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ABSTRACT

The squamous mucosa of patients who develop head and neck cancer is
"condemned" or predisposed to disregulated growth as reflected by the

high incidence of synchronous and metachronous primary tumors. We
hypothesized that transformed and nontransformed mucosa from head
and neck cancer patients would produce increased levels of transforming
growth factor a (TGF-a) and its cell surface receptor, the epidermal

growth factor receptor (EGFR), thereby contributing to this predisposi
tion. Using molecular biological techniques, we examined the incidence
and mechanism of TGF-a and EGFR overproduction in tumors and

histologically normal mucosa excised from patients with squamous cell
carcinoma of the head and neck (SCCHN) to test this hypothetical mech
anism of field cancerization. Northern blot hybridization was used to
evaluate the frequency of increased TGF-a and EGFR m RNA production

in tissue excised from 24 patients with SCCHN and 10 cell lines compared
with 7 control patients without cancer or a history of alcohol and tobacco
use. Southern blot hybridization was used to examine for gene amplifica
tion. In patients with SCCHN, TGF-a m RNA was elevated by a mean of
5-fold in 95% of histologically "normal" mucosa samples (P = 0.001) and

by a mean of 5-fold in 87.5% of tumors (P = 0.0001) while EGFR mRNA
was elevated by a mean of 29-fold in 91% of histologically normal mucosa
specimens (P = 0.0005) and by a mean of 69-fold in 92% of tumors (/' =

0.0005), compared with mRNA levels in control normal mucosa. In 10
SCCHN cell lines, TGF-a mRNA was increased by a mean of 16-fold and
EGFR mRNA levels were increased by a mean of 77-fold. Increased pro
duction of TGF-a and EGFR mRNA in the histologically normal mucosa

of patients at risk for a primary or secondary head and neck cancer may
serve both as a marker for malignant transformation and as a target for
preventive therapies.

INTRODUCTION

SCC3 is the most common malignancy involving the oral cavity,

oropharynx, hypopharynx, and larynx. Over the last 5 years, there has
been a dramatic increase in the incidence of SCC of the oral cavity in
the United States, Scandinavia, and Scotland, particularly among
younger males (1-3); worldwide, the number of cases is even greater.

While the management of SCCHN has improved, there is no evidence
to suggest that therapeutic advances have resulted in increased sur
vival rates. The opportunity to prevent SCCHN would be greatly
enhanced by a more sophisticated understanding of the pathogenesis
of these tumors.

Epidemiological studies identify alcohol and tobacco use as pre
disposing risk factors; however, the mechanism(s) by which the com
bination of these agents affects malignant transformation remains
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unknown. Moreover, only a minority of people who smoke and drink
in any appreciable quantity subsequently develop a head and neck
malignancy. No viral associations, chromosomal abnormalities, or
oncogene activations have been consistently identified in patients with
SCCHN.

Evidence is accumulating that TGF-a and its receptor, EGFR, may
be directly involved in oncogenesis. TGF-a, when transfected into

normal mouse mammary epithelial cells with a retroviral vector, re
sults in the transformation of those cells to a malignant phenotype (4).
Elevated levels of mRNA for EGFR and/or TGF-a have been detected

in a variety of cultured human carcinoma cell lines including SCC of
the skin, lung, esophagus, and oral cavity (5-9). This increase in
mRNA is associated with increased TGF-a and EGFR protein (10).

Such an elevation of EGFR protein has been documented in a number
of cell lines and tumors derived from patients with SCCHN (11-13).

Furthermore, patients whose tumors express increased EGFR protein
appear to have a worse prognosis (12, 14-18). To date, oral cavity

tumors have been reported to demonstrate evidence of mRNA expres
sion for EGFR and TGF-a, yet data from normal mucosa in these

patients are sparse and conflicting (8, 19). We hypothesized that fresh
tissues and cell lines derived from patients with SCCHN would show
aberrant peptide growth factor regulation. We examined fresh tumor
and histologically normal mucosa samples from 24 patients with
SCCHN as well as 10 cell lines to determine the frequency and
cellular source of EGFR and TGF-a mRNA overexpression.

