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Abstract The upper aerodigestive tract mucosa of patients who develop squamous cell carcinoma
of the head and neck (SCCHN) is predisposed to abnormally regulated growth, evidenced by the high
incidence of synchronous and metachronous malignancies. We econducted a series of experiments to
show that aberrant regulation of the epithelial growth factor, transforming growth factor alpha (TGF-
a) and its cell surface receptor, the epidermal growth factor receptor (EGFR), contribute to this
predisposition. Using molecular biological techniques, we compared the incidence and mechanism of
TGF-o and EGFR over-production in fresh tumors and histologically normal mucosal specimens from
patients with SCCHN and normal, control patients without cancer. In patients with SCCHN, TGF-«
and EGFR mRNA levels were significantly elevated in both tumor and normal mucosal specimens as
compared to levels in control mucosa from non-cancer patients. Neither an enhancement of message
stability nor an increase in gene copy number alone accounted for the elevation of EGFR mRNA.
Increased production of TGF-a and EGFR mRNAs 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 chemoprevention.  © 1993 Wiley-Liss, Inc.
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Squamous cell carcinoma of the head and
neck (SCCHN) is frequently fatal with few
available therapeutic modalities. Information
concerning the growth factors involved in the
development and maintenance of SCCHN may
improve treatment options; such understanding
has resulted in new therapies for some cancers,
including anti-epidermal growth factor receptor
(EGFR) antibodies to treat squamous cell carci-
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noma of the lung [1]. The impact of this type of
therapy on SCCHN is unknown since the role of
growth factors has yet to be systematically
studied.

Head and neck cancer provides an ideal mod-
el for chemoprevention studies due to the high
incidence of second primary tumors of the up-
per aerodigestive tract in individuals who sur-
vive their initial malignancy. Squamous cell
carcinoma (SCC), the most common cancer,
involves the oral cavity, oropharynx, hypophar-
ynx, and larynx. Worldwide, SCC of the oral
cavity and oropharynx alone represents the
sixth most frequent site of cancer in both sexes
combined [2]. Despite advances in diagnostic
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and therapeutic techniques, there is no evidence
that survival rates have improved. Greater
understanding of the pathogenesis of these
tumors would enhance efforts to prevent
SCCHN in patients at risk.

GROWTH FACTORS AND SCCHN

The combined use of alcohol and tobacco has
consistently been identified as a predisposing
risk factor for developing SCCHN. The mecha-
nism(s) by which these agents affect malignant
transformation remains unknown. Further-
more, only a minority of people who smoke and
drink go on to develop a head and neck malig-
nancy.

One growth factor system that may partici-
pate in the malignant transformation of upper
respiratory tract squamous epithelial cells is
EGFR and its ligand, transforming growth
factor alpha (TGF-a). TGF-« is a cytokine pro-
duced by numerous malignant cells, yet its role
in the establishment and maintenance of the
transformed state is unclear. A variety of hu-
man tumor cell lines over-produce mRNA for
both TGF-« and EGFR. This increase in mes-
sage correlates well with increased TGF-« and
EGFR protein in renal cell carcinoma [3}. The
significance of this up-regulation is unclear.
However, in a number of tumor systems, in-
creased EGFR mRNA has been associated with
larger tumor size and advanced stage, and
hence, a worse prognosis [4-6]. For example,
fresh oral cavity tumors demonstrated mRNA
expression for TGF-o and EGFR; however, data
on mRNA levels in normal mucosa are conflict-
ing and appear to depend on the technique
employed (in situ hybridization versus Northern
blotting) [7,8].

Amplification of the EGFR gene has been
detected in a number of cell lines derived from
patients with SCCHN [9-12], although no am-
plification or structural rearrangement of the
EGFR gene has been found in fresh head and
neck tumors by Southern blot analysis [10].

We hypothesized that fresh tissues and cell
lines from patients with head and neck cancer
would show aberrant peptide growth factor
regulation. Fresh tumor and histologically nor-
mal mucosal samples from patients with
SCCHN, as well as SCCHN cell lines were used

to determine the frequency and mechanism of
EGFR and TGF-« over-expression.

TGF-a AND EGFR mRNA EXPRESSION IN
SCCHN PATIENT TISSUES

Intact RNA was isolated from samples of
tumor and histologically normal mucosa from
24 patients with SCCHN undergoing surgical
resection for their disease. RNA was also isolat-
ed from normal mucosa excised from 7 age- and
sex-matched control patients who had neither
SCCHN nor a significant history of alcohol and
tobacco exposure. The isolated RNA was ana-
lyzed on Northern blots, and up-regulation of
EGFR and TGF-a was determined by compar-
ing mRNA levels in SCCHN tissues with those
in the control tissues. Levels of mRNA were
quantified by two-dimensional densitometry; an
18s ribosomal cDNA probe was used to control
for loading.

