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Abstract- The molecular basis of metastatic potential of human breast carcinoma cells can be useful 
information to determine the practical implications in the diagnosis, determining prognosis and 
treatment of breast cancer. The aim of this study was to identify predictors of aggressive biological 
behavior and metastatic potential in breast carcinoma among a number of intrinsic biomarkers of tumor 
cells. We used routine formalin fixed, paraffin embedded tumor samples; sections were stained 
immunohistochemically to determine the expression of estrogen receptor (ER), progesterone receptor 
(PR), HER2/neu, Ki67, p53 and cathepsin D in 66 breast carcinoma patients. The result of the 
quantitative immunohistochemical assays were correlated with clinical and histological data such as 
patient age, tumor size, axillary lymph node status, tumor grade, the therapeutic regimens and survival 
rates. Univariate analysis revealed a statistically significant relation between tumor size and 
overexpression of p53, and between tumor grade and PR status, p53 status and Ki67. In multivariate 
analysis the independent factors predicting for tumor grade were Ki67 and PR status. Among patients 
with ER expression, negative p53 or Ki67 status, tumors with lower grades and negative axillary lymph 
nodes (or < 4 involved lymph nodes), there was a higher survival rate (either disease free or overall); 
however, relationship was not statistically significant, most probably due to the low number of studied 
patients. In conclusion, Ki67 was an independent factor to predict tumor grade in our study; the use of 
this proliferation activity marker in routine approach to patients with breast cancer is recommended, at 
least to evaluate the accuracy of tumor grading by mitotic count. 
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INTRODUCTION 

 
The mortality reported for human breast carcinoma 
is mainly from metastatic breast carcinomas (1)    
and due to this, a  more  accurate  knowledge  on  the  
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cells could be beneficial in the practical implications 
of the diagnosis of breast cancer and also 
determining the prognosis and treatment of 
metastasis ones. 

The process of tumor spread is a dynamic 
process, progressing through many intracellular 
molecular changes. These changes may results in 
genetic alterations and overexpression of genes 
which normally regulate cell proliferation and 
differentiation, such as hormone receptors, growth 
factors, oncoproteins and tumor suppressor genes. 
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These intrinsic metastatic potentials of tumor cells 
may be the reason for the failure in determining the 
prognosis of breast cancer in some individuals based 
solely upon risk factors such as that tumor size, 
grade and axillary lymph node. 

During the past several years an increasing 
number of biologic factors have been identified in 
patients with breast cancer (2) but the results 
reported about them vary widely. Many of them 
were reported to interfere with the mechanisms of 
proliferation and differentiation of tumor cells and so 
promote tumor growth. Others have been reported to 
reflect the aggressiveness of tumor (3-7). Only some 
of these factors were listed in a recent classification 
of prognostic and predictive factors of breast cancer 
(2) and are considered in the routine examination of 
breast cancer patients; the role of the others is still 
controversial (1, 4) and needs more studies to be 
done. 

In this study we assessed the interrelationship of 
the expression of hormone receptors (ER, PR), 
oncogene products (HER2/neu), proliferation marker 
(Ki67), tumor suppressor gene product (p53) and 
cathepsin D in a series of invasive breast cancers to 
elucidate the role of these factors in tumor spread. 

 
 

MATERIALS AND METHODS 
 

We used the follow up data of a series of patients 
with breast carcinomas who underwent surgery 
along with adjuvant treatment in the Cancer Institute, 
Imam Khomeini Hospital, between 1991 and 1998. 
These patients were participants of an international 
multi-centre trial evaluating the effectiveness of the 
combinations of adjuvant hormonal therapy and 
chemotherapy (ABC trial). 

We intended to use the follow-up data of all of 
the 110 patients who had previously entered the 
mentioned trial but due to some deficiencies in the 
data (unavailability of appropriate paraffin blocks for 
IHC examination, lost to follow-up patients, etc.) 
only 66 patients matched our inclusion criteria to 
enter the present study. The date of the primary 
diagnosis was considered as the start of the follow-
up period and patients were followed up until breast 
cancer related death or last clinical contact in     
2004.  

All patients had been treated by lumpectomy or 
modified radical mastectomy and also received 
adjuvant chemotherapy, ovarian suppression and/or 
radiotherapy. The allocation of the patients to 
different treatment options were done randomly, 
taking into account their individual parameters. 
However, all of them received tamoxifen.  

At the preliminary stages of the trial (1991-
1993), enrollment was performed without any 
specific attempt to determine ER status, but 
following the routine use of ER to prescribe 
hormonal treatment in the patients. The trialist, in the 
first few years of the study, decided that only ER+ 
patients should be included in the trial. In the present 
study, ER status was determined blindly without any 
knowledge of the patients’ previous ER test.  