MATERIALS AND METHODS

Cell Lines. Ten cell lines (7 primary tumors and 3 metastatic lymph nodes)
derived from patients with SCCHN as well as 3 control cell lines were grown
in Minimal Essential Medium (GIBCO Laboratories, Grand Island, NY) with
15% fetal bovine serum (GIBCO), plus 100 units/ml of penicillin and 100
units/ml of streptomycin (GIBCO) (20). The SCCHN cell lines are part of a
large collection established in the Department of Otolaryngology at this
university (21). A431 is a well characterized vulvar SCC known to over
produce EGFR mRNA by 20-100-fold (5) and was used as a positive control.

The negative control cell lines consisted of Detroit 551 (skin fibroblast)
and IMR-90 (lung fibroblast) which are American Type Culture Collection

cell lines, the latter of which is known to produce low levels of EGFR mRNA
(5).

Fresh Tissue Samples. A portion of tumor and histologically normal mu
cosa was isolated intraoperatively from 24 patients with SCCHN undergoing
surgical resection of their disease. All 24 patients were smokers and had a
history of ethanol abuse. For use as controls, normal mucosa was also har
vested from 7 patients without SCCHN, matched for age (within 5 years) and
sex with SCCHN patients, who were undergoing unrelated head and neck
procedures (e.g., uvulopalatopharyngoplasty). All controls denied an anteced
ent history of alcohol or tobacco use.

RNA Extraction and Northern Blot Analysis of Tissues and Cell Lines.
After excision, the tissues were immediately lysed in 4 M guanidine isothio-
cyanate (BRL, Bethesda, MD), or were snap-frozen in liquid nitrogen and

processed while frozen at a later date to minimize RNA degradation. Total
cellular RNA was isolated by centrifugation through a cesium chloride (BRL)
cushion (22).

When the flasks containing the cell lines were 65-85% confluent, the cells
were washed with phosphate-buffered saline and lysed with guanidine isothio-
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Table I Clinical t-haracttrisiics Â«fSCCHN patients mill intact RNA

Patient1234567g9101112131415161718192021222324Sex/age(yr)M/70M/65M/56F/74M/71M/77M/56F/83M/60M/63M/63F/53M/48M/64M/63M/65M/71M/71M/68M/57M/55M/57M/63F/55PrimarytumorsiteLarynxLarynxLarynxFloor

ofmouthLarynxPyriform

sinusLarynxBuccal

mucosaLarynxLarynxRetromolar

trigoneLarynxLarynxTongueHypopharynxPyriform

sinusLarynxBuccal

mucosaHypopharynxLarynxLarynxLarynxFloor

ofmouthPyriform
sinusClinical

stageTjNoMoT2N0Mâ€žT,N2Mâ€žT2N,Mâ€žTÂ«NoMaT4Nâ€žMâ€žT2Nâ€žMâ€žTjNoMoRecurrenceT4Nâ€žMâ€žT4N|MoT,Nâ€žMâ€žT,N0Mâ€žTjNoMoT4Nâ€žMâ€žT4M2hMâ€žT4Nâ€žM(IT4Nâ€žMâ€žT4N2cMâ€žT4N,Mâ€žT4N,Mâ€žT2N(1Mâ€žT4N2bMâ€žT4N,Mâ€žPriortherapyRadiationNoneNoneNoneNoneNoneRadiationNoneRadiationNoneNoneNoneNoneNoneNoneNoneNoneNoneNoneNoneRadiationNoneNoneNone

cyanate. RNA was purified from crude lysate by cemrifugation through a
cesium chloride cushion. Twenty jj.g of RNA were separated on agarose-
formaldehyde gels (23), blotted onto Zetabind (AMF-Cuno. Meriden, CT)
according to the manufacturer's instructions, and covalently bound to the

membrane by brief UV irradiation (24). Full-length cDNA clones of EGFR and
TGF-a were obtained from the American Type Culture Collection collection

(Rockville, MD). The EGFR was cDNA-isolated from a human cDNA library
in pBR322 (25). The TGF-a cDNA was isolated frm a human kidney library
in pBR327 (26). The cDNA probe for human ÃŸ-tubulinwas isolated from a

HeLa cell in library in pUC8 (27). The cDNA probe for rat 18s rRNA was
cloned in the pXC-1 derivative of pBR322 and was kindly provided by Dr.

