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Preface

Throughout the world, head and neck cancer is a major threat to public
health and a significant challenge to both clinicians and basic scientists.
Despite extensive efforts in primary prevention, screening, early detection,
and therapy, long-term survival rates have not improved substantially in the
last three decades. This book covers a wide range of exciting new findings in
both clinical and basic sciences as they are relevant to head and neck cancer.
These findings have recently enhanced our understanding of head and neck
carcinogenesis at the genetic and molecular levels, offering the promise of
improved preventive and therapeutic strategies. This book will also present
information on the important clinical advances that have been made in
chemoprevention, organ preservation, and the simultaneous use of chemo-
therapy and radiotherapy.

The first part provides an overview of the etiology and biology of head
and neck cancer, including an examination of human papillomaviruses
in both benign and malignant lesions. This section also discusses the
carcinogenic process at the genetic and molecular levels, as well as aberrant
squamous differentiation; increased understanding of these areas has great
potential to translate into new strategies for cancer prevention. The second
part describes recent advances in developing a risk model for head and
neck cancer, as well as the application of genetic susceptibility data in
chemoprevention. This section also includes overviews of the status of
chemoprevention trials and of the process of invasion and metastasis in head
and neck cancer.

The third part covers molecular studies of radioresistance, early detec-
tion of head and neck cancer, and the implications of photodynamic
therapy, while the fourth section includes studies of the timing and se-
quencing of chemoradiotherapy. New strategies in this area have significantly
increased the feasibility of laryngeal preservation in the treatment of
advanced laryngeal cancer. The fifth and last part discusses the manage-
ment of clinically negative neck disease, the role of adjuvant therapy in
preventing distant metastasis, and new strategies for the treatment of
recurrent tumors. Finally, we close with some intriguing predictions for the
future of head and neck cancer therapy.

vii



Our goal is to provide a summary of the state of the art in head and neck
cancer, so that practicing physicians can determine how these findings will
influence the management of their patients. The participation of the many
specialties represented by the authors emphasizes the importance of multi-
disciplinary care for the head and neck cancer patient.

WAUN KI HONG
RANDAL S. WEBER
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1. Role of human papillomaviruses in benign and
malignant lesions

Bettie M. Steinberg

The human papillomaviruses (HPVs) are a large family of related DNA
viruses. They are the etiologic agents of benign lesions (warts or papillomas)
of the skin, genitalia, and respiratory tract, as well as some malignancies [for
reviews see 1,2]. These viruses are very similar to the papillomaviruses that
cause warts in other vertebrates, ranging from birds to cattle. All of the
papillomaviruses have a similar genetic structure. The double-stranded cir-
cular DNA is approximately 8000 base pairs long. In benign lesions it exists
as multiple copies of separate episomes or mini-chromosomes, not integrated
into the cellular chromosomes. In malignant lesions, the viral DNA is
frequently, but not always, integrated into the host DNA. In infectious viral
particles, the DNA is packaged inside two viral coat proteins. The virus
does not contain a lipid envelope. Lack of an envelope means that these
viruses are resistant to drying and cannot be inactivated with alcohol or
other solvents.

More than 60 HPV types are currently known. Typing is based on DNA
homology, rather than on serotype. This is because virus particles for most
HPYV types are not available to develop serologic assays. The only types in
which virus is readily available in abundance are HPV 1, extracted from
plantar warts, and one isolate of HPV 11 which has been propagated in
human foreskin tissue implanted into nude mice. Most mucosal lesions
contain only small amounts of virus. Investigators have not been able to
grow papillomaviruses in tissue cluture, and only cloned DNA is available
for most types.

Biology of HPV infection

Human papillomaviruses are absolutely specific for squamous epithelium for
their replication, although they are able to infect respiratory epithelium and
the columnar cells of the endocervix. They also show specificity for parti-

Hong, Waun Ki and Weber, Randal S., (eds.), Head and Neck Cancer. © 1995 Kluwer Academic Publishers.
ISBN 0-7923-3015-3. All rights reserved.
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Figure 1. Life cycle of human papillomaviruses. This figure illustrates the overall life cycle of
the HPVs, showing the alternate outcomes of infections. The inner broken circle represents the
progressive differentiation of the stratified squamous epithelium. Thin arrows mark steps where
interventions might be developed to prevent disease. Question marks indicate events that are
only poorly defined to date. (Reprinted with permission from Auborn and Steinberg [38],
Copyright CRC Press, Inc. Boca Raton, FL.)

cular types of epithelium. If the HPVs are grouped by their DNA sequences,
the groupings show clear tissue specificity, with a major subdivision between
mucosal and epidermal viruses [3,4]. The basis of the tissue specificity is
only partly understood, but appears to involve regulatory sequences within
the viral DNA that interact with proteins found in preferred epithelial
tissues [5]. The mucosal virus can then be subgrouped into three groups:
those with relatively rare association with malignancy in the genital tract
(HPV 6 and 11, for example), those with intermediate malignant association
(i.e., HPVs 30, 31, and 33), and those with high malignant association
(HPVs 16 and 18).

Figure 1 shows the life cycle of the HPVs. Much of this information is
based on analysis of clinical tissues and analogy with the bovine papil-
lomavirus. There has been one system available for the propagation of HPV
11, using human epithelial tissues infected with the virus and implanted
under the renal capsule of nude mice [6]. In this system, after a lag phase of
weeks or months, the tissue will proliferate to form a benign papillomatous
cyst expressing all the viral RNAs and proteins, and producing new virus.
In situ hybridization of these cysts, as well as many different studies of
pathology specimens of both papillomas and carcinomas, has helped us
begin to understand the viral life cycle [7,8].

There are carefully controlled steps in the life cycle, coordinately re-
gulated by the degree of differentiation of the epithelium. Synthesis of low
levels of RNA coding for early proteins and low level episomal DNA
replication occur in the parabasal and lower spinous layers. Only in the
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upper layers of the papillomatous tissues is there abundant expression of
viral RNA and viral proteins and production of new viral particles.

There are three possible outcomes of HPV infection. First, and probably
most common, is latent infection. In this state viral DNA is present, but
there is no clinical or histological evidence of disease [9]. Latency can exist
for years without any pathology. In Figure 1 latency is not shown as part of
the main cycle, because there is no evidence for virus production during
latency.

Our laboratory is currently studying the molecular biology of latency. We
know that HPV RNA is in very low supply in latently infected tissues,
much lower than in papillomas. While still preliminary, we have data that
suggest that the RNAs made during latency are smaller than those made in
active infection, and that at least some genes for early viral proteins are not
expressed. We speculate that the absence of one or more critical viral gene
products results in the lack of any phenotypic changes in the tissue. We
know there is a lag period of several weeks to months between initial HPV
infection and the appearance of HPV RNA and then a papilloma [8]. We
also know that latent viral DNA can persist in tissues for years [9]. We do
not know whether these two ‘latent’ states are biochemically the same. Are
the same RNAs made in both cases? Are there any differences at the
cellular level that are not detected histologically? We have long postulated
that latent infection can be activated, leading to the formation of papillomas,
and that latent infection is the source of recurrent disease, but this has not
been proven. We are actively engaged in these studies, asking what cellular
or environmental factor(s) might be important in activation.

The second possible outcome of infection is the formation of a benign
papilloma or wart, which can be either markedly exophytic or rather flat.
These benign lesions are the classical clinical manifestations of HPV infec-
tion. The tissue is hyperplastic, with a relatively normal basal layer and
marked thickening of the spinous layer surrounding cores of connective
tissue (Figure 2). New virus particles are produced in a subset of the
uppermost papilloma cells. These particles are released as the surface cells
shed. Comparatively little virus is produced in respiratory papillomas, and
some papillomas produce no new virus.

One common characteristic of papillomas is increased capillary pro-
liferation, with capillary loops in each connective core of the papillary
fronds. To date, nothing is known about the mechanism of induction of
capillary proliferation in these tissues. Intriguingly, recent studies have
shown that interferon blocks capillary proliferation [10]. Interferon has
also been shown to reduce or prevent papilloma recurrences [11,12]. The
relationship between these two facts needs to be studied. Perhaps it is the
inhibition of angiogenesis, rather than antiviral effects, that functions in
interferon therapy.

Finally, conversion of a benign papilloma to a malignant carcinoma can
occur. There are three lines of evidence linking HPVs to human cancer.
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Figure 2. Histology of a papilloma. The hyperplasia of the spinous layer (S) and the connective
tissue cores containing capillaries (C) are clearly seen in this cross section of a benign laryngeal
papilloma. Hematoxylin-eosin stain.

First, over 90% of genital cancers contain HPVs [for extensive review
see 2]. Second, laryngeal papillomas can convert to carcinomas after X-
irradiation [13]. Third, cultured human keratinocytes can be immortalized
with either intact HPV 16 or 18 DNA, or with subgenomic fragments [for
review see 2]. The immortalized cells can gain the ability to form malignant
tumors after prolonged passage in culture. Moreover, the fact that papil-
lomas on domestic rabbits induced with the cottontail rabbit papillomavirus
can convert to malignancy also supports the relationship between papillo-
maviruses and cancers.

Malignant conversion is a rare event, even with those HPV types such as
HPVs 16 and 18 that are ‘high risk.’ It has been estimated that in the genital
tract 10—15% of benign lesions progress to dysplastic premalignant lesions,
and approximately 10% of these will develop into fully invasive carcinomas
if not treated [for review see 2]. The risk of spontaneous progression of
laryngeal papillomas is not known but is much lower. Such conversions are
presented in the literature as scattered case reports.

New HPV particles are not produced in the malignant tumors. This
outcome of infection is a dead end for the virus. The viral DNA is usually
integrated in cancers, interrupting expression of the sequences for capsid
proteins. In addition, there is absence of the epithelial differentiation re-
quired for the complete life cycle. Even those tumors classified as ‘well
differentiated’ do not complete the full differentiation process.
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Environmental factors play a significant role in the malignant conversion
of an HPV infection. X-ray therapy, used in the 1930s to treat laryngeal
papillomas, caused approximately one third of the patients to develop car-
cinoma of the larynx [13]. Tobacco smoking is postulated to be a risk factor
for development of cervical cancer in patients with HPV 16 and HPV 18
infections [14]. Ultraviolet light is a cofactor for malignant conversion of flat
skin warts caused by HPV 5 and HPV 8§ in patients with the rare disease
epidermodysplasia verruciformis [15]. In each case, a combination of HPV
plus a carcinogen increases the probability of malignant conversion of the
pre-existing benign lesion.

Functions of HPV proteins

HPV DNA can be divided into three functional areas. Figure 3 shows the
HPV DNA drawn in linear form, to facilitate seeing the relative positions of
the regions coding for viral proteins. Actually, the two ends are joined and
the DNA exists as a circle. The upstream regulatory region contains the
origin of replication and sequences that control expression in both positive
and negative ways. It does not code for any known protein. The early region
(E) contains the sequences that code for the early proteins: those involved
in establishment of the virus within a host cell, viral replication, and trans-
formation of the normal host cell to a papilloma or carcinoma. The late
region (L) contains the coding sequences for the two capsid proteins.

Three of the early proteins are of particular interest because they are
important in tumor formation. E5 is a small protein localized in the cell
membranes [16]. It interacts with receptors for growth factors and in this
way may alter the response of the cell to signals for growth and differen-
tiation [17]. The ES protein is not able to immortalize cells but can cause
changes in growth characteristics. It may be the major protein inducing
benign, hyperproliferative papillomas.
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Figure 3. Organization of the HPV 11 molecule. The relative positions of upstream regulatory
region (URR) and the open reading frames coding for the early (E) and late (L) proteins are
shown. The DNA molecule is depicted as linear, opened at the beginning of the early region. In
actuality, the molecule is circular, and the URR is positioned directly before the E6 open
reading frame. Numbers above the line show the actual nucleotide sequence in kilobases (Kb),
while numbers below the line indicate the percentage of the total viral DNA molecule.



E6 and E7 proteins are found in the nucleus, where they appear to have
several functions. There is some evidence that E7 can alter gene expression
[18]. In papillomas it has been postulated that the main function of these
two proteins is to help maintain the cellular DNA replication machinery in
the more superficial cells where the virus replicates (Dr. T. Broker, personal
communication). In normal epithelium, the upper spinous cells are ter-
minally differentiated. They have lost the complex set of enzymes and
factors required to replicate cell DNA. The virus is dependent on these
celluar proteins to replicate its DNA and therefore must have some
mechanism to maintain that function.

E6 and E7 proteins from either HPV 16 or HPV 18 work together to
cause complete transformation of human cells [19]. Epithelial cells infected
in the laboratory with these two HPV proteins can become immortal, and a
subset develop the ability to form carcinomas in animals. The HPV proteins
form complexes with two very important cellular tumor suppressor proteins.
E7 complexes with the retinoblastoma protein (Rb), while E6 binds to and
facilitates degradation of p53 [20,21]. E6 and E7 proteins from the HPV
types that normally do not cause cancers show reduced or absent binding to
the p53 and Rb proteins. The current belief is that complexing with and
inactivating these two proteins is at least part of the mechanism by which
HPVs cause cancers. Integration of HPV DNA into the host cell in malig-
nant tumors usually results in loss of regulation of E6 and E7 RNA syn-
thesis, increasing the levels of these two proteins. Perhaps low levels are
required and sufficient to induce benign papillomas, while overexpression of
the oncogenic types leads to carcinomas.

The E1 protein is involved in replication of HPV DNA, interacting with
cellular proteins in ways that are currently under study [22]. The E2 protein
plays multiple regulatory roles. It interacts with the E1 protein in replication
[23]. It also acts as both a positive and negative regulator of E6 and E7
expression, with its primary function to suppress expression [24]. Most
carcinomas do not express E2, because integration of the viral DNA into the
host chromosomes usually occurs at the end of E1 or the beginning of E2.
This is probably the reason carcinomas overexpress the E6 and E7 genes.
The function of E4 is still not clear.

Model systems to study HPV

Standard tissue culture systems are not well suited to study many aspects of
HPV-host cell interactions. In order to understand why, we must under-
stand the effect HPV infection has on host cell functions. Laryngeal
papillomas are characterized by an abnormal type of differentiation [25].
Involucrin, a marker for squamous differentiation, is present in both normal
and papilloma tissues (Figure 4a,b). In contrast, papillomas show marked
reduction in the presence of differentiation-specific keratins and filaggrin
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Figure 4. Differentiation of laryngeal papilloma compared to normal larynx. Frozen sections of
both normal and papilloma tissues were stained by immunohistochemical techniques, using a
panel of antibodies for differentiation markers, followed by a fluorescein-labeled second
antibody. Peanut agglutinin (PNA) staining of the cell-surface glycoprotein was determined by
binding frozen sections directly to fluorescein-labeled PNA. a, b: involucrin; c, d: keratin 13; e,
f: filaggrin; g, h: PNA; i, j: psoriatic antigen psi-3, found in suprabasal hyperproliferative
epidermis. (Reprinted with permission from Steinberg et al. [25].)

(Figure 4d.,f) and the new appearance of markers of hyperproliferative
epithelium (Figure 4j). The differentiation abnormality is the primary
phenotypic marker for papillomas. Unfortunately, standard culture systems
for epithelial cells do not permit normal differentiation. In these cultures,
the normal cells display a hyperproliferative phenotype very similar to
papilloma cells.



Papilloma cells do not divide more rapidly than normal cells. They do not
have an expanded life span in culture and do not show any difference in cell
size or shape. The fraction of basal and parabasal cells in papillomas that
replicate their DNA is slightly lower than the normal cells [25]. Therefore,
growth rates and proliferative capability, markers of basal cells, cannot be
used to distinguish between normal and papilloma cells in culture.

Recently, a different method for the culture of epidermal cells has been
developed [26]. This method cultures the epithelial cells on a collagen gel
containing fibroblasts, which simulates the dermis. The entire culture is
lifted to the air-liquid interface, so that the culture medium is only in contact
with the bottom of the gel. In this way, the epithelial cells receive nutrients
via their basal surface, in a manner much more analogous to the in vivo
tissue. These ‘raft’ cultures permit much more faithful differentiation.

We have modified the raft culture system and optimized it for the growth
of human laryngeal epithelial cells using a completely defined serum-free
culture medium [27]. The histology of raft cultures of normal cells, grown in
the presence of 10nmol/l retinoic acid, is shown in Figure 5a. For com-
parison, the histology of normal vocal cord epithelium is shown in Figure
5b. The raft cultures showed very good histologic differentiation of the
cells, with a well-defined basal layer, several layers of spinous cells, and
some granular cells at the surface. All suprabasal cells synthesized the
differentiation-specific keratin 13, and the upper half of the ‘epithelium’
was positive for involucrin, a marker of squamous differentiation. When
the retinoic acid was increased to 100nmol/l, the morphology of the cells
changed to that of pseudostratified squamous respiratory epithelium with
cilia on their surface (Figure 6). We were able to confirm the presence of
cilia with electron microscopy [27]. We have thus shown that not only can
human laryngeal cells differentiate normally in culture, but that the choice
between the two normal differentiation pathways for this tissue can be
modulated by retinoids in vitro.

This system also allowed us to begin to determine the effects of various
hormones and biological modifiers on the papilloma cells. Treatment of
cultured papilloma cells with retinoic acid altered both differentiation and
persistence of the viral DNA [28]. These results are summarized in Table 1.
At high concentrations of retinoic acid the papilloma cells did not show
extensive cilia formation, but there was a clear shift away from squamous
differentiation. This shift was accompanied by a reduction in the amount of
episomal viral DNA persisting in the cells. At 1nmol/l retinoic acid, when
squamous differentiation was maximal, nearly all of the papilloma cells were
still negative for keratin 13. Therefore, this raft culture reproduces the
papilloma differentiation abnormality seen in vivo.

Most recently, we have evaluated the presence of the epidermal growth
factor (EGF) receptor on normal and papilloma cells, and the effects of
EGF on the raft cultures (manuscript in preparation). When cultured con-
tinuously in medium containing 1 ng/ml EGF, the normal cells showed faint
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Figure 5. Histology of normal larynx cells cultured on collagen rafts. A: Cells were cultured at
the air-liquid interface for 2 weeks in serum-free medium containing 10 nmol/l retinoic acid,
then fixed with 0.37 mol/l formaldehyde and embedded in paraffin; 5-um sections were cut and
stained with hematoxylin-eosin. B. Histology of normal vocal cord tissue, for comparison to raft
cultures. Hematoxylin-eosin stain. (Reprinted with permission from Mendelsohn et al. [27].)

immunohistochemical staining of the basal layer with an antibody to the
EGF receptor. Staining increased when EGF was removed from the medium
and diminished to undetectable levels if EGF was added at 50 ng/ml. This
was expected, since binding of EGF to the receptor induces internalization
and degradation of the complex [29]. In contrast, the papilloma cells stained
intensely with the anti-EGF receptor antibody. The staining was only slightly
diminished when 50 ng/ml EGF was present. These data, coupled with the
report that the E5 gene product from the bovine papillomavirus can com-
plex with the EGF receptor in fibroblasts [17], suggest that similar com-
plexes might exist in the laryngeal papilloma cells.



Figure 6. Effects of increased retinoic acid in morphology of normal larynx cells on collagen
rafts. The same primary cell preparation used in Figure 5 was cultured in medium containing
100 nmol/1 retinoic acid. Note the change in morphology to pseudostratified columnar epithelium
and the appearance of cilia on the surface of many of the cells. (Reprinted with permission
from Mendelsohn et al. [27].)

Table 1. Effects of retinoic acid on papilloma cells

Retinoic acid concentration Squamous differentiation® Relative HPV DNA content”
0 ND 1.0
1 nmol/l ++++ 0.9
10nmol/l +++ 0.4
100 nmol/l + 0.2
1 pmol/l — 0.1

Cells were cultured on collagen rafts at the air-liquid interface in serum-free medium supple-

mented with the specified concentration of retinoic acid.

2Determined by immunohistochemical staining for involucrin staining.

®Mean values of three experiments. Normalized to values obtained when cells were cultured in
the absence of retinoic acid.

ND = not determined. The histology in the absence of retinoic acid was so poor that the

antibody staining was not done.

Adapted from Reppucci et al. [28], with permission.

Changing the concentrations of EGF in the culture medium had marked
effects on the papilloma cells (Table 2). Removal of EGF from the culture
medium for 5 days induced normal differentiation of these cells, as measured
by presence of keratin 13 in all suprabasal cells, but had no measurable
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Table 2. Effects of epidermal growth factor on papilloma cells

EGF concentration® Keratin 13 staining Relative HPV RNA content®
1 ng/ml° +/— 1.0
Ong/ml +++++ 14.0
1ng/ml +++ 8.4
50 ng/ml ++ 2.7

2Cells were grown on collagen rafts at the air-liquid interface. EGF was either maintained
continuously in the medium or removed for 48 hours, then replaced at the indicated concentra-
tion for 72 hours. Cells were then prepared for frozen sections, or RNA was extracted and
analyzed by dot blot hybridization with full-length *?P-labeled HPV probe, followed by
rehybridization with an actin probe.

® Autoradiographic signals were quantified by densitometry, corrected for actin signal to adjust
for the amount of total RNA in each sample, and normalized to the value obtained for cells
cultured continuously in 1ng/ml EGF.

¢ Culture maintained continuously in the presence of EGF.

effect on differentiation of normal cells. Removal of EGF also induced a 14-
fold increase in the amount of HPV-specific RNA in the cells, consistent
with the fact that squamous differentiation is required for high-level ex-
pression of viral proteins and viral replication. Meyers et al. [30] and
Dollard et al. [31] recently reported that raft cultures can be used to induce
HPYV replication and virion production in infected genital cells, permitting
HPYV production in cultured cells for the first time. We are currently inves-
tigating the possibility that removal of EGF induces HPV production in
laryngeal papilloma cells.

Role of HPV in benign tumors

The most clearly defined role of HPVs in head and neck tumors is in
laryngeal papillomas. These lesions are characterized by large recurrent
exophytic masses (see Figure 2) located primarily on the vocal folds. They
frequently involve the epiglottis and false vocal folds, and occasionally
involve the subglottis, trachea, bronchi, and lung parenchyma. Involvement
of the lower respiratory tract is usually fatal, due to airway obstruction and
destruction of lung function.

All laryngeal papillomas analyzed to date contain HPV DNA. The HPV
types usually found, types 6 and 11, are the same as those found in exophytic
genital papillomas [32]. These two closely related HPV types show a marked
tissue preference for mucosal epithelium, also causing papillomas of the
oropharynx and nasopharynx and conjunctiva of the eye. The relationship
between HPV 11 and laryngeal papillomas is more than circumstantial.
Kreider et al. [6] have satisfied Koch’s postulates by infecting fragments
of laryngeal tissue with purified HPV 11, implanting the tissue under the
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renal capsule of immunodeficient mice, and observing the formation of
papillomatous cysts that have all the histological features of laryngeal
papillomas.

HPVs have also been found in other benign and premalignant lesions of
the head and neck. Many oral lesions, including papillomas, focal epithelial
hyperplasia, and leukoplakia, have been positive for HPV 2, 6, 11, 13, 32,
or 16 [32]. Fungiform papillomas of the nose frequently contain HPV 6 or
11, and several reports describe HPVs 11 and/or 16 in some inverting
papillomas [34-36]. Papillomaviruses probably play a role in the etiology of
many of these lesions. However, it is difficult to determine what that role is.
Not all lesions contained detectable HPV DNA, and a substantial fraction of
normal biopsies from the nasopharynx also contained viral DNA [37].

Standard treatment for laryngeal papillomas is surgical excision with the
carbon dioxide laser. Many other therapies have been tried, most with
minimal success [for review see 38]. Removal of papillomas during surgery
does not result in cure. Some patients require surgery as frequently as every
2 weeks to maintain the airway, while others will have one or two widely
separated recurrences, and then go into a remission that can last for montbhs,
years, or the life of the patient. Latent HPV can be detected in clinically and
histologically normal respiratory tissues in papilloma patients [9]. Activation
of latent HPV, rather than spread of infection during surgery, is postulated
to be the source of recurrent disease. Our institution is currently conducting
a clinical trial of photodynamic therapy for laryngeal papillomas to deter-
mine whether this treatment will reduce the frequency of recurrence. Results
from the first part of the study, using a relatively low dose of activating
drug, are encouraging [39].

HPYV and malignant tumors

There are a few cases of head and neck carcinomas that are clearly HPV
related. These are in patients with long-standing recurrent respiratory
papillomatosis in which one of the papillomas has undergone malignant
conversion. Radiation exposure induced malignant conversion in approxi-
mately one third of the patients after a period of 10-20 years [13].
Spontaneous malignant conversion of papillomas also can occur, although
with a much lower frequency. The cofactors in these cases are less clearly
defined. Smoking is strongly implicated in several instances, while other
patients have been nonsmokers. The carcinomas from papilloma patients
contain the same HPV 6 or 11 found in the papillomas [40-42], but the
molecules have frequently undergone rearrangements that might contribute
to their increased malignant potential [41,42].

One other type of head and neck tumor with a strong association
with HPV is verrucous carcinoma of the larynx. These extremely well-
differentiated tumors share many histologic features with papillomas, and
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Table 3. Prevalence of HPV in head and neck carcinomas

Location of tumor Number pos./total number HPV type Method used Ref.
Oral cavity, 3/7 2,16 Southern 46
oropharynx 39 2 In situ 47
3/4 11 In situ 48
8124 16,18 PCR 49
5/36 16 Southern 50
Nose and 7/60 16,18 PCR 51
nasopharynx 0/16 NA PCR 52
3/3 16 In situ 53
Larynx 7/34 6,16 PCR 54
3/60 11,16 Southern 50
26/48 16 PCR 44

thus it might not be too surprising to find them HPV positive. Brandsma et
al. [43] found six out of six tumors, and Perez-Ayala [44] found three out of
three tumors positive for sequences related to HPV 16. McLachlin et al. [45]
found 10 of 21 lesions positive for either HPV 16 or 18.

The role of HPV in other malignant tumors of the head and neck is more
difficult to determine. HPV DNA is found in a subset of squamous car-
cinomas. A number of case reports describe an individual positive tumor,
but no prevalence information can be derived from such reports. However,
larger series have also been conducted. Table 3 summarizes some of those
findings and illustrates the extent of variability from one study to the next.

Although some carcinomas did contain HPV DNA, there is no consensus
about the fraction that are positive. If data from all of the studies are
pooled, 23% of the tumors analyzed were positive. However, from these
data we do not know with certainty whether HPV plays any role in the
etiology of the carcinomas. Since HPVs can form latent infection, it is very
possible that at least some of these infections simply reflect latent virus that
happened to be in the tumor. Brandsma et al. [5S0] detected 4% latency by
Southern blot of laryngeal tissues, and Bryan et al. [37] found 64% latent
infection in nasopharyngeal tissues using PCR detection.

Detection of HPV

The presence of HPV in benign or malignant tumors can be determined
in several different ways. Each has advantages and disadvantages, and
different sensitivities and specificities. The various methods that have been
used have contributed to the confusion surrounding the role of HPVs in
head and neck tumors.

Early studies to detect HPVs used an antibody that crossreacts with a
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viral protein present on most animal and human papillomavirus particles.
Use of this antibody has the advantage that the HPV type does not have to
be known. Moreover, it can readily be used on tissue sections from archival
specimens. Unfortunately, not all HPV-induced papillomas make virus
particles. This limitation is even more true for carcinomas, which rarely if
ever make virus particles.

Detection of viral DNA by one of several methods is more sensitive
and is able to distinguish specific HPV types but is associated with other
problems. All of these methods require the use of probes that are generally
specific for just one type of HPV. Mixed probes can detect several types,
but only those types represented in the mixture. If the HPV in the tissue
being studied is of a different and perhaps undiscovered type, the assay will
be negative. Use of less stringent conditions permits detection of related but
not identical types, but use of these conditions results in loss of sensitivity
and increased background. Therefore, there might well be unique HPVs
associated with head and neck tumors that have not yet been identified.

