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� ABSTRACT

Background: Epidermal growth factor receptors (EGFRs) are a group of molecules with structural and functional similarities, which are 
expressed in some breast cancers. In the present investigation, the presence of two members of the EGFR family namely c-erbB-1 and c-erbB-2 
was assessed as a prognostic indicator in a series of breast tumors.
Objective: To study the over-expression of c-erbB-1 and c-erbB-2 in a series of primary breast cancer as a prognostic factor.
Methods: A series of 100 patients with primary operable breast cancers were investigated for expression of EGFRs in their tumors by 
immunocytochemical staining with the monoclonal antibodies against erbB-1 and erbB-2 molecules. An indirect immunoperoxidase method was 
used for determination of these receptors in formalin-fixed paraffin-embedded breast carcinoma tissues. This technique was also used to 
investigate the expression of c-erbB-1 and 2 in 23 out of the 100 fresh frozen tissues of breast carcinoma.
Results: Our results indicate that 20 (20%) and 41 (41%) tumors showed positive immunoreactivity with erbB-1 and erbB-2 monoclonal 
antibodies, respectively. Results also indicated that in 100% of cases the pattern of immunoreactivity in fresh tissues were comparable with those 
of the formalin-fixed paraffin embedded tissues. Strong correlation between distinct c-erbB-2 expression and short disease-free interval was 
observed but no significant association was found with c-erbB-1.
Conclusion: The results show that the c-erbB-2 receptor status may be a useful prognostic marker in breast cancer.
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Introduction

The receptor for epidermal growth factor (EGF) has been found in a wide range of normal epithelial 
tissue and tumors arising from these tissues. However, the level of expression of the receptor has been 
found to be higher in a number of human malignancies compared to their normal tissue counterparts.1-4 
Expression of the EGF receptor varies considerably in normal tissue, while some cells, such as 
keratinocytes, express relatively high levels, other cells such as the lymphoid series express none or very 
low levels of the receptor.5 Biochemical and histological examination of human biopsies and cell lines 
established in vitro have shown that over-expression of normal or mutated forms of EGF receptor, 
and/or its ligands, is a characteristic feature of squamous cell carcinoma and is found in a number of 
human malignancies including those of the breast, bladder, ovary, lung, brain, pancreas and head and 
neck5. EGFR over-expression in human breast cancers was first reported by Sainsbury et al6 and c-erbB-
2 receptor over-expression as a prognostic factor by Salmon et al in 1987.7 c-erbB-1 and c-erbB-2 in 
breast carcinoma has been reported with a different pattern of significance.2,8-11 In this investigation the 
expression of c- erbB-1 and 2 in Iranian patients with breast carcinoma was investigated and results were 
compared with the Nottingham Prognostic Index.

Materials and Methods

Tumors:

One-hundred formalin-fixed paraffin-embedded samples of which 23 were biopsies taken from primary 
cancer patients during mastectomy at Nemazi and Faghihi Hospitals (University Hospitals, affiliated to 
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Shiraz University of Medical Sciences, Shiraz-Iran)) between 1995 and 1997 formed the study material 
for this project. The specimens were stored at –20 ?C. Pathological data including tumor size (TNM), 
modified Bloom and Richardson grading12 and axillary lymph node involvement were recorded. 
Specimens from normal skin tissue were used as positive control for immunohistochemical analysis of 
EGFR’s. Omission of the primary antibody was used as the negative control. 

Antibodies and conjugates:

For determination of c-erbB-1 and c-erbB-2 receptors, ICR16 and ICR12 rat mAbs were used, 
respectively (European Institute of Health and Medical Sciences, University of Surrey, England). 
Peroxidase-labelled sheep anti-rat Ig (Amersham Co., England) was used as the secondary antibody in 
immunocytochemical studies. 

