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As bstract. Epidermal growth factor (EGF) pro-
motes the growth of cultured benign and malignant cells.
Recent studies have demonstrated that the amount of
EGF receptor is elevated in squamous cell carcinoma
cells in tissue culture when compared with normal epi-
dermal cells. This study demonstrates that elevated levels
of EGFreceptor are detected in biopsy specimens of hu-
man squamous cell carcinomas of the lung with a murine
monoclonal antibody, EGF-R1, which binds specifically
to the receptor. The increased receptor ranged from 2.5-
to 5-fold that of normal skin. These findings have been
observed in 11 of 11 squamous carcinomas and two of
two epidermoid head and neck cancers. Seven of eight
adenocarcinomas, two of two small cell, and four of eight
undifferentiated lung cancers had negligible amounts of
EGFreceptor. The EGFreceptor antibody did not bind
significantly to normal lung tissues and 35 nonepidermoid
tumors. Therefore, EGF receptor may be an excellent
marker for epidermoid malignancies.

Introduction

Epidermal growth factor (EGF)' promotes the growth of a wide
variety of cultured normal and malignant cells in vitro (1).
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1. Abbreviations used in this paper: EGF, epidermal growth factor;
EGF-R1, a murine monoclonal epidermal growth factor receptor-specific
antibody.

Cultured tumor cells and their normal counterparts usually ex-
press equal numbers of EGFreceptors ( 1-3). The one exception
is cultured human squamous carcinoma cells. Several of these
cell lines have been reported to express 4-7-fold more EGF
receptors than do cultured keratinocytes (4). Whether this ele-
vation reflects an increased level of EGF receptors in these
squamous cell carcinomas in vivo has not been determined.
EGFreceptors have not as yet been quantitated in human tumor
specimens. The present study examined human lung cancer
biopsy specimens for the presence of EGFreceptors. The mea-
surement of receptor utilized a murine monoclonal antibody,
EGF-Rl, which has been previously described to specifically
bind to the human EGF receptor by immunofluorescence (4,
5), binding assays in both fixed and unfixed tissue (5), and with
immunoprecipitation (4-7). This report demonstrates that an
EGF receptor-specific murine monoclonal antibody, EGF-R1
(5), binds to human squamous cell carcinomas. The levels of
EGFreceptor as determined by antibody binding to fixed cryo-
sections are much greater in squamous tumors than in normal
skin and most nonepidermoid lung cancers. This observation
suggests that an increased number of EGFreceptors may be a
hallmark of epidermoid malignancies in vivo.

Methods

Tissue preparation
Tumor specimens were obtained from patients undergoing routine di-
agnostic procedures at Baylor University Hospital, Dallas, TX, the Dallas
Veterans Administration Medical Center, and Parkland Memorial Hos-
pital, Dallas, TX. Cryosections (6-8 um) were obtained from cryostat
frozen specimens which were being studied in this manner for diagnostic
purposes. Representative sections of each specimen that was obtained
were stained with hematoxylin and eosin to confirm the diagnosis. Cryo-
sections were fixed in 50% acetone-phosphate-buffered saline (PBS),
washed four times with PBS, air dried, and stored at -70°C.

Binding of EGF-RJ to EGFreceptors
Assay of EGFreceptors. Weemployed a radioimmunoassay technique
that had been developed for detecting antibody binding to mammary
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carcinomas (8-10). EGF-R1 and 2b, an irrelevant control antibody of
the same IgG isotype, were radiolabeled with 1251 using lactoperoxidase
to an activity of -5 X 103 cpm/ng of antibody (1 1). The cryosections
were covered with 100 uld radioiodinated monoclonal antibody (200,000
cpm trichloroacetic acid precipitable counts per minute) in PBS-50%
calf serum. Sections were incubated for 3 h at 24°C and washed four
times with PBS-5% calf serum. Sections were exposed to X-ray film
(XAR, Eastman Kodak Co., Rochester, NY) for 16 h before development.
Some slides were subsequently either stained with hematoxylin and
eosin, or dipped in photographic emulsion (NTB-2, Eastman Kodak
Co.), exposed for 96 h before development, and then stained with he-
matoxylin and eosin.

Quantitation of binding. EGF-R1 binding was quantitated by two
techniques. Binding to all tissues was studied by reviewing autoradio-
graphs on the X-ray film. Initially, binding was quantitated by scanning
densitometry and scored 0-4. Subsequently, the autoradiographs were

EGF - RI

then independently viewed by three observers and similarly scored. When
emulsion autoradiography was performed, the photographic grains in
the emulsion were counted using a computerized grain-counting device
(Magiscan; Joyce-Loebl-Nikon, Garden City, NY), and confirmed by
manual counting. 10 microscopic fields of 100 Aim2 were counted per
cryosection using a 100 X objective. The areas within the field that did
not contain tumor were computer subtracted and the grain counts pre-
sented were normalized to an area of 100 ,Am2.