Dot blot assays, used because they are simple to perform, are relatively
insensitive and somewhat prone to false-positive results. They have a
minimum detection level of approximately 1 million copies of HPV DNA,
and thus require many copies of viral DNA per cell or large numbers of
infected cells. Southern blots are slightly more sensitive (100,000—500,000
copies). This procedure is the current gold standard, but it is technically
demanding. Southern blots cannot be done on paraffin-embedded material,
necessitating the use of fresh tissue. In situ hybridization can be done on
archival tissues. It also has the advantage that it permits correlation between
positive signal and histology. Even a few positive cells can be detected if
they have 50-100 copies of HPV per cell. However, many cancer cells and
some papillomas do not contain such high copy numbers of virus. The
newest method, polymerase chain reaction (PCR), can be done on archival
tissue and is exquisitely sensitive, able to detect as few as 10 molecules of
viral DNA! Unfortunately, its very sensitivity can be a problem. Trace
contamination of samples in the laboratory is difficult to prevent, especially
in laboratories that frequently process tissues known to contain HPVs. Even
if the detected virus is not a contaminant, it may be unrelated to the disease
process. We live in a sea of viruses, most of which do not cause disease. The
simple presence of a few molecules of virus in one or a few cells does not
mean that it is the etiologic agent of the tumor.

Conclusions

We have presented a review of the evidence linking HPVs to head and neck
lesions. Clearly, they are the etiologic agents of papillomas, and this is not
debated. With papillomas, the questions to be addressed involve regulation
of viral expression and the interactions between the virus and the host cell.
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Four types of studies are needed to better determine whether HPVs have
an active role in head and neck carcinomas. First, studies must be done
to determine whether the HPV-positive tumors contain HPV RNA and
protein. Neither is readily detectable in latent infection, but they can
be detected in genital carcinomas. Second, more studies analyzing normal
tissues are needed to provide a true prevalence rate for latency. Third,
additional studies should continue to look for the presence of novel HPV
types that might be associated with a large fraction of head and neck
tumors. These types of studies are currently in progress in several labora-
tories. Finally, we need to understand the relationship between HPV pre-
sence and environmental factors that could activate latent infection and
contribute to malignant progression. With this information, perhaps the role
of HPV in head and neck malignancies will no longer be in question.
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2. Molecular phenotyping of head and neck cancer

Dong M. Shin and Michael A. Tainsky

Squamous cell carcinoma of the head and neck accounts for 5% of all
cancers in the United States, where approximately 45,000 new cases of head
and neck cancer were expected in 1992 [1]. However, the estimated inter-
national incidence of cancers of this region is significantly higher than in the
United States. For example, nasopharyngeal carcinomas occur 25 times
more frequently in Southern China than in the Caucasian population [2],
and India records 30% of all its cancers to be in the oropharyngeal region
[3].

The leading known etiologic factors in head and neck cancer are tobacco
and alcohol consumption [4-7]. It has also been suggested that vitamin A
deficiency and the resulting squamous metaplasia might be a promoting
factor [8,9]. However, the mechanisms by which these agents change normal
cells into malignant cells really are the crux of the problem. A better
understanding of the molecular basis of malignant transformation is essential
if there is to be hope of early detection or better treatment, prognostication,
or preventive measures.

The techniques of molecular biology are beginning to shed new light
on the subcellular pathobiology of malignancy. The crucial events of car-
cinogenesis, tumor progression, and metastatic spread are coming into focus
at a molecular level. However, despite the fact that the flow of important
observations from many investigators is accelerating, understanding of their
complexity is far from complete. These advances in laboratory research,
therefore, have not yet been applied at the bedside. Profound and funda-
mental insights into the molecular biology of cancer are, in large part, an
unfulfilled promise to clinical oncologists and their patients. In the near
future, however, molecular biology will provide useful predictive infor-
mation and may guide therapeutic strategy in a variety of malignancies.

The concept of a genetic basis for cancer dates back to the turn of the
century, when it was contended that chromosomal changes play a major role
in cancer development. Support for this contention was enhanced by the
discovery of cellular oncogenes, and these genes have formed the basis for
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our understanding of the genetic events in cancer [10-13]. When normal
cellular proto-oncogenes become activated to potential tumorigenic on-
cogenes, they can play a direct role in tumorigenesis. It is obvious that cells
of all vertebrates and invertebrates as diverse as humans, fish, frog, and
Drosophila, as well as lower single-cell eukaryotes such as yeast, contain
proto-oncogenes. These genes possess a high degree of interspecies
homology, even in totally unrelated species [14]. Certain proto-oncogenes
are transcribed in particular cell types at specific times during normal
embryogenesis and transiently when cells are stimulated by mitogens to
proliferate [15,16]. Alterations in the expression or function of proto-
oncogenes are widely considered to be contributing causes of cancer devel-
opment [17]. It is thought that groups of functionally diverse proto-oncogenes
play a critical role, perhaps cooperatively, in governing normal cellular
proliferation and/or differentiation by functioning at distinct steps in intra-
cellular signal transduction of growth factor cascades.

Proto-oncogenes can be classified into groups by the location and biologi-
cal activity of their products: These include secreted growth factors, cell
surface receptors with the associated kinase activity, cytoplasmic kinase
activity, and nuclear proteins with transcription factor activity. The groups
are shown in Table 1. For example, the c-sis gene product has been identified
as the beta-subunit of platelet-derived growth factor (PDGF) [18]; the pro-
ducts of the c-erbB and c-fms genes have been identified as the cell surface
receptors of epidermal growth factor (EGF) and monocyte colony stimulat-
ing factor 1, respectively [19,20]; and the erbA protein has been identified
as thyroid hormone nuclear receptor [21]. It has been demonstrated that
growth factors such as PDGF are able to induce expression of nuclear proto-
oncogenes myc, fos, and jun [22—-24] and that c-mos is able to induce mitotic
maturation [25]. Therefore, proto-oncogene protein products seem to be
involved in many steps of the growth factor receptor—mediated intracellular
signalling pathway.

In view of these complexities, this chapter describes the concept of
oncogenes and their possible role in the development of neoplasia, specifi-
cally head and neck squamous cell carcinomas.

Animal models

The cheek pouch of the Syrian hamster is an excellent target tissue for the
chemical induction of squamous cell carcinoma [28]. The gross appearance,
histopathologic characteristics, and, presumably, pathogenesis of these
squamous cell carcinomas closely resembles those of human oral cancer.
One of the advantageous features of this animal carcinogenesis model is that
consistent and reproducible histopathologic changes in the chemically trans-
formed oral epithelium can be easily monitored. Polycyclic aromatic hydro-
carbons, such as dimethyl-benz(a)anthracene (DMBA), are widespread
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environmental pollutants and are powerful carcinogens in this experimental
animal system [29]. In the last 25 years, Shklar and others have extensively
studied the model demonstrating the experimental efficacy of a variety of
chemopreventive and therapeutic agents [31-40].

Many investigators have begun using this animal model system to search
for altered molecular events during tumor development. Epidermal growth
factor receptor (EGFR) is an M, 170,000 glycoprotein with an intrinsic
tyrosine-specific protein kinase activity stimulating EGF binding [41]. The
sequence homology between the v-erbB oncogene product and the cyto-
plasmic and membrane domains of the EGFR has been reported previously
[41]. EGF itself has a potent mitogenic activity that stimulates proliferation
of target cells in an autocrine fashion through its surface receptor [42].
Amplification or overexpression of the EGFR gene has been observed in
A431 human vulva squamous cell carcinoma cells, human glial tumors,
human squamous cell carcinoma cell lines [43-47], DMBA-induced tumor
tissues, and a hamster cheek pouch carcinoma cell line (HCPC-1) established
from one of these tumors [48—50]. Specifically, the expression of the c-erbB
gene can be detected in cheek pouch tissue at an early stage (8 weeks) of
tumor development and in all tumor-bearing tissues of subsequent stages
[50]. Transforming growth factor-a (TGF-a) was not detected in normal
hamster tissue, although its expression had been induced in tumor tissues
[51]. The expression of both TGF-a and EGFR by the same tumor type
supports the hypothesis that the autocrine growth mechanism may be oper-
ative in this chemically induced hamster tumor model.

To elucidate the role and timing of changes in different growth and
differentiation markers during DMBA-induced carcinogenesis, we assessed
the expression of EGFR, transglutaminase type 1, and polyamines
(putrescine, spermidine, and spermine), ornithine decarboxylase activity,
and the frequency of micronuclei in this animal model [52]. DMBA (0.5%)
in heavy mineral oil was applied to the right buccal pouch three times
per week for up to 16 weeks; control animals received mineral oil alone.
Hamsters were killed at 0, 4, 8, and 16 weeks. Histologic assessment
showed that hyperplasia was detected at 4 weeks, dysplasia with or without
papillomatous changes at 8 weeks, and squamous cell carcinoma at 16
weeks. EGFR was expressed not at all in the normal epithelial layer, at a
moderate level in hyperplastic epithelium, and at very high levels in both
dysplasia and squamous cell carcinoma. Transglutaminase type 1 levels also
increased sequentially in a similar fashion. Putrescine and spermidine levels,
and ornithine decarboxylase activity, increased dramatically after 8 and 16
weeks of exposure to DMBA. Micronucleated cell frequency increased after
4 weeks of DMBA treatment, and that high frequency was sustained during
all stages of carcinogenesis. We conclude that these biological markers could
be excellent intermediate end points in assessing the effects of various
chemopreventive agents to be tested in the hamster buccal pouch model
[52].
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In vivo DNA-mediated transformation studies have led several investi-
gators to propose that cooperative interaction of more than one cellular
proto-oncogene, such as ras and myc, is involved in the carcinogenesis
process [53-60]. The activation and overexpression of the rat sarcoma virus
(ras) family of genes in chemically induced benign growths or growths that
ultimately self-regress [61,62] suggest a possible role for these genes in the
chemical carcinogenesis process. It has been proposed that activation of the
ras gene may generate the signal necessary for the subsequent activation of
cell proliferation-associated proto-oncogenes and that the latter genes are
involved in the progression of the ras-initiated cells to malignancy [63].
Besides the systems such as DMBA-induced skin carcinoma [64] and rabbit
keratoacanthomas [63], in which aberrant expression of cellular proto-
oncogenes are studied, there are very few in vivo carcinogenesis systems in
which stepwise molecular analysis of the transformation process is conducted
from the very early stage to the last stages of tumor development. In the
DMBA-induced hamster cheek pouch tumor model, overexpression of the
Harvey-ras, or Ha-ras, gene occurred at a very early stage of tumor devel-
opment and persisted throughout the tumorigenesis process [65]. The ex-
pression of c-erbB, on the other hand, was detected only after 8—10 weeks
of DMBA exposure and increased with the progression of the disease.
Hussain et al. concluded that the overexpression of Ha-ras alone was not
sufficient to induce tumors, whereas expression of the Ha-ras and erbB
genes at later stages of tumor development induced histopathologically
defined epithelial cell carcinoma. This study demonstrated the sequential
overexpression of Ha-ras and erbB in a stage-specific manner and their
cooperative interaction in DMBA-induced in vivo oral carcinogenesis [65].

Kirsten-ras (K-ras) mRNA was also studied in the experimental oral
model. No K-ras mRNA was found in normal hamster cheek pouch
epithelium, whereas all DMBA-induced tumors expressed detectable levels
of K-ras mRNA [66]. Cellular synchronization experiments using a cell line
derived from hamster cheek pouch carcinoma revealed that the K-ras proto-
oncogene was expressed during the G; phase of the cell cycle. Serum
starvation and RNA synthesis inhibition experiments using hamster cheek
pouch carcinoma cells suggested that whereas the K-ras proto-oncogene is
indeed quiescent in the normal hamster cheek pouch epithelium [66], it is
expressed at a high level in a cycle-dependent manner in the chemically
transformed counterpart.

It is interesting to note that EGF may control expression of the K-ras
gene [67]. A closely associated mitogenic peptide, TGF-a, is consistently
expressed in these chemically transformed oral tumors [51]. Thus, the
tumor-specific expression of the K-ras proto-oncogene in these hamster
oral tumors might be a consequence of the aberrant expression of TGF-a.
Whether the tumor-associated expression of K-ras is due to the direct action
of DMBA, the tumor-associated expression of TGF-a or EGFR, or another
mechanism is far from clear. Nevertheless, the hamster cheek pouch model
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of oral cancer represents an excellent model for the study of these possible
molecular interactions.

There have also been some biochemical studies in this animal model.
Probably the best study event has been the induction of gamma-glutamyl-
transpeptidase (GGT), an enzyme that is not normally expressed in the
hamster cheek pouch. Solt and Shklar showed that individual GGT-positive
cells are detected histochemically as early as 3 days after the first DMBA
treatment. After 3 weeks of treatment, they were able to detect GGT-
positive intraepithelial cell clones (plaques), which appeared to be of clonal
origin [68,69]. GGT activity has also been demonstrated histochemically in
dysplasias, papillomas, and well-differentiated squamous cell carcinomas.
These results led to speculation that the early GGT-expressed cell popu-
lations are preneoplastic in nature [70].

The expression of different keratins has also been explored in this model.
An immunohistochemical technique was used to profile several keratins
during experimentally induced carcinogenesis in hamster cheek pouch
mucosa [71,72]. The antibodies used in the experiments were capable of
identifying several groups of keratins, but they were unable to recognize
individual keratins. We recently investigated the immunohistochemical
and immunoblotting patterns of differentiation-associated keratins K1 (M,
67,000), K13 (M, 47,000), and K14 (M; 55,000). The normal hamster cheek
pouch epithelium expressed K14 in the basal layer and K13 in the suprabasal
layer, whereas K1 was not detected [73]. In contrast, after 2 weeks of
DMBA treatment, K1 expression started as a weak and patchy pattern in
the suprabasal layer, becoming stronger and more homogeneous at 8 and 16
weeks of carcinogen exposure. However, K1 was almost absent in squamous
cell carcinoma, where only small, very well-differentiated areas were pre-
served. Concomitant with DMBA-induced hyperplasia were some topogra-
phical alterations in the distribution of K14. K14 was no longer restricted to
the basal layer but was expressed in differentiated areas. The same pattern
was also observed in dysplastic lesions and in squamous cell carcinoma.
Furthermore, expression of K13 was preserved in this hyperplastic epithelium
during all stages of carcinogenesis. We concluded from this study that
alterations in the pattern of keratin expression appear to be common during
the different stages of development of squamous cell carcinoma and could
be an excellent tool to study carcinogenesis in this system [73].

Gene alterations in human head and neck carcinoma
Alteration of ras gene family
A significant proportion of human tumors from various sites in the body

have been shown to contain activated oncogenes from the ras family: Ha-
ras, K-ras, and N-ras [74~76]. Oncogenes in the ras family are forms of the
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germline proto-oncogenes with specific point mutations that, when trans-
fected into NIH/3T3 murine fibroblasts, induce foci of morphologically
altered cells [12,13,77-80]. The normal ras genes code for proteins of
molecular weight of approximately 21,000; they have guanine nucleotide
binding activity and are able to hydrolyze guanosine 5’'-triphosphate (GTP)
[81]. Two different mechanisms of ras gene activation have been described:
(1) point mutations, particularly at codons 12, 13, and 61, which result in
mutated forms of p21ras; and (2) overexpression of normal cellular p21ras
due to amplification or defective regulation [82—-89]. Moreover, it has been
suggested that the activation of ras genes in certain tumors, such as adeno-
carcinoma of the colon or bladder carcinoma, is related to the induction of
invasiveness and metastatic potential [90-93].

A Ha-ras mutation at codon 12 was shown to be associated with cervical
cancers of poor prognosis [94,95]. A Ha-ras restriction fragment length
polymorphism has been linked to susceptibility of individuals to cancers
[96], and the Ha-ras locus is known to be deleted in a variety of human
cancers [97]. Studies on the expression of ras genes indicated that high levels
of ras-specific mRNA and p2lras protein were associated with tumor
progression in human cancers of different origins [98].

Azuma et al. used immunohistochemical techniques to analyze p21ras
expression in paraffin-embedded squamous cell head and neck carcinoma
tissues, and found that it was correlated with the degree of tumor dif-
ferentiation, clinical staging, and clinical outcome [99]. In this study, 59 of
121 tumor samples reacted to the monoclonal antibody Y13-259 raised
against the p21 encoded by the V-ras gene of the Harvey murine sarcoma
virus [100], whereas oral leukoplakia and normal mucosa did not express
p2lras. They also reported that the patients who expressed ras had a poor
prognosis.

Two cell lines were established from untreated squamous cell carcinoma
of the head and neck. Line 1483 is more aggressive in nude mice, has a high
efficacy for anchorage-independent growth, expresses p2lras at a higher
level, and is more aneuploid than the other line, 183 [101]. On the other
hand, the Ha-ras gene was shown to have low incidence of ras activation in
human squamous cell carcinomas. Of 37 squamous cell carcinomas of the
head and neck, only two had mutations in codon 12 of the Ha-ras gene
[102]. Total RNA was prepared from 79 of these tumor specimens and
analyzed by northern and slot blot hybridization. Ha-ras transcript levels
were found in 18% of lymph node metastases and in 21% of primary
tumors, indicating that there are no significant differences between these
cancers [103]. A study was also undertaken to determine whether the vari-
ation in the increased expression of three oncogenes (Ha-ras, K-ras, and
myc) could be correlated with various clinicopathologic parameters of
squamous cell carcinoma of the head and neck region. No correlation was
found with sex, age, site of primary tumor, or level of differentiation of the
tumor [104]. More sensitive techniques, such as polymerase chain reaction
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(PCR), should be used, however, to explore the relationship between mut-
ation or overexpression of ras family genes and clinical characteristics of
head and neck carcinomas.

Int-2/Hst-1 genes

The hst-1 (hstF1) gene was the most frequently detected transforming gene
in these cancers after the ras gene family [105,106]. Because this gene
encodes a protein that is homologous to a fibroblast growth factor (FGF)
and a protein encoded by the int-2 gene, it is assumed to be a new member
of the gene family that is involved in cell growth [107,108]. Moreover, hst-1
transforming protein has been shown to be a novel heparin-binding growth
factor [109]. Both the hAst-1 and int-2 genes are mapped to chromosome
11q13 [110]. Coamplification of these genes has been reported in urinary
bladder carcinoma [111], esophageal carcinoma [112], melanoma [113], and
gastric carcinoma [106]. Coamplification of Ast-1 and int-2 genes in a hepato-
cellular carcinoma was accompanied by amplification of integrated hepatitis
B virus DNA [114]. Moreover, coamplification of the Ast-1 and int-2 genes
was reported in 17 of 110 (15%) breast tumors [115].

The biological significance of the coamplification of the Ast-1 and int-2
genes is presently unclear. In head and neck carcinoma, the int-2 gene was
amplified threefold to fivefold in 5 (50%) of 10 laryngeal carcinomas and
twofold to threefold in 5 (45%) of 11 nonlaryngeal carcinomas of head and
neck [116]. Adjacent histologically normal tissue from the same patients had
only a single copy. In a survey of head and neck tumor—derived cell lines,
int-2 was amplified ninefold in a hypopharyngeal tumor cell line (FaDu) but
was not amplified in three laryngeal cell lines [116]. In another report, int-2
was found to be amplified in 2 of 8 head and neck carcinomas [117].
Although there was a suggestion that amplification of int-2 is correlated with
tumor recurrence and clinical disease progression [116], a large patient
population will be required to determine more precisely the significance of
amplification of this gene or overexpression of any genes in head and neck
carcinomas. We analyzed for the int-2 gene in head and neck squamous
cell lines; 3 of 10 showed amplification, ranging from S5-fold to 50-fold
(unpublished data). The significance of this gene amplification is currently
being investigated.

myc gene family

The myc family of cellular oncogenes — c-myc, N-myc, and L-myc —
encodes three highly related nuclear phosphoproteins. Although the exact
function of myc family proteins has not been determined, they are thought
to be important in the regulation of normal cellular growth and differen-
tiation, and in dysregulation in many different types of malignancies [118].
The first member of this family to be discovered, c-myc, was identified as
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the cellular homologue of the retroviral v-myc oncogene responsible for
leukemia in chickens [119,102]. Additional myc family members were sub-
sequently identified in human tumors as highly expressed and amplified
genes with homology to c-myc. The N-myc and L-myc genes were isolated
from human neuroblastomas [121,122] and small cell lung carcinomas [123],
respectively, and were subsequently found to be capable of transforming
primary cultured cells and producing tumors in transgenic mice. Thus,
the aberrant structure and expression of myc family genes in a variety
of neoplasia clearly indicate that myc gene activation can play a role in
tumorigenesis. Reciprocal translocation between the c-myc gene and the
immunoglobulin loci occurs in Burkitt’s lymphomas [124,125] and human B-
cell lymphomas [126]. Gene amplification is another mechanism by which
myc expression is often activated in various tumors. Amplification of N-myc
is a common feature of neuroblastomas, retinoblastomas, small-cell lung
cancers, and other tumors of neuronal or neuroendocrine origin [121—
123,127]. Of interest is the finding that myc gene amplification correlates
well with clinical prognosis of a number of tumors [128]. For example,
advanced stage III or IV neuroblastoma generally exhibits significant N-myc
gene amplification, whereas amplification is limited in stage I and II tumors
and absent in spontaneously regressing stage IV-S tumors [129]. Amplifi-
cation of the N-myc gene correlates with progression-free survival rates as
well, and thus provides a useful biomarker for determining neuroblastoma
tumor stage and predicting clinical outcome. Levels of c-myc amplification
often correspond with degree of tumorigenic potential [130]. The mixed-cell
type of small-cell lung carcinoma also exhibits greater amplification of c-myc
than the classic types and correlates with poor prognosis [130].

Field et al. quantitated c-myc oncoprotein in 44 squamous cell carcinomas
of the head and neck using an enzyme-linked immunosorbent assay. The
survival periods of patients with tumors with elevated levels of c-myc protein
were found to be statistically shorter than those of patients whose tumors
expressed lower levels of c-myc [131]. This indicates that c-myc expression
may be an effective prognostic indicator in head and neck cancer. Amplifi-
cation of the c-myc, N-myc, and K-ras genes was demonstrated in 20-40%
of oral cancer tissues; almost 56% showed at least one of the oncogenes
amplified [132]. The molecular mechanisms causing elevated levels of the c-
myc protein in more aggressive squamous cell carcinoma of the head and
neck are unknown. Nonetheless, the level of c-myc protein does appear to
be a prognostic indicator, even within the somewhat limited follow-up for
some of the patients studied [132]. This finding suggests that clinical trials
incorporating measurements of c-myc protein expression may be valuable.
Prospective studies should consider the measurement of c-myc protein to
establish the significance of this gene in head and neck cancer.

25



Epidermal growth factor receptor

A role for elevated expression of the EGFR in tumorigenesis is suggested by
consistent observations of augmented levels of the EGFR in several types of
malignancies. For example, amplification of the glycosylated M, 170,000
EGFR has been found in primary brain tumors of glial origin [44] as well as
in the epidermoid cell line A431 [43]. High numbers of EGFR occur in
several types of malignancies, including bladder tumors [133], breast car-
cinomas [134,135], and squamous cell carcinoma cells derived from human
head and neck cancers [46,136]. Many studies have demonstrated that the
receptors for EGF [137-140] have protein kinase activity specific for tyrosine
residues. Upon binding their respective ligands, the tyrosine kinase activity
becomes stimulated severalfold, as indicated by enhanced autophosphory-
lation of the receptor, increased phosphorylation of exogenous substrates
in vitro, and elevated phosphorylation of the tyrosine residues of several
proteins in vivo. Two cell lines established from tumors of the head and
neck area at different clinical stages were found to differ in the expression
and the tyrosine kinase activity of the EGFR [101]. The 1483 cells displayed
a higher plating efficiency and clonogenicity in soft agar, suggesting that
they have a more tumorigenic phenotype than the 183A cells. Analyses
of EGFR levels using R1 anti-EGFR serum indicated that the 1483 cells
expressed fivefold more receptor than the 183A cells. Autophosphorylation
activity of both receptors was stimulated by the addition of EGFR to
isolated membrane preparations and intact cells. The EGFR of the 1483
cells was much less responsive to EGF than the EGFR from 183A cells
[141].

To examine whether EGFR expression could be of clinical value in head
and neck squamous cell carcinoma, Santino et al. measured the EGFR
levels of these tumors [142]. In 59 of 60 samples, EGFR levels were higher
in the tumor than in the corresponding controls. They also found a signifi-
cant correlation between EGFR levels and tumor size and stage. Using a
cut-off EGFR value of 100fmol/mg protein, which separated controls from
tumors, EGFR-positive tumors had a greater probability of response to
chemotherapy than EGFR-negative tumors [142]. Using immunohisto-
chemical and cytometric techniques, expression of the Ki-67 antigen, EGFR,
the transferrin receptor (TFR), and DNA ploidy were studied in 42 fresh
samples of head and neck carcinomas. This study suggested that EGFR and
TFR are widely distributed, especially on proliferating cells at the invading
tumor margin. In addition, there is a close spatial relationship between cells
expressing EGFR and TFR and those expressing Ki-67 antigen. Further
follow-up will be necessary to determine whether these parameters will be
important prognostic values [143].

EGFR gene amplification and expression were also studied in 11 early
passage head and neck carcinoma cell lines. Three cell lines demonstrated
EGFR gene amplification and 10 lines showed higher levels of EGFR
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mRNA than normal keratinocytes [144]. Therefore, increased expression
and/or amplification of EGFR may be important in the development or
progression of head and neck carcinoma, although the mechanisms and
clinical significance need to be elucidated by further study.

P53 gene alteration

The p53 gene, which has been shown to act as a dominant oncogene in
tumor cells [145-148], has been recently shown to also function as an anti-
oncogene [149-151]. This paradox may be related to the fact that the wild-
type p53 protein suppresses the outburst of the malignant phenotype. This
complexity, however, makes it an attractive model for investigating the
interrelationship between either oncogene or anti-oncogene activity and
the neoplastic processes. In accord with the concept that malignant trans-
formation is a multistage process, it is plausible to assume that the p53
protein, stimulated by various cellular signals, may in turn induce or sup-
press the expression of other cellular genes involved in this chain of events.
The p53 gene is highly conserved in diverse organisms such as Xenopus
laevis, chickens, mice, and humans [152-155], suggesting that the encoded
protein plays a central role in the cell and therefore is tightly conserved
in evolution.

Mercer et al. [156] showed that microinjection of anti-p53 monoclonal
antibodies into the cells inhibited DNA synthesis in quiescent nontrans-
formed NIH/3T3 cells stimulated with serum, suggesting that p53 is syn-
thesized as a late G, protein [156]. A similar observation was made by Reich
and Levine [157] when they examined the steady-state levels of p53 mRNA
and p53 protein synthesis in a synchronous population of NTH/3T3 fibroblasts
obtained by releasing a culture from density-dependent growth inhibition.
Using the antisense methodology, shut-off of p53 expression was shown by
introduction of p53 synthesis, which ultimately caused cell death [158]. That
wild-type p53 functions as a growth-arrest gene was initially concluded from
the observation that the p53 protein failed to enhance malignant trans-
formation in an in vitro assay [159,160] and was further supported by the
fact that the protein actively suppresses the transforming activity of other
oncogenes [149]. Comparison of the transforming activity of the various
p53-encoded proteins, as evaluated by their ability to transform primary
embryonic cells in conjunction with the ras oncogene, have indicated that
whereas the mutated p53 protein forms induce the appearance of foci, the
wild-type cDNA codes for an inactive p53 protein [159,160].