Christine Milcarek. University of Pittsburgh School of Medicine. Nucleic acid
probes were radiolabeled to a high specific activity (2-5 X 10" cpm/fig cDNA)

by nick translation or random priming with [3::P]dCTP and used to hybridize
membranes according to the manufacturer's instructions. Following hybridiza

tion overnight at 37Â°C,the membranes were washed exposed to Kodak XAR
film with an intensifying screen at -80Â°C for 1-14 days.

Determination of TGF-a and EGFR mRNA Production. Two-dimen
sional densitometry was performed on autoradiograms following TGF-a,

EGFR, and 18s ribosomal subunit cDNA hybridizations. Relative density was
calculated by dividing TGF-a or EGFR signals by the 18s signal. Two to 4

controls were run on each Northern blot and the mean and SD were calculated
for each set of controls. Comparisons were only made between samples run on
the same blot. Several patient samples were run on 2-3 Northern blots to assess
blot-to-blot variability. TGF-a values varied by as much as 15% between blots
and EGFR signals by no more than 25%. When the relative densities of TGF-a

or EGFR in SCCHN patient samples was greater than the mean of the controls,
statistical significance was calculated using \2 analysis where the null hypoth

esis was that 50% of the patient samples would have relative densities above
the controls and 50% would have values less than or equal to the controls.
When the relative densities of the patients' tissues were greater than the mean

plus 2 SD of the controls, significance was determined using the Fisher exact

test.
DNA Extraction and Southern Blot Analysis. DNA was obtained from

10 SCCHN and 3 control cell lines by sodium dodecyl sulfate-proteinase
K digestion and extraction with phenol and chloroform, followed by eth-

anol precipitation, as described (28). The DNA (10 ng) from cell lines
and fresh tumor was digested with an excess of restriction endonuclease
(Ei-wRI) and electrophoresed on a 0.8% agarose gel. The digested DNA was

transferred to nylon filters using the method of Southern as described (29).
Blots were then probed with [12P]dCTP-labeled cDNA. The membranes were
then washed and exposed to x-ray film with an intensifying screen at -80Â°Cfor

14 days.

RESULTS

TGF-a and EGFR mRNA Expression in Fresh Tumor and

Normal Mucosa from Patients with SCCHN. Intact RNA was iso
lated from samples of tumor and histologically normal mucosa from
24 patients undergoing surgical resection at the Eye and Ear Pavilion
of the Montefiore University Hospital, University of Pittsburgh, from
July 1990 through November 1991 (Table 1). Total RNA from the
normal mucosa of 7 patients matched for age and sex with cancer
patients with neither SCCHN nor a significant history of alcohol and
tobacco exposure who underwent unrelated head and neck surgery
was also extracted for use as controls.
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Fig. 1. Sample Northern blot of the tissues of SCCHN patients showing increased
TGF-a and EGFR mRNA production. In A, total RNA (20 Â¿Â¿g)from tumor tissue and

histologically normal mucosa from three SCCHN patients and three control cell lines and
mucosa from three control patients without cancer were fractionated by gel electrophore-
sis, blotted onto nylon membranes, hybridized sequentially with TGF-a, EGFR. ÃŸ-tuhulin,
and the cDNA for the 18s ribosomal subunit, and stripped between hybridizations. Ex
posure time was 14 days for TGF-a, 72 h for EGFR, 48 h for ÃŸ-tubulin,and 2 h for 18s.
Hybridization with ÃŸ-tubulin,a "housekeeping" gene, and the probe for 18s ribosomal