Immunocytochemistry:

Sections were cut from frozen or formalin fixed paraffin-embedded tissues. Frozen sections were dried 
at 37 ?C (30 minutes), fixed in formol-calcium for 5 mins, rinsed in acetone, and immersed in cold 
chloroform/acetone (1:1) for 5 mins. Sections were then washed three times with ohosphor buffered 
saline (PBS) and the endogenous peroxidase was blocked by immersing the sections for 10 minutes in 
PBS containing 3% H2O2. The sections were then incubated with about 100 ml of primary antibody 
(ICR12 or ICR16) for 90 minutes at room temperature. After three washes in PBS, the sections were 
incubated with about 100 ml of a 1/100 dilution of sheep conjugated anti-rat-IgG for 90 minutes at room 
temperature then washed twice with PBS and twice with distilled water (DW). The final reaction 
product was visualized using diaminobenzidine (DAB) [100 mg DAB in 100 ml of 0.1 M tris buffer ( pH 
7.2), 100ml H2O, 66 ml H2O2]. After 5  mins, the sections were washed twice in DW and counter-
stained in hematoxylin and mounted in Entellan. Indirect immunoperoxidase method was also 
performed on formalin fixed paraffin-embedded sections. After blocking of endogenous peroxidase, the 
slides were incubated with 200 ml of primary antibody overnight in 4 ?C. The slides were washed three 
times in PBS, the sections were incubated with 200 ml of a 1/50 dilution of sheep conjugated anti-rat Ig 
for 120 minutes at room temperature then washed with PBS and DW. The procedure was curried out as 
described for frozen sections.

Nottingham Prognostic Index: 

The Nottingham Prognostic Index score is calculated by combining the results of the lymph node stage, 
histological grade, and tumor size in the following manner.13

Index= stage (1-3) + grade (1-3) + (size x 0.2). Therefore, an index bellow 3.4 (index ? 3.4) was 
assessed as good and an index above 3.4 (index>3.4) was considered as moderate or poor, prognosticly. 
Positive reactions were graded on a +++,++, and + basis according to the intensity of staining. Result of 
immunohistochemistry were analyzed according to degree of positive membrane staining and total 
amount of staining by allocating grades 0,1,2,3, in which 0 = no detectable staining, 1 = very faintly 
visible only by power 400, 2 = strongly visible by power 400 and weakly by power 100 and 3 = strongly 
visible by power 100 microscopy.

Statistical analysis:

Microsoft EPI-5 was used for statistical analysis. P values were calculated by using Chi-square or Fisher 
exact tests.
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Results

Immunocytochemical analysis of 100 formalin-fixed and paraffin-embedded breast cancer tissues 
revealed that 20% and 41% of the cases were positive for c-erbB-1 and c-erbB-2 receptors respectively 
(Figure 1). Statistical analysis indicated that lymph node status, histological grade and tumor size were 
not related to EGFR (c-erbB-1) expression. There was no relation between the Nottingham Prognostic 
Index score and c-erbB-1 status (Table 1). There was, however, a strong correlation between histological 
grade (P<0.02), lymph node status (P<0.02) and c-erbB-2 receptor expression and none with tumor size. 
A strong correlation (P<0.005) between Nottingham Index score and c-erbB-2 expression was also 
observed (Table 2). For comparison between Immunocytochemical staining on formalin-fixed paraffin-
embedded and fresh frozen tissues, indirect immunoperoxidase staining was used to investigate the 
expression of c- erbB-1 and c-erbB-2 in 23 out of the 100 breast carcinoma fresh frozen tissue samples 
(Figure 2). Results indicated that c-erbB-1 and c-erbB-2 expression on fresh frozen samples is the same 
as formalin-fixed paraffin-embedded tissue, though with a lower intensity in some cases using formalin-
fixed sections.