Further support for the idea that p53 may function as an anti-oncogene
comes from previous cytogenetic and restriction fragment-length polymor-
phism studies that have shown that one allele of chromosome 17 is deleted
in at least 60% of tumors of the colon, breast, lung, ovaries, cervix, adrenal
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cortex, and bone [161-166]. Thus, at the cellular level p53 gene mutations
may function as dominant negative [167] rather than recessive mutations.
This dominant negative effect may in part be explained by oligomerization
of the p53 gene product [168,169]. A mutant p53 gene product may in-
activate the wild-type gene product by binding to it and preventing its
normal association with other cellular constituents.

As the normal pS53 protein has a very short half-life (6—20 minutes), it
may be inferred that detection of the p53 protein is synonymous with
mutation, because the mutant form has a half-life of up to 6 hours, probably
due to stabilization of the protein [170]. In addition, Iggo et al. [171] found
increased p53 oncoprotein staining in those lung cancers that are associated
with smoking. They reported elevated p53 protein levels in 14 of 17 (82%)
squamous cell carcinomas compared with 8 of 21 (38%) nonsquamous cell
carcinomas. Similarly, Chiba et al. [172] reported that 65% of the lung
squamous cell carcinomas had p53 mutations, whereas only 36% of the
nonsquamous tumors did. The association between smoking and squamous
cell carcinomas of the lung provides further evidence for a link between p53
mutations and smoking.

Using monoclonal antibodies (JG8, CM-1, and 1081) directed to the p53
protein, we found 34% (16/47) of squamous cell carcinomas of the head and
neck and two squamous cell carcinoma lines to be strongly positive for the
protein. The presence of the mutant p53 was confirmed in the cell lines as
substitutions in exon 7 (codon 238) and exon 5 (codon 152) [173]. Six of
seven nonsmokers did not express p53, whereas 29 of 37 heavy smokers
were found to have elevated p53 expression (p < 0.005). Also, of a group of
10 patients who had given up smoking more than 5 years ago, nine had
elevated p53 expression [173]. Whether p53 has a significant impact on
prognosis or survival of patients with head and neck carcinoma has not been
well documented, however. This important issue should be addressed in
future studies.

Phenotyping tumors with differentially expressed genes

Another experimental approach to developing a molecular phenotype of
certain cancers is to directly clone genes that have a particular expression
pattern during carcinogenesis. The technique of differential cDNA library
screening can be used to isolate cDNA of genes that are expressed in one
cell or tissue but not another or are induced by a particular oncogene.
Clones are isolated that selectively hybridize to one cDNA probe prepared
against total RNA from each cell. Most often this strategy generates cDNA
clones of genes that are changed as a result of some oncogenic event other
than those generated by the oncogenes themselves, though it is possible to
isolate effector genes if their oncogenic activation is due to increased mRNA
expression. Differential screening of a cDNA library was used to isolate
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genes differentially expressed by a nontumorigenic clone and a N-ras-
transformed variant of the human ovarian teratocarcinoma cell line PA-1.
The RNA transcript for one of the cDNA clones that we identified was
expressed at a 25-fold higher level in the ras oncogene-transformed PA-1
cells than in the nontumorigenic PA-1 cells. DNA sequence analysis of this
clone showed that it codes for the human ribosomal S2 protein [174]. The S2

Figure 1. In situ hybridization of head and neck squamous cell carcinoma cell lines. (A) 1483
cells, (B) MDA 886 Ln Cells, (C) 183 cells, and (D) normal oral keratinocytes. The fixed
sections were hybridized with clone 12 DNA labeled with digoxigenin-11-dUTP. (From Chiao
et al. [174], with permission.)
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Figure 1. Continued

protein is part of the complex array of proteins that associate with the small
ribosomal subunit and may play a role in the fidelity of protein synthesis.
Expression of the S2 gene mRNA in head and neck tumors

The expression of $2 in human tumor samples was analyzed by in situ
hybridization using the S2 clone ¢cDNA labeled by the nonradioactive
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digoxigenin-112[-deoxyuridine-5"-triphosphate] (dUTP) method. We ana-
lyzed mRNA in three human squamous cell carcinoma cell lines (MDA
886 Ln, 1483, 183A) and normal oral keratinocytes [174]. The 1483 and
183A cell lines are derived from tumors whose histologic characteristics are
identical to those of well-differentiated squamous cell carcinoma. However,
1483 cells are known to be more tumorigenic in nude mice and have a higher
level of p2lras proteins than 183A cells [101]. 2 mRNA was very highly
expressed in 1483 (Figure 1A) and 886 cells (Figure 1B); 183A cells ex-
pressed considerably less of the $2 gene (Figure 1C). The normal oral
keratinocytes expressed the S2 gene at a minimal level (Figure 1D). There-
fore, expression of S2 gene sequences may be related to malignancy.

We next analyzed histologic sections from 10 head and neck squamous
cell carcinoma samples. Six expressed a significant level of S2 mRNA in
tumor cell nests (Table 2), whereas the collagen tissue adjacent to tumor cell
nests and the adjacent normal mucosa did not express the S2 gene (Figure
2A,B). The negative control of this experiment was a section from the same
tumor sample that was hybridized to a digoxigenin-11-dUTP-labeled pBR328
DNA probe; this control showed only a minimal signal (Figure 2C).
Interestingly, 1 of 3 premalignant dysplastic leukoplakias also expressed a
detectable level of S2 mRNA, although the level was lower than that
expressed by the squamous cell carcinoma (Figure 2D). This probe may,
therefore, identify dysplastic lesions that are more likely to undergo con-
version to a carcinoma. From this result we can hypothesize that this marker
may be useful to identify malignant cells within a premalignant lesion. It
appears that S2 gene expression is a good marker for oral epithelial tumors
and may provide prognostic data by analysis of histologic sections. Because
sections that appear histologically similar react differently to the S2 probe,

Table 2. S2 mRNA expression by in situ hybridization in oral carcinomas

Case no. mRNA Differentiation S2 Site
1 Moderate - Base of tongue
2 Moderate - Hypopharynx
3 ND + Base of tongue
4 Moderate ++ Base of tongue
5 Moderate ++ Base of tongue
6 ND +++ Pharynx
7 Moderate ++ Base of tongue
8 Moderate - Base of tongue
9 Moderate - Base of tongue
10 Moderate + Floor of mouth

ND = not determined.
From Chiao et al. [174], with permission.
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Figure 2. In situ hybridization to histologic sections of a human head and neck squamous cell
carcinoma. (A) Human head and neck squamous cell carcinomas (the arrow indicates the
tumor cells and arrow head indicates the adjacent collagen tissue); (B) normal mucosa; (C) the
control, a section from the same tumor sample hybridized to pBR328 DNA labeled with
digoxigenin-11-dUTP; (D) premalignant dysplastic leukoplakias. The sections in A, B, and D
were hybridized with a digoxigenin-11-dUTP-labeled clone 12 cDNA probe. (From Chiao et al.
[174], with permission.)

this analysis may reveal proliferative differences in tumors that appear
otherwise identical.

In summary, using in situ hybridization experiments we have found
that expression of the ribosomal protein S2 was higher in cultured human
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Figure 2. Continued

head and neck squamous cell carcinomas that in normal keratinocytes. In
situ hybridization experiments also demonstrated that expression of this
gene was selectively higher in histologic sections of human premalignant
leukoplakia, head and neck squamous cell carcinomas, and colon and breast
cancers than in the adjacent normal tissues [174]. Overexpression of another
human ribosomal protein, 131, in 23 of 23 colorectal tumors has also been
reported [175]. The levels of that human ribosomal protein increase co-
ordinately fivefold to sixfold during estrogen-stimulated cell growth [176].
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Pogue-Geile et al. have shown that additional ribosomal proteins S6, S8,
S12, L5, and PO are overexpressed in all colon cancers examined and in
adenomatous polyps as compared to normal mucosa [177]. Our results
indicate that elevation of levels of expression of the ribosomal protein S2
gene may be more selective [174] than that of these other ribosomal protein
genes, possibly reflecting differences associated with uncontrolled growth,
suggesting a role for §2 in proliferation and transformation. Ribosomal
protein S2 may also be potentially useful as a marker for certain tumors in
clinical diagnosis or as a prognostic indicator.

An important goal for cancer research is to recognize cancers at their
earliest and most treatable stage. There are many tumor markers for both
clinical and research use. The tumor markers presently in use generally meet
only one or two of the criteria for the ideal marker, which are tumor
specificity, correlation with tumor bulk and stage of the disease, and expres-
sion levels that decrease to normal after successful treatment and that rise
prior to clinical manifestations of recurrence. Another use of a marker is
to contrast benign lesions with those with malignant foci. We need to
investigate the value of the S2 gene probe for these analyses.

References

1. Boring CC, Squires TS, Tong T. Cancer statistics, 1992. CA Cancer J Clin 41:19-38,
1992.

2. Pillai R, Reddiar KS, Balaram P. Oncogene expression and oral cancer. J Surg Oncol
47:102-108, 1991.

3. Mehta FS, Gupta MB, Pindborg JJ, Bhonsle RB, Jalnawalla PN, Sinor PN. An inter-
vention study of oral cancer and precancer in rural Indian population: A preliminary
report. Bull World Health Org 60:441-468, 1982.

4. Fraumeni JF. Respiratory carcinogenesis: An epidemiologic appraisal. J Natl Cancer Inst
55:1039-1046, 1975.

5. Decker J, Goldstein JC. Risk factors in head and neck cancer. N Engl J Med 306:1151~
1155, 1982.

6. Binnie WH, Rankin KV, Mackenzie IC. Etiology of squamous cell carcinoma. J Oral
Pathol Med 12:11-29, 1983.

7. Miller AB. Trends in cancer mortality and epidemiology. Cancer 51:2413-2418, 1983.

8. Bollag W. Vitamin A and retinoids from nutrition to pharmacotherapy in dermatology
and oncology. Lancet 1:860-863, 1983.

9. Goodman DS. Vitamin A and retinoids in health and disease. N Engl J Med 310:1023-
1031, 1984.

10. Bishop JM. Retroviruses. Ann Rev Biochem 47:35-88, 1978.

11. Chang E, Furth M, Scolnick E, Lowy D. Tumorigenic transformation of mammalian cells
by a normal human gene homologous to the oncogene of Harvey Murine Sarcoma Virus.
Nature 297:479-483, 1982.

12. Parada LF, Tabin CJ, Shih C, Weinberg RA. Human EJ bladder carcinoma oncogene is a
homologue of Harvey Sarcoma Virus ras gene. Nature 297:474-478, 1982.

13. Santos E, Tronick SR, Aaronson SA, Pulciani S, Barbacid M. T24 human bladder
carcinoma oncogene is an activated form of the normal human homologue of BALB- and
Harvey-MSV transforming gene. Nature 298:343-345, 1982.

34



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Levine AS. Fruit flies, yeast, and oncogene: Developmental biology and cancer research
come together. Med Pediatr Oncol 12:357-374, 1984.

Muller R, Slamon DJ, Tremblay JM, Cline MJ, Verma IM. Differential expression and
postnatal development of the mouse. Nature 299:640-644, 1982.

Goyette M, Petropoulos CJ, Shank PR, Fanso N. Expression of a cellular oncogene
during liver regeneration. Science 219:510-512, 1983.

Klein G, Klein E. Evolution of tumors and the impact of molecular oncology. Nature 315:
190195, 1985S.

Waterfield MD, Scare GT, Whittle N. Platelet derived growth factor is structurally related
to the putative transforming protein p28 of Simian sarcoma virus. Nature 304:35-39,
1983.

Downward J, Yarden Y, Mayes E. Close similarity of epidermal growth factor receptor
and v-erb B oncogene protein sequence. Nature 137:521-527, 1984.

Sherr CJ, Rettenmier CW, Sacca R, Roussel ME, Look AT, Stanley ER. The c-fins
proto-oncogene product is related to the mononulcear phagocyte growth factor, CSF-1.
Cell 41:665-676, 1985.

Donner P, Freiser-Wilke I, Moelling K. Nuclear localization and DNA binding of the
transforming gene product of avian myelocytomatosis virus. Nature 296:262-264, 1982.
Kelly K, Cochran BH, Stiles CS, Leder P. Cell-specific regulation of the c-myc gene by
lymphocyte mitogen and platelet derived growth factor. Cell 35:603-610, 1983.

Kruijer W, Cooper JA, Hunter T, Verma IM. Platelet derived growth factor induces rapid
but transient expression of the c-fos gene and protein. Nature 312:711-720, 1984.
Quantin B, Breathnach R. Epidermal growth factor stimulates transcription of the c-jun
proto-oncogene in rat fibroblasts. Nature 334:538-539, 1988.

Sagata N, Daar J, Oskarsson M, Shonulter SD, Vande Wood GF. The product of the mos
proto-oncogene as a candidate “initiator” for oocyte maturation. Science 245:643-646,
1989.

Eagle H. Propagation in a fluid medium of human epidermoid carcinoma strain KB. Proc
Soc Exp Biol Med 89:362-364, 1955.

Moore AE, Sabachewsky L, Toolan HW. Culture characteristics of four permanent lines
of human cancer cells. Cancer Res 15:598-602, 1955.

Shklar G. Experimental pathology of oral cancer. In: G Shklar, ed. Oral Cancer. Phil-
adelphia: WB Saunders, 1988, pp 41-54.

Harvey GR. Synthesis of the dihydrodiol and diol epoxide metabolites of carcinogenic
polycyclic hydrocarbons. In: GR Harvey, ed. Polycyclic Hydrocarbon and Carcinogenesis.
Washington, DC: American Chemical Society, 1985, pp 36-62.

Odukoya D, Schwartz J, Weichselbaum R, Shklar G. An epidermoid carcinoma cell line
derived from hamster 7, 12-dimethylbenz(a)anthracene-induced oral buccal pouch tumors.
J Natl Cancer Inst 71:1253-1264, 1983.

Silverman S, Shklar G. The effect of a carcinogen (DMBA) applied to the hamster cheek
pouch in combination with croton oil. Oral Surg 16:1344—-1355, 1963.

Rowe NH, Gorlin RJ. The effect of vitamin A deficiency upon experimental car-
cinogenesis. J Dent Res 38:72-83, 1959.

Santis H, Shklar G, Chauncey HH. Histochemistry of experimentally induced leukoplakia
and carcinoma of the hamster buccal pouch. Oral Surg 17:307-318, 1964.

Shklar G. Metabolic characteristics of experimental hamster pouch carcinomas. Oral Surg
20:336-339, 1965.

Tsiklakis K, Papadakou A, Angelopoulos AP. The therapeutic effect of an aromatic
retinoid (RO-109359) on hamster buccal pouch carcinomas. Oral Surg 64:327-332, 1987.
Suda D, Schwartz J, Shklar G. Inhibition of experimental oral carcinogenesis by topical
beta-carotene. Carcinogenesis 7:711-715, 1986.

Shwartz J, Shklar G. Regression of experimental oral carcinogenesis by local injection of
beta-carotene and canthaxanthine. Nutr Cancer 11:35-40, 1988.

35



38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

36

Shklar G. Oral mucosal carcinogenesis in hamster: Inhibition by vitamin E. J Natl Cancer
Inst 68:791-799, 1982.

Trickler D, Shklar G. Prevention by vitamin E of experimental oral carcinogenesis. J Natl
Cancer Inst 78:165-169, 1989.

Schwartz J, Shklar G, Reid S, Trickler D. Prevention of oral cancer by extracts of
Spirulina-Dunaliella algae. Nutr Cancer 11:127-134, 1988.

Downward J, Yarden Y, Mayes E, Scrace G, Toffy N, Stockwell P, et al. Close similarity
of epidermal growth factor receptor and V-erb-B oncogene protein sequences. Nature
307:521-527, 1984.

Hunter T. The epidermal growth factor receptor gene and its products. Nature 311:414—
416, 1984.

Ullrich A, Coussens L, Hayflick JS, Dull TJ, Gray A, Tam AW, et al. Human epidermal
growth factor receptor cDNA sequence and aberrant expression of the amplified gene in
A431 human carcinoma cells. Nature 309:418-425, 1984.

. Libermann TA, Razon N, Bartal AD, Yarden Y, Schlessinger J, Soreq H. Expression of

epidermal growth factor receptors in human brain tumors. Cancer Res 44:753-760, 1984.
Merlino GT, Xu Y-H, Ishii S, Clark AJL, Semba K, Toyoshima K, et al. Amplification
and enhanced expression of the epidermal growth factor receptor gene in A431 human
carcinoma cells. Science 224:417-419, 1984.

Cowley G, Smith JA, Gusterson B, Hendler F, Ozanne B. The amount of EGF receptor
is elevated in squamous cell carcinomas. In: JL Arnold, GF van de Woode, WC Topp, JD
Watson, eds. Cancer Cells I. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory
Press, 1984, pp 5-10.

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

Wong DTW, Biswas DK. Activation of the C-erb B1 oncogene during DMBA-induced
carcinogenesis in the hamster cheek pouch. J Dent Res 65:221, 1986.

Wong DTW. Amplification of the C-erb B1 oncogene in chemically-induced oral car-
cinomas. Carcinogenesis 8:1963—1965, 1987.

Wong DTW, Biswas DK. Expression of C-erb B proto-oncogene during dimethyl-
benzanthracene-induced tumorigenesis in hamster cheek pouch. Oncogene 2:67-72, 1987.
Wong DTW, Gallagher GT, Gertz R, Chang ALC, Shklar G. Transforming growth
factor-a in chemically transformed hamster oral keratinocytes. Cancer Res 48:3130-3134,
1988.

Shin DM, Gimenez IB, Lee JS, Nishioka K, Wargovich MJ, Thacher S, et al. Expression
of epidermal growth factor receptor, polyamine levels, ornithine decarboxylase activity,
micronuclei, and transglutaminase I in a 7,12-dimethylbenz(a)anthracene-induced hamster
buccal pouch carcinogenesis model. Cancer Res 50:2505~-2510, 1990.

Land H, Chen AC, Morgenstern JP, Parada LF, Weinberg RA. Behavior of myc and ras
oncogenes in transformation of rat embryo fibroblasts. Mol Cell Biol 6:1917-1925, 1986.
Lee WM, Schwab M, Westaway D, Varmus H. Augmented expression of normal c-myc is
sufficient for cotransformation of rat embryo cells with a mutant ras gene. Mol Cell Biol
5:3345-3356, 1985.

Kelly K, Cochran BH, Stiles CD, Leder P. Cell-specific regulation of the c-myc gene by
lymphocyte mitogens and platelet-derived growth factor. Cell 35:603-610, 1983.
Yancopoulos GD, Nisen PD, Tesfaye A, Kohl NE, Goldfarb MP, Alt FW. N-myc can
cooperate with ras to transform normal cells in culture. Proc Natl Acad Sci USA 82:5455-
5459, 1985.

Ruley HE. Adenovirus early region 1A enables viral and cellular transforming genes to
transform primary cells in culture. Nature 304:602-606, 1983.

Balmain A, Pragnell IB. Mouse skin carcinomas induced in vivo by chemical carcinogens
have a transforming Harvey-ras oncogene. Nature 303:72-74, 1983.



59.

60.

61.
62.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Quintanilla M, Brown K, Ramsden M, Balmain A. Carcinogen-specific mutation and
amplification of Ha-ras during mouse skin carcinogenesis. Nature 322:78-80, 1986.

Bizub D, Wood AW, Skalka AW. Mutagenesis of the Ha-ras oncogene in mouse skin
tumors induced by polycyclic aromatic hydrocarbons. Proc Natl Acad Sci USA 83:6048-
6052, 1986.

Barbacid M. ras genes. Annu Rev Biochem 56:779-827, 1987.

Leon J, Kamino H, Steinberg JJ, Pellicer A. H-ras activation in benign and self-regressing
skin tumors (keratoacanthomas) in both human and animal model systems. Mol Cell Biol
8:786—793, 1988.

. Bishop J. Cellular oncogenes and retroviruses. Annu Rev Biochem 52:301-354, 1983.
. Brown K, Quintanilla M, Ramsden M, Kerr IB, Young S, Balmain A. V-ras genes from

Harvey and BALB murine sarcoma viruses can act as inhibitors of two-stage mouse skin
carcinogenesis. Cell 46:447-456, 1986.

Husain Z, Fei Y, Roy S, Solt DB, Polverini PJ, Biswas DK. Sequential expression and
cooperative interaction of c-Ha-ras and c-erb B genes in in vivo chemical carcinogenesis.
Proc Natl Acad Sci USA 86:1264-1268, 1989.

Wong DTW, Gertz R, Chow P, Chang ALC, McBride J, Chiang T et al. Detection of Ki-
ras messenger RNA in normal and chemically transformed hamster oral keratinocytes.
Cancer Res 49:4562-4567, 1989.

Campisi J, Gray HE, Pardee AB, Dean M, Soneshein G. Cell control of c-myc but not c-
ras expression is lost following chemical transformation. Cell 36:241-247, 1984.

Solt DB. Localization of gamma-glutamyl transpeptidase in hamster buccal pouch epi-
thelium treated with 7,12-dimethylbenz(a)anthracene. J Natl Cancer Inst 67:193-199,
1981.

Solt DB, Shklar G. Rapid induction of gamma-glutamyl transpeptidase-rich intraepithelial
clones in DMBA-treated hamster buccal pouch. Cancer Res 42:285-291, 1982.

Odajima T, Solt DB, Solt LC. Persistence of gamma-glutamyl transpeptidase-positive foci
during hamster buccal pouch carcinogenesis. Cancer Res 44:2062-2067, 1984.

Murase N, Fukui S, Mori M. Heterogeneity of keratin distribution in the oral mucosa and
skin of mammals as determined using monoclonal antibodies. Histochem J 85:265-276,
1986.

Tatemoto Y, Fukui S, Oosumi H, Horike H, Mori M. Expression of keratins during
experimentally induced carcinogenesis in hamster cheek pouch visualized polyclonal and
monoclonal antibodies. Histochemistry 86:445-452, 1987.

Gimenez-Conti IB, Shin DM, Bianchi AB, Roop DR, Hong WK, Conti CJ, et al.
Changes in keratin expression during 7,12-dimethylbenz(a)anthracene-induced hamster
cheek pouch carcinogenesis. Cancer Res 50:4441-4445, 1990.

Fugita J, Yoshida O, Tusas Y, Rhim JS, Hatamaka M, Aaronson SA. Ha-ras oncogenes
are activated by somatic alterations in human urinary tract tumors. Nature 309:464—466,
1984.

Eva A, Tronick SR, Gol RA, Pierce JH, Aaronson SA. Transforming genes of human
hematopoietic tumors: Frequent detection of ras-related oncogenes whose activation
appears to be independent of tumor phenotype. Proc Natl Acad Sci USA 80:4926-4930,
1983.

Santos E, Martin-Zanca D, Reddy EP, Pierotti MA, Della Porta G, Barbacid MJ.
Malignant activation of K-ras oncogene in lung carcinoma, but not in normal tissue of the
same patients. Science 223:661-668, 1984.

Shih C, Shelo BF, Goldfarb MP, Dannenberg A, Weinberg RA. Passage of phenotypes of
chemically transformed cells via transfection of DNA and chromatin. Proc Natl Acad Sci
USA 76:5714-5718, 1979.

Der CJ, Krontris TG, Cooper GM. Transforming genes of human bladder and lung
carcinoma cell lines are homologous to the ras genes of Harvey and Kirsten sarcoma virus.
Proc Natl Acad Sci USA 79:3637-3640, 1982.

37



79.

80.

81.

82.

83.
84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

100.

38

Der CJ, Cooper GM. Altered gene products are associated with activation of cellular
ABSK genes in human lung and colon carcinomas. Cell 32:201-208, 1983.

Goldfarb MP, Shimizn K, Perucho M, Wigler MH. Isolation and preliminary charac-
terization of a human transforming gene from T24 bladder carcinoma cells. Nature
296:405-409, 1982.

Papageorge A, Lowy D, Scolnick E. Comparative biochemical properties of P?' ras
molecules coded for by viral and cellular ras genes. J Virol 44:509-519, 1982.

Thor A, Ohuchi N, Horan Hand P, Callahan R, Weeks MO, Liderean R, et al. ras
gene alterations and enhanced levels of P?*'ras expression in a spectrum of benign and
malignant human mammary tissue. J Lab Invest 55:603-615, 1986.

Bos JL. The ras gene family and human carcinogenesis. Mutat Res 195:255-271, 1988.
Reddy EP, Reynolds RK, Santos E, Barbacid M. A point mutation is responsible for the
acquisition of transforming properties by T24 human bladder carcinoma oncogene. Nature
300:149-152, 1982.

Taparowsky E, Suard Y, Fasano O, Shimizu K, Goldfarb M, Wigler M. Activation of the
T24 bladder carcinoma transforming gene is link to a single amino acid change. Nature
300:762-765, 1982.

Tabin CJ, Bradley SM, Bargmann CI, Weinberg RA, Papageorge AG, Scolnick EM,
et al. Mechanism of activation of a human oncogene. Nature 300:143-148, 1982.
Spandidos DA, Wilkie NM. Malignant transformation of early passage rodent cells by a
single mutated human oncogene. Nature 310:469-475, 1984.

Slamon DJ, DeKernion JB, Verma IM, Cline MJ. Expression of cellular oncogenes in
human malignancies. Science 224:256-262, 1984.

Horan-Hand P, Thor A, Wunderlich D, Muraro R, Casruso A, Schlom J. Monoclonal
antibodies of predefined specificity-detected carcinomas. Proc Natl Acad Sci USA 81:5227-
5231, 1984.

Viola MV, Fromowitz F, Oravez S, Deb S, Schlom J. ras oncogene P?! expression
is increased in premalignant lesions and high-grade bladder carcinoma. J Exp Med 161:
1213-1218, 1985.

Gallick G, Kurzrock R, Kloetzer W, Arlinghaus R, Gutterman J. Expression of P?! ras in
fresh primary and metastatic human colorectal tumors. Proc Natl Acad Sci USA 82:1795-
1799, 198s.

Vousden KH, Marshall CJ. Three different activated ras genes in mouse tumors; evidence
of oncogene activation during progression of a mouse lymphoma. EMBO J 3:913-917,
1984.

Collard JG, Schnijven JF, Roos E. Invasive and metastatic potential induced by ras-
transfection into mouse BW5147 T-lymphoma cells. Cancer Res 47:754-759, 1987.

Riou G. Proto-oncogenes and prognosis in early carcinoma of the uterine cervix. Cancer
Surv 7:441, 1988.

Riou G, Barrois M, Sheng FM. Somatic deletions and mutations of Ha-ras gene in human
cervical cancers. Oncogene 3:329-333, 1988.

Capon DJ, Chen EY, Levinson AD, Seeburg PH, Goeddel et al. Complete nucleotide
sequences of the T24 human bladder carcinoma oncogene and its normal homologue.
Nature 302:33-37, 1983.

Nordenskjold M, Cavence WK. Genetics and the etiology of solid tumors. In: VT DeVita
Jr, S Hellman, SA Rosenberg, eds. Important Advances in Oncology. Philadelphia: JB
Lippincott, 1988, pp 83.

Jiang W, Kahn SM, Guillem JG, Lu SH, Weinstein IB. Rapid detection of ras oncogenes
in human tumors: Application to colon, esophageal, and gastric cancer. Oncogene 4:923-
928, 1989.

Azuma M, Furumoto N, Kawamata H, Yoshida H, Yanagawa T, Yura Y, et al. The
relation of ras oncogene product P?! expression to clinicopathological status criteria and
clinical outcome in squamous cell head and neck cancer. The Cancer J 1:375-380, 1987.
Furth ME, Davis LJ, Flenrdelys B, Scolnick EM. Monoclonal antibodies to the P?!



101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

products of the transforming gene of Harvey murine sarcoma virus and of the cellular ras
gene family. J Virol 43:294-304, 1982.

Sachs PG, Parnes SM, Gallick GE, Mansouri Z, Lichtner R, Satya-Prakash KL, et al.
Establishment and characterization of two new squamous cell carcinoma cell lines derived
from tumors of head and neck. Cancer Res 48:2858-2866, 1988.

