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cised about replacing cisplatin in combinations by carboplatin. 
Long-term data from comparative studies must equal the above 
reported results before a final decision can be made to replace 
cisplatin by carboplatin. So far, the CP regimen seems among 
the best regimens to be used for the treatment of epithelial 
ovarian cancer. 
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Prognostic Value of c-erbB-2 Protein Expression in 
Human Lung Adenocarcinoma and Squamous Cell 

Carcinoma 

Masahiro Tateishi, Teruyoshi Ishida, Tetsuya Mitsudomi, Satoshi Kaneko 
and Keizo Sugimachi 

203 primary human lung tumours, of which 119 were adenocarcinoma and 84 were squamous cell carcinoma, 
were investigated immunohistochemically for the expression of c-erbB-2 protein. Positive staining was evident in 
33 (28%) of adenocarcinomas and 2 (2%) of squamous cell carcinomas. In cases of adenocarcinoma, c-erbB-2 
was present in 18% of those with stage I disease. In stage IIIA, stage IIIB and stage IV cases, c-erbB-2 was 
present in 39%, 50% and 60%, respectively (I vs. IIIA and I vs. IIIB: P < 0.05, I vs. IV: P < 0.01). The S-year 
survival rates of c-erbB-2 positive patients and those who were negative were 30% and 52%, respectively, with a 
statistically significant difference (P < 0.01). These observations suggest that when the expression of c-erbB-2 
correlates with invasiveness of the tumour, this correlation may serve as a prognostic indicator, particularly in 
cases of adenocarcinoma of the lung. 
EurJ Cancer, Vol. 27, No. 11, pp. 1372-1375, 1991. 

INTRODUCTION 
THE c-&B-f oncogene is related to the neu oncogene and was 
first identified in a chemically induced rat neuroblastoma [I]. 
This oncogene codes for a 185 kD transmembrane glycoprotein 
[2] with tyrosine kinase activity [3, 41 and is structurally similar 
to, but distinct from, epidermal growth factor receptor (EGFR) 
[2-51. Amplification of the gene has been noted in various sites 
of adenocarcinoma [6] and is associated with lymph node 
involvement, relapse and survival in human breast cancer [7-91. 

Recent investigations revealed that amplification of the 
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c-e&B-2 gene correlates with immunohistological staining for 
c-erbB-2 protein [lo, 121. We have now examined c-erbB-2 
protein expression, using an immunohistochemical method. For 
this we used adenocarcinoma and squamous cell carcinoma 
tissues of the human lung and searched for possible prognostic 
factors and different expressions of c-erbB-2. 

PATIENTS AND METHODS 
Surgical specimens 

We examined paraffin-embedded tissues obtained surgically 
from 203 patients with primary lung cancer, 119 of adenocarcin- 
oma and 84 of squamous cell carcinoma. All patients had been 
diagnosed and treated in the Department of Surgery II of 
Kyushu University between 1974 and 1986. Patients who had 
died within the first post operative month or who had undergone 
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exploratory thoracotomy were excluded from the analysis. The 
stage of the disease was classified according to the TNM classifi- 
cation of UICC [13], including a review of the surgical and 
pathological reports of the resected specimens. The present 
study was based on 57 patients with stage I, 11 with stage II, 31 
with stage IIIA, 10 with stage IIIB and 10 with stage IV 
adenocarcinoma. In cases of squamous cell carcinoma, 34 pati- 
ents had stage I, 10 stage II, 34 stage IIIA and 6 stage IIIB of 
the disease. Of these 203 patients, ages ranged from 33 to 85 
years (mean 63); 163 were men and 40 were women. The WHO 
[ 141 histological degree of differentiation was used. The clinical 
charts were reviewed in January 1990 and survival time taken as 
that from the time of operation. Only tumour-related deaths 
were considered for the purposes of the present study. 

