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ABSTRACT

We have examined the epidermal growth factor (EGF) receptor gene
for structural alterations in fresh human tumors. DNA samples from 92
patients with solid tumors (lung cancer, 37; breast cancer, 24; head and
neck cancer, 17; other tumors, 14) were analyzed and compared with
those from 22 leukemia patients and 14 individuals without malignant
neoplasms. When DNA samples were digested with HindUl restriction
endonuclease. Southern blot analysis demonstrated 3 distinct polymor
phic bands (9.8, 11, and 12 kilobases) after hybridization to the I IKK
A64-1 probe and another 2 distinct polymorphic bands (4.9 and 5.2
kilobases) after hybridization to the HER-A64-3 probe. Pedigree analysis
of 43 members of a single family and comparative analysis of tumor and
normal DNA samples from the same patients demonstrated that the
variations in fragment size observed were due to 2 independent restriction
fragment length polymorphisms in the region of the EGF receptor gene.
Amplification of the EGF receptor gene was detected in 3 cases of breast
cancer, but not in other tumors studied. We conclude that the human
EGF receptor gene has multiple restriction fragment length polymor
phisms and that in fresh human tumor samples rearrangement and
amplification of the gene occur infrequently, if ever, within the region
encompassed by the 2 complementary DNA probes used.

INTRODUCTION
EGF* is a polypeptide of 53 amino acids that affects both the

growth and differentiation of many types of cells through a
specific binding to a cell surface receptor (1, 2). The EGF
receptor is a M, 170,000 glycoprotein with intrinsic tyrosine
kinase activity (3) that has a striking homology to the trans
forming protein of the v-erb-E oncogene of the avian erythro-
blastosis virus (4). Several lines of evidence suggest that the
EGF-related growth regulatory system is involved in both nor
mal and neoplastic cellular proliferation (S).

Enhanced EGF receptor levels have been reported in squa-
mous cell carcinomas and many other fresh tumors and cell
lines. In some cases, these changes in EGF receptor levels were
associated with alterations of chromosome 7 (6-8) and ampli
fication of the EGF receptor gene (9-14). In brain tumors,
possible rearrangements have also been reported (14). However,
we have found that the EGF receptor gene is rarely rearranged
in fresh human tumor samples. Instead, the gene has multiple
RFLPs that might be useful for linkage analysis and the study
of loss of heterozygosity. In this report, Hindlll polymorphic
patterns of the EGF receptor gene are characterized and their
significance is discussed.
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MATERIALS AND METHODS

Procurement of Specimens. Fresh tumor and nonmalignant normal
tissue samples were obtained from resected surgical specimens of 92
patients immediately following surgery. Lung cancer was present in 37
patients (squamous cell, 12; adenocarcinoma, 23; adenosquamous 1;
large cell, 1); breast cancer, 24; head and neck cancer, 17 (squamous
cell, 13; adenocarcinoma of the salivary gland, 2; nasopharyngeal
cancer, 1; poorly differentiated cancer, 1); and other neoplasms, 14.
Other neoplasms included 2 mesotheliomas, 4 sarcomas, 3 renal cell
carcinomas; 2 colon cancers, 1 melanoma, 1 lymphoma, and 1 lym-
phoepithelioma of the thymus. For a comparison, 3 benign breast
lesions, 1 sample of normal lung tissue, and peripheral blood samples
from 10 healthy normal volunteers and 22 leukemia patients were also
studied. All tissue and blood samples were obtained in compliance with
institutional guidelines and processed immediately or frozen in liquid
nitrogen and stored at â€”70Â°Cuntil processed. For pedigree analysis,

peripheral lymphocyte DNA samples from 43 members of a single
informative family were studied.

