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Epidermal Growth Factor Receptor (EGFr) 
Expression in Non-small Cell Lung Carcinomas 
Correlates with Metastatic Involvement of Hilar 
and Mediastinal Lymph Nodes in the Squamous 

Subtype 
G. Fontanini, S. Vignati, D. Bigini, A. Mussi, H. Lucchi, C.A. Angeletti, 

R. Pingitore, S. Pepe, F. Basolo and G. Bevilacqua 

Epidermal growth factor receptor (EGFr) levels were evaluated in paraffin-embedded tumour specimens of non- 
small cell lung cancer (NSCLC) from 176 patients who underwent surgical resection. The EGFr expression was 
evaluated by immunocytochemical assay using a monoclonal antibody which recognises the external domain of 
the receptor. EGFr immunoreactivity was significantly higher in squamous than in non-squamous cell carcinomas 
(P = 0.0009). Hilar and/or mediastinal nodal involvement was found in 29 of 105 (27.4%) squamous cancers, and 
in this group of patients, the mean of EGFr positive cells was significantly higher than that of patients without 
nodal involvement (P = 0.01). No significant correlations were found between the expression of EGFr and other 
clinicopathological or biological parameters such as T-status, grading, proliferative activity. EGFR is suggested 
to represent a useful indicator of nodal metastasis in NSCLC. 

Key words: EGFr, NSCLC, immunocytochemistry, prognosis 
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INTRODUCTION 
Non-small cell lung cancer (NSCLC) represents both a biologi- 
cally and histopathologically heterogeneous group of cancer. In 
patients with this type of cancer, TNM classification is the 
most important prognostic factor, in that it largely determines 
treatment [ 11. For this reason, there is a need to identify 
parameters which can predict tumour behaviour and allow better 
prognostic evaluation and therapeutic approach. 

Several reports have described the presence of epidermal 
growth factor receptor (EG.Fr) in many types of human malig- 
nancies [2-81. Alterations in the expression of this receptor have 
been established as important features of the neoplastic process 
in several human cancers [9L17]. EGFr is a 170 000 kD protein 
which binds strongly with epidermal growth factor; this high- 
affinity binding induces cell proliferation and differentiation in 
several tissues by its tyrosine kinase activity [18]. EGFr is 
overexpressed in lung cancer cells compared with normal tissues 
[7, 191. The high express.ion of EGFr has been related to 
poor prognosis and rapid progression in squamous lung cancer 
[17, 20, 211. 

As EGFr is likely to play a role in human NSCLC progression, 
we evaluated the expression of this receptor in a large group of 
lung carcinomas, using an immunohistochemical method. The 
expression of this receptor was also correlated with the incidence 
of metastases at the time of surgery. Furthermore, since EGFr 
has a role in cancer growth control, we evaluated its expression 
with regard to tumour cell proliferation ability, using both 
immunohistochemical and laow cytometric analysis. 

Patients 
MATERIALS AND METHODS 

Tumour samples obtained from 176 consecutive patients 
resected for NSCLC and previously untreated, were analysed. 
All patients were staged at Ithe time of surgery. The histological 
classification of the tumours was based on the World Health 
Organization study [22]. The tumour stage (pTNM) was classi- 
fied according to the guidehines of the A JCCS [ 11. 

Immuno?tistochemisty 
Freshly resected tissues from 176 consecutive NSCLC were 

collected for immunohistochemical analysis. The samples were 
immediately frozen in liquid nitrogen and stored in a -80°C 
freezer until sectioning. One portion of the same samples was 
fixed in 10% formalin and routinely processed for paraffin 
embedding. Monoclonal antibody (MAb) 31G7 (Triton Diag- 
nostic-Alameda, California., U.S.A.) which reacts with the pep- 
tide backbone of the extracellular domain of the EGFr molecule, 
was used for the detection of EGFr. The proliferative activity of 
tumour samples was evaluated using two MAbs in both frozen 
and paraffin embedded samples: Ki-67 MAb (Dakopatts, 
Denmark) and PC10 (Novocastra Laboratoires Ltd, Newcastle, 
U.K.), respectively. The avidin biotin peroxidase method 
(Vectastain ABC Kit, Vector Laboratories, Burlingame, Califor- 
nia, U.S.A.) was used for each antibody, after overnight incu- 
bation with each primary antibody at the different dilutions 
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(1 : 100 for EGFr, 
respectively). 

1 : 200 for PC10 and 1 : 50 for Ki-67, 

Immunohistochemical evaluation 
EGFr immunoreactivity was evaluated by a semiquantitative 

method, counting the number of positive cells in a minimum of 
1000 neoplastic cells. The same method was used to evaluate 
PC10 and Ki-67 immunoreactivity. 