Immutwstaining 
Expression of c-erbB-2 protein was observed in sections of 

routine 10% formalin-fixed paraffin-embedded blocks, after use 
of a polyclonal antibody and immunising rabbits with synthetic 
C-terminal 14 peptides (Nichirei, Tokyo, diluted 1:50) [15, 161. 

The avidin-biotin peroxidase (ABC) method [ 171 was used to 
observe the antigen. The staining procedures were as follows. 
The deparaffinised sections were treated with 0.03% hydrogen 
peroxidase in methanol for 30 min at room temperature to 
eliminate the endogenous peroxidase activity. After washing in 
phosphate-buffered saline (PBS) and incubating with normal 
serum (diluted 1:200, 30 min, PK-4001; Vector Laboratories 
Burlingame, California), the sections were incubated at room 
temperature overnight with polyclonal rabbit anti-c-erbB-2 pro- 
tein. For the second and third phase reagents of the ABC 
method, Vecstain ABC kit (PK-4001, Vector) was used. After 
these treatments, the diamino-benzidine method was used for 
visualisation of the peroxidase. Counterstaining was done with 
methyl green. Each section was then examined under a trans- 
mission light microscope and the findings compared with the 
haematoxylin and eosin (HE) stained sections. Omission of 
the primary antibody resulted in a negative staining. Staining 
reactions were evaluated as positive or negative, and a positive 
reaction was considered only when strong brown deposits were 
visible. 

Immunoblotting 
Using the lysates derived from the A-415 human tumour cell 

line which is transfectant of the c-erbB-2 oncogene, a sample 
was subjected to electrophoresis on a 7.5% sodium dodecyl 
sulphate polyacrylamide gel. The fractionated proteins were 
electrotransferred to nitrocellulose filters. The filters were 
blocked with 0.7% acetic acid, and reacted with polyclonal anti- 
c-erbB-2 rabbit antibody against the C-terminal 14 peptides [4]. 
The filters were reacted by the ABC method. Immunoblot 
analysis of the sample revealed the anti-c-erbB-2 rabbit antibody 
to react specifically with one protein band with an apparent 
molecular weight of 185 000 (Fig. 1). To determine specific 
binding, non-immune rabbit sera were substituted for primary 
antibody, and immunostaining was prevented by preincubation 
of primary antibody with an excess of the C-terminal peptides. 
There was no crossreaction with EGFR [ 15, 161. 

Statistical analysis 
Relations between staining results and variable clinicopathol- 

ogical factors were assessed using the x2 test. Survival curves 
were prepared by the Kaplan-Meier method [ 181. Comparisons 
among survival rates were made using the generalised Wilcoxon 

A 

Fig. 1. Western immunoblot analysis. Lane A: reaction with anti- 
c-erbB-2 polyclonal antibodies. The antigenic protein has an apparent 
molecular weight of 185 000. Lane B: reaction with the same anti- 
bodies absorbed by the C-terminal 14 peptides, showing disappear- 

ance of the antigenic protein. 

test [19]. The difference was considered to be statistically 
significant when P was less than 0.05. 

RESULTS 
Of 119 patients with adenocarcinoma, immunoreactivity for 

c-erbB-2 was obtained in 33 (28%) cases. Positivity for the 
c-erbB-2 showed as an intense brown granular staining located 
predominantly at the cell membrane (Fig. 2). Heterogeneity of 

Fig. 2. Immunohistochemistry of adenocarcinoma of the lung. Note 
the intense membrane staining for c-erbB-2 (X 400). 
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Fig. 4. Survival curves of the patients with adenocarcinoma of the 
lung, based on the c-erbB-2 status. The difference is statistically 

significant (P < 0.01). 