Preparation of DNA and Blot Hybridization. Samples of frozen tumor
and normal tissues were homogenized in liquid nitrogen, and DNA was
prepared following the method previously described (15). To lyse the
RBC, peripheral blood samples were incubated in a 1.2% ammonium
oxalate solution at 37Â°Cfor 10 min; the cell pellets were washed and

immediately treated for DNA extraction. Fifteen Mgof high molecular
weight DNA were digested to completion with restriction endonucle-
ases as recommended by the supplier (International Biotechnologies,
Inc., New Haven, CT); subsequently, they were size fractionated by
electrophoresis in a 0.8% agarose gel, denatured, neutralized, and
transferred to nylon filters following the previously described method
(16). Hybridization to oligo-primed "P-labeled probes (17) was con
ducted at 42Â°Cfor 48-72 h. The filters were then washed at 60'C for

60 min in O.lx standard sodium citrate solution containing 0.1%
sodium dodecyl sulfate and then were autoradiographed at -70Â°Cusing

intensifying screens. The filters were reused after they were boiled in
deionized water for 10 min to remove the radioactive probe.

Probes Used. EcoRl subclones of the EGF receptor gene comple
mentary DNA (X HER-A64) were used as probes (10): the HER-A64-
1 probe (1838 base pairs) encodes the external and transmembrane
domains, and the HER-A64-3 probe (768 base pairs) encodes the
protein kinase domain of the EGF receptor gene (Fig. 1). Preparation
of the /3-actin complementary DNA probe, used as an internal control
to compare relative amounts of nucleic acids on the filters, has been
described (18).

RESULTS

Hybridization to the HER-A64-1 Probe. When DNA samples
were digested with the Hindlll restriction endonuclease and
were hybridized to the HER-A64-1 probe, 3 distinct polymor
phic bands were identified with fragment lengths of 9.8, 11,
and 12 kilobases in addition to 3 constant bands (2.9, 3.4, and
16 kilobases) (Fig. 2/1). The 12-kilobase band in Lane a and
the 9.8-kilobase band in Lane e in Fig. 2A had a more intense
hybridization signal, suggesting that they represented a homo-
zygous status in this individual. The DNA sample in Lane b
had 11- and 12-kilobase bands, and DNA samples in Lanes c

4045

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2431747/cr0480144045.pdf by guest on 19 M

ay 2023



RFLPs OF THE EGF RECEPTOR GENE

A.HER-A64

EcoRl EcoRl EcoRl
5' 3'

i
1.0

i
2.0 3.0

I
4.0

HHER-A64-1

HER-A64-3
Fig. 1. Schematic representation of the human EGF receptor complementary

DNA and EcoR\ subclones used as hybridization probes. Lines, untranslated
sequences; boxes, coding sequences. The HER-A64-1 probe encodes the external
(D) and transmembrane (â€¢)domains of the gene, while the HER-A64-3 probe
encodes a part of the cytoplasmic domain (ES) (10).
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Fig. 2. Southern blot analysis of representative DNA samples. High molecular
weight DNA samples were digested with //incili] (A and D), EcoRl (B and E),
and Pst\ (C) and then were hybridized to the HER-A64-1 (A-C) and HER-A64-
3 probes (D and E). Each lettered lane was loaded with the same DNA sample.
kb, kilobase.

and d had 9.8- and 12-kilobase bands, suggesting a heterozygous
status.

When the same DNA samples were digested with EcoRl and
Pstl restriction endonucleases, there were discrete band patterns
corresponding to each Hindlll polymorphic pattern (Fig. 2, B
and C). All DNA samples with a MndlH polymorphic band of
12 kilobases had an 8.2-kilobase band after EcoRl digestion;
those samples with an 11-kilobase band (Lane b) or a 9.8-
kilobase band (Lanes c-e) had faint but discrete 7.6- or 7.0-
kilobase bands, respectively, after EcoRl digestion. DNA sam
ples without the 12-kilobase Mudili band did not have the 8.2-
kilobase band after EcoRl digestion (Lane e). Polymorphic band
patterns of the Pi/I-digested DNA samples were closely related
to those of ///ndlll-digested samples (Fig. 2C). No discrete
polymorphic band patterns were observed when DNA samples
were digested with BamHl, Mspl, Pvull, and Sstl (data not
shown).