Flow cytomeny 
Flow cytometry was performed on a nuclear suspension 

prepared from 50 p,rn sections of formalin fixed, paraffin-embed- 
ded tissue of primary lung cancers. In order to determine the 
percentage of tumour cells in the tissue analysed, adjacent 4 pm 
thick histological sections were cut before and after the 50 nm 
sections used for flow cytometry. A percentage of neoplastic cells 
between 25 and 30% was considered adequate. Briefly, the 
sections were dewaxed by xylene, rehydrated through a sequence 
of 90, 80,70 and 50% ethanol, washed twice in double distilled 
water and minced in 1 ml of 0.5% pepsin (Sigma, St. Louis, 
Missouri, U.S.A.) in 0.9% NaCl (pH 1.5) at 37°C for 30 min. 
Samples were filtered through a 30 p,rn pore sized polyester filter 
and stained in a propidium iodide solution (PI 50 p&l in PBS 
plus 0.1% v/v of Nonidet P40) for 30 min in the dark. Before 
analysis the samples were syringed 2-3 times through a 25G 
needle to avoid nuclear clumps. All samples were analysed by a 
FACScan flow cytometer (Becton Dickinson, San Jose, Califor- 
nia, U.S.A.) coupled with a CONSORT 30 microcomputer 
(Becton Dickson and Hewlett-Packard, California, U.S.A.). 
For each sample, at least 35 000 events were acquired using the 
Cell Fit software (Becton Dickson). Cell cycle analysis was 
performed by the Dean method [23], with no background 
subtraction. The two major drawbacks of paraffin-embedded 
material as a source of nuclei for DNA-flow cytometry are the 
relative poor resolution [24] and the higher amount of cellular 
debris which might affect the real percentage of S-phase fraction. 
Despite these potential limitations, in our study, histogram 
resolution was good, with 5% as CV median value of diploid Go/ 
Gl peak. Moreover, to reduce the possibility of missing some 
near-diploid tumours, histograms were considered interpretable 
only if the CV of the diploid GO/G1 peak was equal or less than 
7%. 

To every series of measurement, normal DNA fluorescence 
was adjusted to channel 200 by using non-neoplastic parahin- 
embedded lung tissue. In each measurement session (12-15 
samples), we found that all tumour samples contained a stemline 
with normal DNA-content. Aneuploidy was characterised by 
the presence of one or more additional stemlines, all with higher 
DNA content. 

Statistical analysis 
Statistical analysis was performed by StatView II software. 

The unpaired t-test and/or non-parametric test (Km&all-Wallis 
test) were used to evaluate differences between groups. Linear 
regression coefficient and/or Spearman’s Rank correlation coef- 
ficient were also calculated to relate EGFr and variables concem- 
ing proliferative activity. 

RESULTS 
EGFr expression in 176 NSCLC 

A total of 176 tumours were analysed which consisted of 105 
(59.66%) squamous cell carcinomas and 71 (40.34%) non- 
squamous carcinomas, including 59 (33.5%) adenocarcinomas 
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and 12 (6.8%) anaplastic large cells carcinomas. There were 160 
males and 16 females with a mean age of 62.4 (range 3679). 155 
of 176 (88%) tumours showed EGFr immunoreactivity ranging 
from 0.2 to 90% of positive cells (mean 36.2 * 25.4). EGFr 
positivity was mostly localised in the tumour cell membranes, 
but some positivity was also detected in the cytoplasm of 
cancer cells (Figures lA, B). The characteristics of the patients 
according to clinicopathological parameters are summarised in 
Table 1. As shown in Table 2, the mean of EGFr positive cells 
was significantly higher in squamous carcinomas (42.1 ? 26.2) 
compared to adenocarcinomas (25.8 + 21.5) and anaplastic 
large cell carcinomas (33 t 21.1) (P = 0.0009). By contrast, 
no significant statistical association was found among EGFr 
expression and other clinicopathological parameters such as 
tumour size, tumour stage, nodal status and tumour differen- 
tiation (Table 3). 

Correlation between EGFr immurwreactivity and nodal status in 
squamous lung tumours 

As EGFr is highly expressed in the squamous subtype of 
NSCLC, we evaluated whether the EGFr immunoreactivity can 
be an indicator of advanced disease. 75 tumours (72%) without 
hilar and/or mediastinal nodal involvement showed a signift- 
candy lower EGFr expression compared with 29 tumours (28%) 
with nodal metastasis (Table 4; P < 0.01). 