RNA, a structural RNA, was performed to control for RNA loading and integrity. In B, the
autoradiograms were analyzed by densitometry and the TGF-a and EGFR values were
corrected by dividing by the 18s value. The corrected scanning ratio was then plotted for
each individual sample; the control data are presented as mean Â±SD of the three controls.
Kb. kilobases; P, patient; N, historically normal mucosa; 7", tumor; C, control.
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DENSITOMETRY
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Fig. 2. Up-regulation of TGF-a and EGFR mRNA in patient samples. Densitometric analysis of 24 SCCHN patients and 7 normal controls analyzed on 9 Northern blots. Relative
density was calculated by dividing the density of the TGF-a or EGFR hybridization by the 18s ribosomal subunit hybridization. The region of the autoradiogram corresponding to the
TGF-a and EGFR bands is shown above each sample. N. histologically normal mucosa; 7",tumor; C, control.

Table 2 Summary of TGF-cc timi EGFR mRNA levels in SCCHN fell lines und patient tissues

TGF-a mRNA levels EGFR mRNA levels

Cell/tissuesampleSCCHN

cell lines

SCCHNtumorsHistologically

"normal" mucosaLevel

in sample > mean
level incontrols"10/10(100%)

P = I.I X IO'5

21/24(87.5%)
P = 0.001

21/22(95%)
P = 0.0001Level

in sample > mean level
in controls + 2SD10/10(100%)

P = 1.1 x 10~5

17/24 (71%)
P = 2.9 X 10~7

16/22 (73%)
P = 2.5 X IQ-6Level

in sample > mean
level incontrols"10/10(100%)

P = 1.1 x I0-s

22/24 (92%)
P = 0.0005

20/22 (91%)
P = 0.0005Level

in sample > mean
level in controls + 2SD10/10(100%)P

= 1.1 x 10~5

20/24 (83.3%)
P = 2.3 X IO'"

18/22 (82%)
P = 1.1 x 10~6

" Control. mRNA levels excised from patients without cancer.
h "Normal" mucosa, histologically normal mucosa excised from patients with SCCHN.

The RNA isolated from patient tissues was analyzed on Northern
blots. Up-regulation of EGFR and TGF-a mRNA levels was deter
mined by comparing EGFR and TGF-a levels in tissues (tumor and

histologically normal mucosa) from patients with SCCHN with EGFR
and TGF-a mRNA levels in normal mucosa excised from control

patients; only comparisons made between samples run on the same
Northern blot were considered valid. Levels of mRNA were quantified
by two-dimensional densitometry; an 18s ribosomal cDNA probe was

used to control for loading. To assess the reproducibility of results,
initially 5 patient samples were analyzed on 2-3 Northern blots. The
blot-to-blot variability of each specimen proved negligible. Specifi

cally, EGFR mRNA levels varied by 3-25% while the levels of TGF
mRNA varied by 2-15%.

Normal mucosa from non-SCCHN patients consistently demon
strated low levels of TGF-a mRNA and little or no detectable EGFR

mRNA. The overwhelming majority of tumor specimens as well as
histologically normal mucosa samples harvested from patients with
SCCHN were found to demonstrate increased levels of TGF-a and

EGFR mRNA compared with mRNA levels produced by normal
mucosa from non-cancer patients (Figs. 1 and 2). Overall, TGF-a
mRNA was up-regulated in 95% of histologically normal mucosa
samples (P = 0.0001) and 87.5% of tumor samples compared with
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Table 3 Degree of Up-regulation of TGF-a and EGFR in patient tissues

Patient1234567g9101112131415161718192021222324MeanSDTGF-a

in
tumor"2.261.395.642.230.940.133.11.121.91.925.954.2210.43.18.673.149.67.54.18.619.619.90.85.345.35TGF-a

in

normal
mucosa"2.522.7541.920.661.133.4210.83.841.134.81.310.9NA*NANA7.26.810.44.259.6175.664.863.38EGFR

in
tumor"118.623.569019.3210373.33.950.322.564.82.41.82.423.10.641.82.6716.120.510.164.21.211.813.668.7157.5EGFR

innormal

mucosa"139123.810035.355.564.71.144.14.91.482.40.60.82.73NANANA6.128.23196.921.1536.929.44.3