Sheng ZM, Barrois M, Klijanienko J, Micheau C, Richard JM, Riou G. Analysis of the c-
Ha-ras-1 gene for deletion, mutation, amplification, and expression in lymph node
metastases of human head and neck carcinomas. Br J Cancer 62:398—-404, 1990.

Rumsby G, Carter RL, Gusterson BA. Low incidence of ras oncogene activation in
human squamous cell carcinomas. Br J Cancer 61:365-368, 1990.

Field JK, Lamothe A, Spandidos DA. Clinical relevance of oncogene expression in head
and neck tumors. Anticancer Res 6:595-600, 1986.

Sakamoto H, Mori M, Taira M, Yoshida T, Matsukawa S, Shimizu K, et al. Transforming
gene from human stomach cancers and a noncancerous portion of stomach mucosa. Proc
Natl Acad Sci USA 83:3997-4001, 1986.

Yoshida MC, Wada M, Satoh H, Yoshida T, Sakamoto H, Myagawa K, et al. Human
HST2 (HSTFI) gene maps to chromosome band 11q13 and coamplifies with the int-2 gene
in human cancer. Proc Natl Acad Sci USA 85:4861-4864, 1988.

Taira M, Yoshida T, Myagawa K, Sakamoto H, Terada M, Sugimura T. cDNA sequence
of human transforming gene hst and identification of the coding squamous required for
transforming activity. Proc Natl Acad Sci USA 84:2980-2984, 1987.

Yoshida T, Miyagawa K, Odagiri H, Sakamoto H, Little PFR, Terada M, et al. Genomic
sequence of hst, a transforming gene encoding a protein homologous to fibroblast growth
factor and the int-2-encoded protein. Proc Natl Acad Sci USA 84:7305-7309, 1987.
Miyagawa K, Sakamoto H, Yoshida T, Yamashita Y, Mitsui Y, Furusawa M, et al. Hst-1
transforming protein: Expression in silkworm cells and characterization as a novel heparin
binding growth factor. Oncogene 3:383-389, 1988.

Casey G, Smith R, McGilliuray D, Peters G, Dickson C. Characterization and
chromosome assignment of the human homolog of int-2, a potential protooncogene. Mol
Cell Biol 6:502-510, 1986.

Tsutsumi M, Sakamoto H, Yoshida T, Kakizoe T, Koiso K, Sugimura T, et al. Coamplifi-
cation of the Ast-1 and int-2 genes in human cancer. Jpn J Cancer Res 79:428-432, 1988.
Tsuda Y, Tahara E, Kajiyama G, Sakamoto H, Terada M, Sugimora T. High incidence of
coamplification of hst-1 and int-2 genes in human esophageal carcinomas. Cancer Res
49:5505-5508, 1989.

Adelaide J, Matter MG, Marics I, Raybaund F, Planche J, Lapeyriere OD, et al.
Chromosomal localization of the hst oncogene and its coamplification with the int-2
oncogene in human melanoma. Oncogene 2:413-416, 1988.

Hatada I, Tokino T, Ochiya T, Matsubara K. Coamplification of integrated hepatitis B
virus DNA and transforming gene hst-1 in a hepatocellular carcinoma. Oncogene 3:537-
540, 1988.

Ali IU, Merlo G, Callahan R, Liderean R. The amplification unit of chromosome 11q13
in aggressive primary breast tumors entails the bcl-1, int-2 and hst loci. Oncogene 4:89—
92, 1989. :

Somers KD, Cartwright SL, Schechter GL. Amplification of the int-2 gene in human head
and neck squamous carcinomas. Oncogene 5:915-920, 1990.

Zhou DJ, Casey G, Cline MJ. Amplification of human int-2 in breast cancers and
squamous carcinomas. Oncogene 2:279-282, 1988.

Cole MD. The myc oncogene: Its role in transformation and differentiation. Annu Rev
Genet 20:361-384, 1986.

Sheiness DK, Bishop JM. DNA and RNA from uninfected vertebrate cells containing
nucleotide sequences related to the putative transforming gene of avian myelocytomatosis
virus. J Virol 31:514-518, 1979.

Sheiness DK, Hughes SH, Varmus HE, Stubblefield E, Bishop JM. The vertebrate

39



121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

40

homolog of the putative transforming gene of avian myelocytomatosis virus: Charac-
teristics of the DNA locus and its RNA transcript. Virology 105:415-424, 1980.

Schwab M, Alitalo K, Klempnauer KH, Varmus HE, Bishop JM, Gilbert F, et al.
Amplified DNA with limited homology to myc cellular oncogene is shared by human
neuroblastoma cell lines and a neuroblastoma tumor. Nature 305:245-248, 1988.

Kohl NE, Gee CE, Alt FW. Activated expression of the N-myc gene in human neuro-
blastomas and related tumors. Science 226:1335-1337, 1984.

Nau MM, Brooks BJ, Battey J, Sausville E, Gazda AF, Kirsch IR, et al. L-myc, a new
myc-related gene amplified and expressed in human small cell lung cancer. Nature 318:69—
73, 1985.

Leder P, Battey J, Lenoir C, Moulding C, Murphy W, Potter H, et al. Translocations
among antibody genes in human cancer. Science 222:765-771, 1983.

Croce CM, Nowell P. Molecular basis of human B-cell neoplasia. Blood 65:1-7, 1985.
Peschle C, Mavillo F, Sposi N, Giampaolo A, Care A, Bottero L, et al. Translocation and
rearrangement of c-myc into immunoglobulin alpha heavy chain locus in primary cells
from acute lymphocytic leukemia. Proc Natl Acad Sci USA 81:5514-5518, 1984.

Lee WH, Murphee AL, Benedict WF. Expression and amplification of the N-myc gene in
primary retinoblastoma. Nature 309:458-460, 1984.

Seeger R, Brodeur G, Sather H, Dalton A, Siegel S, Wong K, et al. Association of
multiple copies of the N-myc oncogene with rapid progression of neuroblastomas. N Engl
J Med 313:1111-1119, 1985.

Brodeur G, Seeger R, Schwab M, Varmus H, Bishop JM. Amplification of N-myc
in untreated human neuroblastomas correlates with advanced disease stage. Science
224:1121-1124, 1984.

Johnson BE, Ihde DC, Makuch RW, Gazdar AF, Carney DN, Oie H, et al. myc family
oncogene amplification in tumor cell lines established from small cell lung cancer patients
and its relationship to clinical status and course. J Clin Invest 79:1629-1634, 1987.

Field JK, Spandidos DA, Stell PM, Vaughan ED, Evan GI, Moore JP. Elevated expres-
sion of the c-myc oncoprotein correlates with poor prognosis in head and neck squamous
cell carcinoma. Oncogene 4:1463-1468, 1989.

Sarnath D, Panchal R, Nair R, Mehta AR, Sanghavi V, Sumegi J, et al. Oncogene
amplification in squamous cell cancer of the lung of the oral cavity. Jpn J Cancer Res
80:430-437, 1989.

Gusterson B, Cowley G, Smith JA, Ozanne B. Cellular localization of human epidermal
growth factor receptor. Cell Biol Int Rep 8:659-667, 1984.

Filmus J, Pollak MN, Cailleau R, Buick RM. MDA-468, a human breast cancer cell line
with a high number of epidermal growth factor (EGF) receptors, has an amplified EGF
receptor gene and is growth inhibited by EGF. Biochem Biophys Res Commun 128:898-
905, 1985.

Fitzpatrick SL, Brightwell J, Wittlift JL, Barrows GH, Shultz GS. Epidermal growth
factor binding by breast biopsies and relationship to estrogen receptor and progestin
receptor levels. Cancer Res 44:3448-3453, 1984.

Kamata N, Chida K, Rikimaru K, Horikoshi M, Enomoto S, Kuroki T. Growth inhibitory
effects of epidermal growth factor and overexpression of its receptors on human squamous
cell carcinomas in culture. Cancer Res 46:1648-1653, 1986.

Cohen S, Ushiro H, Stoscheck C, Gill GN. Regulation of the epidermal growth factor by
phosphorylation. J Cell Biochem 29:195-208, 1985.

Cohen S, Carpenter G, King L. Epidermal growth factor receptor protein kinase inter-
actions. J Biol Chem 255:4834-4842, 1980.

Ushiro H, Cohen S. Identification of phosphotyrosine as a product of epidermal growth
factor-activated protein kinase in A431 cell membranes. J Biol Chem 255:8353-8365,
1980.

Yamamoto T, Nishida T, Miyajima M, Kawai S, Ooi T, Toyoshima K. The erb B gene of



141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

avian erythoblastosis virus is a member of the src gene family. Cell 35:71-78, 1983.
Maxwell SA, Sacks PG, Gutterman JU, Gallick GE. Epidermal growth factor receptor
protein-tyrosine kinase activity in human cell lines established from squamous carcinomas
of the head and neck. Cancer Res 49:1130-1137, 1989.

Santini J, Formento JL, Francoual M, Milano G, Schneider M, Dassonville O, et al.
Characterization, quantification, and potential clinical value of the epidermal growth
factor receptor in head and neck squamous cell carcinomas. Head Neck 13:132-139, 1991.
Kearsley JH, Furlong KL, Cooke RA, Waters MJ. An immunohistochemical assessment
of cellular proliferation markers in head and neck squamous cell cancers. Br J Cancer
61:821-827, 1990.

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

Lane DP, Crawford LV. T antigen is bound to a host protein in SV40-transformed cells.
Nature 278:261-263, 1979.

Crawford LV, Pim DC, Gurney EG, Goodfellow P, Taylor-Papadimitriou J. Detection of
a common feature in several human tumor cell lines — a 53,000-dalton protein. Proc Natl
Acad Sci USA 78:41-45, 1981.

Miller C, Mohandas T, Wolf D, Prokocimer M, Rotter V, Koeffler HP. Human p53 gene
localized to the short arm of chromosome 17. Nature 319:783-784, 1986.

Isobe M, Emanuel BS, Givol D, Oren M, Croce CM. Localization of gene for human p53
tumor antigen to band 17p13. Nature 320:84-86, 1986.

Finlay CA, Hinds PW, Levine AJ. The p53 proto-oncogene can act as a suppressor of
transformation. Cell 57:1083-1093, 1989.

Eliyahu D, Michalovitz D, Eliyahu S, Pinhasi-Kimhi O, Oren M. Wild-type p53 can
inhibit oncogene-mediated focus formation. Proc Natl Acad Sci USA 86:8763—8767, 1989.
Baker SJ, Fearon ER, Nigro JM, Hamilton SR, Preisinger AC, Jessup JM, et al. Chromo-
some 17 deletions and p53 gene mutations in colorectal carcinomas. Science 244:217-221,
1989.

Soussi T, Caron DE, Fromentel C, Mechali M, Hay P, Kress M. Cloning and charac-
terization of a cDNA from xenopus lavis coding for a protein homologous to human and
murine p53. Oncogene 1:71-78, 1987.

Soussi T, Begue A, Kress M, Stehelin D, May P. Nucleotide sequence of a cDNA
encoding the chicken p53 nuclear oncoprotein. Nucleic Acids Res 16:11383, 1988.

Wolf D, Laver-Rudich Z, Rotter V. In vitro expression of human p53 cDNA clones and
characterization of the cloned human p53 gene. Mol Cell Biol 5:1887-1893, 1985.
Harlow E, Williamson NM, Ralston R, Halfman DM, Adams TE. Molecular cloning and
in vitro expression of a cDNA clone for human cellular tumor antigen p53. Mol Cell Biol
5:1601-1610, 1985.

Mercer WE, Nelson D, DeLeo AB, Old IJ, Baserga R. Microinjection of monoclonal
antibody to protein p53 inhibits serum-induced DNA synthesis in 3T3 cells. Proc Natl
Acad Sci USA 79:6309-6312, 1982.

Reich NC, Levine AJ. Growth regulation of a cellular tumor antigen, p53, in nontrans-
formed cells. Nature 308:199-201, 1984.

Shohat O, Greenberg M, Reisman D, Oren M, Rotter V. Inhibition of cell growth
mediated by plasmids encoding p53 anti-sense. Oncogene 1:277-281, 1987.

Eliyahu D, Goldfinger N, Pinhasi-Kimhi O, Shaulsky G, Akurnik Y, Arai N, et al. Meth
A fibrosarcoma cells express two transforming mutant p53 species. Oncogene 3:313-321,
1988.

Finlay CA, Hinds PW, Tan TH, Eliyahu D, Oren M, Levine AJ. Activating mutations for
transformation by p53 produce a gene product that forms an hsc 70-p53 complex with an
altered half-life. Mol Cell Biol 8:531-539, 1988.

Cavenee WK, Hastie ND, Stanbridge EJ, eds. Current Communications in Molecular

41



162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

2

Biology: Recessive Oncogenes and Tumor Suppression. Cold Spring Harbor, NY: Cold
Spring Harbor Laboratory Press, 1989.

Atkin NB, Baker MC. Chromosome 17p loss in carcinoma of the cervix uteri. Cancer
Genet Cytogenet 37:229-233, 1989.

Yano T, Linehan M, Anglard P, Lerman MI, Daniel LN, Stein CA, et al. Genetic
changes in human adrenocortical carcinomas. J Natl Cancer Inst 81:518-523, 1989.

Tsai CM, Gazdar AF, Venzon DJ, Steinberg SM, Dedrick RI, Mulshine JL, et al. Lack of
in vitro synergy between etoposide and cis-diaminedichloroplatinum (IT). Cancer Res
49:2390-2397, 1989.

Fearon ER, Hamilton SR, Vogelstein B. Clonal analysis of human colorectal tumors.
Science 238:193-197, 1987.

Monpezat JPH, Delattre O, Bernard A, Grunwald D, Remvikos Y, Muleris M, et al.
Loss of alleles on chromosome 18 and on the short arm of chromosome 17 in polyploid
colorectal carcinomas. Int J Cancer 41:404-408, 1988.

Herskowitz I. Functional inactivation of genes by dominant negative mutations. Nature
329:219-222, 1987.

Eliyahu D, Michalovitz D, Eliyahu S, Pinhasi-Kimhi O, Oren M. Wild-type p53 can
inhibit oncogene-mediated focus formation. Proc Natl Acad Sci USA 86:8763-8767, 1987.
Kraiss S, Quaiser A, Oren M, Montenarch M. Oligomerization of oncoprotein p53.
J Virol 62:4737-4744, 1988.

Lane DP, Benchimol S. p53: Oncogene or anti-oncogene? Genes Dev 4:1-8, 1990.

Iggo R, Gatter K, Bartek J, Lane D, Harris AL. Increased expression of mutant forms of
p53 oncogene in primary lung cancer. Lancet 335:675-679, 1990.

Chiba I, Takehashi T, Nau M, D’Amico D, Curiel DT, Mitsudomi T, et al. Mutations in
the p53 gene are frequent in primary, resected non-small cell lung cancer. Oncogene
5:1603-1610, 1990.

Gusterson BA, Anbazhagan R, Warren W, Midgely C, Lane DP, Ohare M, et al.
Expression of p53 in premalignant and malignant squamous epithelium. Oncogene 6:
1785-1789, 1991.

Chiao PJ, Shin DM, Sacks PG, Hong WK, Tainsky MA. Elevated expression of the
ribosomal protein 52 gene in human tumors. Mol Carcinogen 5:219-231, 1992.

Chester KA, Robon L, Begent HIR, Talbot IC, Pringle HJ, Primrose L, et al. Identifi-
cation of a human ribosomal protein mRNA with increased expression in colorectal
tumors. Biochim Biophys Acta 1009:297-300, 1989.

Davies MS, Henney A, Ward HIW, Craig KR. Characterisation of an mRNA encoding a
human ribosomal protein homologous to the yeast L44 ribosomal protein. Gene 45:183—
191, 1984.

Pogue-Geile K, Geiser JR, Shu M, Miller C, Wool IG, Meisler Al, et al. Ribosomal
protein genes are overexpressed in human colorectal cancer: Isolation of a cDNA clone
encoding the human S3 ribosomal protein. Mol Cell Biol 11:3842-3849, 1991.



3. Squamous differentiation and retinoids

Reuben M. Lotan

Retinoids are structural or functional analogues of vitamin A, or retinol.
They exert profound effects on the growth, maturation, and differentiation
of many cells types, particularly epithelial cells, both in vivo and in vitro
[1-8]. Vitamin A exerts a major effect on normal differentiation of epithelial
cells, including those lining the oral cavity and upper aerodigestive tract [9].
The maintenance of the mucus-secreting function of these cells depends on
the continuous presence of vitamin A. In its absence, squamous metaplasia
develops that can be reversed by vitamin A replenishment [8-14]. B-all-
trans-retinoic acid (tRA) can replace vitamin A in restoration of normal
differentiation of epithelial tissues in vitamin A—deficient animals [14-19].
It is thought that squamous metaplasia in the upper aerodigestive epithelium
is a precursor of certain cancers [20] and that agents like retinoids, which
suppress keratinization and restore the normal nonkeratinizing phenotype to
premalignant and malignant lesions, may also restore their responsiveness to
normal growth control mechanisms. Consequently, such agents could sup-
press carcinogenesis and be useful in the prevention and treatment of
squamous cell carcinomas [21-23]. This chapter describes the effects of re-
tinoids on squamous differentiation in normal, premalignant, and malignant
epithelial tissues.

Normal squamous cell differentiation

The skin is the major organ where epithelial cells undergo squamous
cell differentiation and, not surprisingly, most of our basic knowledge on
squamous cell differentiation has been derived from studies of this organ in
vivo and from studies of cultured epidermal keratinocytes [24-26]. The
keratinizing stratified squamous epithelium of the skin includes basal epithe-
lial cells, which are separated from the dermis by a basal lamina. The basal
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cells are considered the stem cells of the skin in that they divide continuously
and generate more basal cells as well as progeny that migrate from the basal
layer outward. Cells in the suprabasal layers lose proliferating capacity and
undergo a series of concerted changes in the expression of several genes,
which result in terminally differentiated squames [24-27]. Epithelial cells
covering the hard palate, the dorsal anterior part of the tongue, and the
gingiva of the oral cavity resemble epidermis in that they are stratified and
keratinizing cornified epithelium [28]. The epithelial cells of the esophagus
and the uterine cervical mucosa are also keratinizing. In contrast, the
majority of epithelial cells in the oral cavity and the tracheobronchial tree
are normally nonkeratinizing.

Many of the genes expressed during squamous differentiation have been
cloned and their products characterized extensively. Some of these markers
are involved in the formation of the crosslinked envelope. They include the
crosslinking enzyme transglutaminase type I (TGase-I), which is associated
with the cytoplasmic face of the plasma membrane and catalyzes the forma-
tion of isopeptide linkages [e-(y-glutamyl)lysine] between protein-bound
glutamine residues and primary amines such as protein-bound lysine that are
present in various envelope protein precursors [29-36]. The TGase-1 sub-
strates that are abundant in the cytosol of cells in the upper spinous and
granular layers are also differentiation markers. They include loricrin, a
25- to 30-kD protein found in the granular and lower cornified cell layers
of epidermis [37,38]; cornifin, a 14-kD protein that is expressed in the
suprabasal layer [39]; and involucrin, a 68-kD protein that is the major
protein component of cornified envelopes in cultured keratinocytes [24,26,
29,34,40-46]. Because involucrin is also found in various stratified squamous
epithelia, it is considered a general marker of squamous differentiation
[47,48]. Additional TGase-I substrates found in the crosslinked envelope are
keratolinin, a 16- to 26-kD protein [49—51]; annexin I, a 36-kD protein [52,53];
and sciellin, an 82-kD protein [54]. Another group of squamous differen-
tiation markers is the intermediate filaments or keratins. Specifically, in
human epidermis cells in the deep layers produce keratin molecules of 46- to
58-kD (keratins K5 and K14); however, as they move outward they begin to
synthesize large keratins (e.g., keratin K1, 67kD, and K10, 56.5kD) that
are characteristic of the suprabasal layers in cornifying stratified epithelia
(e.g., epidermis) but not in simple or transitional stratified epithelia [55-62].
In the oral cavity, the cornified epithelium of the gingiva expresses K1
keratin, whereas the noncornifying stratified epithelia covering most of the
oral cavity do not produce the K1 keratin but express other keratins [28,62].
The aggregation of keratin filaments is augmented by the protein filaggrin,
which is a 37-kD protein derived from a higher molecular weight precursor
in cornifying cells [63-67]. Other squamous differentiation markers are a
16—20kD prorelaxin-like molecule [68,69], cholesterol sulfotransferase and
cholesterol sulfate [70-75], acylceramides, and lanosterol lipid [76].
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Aberrant squamous cell differentiation
Normal epithelial cells

The lining mucosa of the human oral epithelium that covers most of the oral
cavity, including the soft palate, the tongue’s ventral surface, the mouth’s
floor, the alveolar area, the lips, and the cheeks, is a nonkeratinizing
epithelium [28]. Likewise, the epithelium of the tracheobronchial tree is
noncornified [5]. Some columnar and transitional nonkeratinizing epithelial
cells (e.g., lachrymal gland, trachea, bladder, and prostate) can undergo
squamous metaplasia, indicating that they have the potential to differentiate
along the squamous pathway [9,77]. This potential is expressed in vivo after
mechanical injury [78], vitamin A deficiency [11,13,79,80], or exposure to
carcinogens or tumor promoters [20,81-83]. The precursor cell type for the
aberrant squamous cell may be the basal cell [84] or the secretory cell [85].
In rabbit tracheal epithelial cells, the squamous differentiation induced in
vitro is accompanied by an increased expression of the K13 keratin [86]. In
hamster trachea, squamous metaplasia induced by vitamin A deficiency is
accompanied by increased expression of K5 keratin [8]. Squamous cell
carcinomas (SCC), which account for over 90% of the tumors in the oral
cavity, also undergo some degree of squamous differentiation [87]. Thus,
squamous cell differentiation in the upper aerodigestive tract is usually an
abnormal differentiation.

Premalignant and malignant lesions

The ability to form crosslinked envelopes is retained by many premalignant
and malignant cells, which express transglutaminase and contain protein
precursors for crosslinking [75,88-92]. For example, the exposure of buccal
epithelial cells to the tumor-promoting agent 12-O-tetradecanoylphorbol-13-
acetate increased the involucrin level and induced the formation of cross-
linked envelopes [90]. Similarly, human keratinocytes immortalized by
SV40 large T antigen continue to express involucrin and produce cornified
envelopes [93]. Furthermore, involucrin is expressed in premalignant lesions
and SCCs [46,88,89,94,95]. TGase-I was detected in benign and malignant
neoplasms of the skin and oral cavity that show squamous differentiation but
is not detected in severe oral epithelial dysplasia or undifferentiated invasive
SCC [96,97]. TGase-I was expressed in the minority of several human lung
SCCs grown in vitro or as xenografts in nude mice, whereas involucrin was
expressed in all the cell lines, suggesting that control of the expression of
these two markers is not tightly coordinated [98]. The expressions of TGase-
I and involucrin are similarly uncoupled in lesions of severe oral epithelial
dysplasia, in which TGase-I expression is suppressed but involucrin is pre-
sent [97]. Studies with the hamster cheek pouch model of oral cancer have
established that carcinogenesis is accompanied by increases in the expression
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of TGase-I during progression from normal cells through premalignant
papilloma to carcinoma [82]. v-rasHa-transduced mouse keratinocytes,
which represent initiated cells, undergo a distinct reprogramming of the
squamous differentiation program. The cells resist terminal differentiation
induced by calcium (>0.1mM), as evidenced by suppression of the level of
loricrin. These v-rasHa-transduced mouse keratinocytes also exhibit sup-
pression of the level of the early suprabasal markers keratins K1 and K10.
In contrast, the cells retain the ability to express filaggrin, albeit at higher
calcium concentrations than normal cells [99]. Changes in the synthesis of
keratins were noted during mouse skin carcinogenesis; the expression of
keratins K6 and K16 increased in benign and malignant lesions, the expres-
sion of K13 increased after papilloma progressed to carcinoma, whereas the
expression of K1 decreased in papilloma and diminished in carcinoma.
These results suggest that the loss of K1 and the expression of K6, K13, and
K16 could be considered as markers of progression to malignancy in skin
lesions [60,100-103]. Similarly, studies with the hamster cheek pouch model
of oral cancer have established that carcinogenesis is accompanied by
increases in the expression of K1 keratin in hyperplastic lesions and de-
creases in dysplastic lesions and carcinomas during progression from normal
through premalignant papilloma to carcinoma [83]. Thus, the expression of
keratins 6/16 can serve as a marker for hyperplasia in premalignant lesions,
and the expression of K1 can be a marker of squamous differentiation in
premalignant lesions.

Although the K1 keratin is lost during carcinogenesis in mouse skin, there
are reports on the presence of this keratin in squamous carcinomas in vivo
and in vitro [59,91,92,104]. Some squamous cell carcinomas continue to
produce the same keratins as the normal precursor cells [59,104,105]. How-
ever, neoplasms that arise in complex epithelia, such as stratified ones,
often differ in the expression of keratin from the surrounding normal tissue,
possibly because they represent an expanded subpopulation with a distinct
keratin synthesis pattern [59,100]. For example, keratins K6 and K16 are
usually present in very low amounts in normal epithelial tissues but are
expressed in hyperproliferative states and in SCC [59,102].

Vitamin A and retinoids

B-carotene serves as the precursor for the in vivo biogenesis of retinol. p-all-
trans-retinoic acid is a natural metabolite of retinol that can replace retinol
in regulating epithelial differentiation and many other functions in vivo [15].
tRA is synthesized from retinol by various tissues and cultured cells,
including keratinocytes [106—111]. Recently, it has been found that tRA can
also be synthesized in various tissues and cultured epithelial cells from f-
carotene without formation of retinol as an intermediate [107,108]. The
production was at a rate that generated significant amounts of retinoic acid
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to make this pathway a potentially important one for retinoic acid genera-
tion in situ. Thus, tRA might be the active metabolite of both retinol and -
carotene. However, it should be noted the B-carotene and retinol may
function without being metabolized to retinoic acid [112-117]. 13-cis-
retinoic acid (13cRA) is an analogue of tRA that is also formed in vivo by
isomerization [118]. It is present in human serum at concentrations similar
to those of tRA [118]. 13cRA exhibits similar effects as tRA on cell growth,
differentiation, and carcinogenesis but is less toxic and causes less side
effects in vivo than the natural retinoic acid [119,120]. More recently 9-cis-
retinoic acid has been shown to be a natural isomer of retinoic acid, and its
presence in kidney and liver has been demonstrated [121,122].

Effects of retinoids on the growth of normal, premalignant, and malignant
cells

Cell growth is tightly linked to squamous cell differentiation in that an
irreversible growth arrest is a prerequisite for the expression of squamous
cell differentiation markers and terminal differentiation [5,6]. Retinoids at
physiological concentrations enhance the proliferation of cultured human
epidermal cells [25,63,123—126] and are required in vivo for the maintenance
of a normal architecture of the epithelia [8,63]. Pretreatment of growth
factor—deprived human keratinocytes with retinoic acid enhanced the
growth-stimulatory effects of a mixture of epidermal growth factor (EGF),
bovine pituitary extract, and insulin [125]. Likewise, retinoic acid can en-
hance the growth of human buccal epithelial cells from explants maintained
in a serum-free medium [90]. Recent studies have demonstrated that the
targets for retinoid action in hamster trachea in vivo and in vitro are the
columnar secretory (mucous) cells. Their proliferation is inhibited during
vitamin A deficiency and enhanced upon restoration of vitamin A [126].

In contrast, several studies with SCCs reported that retinoids suppress
cell proliferation in monolayer cultures [75,89,127-130], inhibit the forma-
tion of SCC colonies in semi-solid agarose [128], and decrease the growth of
multicellular spheroids [131]. It is noteworthy that human keratinocytes
immortalized by human papilloma virus type 16 show increased sensitivity to
retinoids compared to the nonimmortalized precursor cells [132].