Results

The specificity and sensitivity of the assay is demonstrated in
Fig. 1, which represents a typical study of EGF-R1 binding to
four lung tumors and one normal skin biopsy. The photomi-
crographs show that more EGF-R1 bound to the squamous
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Figure 1. Binding of '25I-EGF-RI to fixed cryosec-
tions of lung cancer and normal skin. Tissue speci-
mens obtained from patients undergoing diagnostic
procedures were frozen and cut into 6-8-MUm sections.
The cryosections were fixed with acetone-PBS and
adjacent sections were incubated with either '25-
EGF-R1 (left) or a control '25I-IgG monoclonal anti-
body (2b IgG) (right) for 3 h at 24°C. After four
washes with PBS that contained 5% serum, the sec-
tions were dried, coated with photographic emulsion
(NTB-2, Eastman Kodak Co.), and exposed for 96 h
before development and staining with hematoxylin
and eosin. The histologic diagnoses were as follows:
a, squamous cell carcinoma; b, squamous cell carci-
noma; c, normal skin; d. adenocarcinoma; and e, un-
differentiated carcinoma in each pair of micrographs.
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carcinomas (Fig. 1, a and b) than to the adenocarcinoma (Fig.
1 d), an undifferentiated carcinoma (Fig. 1 e), or normal skin
(Fig. 1 c). The amount of '25I-EGF-R1 bound (Fig. 1, left) was
much greater than the amount of a control antibody bound
(Fig. 1, right) for all specimens except the undifferentiated car-
cinoma.

To quantitate the data of Fig. 1, the number of radioactive
grains per 100 sm2 of tissue sections were counted. These data
confirmed the visual observation. The squamous tumors bound
from 2.5 to 5 times as much EGF-R1 as normal skin and 3-6
times that of the adenocarcinoma (Table I). The number of
grans that were present in the two squamous tumors and skin
were significantly different at a probability P< 0.001. Similarly,
the difference between the skin and adenocarcinoma and the
adenocarcinoma and the undifferentiated carcinoma were all
significant at P < 0.001.

For rapid evaluation of many tumor specimens, cryosections
which had been reacted with antibody were covered with X-
ray film that was then directly exposed for 16 h and examined
at a gross level. The same cryosections that were used in Fig.
1 were used in Fig. 2. The density of the gross autoradiogram
was consistent with the number of photographic grains that
were detected with the emulsion, and the areas of intense binding
represented the areas of squamous tumor in the biopsy speci-
mens. Onthe basis of visual intensity, five subgroups have been
recognized with semiquantitative grading from absent binding
(0) to very intense binding (4+). For example, specimen 2 a
represents an example of 4+, 2 b is 3+, 2 c and 2 d are 1+,
and 2 e is 0. These visual impressions were substantiated by
scanning densitometry, which confirmed the distinctions be-
tween the graded levels of EGF-Rl binding.

Using this rapid autoradiographic analysis, biopsy specimens
from 29 patients with lung cancer have been evaluated (Table
II). In the squamous cell carcinomas, EGF-R1 bound to 10 out
of 11 intensely. The binding of EGF-R1 was uniform within
the tumor except in areas of keratin formation and necrosis,
where it was markedly decreased. EGF-Rl bound to only two
of eight adenocarcinomas, and to only one of these tumors with
moderate intensity. Neither of the small cell carcinomas bound
EGF-R1. 50% of the undifferentiated lung tumors bound EGF-

Table I. Quantitation of EGF-RJ Antibody Binding to EGF
Receptors in Fixed Sections of Lung Cancers and Normal Skin

Tissue EGF-R I Control

Grains/100 Grains/100
$tM2±SD Rm2±SD

Squamous cell carcinoma, 1 6,388±73.5 193.5±23.8
Squamous cell carcinoma, 2 3,622±60.0 214.7±40.5
Normal skin 1,472±44.8 175.7±22.0
Adenocarcinoma 1,170±34.6 146.7±40.7
Undifferentiated cancer 342.8±38.5 225.9±37.8

Rl intensely. Normal lung bronchioles and alveoli in sections
that contained lung cancer failed to bind significant amounts
of EGF-R1. In addition, two squamous tumors of the head and
neck were tested; both bound high levels of EGF-R1 (Table II).
A total of 35 nonepidermoid tumors have been studied, of which
none have greater EGF-Rl binding than normal skin. Six other
monoclonal antibodies which bind antigens that are present in
normal and malignant lung tissue have failed to preferentially
bind to squamous carcinomas.