Normal mucosa from control patients consis-
tently demonstrated low levels of TGF-o mRNA
and little or no detectable EGFR mRNA. The
vast majority of tumor specimens and histologi-
cally normal mucosal samples from SCCHN
patients showed increased levels of TGF-o and
EGFR mRNA when compared to mRNA levels
in the controls [13]. Overall, TGF-o« mRNA was
up-regulated in 95% of histologically normal
mucosal samples and 87.5% of tumors. TGF-«
was elevated approximately 5-fold in both tu-
mor and histologically normal mucosal samples
from SCCHN patients compared with controls.
EGFR mRNA was increased 69-fold in tumor
samples and 29-fold in histologically normal
mucosal samples from SCCHN patients com-
pared with levels in controls. EGFR mRNA
levels were greater than those found in normal
control mucosa in 92% of tumors and 91% of
histologically normal mucosal samples from
SCCHN patients.

TGF-a AND EGFR EXPRESSION IN SCCHN
CELL LINES

Since Northern blot analysis of fresh tissue
cannot precisely identify which cells (e.g., tu-
mor, connective tissue, etc.) are responsible for
the message detected, we examined TGF-« and
EGFR mRNA production in 10 SCCHN cell
lines. All ten cell lines (both primary and meta-
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static) showed increased levels of both TGF-«
and EGFR mRNAs compared with levels in con-
trol mucosa. TGF-o« 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: 9.3-362), compared with the control.

MECHANISM OF TGF-a AND EGFR
UP-REGULATION

Increased steady-state mRNA levels may
result from a variety of mechanisms, including
increased gene copy number (DNA), enhanced
mRNA stability, or an elevated rate of message
transcription. Southern blot analysis of SCCHN
cell lines and selected fresh tumors failed to
reveal a significant increase in gene dosage
when compared to the SCC cell line A431,
which is known to amplify EGFR DNA se-
quences 15- to 30-fold [14,15].

To determine whether a prolonged message
half-life could account for the increase in mRNA
levels detected, Actinomycin D chase experi-
ments were conducted on selected SCCHN cell
lines. Densitometric analysis of the Northern
blots revealed that the half-life of EGFR mRNA
was 5.5 hours in the control cell line and
7.5 hours in the SCCHN cell line. The 36%
prolongation of EGFR mRNA half-life in the
SCCHN cell line could not account for the 88%
increase in EGFR mRNA production, suggesting
that transcriptional activation of the EGFR
gene also contributes to elevated levels of EGFR
mRNA. In the absence of a suitable, non-trans-
formed negative control cell line for TGF-«
mRNA production, we have not been able to
draw conclusions regarding TGF-oo mRNA half-
life.

IMPLICATIONS FOR CHEMOPREVENTION

Differentiation agents, such as retinoic acid,
have shown in randomized clinical trials to
resolve premalignant lesions such as oral leuko-
plakia [16], as well as reduce the incidence of
second primary tumors in patients with SCCHN
[17]. A possible explanation for these findings at
the molecular level was provided by studies in
other tumor systems showing that retinoic acid
down-regulates both EGFR {18] and TGF-« [19]
mRNA production. Preliminary data from our
lab and others confirm that SCCHN cell lines,

when treated with retinoic acid, produce less
TGF-a and EGFR mRNA [20]. Our findings
provide an enticing explanation for the effects
of retinoic acid on mucosal head and neck le-
sions. The over-production of TGF-« and EGFR
mRNA by tumors and mucosa at risk in pa-
tients with SCCHN may be interrupted by
treatment with agents such as retinoic acid,
which down-regulate TGF-o and EGFR mRNA
production at the level of gene transcription.

ACKNOWLEDGEMENTS

We would like to thank Dr. Eugene N. Myers
and Dr. Jonas T. Johnson for providing patient
tissue specimens, and Dr. Theresa L. Whiteside
for supplying the SCCHN cell lines.

REFERENCES

1. Divgi CR, Welt S, Kris M, Real FX, Yeh SDJ, Gralla
B, Merchant B, Scheighart S, Unger M, Larson SM,
Mendelsohn J: Phase I and imaging trial of indium
III-labeled anti-epidermal growth factor receptor
monoclonal antibody 225 in patients with squamous
cell lung carcinoma. J Natl Cancer Inst 83:97-104,
1991.

2. Parkin SM, Laara E, Muir CS: Estimates of world-
wide frequency of sixteen major cancers. Int J Can-
cer 41:184-187, 1988.

3. Mpydlo JH, Michaeli J, Cordon-Cardo C, Goldenberg
AS, Heston WDW, Fair WR: Expression of trans-
forming growth factor o and epidermal growth
factor receptor messenger RNA in neoplastic and
non-neoplastic human kidney tissue. Cancer Res
49:3407-3411, 1989.