To undertake the analysis, the patients were 
divided by age (≤ 50 years and > 50 years), tumor 
size (≤ 2 cm and > 2 cm in diameter) and the axillary 
lymph node status. Based on the number of positive 
axillary lymph nodes, the patients were divided into 
three groups: a) Negative, b) one to three positive 
nodes and c) four or more positive nodes. To 
determine tumor grade The Nottingham modification 
(9) of the Bloom-Richardson grading system was 
used. 

IHC examination on formalin fixed paraffin 
embedded blocks samples were used to determine 
the status of the biologic markers and therefore, 3µm 
sections were cut for immunohistochemical staining. 
In the IHC test, the following monoclonal 
antibodies, each from Zymed laboratories Inc. were 
also obtained and used: 
1. Monoclonal mouse antiER, Clone: 1D5, Isotype: 
IgG1-Kappa  
2. Monoclonal mouse antiPR, Clone: PR-2C5, 
Isotype: IgG1-Kappa  
3. Mouse antihuman cellular phosphoprotein P53, 
clone: BP53.12, Isotype: IgG2a, Kappa 
4. Monoclonal mouse anti-C-erbB2, Clone: CB11, 
Isotype: IgG,  
5. Monoclonal mouse anti-Ki67, Clone / PAD: 7311, 
Isotype IgG1 
6. Cathepsin D mouse monoclonal antibody, clone 
1C11, Isotype: IgG1.  

The immunostaining results were interpreted by a 
pathologist using a light microscope. 
Immunoreactivity for ER and PR was graded as 
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negative and positive according to the H-Score (8). 
For HER-2/neu (9), tumors were considered positive 
when at least 10 percent of tumor cells had partial or 
complete membranous staining. For p53 and Ki67 
(1) a cutoff score of 10% of cells with nuclear 
staining, and for cathepsin D (10) a cutoff score of 
10% of cells with coarse granular cytoplasmic 
staining were used. Known positive breast 
carcinoma samples were used as positive control.  

In statistical analysis, overall survival time was 
calculated as the interval from the date of diagnosis 
to the last clinical control or death; disease free 
survival time was calculated as the interval between 
the date of diagnosis to the metastasis and/or 
recurrence or last clinical contact. For univariate 
analysis, Kaplan-Meier method and log-rank test 
was used to analyze the differences between groups. 
For multivariate analysis, regression method was 
used to examine several parameters simultaneously. 
P values < 0.05 were considered significant. 

 
 

RESULTS 
 

Table 1 shows the association between traditional 
prognostic factors and immunohistochemically 
determined expression of hormone receptors, p53, 
Ki67, HER2/neu and cathepsin D in each tumor. p53 
status was clearly associated with tumor size (P = 
0.045) and there was a statistically significant 
correlation between tumor grade and PR (P = 0.042), 
Ki67 (P = 0.001) and p53 (P = 0.008). Table 2 
summarizes the clinical, histopathological and 
immunohistochemical data of the 66 breast cancer 

patients as well as the influence of the studied data 
on patient survival rates in univariate              
analysis. 

Among 66 studied patients, 21.2% died with a 
median survival time of 44.4 month (range 12 to 98 
months), 78.8% of the patients had withdrawn alive 
from follow-up and had a maximum survival of 
117.5 months. Most of the patients were older than 
50 years (69.7%).  

From the studied tumors, 28.8% were less than 2 
cm in diameter; 30.3% of the patients were identified 
as axillary lymph node negative and 69.7% as node 
positive. With regards to histological grade, there 
were 34.8% low grade, 59.1% intermediate grade 
and 6.1% high grade tumors. Hormone receptor 
assessment by IHC study showed that there was 
40.9% ER negative and 59.1% ER positive tumors. 
PR status was equally distributed. HER2/neu 
negative tumors were 60.6% and HER2 positive 
were 39.4%; 72.2% were p53 negative and 27.3% 
were p53 positive. A high proliferation rate as 
measured by Ki67 expression was found in 54.5% of 
tumors while the proliferation index was low in 
45.5% of cases. Table 2 shows no statistically 
significant relationship between any studied 
biological markers and survival rates, but Figures 1 
to 4 show a clear correlation between some of these 
investigated marker and survival rates (either disease 
free or overall), specially about ER, PR, p53, Ki67 , 
lymph node status and tumor grade. 

In multivariate regression model for relationship 
between tumor grade and PR, Ki67 and p53 status, 
PR (P=0.048) and Ki67 (P=0.007) were independent 
factors to predict tumor grade. 

