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I
Abstract

Squamous cell carcinoma of tissues of the head and neck (HNSCC) continues
to be a major cause of morbidity and mortality in many parts of the world, and
survival is not improving. Much research has been devoted to the identification
of molecular markers characteristic of the development and progression of
HNSCC. Alterations in many molecular markers in HNSCC have been
demonstrated, including genes related to proliferation, differentiation, adhesion
and others such as those that control invasion and metastasis. Some of these

single markers may indicate poor prognosis or risk of recurrence, but none has

been found to be robust enough for clinical use.

Limitless replicative potential, or immortality, has been identified as one of the
siX basic “hallmarks” of cancer. Clinical follow-up data from our HNSCC
cultures, and other studies, show a correlation between the ability of HNSCCs
to establish as cell lines in culture (i.e. become immortal) and poorer patient
survival. In addition, 40% of primary cell cultures derived from dysplastic
premalignant oral lesions are immortal in culture. Thus, the acquisition of
iImmortality and invasion may be independent events. Previous work has
demonstrated a specific pattern of four biological markers associated with oral
SCC or dysplasia immortality in cell culture: namely p16 and RARp loss, p53
mutation, and telomerase activation. The changes in p16, p53 and hTERT
were found in the dysplasia biopsies from which the cultures were derived,
however the in vitro changes in RAR-B8 expression were not reproduced in the

biopsy tissues.

Microarray analysis was performed on 32 head and neck keratinocyte cultures
using Affymetrix U133A/B genechips. The panel of cultures included normal
cells, mortal and immortal cultures of dysplastic keratinocytes and mortal and

immortal cultures from carcinomas, all grown to a standard protocol.

The overall GEP revealed that many of the well-established HNSCC molecular
markers associated with motility and invasion were up-regulated in the mortal
cells, particularly in the mortal carcinomas. Immortal HNSCC cells showed
elevated expression of cell-cycle markers and loss of differentiation markers.

In addition, a small humber of common changes in gene expression in all the



carcinomas, regardless of replicative fate, were identified. This included several

transcription factors.

A series of 49 novel gene expression changes consistently associated with
Immortality in dysplastic keratinocytes and SCCs were identified. The list
Included genes involved in cell cycle control, signalling, cellular metabolism and
maintenance of cellular structure. Validation of the expression of these genes
by western blot demonstrated that, in general, the protein expression of genes

agreed with the RNA expression level from the microarray data. However,
some heterogeneity was evident.

The mortal and immortal gene expression signatures were validated by IHC in
the tumours from which the cultures were derived. The tumours that gave rise
to immortal cell cultures demonstrated a relatively uniform pattern of staining in
relation to the novel markers of immortality. However, those tumours which
gave rise to mortal cultures exhibited significant heterogeneity of gene

expression pattern, with areas characteristic of both the mortal and immortal

phenotype present.

The patterns of gene expression characteristic of mortal and immortal cells may
reflect the differing origin of these populations, relating to different mechanisms
involved In the generation of HNSCC subtypes. The differences may also
indicate that the mortal and immortal cells utilise different mechanisms of
invasion. In some cases, mortal and immortal cells exist in adjacent areas
within the same tumour, but it is not clear whether the immortal HNSCCs derive
from the adjacent mortal cells. However, the presence of intermediate features
in vivo and in vitro raises the possibility that inter-conversion between the two
HNSCC types may be possible, with mortal neoplastic keratinocytes gaining the

immortal phenotype

These novel markers give us further insight into the mechanisms and
importance of keratinocyte immortalization. Surrogate markers of immortality
could therefore be valuable for assessment of prognosis and therapy if

confirmed in larger in vivo studies.
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Chapter One: Clinical and pathological aspects of head and neck

squamous cell carcinoma and related premalignant lesions.

