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ABSTRACT

Seventeen fresh uncultured tumors obtained from biopsies of patients
with various forms of head and neck cancer and two squamous cell
carcinoma cell lines were analyzed for RNA expression and structural
alterations of the epidermal growth factor reception gene. We used cDNA
probes for the external and the internal domains of the gene. Enhanced
inRNA expression was found only in one squamous cell carcinoma cell
line, which is known to have high levels of epidermal growth factor
receptor. No amplification or structural rearrangement of the epidermal
growth factor receptor gene was found.

INTRODUCTION

Epidermal growth factor is a polypeptide which can stimulate
or inhibit proliferation or differentiation of several cell types
(1). EGFR" includes a cytoplasmic portion which has protein
kinase properties, and is homologous to the \-erb-B transform
ing protein of the avian erythroblastosis virus (2, 3). Enhanced
expression of the \-erb-E gene in avian erythroblastosis virus-
infected cells may lead to cellular transformation (1). EGFR
also includes a short transmembrane portion and an external
domain (3). High levels of EGFR, high gene copy numbers,
and alterations in the structure of the gene and in the protein
kinase activity have been reported in several tumors, notably
squamous cell carcinoma cell lines (3-6). To determine whether
abnormalities of the EGFR gene are associated with human
malignancy, particularly of the squamous cell histolÃ³gica! type
originating in the head and neck region, we analyzed 17 fresh
uncultured tumor samples for alterations in the EGFR gene
structure, copy number, and expression. We employed recently
developed probes for the internal and external domains of the
gene (3).

MATERIALS AND METHODS

Tumor Samples and Cell Lines. Cell lines 183A and 1483 were
recently established from squamous cell carcinomas of the head (7).
Line 183A was derived from a tumor biopsy obtained from a 54-year-
old male patient who had well-differentiated squamous cell carcinoma
of the tonsil. Line 1483 was derived from a tumor biopsy obtained from
a 66-year-old male with a well-differentiated squamous cell carcinoma
of the retromolar trigone. The cells were maintained in Dulbecco's
minimal essential medium and Ham's F12 supplemented with 10%

fetal bovine serum. Tissues were obtained from diagnostic specimens
of 17 patients at the University of Texas, M. D. Anderson Hospital
and Tumor Institute, and reviewed by a member of the Department of
Pathology.

Fresh tumor samples were obtained immediately after surgery and
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stored at -70Â°Cor processed immediately by placing them in a mortar

containing liquid nitrogen. The frozen tissue was then pulverized with
a pestle.

Preparation of DNA and RNA. The DNA and total cellular RNA
were isolated according to a modification of a method described else
where (8). Briefly, the pulverized tumor sample was solubilized in a
solution containing 4 M guanidine thiocyanate, 25 mM sodium citrate,
0.1 M 2 /3-mercaptoethanol, and 0.5 g% sodium A'-laurylsarcosine.
Eight ml of homogenized material was layered onto a 2-ml 5.7 M CsCl
cushion, centrifuged at room temperature for 20 h at 39,000 rpm in an
SW41 rotor. Viscous DNA was removed from the CsCl-guanidine
thiocyanate interface, diluted with three volumes of water, and allowed
to precipitate overnight at â€”20Â°Cin an equal volume of 95% ethanol.

The precipitated DNA was air dried, suspended in Ix SSC +10 mM
EDTA and proteinase K (200 Mg/ml), and incubated overnight at 37Â°C.

The DNA was extracted with phenol and choroform and precipitated
overnight at â€”20Â°Cin 0.2 M sodium acetate and an equal volume of

95% ethanol.
The RNA which had pelleted through the CsCl cushion was resus-

pended in 7.5 M guanidine hydrochloride and reprecipitated by adding
0.025 M acetic acid and '/z volume of 95% ethanol. This method
prevents precipitation of tRNA or DNA (8, 9). After overnight precip
itation at -20Â°C,the solution was centrifuged at 9000 rpm for 30 min

and the pelleted RNA was dissolved in water. The RNA samples were
stored at -70Â°Cuntil used.

Blotting and Hybridization. High molecular weight DNA (15 n%)was
digested overnight by restriction endonucleases as recommended by the
supplier, International Biotechnologies, Inc. The digested samples were
electrophoresed in a 0.8% agarose gel, denatured, neutralized, and then
transferred to nylon filters with lOx SSC as described by Southern
(10). The nylon filters were prehybridized overnight and hybridized at
42Â°Cfor 48 h with 32P-labeled probes, nick translated to a specific
activity of 1-3 x 10" cpm/^g of DNA (11). The filters were then washed
at 60"C for 60 min in 0.1% sodium dodecyl sulfate and O.lx SSC.
Filters were autoradiographed at â€”70Â°Cfor 48-120 h. Filters were

reprobed after immersion in boiling water for 10-20 min, a procedure
which removed the former radioactive probe.