DISCUSSION

Our examination of TGF-a and EGFR mRNA production by fresh

head and neck tumors and samples of histologically normal mucosa
excised from a large number of patients with SCCHN revealed mark
edly increased levels of both TGF-a and EGFR mRNA in the over

whelming majority of specimens compared with levels detected in
normal mucosa samples from control patients without cancer. The
apparent up-regulation of growth factor and receptor mRNA expres

sion has implications for the pathogenesis of head and neck cancer.
Alterations in growth factor signal transduction may contribute to

disordered cell growth via a variety of mechanisms, including altered
growth factor production, quantitative or qualitative changes in
growth factor receptors, and disturbances of intracellular signalling
events following receptor binding. When a cell develops the ability to
produce a growth factor that stimulates its own proliferation, an au
tocrine growth pathway may develop, resulting in uncontrolled
growth. The acquisition in vitro of such an autocrine pathway, involv
ing the growth factor bombesin and its receptor, may contribute to the
development of small cell carcinoma of the lung (32). Our discovery
of increased mRNA levels of TGF-a, and its receptor, EGFR, in fresh

" Level in sample/mean level in control.
'' NA, not available (due to RNA degradation).

TGF-a mRNA in control mucosa (P = 0.001). EGFR mRNA was

minimally expressed in 1 control sample and not expressed at all in the
remaining 6 control normal mucosa samples; however, EGFR mRNA
was detected and greater than normal control mucosa in 92% of
tumors and in 91% of histologically normal mucosa samples resected
from patients with SCCHN (P = 0.0005) (Table 2). TGF-a mRNA
was elevated approximately 5-fold in both tumor and histologically

normal mucosa samples from SCCHN patients compared with con
trols. EGFR mRNA was increased 69-fold in tumor samples and
29-fold in histologically normal mucosa samples from patients with

SCCHN compared with levels in controls (Table 3).
TGF-a and EGFR mRNA Expression in SCCHN Cell Lines.

When Northern blot hybridization is used to analyze mRNA species in
homogenized fresh tissue samples, one cannot precisely identify
which cells (e.g., tumor, connective tissue, etc.) are responsible for the
message detected. Using in situ RNA hybridization, a recent study
demonstrated TGF-a expression by the infiltrating eosinophils in oral
cavity tumors (19). To determine if the increased TGF-a as well as

EGFR mRNA expression was of epithelial cell origin, we examined
10 cell lines derived from patients with SCCHN (21). All 10 SCCHN
cell lines (both primary and metastatic) show increased levels of both
TGF-a and EGFR mRNA compared with levels in normal mucosa
from control patients (P = 1.1 X 10~5) (Fig. 3; Table 2). TGF-a

mRNA was elevated by a mean of 10-fold (range, 1.7-36.3) and
EGFR mRNA was elevated by a mean of 77-fold (range, 9.3-36.2)

compared with control.
Mechanism of TGF-a and EGFR mRNA Up-regulation. In

creased steady-state mRNA levels may result from a variety of mech

anisms including increase in gene copy number (DNA), enhanced
message stability, or an elevated message transcription rate. To deter
mine if overexpression of EGFR and TGF-a mRNA is due to multiple
gene copies in the cell lines, genomic DNA was purified and quanti-

tated and 10 fxg were linearized with an excess of restriction enzyme
(EcoRI) and then subjected to Southern blot hybridization. Compared
with A431 which is known to amplify EGFR DNA sequences 15-30-

fold (30, 31), the 10 SCCHN cell lines derived from patients did not
show a significant increase in EGFR or TGF-a gene dosage or any

evidence of rearrangements of these genes (data not shown).
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Fig. 3. Northern blot of SCCHN cell lines demonstrating increased TGF-a and EGFR

mRNA production compared with control. A, total RNA (20 /ig) from 10 SCCHN cell
lines, two control cell lines, and mucosa from two control patients without cancer,
hybridized sequentially with TGF-a, EGFR, ÃŸ-tubulin, and the cDNA from the 18s
ribosomal subunit, and stripped between hybridizations. Exposure time was 14 days for
the TGF-a and EGFR. 24 h for 0-tubulin, and 2 h for 18s. In B. the autoradiograms were
analyzed by two-dimensional densitometry and the TGF-a and EGFR values were cor

rected by dividing by the 18s value. The corrected scanning ratio was then plotted for each
individual sample; the control data are presented as the mean Â±SD of the 2 controls. Kb.
kilobases. C, control.
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tumors and cell lines derived from patients with SCCHN suggests that
an autocrine growth pathway may be operating in this tumor system.