1.1 General introduction

Squamous cell carcinoma of tissues of the head and neck (HNSCC) continues
to be a major cause of morbidity and mortality in many parts of the world.
Indeed, head and neck cancer (90% of which is HNSCC) is the sixth most
common cancer worldwide, with a much higher incidence in particular
subpopulations, especially in areas of France, the Indian sub-continent and Far
East. This disease can have devastating effects on the sufferer, as treatment
often involves mutilating surgery that compromises the functions of the upper
aero-digestive tract, in addition to the unfortunate social stigma of the facial
disfigurement that treatment often involves. Patients, particularly if at advanced
stage on presentation, often follow a protracted clinical course involving
repeated recurrences with a requirement for long-term multi-disciplinary care.
This is distressing for the patient and their family and places a significant

financial and logistical burden on the treating healthcare institution.

1.2 Epidemiology

1.2.1 Incidence

HNSCC is a heterogeneous group comprising cancers of the lip, oral cavity,
oropharynx, hypopharynx and larynx, each having clinically and biologically
distinctive features, but clearly linked by common risk factors (Takes et al.,
1998). In the United Kingdom, approximately 8000 new cases of HNSCC are
diagnosed each year, with oral cancer comprising 1.6% of all new malignant
disease. Historically, the sex ratio has shown a male predominance (5:1), but
this has decreased as the female incidence rate has risen (now 1.9:1). Patients

over 50 years of age comprise 85% of cases. (ISD at www.isdscotland.org).

The incidence of HNSCC in the UK as a whole has been stable over the last 25
years at around 16 per 100,000 population. However, this headline figure is
misleading and conceals important trends. In Scotland, head and neck cancer
incidence increased by 16.3% over the period 1990-2000 (Table 1.1 shows

individual male and female rates). There was also an increase in the incidence



of cancers of the oral cavity, both in the UK as a whole, but particularly in
Scotland, where data from the Scottish Cancer Registry (ISD at
www.isdscotland.orq) reveals an increase of 34% in males and 43% in females
over a similar period (Table 1.2). This contrasts with the 20% reduction in male
lung cancer incidence in Scotland over 1990-2000, an intriguing phenomenon
as HNSCC and lung cancer share many common risk factors. Similar rises in
HNSCC incidence have been seen in many areas of the world, particularly in
Central and Eastern Europe, Japan and Australia (La Vecchia et al., 2004; La
Vecchia et al., 1997). However, in the USA, the incidence of HNSCC amongst
whites (especially males) is falling (Ries et al., 2004). A reduction has also
been seen In some areas of high incidence such as India, Hong Kong and

Brazil (Sankaranarayanan et al., 1998).

Another worrying feature hidden in the headline data is the rise in HNSCC
Incidence in young patients (younger than 45 years at diagnosis) in many high
incidence and European countries (Boyle et al., 1995). Many of these patients
fall into the traditional high risk factor groups, but an increasing proportion do
not (Llewellyn et al., 2003; Liewellyn et al., 2004; Rodriguez et al., 2004). Such
patients without the traditional HNSCC risk factors may constitute a distinct
clinical and biological group (Koch et al., 1999). The notion that these young
patients have a poor prognosis with a low five-year survival is not supported by
studies in Scotland, as recent data revealed that the 15-44 year age group had
a substantially higher five-year survival than any other age group (ISD at
www.isdscotland.org). A recent study in Scandinavia also reported higher five

year survival rates in young patients (Annertz et al., 2002).

Mortality

Headline figures for the overall five-year survival of patients with HNSCC are
also misleading as they conceal trends In particular subgroups of patients.
These summary statistics do not take into account the diversity of stage and
anatomical subsites involved. Aggressive surgical treatment of early disease at
some subsites, for example lip, can produce five-year survival figures of 80-90%
(McCombe et al., 2000; Veness et al., 2001). However, in many parts of the
world, including Scotland, despite progress in the understanding of the disease,

the headline survival rates for head and neck cancer have not changed




markedly over the last few decades (ISD at www.isdscotland.org). The five-
year survival rate is 54.3% for males and 56.6% for females (Table 1.1).
Indeed, in Scottish males, the five-year survival from head and neck cancer has
fallen slightly over the period 1977-2001. Many reasons have been proposed,
Including a less favourable case mix and an increase in the proportion of
patients from deprived areas (Macfarlane et al., 1996). In contrast, over the
same period, five-year survival from oral cavity cancer improved by 15%, In

both males and females (ISD at www.isdscotland.org).