Analysis of peripheral lymphocyte DNA samples from 43
members of an informative family showed that samples from
all but 4 individuals had a 12-kilobase polymorphic band after
Hindlll digestion. Limited pedigree analysis of family members
with polymorphic bands other than the 12-kilobase band alone
is shown in Fig. 3A. In this limited pedigree, the father's sample
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Fig. 3. Limited pedigree analysis showing segregation of the ///'mill! poly

morphic bands hybridized to the HER-A64-1 (A) and HER-A64-3 (B) probes.
kb. kilobase.

had a 12-kilobase band and the mother's sample had 11- and

9.8-kilobase bands, which segregated in a Mendelian fashion,
indicating that these ///will 11 fragments represent alÃelesat a
single polymorphic locus rather than rearrangements of the
EGF receptor gene.

Paired comparisons of DNA samples from tumor and adja
cent normal tissues from 25 patients (18 with lung cancer and
7 with breast cancer) showed that polymorphic band patterns
were identical in tumor and normal tissue samples (Fig. 4). Of
these, DNA samples from 8 patients (5 with lung cancer and 3
with breast cancer) retained both 9.8- and 12-kilobase allelic
fragments, demonstrating that there was no loss of heterozy-
gosity in the tumor. No significant difference in the frequency
of any one polymorphic band pattern was observed in the DNA
samples from normal controls or from patients with solid
tumors or leukemia (Table 1). Overall gene frequencies for
9.8-, 11-, and 12-kilobase allelic variants were 0.152, 0.031,
and 0.816, respectively.

The EGF receptor gene was amplified in the 3 cases of breast
tumors included in this study, as reported earlier (19). However,
we could not detect the EGF receptor gene amplification in
other tumors, including 25 squamous cell carcinomas of the
head, neck, and lung (Fig. 5).

Hybridization to the HER-A64-3 Probe. When DNA samples
were digested with the Hindlll restriction endonuclease and
hybridized to the HER-A64-3 probe, 2 distinct polymorphic
bands were identified with fragment lengths of 4.9 and 5.2
kilobases, in addition to the constant 16-kilobase band (Fig.
2D). When the filters were autoradiographed for a longer time,
the 4.9-kilobase band was faintly visualized, as was the domi
nant 5.2-kilobase band in lanes b and c. This might account for
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Fig. 4. Southern blot analysis of representative DNA samples of tumor (T)
and normal tissue (N) from the same patient. The filters were hybridized to the
HER-A64-1 probe, kb, kilobase.

Table 1 Hindlll polymorphic band patterns of the EGF receptor gene probed
with HER-A64-1

DNAsourceLeukemiaLung

cancerBreast
cancerHead

and neckcancerOther
tumorsNormal
controlTotalPercentagePolymorphic

bandpattern12kb132619129119070.312

and
9.8kb5744432721.112

and
11kb23000053.99.8kb21111064.7Total223724171414128100.0

the increased intensity of the 4.9-kilobase band in Lanes a, </,

and e (Fig. ID). The polymorphic bands of 9.8, 11, and 12
kilobases were also faintly visualized after a long exposure.
However, there was no direct correlation between these allelic
variants and those detected with the HER-A64-1 probe, sug
gesting that the EGF receptor gene has RFLPs at 2 different
sites. Paired comparisons of DNA samples of tumor and normal
tissues from 13 patients with lung cancer showed that the
polymorphic band patterns were identical in DNA samples
from tumor and corresponding normal tissue, indicating that
loss of heterozygosity was not the cause of faint visualization
of the 4.9-kilobase fragment in those cases (data not shown).
Whether this is related to cross-hybridization of the probe with
other associated genes or repetitive sequences within the gene
is not clear.

Pedigree analysis of the 43 family members confirmed that
these 4.9- and 5.2-kilobase fragments segregate over 3 genera
tions in a Mendelian fashion (data not shown). Limited pedigree
analysis demonstrated that these polymorphic alÃeles,detected
at 2 different sites within the EGF receptor gene, were trans
mitted into the next generation without meiotic recombination
(Fig. 3). No other discrete polymorphic patterns were observed
when the same DNA samples were digested with EcoRl (Fig.
2E), BamHl, Mspl, Pstl, Pvull, and Sstl (data not shown).
There was no significant difference in the frequency of these
polymorphic alÃelesbetween patients with lung cancer, other
tumors, or leukemia, as shown in Table 2. Overall gene fre-

EGFR

ÃŸ-Actin

Fig. 5. Dot blot analysis of representative DNA samples of tumor (T) and
normal tissue (jV). DNA samples from patients with large cell carcinoma (/),
adenocarcinoma (2 and 6). and squamous cell carcinoma of the lung (4, 5, and
7) were blotted onto a nylon filter and hybridized to the HER-A64-1 and 0-actin
probes. For a comparison, DNA samples of A431 cells, squamous carcinoma of
the skin (3), and peripheral lymphocytes (Â¿)from two healthy volunteers are
included. EGFR, epidermal growth factor receptor.