Discussion

In the current study the prognostic potential of c-erbB-1 and c-erbB-2 molecules (two members of 
EGFR family) in primary breast cancer was assessed. There are several factors that might be associated 
with the rate of positive cases. For example, in patients with a high incidence of lymph node 
involvement the expression of c-erbB-2 receptor may reach a mean of 44%.14 Other parameters such as 
histological grade may also influence the receptor up-regulation.15- 17 Contradictions concerning the 
significance of c-erbB-2 up-regulation may be explained by the clinical status of the patients or by 
differences in the methodology. In our cases, only patients with primary operable breast cancer were 
studied and only tumors with unequivocal distinct cytoplasmic or membrane reactivity were regarded as 
positive. Contradiction also exists on the prognostic significance of c-erbB-2 in breast cancer, with some 
authors claiming presence of correlation16,18,19 and others reporting no correlation.20-23

We have shown that there is a strong relationship between expression of c-erbB-2 receptor and 
Nottingham Prognostic Index. Our findings suggest that patients with index gradings above 3.4
(especially above 5.4) have a poor prognosis compared to those with index gradings below 3.4. In this 
investigation no correlation was found between c-erbB-1 receptor expression and tumor size, lymph 
node status or histological grade. These findings are consistent with the majority of previously published 
works.24-27

There is an increasing awareness that polypeptide growth factors, such as EGFR and c-erbB-2 receptor 
are involved not only in the control of normal cellular growth and proliferation, but also in as yet poorly 
understood mechanisms of cellular transformation. The investigation of up- and down-regulation of 
tumor markers such as c- cerbB-2 and other related members of EGFR has two important clinical 
advantages. Firstly, the prognostic value, which has been previously reported for this molecule in breast 
carcinoma the c-rebB-2 level is a strong prognostic factors in primary breast carcinoma in its own right. 
Thus, in the absence of knowledge of histological grade, as shown in the multivariate analysis, c-erbB- 2 
is a particularly useful indicator. Secondly, it should be noted that over-expression of c- erbB-2 has made 
this receptor an attractive target for antibody-directed therapy.2

Chemotherapy is more effective in patients who do not have c-erbB-2 over expression. Conversely, 
patients with c-erbB-2 over expression showed virtually no improvement on the chemotherapy regimen.

Page 3 of 4THE EXPRESSION AND PROGNOSTIC SIGNIFICANCE OF c-erbB-2 MOLECULE...

2006/01/07http://www.sums.ac.ir/~ijms/0012/gharesi0012.html

Archive of SID

www.SID.ir



Acknowledgement

Shiraz University of Medical Sciences financially supported this work (Grant No.: 75-303).

References

1. Cowley G, Smith JA, Gusterson B, et al : The amount of EGF receptor is elevated on squamous cell carcinomas. Cancer Cells 1984;1:5-10.

2. Dean C, Modjtahedi H: Immunotherapy with antibodies to EGF receptor. Int J Cancer 1994;(Suppl 8):103-7. 
3. Haigler H, Ash JF, Singer SJ, et al: Visualization by fluoerescence of the binding and internalization of EGF in human carcinoma cells A-431. Proc Natl 

Acad Sci USA 1978;75:3317-21.

4. Reynolds GJ, Todaro GJ, Fryling G, Stephenson JR: Human transforming growth factors induce tyrosine phosphorylation of EGF receptors. Nature 

1981;292:259-62.

5. Modjtahedi H, Dean C: The receptor for EGF and its ligands: Expression, prognostic value and target for therapy in cancer. Int J Oncol 1994;4:227-96.

6. Sainsbury JRC, Malcom AJ, Appleton DR, et al: Presence of EGFR as an indicator of poor prognosis in patients with breast cancer. J Clin pathol 

1985;38:1225-8. 
7. Salmon DJ, Clark GM, Wong SG, et al: Correlation of relapse and survival with amplification of the HER-2/neu oncogene. Science 1987;235:177-82. 

8. Horiguchi J, Iino Y, Takei H, et al: Immunohistochemical study on the expression of c-erbB-2 oncoprotein in breast cancer. Oncology 1994;51:47-51.