Quantitative RNA expression was done using the dot blot assay.
Total cellular RNA was serially diluted in "special" SSC (12x sodium

chloride and 8x sodium citrate + 12.8% formaldehyde) and blotted
onto nylon filters. Hybridization was done as described for the DNA
filters, and the same probes were used. To remove the probe from RNA
blots, the filters were washed in 80% formamide and 0.25 M 4-(2-
hydroxyethyl)-l-piperazineethanesulfonic acid solution at 80Â°Cfor 15

min.
Probes Used. Cloning of the EGFR cDNA, XHER-A64, has been

described (3). EcoRl subclones were prepared and used as probes (Fig.
1); HER-A64-1 corresponds to most of the external and transmembrane
domain of the gene, while HER-A64-3 represents the COOH terminus
and part of the cytoplasmic, protein kinase domain. Preparation of the
/3-actin cDNA probe, used as an internal control to compare relative
amounts of DNA and RNA on the filters, has been described (12).

RESULTS

DNA was prepared from 17 tumor biopsy specimens from
patients with head and neck cancers, from one histologically
normal neck tissue, and from the two cell lines 183A and 1483.
The pathological histologies, anatomic sites of the biopsies,
and molecular studies performed on each sample are detailed
in Table 1.

Representative results of the Southern blot analyses are dis-
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Table 1 Histologies, site of thÃ©biopsies, RFLP patterns and RNA expression in
tumors obtained from patients with head and neck cancers
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Fig. 1. Top, probes used for the EGFR gene analysis. EcoRl subclones of the
EGFR cDNA (\HER-A64) used as probes are shown: HER-A64-1, external
(striped bar) and transmembrane (sulla bar) domain of the gene; HER-A64-ÃŒ,
protein kinase domain (stippled bar) (3). Bottom, Analysis of EGFR gene in
representative tumor samples by Southern blotting. DNA digested by EcoRl (A
and //). and by Hindlll (C and /)). A and C were hybridized with probe 11ER
A64-1, then boiled and rehybridized with probe HER-A64-3 (B and I)).

played in Fig. 1. The ///mflll-digested DNA probed with HER-
A64-1 displayed three distinct band patterns. The 16-kilobase
band was either associated with a 12-kilobase band (Fig. 1C,
lanes a, b, and/) or with a 9.8-kilobase band (Fig. 1C, lane c)
or with both (Fig. 1C, lanes d and e). The HER-A64-1 probe
was then removed by boiling and the filters were reprobed with
the HER-A64-3 probe. In this instance, we detected the same
band patterns with respect to the 16-, 12-, and 9.8-kilobase
hybridizing fragments (Fig. ID). The 12- and 9.8-kilobase frag
ments were of lower intensity when we used the HER-A64-3
probe. These same DNAs were then digested with EcoRl and
analyzed in the same manner with both probes. Fig. 1 A and B
show that no extra EcoRl hybridizing bands were detected when
we used either HER-A64-1 (Fig. IA) as a probe or HER-A64-
3 (Fig. \B). When we then digested these same DNAs with two
additional restriction enzymes, .Svii and /tornili, and analyzed
them with the same two probes, no extra bands were detected
in any of the tumors (data not shown).

A summary of the DNA analyses is presented in Table 1. We

"Pattern A, 16-kilobase + 12-kilobase band; pattern B, 16-kilobase +
kilobase + 9.8-kilobase band; pattern C, 16-kilobase + 9.8-kilobase band.

* For mRNA level of expression scale, see Fig. 2, legend.
c ND, not done.
* LN, lymph node.
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Fig. 2. Representative examples of EGFR gene expression by RNA dot blot
analysis. Total cellular RNA was isolated from the cell line 1483 (lane a), and
from two fresh tumor samples (lanes b and c) with Hinditt RFLP patterns A and
B, respectively. Thirty Mgwas serially diluted, blotted onto a nylon filter, and
hybridized to the HER-A64-3 probe (.1). A similar analysis of the histologically
normal neck tissue, the other five fresh samples from Table 1 as well as of the
183A cell line disclosed levels of expression equal to that observed in lune ein A
above. This level of expression was arbitrarily assigned a value of Ix. The level
of EGFR expression observed in the 1483 cell line (lane a in A) was 16-fold
higher and hence assigned the value 16x. The filter was washed to remove the
EGFR probe and rehybridized with the /Â¡-actinprobe (B) which disclosed that
equal amounts of RNA had been loaded onto each lane.

then reprobed each of the DNA blots with a |8-actin gene probe
which disclosed that equal amounts of DNA had been loaded
onto each lane (data not shown). Hence at this level of analysis,
we could not detect EGFR gene amplification in fresh head and
neck cancer.