The growth of rabbit tracheal epithelial cells in serum-free medium
was not affected by retinoids [5]. Furthermore, the responses of mouse
keratinocytes were different from those of the human cells in that retinoic
acid exhibited both stimulatory [125,133] and inhibitory [125,133,134] effects
on the growth of the mouse skin keratinocytes. The dual effects of retinoids
on mouse keratinocytes were attributed to different concentrations of calcium
and growth factors in the medium. Thus, retinoids enhanced the prolifera-
tion of slow-growing cells maintained in low-calcium medium and inhibited
DNA synthesis in hyperproliferative cells maintained in a high calcium with
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a low level of growth factors [133]. In serum- and growth factor-free
medium, retinoic acid enhanced the mitogenic effect of epidermal growth
factor (EGF) and the growth-inhibitory effect of transforming growth factor-
beta (TGF-B) [125]. The latter effect is important in view of the observation
that retinoic acid also increased the level of active TGF-B2 in the murine
cells [134]. The lack of inhibition of the growth of human keratinocytes by
retinoids was attributed to the inability of retinoic acid to increase TGF-f in
the human cells [25,127]. These findings have led to the conclusion that the
effects of retinoids on epidermal growth and differentiation are complex,
and this may be in part due to the ability of retinoids to enhance the
responses of keratinocytes to both positive and negative peptide growth
factors [125-127]. Our finding that retinoic acid suppressed the level of
EGF receptor mRNA and the autophosphorylating activity of the receptor
in human squamous carcinomas is compatible with this contention [135].

It is plausible to assume that the ability of retinoids to inhibit the growth
of SCC cells and possibly also of premalignant epithelial cells is responsible,
at least in part, for their ability to suppress oral premalignant lesion (e.g.,
leukoplakia) [136], and to prevent the development of second primary
tumors in head and neck cancer patients [137], skin cancer in xeroderma
pigmentosum patients [138], and other types of cancers [139-142].

Effects of retinoids on squamous cell differentiation in normal, premalignant,
and malignant cells

Numerous reports have documented the ability of retinoids to suppress
squamous differentiation in normal, premalignant (e.g., papillomas), and
malignant keratinocytes [6,19,25,123]. Our studies with human head and
neck SCC (HNSCC) have demonstrated that some of them exhibit charac-
teristic markers of squamous differentiation and respond to retinoids under
specific culture conditions.

Retinoids have been shown to reduce spontaneous and calcium ionophore-
induced crosslinked envelope formation, especially when the cells were
cultured in vitamin A-deficient medium [6,29,88,89,143]. This effect ap-
peared to be the result of a combination of the suppression of TGase-I
activity and the level of envelope precursor proteins. Thus, retinoids sup-
pressed TGase-I expression [6,29,144,145] and decreased the level of
involucrin [88,89,146], loricrin [147,148], and cornifin [39,149]. Human and
rabbit tracheal epithelial cells cultured in a serum-free defined medium
responded to very low retinoid concentrations and exhibited a suppression
of TGase-I activity and inhibition of envelope formation [5,6]. In human
ectocervical cells, retinoids suppressed envelope formation but did not alter
the level of involucrin, suggesting that the mechanism of inhibition of
envelope formation may be distinct for different epithelia [150]. Several
studies with a variety of cultured cell lines established from human squamous
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cell carcinoma tumors of the oral mucosa or the facial epidermis have
demonstrated that different retinoids inhibit TGase-I, decrease involucrin
content, and suppress the formation of cornified envelopes [6,88,89,91,145,
151]. The suppression of TGase-1 was presumably at the transcriptional
level, and the effect was twofold in that retinoic acid inhibited the expres-
sion of TGase-I when it was present during the growth of tracheobronchial
epithelial cells as well as when added to already squamous-differentiated
cells [144,152]. Retinoic acid exerted two distinct effects on loricrin expres-
sion in that it not only blocked the calcium-induced loricrin mRNA syn-
thesisis but also suppressed elevated loricrin mRNA levels in differentiated
cells that had been pretreated with calcium [147]. The expression of another
envelope precursor, cornifin, was similarly inhibited by retinoids in rabbit
tracheal epithelial cells and human keratinocytes [39].

We studied the effects of RA on the expression of TGase-I in eight cell
lines derived from human head and neck squamous carcinomas (HNSCCs)
in the oral cavity and found that tRA suppressed the expression of this
marker to different degrees in the different cell lines [6,128,130]. One of the
cell lines, HNSCC 1483, was selected for investigation of the effects of
retinoic acid on envelope formation, on the activity and amount of TGAse-
I, and on the levels of involucrin. The cells’ potential to crosslink proteins in
the presence of the Ca?* ionophore R02-2985 was suppressed by tRA [130].
A similar suppression of envelope competence by RA was reported for
normal keratinocytes [153], a premalignant papilloma cell line [143], malig-
nant SCC-13 cells from a tumor of the facial skin [88,151], and buccal
SqQCC/Y1 cells [89]. The tRA effect on envelope competence was the result
of both a suppression of TGase-I and a decrease in involucrin expression at
the mRNA and protein levels [91]; Zou and Lotan, unpublished].

A physiological role of vitamin A in the regulation of keratin synthesis
was implied by examination of changes in keratin expression following
vitamin A deficiency in experimental animals [154,155]. Vitamin A deficiency
in rabbits was accompanied by increased keratinization of conjunctival and
corneal epithelia, and by corresponding changes in keratins [155]. Whereas
the normal corneal and conjunctival epithelial cells do not express significant
amounts of the 56.5-kD (K10) and the 65- to 67-kD keratins (K1 and K2),
the same epithelia express these keratins during vitamin A deficiency [155].
Similar changes in keratins were detected in esophageal epithelium, although
this epithelium did not seem morphologically to undergo keratinization
during vitamin A deficiency, and it was suggested that the biochemical
changes may precede the morphological keratinization [155].

Further insight into the modulation of keratin expression by retinoids was
derived from studies with cultured epithelial cells. Epidermal cells cultured
in medium containing 10-20% serum do not synthesize the large keratins
unless the serum is delipidized [156]. It has been found that the delipidation
removes vitamin A and allows the cells to synthesize a 67-kD (K1) keratin
while decreasing the synthesis of 52 (K13)- and 40-kD (K19) keratins [156].
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When exogenous retinyl acetate was added to the delipidized serum in
which the cells were cultured, the synthesis of the 67-kD keratin was in-
hibited and the synthesis of K13 and K19 keratins was stimulated [156].
Various synthetic retinoids can also modulate the synthesis of these specific
keratins at the mRNA level [157-159]. Many cell lines established in culture
from squamous carcinomas suffer from a defect in terminal differentiation
and produce large amounts of a 40-kD keratin and very low amounts of the
67-kD keratin. These cells can be induced to produce more of the 67-kD
keratin and less of the 40-kD keratin by reducing the level of vitamin A in
the growth medium by delipidation of the serum supplement [104]. The
level of 67-kD keratin produced under such conditions is still lower than that
produced by normal keratinizing cells in culture, suggesting the existence of
a defect in differentiation that is unrelated to the vitamin A effect [104].

A study with a cultured small cell lung cancer cell line (Lu-134-B-S)
revealed that these cells maintained the small cell phenotype only when cul-
tured in the presence of regular fetal calf serum. When cultured in delipidized
serum, the cells became squamous, as indicated by synthesis of involucrin
and high molecular weight keratins, as well as the appearance of desmo-
somes [160]. The squamous phenotype reversed to the small cell phenotype
upon addition of retinoic acid to cells maintained in delipidized serum [160].

We observed that HNSCC 1483 cells grown in delipidized serum depleted
of endogenous retinoids expressed keratins with molecular weights of 67
(K1), 56 (K10), 54, 52, 48, 46, and 40 (K19)kD [91]. In contrast, cells
grown in medium with 10% fetal bovine serum, which contained about
0.06 uM retinol, expressed much less K1; the levels of keratins of molecular
weight 46 and 48kD were lower; and the amounts of the 52- and 40-kD
keratins were higher than those expressed in cells grown in delipidized
serum. Cells treated with tRA in delipidized serum contained less keratins
with molecular weights of 67, 56, 54, 48, and 46 kD and more of the 52-kD
(probably K8) and the 40-kD (probably K19) keratins than cells grown in
without retinoic acid. Thus, tRA modulated the expression of several
keratins in addition to K1 in the 1483 cells [91].

These results are similar to previous findings that normal keratinocytes
[156] and cells from SCCs of human tongue and skin produce keratins larger
than 60kD, including K1, when grown in delipidized serum or floating on
collagen rafts [161] or on de-epidermized dermis [153] at the air-liquid
interface. That laryngeal epithelial cells and papilloma cells respond to
retinoids was demonstrated recently in a study of cells cultured in vitro at
the air-liquid interface [162,163]. tRA was found to modulate the differentia-
tion of these cells along two distinct pathways; at low concentrations(<10~8
M) the cells formed stratified squamous epithelium and expressed K13,
whereas at higher concentrations of tRA (>107"M) the cells differentiated
into a columnar epithelium with occasional ciliated cells, lacking squamous
markers [162,163].

Retinoids also inhibited the synthesis of loricrin [147] and profilaggrin as
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well as its conversion into filaggrin in cultured human epidermal keratin-
ocytes [63,123,164], and the production of cholesterol sulfate in rabbit
tracheal epithelial cells, human bronchial epithelial cells, human keratin-
ocytes [70—72] and in several HNSCC cell lines [75]. The mechanism of this
effect of retinoids is suppression of the activity of cholesterol sulfotransferase
[71,75]. Likewise, retinoids suppressed the level of lipids (acylceramide and
lanosterol) that increase during late stages of epidermal differentiation [76]
and the expression of a preprorelaxin-like gene in rabbit and human
tracheobronchial epithelial cells and in human keratinocytes [68,69].

Recent histologic and immunocytochemical analyses of the effects of
topically applied tRA on the expression of squamous differentiation markers
in human skin in vivo revealed some differences from the findings with
cultured epidermal keratinocytes in vitro [165]. tRA treatment (either an
acute 4 day or a chronic 16 week treatment) caused epidermal thickening,
stratum granulosum thickening, and increases in the number of cell layers
expressing epidermal TGase, involucrin, and filaggrin, and focal expression
of the keratins K6 and K13, which are not expressed in normal epidermis.
The acute tRA treatment decreased the loricrin level, whereas the chron-
ically treated skin showed increased numbers of cell layers expressing
loricrin. The in vivo treatment did not alter the expression of keratins K1,
K10, and K14 [165]. A direct comparison of acutely in vivo—treated skin and
cultured keratinocytes exposed to tRA in vitro revealed that keratinocyte
TGase activity increased 2.8-fold in the skin but decreased six-fold in
the cultured cells [166]. These results demonstrate clearly that some of the
results obtained with cultured normal cells in vitro may not represent the
response of cells in vivo. It should be noted that the topical treatment used
0.1% tRA (1mg/ml in cream), whereas the cultured cells were exposed to a
much lower concentration of tRA (0.3 pug/ml; 1uM).

Mechanisms involved in the actions of retinoids

Although the ability of retinoids to inhibit proliferation and clonogenicity
of malignant cells and to modulate their differentiation in vitro is well
documented [1-8], the mechanism(s) responsible for these effects is not
fully understood. Likewise, it is not entirely clear how retinoids exert
chemopreventive effects on carcinogenesis in experimental animal models
and clinical trials in humans [120,121,136—142]. The ability of retinoids to
modulate gene expression is the most plausible mechanism by which they
can modulate the differentiation and growth of malignant cells or suppress
the progression of premalignant cells to frank neoplastic lesions by re-
directing their differentiation. The identity of the genes that control the
expression of the premalignant or the malignant phenotype is not known;
however, the restoration of normal differentiation by retinoids may repre-
sent a part of a retinoid-dependent program of gene expression that includes
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activation of intrinsic anticancer activity (e.g., suppressor genes) or inhibi-
tion of genes that maintain the malignant phenotype in HNSCC cells. In the
case of leukoplakia, retinoids could activate a program of resistance to
progression to the neoplastic state.

To modulate gene expression, retinoids must transmit signals to the cell
nucleus. The mechanism of this signal transduction is beginning to be
unravelled as understanding of the roles of the major components of the
pathway increases. Both cytoplasmic and nuclear retinoid-binding proteins
appear to play important roles in the series of events that are initiated with
the uptake of a retinoid by a target cell and culminate in the modulation of
gene transcription in the cell’s nucleus.

Cellular retinoid-binding proteins in squamous epithelial tissues and cells

Several intracellular proteins have been identified in the cell cytoplasm and
in the nucleus that bind retinoids with different specificities [1,8,167-170].
These proteins have been implicated in morphogenesis during embryonal
development, cell growth, differentiation, and the development of neoplasia
[1,8,167-170]. Cellular (cytoplasmic) retinoid-binding proteins have also
been detected in squamous epithelial tissues (e.g., skin) and in oral mucosa.
A high-molecular-weight retinol-binding protein (HMWRBP) and retinoic
acid-binding protein (HMWRABP) were found in human skin [171] and
oral mucosa [172], and in undifferentiated and differentiated cultured kera-
tinocytes [173]. Cellular retinol-binding protein (CRBP) and cellular retinoic
acid-binding protein (CRABP) with a molecular weight of about 15,000 Da
have been found in suprabasal cells in skin in vivo, and CRABP levels
increased in psoriatic skin tissue and in retinoid-treated skin [173-177].
CRABP was found in confluent cultures of human keratinocytes [178,179].
The level of this protein was very low in undifferentiated keratinocytes, but
it increased during squamous differentiation [173]. Two distinct CRABPs,
designated CRABP-1 and CRABP-II, have been isolated and cloned [168,
179,180]. CRABP-II was expressed at high levels in the skin during mouse
embryogenesis and in adult skin [179]. Human CRABP-I and -II have been
cloned, but only CRABP-II was found to be expressed in epidermal keratin-
ocytes and to be modulated during squamous differentiation and retinoid
treatment [180,181]. Topical treatment of human skin with tRA increased
the level of CRABP-II mRNA 16-fold [180], consistent with the earlier
reports on increased RA-binding activity in retinoid-treated skin [175,176].
CRABP-II mRNA levels increased in cultured keratinocytes under condi-
tions that increase squamous differentiation, such as high Ca*? concentra-
tion (2mM) and growth to a high cell density [180]. Furthermore, tRA
treatment of cultured keratinocytes, which suppressed squamous differentia-
tion, also suppressed the expression of CRABP-II [180,181]. The apparent
discrepancy between the effect of tRA on CRABP-II expression in vitro and
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in vivo may reflect the fact that tRA suppressed some markers of squamous
differentiation in culture but not in vivo [166].

The presence of both CRBP and CRABP in normal tissue and HNSCC
and lung SCCs has been described in several reports [1,167,168,182-187].
These studies have demonstrated that the levels of CRBP and CRABP were
higher in the malignant than the normal tissues, and that the levels were
higher in differentiated carcinomas than in less differentiated tumors. The
levels of CRABP in squamous cell carcinoma cultured from tumors in the
oral epithelium were found to be two to three times lower than in cultured
normal keratinocytes. This observation has led to the proposal that the
higher level of these proteins may be predictive of the responsiveness of the
tumors to the antitumor action of retinoids. However, there is no experi-
mental support for this suggestion.

We have compared the expression of CRABP-I and CRABP-II in four
HNSCC cell lines and found that CRABP-I was not detectable in any of
them, whereas CRABP-II was expressed by three of the four cell lines. One
responsive HNSCC cell line (MDACCS886Ln) had no detectable CRABP,
whereas a nonrepsonsive cell line (183A) expressed as high a level of
CRABP-II as did two responsive cell lines (1483 and SqCC/Y1) [188]. Thus,
there was no correlation between the presence and level of CRABP and the
response to the growth-inhibitory effects of RA.

In addition, uncertainties exist as to the precise function(s) of CRABP. A
positive role in the retinoid signal transduction pathway was proposed after
these binding proteins were shown to transport retinoids to the cell nucleus,
where they can affect gene expression [189,190]. However, it has been
shown that CRABP can function as a storage or sequestration function
during embryonal development [191], and an overexpression of a transfected
CRABP decreased the responsiveness of embryonal carcinoma cells to the
differentiation-inducing effects of tRA, supporting the conclusion that
CRABP may sequester retinoic acid and prevent it from reaching the cell
nucleus [192]. Difficulties in reaching unambiguous conclusions on the role
of CRABPs arise from various studies that have demonstrated a lack of
correlation between the presence or level of the CRABPs and cells’ sensi-
tivity to various effects of retinoids. For example, some cell lines were
responsive to the growth-inhibitory effects of tRA or retinyl acetate but
did not possess detectable levels of either CRABP or CRBP [193], and,
conversely, some retinoid-resistant cell lines did express these proteins [194].
Furthermore, a number of synthetic retinoids (e.g., Ch55 and CD271) that
did not bind to CRABP were as active or more active than tRA in suppres-
sion of TGase in tracheobronchial epithelial cells [195] and control of
keratinocyte differentiation, such as inhibition of the synthesis of suprabasal
keratins, filaggrin, and TGase [196]. These findings suggest that CRABP
may be not be necessary for the response of some cells to retinoids, but
when it is present it may affect the response to retinoic acid by altering
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its effective concentration through sequestration in the cytoplasm or via
increased catabolism [192,197].

Nuclear retinoic acid receptors

General properties of nuclear RA receptors. The understanding of the
mechanism of retinoid action was enhanced following the discovery that
some ‘orphan’ members of the large family of nuclear receptors for steroids,
vitamin D, and thyroid hormones can bind retinoids. These nuclear retinoic
acid receptors (RARs), like other members of the family, are ligand-
activated, trans-acting, transcription-modulating factors. They bear strong
DNA sequence homology to thyroid and steroid hormone receptors, espe-
cially in the DNA-binding domain [8,169,170,198,199]. Like other members
of the steroid receptor superfamily, the RA receptors are constructed from
six distinct domains, designated A-F [169,170,198,199]. The C domain,
which is the most highly conserved domain among the different receptor
family members, contains a zinc finger DNA-binding motif. Less well con-
served is the E domain, which is responsible for ligand binding and
dimerization function. Three RAR subtypes (RAR-a, RAR-, and RAR-y)
encoding proteins of molecular weight of about 50,000 Da were cloned from
human and mouse cell lines [200-206]. The RAR-a, RAR-B, and RAR-y
genes have been localized to the q21 band of chromosome 17 [207], the
p24 band of chromosome 3 [208], and chromosome 12 [205], respectively.
Each subtype had different tissue distributions. For example, in humans
RAR-a mRNA was expressed in all tissues tested, with overexpression in
hematopoietic cell lines, and RAR- was expressed in a more variable and
limited pattern in the tissues tested, with prevalence in neural tissues,
whereas a third RA receptor, RAR-y, was expressed predominantly in the
skin, which is a tissue highly responsive to RA, and in precartilagenous and
epithelial structures in the mouse embryo [206,209-211]. More recently,
another subfamily of retinoic acid receptors, named RXR (-a, -f, and
-y), was discovered [212,213]. Although these receptors exhibit sequence
homology with the steroid hormone receptors and with the retinoid re-
ceptors described above, they are substantially different in their primary
structure and ligand specificity (e.g., they bind 9-cis RA much better than
trans RA [121,122]) from the RARs and represent an alternative molecular
pathway for gene regulation modulated by retinoids [212,213]. The tissue
distribution of RXR mRNAs also differs from that of the RARs, with
especially high levels of RXR-a in the adult in liver, muscle, lung, kidney,
hearts, and spleen, all tissues in which there are very low levels of the RARs
[212,213]. Whereas RXR-B was found in almost all tissues, the distribution
of RXR-a and RXR-y was more restricted [212,213]. The RXRs can form
heterodimers with the RARs, and this dimerization is required for maximal
transcriptional activation of retinoic acid response elements (e.g., RAREs
and TREs) by RARs, whereas RAR homodimers may be inactive as
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transcription enhancers [214-217]. The response elements of the nuclear
RARs are DNA sequences present in the promotor region of genes that are
regulated transcriptionally by retinoids. The first RARE was identified in
the promotor region of the RAR-B receptor. It is a direct repeat of the
sequence GTTCAC separated by five nucleotides [218-220]. There are
similar RAREs in the promotors found in both the RAR-a and RAR-y
genes [221,222]. Other genes for which RAREs have been discovered
include laminin, CRABP-II, CRBP-I, alcohol dehydrogenase, complement
factor H, oxytocin, HOX3D, and osteocalcin [223-229]. Response elements
that appear to be specifically activated by RXRs were recently identified in
several genes, including the CRBP-II gene, the apolipoprotein Al, and
medium-chain acyl-CoA dehydrogenase genes [230-232]. In the CRBP-11
gene the RXRE includes a 35-base pair sequence of five tandem repeats that
responds to RXR-a but not to any of the RARs [231]. This response
element has also been shown to bind RXR-a homodimers in the presence of
9-cis RA, which have a positive frans-activating function, as well as binding
RAR-RXR heterodimers, which repress transcription [233].

RARs interact antagonistically with components of the AP-1 (jun-fos)
transcription factor complex in stromelysin, collagenase, and osteocalcin
promotors, possibly by direct protein-protein interactions [224,234,235].
Thus the regulation of a given gene by retinoids may depend on the relative
concentrations of particular RARs, RXRs, the nature of the RAREs in that
gene, as well as on the presence of a number of other transcription factors.

Nuclear RA receptors in normal keratinizing and nonkeratinizing epithelial
cells. The expression of nuclear retinoic acid receptors in various embryonal
tissues and in keratinizing and nonkeratinizing epithelial tissues and cells in
skin and oral mucosa has been analyzed by northern blotting or in situ
hybridization. RAR-y was the predominant receptor in skin, RAR-a was
expressed at much lower levels than RAR-y, whereas RAR-f mRNA was
undetectable [204,206,236—244]. A similar pattern of receptor expression
was also found in RA-treated skin [239]. RAR-y1 mRNA was localized to all
layers of the epidermis, including the basal cells [243]. Cultured epidermal
keratinocytes also expressed primarily the RAR-y receptor, and tRA treat-
ment of these cells did not increase the RAR-y level, nor did it induce the
expression of RAR-f, although RAR-B was induced in cultured dermal
fibroblasts [239-241].

Cultured undifferentiated tracheobronchial epithelial cells from human
(HBE) and rabbit (RbTE) expressed both RAR-a and RAR-y constitutively,
and the expression of these receptors was not altered after the cells had
undergone squamous cell differentiation or after RA treatment [245]. In
contrast, the constitutive RAR-f mRNA level, which was low in HBE and
RbTE, increased severalfold after RA treatment of both types [245]. All but
one of nine surgical specimens of ‘normal’ lung tissue adjacent to lung carci-
nomas expressed RAR-B when analyzed by northern blotting, indicating
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that this receptor is constitutively expressed in vivo [246]. However, the
method used was not appropriate to indicate whether the RAR-f is present
in the epithelial cells, the stromal cells, or both.

The expression of mRNA for RAR-a and RAR-y was detected in all cell
strains derived from normal oral mucosa [244,247]. In contrast, RAR-f
mRNA was detected only in cell strains derived from nonkeratinizing soft
palate and the floor of the mouth, and was not detectable in nonkeratinizing
buccal mucosa and in the keratinizing epithelial strains from the hard palate
and gingiva [244,247]. RA treatment increased RAR-f mRNA levels in all
three nonkeratinizing cell strains but not in the keratinizing ones. These
results suggested that RAR-B expression is inversely related to keratiniza-
tion [244,247].

Nuclear RA receptors in oral leukoplakias. Cell lines derived from oral
leukoplakias in different regions of the oral cavity expressed RAR-a and
RAR-y constitutively, but the level of RAR-y was about one half of that of
the level in normal epithelial cells derived from the corresponding region
of the oral cavity [244,247]. In contrast, only those cells derived from
leukoplakia of the soft palate expressed RAR-B [244,247]. Treatment with
RA increased RAR-p levels in the cells that expressed it constitutively but
not in any of the cells that did not express it before treatment [244,247]. Our
analysis by in situ hybridization of surgical specimens from oral leukoplakia
lesions revealed that RAR-B was present in four of six tongue specimens but
was not detectable in any of four buccal mucosa specimens [248]. The latter
finding suggests that leukoplakia in buccal mucosa does not involve any
change in RAR-B, since a normal cell strain from normal mucosa also failed
to express RAR-P [244].

Nuclear RA receptors in squamous cell carcinomas of the skin. Two squam-
ous cell carcinoma cell lines (SCC12 and SCC13) derived from facial skin
cancers expressed RAR-a and RAR-y constitutively, but failed to express
RAR-B when cultured in the absence or presence of RA [241,247]. This
pattern of expression was similar to that found in normal human epidermal
keratinocytes [241,247]. In situ hybridization analysis of skin cancer speci-
mens revealed that basal cell carcinoma and squamous cell carcinoma of the
skin expressed RAR-y; however, one of six SCCs showed a loss of RAR-y
expression [243].

Nuclear RA receptors in squamous cell carcinomas of the oral cavity. Squam-
ous cell carcinoma cell lines derived from cancers of the oral cavity expressed
RAR-a and RAR-y, with RAR-y being lower in six of nine SCCs relative to
their normal counterparts [247]. RAR-B was expressed in only two of seven
HNSCC cell lines, and a loss of expression relative to normal counterparts
was evident two soft palate SCCs and one floor of the mouth tumor [247].
These results raised the suggestion that abnormally low level of RAR-p may
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contribute to neoplastic progression in stratified squamous epithelia [247].

We have analyzed the expression of six nuclear retinoic acid receptors
(RAR-a, RAR-B, RAR-y, RXR-0, RXR-B, and RXR-y) in four HNSCC cell
lines derived from tonsil (HNSCC183), larynx (HNSCC886Ln), retromolar
trigon (HNSCC1483), and buccal mucosa (SqCC/Y1) grown in the absence
or the presence of retinoic acid [188]. All four cell lines expressed mRNAs
for RAR-a, RAR-y, and RXR-a; three cell lines (183,886, and 1483) ex-
pressed RAR-f; and none expressed RXR-f or -y. SQCC/Y1 did not express
RAR-f, as was reported earlier [241], tRA treatment increased the level of
RAR-f in the cell lines that expressed it constitutively but not in the one
(SqCC/Y1) that did not express it. In contrast, the treatment had little or no
effect on the expression of RAR-a or RXR-a.

To assess the expression of nuclear RA receptors in vivo, we used
digoxigenin-labeled cRNA probes of RAR-a, RAR-f§, and RAR-y antisense
for in situ hybridization to sections of head and neck surgical specimens,
including normal tissue and hyperplastic, dysplastic, premalignant (e.g.,
leukoplakia), and malignant (squamous cell carcinomas) tissues. An analysis
of 31 head and neck tissue specimens, including 14 cases from the oral cavity
and 17 cases from the pharynx and larynx, revealed that RAR-a and RAR-y
mRNAs were present in most of the tissue specimens at similar levels. In
contrast, RAR-f, which was detected in 70% of the normal and hyperplastic
lesions, was detected in only in 56% of the dysplastic lesions and 35% of the
carcinomas [248]. These results strongly indicate that the decreased expres-
sion of RAR- may be associated with the development of head and neck
cancer. The loss of expression of RAR-f in many HNSCC cell lines and
SCC tumor specimens is intriguing in view of the recent report [249] that the
commonly deleted region (distal to 3p14 and proximal to 3p25) of chromo-
some 3p in HNSCC cell lines derived from early stage tumors includes 3p24
where RAR-f is located [208]. The loss of heterozygosity suggests that
tumor suppressor genes may be located in the deleted region; however, an
analysis of DNA samples from five HNSCC cell lines that did not express
RAR-B mRNA did not detect any gross rearrangements in the RAR- gene
[247], suggesting that the lack of RAR-B expression did not result from
deletions of this gene.