Table 2 Hindi 11polymorphic band patterns of the ECF receptor gene probed
with HER-A64-3

Polymorphic bandpatternDNA

sourceLeukemia

Lung cancer
Other tumors
Normal control
Total
Percentage5.2kb7

17
4
3

31
37.34.9

and S.2kb12

16
56

39
47.04.9kb3

4
51

13
1S.7Total22

37
14
10
83

100.0

quencies for 4.9- and 5.2-kilobase allelic variants were 0.392
and 0.608, respectively.

DISCUSSION

A number of investigators have examined the EGF receptor
gene for structural alterations, and some have found that the
gene was amplified in some cases (9-14). In addition, possible
rearrangements were reported in a few cases of glioblastoma
that showed amplification and overexpression of the EGF
receptor gene (14). On the other hand, after examining DNA
samples from 7 fresh tumor specimens, Gullick et al. (20)
reported that there was no rearrangement or amplification of
the gene; they discussed the possibility of polymorphic patterns
but lacked convincing data. In this study, we have demonstrated
that those putatively rearranged 9.8- and 5.2-kilobase bands
(14) are polymorphic allelic variants as substantiated by pedi
gree analysis and paired comparisons of DNA samples of tumor
and normal tissues from the same patient. When these facts are
considered, rearrangements of the EGF receptor gene were not
observed in the 92 fresh tumors and 22 cases of leukemia
studied. In addition, besides the 3 cases of breast tumors re
ported earlier (19), we could not detect the EGF receptor gene
amplification in fresh tumors, including 25 squamous cell car
cinoma samples. Interestingly, the EGF receptor gene was
overexpressed in some cases even without rearrangements or
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amplification (21), suggesting that a mechanism other than
gene amplification or rearrangements is responsible for over-
expression of the gene.

RFLPs occur when DNA sequence mutations or re
arrangements create or abolish the restriction endonuclease
recognition sites (22). A RFLP can also result from insertion
or deletion of DNA fragments between existing endonuclease
recognition sites. BamHl polymorphisms of the H-ras oncogene
are examples of this type (23, 24). Our data suggest that when
using the ///'mini restriction endonuclease and the HER-A64-

1 probe, the polymorphisms detected are due to an insertion-
deletion type of polymorphism, rather than a point mutation
at the restriction enzyme recognition site. In contrast, when
using the //imilll restriction endonuclease and the HER-A64-
1 probe, the polymorphisms detected appear to be due to point
mutation at the restriction enzyme recognition site. In either
case, analysis of RFLP patterns might be useful for the study
of genetic predisposition to certain human diseases, including
malignant neoplasms.

Since oncogenes are implicated in the pathogenesis of malig
nant neoplasms, it seems important to determine whether
RFLPs of a given oncogene can be used to study genetic
predisposition to certain malignant neoplasms. Krontiris et al.
(24) have reported more frequent association of unique allelic
restriction fragments of the H-ras locus in tumor and WBC
DNA samples from cancer patients than in DNA samples from
the unaffected population. Recently, Heighway et al. (25) have
reported that individuals with a specific H-/Y/.ValÃelehad a
significantly greater chance of developing non-small cell lung
cancer than did individuals not carrying that alÃele.Since we
were not able to document any significant differences in the
frequency of specific polymorphic band patterns among tumor
types or between patients with solid tumors versus patients with
leukemia, the EGF receptor RFLPs described in this report
appear to be markers for an inherited allelic variant. Further
studies are warranted to determine whether any of these inher
ited polymorphic patterns are associated with increased risk of
certain malignant neoplasms.
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