To determine the relative levels of EGFR gene expression,
in samples with different Hindlll RFLP patterns, RNA was
extracted from seven of the available tumors, serially diluted,
and dot blotted onto nylon filters. Fig. 2 demonstrates that the
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EGFR gene is expressed 16-fold higher in the 1483 cell line
(Fig. 2A, lane a) when compared to other fresh tumors with
Hindm RFLP pattern A (Fig. 2A, lane b) and B (Fig. 1A, lane
c). The relative levels of expression were similar for each tumor
when we used either the HER-A64-1 or the HER-A64-3 probe.
We then reprobed the RNA blots with /3-actin which disclosed
that equal amounts of RNA had been loaded onto each lane
(Fig. 2B). A summary of our RNA results is presented in Table
1.

DISCUSSION

Our report includes an analysis of 17 fresh uncultured human
tumors biopsied from patients with various forms of head and
neck cancer. We have examined the structure and expression
of the internal domain of the EGFR gene, which has protein
kinase activity, as well as the external domain of the EGFR
gene. The alternate DNA fragment patterns detected with
Hindlll are most likely a result of a RFLP rather than a gene
rearrangement. We have confirmed this by a pedigree study and
the comparative analysis of DNAs from tumor samples and
adjacent normal tissues obtained from patients with other types
of tumors.5

A number of investigations have examined the EGFR gene
for structural alterations. Xu et al. (13) examined five cell lines
which expressed high levels of EGFR protein. One of these, the
A431 squamous cell line, displayed amplified DNA. Gullick et
al. (14) examined DNA from seven tumor specimens which
contained high EGFR protein, and no rearrangement or am
plification of the gene was found. Low incidence of amplifica
tion (one out of eight) was found by Yokota et al. (15) who
examined squamous cell tumors. On the other hand, Hunts et
al. reported two cases of EGFR gene amplification in four
squamous cell tumors which showed overexpression of mRNA
and high receptor numbers (16). Similarly Libermann et al.
(17) showed a high incidence of EGFR gene amplification (four
out of 10) in glioblastomas. Most of these studies have centered
on an examination of cell lines which are known to undergo
molecular changes in the process of tissue culturing.

In our study the cell line 1483 manifested overexpression of
the gene by 16-fold when compared to samples obtained from
seven fresh tumors. A 10-fold increase in the amount of epider
mal growth factor receptor protein in this cell line was reported
by Gallick et al. (7). Our analysis of the DNA of this cell line
as well as of 17 fresh specimens disclosed no gene amplification
or rearrangement. We conclude that EGFR gene amplification
and rearrangement are uncommon events in human tumors of
the head and neck. Further we conclude that overexpression of
the EGFR gene in the 1483 cell line resulted from a mechanism
other than gene amplification or rearrangement. Other mech
anisms that may result in elevated mRNA levels include specific
DNA point mutations and increased mRNA stability. In the
cell line UCVA-1 which contains normal EGFR mRNA and
DNA, but high EGFR protein levels, receptor stability seems
to be enhanced by protease insensitivity (16, 19). The EGFR in
A431 squamous cell carcinoma cells appears to be degraded
more slowly than in human fibroblasts (20).

Our RNA analysis was entirely quantitative. Because our
sample sizes were small it was impossible to obtain enough
material for northern blotting to determine the EGFR gene
transcript sizes in head and neck tumors. Further, since tumor
heterogeneity is a well-known phenomenon, it may very well be
that certain subpopulations of cells within a given tumor harbor

*J. S. Lee, Abstract no. 224. Annual Meeting of AAAS, 1987.

high levels of the EGFR mRNA or protein that could only be
detected by mRNA in situ hybridization or immunohistochem-
ical techniques. These latter techniques will also prove useful
in establishing normal levels of EGFR expression in histologi-
cally normal adult tissues.

Finally, we recognize that our analysis does not rule out small
deletions, insertions, or point mutations within the DNA of
EGFR.
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