The recent overall worsening of HNSCC survival in Scottish males is
disappointing. Whilst developments in primary surgical and oncological
treatment have resulted in better apparent control of primary disease, there has
been little improvement in the management of metastatic disease. This Is
becoming a problem, as an increasing proportion of patients now survive long
enough to present with distant metastases (Taneja et al., 2002). Thus, it has
become clear that the way forward in tackling this devastating disease must be
on two fronts. Emphasis must be placed on prevention and early detection of
HNSCC lesions and the careful clinical and pathological monitoring of any
lesions that may harbour an increased risk of development of HNSCC. The
Health Education Board for Scotland (HEBS) has highlighted this in recent
media campaigns. Additionally, advancement in the knowledge of the biology
and pathogenesis of HNSCC may result in the development of molecular based
prognosis assessment tools and therapies, which may help to reduce the
burden of continued disease, foremost for the patient, but also on the

healthcare system.
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Table 1.1 Summary statistics for cancer of the head and neck in Scotland

This Table comprises the most recent data from Scottish Health statistics, ISD

Scotland, released on 26 November 2004 (ISD at www.isdscotland.org). This
covers |IARC classification codes ICD-9 140-149, 160-161: ICD-10 C00-C14,
C30-C32.

Change in incidence 1989-99 +35.4% +43.5%
(%)

Relative survival (%)

1995-99 72.8

43.1

71.1
1.3

- 1 year

- 5 years

Table 1.2 Summary statistics for oral cavity cancer in Scotland

This Table comprises data collected for IARC classification codes ICD-9 143-
145; ICD-10 C03-C06. Data from Scottish Health statistics, ISD Scotland (ISD

at www.isdscotland.orq).



1.3 Risk factors

1.3.1 Tobacco and alcohol

The main risk factors for HNSCC are tobacco usage (in any form) and alcohol
consumption, but this varies significantly between subsites. A recent report
found a 20 fold increased risk of oral and pharyngeal cancer below age 46 for
heavy smokers, with a five-fold increase for heavy drinkers. The combination of
heavy smoking and drinking led to an increased risk of almost 50 fold
(Rodriguez et al., 2004). In Western populations, the most common sites for
small, asymptomatic SCC lesions within the oral cavity are the ventral aspect of
the tongue and floor of the mouth, presumably because this is where such
carcinogens collect. Oral cancer is also prevalent in particular communities,
such as in the Indian subcontinent, where other forms of tobacco consumption,
such as betel quid chewing, are prevalent. indeed, in some Indian

subpopulations, HNSCC accounts for almost half of all cancers in males
(Sanghvi, 1981; Saranath et al., 1993).

Carcinogens produced by tobacco, for example benz-(a)-pyrene and
nitrosamines, are known to produce the precise types of guanine nucleotide
transversions found in critical genes involved in HNSCC development, such as
p53 (Burns et al., 1993; Chang et al., 1994). The role of alcohol is less clear,
but it appears to act as a co-carcinogen by being metabolised to acetaldehyde.
This can damage DNA and trap glutathione, an important peptide In
detoxification of carcinogens (reviewed in Poschl & Seitz, 2004; Seitz et al.,
2001). Alcohol can also induce CYP2E1, an enzyme involved in activation of

various pro-carcinogens found in alcoholic beverages and tobacco smoke.