 
 

 
Table 1. Association between traditional prognostic factors and biologic tumor features (P values for Chi²) 

Characteristics ER PR HER2 Ki67 p53 Cath. D 
Age  
   (<50,  >50) 

0.583 0.592 0.630 0.625 0.785 0.985 

Tumor size  
  (<2,  >2)  

0.769 0.238 0.739 0.382 0.045 0.597 

Grade 
  (high, low) 

0.119 0.042 0.393 0.001 0.008 0.071 

Axillary lymph node 
  (1-3,  > 4)  

0.351 0.400 0.428 0.074 0.207 0.780 

Abbreviations: ER, estrogen receptor; PR, progesterone; Cath D, cathepsin D.  
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Table 2. Data on 66 patients with invasive                     
breast carcinoma, with log-rank test differences in       
survival time among groups of patients for studied   
predictors 

Factors Percent 

Disease free 
survival  
(P value) 

Overall 
survival  
(P value) 

Age  
  < 50  
  > 50  

 
69.7% 
30.3% 

 
0.688 

 
0.739 

Axillary lymph 
 node status 
   0  
  1-3  
   >4  

 
 

30.3% 
33.3% 
36.4% 

 
 

0.301 

 
 

0.349 
 

Grade  
 I   
 II  
 III  

 
 

34.8% 
59.1% 
6.1% 

 
 

0.401 

 
 

0.264 
 

Tumor size  
  < 2 cm 
  > 2 cm  

 
28.8% 
71.2% 

 
0.307 

 
0.281 

 

PR 
   -  
  +  

 
50% 
50% 

 
0.868 

 
0.886 

ER 
   -  
   +  

 
40.9% 
59.1% 

 
0.340 

 
0.327 

HER2/neu 
   -   
  +  

 
60.6% 
39.4% 

 
0.989 

 
0.925 

p53 
  -  
  +  

 
72.2% 
27.3% 

 
0.391 

 
0.248 

Ki67 
  -  
  +  

 
45.5% 
54.5% 

 
0.410 

 
0.378 

Cathepsin D 
   -  
   +  

 
27.3% 
72.7% 

 
0.704 

 
0.696 

 
Menopause 
   Pre  
   Post  

 
75.8% 
24.2% 

 
0.357 

 
0.339 

 
Chemotherapy 
   -  
   +  

 
19.7% 
80.3% 

 
0.341 

 
0.293 

 
Ovarian 
suppression 
   -  
   +  

 
 

72.7% 
27.3% 

 
 

0.443 

 
 

0.470 
 

Radiotherapy 
    -  
   +  

 
53% 
47% 

 
0.410 

 
0.391 

 
Abbreviations: ER, estrogen receptor; PR, progesterone 
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Fig. 1. Relation between tumor grade and survival rate. 
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Fig. 2. Relation between ER status and survival rate. 
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Fig. 3. Relation between P53 status and survival rate. 
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Fig. 4. Relation between Ki-67 status and survival rate. 
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DISCUSSION 
 

Nowadays, the key factors in determining the 
prognosis and treatment for breast cancer are still 
pathological parameters such as tumor size, grade 
and lymph node involvement. These three 
parameters are considered as the gold standards in 
clinical practice and can provide very important 
prognostic information. However, they are not 
sufficiently accurate in predicting the prognosis and 
optimal therapeutic management in individual breast 
carcinoma patients. Therefore, the purpose of this 
study was to examine the role of a number of 
histological and molecular factors of malignant 
invasive breast carcinoma in determining the 
prognosis of the patients and to establish the 
correlation between the traditional prognostic factors 
and these biological factors. 

In the present study we found a statistically 
significant relation between tumor size and p53 
status and between higher grades of tumor and 
negative PR, overexpression of p53 and Ki67; for 
the latter, after multivariate analysis, only Ki67 and 
PR were independent factors to predict tumor grade. 
Tan et al. too showed increased Ki67 protein 
expression correlating with high histologic grade, 
mitotic score and estrogen receptor 
immunonegativity (11). Genes related to apoptosis 
and cell death (bcl2, MAP2K4, TNF10) were noted 
to be downregulated in tumors that disclosed > 40% 
Ki67 immunostaining. Another study published by 
Mylonas et al. demonstrated significantly different 
expression patterns of Ki67 in breast in-situ versus 
invasive ductal carcinomas (12). 

Chow et al. used Ki67 as a marker of 
proliferative activity in their trial of a new 
therapeutic regimen and found a novel relationship 
between COX-2, Ki67, and p53 expression of breast 
invasive ductal carcinomas (13). These studies are 
all in accordance with our findings. In contrast, a 
study attempting to characterize the relationship of 
the proliferation marker Ki67 with response to 
systemic treatment in early breast cancer found Ki67 
unlikely to be useful as a predictive marker for 
therapeutic response (14). 

In the survival analysis, we did not achieve any 
statistically significant relationship between each of 

the investigated factors and survival rates, but there 
was a clear difference between various groups in 
relation with survival rates. This failure to achieve 
statistically relationship is probably due to the low 
number of studied patients. Based upon the 
Nottingham grading system, proliferation activity of 
tumor cells is measured by mitotic count, but the 
results of this measurement is quite variable between 
different persons counting these figures. In this 
study, Ki67 was an independent factor to predict 
tumor grade; thus the use of this marker of 
proliferation activity in routine approach to patients 
with breast cancer is recommended, at least to 
evaluate the accuracy of the mitotic count. 
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