Discussion

The data that is presented may be of major clinical significance.
High levels of EGFreceptor were detected in all the squamous
cell carcinomas of the lung and the head and neck studied. The
EGFreceptor content appears to be low in normal lung, skin,
and epithelial cells. The ratio of specific binding of EGF-RI to
squamous cell carcinomas over normal skin in our assays is
similar to that observed for EGFbinding to squamous cell car-
cinoma cell lines as compared with cultured keratinocytes (4).
Therefore, the level of EGFreceptor maybe an excellent marker
for squamous malignancies. Since none of the other lung tumors
that were studied had increased amounts of EGFreceptor, except
for four undifferentiated lung carcinomas, the presence of in-
creased EGFreceptors may be a useful means of distinguishing
epidermoid from small cell and adenocarcinomas, which is often
difficult to do with small biopsy specimens, even when electron
microscopy is employed. Similarly, undifferentiated lung cancers
may be segregated into those of squamous and nonsquamous
origin using these assays. Such a subclassification may aid in
determining appropriate therapies or prognosis for each
subgroup.

The advantages of the assay techniques that are reported
herein are significant. The assay can be done on very small
biopsy specimens, which are often all the tissue that was obtained
for diagnostic purposes. It is a direct antibody assay which reduces
the background binding and allows for direct quantitation. By
using a radioimmunoassay rather than immunofluorescence or
immunoperoxidase, the sensitivity can be varied by changing
the exposure time. When reacted slides are treated with pho-
tographic emulsion, binding can be correlated with the histology
of the tumor through direct observation by many observers.
The use of X-ray film autoradiographs enables rapid detection
of ligand binding. Wehave used a similar approach to study
antigens in breast cancer (8-10), and we believe that the tech-
nique can be generalized to any ligand that recognizes fixed
tissue. Although the anti-EGF receptor antibody binds to the
squamous carcinomas, we have been unable to demonstrate
binding of '25I-EGF to the cryosections. It seems likely that the
EGFdoes not bind to the receptor after fixation, whereas the
antibody recognizes the receptor in fixed tissue.

The noted increase in EGFreceptor content in squamous
tumors compared with normal bronchial epithelium, alveoli,
and skin further support the hypothesis that increased expression
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Figure 2. X-ray autoradiographs of '23I-EGF-Rl
bound to cryosections of lung cancer and normal
skin. The identical tissue sections used in Fig. 1 are
shown here. After reaction with either '25I-EGF-R1
or '25I-control antibody, the sections were exposed to
X-ray film (XAR, Eastman Kodak Co.) for 16 h. The
slides were subsequently dipped in photographic
emulsion, which generated the emulsion autoradio-
graph shown in Fig. 1. The order of specimens is
identical to that shown in Fig. 1: a, squamous cell
carcinoma; b, squamous cell carcinoma; c, normal
skin; d, adenocarcinoma; and e, undifferentiated car-
cinoma.

of EGF receptor is a property that is specific to epidermoid
malignancies and is not an alteration that is commonto tumors
derived from other embryonic tissues or to proliferating epithelial
cells in general. The specificity and consistency of the increase
in expression of EGF receptors by squamous tumors suggests
that the increase is an important step during tumorigenesis. It
could provide the potential tumor cell with the ability to con-

tinually proliferate when the supply of growth factor is restricted

and/or to escape terminal differentiation. The EGFreceptor is
a tyrosine-specific protein kinase (12) that phosphorylates some

of the same targets that are phosphorylated by viral-transforming
proteins (I 1, 13, 14), and there is structural homology with the
v. erb B oncogene (7). Although the role of the receptor in
tumorigenesis remains to be defined, the elevated tyrosine kinase

activity may well contribute to the malignant state of epidermoid
carcinomas.
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Table II. Binding of EGF-RJ Antibody to EGF
Receptors in Lung Cancers and Nonmalignant Tissue

No. of
Tissue specimens Intensity of antibody binding

0 1+ 2+ 3+ 4+
Lung cancers 29

Squamous 11 - - 1 2 8
Adeno 8 6 1 1 - -

Small cell 2 2 - - - -
Undifferentiated 8 4 - - 1 3

Other epidermoid neoplasms 2 - - - - 2

Nonepidermoid neoplasms 35 13 22 - - -

Nonneoplastic
Lung

Alveoli 18 18 - - - -

Bronchioles 14 14 - - - -

Skin 4 - 4 - - -
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