1.3.2 Human papilloma virus

Human papilloma virus (HPV) has also been implicated in HNSCC development
(Gillison et al., 2000), but this has proved controversial (Ha et al., 2002a). One
case control study found an increased risk of HNSCC with the presence of high
risk HPV types (HPV16) in exfoliated oral cells, in concert with heavy alcohol
consumption and tobacco use (Smith et al., 2004). However, the concordance
between oral HPV status and HPV positivity of the tumour in this study was

weak and thus the data is open to other interpretation. Much of the data on the



role of HPV in HNSCC carcinogenesis is semiquantitative and hampered by
difficulties in interpretation. The recent study by Ha and co-workers utilised
quantitative PCR in assessment of HPV DNA copy number in oral
carcinogenesis. This study concluded that sufficient copy numbers of HPV to
allow a causal association to be inferred were only present in 1 of 102

premalignant oral lesions and 1 of 34 oral SCCs (Ha et al., 2002a).

Recent evidence more convincingly implicates HPV in a less aggressive form of
HNSCC, particularly in tonsillar and oropharyngeal cancers, but to a lesser
extent in oral cancer (Herrero et al., 2003; Ringstrom et al., 2002). These HPV-
positive oropharyngeal cancers are clinically and biologically distinct and such
patients had an improved prognosis (Gillison et al., 2000). Braakhuis and co-
workers have shown that HNSCC with transcriptionally active HPV DNA fail to
show the pattern loss of heterozygosity (LoH) at chromosomes 3p, 9p and 17p
normally associated with HNSCC (Braakhuis et al., 2004b). The implications of

this will become apparent in later discussion of the importance of such

chromosomal loci.

1.3.3 Other risk factors

A mulititude of other factors has been implicated. The development of lip cancer
is primarily related to exposure to UV irradiation (Ju, 1973). Marijuana has also
been postulated to play a role by increasing mutagen sensitivity (Zhang et al.,
1999), but the evidence from cohort studies does not support such a link
(Hashibe et al., 2002; Rosenblatt et al., 2004). Poor diet, particularly a low
consumption of fruit and vegetables has been implicated (Macfarlane et al.,
1995). This has been pinpointed as a potential cause of the increase in HNSCC
incidence in young people, although it is likely that such an effect is additive to
that of high tobacco and alcohol consumption (Llewellyn et al., 2004; Mackenzie
et al., 2000). These collective risk factors may account for the higher incidence

of HNSCC in socially and economically deprived communities, notably in the

West of Scotland (Macfarlane et al., 1996). Nutrients, such as folic acid, may be
protective (Pelucchi et al., 2003). A small number of patients may have an
increased susceptibility to oral cancer because of inherited genetic defects

(Prime et al., 2001). In disorders of DNA repair mechanisms, such as



xeroderma pigmentosum, these is an increased incidence of secondary

malignancies, including oral cancer (Patton & Valdez, 1991).

Genetic susceptibility and environmental risk factors often interact. About 40%
of Japanese carry a mutant allele of the acetaldehyde dehydrogenase-2
(ALDH2) gene that encodes an inactive enzyme. This mutant ALDH2 allele is a
strong risk factor for head and neck cancer and oesophageal cancer among
heavy alcohol drinkers in Japan (Yokoyama et al., 2002). Polymorphisms in
alcohol dehydrogenase-2 (ADH2) also affects risk of head and neck cancer in
alcoholics (Yokoyama et al., 2001). Indeed, it has been calculated that the
polymorphisms in the ALD2 and ALDH2 genes account for 82% of the

population attributable risks for HNSCC in Japanese alcoholics (Yokoyama et
al., 2001).

There is some variation in the risk factors associated with different subsites
within the upper aero-digestive tract. Smoking and alcohol in combination is a
higher risk factor for oral cavity and pharyngeal cancer than for larynx (Baron et
al., 1993). The differences may lie in the presence of unspecified factors in the
oral cavity and pharynx, but not in the other upper aero-digestive tract sites,
which potentiates the effects of alcohol and smoking in the oral cavity and
pharynx. Separate analysis of smoking and alcohol in relation to risk at the
various subsites also reveals that the highest risk for either factor is in the oral
cavity and lowest in the larynx (Franceschi et al., 1990; La Vecchia et al., 1990).
Various dietary factors have been reported as having differential effects in terms
of risk including red chilli and tea drinking (pharynx) (Notani & Jayant, 1987).
Patients who present with none of the traditional risk factors predominantly have

oral cavity cancers (Wiseman et al., 2003).