EGFr expression andprolifmative activity 
The proliferative activity was evaluated in all cases for prolifer- 

ating cell nuclear antigen expression (PCNA) with PC10 MAb 
and in 108 out of 176 for Ki-67 expression. We also evaluated 
the flow cytometric S-phase fraction in 47 out of 176 parafhn- 
embedded samples. PC10 and Ki-67 immunoreactivity was 
cordined to the nuclei of neoplastic cells (Figures lC, D), rang- 
ing from 0.1 to 80% and 0.1 to 60% respectively. As shown in 
Table 5 and Figure 2, no correlation was found between 
inherent proliferative activity data and EGFr expression, 
although the S-phase mean in EGFr positive tumours was higher 
than in EGFr negative tumours. 

DISCUSSION 
The most commonly used criteria to determine the prognosis 

of NSCLC are tumour size and extension and nodal status [25]. 
However, the outcome of patients with the same clinical stage 
and histological type may diverge considerably. Efforts are thus 
necessary to identify additional factors to be evaluated at the 
time of presentation, and which can predict outcome and help 
in choosing the best type of treatment. 

EGFr overexpression has been reported to be a frequent 
feature in breast [2], gastric [4], colorectal [5], genito-urinary 
[6, 261, laryngeal [14] and thyroid [16] cancers. This alteration 
is also recognised by several authors in the majority of NSCLC 
[3, 7, 8, 9, 19, 27, 281. In this study, the EGFr expression in 
176 formalin-fixed and paraffin-embedded lung tumour samples 
was evaluated by a new MAb. The high level of EGFr found in 
this group of tumours was in agreement with the data reported 
by other authors who employed either immunohistochemical 
[3, 7, 291 or ligand binding assays [19]. In some cases, EGFr 
immunoreactivity was revealed not only in the neoplastic cells 
but also in the basal layer of the normal bronchial epithelium. 
This finding, already reported by more than one group [19, 291, 
suggests that these stem cells require EGF for normal mucosal 
cell proliferation and differentiation. 

The significantly higher EGFr expression in our series of 

squamous cell carcinomas, confirms data from other groups 
[7, 17, 29, 301. In our series of NSCLC, 89.5% squamous 
cancers were positive for EGFr. This higher expression in 
squamous than in non-squamous carcinomas is an expected 
result, EGF mainly being a factor which promotes proliferation 
and differentiation of epidermal-like tissues. 

The EGFr overexpression has been found to be associated 
either with degree of invasion and poor differentiation, for 
example in genito-urinary carcinomas [6, 26, 311, or with bad 
prognosis and short survival, as reported in mammary 
[ll, 13, 15],headandneck[14],gastric,andcolonic[4]cancers. 
In contrast to this series of investigations, other authors [19] 
found no correlation between EGFr expression and clinical 
stage, although EGFr concentrations were higher in neoplastic 
than in normal tissues. Our study is the first report in which a 
large number of NSCLC have been evaluated immunohisto- 
chemically for the EGFr expression in routine material. We 
found that in the squamous subtype, the percentage of immuno- 
positive neoplastic cells was sigx&cantly higher in tumours with 
nodal metastatic involvement (mean 47.8 ? 26.1) than those 
without this type of involvement (mean 33 + 27.4). The mech- 
anism by which tumours with high levels of EGFr more fre- 
quently metastasise is not well understood. However, one poss- 
ible explanation is that turnour cell clones expressing more 
EGFr may be selected for growth, invasion and metastasis. 
As suggested, EGFr may be involved in tumour progression 
through an autocrine mechanism whereby tumour cells express- 
ing receptors secrete the ligand which interacts with the receptor 
to further stimulate the growth [32]. The increased growth 
potential after supplementation of EGF both in vivo, using lung 
cancer cell lines [33], and in vivo, after implantation in nude mice 
[34] of human squamous cancers, reinforced this hypothesis. In 
addition, while definitive experimental proof is still lacking that 
EGFr is involved in spontaneous metastasis, there are some 
indications that EGFr activation can influence the interaction of 
cells with defined matrix component [35], or its activity may also 
directly influence cell-cell contact, another critical parameter 
known to define epithelial invasiveness [36]. 