9. Lewis S, Locker A, Todd JH , et al : Expression of EGFR in breast carcinoma. J Clin Pathol 1990;43:385-9. 
10. Noguchi M, Mizukami Y, Kinoshita K, et al: The prognostic significance of EGRF in breast cancer. Surg Today 1994;24:889-94.

11. Sestini R, Orlando C, Zentilin L, et al: Measuring c-erbB-2 oncogene amplification in fresh and paraffin-embedded tumor by competitive chain reaction. 

Clin Chem 1994;40(4):630-6. 
12. Bloom HJG, Richardson WW: Histological grading and prognosis in breast cancer. Br J Cancer 1957;11:359-77.

13. Haybittle JL, Blamey RW, Elston CW, et al: A prognostic index in primary breast cancer. Br J Cancer 1982;45:361-6. 

14. Oza AM, Tannock IF: Clinical relevance of breast cancer biology. Hematology /Oncology Clinics of North America 1994;8:1-14. 

15. Borresen AL, Ottestad L, Gaustad A, et al: Amplification and protein over-expression of the neu/HER2/c-erbB-2 proto-oncogene in human breast 

carcinomas. Br J Cancer 1990;62: 585-90.

16. O'Reilly SM, Barnes DM, Camplejohn RS, et al: The relationship between c-erbB-2 expression and prognosis in breast cancer. Br J Cancer 1991;63:444-6.

17. Rosen PP, Lesser ML, Arroyo CD, et al : Immunohistochemical detection of HER2/neu in node-negative breast carcinoma: a study of epidemiologic risk 

factors, histologic features and prognosis, Cancer 1995;75:1320-6. 
18. Clark GM, McGuire WL: Follow-up study of HER2/neu amplification in primary breast cancer. Cancer Res 1991;51:944-8. 
19. Thor AD, Schwartz LH, Koerner FC, et al: Analysis of c-erbB-2 expression in breast carcinomas with clinical follow-up. Cancer Res 1989;49:7147-52.

20. Parkes HC, Lillycrop K, Howell A, Craig RK: c-erbB-2 mRNA expression in human breast tumors. Br J Cancer 1990;61:39-45.

21. Tsuda H, Hirohashi S, Shimosato Y, et al: Correlations between long-term survival in breast cancer patients and amplification of two putative oncogene-

coamplification units. Cancer Res 1984;49:3104-8. 
22. Vandevijver M, Vandeberesswlaar R, Devilee P, et al: Amplification of the neu (c-erbB-2) oncogene in human mammary tumors is relatively frequent and 

often accompanied by amplification of the c-erbA oncogene. Mol Cell Biol 1987;7:2019-23.

23. Venter DJ, Kumar S, Tuzin L, Gullick WJ: Over-expression of the c-erbB-2 Onco-protein immunohistological assessment correlates with gene 
amplification. Lancet 1987;II:69-72. 

24. Bolla M, Chedin M , Colonna M, et al: Prognostic value of epidermal growth factor receptor in a series of 303 breast cancer. Eur J Cancer 1992;28A:1052-

4. 
25. Koender PG, Beex lvam L, Geurts-moespot A, et al: EGFR negative tumours are predominantly confined to the sub-group of human breast cancer. Cancer 

Res 1991;51:4544-8. 
26. Nicholson S, Richard J , Sainsbury C , et al : EGFR results of a 6 year follow-up study in operable breast cancer with emphasis on the node-negative sub-

group. Br J Cancer 1991;63:146-50.

27. Toi M, Osaki A, Yamada H, Toge T: Epidermal growth factor receptor expression as a prognostic indicator in breast cancer. Eur J Cancer 1991;27:977-80.

Return to contents page

Page 4 of 4THE EXPRESSION AND PROGNOSTIC SIGNIFICANCE OF c-erbB-2 MOLECULE...

2006/01/07http://www.sums.ac.ir/~ijms/0012/gharesi0012.html

Archive of SID

www.SID.ir


