases more than 10% 

of the tumor cells which were strongly all around membranous stained were accepted as cerb-B2 positive (1-4,25,26).  

Ki-67 positivity was evaluated as follows: The nuclear staining of the tumor cells was counted in three 40xmagnification 

area and averaged in the peripheral region of the tumor where the tumor cells were more rapidly proliferating and had 

more potential of invasiveness. Cases with lower than 15% ki-67 index were accepted as ‘Low ki-67 index’.  

Cases with 15% or more ki-67 index were accepted as ‘High ki-67 index’ (5).  

If nuclear staining was detected even in one of the invasive tumor cells, the case was considered p53 positive (7). The 

presence of cytoplasmic staining in more than 10% of invasive tumor cells were considered positive for Bcl-2 evaluation 

(9,11). The presence of nuclear staining in more than 30% of invasive tumor cells were considered positive for Cyclin-

D1 evaluation (15).  
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Statistical evaluation:  

The Kolmogorov-Smirnov test and Q-Q Plot were used to verify the normality of the distribution of continuous variables. 

Descriptive statistics and categorical variables were given as frequencies (percentages). Statistical analysis of clinical data 

between two groups consisted of Mann-Whitney U-test for non-parametric data, whereas the Chisquare/Fisher's exact 

tests were used for categorical variables. Analyses were performed with SPSS Statistics for Windows, Version 20 and 

two-tailed p-value less than and equal to 0.05 was considered statistically significant.  

  

RESULTS:  

The parameters evaluated and the relations were given in the Table 1 and Table 2. The mean age of 70 female patients 

included in the study was 57.4 (min 35-max 90). Most of the patients were over 40 years of age whilst four of them were 

under 40. The relation of age with the ki-67 index, p53, Bcl-2 and Cyclin-D1 expressions were not statistically significant. 

Left breast localization was more common than right breast localization. Only Cyclin-D1 expression was higher in left 

breast-located tumors. The microscopic size of the tumors varied between 0.5 and 6cm. The only statistically significant 

result was in p53 expression. p53 positivity was higher in tumors larger than 2cm diameter.  

When tumors were graded according to the Modified Bloom-Richardson grading system (1,17); statistically significant 

results were obtained in ki-67 and p53 expressions. ki-67 proliferation index was lower in grade 1 tumors; however, it 

was higher in grade 3 tumors. Also, p53 positivity was lower in grade 1 tumors and higher in grade 3 tumors. Presence 

of DCIS accompanying to the tumors were seen more in p53 positive tumors.Tumors with vascular invasion had high ki-

67 index and more p53 expressions; however these tumors showed lower Cyclin-D1 expressions.  

Tumors with axillary lymph node metastasis also had high ki-67 index and more p53 expressions; however, these tumors 

showed lower Cyclin-D1 expressions as in the vascular invasion. There wasn’t any statistically significant result in distant 

metastasis. ER positive tumors had lower ki-67 index. This significance wasn’t seen in p53, Bcl-2 and Cyclin-D1 

expressions. PR positive tumors tend to show lower ki-67 index and higher Bcl2 expressions. However, this was not 

statistically significant.   

cerb-B2 tumors had high ki-67 index and tend to show higher p53 but lower Cyclin-D1 expressions. There wasn’t any 

statistically significant result in ki-67 index in correlation with Bcl-2 and Cyclin-D1 expressions. However, tumors with 

lower ki-67 index tend to show more Bcl-2 expressions.  

Also, there wasn’t any statistically significant result in p53 expression in correlation with Bcl-2 and Cyclin-D1 

expressions. However, p53 negative tumors tend to show more Bcl-2 expressions.  

The relation between Bcl-2 and Cyclin-D1 were statistically significant. Bcl-2 positive tumors were also Cyclin-D1 

positive. The result was the same in the case of negativity.  

  

DISCUSSION  

Breast cancer which is mainly treated with surgery has many prognostic factors such as tumor size, axillary or distant 

metastasis, vascular invasion, hormone receptor status which effects other treatment options, chemotherapy, hormone 

therapy, and/or radiotherapy (1,27). In addition to the expressions of the well-known immunohistochemical markers (ER, 

PR, cerb-B2, p53 and ki-67), two novel antibodies, Bcl-2 and Cyclin-D1, were discussed in our study.   

The age distribution of the patients was similar with the literature and age had no significant relation with ki-67, p53, Bcl-

2 and Cyclin-D1 expressions. But younger patients had lower ki-67 proliferation rate similar with the study of Soliman 

et al (5). Older patients showed higher p53 positivity. Although this relation was not significant, it was concordant with 

when compared with the study of Yang et al (8). Bcl-2 positivity was more common in younger patients similar with the 

study of Seong et al (9).   