Fig. 3. Immunohistochemistry of squamous cell carcinoma of the 
lung. Note the heterogeneity of staining for c-erbB-2 (X 400). 

the c-e&B-2 staining was seen in areas with a diffusely stained 
cytoplasm. In cases of a squamous cell carcinoma, there were 
immunoreactivities for c-&B-2 protein in tissues from 2 patients 
only (Fig. 3). In the remaining cases of squamous cell carcinoma, 
a focal or diffuse cytoplasmic staining only was seen. 

Table 1 shows data on patients with adenocarcinoma, includ- 

Table 1. Relationship among the immunoreactivity of c-erbB-2 and 
various clinicopathological factors in patients with lung adenocarcin- 

oma 

ing T (tumour), N (node) and M (metastasis) status and stage 
and pathological grade of histology, according to the c-erbB-2 
status. There were statistically significant differences in T and 
M status and stage (P < O.OS).The 5-year survival rates of 
patients with a c-erbB-2 positive adenocarcinoma and those with 
negative lesions were 32% and 50%, respectively (Fig. 4), with 
a statistically significant difference (P < 0.01). 

Of 84 patients with a squamous cell carcinoma, only tissues 
from 2 (2%) patients were positive for c-erbB-2 protein, including 
those with T3NOMO and TZNOMO diseases. The prognosis of 
these 2 patients was poor; the former died 8 months after 
operation, the latter 11 months later. 

c-erbB-2 (%) 

Positive Negative 

Sex 
Male 

2 
M 

0 

Stage 
1 

;I 
IIIA 
IIIB 
IV 

Differentiation 
Well 
Moderate 
Poorly 
Unknown 
Total 

19 (26) 54 (74) 
14 (30) 32 (70) 

9 (18) 
8 (19) 
9 (60) 
7 (58) 

20 (26) 

2 (14) 
11 (38) 

27 (25) 

6 (60) 

10 (18) 
0 

12 (39) 

5 (50) 
6 (60) 

21 (32) 44 (68) 

9 (24) 28 (76) 

3 (19) 13 (81) 

33 (28) 86 (72) 

56 (74) 
12 (86) 
18 (62) 

82 (75) -1 
4 (40) -t 

T = tumour, N = nodalandM = metastaticstage. *P < 0.01, 
tP < 0.05 

DISCUSSION 
Berger et al. noted a statistically significant correlation 

between c-erbB-2 protein expression and the nodal status or 
nuclear grade in patients with breast carcinoma [20]. Recent 
multivariate analyses revealed that c-erbB-2 protein expression 
could serve as an independent prognostic indicator in case of 
breast carcinoma [7-91. It was concluded that c-erbB-2 protein 
expression is associated with a poor prognosis in these patients. 

In lung cancer, alterations of c-erbB-1 (which codes for EGFR) 
and c-erbB-2 correlated with the histology. c-erbB-1 is common 
in squamous cell carcinoma and c-erbB-2 was detected in aden- 
ocarcinoma [21]. The expression of c-erbB-2 is consistently high 
in lung adenocarcinomas [22]. However, there seems to be no 
documentation on the prognostic significance of c-erbB-2 protein 
expression in lung cancer. 

We examined immunohistochemically c-erbB-2 protein in 119 
cases of adenocarcinoma and in 84 of squamous cell carcinoma 
of the lung. C-erbB-2 protein positive immunoreactivities were 
obtained in 28% of cases of adenocarcinoma, yet in only 2% of 
those with squamous cell carcinoma. Our results provide positive 
support for data that c-erbB-2 gene amplification is often present 
in the histological type of adenocarcinoma. The prognosis of the 
patients with a positive c-erbB-2 adenocarcinoma was poor 
(P < 0.01). 

Holmes and Gail found that adjuvant chemotherapy led to a 
significantly better prognosis in surgically resected non-small 
cell lung cancer patients [23]. However, Evans stated that the 
prolonged disease-free or overall survival period, even with 
adjuvant chemotherapy, was about 6 months [24]. Other ran- 
domised trials showed no significant benefit of adjuvant chemo- 
therapy for such patients [25]. 
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