1.4 Prognostic factors in HNSCC

Many clinical prognostic factors in SCC are well established. These include
anatomical site, tumour size, lymph node status, the presence of distant
metastases and certain histological subtypes (Quon et al., 2001; Tralongo et al.,
1999; Woolgar et al., 1999). Histological examination also adds tumour grade
(a measure of differentiation), depth of invasion and the presence of invasion
related to nerves or lympho-vascular channels. Much of this information is
summarised in the TNM classification (Sobin & Wittekind, 2002). Whilst useful



at a population level, these prognostic factors may be limited in their predictive
value for the identification of patients who have a high risk of recurrence,
relapse or death (Fries et al., 1976). As a result, many other clinico-pathological
staging and prognosis systems have been developed, with varying degrees of

success, and with limited acceptance (Groome et al., 2001).

As is often the case for lung cancer patients, the risk of the development of
continued or subsequent malignant disease in patients with HNSCC is high.
Many patients will develop either synchronous or metachronous second (or
subsequent) upper aero-digestive tract tumours. The probability of developing
a second, metachronous HNSCC in the five years after initial treatment is
approximately 22% (de Vries et al., 1986; Schwartz et al., 1994).

1.5 Field cancerization

There is evidence that primary HNSCC and subsequent disease (and
premalignant lesions) are derived by additional mutations acquired within a
field’ of genetically altered cells within the mucosa (Bedi et al., 1996). The
mucosa affected may be clinically and/or histologically normal. This has been
termed ‘field cancerization’, (Slaughter et al., 1953). These alterations arise
from exposure of large areas of the epithelium of the upper aero-digestive tract
to carcinogens and/or growth promoters in tobacco or alcohol (Bedi et al.,
1996). Thus, whilst these tumours are ultimately clonally divergent, they share
certain common cytogenetic features with the rest of the field (Braakhuis et al.,
2003). The abnormalities may be due to epigenetic or genetic changes induced
in the field of exposed cells. Jang and co-workers have also suggested that, in
a minority of cases, there may be mucosal spread of malignant or premalignant
cells within the oral cavity, resulting in multiple, discrete tumours that are truly

clonal in origin (Jang et al., 2001). The mechanism of this effect has not been

elucidated.

Consequently, some of the genetic changes characteristic of a particular
primary HNSCC can often be found in clinically and histological normal mucosa
up to a distance of 7 cm away from the primary tumour (Braakhuis et al., 2003;
Tabor et al.,, 2002a). This has obvious repercussions for decisions relating to

the size of excision margins required at the time of primary surgical



management. Thus, second or subsequent HNSCCs may be of three types:

they may be:

e "True” recurrence; derived from incomplete eradication of the primary
SCC

e Second “field cancers”,; these may have a different, but overlapping,
spectrum of genetic changes having developed from an intervening field

of abnormal oral mucosa (Braakhuis et al., 2002).

e Second primary tumours, with a clonally independent origin.

1.6 Premalighant lesions

The presence of extensive areas of genetically abnormal epithelium raises the
possibility of precursor lesions, which may be amenable to preventative
intervention. These lesions may be clinically evident, and are often referred to
as premalignant lesions (PMLs). Clinically evident mucosal lesions that
possess an increased risk of progression to HNSCC predominantly appear as
white patches (leukoplakia) or, less commonly, as red patches (erythroplakia).
These lesions are illustrated in Figure 1.1A and C. Other conditions, such as

lichen planus, may have premalignant potential (Epstein et al., 2003).