Nuclear RA receptors in squamous cell carcinomas of the lung. The expres-
sion of nuclear RA receptors in human lung squamous carcinomas was
reported independently by three laboratories [246,246,250,251]. Their re-
sults were based on northern blotting and showed that most squamous and
adenosquamous carcinomas expressed RAR-a and RAR-y mRNAs. The
level of RAR-y was higher in three of seven squamous carcinomas than
in other cell lines and normal lung [246]. The expression of RAR-f was
variable. It was expressed by three of eight squamous cell carcinomas and
was induced by RA in four of eight cell lines. RAR-f mRNA was expressed
in 5 out of 7 adenosquamous carcinomas and was increased by RA treat-
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ment in two of seven of these cell lines [245,246,250]. Interestingly, RAR-8
abnormalities were also observed in small cell lung carcinomas, as three
of eleven cell lines failed to express RAR-f mRNA [246]. RAR-f DNA
showed rearrangements in one SCC that did not express RAR-B and in an
adenocarcinoma and a small cell carcinoma that did express RAR-B [246].
Northern blotting analyses of RAR-f mRNA in surgical specimens of
adjacent ‘normal’ and lung carcinomas showed that three of nine tumor
samples contained no or low transcript levels relative to the normal tissue
[246]. The abnormalities in RAR-B expression suggested that this receptor
may be involved in the pathogenesis of lung cancer, possibly as a suppressor
gene [246,250]. The RAR-f gene is located on chromosome 3p24 close to a
region that is often deleted in lung cancer (from 3pl4 to the telomer)
[251-253]. However, no rearrangements of the RAR-f gene were detected
in several surgical specimens of lung cancer [246], and the expression of
thyroid hormone receptor, which is located close to RAR-f on chromosome
3p24 [208] in cell lines that did not express RAR-B, indicated that the RAR-
B gene was not deleted in the lung carcinoma cells [250]. Thus the molecular
mechanism underlying the relationship between aberrant expression of
RAR-f and the development of lung cancer is still unknown.

Implication of nuclear RA receptors in the response of squamous epithelial
cells to retinoids. Several lines of evidence indicate that RARs are the
ultimate mediators of RA action on gene expression and the subsequent
differentiation. For example, overexpression of a modified RAR-o in
embryonal carcinoma cells inhibited in a dominant negative fashion the
induction by retinoic acid of some markers of endodermal differentiation,
and it was suggested that the truncated RAR-o formed inactive heterodimers
with endogenous wild-type receptor(s) [254]. More related to the subject of
this chapter is the report that RAR-a antisense oligonucleotides inhibited in
malignant keratinocytes (SCC) both alkaline phosphatase induction and
clonogenicity suppression by retinoids [255]. More direct evidence for the
role of nuclear receptors in mediating the effects of retinoids on cell growth
and differentiation was provided by the studies of a' RA-resistant mutant
subclone of HL-60 promyelocytic leukemia cells, designated HL-60R, which
has a defective RAR-a, and K562, an erythroleukemia cell line that ex-
presses a very low level of this receptor and is also resistant to RA [256—
258]. By transducing normal RAR-a via a retroviral vector it was possible to
restore sensitivity to retinoic acid in the mutant cells [256]. Furthermore,
transduction of RAR-, RAR-y, or RXR-a also restored sensitivity to RA
in these mutant cells [257].

Gene expression in keratinocytes is thought to be regulated by retinoids
at the transcriptional level [259-261]. Nuclear RARs have been implicated
in the regulation of epidermal keratinocyte differentiation based on the
correlation between the ability of several synthetic retinoids to bind to
RARs and transactivate transcription from RARE, and to suppress the
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expression of squamous differentiation markers such as involucrin, type
I TGase, and cornifin (SQ37) in transfected normal human epidermal
keratinocytes [241]. A role for nuclear RA receptors in the regulation of
squamous differentiation has been demonstrated more directly for the
regulation of keratin genes [260]. The three RAR receptor subtypes were
able to suppress transcription from the 5’ regulatory regions of keratins K5,
K6, K10, and K14 in cotransfection experiments [260]. Although direct
binding of the RARs to DNA was not demonstrated, it was proposed that
the RARs bind to a putative negative recognition element in the upstream
DNAs of keratin genes [260]. Roles for nuclear RA receptors in both
positive and negative regulation of epidermal differentiation have been
implied by the effects of a truncated RAR-y receptor [261]. Transfection of
RAR-y truncated in the ligand-binding domain enhanced the growth and
inhibited the squamous differentiation (e.g., production of keratins K1/10
and K6/16, involucrin, and filaggrin) of human squamous carcinoma cells
SCC13. In addition, the transfected cells expressed low levels of K13 and
K19, which are positively regulated by retinoids in the parental SCC13 cells.
Thus it appears that RARs may be required for induction of terminal
differentiation of keratinocytes [261]. RAR-f mRNA expression in cultured
normal oral epithelial cell strains was correlated with the expression of
keratin 19, and it was suggested that RAR-f plays a role in keratin expres-
sion and suprabasal differentiation of stratified squamous epithelia [244].
This correlation was abrogated in head and neck squamous cell carcinomas,
in which the expression of K19 was independent of the expression of RAR-pB
[247]. Likewise, there was no apparent correlation between the expression
of the nuclear receptors and the status of squamous cell differentiation of
the HNSCC cell lines (two well differentiated and two poorly differentiated),
and there was no correlation between the expression of RAR-P and the
response of HNSCC cells to the growth-inhibitory or differentiation-
suppressing effects of tRA [188].
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4. Risk factors and genetic susceptibility

Margaret R. Spitz

Upper aerodigestive tract (oral cavity, pharyngeal, and laryngeal) cancers
are sentinel diseases of exposure to tobacco and alcohol, and thus can be
considered the paradigm of environmentally induced disease. The fact that
only a fraction of exposed individuals develop these cancers suggests inter-
individual differences in susceptibility to these environmental insults. In
fact, heritable differences in susceptibility may be identified at almost every
phase of carcinogenesis, for example, in the ability to metabolize car-
cinogens, DNA repair capability, genomic instability, and altered proto-
oncogene and tumor suppressor gene expression [1]. This chapter will review
briefly the environmental contribution to the incidence of upper aerodiges-
tive tract cancers and will explore some of the host factors that modify
genetic damage from these and other carcinogenic exposures.

Descriptive epidemiology

In 1994, it is estimated that there will be 42,100 incident cases of upper
aerodigestive tract cancer and 11,725 deaths from these diseases [2]. From
1973 to 1989, the incidence of oral and pharyngeal cancers decreased in
white men of all ages and white women under 65 years, and concomitantly,
there has been an average 2% annual decline in mortality [3]. In contrast,
there have been significant increases in incidence and mortality in black men
and nonsignificant increases in black women. Incidence rates in black men
under 65 years are now twice as high as in white men [3]. The secular
pattern of incidence of laryngeal cancers resembles that of lung cancer: a
small decline in white men under 65 years age but continuing increases in
white and black men above 65 years and in all women, especially those
above 65 years [3].
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Cigarette smoking

The contribution of tobacco to risk of oral and laryngeal cancers is without
question. Both prospective and retrospective studies worldwide have con-
sistently demonstrated linear dose-response effects. A review of the relevant
studies documents cancer risks of 5- to 25-fold higher for heavy smokers
relative to nonsmokers [4]. In most instances, the dose of smoking is linearly
related to the excess risk. Studies have also demonstrated higher cancer
risks for smokers of nonfilter cigarettes compared with filter cigarettes and
diminishing risk with increasing time since cessation of smoking [5-7].

Differences by gender and by primary site have been noted both in the
magnitude of the risk estimates and in the gradients of the dose-response.
Some studies have reported higher cancer risks for women than for men at
each successive pack-year stratum [7,8]. Higher smoking-associated risk
estimates for laryngeal malignancies compared with oral cavity cancers are
also reported [8].

In our own experience at M. D. Anderson Cancer Center, risk estimates
for cigarette smoking among male head and neck cancer patients increased
linearly with each successive pack-year stratum from 1.8 to 4.0 to 7.5 in the
heaviest smokers [8]. For women, the corresponding risks were 1.5, 9.0, and
12.0. In both instances, linear trend analysis was statistically significant
[8]. We also noted subsite-specific differences in cigarette smoking risk
estimates. The highest odds ratio estimate (OR = 15.1) was documented for
laryngeal cancers, and the lowest risk was noted for oral cancers (OR =
2.1). These findings suggest a variable susceptibility, possibly sex and site
dependent, to carcinogenic action.

Risk is also related to the type of tobacco used. Higher risks of laryngeal
cancers were noted for users of dark tobacco than for users of light (flue-
cured) tobacco [10]. It is reported that black tobacco contains higher con-
centrations of carcinogens, including N-nitroso compounds and aromatic
amines.

Cigar and pipe smoking

Although smokers of cigars and pipes tend to inhale less than do cigarette
smokers (as reflected in lower carboxyhemoglobin levels relative to cigarette
smokers), they are at increased risk for the development of oral, oropharyn-
geal, hypopharyngeal, and laryngeal cancers [11]. The risk estimates
approximate those of cigarette smokers for buccal cavity but not pharyngeal
malignancies [12]. For laryngeal cancers, Wynder et al. [13] demonstrated a
12-fold increase in risk associated with cigar and pipe smoking compared
with nonusers.
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Snuff use

The Advisory Committee to the Surgeon General on the health con-
sequences of smokeless tobacco concluded that ‘the evidence is strong that
the use of snuff can cause cancer in humans’ and that the ‘evidence for
causality is strongest for cancer of the oral cavity’ [14]. They also cited an
almost 50-fold elevated risk for cheek and gum cancers in long-term snuff
users. Snuff use has been implicated in the etiology of oral cavity cancers
and, to a lesser extent, pharyngeal cancers [8,14]. One study documented a
fourfold elevated risk of oral and pharyngeal cancer in white women who
dipped snuff; this study also showed a strong dose-response relationship
[15]. The major carcinogens identified in snuff are polonium-210 and volatile,
nonvolatile, and tobacco-specific nitrosamines [16].

The Advisory Committee also noted ‘that smokeless tobacco is respon-
sible for the development of a portion of oral leukoplakias in both teenage
and adult users’ [13]. It should be noted that the production of smokeless
tobacco has increased by an estimated 42% in the past two decades [17].

Alcohol use

Cohort and case-control studies have consistently demonstrated that alcohol
consumption increases the risk of cancers of the oropharynx and larynx [18].
An interaction between tobacco smoking and alcohol in head and neck
cancers has been demonstrated. This interaction appears to be multiplicative
for laryngeal cancers [19], but more variable for oral and pharyngeal can-
cers. The separate effects of alcohol and tobacco use have been difficult to
distinguish because the consumption of these products is so closely cor-
related. However, a recent population-based study documented an in-
dependent effect for alcohol and showed a dose-response relationship after
controlling for exposure to tobacco [6]. The authors estimated that tobacco
smoking and alcohol drinking combined account for approximately three
quarters of all oral and pharyngeal cancers in the United States [6].

Marijuana smoking

There is much theoretical evidence that marijuana should be carcinogenic.
Marijuana smoke is qualitatively similar to cigarette smoke but results in a
greater tar burden to the respiratory tract [20]. Marijuana smoking may
have a greater carcinogenic effect on the upper aerodigestive tract than on
the lower airways, especially in light of the rapid, deep inhalation used
in smoking the product [20]. However, there is little direct evidence of
marijuana’s role in cancer etiology because most abusers of marijuana are
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also exposed to tobacco and alcohol, and reliability of self-reported data are
likely to be suspect.

Several authors have also described the occurrence of cancers in patients
who have been nonsmokers and nonusers of alcohol. One study involved
older women; another focused on adults less than 40 years [21,22]. Both
noted that lesions were less likely (than in smokers) to involve the ‘zone of
risk,” that is, the horseshoe-shaped area of the oral mucosa [23].

Mouthwash use

A few reports in the literature have suggested that mouthwash use is associ-
ated with risk of oral cancer, although no relevant trends regarding fre-
quency or duration of use were described [24,25]. These studies also raised
concerns about the role of preclinical oral cancer symptoms that might have
stimulated the practice of mouthwash use. However, a recent population-
based case-control study documented significantly excess risk of oral cavity
cancer among both men (OR = 1.4) and women (OR = 1.6) users of
mouthwash high in alcohol content, even after adjusting for the effects of
tobacco and alcohol consumption [26]. In this study, risk tended to increase
with increasing duration and frequency of use, and was not attributed to
recently initiated use (such as because of early symptomatic oral cancer)
[26]. The authors stated that oral swishing with mouthwash containing 25%
ethanol might provide an exposure to the mucosa similar to that of drinking
100-proof alcohol diluted with an equal amount of water. The interaction
of the effects of using mouthwash and tobacco smoking requires further
investigation.

Poor oral hygiene

Poor oral hygiene and dentition have been implicated for a long time in
oral cavity cancer risk [26]. However, it has often not been possible to
disentangle the effects of alcohol and tobacco use. In a study of snuff
dipping and oral cancer [15], two- to threefold elevated risks were noted for
persons who had lost 10 or more teeth after controlling for the wearing of
dentures. However, once the effects of tobacco, alcohol, and socioeconomic
status were controlled, no strong association could be detected. In the large
population-based study of oral and pharyngeal cancers, no associations were
noted for denture wearing, prior periodontal disease, cold sores, sores in the
mouth, or bleeding gums [26].
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Occupational risk factors

The evidence supporting an association between laryngeal cancer and
asbestos exposure is fairly substantial, although few studies have effectively
controlled for the confounding effect of tobacco exposure. These studies
have been extensively reviewed and document odds ratios ranging from 1.4
to 15.0 [4,27]. Nickel exposure in smelting operations has also been impli-
cated in the etiology of laryngeal cancer [28] but has not been associated
with increased risk in other studies [29]. Workers occupationally exposed to
sulfuric acid [30], workers involved in the manufacture of mustard gas [31],
and machinists [29] are also said to be at increased risk of developing
laryngeal cancer. Elevated oral cancer rates have been demonstrated in a
variety of occupations, including plumbers and metal, textile, and steel
workers [32]. A recent study implicated wood dust and exposure to organic
compounds and coal products as increasing the risk for these cancers [33].

Diet

Considerable laboratory and epidemiologic evidence suggests that caro-
tenoids act as dietary inhibitors of epithelial carcinogenesis. Vitamin A and
synthetic retinoids have been shown to modulate the growth and differen-
tiation of normal, premalignant, and malignant cells both in vivo and in
culture. In early epidemiologic investigations of dietary vitamin A intake
and cancer risk, the form of vitamin A was not distinguished. More recently,
both case-control and prospective studies have found an inverse association
between total vitamin A and carotene intake and lung cancer risk. Similar
results have been reported for laryngeal cancer (carotene) [34], oral cancer
(vitamin A) [35], and oral and pharyngeal cancers (fruit consumption) [36].

A recent report on oral and pharyngeal cancers in China showed that
men in the highest tertile of intake of fruits and vegetables had about
30-50% of the risk of those in the lowest tertile, with a less pronounced
effect for women [37]. In a study of oral and pharyngeal cancers conducted
among women in North Carolina, there was a 50% reduction in risk associ-
ated with frequent consumption of fresh fruits and vegetables [38]. Fruits
and vegetables contribute vitamin C, beta-carotene, and other carotenoids,
all of which are antioxidants. Dark green and yellow vegetables are especi-
ally rich in carotene and lutein [39].

Few studies have evaluated possible interactions between cigarette smok-
ing and these dietary factors. Stefani et al. demonstrated that tobacco use
and low fruit intake exerted an effect that was greater than additive in
laryngeal cancer risk [40]. A study in Texas suggested that carotene exerted
its protective effect among smokers who had stopped smoking 2-10 years
previously [34]. Zheng et al. present data from a case-control study in China
reporting that the combined effects of smoking and diet were more than
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additive [41]. Intervention trials using these compounds have provided strong
evidence for the potential of cancer chemoprevention.

Herpes simplex virus

Only limited evidence exists linking herpes simplex virus (HSV) to oral
cancer. In one study, 42% of oral cancer patients (compared with none of
the control subjects) exhibited HSV type 1 (HSV-1) protein [42]. Another
study implicated two different late antigens of HSV-1, one recognized by
IgA antibody and the other by IgM antibody [43]. There is also experi-
mental evidence of an interaction between viral infection and tobacco car-
cinogenesis. Oral cancer was induced in 50% of hamster buccal pouches in
the presence of both HSV infection and simulated snuff dipping, although
neither HSV nor tobacco alone induced neoplastic changes [44].

Human papillomavirus

The possible role of human papillomavirus (HPV) infection in the etiology
of oral squamous cell cancer is currently being explored by a number of
research groups. Using the polymerase chain reaction (PCR) technique,
HPV DNA has been detected in from 32% to 100% of oral squamous cell
cancers [45-48]. The differences in prevalence are likely because of different
experimental conditions. HPV types 6, 11, 16, and 18 were detected, with
types 16 and 18 reported most frequently. The latter two types have been
investigated most extensively because of their association with genital cancer.
HPV types 6, 11, and 16 have also been detected in oral leukoplakia [49]. It
has been estimated that the prevalence of HPV infection in the oral mucosa
of normal adults is 40-45% [50].

Genetic susceptibility

While tobacco and alcohol exposures are major determinants of risk of
upper aerodigestive tract cancers, host-specific factors also influence the risk
for cancer development. Few ecogenetic studies have specifically targeted
head and neck cancers. Because of the excess risk of lung cancers in these
patients, it is appropriate to extrapolate the research focused on lung cancer
to the upper aerodigestive tract. Based on the magnitude of the attributable
risk of tobacco in these cancers, one could define susceptibility in the
context of this specific exposure. The lifetime risk of developing lung cancer
in men who smoke 20 or more cigarettes per day is only 15% [51]. Varying
host susceptibility must therefore be inferred. An important factor in the
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estimate of carcinogen risk is consideration of these interindividual differ-
ences in susceptibility to carcinogenesis.

Metabolic factors in susceptibility

Animal studies clearly demonstrate that the rate of carcinogen metabolism is
of central importance to carcinogenesis [52]. The concentration of mutagens
depends on a delicate balance between the rate of activation and the rate of
detoxification.

Many tobacco carcinogens, including polycyclic aromatic hydrocarbons
(PAHs) and N-nitrosamines, require metabolic activation before exerting
their carcinogenic effect. For example, the cytochrome P-450-dependent
mono-oxygenase systems catalyze the initial oxidation of PAHs to electro-
philic intermediates capable of binding to DNA and cellular proteins. Much
of the interindividual variability in carcinogen metabolism may be explained
by variable patterns of P450 isozymes in tissues of different individuals [S3].
Studies of polymorphic variability are currently a focus of considerable
interest. Most studies of metabolic markers have been of the case-control
design and are confounded by the inducibility of some of these enzymes.

One particular P-450 enzyme, aryl hydrocarbon hydroxylase (AHH;
associated with CYP 1Al isozyme), has been extensively studied [54].
Patients with lung cancer were shown to have predominantly intermediate
and high AHH inducibility phenotypes [54] in peripheral lymphocyte assays.
The rationale advanced was that individuals with high inducibility could
more readily activate the promutagens and procarcinogens in cigarette
smoke. There were initial difficulties in reproducing these results, but they
have since been corroborated [55]. More recently, a positive association
between cigarette smoking and CYP 1Al gene expression was noted in
normal human lung tissue, and altered gene regulation was documented in
lung cancer patients [56].

Human debrisoquine activity is also known to be polymorphic. Auto-
somal recessive poor metabolizers constitute about 9% of the white popu-
lation [57]. One study found an increased lung cancer risk in extensive
metabolizers of debrisoquine [58], although no procarcinogens have been
identified as substrates for debrisoquine-4-hydroxylase enzyme, and negative
and ambiguous results have also been reported. The gene coding for CYP
2D6 has been cloned, and it is now possible with PCR-based assays to
distinguish poor metabolizers from extensive or intermediate metabolizers
[59].

There is also considerable interindividual variation in the activity of
detoxifying isozymes of glutathione S-transferases (GST), which metabolize
PAH constituents of tobacco smoke. These enzymes catalyze the detoxifi-
cation of mutagenic electrophiles that are generated by the cytochrome
P-450-mediated oxidation reactions. It is therefore highly likely that differ-
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ences in GST expression would yield differences in susceptibility to car-
cinogenic exposure [52]. Data from a recent study suggest that high or
intermediate enzyme activity has a moderately protective effect in persons
heavily exposed to tobacco smoke [60]. This study included 15 patients with
oral and pharyngeal cancers, but site-specific data were not presented.

DNA repair capability

Much of the evidence linking DNA repair deficiency and cancer risk is
from the autosomal recessive DNA repair—deficient syndromes that in
homozygotes are associated with high cancer rates. Despite the rarity of
these diseases, their unique cytogenetic and biochemical characteristics have
thrown much light on the issue of genetic predisposition to cancer.

Ataxia telangiectasia (AT) is a unique human model for studying genetic
susceptibility to cancer because it is determined by a single gene that has
been localized to 11q [61]. AT homozygotes are three times more sensitive
to ionizing radiation than are normal individuals. Skin fibroblasts from
heterozygotes show radiation dose-response curves that are intermediate
between those of normal individuals and those of homozygotes. AT cells
exhibit high frequencies of spontaneous chromosome breakage and col-
lateral sensitivity to radiomimetic drugs such as bleomycin. Obligate AT
heterozygotes are thought to be at eightfold increased risk of breast cancer
[62].

Human tumor cells and cells from cancer-prone individuals (e.g., persons
with AT, Fanconi’s anemia) show a higher incidence of radiosensitivity
during G, irradiation than do cells from normal individuals [63]. This radio-
sensitivity (manifested as chromatid breaks) may reflect greater radiation-
induced damage. There is biochemical evidence for the correlation of DNA
repair deficiency with induced chromatid aberration incidence [59]. Pero et
al. [64] noted reduced in vitro, unscheduled DNA synthesis in cells from
cancer patients and genetically predisposed individuals.

Xeroderma pigmentosum patients exhibit extreme ultraviolet sensitivity
and are defective in excision repair of bulky adducts induced by ultraviolet
radiation. In patients with Bloom’s syndrome, DNA ligase I is deficient [65].

A working hypothesis developed by Hsu presupposes a spectrum of DNA
repair capability within the general population [66]. To demonstrate the
existence of differences in mutagen sensitivity, Hsu developed an assay in
which quantification of chromosomal breakage induced by in vitro exposure
to the radiomimetic drug bleomycin is used as an indirect measure of repair
capability [67]. The principal test cells for the assay are primary cultures of
peripheral lymphocytes that actively proliferate, yielding a good supply of
mitotic cells for chromosomal study. The radiomimetic agent, bleomycin,
was chosen as the test mutagen because it induces DNA breaks that express,
within a short time period, as chromatid breaks. The protocol includes
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treating the cells of the culture with bleomycin (0.03 units/ml) for 5 hours
and then harvesting the cells wth conventional cytogenetic methods. A
minimum of 50 well-spread metaphases is examined, the breaks counted,
and the data recorded as the average breaks per cell (b/c).

Bleomycin-induced sensitivity and environmental exposures have been
assessed in 75 patients with previously untreated upper aerodigestive malig-
nancies and 62 healthy control subjects [68]. Fifty-four patients, compared
with only 13 of the controls, were sensitive to bleomycin-induced mutage-
nesis (i.e., had more than 0.8 average breaks per cell) [68]. On logistic
regression analysis, mutagen sensitivity remained a strong and independent
risk factor after adjustment for potential confounding from age, sex, and
tobacco and alcohol consumption (OR = 4.3; 95% confidence limits = 2.0,
10.2; Table 1) [68].

We have recently confirmed these initial observations in a second case-
control study involving 108 additional patients with newly diagnosed upper
aerodigestive tract cancers (Table 1). Mutagen sensitivity (b/c >0.8) re-
mained an independent risk factor on multivariate analysis, after controlling
for the effects of alcohol and tobacco use [69]. The magnitude of the
univariate and adjusted risk estimates for mutagen sensitivity were less in
the second study, although still statistically significant. Both studies also

Table 1. Risk estimates for mutagen sensitivity, cigarette smoking, and alcohol use

Odds ratio
Study 1, 1989% (n = 137) Study 2, 1992°¢ (n = 216)

Mutagen 3.9(1.6,9.1) 2.7 (1.1, 6.6)
sensitivity 4.3 (2.0, 10.2) 22(1.0,5.1)

Crude

Adjusted?
Cigarette smoking

(cigarettes per day)

1-14 0.7 (0.2,2.2) 4.2 (1.4,12.8)
15-24 2.8(1.1,6.9) 7.9(3.2,19.1)
25+ 12.7 (13.8, 42.3) 11.0 (4.4, 27.4)

Alcohol use
(drinks per day)
1-2 1.9 (0.6, 5.7) 1.0 (0.7, 1.6)
3-6 5.0 (1.4, 17.9) 1.7 (0.7, 4.1)
>6 44.5 (2.5, 793.9) 14.0 (4.2, 47.0)

#From Spitz et al. [68], with permission.

®From Spitz et al. [69], with permission.

¢ Confidence limits in parentheses.

4 Adjusted for sex, age, smoking, and alcohol use.
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Table 2. Risk estimates for strata of cigarette smoking, alcohol use, and mutagen sensitivity
(b/c >0.8)

Odds ratios

Study 1, 1989*< (n = 137) Study 2, 1992°¢ (n = 216)

Smoking/mutagen sensitivity

No/no 1.0 1.0

Nol/yes 5.8(1.3,25.1) 3.2(0.6, 18.7)

Yes/no 5.4 (1.5, 19.5) 8.1 (1.7, 37,7)

Yes/yes 19.8 (4.6, 84.8) 23.0 (5.0, 106.0)
Alcohol/mutagen sensitivity

No/no 1.0 1.0

Nol/yes 3.6(1.2,11.1) 3.0(1.4,6.4)

Yes/no 5.4 (1.6, 18.3) 3.0(1.2,7.8)

Yes/yes 17.1 (4.1, 70.6) 5.6 (2.3, 14.2)

2From Spitz et al. [68], with permission.
®From Spitz et al. [69] with permission.
€95% confidence limits in parentheses.

demonstrated dose-response relationships for cigarette smoking and alcohol
use (Table 1).

To evaluate the independent effect of mutagen sensitivity and its inter-
action with cigarette smoking and alcohol consumption, risk estimates for
various combinations of these factors were computed in stratified analyses
(Table 2). These analyses were restricted to study participants for whom all
relevant information was available. The referent category was study parti-
cipants who were not mutagen sensitive and were nonusers of either
cigarettes or alcohol. Mutagen sensitivity was a risk factor in the absence of
both smoking and alcohol use (threefold to fivefold), and there were signifi-
cantly elevated risks associated with smoking or alcohol use in mutagen-
resistant persons. The combined effects of cigarette smoking and mutagen
sensitivity seemed to be multiplicative. The data for alcohol and mutagen
sensitivity were less consistent.

The second study also provided data suggestive of familial aggregation
of cancer in first-degree relatives of mutagen-hypersensitive patients (b/c
>1.0). Odds ratios were 2.8 (95% confidence limits = 1.1, 7.2) for one first-
degree relative with cancer and 7.0 (95% confidence limits = 1.8, 27.1) for
two or more first-degree relatives with cancer [70].