TGF-a production was originally thought to be restricted to trans

formed and fetal or placenta! cells (33), but synthesis has now been
detected in normal colonie mucosa (34) as well as gastric epithelium
(35). The elevation of both TGF-a and EGFR mRNA in historically

normal mucosa extracted from a large number of patients with
SCCHN was striking. The concept of "field cancerization" or "con
demned mucosa," whereby multiple foci of premalignant or malignant

changes occur as a result of exposure of the entire epithelium to
initiating agents (e.g.. tobacco smoke and alcohol), has been invoked
to explain why patients with SCCHN are susceptible to the significant
development of synchronous and metachronous tumors (36, 37). The
detection of elevated levels of mRNA for EGFR and its ligand,
TGF-a, in the histologically normal mucosa of patients with SCCHN

suggests that this is one mechanism whereby exposed mucosa be
comes "condemned." This finding also indicates that the development

of elevated TGF-a and EGFR mRNA levels may signal an early event

in carcinogenesis in SCCHN.
The precise contribution of epithelial toxins, ethanol, and tobacco to

the genetic disregulation which subsequently leads to the head and
neck cancer phenotype is uncertain. Specifically, experiments analyz
ing the effects of alcohol and tobacco products on growth factor and
receptor mRNA levels have yet to be reported. It is possible that in the
genetically susceptible individual, prolonged exposure to the combi
nation of alcohol and tobacco results in transcriptional activation of
the TGF-a and EGFR genes resulting in an autocrine regulatory

pathway, with subsequent malignant transformation. Future studies
incorporating controls with a history of alcohol and tobacco use but
without head and neck cancer are necessary to address this issue.

The identification of aberrant epithelial growth factor regulation in
histologically normal mucosa of patients at risk for SCCHN could be
useful as a true molecular marker of premalignancy as well as serve
as a target for chemomodulation or prevention. Retinoids are differ
entiation agents the effects of which on cells are mediated by regu
lating gene transcription. In head and neck mucosa, retinoids have
been shown to both eliminate premalignant lesions such as leuko-

plakia (38) and reduce the incidence of second primary tumors in
patients with SCCHN (39). Studies in other systems reveal that ret-
inoic acid down-regulates both EGFR (40) and TGF-a (41) mRNA

expression. Preliminary data from our laboratory and others confirm
that SCCHN cell lines, when treated with retinoic acid, produce less
TGF-a and EGFR mRNA (42). An enticing explanation for the ef

fects of retinoic acid on mucosal head and neck neoplasms is therefore
provided by our findings. The overproduction of TGF-a and EGFR

mRNA by tumors and mucosa at risk in patients with SCCHN may
be interrupted by treatment with retinoic acid which down-regulates
TGF-a and EGFR mRNA production at the level of gene tran

scription.
An understanding of growth factor disregulation has led to new

approaches to therapy in other types of cancer, such as the use of
anti-IL-2 receptor antibodies to treat T-cell lymphomas (43). Numer
ous animal studies have demonstrated an anti-tumor effect of anti-

EGFR monoclonal antibodies against human squamous cell carcino
mas (A431 ) xenografted into nude mice (44). A recent Phase I trial at
the National Cancer Institute confirmed the feasibility of administer
ing anti-EGFR monoclonal antibodies to patients with squamous cell
carcinoma of the lung (45). Our discovery of elevated TGF-a and

EGFR production by squamous epithelial cells from patients with
SCCHN suggests that therapies targeting these genes may be effective
in the prevention of both recurrent disease and the development of a
second primary malignancy of the upper aerodigestive tract.
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