4. Mukaida H, Toi M, Hirai T, Yamashita Y, Toge T:
Clinical significance of the expression of epidermal
growth factor and its receptor in esophageal cancer.
Cancer 68:142-148, 1991.

5. Kawamoto T, Takahashi K, Nishi M, Kimura T,
Matsumura T, Taniguchi S: Quantitative assay of
epidermal growth factor receptor in human squa-
mous cell carcinomas of the oral region by an avi-
din-biotin method. Jpn J Cancer Res 82:403—410,
1991.

6. Yasui W, Hata J, Yokozaki H, Nakatani H, Ochai A,
Ito H, Tahara E: Interaction between epidermal
growth factor and its receptor in progression of
human gastric carcinoma. Int J Cancer 41:211-217,
1988.

7. Todd R, Chou MY, Matossian K, Gallagher GT,
Donoff RB, Wong DTW: Cellular sources of trans-
forming growth factor alpha in human oral cancer.
J Dent Res 70:917-923, 1991.

8. Todd R, Donoff BR, Gertz R: TGF-¢ and EGF re-
ceptor mRNAs in human oral cancers. Carcinogene-



10.

11.

12.

18.

14.

15.

TGF-o and EGFR in Head and Neck Cancer 191

sis 10:1553-1556, 1989.

Ishitoya J, Toriyama M, Oguchi N, Kitamura K,
Ohshima M, Asano K, Yamamoto T: Gene amplifica-
tion and over-expression of EGF receptor in squa-
mous cell carcinoma of the head and neck. Br J
Cancer 59:559-562, 1989.

Eisbruch A, Blick M, Lee JS, Sacks PG, Gutterman
J: Analysis of epidermal growth factor receptor gene
in fresh head and neck tumors. Cancer Res 47:
3603-3605, 1987.

Weichselbaum RR, Dunphy EJ, Beckett MA, Tybor
AG, Moran WJ, Goldman ME, Vokes EE, Panje WR:
Epidermal growth factor gene amplification and
expression in head and neck cancer cell lines. Head
Neck 11:437-442, 1989.

Yamamoto T, Kamata N, Kawano H, Shimizu S,
Kuroki T, Toyoshima K, Rikimaru K, Nomura N,
Ishizaki R, Pastan I: High incidence of amplification
of the epidermal growth factor receptor gene in
human squamous carcinoma cell lines. Cancer Res
46:414-416, 1986.

Grandis JR, Tweardy DT: Elevated levels of trans-
forming growth factor alpha (TGF-o) and epidermal
growth factor receptor (EGFR) mRNA are early
markers of carcinogenesis in head and neck cancer.
Cancer Res, 1993 (submitted).

Merlino GT, Xu Y, Ishi S, Clark AJL: Amplification
and enhanced expression of the epidermal growth
factor receptor gene in A431 human carcinoma cells.
Science 224:417-419, 1984.

Ullrich A, Coussens L, Hayflick JS, Dull Td, Gray

16.

17.

18.

19.

20.

A, Tam AW, Lee J, Yarden Y, Liberman TA, Schles-
senger J: Human epidermal growth factor receptor
¢DNA sequence and aberrant expression of the
amplified gene in A431 epidermoid carcinoma cells.
Nature 309:418-425, 1984.

Hong WK, Endicott J, Itri LM, Doos W, Batsakis
JG, Bell R, Fofonoff S, Byers R, Atkinson EN,
Vauvhan C: 13-cis-Retinoic acid in the treatment of
oral leukoplakia. N Engl J Med 315:1501-1505,
1986.

Hong WK, Lippman SM, Itri LM , Karp DD, Lee JS,
Schantz SP, Kramer AM, Lotan R, Peters LJ: Pre-
vention of second primary tumors with isotretinoin
in squamous cell carcinoma of the head and neck. N
Engl J Med 323:795-801, 1990.

Hudson LG, Santon JB, Glass CK, Gill GN: Ligand-
activated thyroid hormone and retinoic acid recep-
tors inhibit growth factor receptor promotor expres-
sion. Cell 62:1165-1175, 1990.

Dmitrovsky E, Moy D, Miller WH Jr, Li A, Masui
H: Retinoic acid causes a decline in TGF-o expres-
sion, cloning efficiency, and tumorigenicity in a
human embryonal cancer cell line. Oncogene Res
5:233-239, 1990.

Kim JS, Steck PA, Gallick GE, Lee JS, Blick M,
Hong WK, Lotan R: Suppression by retinoic acid of
epidermal growth factor receptor autophosphoryla-
tion and glycosylation in cultured human head and
neck squamous carcinoma cells. J Natl Cancer Inst
Monogr 13:101-110, 1992.