1.6.1 Malignant transformation in PMLs

The evidence that oral leukoplakia has premalignant potential is mainly based
on cohort studies in hospital-based populations. This introduces an element of
case selection bias into the assessment of the proportion of these patients who
develop HNSCC within their PML. The consequence of this is a large range of
malignant transformation rates from muitiple studies, whose populations are not
readily comparable (Table 1.3). Recent studies estimated the prevalence of
homogeneous oral leukoplakia in the general population of the USA at 0.37%
(Scheifele et al., 2003). Extrapolation of this, in conjunction with the incidence
of HNSCC in European countries where there is reasonable integrity of cancer
registry data, indicates that the true malignant transformation rate of oral
leukoplakia is probably less than 1% per year (Scheifele & Reichart, 2003).
Malignant transformation may be higher in the small proportion of leukoplakias

that are dysplastic, but regression of dysplastic changes may also be seen,
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particularly where there is cessation of the precipitating risk factor(s) (Pindborg
et al., 1977).

Various clinical parameters alter the malignant transformation rate of
leukoplakia. In Western populations, lesions located on the floor of the mouth
and ventral surface of the tongue have been shown to have a higher malignant
potential than other areas of the mouth (Kramer et al.,, 1978), although
Schepman and co-workers could not substantiate this in a later study
(Schepman et al.,, 1998). Thus, the concept of high-risk sites is not well
supported in the literature. However, it is surely significant that the proposed
“high-risk” PML sites are also those that are most commonly associated with
early oral cancer lesions. Erythro-leukoplakia or “speckled” leukoplakia, a form
of non-homogenous leukoplakia (Figure 1.1B) also has a higher malignant
transformation rate (Mehta et al., 1981), presumably related to the presence of
areas of erythroplakia within the lesion. The concurrent presence of infection

with Candida species also correlates with the presence of oral epithelial
dysplasia (McCullough et al., 2002).

In contrast, the malignant transformation rate of erythroplakia is much higher.
Erythroplakia is much rarer than leukoplakia, but often reveals carcinoma-in-situ
or frank carcinoma at the time of original diagnosis (Mashberg, 1977,
Mashberg, 1978; Shafer & Waldron, 1975). Subsequently, a substantial
proportion of patients will develop a SCC over the following five-year period.
The reasons for the high prevalence of dysplasia in erythroplakias are not clear.
It has been suggested this may due to a greater frequency of p53 mutations in
erythroplakias (Qin et al., 1999), but once smoking status has been taken into

account, this does not seem to be the case (Lazarus et al., 1995; Lazarus et al.,
1996).



Te:

Figure 1.1 . Clinically premalignant lesions

A. leukoplakia of anterior floor of mouth/ventral tongue

B. erythro-leukoplakia of soft palate complex
C. erythroplakia of right anterior pillar of fauces

Photographs courtesy of Professor DG MacDonald (A and C) and Dr John
Eveson, © Bristol Biomedical Image Archive, University of Bristol (B)

11
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(Pindborg et al., 1968)

Denmark

(Silverman & Rosen, | USA 1-11 6.0
1968)

(Kramer eGI._, 1 97_(1)_ ur_1—<_:_l_e__.:-3|r_L . 4.8
(Mehta et al., 1972) 10 0.9
(Silve;a_n ét al., 1976) 2 b 0.9
(Banoczy, 1977) 9.8 ‘6 0-
(Silverman et al., 1984) 7.2 17.5 ]
(LE\d, 1987) 9_?: 8.9
(Lummerman et al., 240 20 13.8
1995)

(Schepman et al., 1998)- Netherlands 166 2.5 | 12 :
(Shiu et a_l., 2000) 435 10 14
(Cow;ﬁ et al., 2001) N. Ireland 165 20 15
(Sudi)é et al., 2001a) 150 9 | 24

Table 1.3 Selected studies on malignant transformation of dysplastic oral

leukoplakia.