In our study, most of the tumors were located in the left breast (64.3%) and localization showed no significant relation 

with ki-67, p53 and Bcl-2. But right breast localization showed a significant relation with Cyclin-D1 negativity. However 

even it was not statistically significant, tumors located in left breast showed higher ki-67 rate and p53 positivity and 

thought to have aggressive behaviour.   

Tumors smaller than 2cm had lower ki-67 rate whilst larger than 2 cm had higher ki-67 rate similar with the literature 

even the relation was not statistically significant (5-7).  p53 positivity was more common in tumors larger than 2 

cm(p=0.02) (7). Bcl-2 and Cyclin-D1, as reported by Seong and Mylona et al, was more commonly positive in small 

tumors (9,15).  

Ki-67 proliferation rate was significantly higher in high grade tumors (p=0.005) as expected and reported by Colditz (1), 

Soliman (5), Abubakar (6) and Pan (7) at al. as well as p53 positivity (8) (p=0.022). Bcl-2 and Cyclin-D1 were commonly 

negative similar with the studies of Seong and Mylona (9,15).   

Tumors with DCIS which are generally associated with aggressive behaviour and high recurrence rates, p53 positivity 

was significantly higher but ki-67, Bcl-2 and CyclinD1 had no statistical relation (1).  

The most well-known prognostic factors such as vacular invasion, axillary and distant metastasis were reported to have 

higher ki-67 rate by various studies (1,5-8,13,14). We also found that vascular invasive tumors had higher ki-67 rate and 

p53 positivity in addition to Cyclin-D1 negativity in accordance with the literature. Also, axillary node positive tumors 

showed higher ki-67 index, more p53 expression and Cyclin-D1 negativity as reported (1,5-7,8) but Bcl-2 expression 

showed no similarity with the literature (9). In cases with distant metastasis ki-67 rate and p53 positivity was higher 

whereas Bcl-2 was generally negative as Yu and Yang et al. reported (13,14).   
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CONCLUSION   

We assessed two novel proteins, Bcl-2 and Cyclin-D1 for breast cancer in addition to the classical biomarkers (ER, PR, 

cerb B2, ki-67, p53). Bcl-2 positivity was more common in younger patients, smaller and lower grade, ER and PR positive 

tumors with no metastasis. But the Bcl-2 positivity seen in rapidly growing, p53 and cerb-B2 positive tumors made us 

think Bcl-2 may not be very reliable in predicting prognosis.   

Cyclin-D1 positivity was significantly higher in small, low-grade, slowly growing (low Ki-67 rate), vascular non-invasive 

and non-metastatic tumors in addition to cerb-B2, p53 negative tumors.   

All these results supported the studies reporting Bcl-2 and Cyclin-D1 in favor of better prognosis. However, we could not 

completely exclude that they may indicate aggressive behaviour as declared in some studies (9). We think that these 

controversial results may be due to tumor heterogeneity and should be supported by larger studies with higher number of 

cases.   

 

Table 1: The parameters evaluated.  

Parameter          

Age (mean=57.4)  <40    =40/>40  Total  

(n-%)  4-5.7    66-94.3  70-100  

Tumor localization  Left breast    Right breast    

(n-%)  45-64.3    25-35.7  70-100  

Tumor diameter 

(mean:2.3cm)  

≤2cm    >2cm    

(n-%)  38-54.3    32-45.7  70-100  

Tumor grade  1   2  3    

(n-%)  6-8.6   49-70.0  15-21.4  70-100  

Ductal carcinoma 

in situ  

Present    Absent    

(n-%)  36-51.4    34-48.6  70-100  

Vascular invasion  Present    Absent    

(n-%)  37-52.9    33-47.1  70-100  

Axillary lymph 

node metastasis  

Present    Absent    

(n-%)  32-45.7    38-54.3  70-100  

Distant organ 

metastasis  

Present    Absent    

(n-%)  6-8.6    64-91.4  70-100  

ER  Positive    Negative    

(n-%)  58-82.9    12-17.1  70-100  

PR  Positive    Negative    

(n-%)  52-74.3    18-25.7  70-100  

Cerb-B2  Positive    Negative    

(n-%)  27-38.6    43-61.4  70-100  

Ki-67 index  Low    High    

(n-%)  32-45.7    38-54.3  70-100  

p53  Positive    Negative    

(n-%)  40-57.1    30-42.9  70-100  
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Table 2: The statistical evaluation of the parameters with the immunstaining (Statistically significant p values are 

written in bold)  