Populations of individuals with cancers other than head and neck cancer
have also been evaluated for mutagen sensitivity [67]. The original hy-
pothesis was that the assessment of such individuals would provide an
explanation for site specificity of tumor development. Fifty of 71 patients
(70%) with confirmed lung cancer and 58 of 83 patients (70%) with colon
cancer expressed b/c counts above 0.8 [67].
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The assay may also have predictive potential. Eighty-four previously
untreated head and neck cancer patients were evaluated for sensitivity to
bleomycin and then followed longitudinally for multiple primary malig-
nancies (median follow-up of 20 months) (Table 3) [71]. Four of the 51
nonsensitive patients (8%) developed second primary malignancies, com-
pared with 9 of 33 patients (27%) in the hypersensitive group (b/c >1.0).
The relative risk of multiple primary cancers among the latter group was 4.4
(95% confidence limits = 1.2, 15.8). We have recently enlarged this study,
accruing 278 patients followed from 1987 through 1993 [72]. The mean
break/cell value for patients developing second malignancies was 1.17
(£0.54) compared with 0.98 (+0.44) for patients with only one primary (P
= 0.004). The relative risk for developing second cancers was 2.67 (1.22,
5.79). This study also showed no differences in the distribution of mutagen
sensitivity by smoking status, pack-years or tumor stage [71]. Cloos et al.
have shown similar findings in their studies of head and neck cancer patients
[73]. These findings have clinical and prognostic relevance, since second
malignant tumors are the most important cause of mortality in early stage
disease.

The finding of suggestive synergistic effects of alcohol use and mutagen
sensitivity in our case-control study stimulated further in vitro studies of the
effect of alcohol in this test assay system [74]. Cultured human cells were
treated with a fixed concentration of bleomycin together with ethanol at
concentrations varying from 0.1% to 4%. The frequency of chromosome
breaks, compared with that in the bleomycin control, was unchanged at
0.1% and 0.5% ethanol but was markedly elevated beginning at 1% ethanol
[74]. This series of experiments indicated that alcohol, although itself not a
clastogen, could potentiate the genotoxic property of bleomycin with a dose-
dependent effect.

We have also tested the potentiation property of ethanol on mutagens
with different molecular mechanisms [74]. Four additional mutagens were
chosen: the base analogue cytosine arabinoside, the ultraviolet-radiomimetic
carcinogen 4-nitroquinoline-1-oxide, the alkylating agent triethylene-
melamine, and a sample of cigarette smoke condensate. In all cases, ethanol
enhanced their genotoxicity. Thus, it appears that the potentiation effect of

Table 3. Risk of multiple primary cancer in patients with head and neck cancer by mutagen
hypersensitivity status

Mutagen No. of Second Relative (95% confidence
hypersensitivity patients malignancies (%) risk limits)

>1.0 breaks per cell 33 9(27.3) 44 1.2,15.8

=1.0 breaks per cell 51 4 (7.8)

From Schantz et al. [74], with permission.
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alcohol is a general phenomenon, not the formation of a particular mole-
cular complex that increases the potency of a mutagen. This finding may
explain the cocarcinogenic properties of alcohol in head and neck cancer
etiology.

Summary

Tobacco use is such a major determinant of head and neck cancer risk that
classical epidemiologic techniques were more than adequate to document
and characterize the etiologic association. However, the new emphasis in
epidemiologic research is multidisciplinary, centering on the role of inter-
individual differences in susceptibility to carcinogenic exposures and particu-
larly on the interaction of genetic susceptibility and environmental forces,
that is, ecogenetics. For upper aerodigestive tract cancers, measurements of
carcinogen metabolic activation and DNA repair capability are especially
relevant. These susceptibility markers will enable the identification of high-
risk population subgroups who can be targeted for the most intensive
primary and secondary preventive strategies.
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5. Biology and reversal of aerodigestive tract
carcinogenesis

Scott M. Lippman, Gary L. Clayman, Martin H. Huber, Steven E. Benner,
and Waun Ki Hong

Squamous cell carcinoma of the upper aerodigestive tract is a cosmetically,
functionally, and economically devastating class of diseases yet to come
under control with standard approaches to prevention, early detection, or
therapy [1,2]. Three principle modalities are currently used to control this
disease: tobacco/alcohol cessation programs, surgery and radiotherapy for
early and local-regional advanced disease, and chemotherapy in advanced,
recurrent, and metastatic disease.

The major aerodigestive tract cancers (head and neck, lung, and esoph-
agus) are linked by a single causative agent — tobacco. The worldwide
incidence of upper aerodigestive tract cancers has remained unchanged
for two decades despite the availability of tobacco-cessation programs.
Tobacco-use figures are staggering. Worldwide, there are approximately one
billion smokers and 600 million chewers. Respective figures for the United
States alone are 50 million smokers and 12 million chewers, and dissappoint-
ing recent Centers for Disease Control (CDC) figures indicate that, for the
first time in many years, overall U.S. smoking rates are increasing [3]. This
is a recent and worrisome trend, occurring in the face of increasingly in-
tensive somking-cessation efforts. These figures indicate the exigent need for
chemoprevention approaches as adjuncts to continued smoking-cessation
research, to control this group of tobacco-related cancers.

During the past 20-30 years, only marginal improvement in overall
survival has occurred for patients with early and locally advanced squamous
cell carcinoma of the head and neck. This is true even though standard
therapy of surgery and/or radiotherapy and newer neoadjuvant chemo-
therapy can effectively control primary tumors [1,2].

Despite successful primary therapy of advanced local and regional dis-
ease, 50-60% of head and neck cancer patients wil die from local recur-
rences, 20—-30% will die from distant metastases, and 10—40% will die from
second primary tumors. Although patients with early stage disease can be
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treated effectively with single modality local therapy (surgery or radio-
therapy), these patients have an additional 4-7% annual risk of developing
second primary tumors, the principle cancer-related cause of death in early-
stage disease [4]. Long-term survivors, regardless of disease stage, are sub-
ject to the development of second primary tumors [5]. These troubling
data reveal the need for effective chemopreventive approaches to increase
survival for ‘cured’ head and neck cancer patients.

There is a great effort, therefore, directed to the development of effective
new strategies to control these cancers. One new approach under study is
cancer chemoprevention, the use of specific agents to stop carcinogenesis
and to prevent the development of invasive cancer [6—13]. This field of
clinical investigation emerged from laboratory and epidemiologic studies
indicating the presence of thousands of potential inhibitors of carcinogenesis.
The basic concepts of field carcinogenesis and multistep carcinogenesis
underlie the expanding arena of chemoprevention.

Tumor biology

The basic concepts of multistep carcinogenesis and field carcinogenesis have
opened the door for modern intervention research in the head and neck
region. Epithelial carcinogenesis involves the progressive accumulation of
genetic alterations, dysregulated epithelial proliferation and cell differen-
tion, the selected outgrowth of premalignant cells, invasion, and metastasis.
The clinical premise of chemoprevention is that carcinogenesis, at least in
early (premalignant) stages, is reversible, a concept supported by preclinical
and epidemiologic data [14-31].

A central theme that links the upper aerodigestive tract and lung is
the concept of field carcinogenesis — the multifocal development of pre-
malignant (and malignant) lesions at various stages of carcinogenesis and
that progress at various rates within the entire aerodigestive tract or ‘field’,
exposed to diffuse and repeated primarily tobacco-related carcinogenic
assault. Local therapy is inadequate in the face of these fieldwide
developments.

Field carcinogenesis was initially described in the oral mucosa by Slaughter
et al. [32]. Using standard histologic methods, Slaughter found widespread
microscopic abnormalities in resected tissue specimens taken from epithelia
surrounding the area of the primary carcinoma in patients with squamous
cell carcinoma of the head and neck. The primary abnormalities described
were epithelial hyperplasia (an increase in the number of rows in the epithe-
lium), hyperkeratinization, and dyskaryosis (atypia). Several sections were
also found to contain carcinoma in situ. Furthermore, when serial sections
of the entire surgical specimen were studied, separate foci of carcinoma
in situ or invasive carcinoma were frequent findings overall and found in

90



all cases in which the primary tumor was less than 1cm in diameter. Based
on these observations, Slaughter coined the term field cancerization to
describe the phenomenon of diffuse carcinogenic changes surrounding
cancer. This finding implies a wide tissue area of risk that transcends the
margins of the primary cancer. This phenomenon has also been referred to
as field carcinogenesis and the condemned mucosa syndrome.

This field effect concept is certainly supported by prospective studies of
head and neck cancer that have documented second primary tumor rates
of 6-7% per year [5]. Furthermore, the site patterns of second primary
tumor development indicate that over 80% occur within the tissue field of
presumed risk from direct tobacco and alcohol exposure, the major aero-
digestive tract carcinogens.

Forty years after Slaughter’s initial report, this concept has been studied
at the cellular and molecular level. Our group and others have used the
same basic approach of assessing nonmalignant epithelia surrounding
squamous cell carcinoma from resected tumor specimens using sensitive
biologic probes to detect phenotypic (proliferation and differentiation) and
genotypic abnormalities [33-39]. In addition, we and others are using these
molecular and cellular probes to dissect the diverse nature of the clinical-
histologic premalignant lesion.

Our studies of resected tumor specimens analyzed adjacent epithelia
grouped by histologic stage of carcinogenesis: adjacent ‘normal’ tissue,
hyperplasia, and dysplasia. The results of these phenotypic and genotypic
marker studies were compared with each case’s squamous carcinoma and
with a true normal control (tissue from a volunteer without cancer).

We have studied two growth-related markers: proliferating-cell nuclear
antigen and epidermal growth factor receptor. Proliferating-cell nuclear
antigen is associated with DNA synthesis and cell cycle regulation, and
therefore a potential marker of tissue dysregulation of proliferation. Pro-
liferating-cell nuclear antigen, as determined by monoclonal antibody
labeling, increased with histologic progression [36]. Furthermore, there was
also evidence of proliferative dysregulation occurring from the basal to
superficial epithelium. Epidermal growth factor receptor expression was
studied as a marker of cell growth regulation. Again using monoclonal
antibody techniques, dysregulation of epidermal growth factor receptor ex-
pression was increasingly observed with histologic progression to invasive
squamous carcinoma.

In addition to the phenotypic changes described above, we have analyzed
head and neck cancers and surrounding nonmalignant tissue for genotypic
alterations that may be associated with field and multistep carcinogenesis.
Using in situ hybridization techniques with centromeric probes to chromo-
somes 7 and 17, increasing polysomy was associated with the transition from
histologically normal mucosa to invasive cancers [35]. Supporting the defini-
tion of a premalignant state and the concept of field carcinogenesis were
genetic changes detected in regions of histologically normal epithelium in
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one third of cases studied. Chromosome polysomy was not found in mucosa
of healthy nonsmoking volunteers.

We have also studied the tumor suppressor gene p53. Wild-type p53 has
tumor suppressor function, while some mutations of the p53 gene have
tumor promotor activity. We found marked variability of p53 expression in
different areas of the cancer, which further indicates the marked hetero-
geneity of tumors. Furthermore, the frequency of p53 gene mutations
increased with histologic progression. Detection of pS3 mutations in hyper-
plasia and dysplasia adjacent to squamous cell carcinoma and in oral pre-
malignant lesions [40] may indicate that p53 loss is an early molecular
genetic event in head and neck carcinogenesis, and differs from colon and
bladder carcinogenesis, in which p53 mutation occurs late [41,42].

The presence of p53 mutations in carcinogenic lesions has been previously
documented in other tumors of the aerodigestive tract [43—45]. Sozzi et al.
[38,39] identified p53 mutations in adjacent dysplastic lesions in three
patients whose primary lung cancer had a p53 mutation using immuno-
histochemistry. Single-strand conformational polymorphism analysis in two
cases revealed that the same exon was affected in both the primary tumor
and the adjacent dysplastic tissue.

The presence of p53 alterations has also been demonstrated in preneo-
plastic lesions of the oral mucosa. Girod et al. [40] used an antibody to p53
protein to demonstrate pS3 protein accumulation in premalignant lesions of
the oral mucosa. The antibody was initially shown to stain positive in the
presence of a p53 mutation; then, tissue sections of oral premalignant
lesions and squamous cell carcinomas of the oral mucosa were evaluated.

P53 accumulation was not only present in invasive squamous cell cancers
of the head and neck, but was also found in premalignant lesions. While 53%
of all 104 sections containing squamous cell carcinomas were positive,
28.4% of the 64 sections with premalignant alterations without carcinoma
also contained p53 protein [40]. In addition, investigators have also identified
oncogenes in head and neck squamous carcinoma, including int-2, k-ras,
c-myc, and bcl-1 [46-53].

The best available molecular data supporting the concept of field car-
cinogenesis comes from a recent report by Chung et al. [54], who evaluated
p53 mutations in head and neck squamous cell carcinoma and their second
primary tumors of either squamous cell carcinoma or other histologies. This
study found the primary lesion and second primary tumors to have dis-
cordant mutations. In this study, tissue samples were collected from 31
patients who had surgery for squamous cell carcinomas of the head and neck
and later developed second primary cancers of either the head and neck,
esophagus, or lung. Second primary tumors were defined as occurring at
least 3 years after the initial primary occurrence and geographic separation
from the original site by at least 2cm. Head and neck second primary
tumors occurred in 17 patients, lung second primary tumors in 12 patients,
and esophagus tumors in 2.
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A total of 66 samples from the 31 patients were analyzed using single-
strand conformation polymorphism analysis. Mutations of p53 were identified
in 13 of the 31 (42%) initial primary tumors and 13 of 35 (37%) second
primary tumors. Twenty-one of the patients had p53 mutation in either the
initial primary tumors and/or their second primary tumors. Only 5 of these
21 patients had a p5S3 mutation in both the primary head and neck cancer
and in their second primary tumor, and in each of these cases, regardless of
histologic subtype, the p5S3 mutations were shown to be discordant.

This study provides supportive evidence at the molecular level for field
carcinogenesis in head and neck squamous cell carcinoma. It is possible,
however, that the apparent discordance reflects tumor heterogeneity, that
is, differences in p53 mutation within a single tumor. Presumably cancer
cells with a mutated p53 gene have a selective growth and metastatic ad-
vantage. Molecular characterization of p53 may become an important tool in
the differential diagnosis of recurrence (local, regional, or distant) versus
second primary tumors in lesions of squamous cell histology.

Clinical trials and promising agents
Multiple-site primary prevention trials

These large trials are attempting to demonstrate an association between
chemoprevention and a reduction in cancer incidence. The trial design
assumes that the beneficial effects of the agent in cancer prevention will
result in an overall reduction in cancer incidence. In the United States, the
Physicians’ Health Study was designed to study the effects of beta-carotene
and aspirin on the incidence of cancer and cardiovascular disease [55]. The
study is a randomized, double-blind, placebo-controlled trial, begun in 1982,
involving 22,071 male physicians. A more recently begun trial, the Women’s
Health Study, will determine the impact of beta-carotene, vitamin E, and
aspirin on cancer and cardiovascular disease in 40,000 female nurses [56].
These broad multiple-site primary prevention trials are quite large and
require long-term follow-up, which adds to expense and logistical difficulties.
If the trials have positive results, however, they could have a significant
public health impact.

Upper aerodigestive tract and lung

To date, the best-studied system for cancer chemoprevention in humans is
the epithelial malignancies of the upper aerodigestive tract and lungs. In the
United States, these malignancies account for 30% of cancer deaths [57].
The field cancerization hypothesis [32,58], which predicts diffuse epithelial
injury as the result of inhaled carcinogens, has guided the development of
these sutdies. Clinical evidence for field carcinogenesis is found in the
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occurrence of premalignant lesions and multiple primary tumors. Recent
molecular studies of p53 mutations, reviewed above, provide further evidence
for field carcinogenesis in the upper aerodigestive tract.

Large randomized clinical trials in a general population testing chemo-
prevention agents specifically directed at reducing the incidence of head and
neck cancer are logistically difficult to perform. First, because the incidence
of head and neck cancer in the general U.S. population is very low, massive
numbers of subjects would be required. Second, the primary endpoint, the
development of cancer, will require 5-10 + years to occur and therefore
require long-term follow-up and compliance. Last, since only a few subjects
in a general population will develop a malignancy, a large number of
subjects will be exposed to possible drug toxicity, with potential benefit to
only a few. The logistical difficulty and cost of such a trial is therefore not
reasonable or practical to assess primary chemoprevention strategies for
head and neck cancer. Studies have thus been directed at individuals with
premalignant or early stage lesions (treated) in the chemoprevention of
invasive cancers (or reversal of premalignant lesions) and second primary
malignancies, respectively.

Trials in premalignant lesions

Premalignant lesions serve as excellent models for chemoprevention studies.
The occurrence of the lesions themselves identifies individuals at high risk
for invasive cancer. Changes in the size or extent of the lesions may be used
to assess the efficacy of the chemopreventive agent. In the oral cavity,
leukoplakia has been used to study both clinical and histologic responses to
therapy.

Oral leukoplakia, the most common premalignant lesion in the upper
aerodigestive tract, has undergone extensive chemoprevention study. The
lesion is essentially a diagnosis of exclusion, defined clinically as a white
mucosal patch anywhere in the oral cavity or oropharynx that cannot be
rubbed off and not otherwise classified into another specific disease entity
[59-62]. In clinical trials, we use the term oral premalignancy to refer to
the clinical spectrum of oral lesions from whitish (low-risk) to reddish
(erythroplakia) or red-white (mixed; erythroleukoplakia) high-risk lesions,
with further classification and stratification based upon histology (presence
and degree of dysplasia).

Many characteristics of oral premalignancy make it an excellent human
system for the study of chemoprevention. First, it is a well-described pre-
cursor of oral cancer. Second it is commonly found in patients with oral
cancer. Leukoplakia has been found near oral cancer in as high as 100%
(median, 30-40%) of cases in some series [61]. Furthermore, prospective
series have documented the association of leukoplakia with a high risk of
later development of oral cancer. The largest U.S. series (over 250 patients),
conducted by Silverman et al. [60], found that the long-term overall trans-
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formation rate was 18%. Transformation rates in this and other series
doubled in high-risk dysplastic lesions. The natural history of leukoplakia
and other premalignant conditions has been further defined by randomized
studies involving placebo arms and periodic biopsies and observation. Up to
30-40% of lesions may spontaneously regress, however, rarely completely.
Contrastingly, over 50% of patients presenting with leukoplakia may ex-
perience histologic progression. Most importantly, marked histologic hetero-
geneity may present within lesions ranging from hyperkeratosis without
dysplasia to areas of severe dysplasia and carcinoma in situ. Thus clinical
trials must provide close observation and repeated histologic analysis to
ensure patient safety from disease progression. The variable natural history,
especially the substantial spontaneous regression rates, underscore the need
for randomization in clinical chemoprevention trials of oral premalignancy.

The second major attribute of this system is that the oral cavity and
oropharnx are easily and noninvasively monitored, which contrasts with the
colon and lung, which require invasive procedures (e.g., colonoscopy and
bronchoscopy) to detect and monitor the carcinogenic process. The accessi-
bility of these lesions and the ease of performing repeat biopsies has led
to the frequent incorporation of intermedate marker studies into these
trials [34].

Third, and perhaps the most important attribute of this model system, is
its implications for other aerodigestive tract epithelial cancers. Oral pre-
malignancy chemoprevention studies already have contributed to the design
of a retinoid trial discussed later that achieved significant suppression of
second primary tumors in head and neck cancer patients.

Although high-risk dysplastic lesions account for only 10-20% of all oral
premalignant lesions, this represents hundreds of thousands of individuals
worldwide. A significant percentage of cases with advanced premalignant
lesions are not amenable to local approaches because of the diffuse field
carcinogenic process with multiple precancerous foci. Therefore, a systemic
intervention within the premalignant process, or chemoprevention, is neces-
sary for control of many high-risk lesions. No standard systemic approach
NOwW exists.

Retinoids

This class of over 3000 natural derivatives and synthetic analogues of vitamin
A includes the best studied agents in preclinical and clinical chemopreven-
tion testing [8,63—65]. Retinoids have potent effects on premalignant, and
malignant cell growth and differentiation in many human systems that are
thought to be the result of modulation of gene expression. By far, the
major advance in the understanding of the molecular mechanism of action
by which retinoids affect gene expression is the discovery of nuclear retinoid
receptors [64—66]. The first nuclear receptor, identified and reported in-
dependently and simultaneously by two steroid receptor laboratories, was
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named retinoic acid receptor (RAR) alpha. Subsequently, two additional
receptors in this class (beta and gamma) have been identified from human
cells. The three RAR subtypes have sequence homology to the steroid
receptor family, which is strongest in the DNA-binding domain. More
recently, another nuclear retinoic acid class was identified and named retinoid-
X receptor (RXR), with the X used only to distinguish this class from
RARs, which have a vastly different DNA sequence. RXR-a, -B, and -y
subtypes have also been identified. To further complicate the nuclear retinoid
receptor class, each receptor subtype (e.g., RAR-a) has multiple isoforms,
the significance of which is not yet known.

These two fundamentally different receptor classes may represent distinct
retinoid response pathways. Nuclear retinoid receptors act as ligand-activated
DNA-binding proteins that modulate gene transcription by interacting with
responsive elements in the promotor region of specific genes. Current data
suggest that different receptor subtypes have distinct functions because of
their different tissue distributions and retinoid binding affinity patterns. For
example, RAR-a specifically binds to trans-retinoic acid with high affinity
and the only known natural RXR ligand is 9-cis-retinoic acid. Intensive
current efforts are presently directed to evaluate nuclear retinoid receptor-
targeted retinoids alone and in combination (i.e., combining RAR- and
RXR-specific retinoid analogs). It appears likely that these nuclear receptors
are the primary mediators of retinoid’s effects on carcinogenesis, although
direct evidence to support this is limited.

Chemoprevention trials in oral premalignancy were initially reported in
the late 1950s [67—69]. Early trials focused on systemic or topical vitamin A.
Subsequent trials have explored the efficacy of other retinoids. To date,
over 350 patients with leukoplakia have been treated with eight different
retinoids in prospective studies [63,67—77]. Response rates have in each case
exceeded 50% (median response rate >70%). The activity of retinoids in
this setting are unquestioned and have been established in five randomized
trials (Table 1). However, dose-related mucocutaneous toxicity is the major
issue to contend with in this class of agents.

The first study of synthetic retinoids'in oral leukoplakia was reported by
Koch [71]. Seventy-five patients with leukoplakia (with or without epithelial
dysplasia) were treated with all-frans-retinoic acid, 13-cis retinoic acid, or
etretinate. The study design included an 8 week induction followed by a
lower dose maintenance period. The induction response rates were 59%,
87%, and 91%, respectively. With 2—-6 years of follow-up, over 40% of
patients (43%, 45%, and 51%, respectively, for the three retinoid groups)
remained in prolonged remission.

Among the five randomized trials reported involving four different
retinoids — 13-cis-retinoic acid (two trials), natural vitamin A, and two
retinamides — three of these are placebo-controlled induction trials and two
are maintenance trials. All have observed statistically significant retinoid
activity.
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Table 1. Completed randomized chemoprevention trials: Head and neck cancer

Author (year) Study setting Design (N) Agents Result

Hong (1986) Oral leukoplakia Phase IIb (44) Isotretinoin Positive

Stich (1988) Oral leukoplakia Phase IIb (65) Vitamin A Positive

Han (1990) Oral leukoplakia Phase IIb (61) Retinamide Positive

Lippman (1993) Oral leukoplakia Phase IIb (70) Isotretinoin Positive
(maintenance)

Chiesa (1993) Oral leukoplakia Phase IIb (80) Fenretinide Positive
(maintenance)

Hong (1990) Prior SCC Phase III (103) Isotretinoin  Positive (SPT)

SPT = second primary tumor; SCC = squamous cell carcinoma.

Induction trials

Hong et al. [73] determined the effects of 13-cis-retinoic acid on oral leuko-
plakia in a randomized trial in 44 patients. Patients were required to have
histologically confirmed oral leukoplakia and were excluded if they were
consuming megadoses of vitamin A. Patients were randomized to receive
either 13-cis-retinoic acid, 1-2 mg/kg/day, or placebo for 3 months followed
by 6 months of follow-up off treatment. Cheilitis, facial erythema, and
dryness and/or peeling of the skin were noted in 19 of 24 patients (79%),
conjunctivitis in 13 of 24 (54%), and hypertriglyceridemia in 17 of 24 (71%)
receiving retinoic acid, but the toxicity was generally tolerable as only 2 of
the 24 patients randomized to receive 13-cis-retinoic acid were unable to
complete the study. Two patients were inevaluable in the placebo arm,
though none secondary to toxicity.

Major responses, complete or partial remissions, were noted in 16 of the
24 patients randomized to receive 13-cis-retinoic acid, whereas only 2 of the
20 patients on placebo had similar responses. This difference was highly
significant, p = 0.0002. Thirteen of the 24 patients on 13-cis-retinoic acid
had reversal of their dysplasia on biopsy, which was noted in only 2 of the 20
patients on placebo. Several of the patients relapsed in the follow-up portion
of the trial, typically within 2-3 months. This study, therefore, clearly
demonstrated the efficacy of 13-cis-retinoic acid in treating oral leukoplakia,
but also raised several other questions. While quite effective, relapses
off drug were frequent, which indicates a possible need for maintenance
therapy, which was addressed in a subsequent study. Second, while 1-2 mg/
kg/day is tolerable for a short period of time, it was unlikely to be as well
tolerated for longer time periods; therefore, further exploration to identify
the optimal dose was needed. Finally, while the premalignant lesion, oral
leukoplakia was reversed, larger patient populations and longer follow-up
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will be required to determine if the reversal of the premalignant lesion is
associated with a decreased risk of developing cancer.

The second randomized trial used N-4-(hydroxycarbophenyl) retinamide
as a cancer prevention agent for the treatment of oral leukoplakia [74].
Patients were randomized to receive either the retinamide 40 mg orally per
day and 40 mg topically per day or placebo. Major responses were noted in
27 of the 31 patients on treatment (87.1%), including patients with complete
remissions. Only 5 of the 30 patients on placebo (16.7%) had major res-
ponses and none were complete remissions. Toxicity was noted to be minimal
and consisted of minor elevations of serum transaminases in two patients.
No data on skin toxicity are available. These data are of import as this
compound is very similar to another synthetic retinoid, 4-hydroxphenyl
retinamide, which is currently being evaluated in several clinical trials.

Stich et al. [75] evaluated the effects of vitamin A in 65 tobacco users or
betel nut chewers with oral leukoplakia in India. This sample population has
a high exposure to carcinogens, as they maintain a quid containing tobacco
and betel leaf against their oral mucosa. Thirty participants were randomly
assigned to receive 100,000 IU of vitamin A twice weekly, and 35 individuals
were randomly assigned to placebo. Little change in their oral habits was
noted during the course of the study, and compliance was excellent in the
patients who completed the trial, as medication was administered under
nursing supervision. However, only 21 of the 30 patients randomized to
receive vitamin A were evaluable, and the authors do not account for this
discrepancy. Among these 21 patients in the vitamin A group, 12 subjects
(57.1%) had complete remissions, 9 (42.9%) had no change, and no patients
developed new leukoplakia lesions. Among the 33 evaluable subjects in the
placebo group, only one patient (3.0%) had a complete remission, lesions of
25 subjects (75.8%) did not change, and 7 (21.2%) progressed. The results
of this study again confirm the efficacy of retinoids in inducing remissions of
oral leukoplakia lesions.

Maintenance trials

We recently reported the effects of low dose 13-cis-retinoic acid versus B-
carotene as maintenance therapy after high-dose 13-cis-retinoic acid [76].
Seventy patients with biopsy proven oral leukoplakia received 13-cis-retinoic
acid 1.5mg/kg/day for 3 months. Sixty-six of these patients were evaluable
at the end of induction therapy, and 59 of these who had either remission or
stable disease were randomized to receive either B-carotene, 30 mg/day, or
13-cis-retinoic acid, 0.5 mg/kg/day. Only 2 of the 24 who completed 9 months
of 13-cis-retinoic acid progressed, whereas 16 of the 29 on B-carotene
progressed (p < 0.001).