The table is adapted from a review by Reibel (Reibel, 2003), with some added
information from more recent studies.
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1.7 The relationship between PMLs and HNSCC

It is impossible to be precise as to the fraction of HNSCC that are preceded by
PMLs. Indeed, in some patients, the precursor lesion may not be clinically
evident. Certainly, many patients present initially with advanced HNSCC, but it
IS unclear to what extent previous PMLs may have been missed due to
Infrequent intraoral examinations. However, as the risk factors for the
development of oral premalignant lesions are very similar to those for HNSCC
itself (Hashibe et al., 2003), it seems reasonable that a proportion of patients
will develop their SCC within a histopathologically evident precursor lesion,
whether or not it is clinically visible. Histological studies indicate that, as a
minimum estimate, in the region of 36% of SCCs have adjacent dysplastic
areas (Bouquot et al.,, 1988). This clearly leaves a large proportion of SCCs
that either have developed in epithelium that was not previously dysplastic, or
have completely subsumed the original dysplastic lesion. Pindborg found that a
proportion of carcinomas developed in lesions that had not shown dysplasia in
previous biopsies (Pindborg et al., 1977). Another study concluded that
leukoplakia was associated with 48% of oral SCCs (Hogewind et al., 1989).
This indicates that whilst commonly associated with HNSCC, PMLs are not

obligatory precursor lesions.

1.8 Epithelial dysplasia and PML prognosis

Assessment of epithelial dysplasia on histological sections has been the
traditional method of judging the potential for malignant change. Dysplasia is
the sum of atypical structural and cytological features within the epithelium and
is traditionally graded as mild, moderate or severe (Figure 1.2 A-C). Once the
histopathological features of dysplasia affect the full thickness of the epithelium,
but with no evidence of invasion, the term carcinoma-in-situ is used (Figure 1.2
D). Despite WHO guidelines to standardise assessment (Pindborg et al 1997),
evaluation of changes within the epithelium remains subjective (Pindborg et al.,

1985) and poorly reproducible (Abbey et al., 1995; Onofre et al., 1997).

Some studies have demonstrated a relationship between increased histological
grade and increased risk of malignant transformation (Schepman et al., 1998;

van der Waal et al., 1997) but others have failed to corroborate this (Partridge et
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al., ; Saito et al., 2001). The disparity most likely arises from a combination of
the subjectivity of dysplasia assessment and a lack of knowledge of the relative
Importance of the individual histopathological features (Warnakulasuriya, 2001).
Indeed, the morphological changes seen in a dysplastic epithelium may merely
be surrogate features that are additional and superfluous to the important
changes occurring in the genome and transcriptome of the progressing
precancerous oral lesion i.e. epiphenomena (Partridge et al., 2000b). It is clear
that although certain histological features of dysplasia are associated with risk
of malignant transformation in oral leukoplakia in general, there is a poor
correlation between the histological grade of dysplasia (as mild, moderate or
severe) and the prognosis of an individual lesion. Such confusion clearly
demonstrates the inadequacies of the present predictive methodologies for a

patient.

1.9 Treatment of PMLs

Despite initial promise, medical treatment of PMLs with the aim of reducing the
malignant transformation rate has proven disappointing. Vitamin A (retinyl
palmitate) or its synthetic retinoid derivatives have been used for treatment of
oral leukoplakia and prevention of second primary cancers (Hong & Doos,
1985; Hong et al., 1986; Koch, 1978). Retinol/retinoids are known to play an
important role in regulating keratinocyte differentiation and high dose retinoids
can reverse epithelial dysplasia and precipitate resolution of oral leukoplakia
(Hong et al., 1986). However, they cause significant toxicity and the beneficial
effect is transient, as the clinical lesion often returns after cessation of treatment
(Lodi et al.,, 2004). The initial promise that retinoids might prevent second
cancers developing (Hong et al., 1986) has not been confirmed in recent trials

(van Zandwijk et al., 2000). The biology of retinoids will be discussed in more

detail later.