    Ki-67    p53   Bcl-2   Cyclin-D1   

    Low  High  -  +  -  +  -  +  

  

Age  

(n-%)  

P value  (p=0,226)  (p=0,181)  (p=0,150)  (p=0,720)  

<40   3-75  1-25  3-75  1-25  0-0  4-100  2-50  2-50  

40 or >40  29-43,9  37-56,1  27-40,9  39-59,1  23-34,8  43-65,2  39-59,1  27-40,9  

Tumor  

localization  

(n-%)  

P value  (p=0,074)  (p=0,098)  (p=0,676)  (p=0,027)  

Left 

breast  

17-37,8  28-62,2  16-35,6  29-64,4  14-31,1  31-68,9  22-48,9  23-51,1  

Right 

breast  

15- 60  10-   40  14-56  11-44  9-36  16-64  19-76  6-24  

  

Tumor size  

(n-%)  

P value  (p=0,206)  (p=0,022)  (p=0,448)  (p=0,540)  

≤2cm  20-52,6  18-47,4  21-55,3  17-44,7  11-28,9  27-71,1  21-55,3  17-44,7  

>2cm  12-37,5  20-62,5  9-28,1  

 

23-71,9  12-37,5  20-62,5  20-62,5  12-37,5  

  

Tumor 

grade  

(n-%)  

P value  (p=0,005)   (p=0,195)  (p=0,904)  

1  5-83,3  1-16,7  4-66,7  2-33,3  0-0  6-100  3-50  3-50  

2  24-49  25-51  25-51  24-49  18-36,7  31-62,5  29-59,2  20-40,8  

3  3-20  12-80  1-6,7  14-93,3  5-33,3  10-66,7  9-60  6-40  

Ductal 

carcinoma 

in situ  

(n-%)  

P value  (p=0,794)  (p=0,009)  (p=0,352)  (p=0,967)  

Absent  15-44,1  19-55,9  20-58,8  14-41,2  13-38,2  21-61,8  20-58,8  14-41,2  

Present  17-47,2  19-52,8  10-27,8  26-72,2  10-27,8  26-72,2  21-58,3  15-41,7  

Vascular 

invasion  

(n-%)  

P value  (p=0,004)  (p=0,009)  (p=0,936)  (p=0,035)  

Absent  21-63,6  12-36,4  29-87,9  4-12,1  11-33,3  22-66,7  15-45,5  18-54,5  

Present  11-29,7  26-70,3  1-2,7  36-97,3  12-32,4  25-67,6  26-70,3  11-29,7  

Axillary 

lymph node  

metastasis  

(n-%)  

P value  (p=0,001)  (p=0,000)  (p=0,439)  (p=0,035)  

Absent  24-63,2  14-36,8  28-73,7  10-26,3  14-36,8  24-63,2  15-45,5  18-54,5  

Present  8-25  24-75  2-6,3  30-93,7  9-28,1  23-71,9  26-70,3  11-29,7  

Distant 

organ  

metastasis  

(n-%)  

P value  (p=0,135)  (p=0,175)  (p=0,439)  (p=0,065)  

Absent  31-48,4  33-51,6  29-45,3  35-54,7  19-29,7  45-70,3  6-50  6-50  

Present  1-16,7  5-  83,3  1-16,7  5-83,3  4-66,7  2-33,3  3-50  3-50  

ER  

(n-%)  

P value  (p=0,026)  (p=0,927)  (p=0,165)  (p=0,985)  

Absent  2-16,7  10-83,3  5-41,7  7-58,3  6-50  6-50  7-58,3  5-41,7  

Present  30-51,7  28-48,3  25-43,1  33-56,9  17-29,3  41-70,7  34-58,6  24-41,4  

PR (n-%)  P value  (p=0,076)  (p=0,693)  (p=0,225)  (p=0,800)  

Absent  5-27,8  13-72,2  7-38,9  11-61,1  8-44,4  10-55,6  11-61,1  7-38,9  

Present  27-51,9  25-48,1  23-44,2  29-55,8  15-28,8  37-71,2  30-57,7  22-42,3  

Cerb-B2 (n-

%)  

P value  (p=0,002)  (p=0,436)  (p=0,555)  (p=0,800)  

Absent  26-60,5  17-39,5  20-46,5  23-53,5  13-30,2  30-69,8  22-51,2  21-48,8  

Present  6-22,2  21-77,8  10-37  17-63  10-37  17-63  19-70,4  8-29,6  
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