In a second study, Chiesa et al. [77] randomized 115 patients follow-
ing resection of oral leukoplakia to receive either N-(4-hydroxyphenyl)-

98



retinamide (fenretinide; 4HPR) 200 mg/day or placebo for 1 year. The initial
report of this study identified 12 local relapses or new lesions in the 41
patients in the control, whereas only three patients relapsed among the 39
patients receiving fenretinide. Toxicity was minimal and consisted primarily
of dermatitis and mild hyperbilirubinemia.

The randomized trials by our group and the Milan group are comparable
in that both studies defined the efficacy of synthetic retinoids in preventing
relapses following primary therapy of oral leukoplakia. The studies differ in
design in that the first trial follows patients after induction with higher dose
retinoid therapy, whereas the second study follows surgical remissions.
However, the final results are similar and statistically significant. First, the
B-carotene in our trial and the placebo arm in the Italian trial had high
relapse (or progression) rates at 1 year, 55% and 29%, respectively. Second,
the treatment arms in both trials had very similar low progression rates, 8%
and 7.7%, respectively.

Nonrandomized trials
B-carotene

The rationale for studying this agent includes its strong epidemiologic data
in squamous cell carcinoma of the lung, antioxidant structure and pro-
vitamin A activity in vivo, lack of clinical toxicity, low cost, and wide
availability. Perhaps its greatest attribute for chemoprevention is its lack of
acute clinical toxicity. It only produces a dose-dependent yellowing of
the skin. However, a potentially adverse micronutrient interaction has
been reported with profound suppression of plasma vitamin E levels after
pharmacological B-carotene dosing in animals and humans [78].

Several nonrandomized trials have tested B-carotene in oral leukoplakia
[79-81]. These trials included diverse groups of patients (smokers, snuff,
betel nut), response criteria and evaluation, doses, and schedules. Response
rates have varied widely, with no apparent relationship to dose.

Stich et al. [79] first reported the effects of B-carotene on oral leukoplakia
in a three-arm trial in tobacco/betel nut chewers. A total of 130 individuals
were divided into three groups and received either B-carotene 180mg per
week, vitamin A 100,000 IU per week and B-carotene 180 mg per week, or
placebo. Only one patient (3.0% ) of the 33 evaluable patients in the placebo
group had a complete remission at the end of 6 months of therapy, and
seven patients (21.2%) progressed. In the B-carotene only group 27 patients
were evaluable, and 4 patients (14.8%) were in complete remission and 4
patients (14.8%) developed new leukoplakia. Finally, in the 51 evaluable
patients receiving both agents, 14 (27.5%) were in complete remission and
only 4 (7.8%) developed new lesions. The combination of both agents was
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significantly better than placebo with regards to complete remission rates
(p = 0.004). The difference between B-carotene alone and placebo was not
statistically significant.

a-tocopherol

This vitamin is another nontoxic lipid-phase antioxidant under intensive
study in chemoprevention. The only oral leukoplakia study, reported re-
cently, suggested drug activity. Forty-three participants with either symp-
tomatic lesions or epithelial dysplasia were treated with a-tocopherol 400 [U
twice daily for 24 weeks on a Community Clinical Oncology Program
(CCOP) study [82,83]. This trial, the first multicenter oral leukoplakia
chemoprevention trial, reported substantial logistic problems, raising im-
portant feasibility issues for multicenter studies of this premalignant lesion.
Unfortunately, 12 subjects were not evaluable for clinical response. Clinical
complete responses were observed in 10 subjects (23%) and partial responses
in 10 subjects (23%), giving an overall major response rate of 46%.

The study effectively monitored plasma drug levels and reported a two- to
threefold increase in plasma levels with the 800IU per day dose. Toxicity
was minimal. Only one subject reported grade 2 headache, and the remain-
ing 14 complaints of toxicity were evaluated as grade 1.

As with B-carotene and all promising new agents, randomized trials
(placebo-controlled) will be required to establish the activity of a-tocopherol
in oral chemoprevention. Preclinical and clinical data support the study of a-
tocopherol plus B-carotene. In addition, this agent may play an important
role in combination with 13cRA based on its apparent independent activity
and its reported ability to ameliorate mucocutaneous and lipid retinoid
toxicities.

Our current oral leukoplakia study is an evolutionary stage following
two previous randomized studies. These predecessor trials established the
efficacy of a high dose of 13-cis-retinoic acid in reversing oral premalignant
lesions and the efficacy of low-dose 13-cis-retinoic acid in maintaining
response. Our current goal is to establish either less or completely nontoxic
chemoprevention for long-term use in the oral region. This study disposed
entirely of the toxic, high-dose 13-cis-retinoic acid phase present in our
earlier studies. Our current long-term randomized trial is comparing low-
dose 13-cis-retinoic acid and the combination of the two natural, nontoxic
agents, vitamin A (retinyl palmitate) and B-carotene.

The study has three main objectives. First, we will evaluate the chemo-
preventive efficacy of the vitamin A—B-carotene combination. Second, we will
evaluate the efficacy and toxicity of long term low dose 13-cis-retinoic acid.
Third, this study will contribute data and tissue samples to the evaluations of
a series of potential biomarkers of intermediate endpoints of carcinogenesis.

Selection of the B-carotene plus vitamin A regimen for this trial is based
on favorable activity and toxicity data from both preclinical and clinical
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studies. Preclinical studies of the regimen have occurred in two epithelial
systems. Combined B-carotene and retinol are active and synergistic in
inhibiting certain types of carcinogen-induced lung cancer. Similar positive
results have been reported in the ultraviolet-B mouse-skin model [84].

Data are available from two clinical chemoprevention trials employing
this combination. In a large-scale trial of subjects at high risk for lung
cancer, investigators from Seattle have established that this regimen is safe
and nontoxic for at least 5 years [85]. Only one clinical trial has reported
efficacy results. The trial by Stich and coworkers [79], discussed earlier,
achieved a 28% complete remission rate with this combination in Asian
betel nut chewers. This activity rate was twofold higher than that of their
B-carotene group and ninefold higher than that of placebo. However,
Stich’s trial was not strictly randomized and the results were unconfirmed
histologically.

Unresolved issues

Three unresolved issues face investigators of chemoprevention regimens for
oral premalignancy. The major clinical issue is that of the delicate balance
between toxicity and efficacy. Our approach to this problem over the past 10
years has been to evolve trials with larger study populations, decreasing
drug doses of 13-cis-retinoic acid and longer term intervention. Our first
randomized trial included 44 subjects treated for 3 months with high-dose
13-cis-retinoic acid. Our second randomized trial included 70 subjects treated
for 12 months with a lower dose of 13-cis-retinoic acid or B-carotene. Our
current randomized trial will include 120 subjects treated for 3 years with
even lower dose of 13-cis-retinoic acid or the promising nontoxic combina-
tion of vitamin A plus B-carotene. This long-term trial will provide assess-
ments of early marker changes against late marker and clinical evaluations,
possibly even against invasive cancer. This study’s low-dose retinoid and non-
toxic natural agent regimens will provide consistent doses throughout study.

Another major unresolved issue is the impact of diet and tobacco on the
natural history of this disorder. Current studies in this setting should include
rigorous monitoring of dietary assessment and plasma micronutrient levels
as a means for studying this issue. Intensive smoking cessation counseling
and biochemical monitoring (e.g., cotinine levels) should also be formally
integrated into these trials.

The last major unresolved issue concerns the biology of preneoplasia. A
better understanding of this biology is required to develop fundamentally
new and better approaches for its control. Clinical trials in this premalignancy
setting must include systematic studies of genomic, proliferation, and dif-
ferentiation markers to provide data on the biology of multistep carcino-
genesis and chemoprevention.
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Lung premalignancy

Several lung chemoprevention trials used progressive changes in the bron-
chial epithelium, such as metaplasia or dysplasia, as a study endpoint [86—
90] (Table 2). Gouveia et al. [88] reported an uncontrolled trial of etretinate
(25 mg per day) for 6 months. They found this agent to be highly effective
in reversing squamous metaplasia read from biopsy specimens in heavy
smokers. They reported a reduction in metaplasia index in 29 of 40 partici-
pants; the mean metaplasia index decreased from 34.75% before treatment
to 26.96% following the retinoid therapy.

A recent chemoprevention trial, using isotretinoin, also employed histo-
logic studies of bronchoscopic biopsies to examine the intermediate endpoint
of squamous metaplasia [89]. This study also included randomization to
isotretinoin or placebo groups in order to confirm the activity reported in
the earlier uncontrolled trial. The authors reported a substantial reduction
in the extent of squamous metaplasia in 35 isotretinoin-treated patients
(54.3%) and 34 placebo-treated patients (58.8%), indicating that isotretinoin
at the given dose and schedule had no impact on reversal of squamous
metaplasia, re-emphasizing the critical importance of controlled trials in
studies using intermediate endpoints or in studies that hope to verify pre-
liminary findings of positive drug activity.

Arnold et al. reached a similar conclusion in a recently reported ran-
domized trial of etretinate for the reversal of metaplasia read from sputum
samples [90]. Of the 138 participants in this study who completed 6 months
treatment with etretinate (25mg per day) or placebo, 32.4% of the 71
etretinate-treated patients and 29.8% of the 67 placebo-treated patients had
improvement in sputum atypia.

These trials have established that retinoids have no effect on metaplasia,
but the significant response of metaplasia to smoking cessation and its
significant spontaneous variability indicate that metaplasia may be one

Table 2. Completed randomized chemoprevention trials: Lung cancer

Author (year) Study setting Design (N) Agents Result
Heimburger (1988) Metaplasia (sputum) Phase IIb (73)  Vitamin B12, Positive

folic acid (atypia)
Arnold (1992) Metaplasia (sputum) Phase ITb (150) Etretinate Negative
Van Poppel (1992) Micronuclei (sputum) Phase IIb (114) B-carotene Positive
Lees (1993) Metaplasia (biopsy)  Phase IIb (87) Isotretinoin Negative
Pastorino (1993) Prior NSCLC Phase III (307) Retinyl palmitate Positive (SPT)

NSCLC = Non-small cell lung cancer; SPT = second primary tumor.
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of the earliest stages in the carcinogenic process. Retinoids have shown
activity in later stages of the carcinogenic process, and it is therefore pos-
sible that they are active in later stages of lung premalignancy. The activity
of retinoids in the chemoprevention of lung cancer remains to be established
in future trials using intermediate biomarkers that more directly reflect
stages of carcinogenesis.

Intermediate endpoints

Aerodigestive tract epithelial carcinogenesis is an extremely complex mul-
tistep process. Rather late, clinical and histologic markers (e.g., dysplastic
oral leukoplakia) of this process are not capable of detecting the subtle
cellular, molecular, and biochemical changes occurring in the earliest pre-
neoplastic phases. New markers of subtle intermediate stages, or endpoints,
of the multistep process are being developed in preclinical and clinical
studies. Called intermediate endpoint biomarkers, these markers may provide
far earlier and more specific indicators of cancer risk and drug efficacy in pre-
vention trials than current standard clinical and histologic evaluations [34].

The data regarding oral leukoplakia, which represents the intermediate
clinical marker with the strongest association with the development of head
and neck cancer, has been reviewed above. However, other biomarker
intermediate endpoints are being evaluated as indicators of the development
of malignancy. Ideally, a specific molecular alteration associated with the
development of cancer would be known and reversal of that marker would
be associated with reversal of cancer risk, but as previously discussed, the
steps in the development of squamous cell carcinoma of the head and neck
remain unknown. The most commonly studied intermediate endpoint, to
date, in head and neck cancer, aside from oral leukoplakia, is the presence
of micronuclei.

Biomarkers in chemoprevention studies

Micronuclei are the best studied potential intermediate endpoint biomarker
in subjects at high risk for oral cancer [84]. This genotoxic marker is strongly
associated with chromosomal breakage and is formed from chromosome
fragments created by clastogenic events (including carcinogenic damage to
DNA) in proliferating cells [84,91]. Therefore, the marker reflects ongoing
genetic damage. Elevated micronuclei frequencies have been shown to cor-
relate with cancer risk at many sites, including the aerodigestive tract (head
and neck, lung, esophagus), cervix, and bladder [83,84,91]. Furthermore,
within high risk tissue regions, the micronuclei frequencies are generally
higher at lesion sites and sites with the most intense carcinogen exposure,
such as where betel quids are held within the mouth. Furthermore, subjects
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with more intense carcinogen exposure also have higher micronuclei fre-
quencies by an order of magnitude than subjects with less intense exposures
(e.g., cigarette smokers). This site-specific and dose-response relationship
between carcinogen (clastogen) exposure and micronuclei frequency is an
important characteristic of a potential intermediate endpoint marker. The
increased micronuclei frequency in normal-appearing oral sites in high risk
subjects (betel nut, tobacco exposure) also supports the concept of field
carcinogenesis.

Many investigators have used micronuclei data as a short-term in vivo
marker as an adjunct to standard clinical and histologic assessments to help
screen for active anticarcinogenic agents in animal and human systems.
Micronuclei data have been important to the early study of vitamin A and P-
carotene as potential chemopreventive agents. Important logistical features
that support the study of micronuclei (as part of a marker panel) within the
context of a chemoprevention trial include the ability to obtain samples from
oral mucosal scrapings (noninvasive) and to measure micronuclei frequency
quantitatively.

Stich et al. [92] demonstrated that the frequency of micronuclei in cells
obtained from oral mucosa scrapings of betel nut chewers decreased threefold
with the administration of retinol and B-carotene. A second trial by Stich et
al. [93] evaluated the effects of B-carotene intervention on micronuclei in
Inuits who used smokeless tobacco. This population has a diet that leads to
normal retinol levels, reflecting the tight homeostasis of serum retinol levels,
but results in low levels of B-carotene; therefore, this population allows one
to test the hypothesis that restoration of normal B-carotene levels would
lead to a decrease in the number of cells containing micronuclei. Twenty-
four of the initial 27 subjects who began the trial were evaluable, and in
these 24 subjects the mean frequency of cells with micronuclei decreased
from 1.87% to 0.74% following 10 weeks of treatment. Finally, in the multi-
arm trial of placebo versus B-carotene alone versus B-carotene and retinol
by Stich et al. [79] discussed above, the frequency of micronuclei decreased
dramatically in both treatment arms and did not decrease significantly in the
placebo arm. Also, the decrease in micronuclei was noted in both the
leukoplakia lesion and in the surrounding normal mucosa.

Studies of micronuclei and other markers are useful in that they allow the
rapid identification of biologic activity for a chemoprevention strategy.
However, as discussed in the section on oral leukoplakia, until intermediate
endpoints are validated in larger trials with the development of cancer as a
primary endpoint, it is critical that these studies not be used as surrogates
for prospective randomized trials evaluating the prevention of tumor
development.

The most critical long-term issue facing investigators in the new field of
intermediate endpoint biomarker research is the establishment of biomarkers
that are valid measures of carcinogenesis and chemoprevention. This issue
of validation is extremely complicated and difficult, as illustrated by the
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micronuclei data. Vitamin A, B-carotene, vitamin E, and 13-cis-retinoic acid
have been reported to produce clinical, and in some studies, histologic,
responses. These same agents have achieved reductions in micronuclei
frequency. However, there is no association, at least in the short term,
between lesion response and suppression of micronuclei. All are early or
intermediate markers, and even premalignant lesions are variable. These
lesions can progress but not result in invasive cancer, or can regress in
advance of cancer.

The correlations between micronuclei and lesion results in several chemo-
prevention trials involving different agents is not significant. Over time,
discrepancies between micronuclei frequencies and lesion response may
disappear. Epithelial carcinogenesis is a multistep process associated with
the accumulation of specific genetic alterations and driven by DNA damage,
which may be indicated by micronuclei frequency. It seems likely, therefore,
that long-term suppression of micronuclei frequency may be associated with
a reduction in cancer incidence, the only valid endpoint. In other words,
an earliest micronuclei change may be established as correlating with a
dysplastic lesion response or invasive cancer occurring years later, at which
time the micronuclei changes may have entered an unrelated phase. We
anticipate that long-term relationships between biomarkers of various stages
of carcinogenesis and its modulation by agents will form the bases of valid
panels of intermediate endpoint biomarkers. To date, no markers currently
under study have been established as valid intermediate endpoint biomarkers
[34,94].

Ideal markers will be those that express early patterns of modulation that
correlate directly with later stages of invasive cancer. The immediate task is
therefore to continue to pursue positive data from the most promising
biomarker candidates for future long-term validation studies.

Second primary tumor prevention

As mentioned above, patients with head and neck cancer are at very high
risk of developing a second primary tumor of the upper aerodigestive tract
[95]. Retrospective studies of patients with head and neck cancer have
identified an increased incidence of second primary tumors [96—-101]. The
concept of a second malignancy in patients cured of one malignancy is not
new, as it was initially described by Bilroth in 1883.

Several recent studies have identified an increased incidence of second
primary tumors in patients with a history of head and neck cancer. Chris-
tensen et al. [98] identified 21 patients from a series of 415 patients with
primary laryngeal cancer who developed second primary tumors of the
lung. The overall risk of developing lung cancer was 2.66 in the group with
glottic tumors and 6.73 in patients with supraglottic tumors. In a series of
235 patients with laryngeal cancer who received radiation therapy as part
of their management, McDonald et al. [101] identified 50 patients who
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developed 61 second primary tumors, which represented an overall relative
risk of developing a second primary tumor of 9.9 compared to a control
population. Lung cancer and second head and neck tumors were the most
frequent. Cooper et al. [100] evaluated 928 patients treated with radiation
therapy for head and neck cancer at all sites and identified 110 second
primary tumors, of which 64% developed in the upper aerodigestive tract
for an overall risk of developing a second primary tumor of 23% at 8 years.
Licciardillo et al. [96] identified an annual incidence of second primary
tumors of 4% in some subgroups of patients with head and neck cancer, and
an annual incidence as high as 6% in patients with primary cancers of the
floor of the mouth. As high as these figures are, retrospective trials are
likely to underestimate the true incidence of second primary tumors. For
example, in a group of patients followed prospectively following definitive
local therapy of stage III or IV head and neck cancers, Vikram et al. [102]
identified a 5.3% annual incidence of second primary tumors of the lung,
which represented 82% of all second primary tumors in this population.

According to these accumulated data, the overall per-year second primary
tumor rate in head and neck cancer patients is constant; surviving patients
cannot expect their risk of developing second primary tumors to improve
over time. Therefore, the cumulative incidence of second primary tumors is
greatest in early stage head and neck cancer patients, who survive the
longest after primary treatment. As diagnostic techniques, supportive care
measures and treatment of primary lesions continue to improve, however,
second primary tumor rates and survival impacts will increase in patients
with all types of upper aerodigestive tract and lung epithelial cancers.
Current local and systemic approaches do not eliminate or ameliorate the
field, or multifocal, cancerization process.

Based mostly on positive oral leukoplakia data, Hong et al. [103] designed
an adjuvant chemoprevention study in head and neck cancer patients to
determine the efficacy of 13-cis-retinoic acid. After definitive local therapy
of head and neck cancer with radiotherapy and/or surgery, 103 patients were
randomized to receive either 13-cis-retinoic acid or placebo for 12 months.
Of the first 44 patients randomized, 13 (30%) required dose reductions from
100 mg/m? to 50 mg/m? due to toxicity. Therefore, the protocol was modified
to a starting dose of S50mg/m? for the remaining 59 patients. The major
endpoints were primary disease recurrence, the development of a second
primary tumor (defined as being of a different histologic type, at a site more
than 2cm from the previous disease, or occurring more than 3 years after
the initial diagnosis), and survival. At a median follow-up of 32 months,
only 2 of the 51 patients receiving 13-cis-retinoic acid developed second
primary tumors, whereas 12 of the 49 patients receiving placebo developed
second primary tumors (p = 0.005).

In a recent update of this trial (median follow-up of 55 months), 16
patients in the placebo arm had developed second primary tumors, com-
pared with only 7 patients in the retinoid group who developed second
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primary tumors (31% vs. 14%, p = 0.04) [104]. In a subset analysis of
only second primaries within the high-risk field (head and neck, lung and
esophagus), a persistent chemopreventive effect was observed on the recent
follow-up. This provocative apparent long-lasting retinoid activity (on tar-
geted second primaries) is unprecedented for other clinical or preclinical
retinoid carcinogenesis studies. Current studies of larger scale and longer
follow-up will further examine this phenomenom.

The applicability of these head and neck findings to other tobacco-related
cancers is suggested by a recent report by Pastorino et al. [105] of high dose
vitamin A adjuvant therapy in stage-I non-small cell lung cancer. The lung
findings are remarkably similar to those of the head and neck cancer study.
Both Pastorino et al. and Hong et al. observed a reduction in second
primary tumor rates in the retinoid arm. The annual second primary tumor
rate was 3.1% in the retinoid arm of both studies. The control arm annual
second primary tumor rates were 4.8% for Pastorino’s lung study (median
follow-up 46 months), and 6.8% for Hong’s head and neck study (median
follow-up 55 months).

Retinoid treatment, therefore, achieved a 35% reduction in the annual
second primary tumor rate in the lung and a 54% reduction in the annual
rate of second primary tumor development in the head and neck. It should
be noted that the control arm rates of both studies would be higher if the
total number of second primary tumors were included, since multiple second
primary tumors developed in three patients in the lung study (all in the
control group) and in five patients in the head and neck study (four in the
placebo group). In both studies, over 70% of second primary tumors occur-
red in the tobacco-exposed field, and the time to the development of tobacco-
related second primary tumors significantly favored the retinoid arms.
Primary disease recurrence (local, regional, or distant) was not significantly
different between the arms. Neither study was associated with a survival
improvement, however, which in part reflects effective surgical salvage of
second primary tumors in these prospectively followed patients.

The results of the studies by Pastorino et al. and Hong et al. should serve
as an indicator that the problem of second primary tumors in patients with
head and neck and lung cancer may currently be under-rated. Both Pastorino
et al. and Hong et al. used rigorous criteria to define second primary tumor;
in both cases, these criteria were applied to prospectively followed patients,
either blindly or by an independent review group. Although the data are
limited, it seems significant that both studies have reported control arm
second primary tumor rates for head and neck and lung cancer that are
roughly twofold higher than retrospective or tumor registry data.

Although smoking indisputably is a major risk factor for the development
of primary cancers of the upper aerodigestive tract and lung, the influence
of smoking cessation on the rate of second primary tumor development is
controversial [106]. Reports by Moore [107,108] and Silverman [109,110]
and most other studies do suggest that smoking cessation reduces the inci-
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dence of second primary tumors [111-113]. These reports, however, have
experienced difficulties in collecting accurate smoking-related data and have
lacked biochemical confirmation of smoking behavior (i.e., serum cotinine
levels) and therefore do not render a clear quantitative assessment of
smoking’s impact on second primary tumor development. Some investiga-
tors have gone so far as to question the unconfirmed association between
smoking and second primary tumor risk [114].

In the Hong and Pastorino studies, smoking had only a minor effect on
second primary tumor rate. Smoking cessation may have a greater beneficial
effect at earlier stages of the multistep carcinogenic process, or stages that
precede advanced premalignant or malignant primary lesions. Other environ-
mental and genetic factors may have influences on second primary tumor
development equal to or greater than that of smoking.

All these smoking data indicate that an effective chemopreventive is
needed for the prevention of second primary tumors in head and neck
cancer patients as an adjunct to the important primary preventive measure
of smoking cessation. Although the data are limited, analysis of clinical
studies of bronchial metaplasia suggest that the chemopreventive activity of
retinoids is enhanced by smoking cessation.

Retinoid toxicity data and the need for long-term therapy suggest the
need for continued investigation of new chemopreventive approaches. Pro-
mising preclinical results with vitamin E and B-carotene and positive pilot
clinical data resulting from vitamin A- and [B-carotene treatments of oral
leukoplakia suggest these relatively nontoxic natural agents as candidates for
future studies in the prevention of second primary tumors in early stage
head and neck cancer patients. Also, future adjuvant trials should investigate
the efficacy of newer, less-toxic synthetic retinoids. Currently, several large,
randomized trials are underway worldwide to determine the efficacy of
retinoids in preventing head and neck and lung associated second primary
tumors.

The lifetime risk of second primary tumors following early stage head-
and-neck or lung cancer is 20—-40%. This high rate- allows second primary
tumor chemoprevention trials to have smaller sample sizes than primary
prevention trials. A trial to study the efficacy of low-dose isotretinoin (30 mg/
day) to prevent second primary tumors following early stage (I and II)
head and neck cancer is being carried out through the Radiation Therapy
Oncology Group. In this randomized, double-blind, placebo-controlled trial,
1000 participants will receive 3 years of treatment and an additional 4 years
of follow-up. A reduction in the incidence of second primary tumors is the
study endpoint. A U.S. intergroup study is using the same design in patients
who have had a successful resection of a stage I non-small cell lung cancer.

A European multicenter study, the Euroscan trial, is also studying the
efficacy of chemoprevention following head and neck or lung cancer. The
Euroscan study consists of two parallel trials, one for each organ site, and is
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using a 2 x 2 factorial design to study the efficacy of retinyl palmitate and
the antioxidant N-acetyl-cysteine.

Primary chemoprevention trials in lung cancer have studied individuals at
increased risk for the development of lung cancer as the result of smoking or
asbestos exposure. A large randomized trial of Finnish male smokers will
study the efficacy of a-tocopherol and B-carotene in reducing lung cancer
incidence. The study will require long-term follow-up of over 20,000 par-
ticipants. A trial of B-carotene and vitamin A, termed the CARET trial, is
being performed through United States centers.

Conclusions

Squamous cell carcinoma of the head and neck continues to be a major
worldwide health problem that has not changed its disease control in over 30
years despite prevention and screening efforts and multimodality therapeutic
approaches. Even though patients may be cured by surgery and/or radio-
therapy, the threat of second primary malignancies remains burdensome,
justifying further chemoprevention studies. Chemoprevention is therefore a
promising new strategy to manage these disease processes, and head and
neck cancer is an excellent model.

Several randomized trials now indicate that several retinoids can induce
and maintain remission in oral premalignant lesions; therefore, suggesting
great promise for this approach in head and neck chemoprevention. Before
retinoids may be accepted as a standard therapy for oral leukoplakia, how-
ever, trials will need to be completed to evaluate the relative roles of
retinoids and surgery in controlling this process. Additionally, while retinoids
may be capable of maintaining remission, the prevention of recurrence of
leukoplakia will need to be correlated with a decreased risk of developing
cancers. Completion of large randomized trials evaluating the efficacy of
these agents will allow us to provide an answer to the role of these agents in
clinical practice. Oral premalignancy appears to be a good model system for
the upper aerodigestive tract. In oral carcinogenesis, significant activity with
high doses of 13-cis-retinoic acid has translated to a reduction of second
primary tumors in head and neck cancer patients.

The future successes in chemoprevention will require studies defining
intermediate endpoints and the biologic processes involved in multistep
carcinogenesis and field cancerization. These studies may then be used to
assist in patient treatment selection, biologic predictive capabilities, and the
development of novel chemoprevention strategies, such as gene therapy.

The enthusiasm for chemoprevention generated by the early positive
retinoid results in reducing head-and-neck and lung-associated second
primary tumors should be focused toward enrolling more patients on the
currently ongoing large-scale phase-III studies. In the United States, three
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major NCI studies of low-dose 13-cis-retinoic acid: Two in early stage head
and neck cancer (MDACC/RTOG 91-15, ECOG C0590) and one in stage I
non-small cell lung cancer (intergroup NCI 91-0001) are ongoing. The
impact of smoking is critical, albeit difficult, to assess in these studies. The
current large scale U.S. trials are stratified by smoking status, and one study
includes biochemical validation of smoking cessation, which will add im-
portant new data on this issue. In Europe, a large scale multicenter trial to
include 2000 early stage head and neck and lung cancer patients is ongoing.
The enthusiasm in this area has led to the widespread and easy access for
patients worldwide to enter clinical trials. The results of these large-scale
phase-III retinoid upper aerodigestive tract and lung trials will have im-
portant implications for standard clinical practice.
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