Relationship between EGFr expression and proliferative activity 
To date a significant correlation between EGFr expression 

and proliferative activity has been found in breast [12] and in 
prostate cancer [25]. In both studies, the authors reported that 
tumours expressing EGFr had a higher proliferative activity, 
analysed either immunohistochemically using Ki-67 MAb, or 
by studying cells in S-phase using flow cytometric analysis. In 
our series of lung cancers, no differences were observed in 
positive or negative EGFr tumours regarding the proliferative 
activity studied by immunohistochemical and flow cytometric 
S-phase analysis. However, EGFr expressing turnours showed a 
higher proportion of cells in S-phase, although the statistical 
difference was not reached. The discrepancy between our and 
Visakorpi’s study may be due to the different organs, but in 
particular to the small number of tumours analysed for S- 
phase. Moreover, the EGFr expression does not always provide 
information on proliferation. Indeed, not all cell types demon- 
strate a biological response to the growth factor [37]. In some 
cases, EGFr expression is probably more related to the specific 
stage of differentiation. 

EGF is an important growth promoting agent binding with 
the external domain of its receptor results in the initiation of a 
series of biochemical reactions which lead to DNA synthesis and 
cell growth [38]. The prominent reactions are the receptor 



EGFr Expression in NSCLC Progression 181 

Figure 1. Differentiated squ;amous cell carcinoma of the lung, intense 31G7 immunoreactivity in the membrane (A, arrows) and in the 
cytoplasm (B, arrow) of neoplastic cells. Nuclear staining with PC10 (C) and Ki-67 (D) monoclonal antibodies, which recognise cell cycle- 

related antigens. 
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Table 1. Characteristics of 176 patients with NSCLC according to Table 4. EGFr expression in squamous cell carcinomas (n = 105) 
clinim-pathological parameters according to nodal status 

Variables 
Number 
of cases Percentage 

Variables 

EFGr expression 
Number 
of cases Percentage Mean (k SD) Pt 

sex 
Males 
Females 

Histology 
squamous 
Adenocarcmoma 
Large cells 

Tumour size 
s3 cm 
>3 cm 

pNodal status 
NO 
Nl-2 

pTumour status 
Tl 
T2 
T3 

pStage 
Sl 
s2 
s3 

160 91 
16 9 

105 60 
59 34 
12 7 

52 29.5 
124 70.5 

117 66 
59 34 

38 21.5 
120 68 

18 10.2 

109 62 
16 9 
51 29 

pNodal status 
NO 

Nl-2 

75* 72.1 33 (227.4) 
0.01 

29 27.9 47.8 (226.1) 

*In one case no data were available concerning lymph nodes status; 
tunpaired c-test. 

Table 5. Prolifeative activity according to EGFr expression in 
NSCLC 

Proliferative EGFr expression 
activity Positive Negative R 

Table 2. Relationship between EGFr expression and histology in 
176 cases of NSCLC 

Variable histology 

squamous 
Adenocarcinomas 
Large cell anaplastic 

*Kruskall-Wallis test. 

EGFr 
Percentage of 

Number of positive cells 
cases (mean + SD) P* 

105 42.1 (k26.2) 
59 25.8 (221.5) 0.0009 
12 33.0 (221.1) 

Ki-67 
Number of cases 
Percentage of 
positive cells* 

PCNA 
Number of cases 
Percentage of 
positive cells* 

S-Phase 
Number of cases 
Percentage of 
positive cells* 

87 21 
16.8 f 14.3 21.1 -1- 16.3 ns 

155 21 
30.9 f 20.9 34.2 -+ 22.6 ns 

40 7 
23.3 f 10.5 18 f 5.3 ns 

*The data are expressed as mean* SD; tunpaired c-test. 

Table 3. Relationship between EGFr immumreactivity andclinico- 
pathological parameters in 176 cases of NSCLC 

Variables 

Tumour size 
63 cm 

>3 cm 

pTumour stage 
Sl 

S2-3 

pNodal status 
NO 

Nl-2 

*Unpaired c-test. 

EGFr immunoreactivity 
Number 
of cases Mean (*SD) P* 

52 30.6 k 27.5 
ns 

124 32.4 f 26.3 

109 30.2 t 26.6 
llS 

67 34.5 2 26.5 

117 29.3 2 26.1 
ns 

59 36.8 _’ 27.0 

0 10 20 30 40 50 60 70 90 16Q 

EGFr (% of positive cells) 

Figure 2. Linear regression analysis between the percentage of EGFr 
and PCNA immunoreaerive cells. No correlation was found between 

the two variables (r = 0.05; P = 0.4). 

autophosphorylation and cytosolic protein phosphorylation. 
Activation of the protein tyrosine kinase activity of the EGFr is 
believed to trigger this complex cascade of biochemical reaction 

1391. 
In conclusion our results suggest that the EGFR over- 

expression may provide further information on NSCLC behav- 
iour, although these must be coniirmed by additional perspective 
studies in patients with complete follow-up data. 
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