Based on promising preclinical data, inhibition of cyclooxygenase 2 (COX2) is
one of the novel treatments currently being actively tested in various cancer

models. This includes upper aero-digestive tract tumours, either for cancer

prevention or treatment (reviewed in Altorki et al., 2004; Dannenberg &
Subbaramaiah, 2003). Antioxidants are another class of agents that may offer

promise for treatment of oral PMLs. For example, oral administration of N-
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acetyl-L-cysteine reduced the frequency of DNA adducts and abnormal
micronuclei in oral mucosa in healthy smokers (Van Schooten et al., 2002) and
oral dysplasias showed a clinical and histological response to lycopene, a

naturally occurring carotenoid (Singh et al., 2004).

For many patients, surgery provides the only available method for control of
their disease, but multifocal lesions are not amenable to curative surgical
Intervention. Indeed, recent studies have suggested that surgical removal of
leukoplakias with chromosomal aneuploidy may be futile (Sudbo et al., 2004).
Allled to this, the failures of medical treatment and the uncertainty in
assessment of these lesions have led to the search for other predictors of
prognosis in HNSCC and malignant transformation in PMLs. It is hoped that
these markers may also reveal promising targets for therapy, both in malignant

and premalignant disease.



C severe dysplasia D Carcinoma in situ

Figure 1.2 Oral epithelial dysplasia

Features assessed after the method of Kramer et al (Kramer et al., 1978).
Generally, in mild dysplasia (A) abnormal tissue and cytological features are
confined to the deep third of the epithelium, moderate (B) to middle and deep
thirds and severe dysplasia (C) extends into the superficial third of the

epithelium. This can be modified up or down depending on cytological features.
Carcinoma in situ (CiS) (D) refers to similar features to severe dysplasia

affecting the whole thickness of the epithelium.
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Chapter Two: Carcinogenesis

Over the past three decades, much evidence has accumulated that
carcinogenesis is a multi-step process in which various genetic and epigenetic
alterations in normal cells cooperate in the generation of highly malignant
derivatives. Despite the complexity of cancer genomes and the large number of
possible cellular pathways to target, Hanahan and Weinberg have suggested
that alterations in six basic cellular functions are required (Hanahan &
Weinberg, 2000). The six “hallmarks” of cancer are illustrated in Figure 2.1.

These features involve not only the neoplastic cell population per se, but also
Interactions with the tumour stroma.

Self-sufficiency in
growth signals

Evading  Insensitivityto
apoptosis . anti-growth 9'9“_3..'3 |

Sustained * Tissue invasion
angiogenesis & metastasis

' Limitless replicative
potential

Figure 2.1 The “hallmarks” of cancer.

The Figure shows the six consistent features or "hallmarks” of most cancers, as
described by Hanahan and Weinberg. Reproduced from the review by
Hanahan and Weinberg (Hanahan & Weinberg, 2000)

The “hallmarks” comprise some of the most complex basic cellular control

mechanisms and as such, there are multiple points of intervention that may lead
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to similar effects. Conversely, one particular defect may have a different effect
In different cell types and the effect may even differ within cells of the same type
under different environmental contexts. Thus limiting such “capabilities” to six In
number does not predicate against muitiple pathways which cells may take on
their way to becoming malignant. Thus, certain common alterations (e.g. p53
mutation) may only be present in a proportion of a particular cancer type, but
defects in the p53 pathway may be more common (Save et al.,, 1998).

Similarly, the timing and the order in which these capabilities are acquired may

vary extensively.

2.1 Invasion and metastasis

The defining feature of malignant disease is its ability to escape normal
biological constraints and invade into surrounding tissues. These invasive cells
may then travel to locoregional or distant sites, either by direct spread or
dissemination in the lymphatic or vascular systems. Secondary tumours
(metastases) may then develop. The process has been likened to a cascade
with barriers to be overcome at each stage (Pantel & Brakenhoff, 2004).
Consequently, it has now become apparent that it is too simplistic to regard
malignant disease solely in terms of the neoplastic cell population (Hanahan &
Weinberg, 2000). Cellular (fibroblasts, endothelial and inflammatory cells) and
non-cellular elements (matrix proteins) within the microenvironment play
important roles in establishing a suitable environment for the development of a
malignant neoplasm. In certain tumour types such as the basal cell carcinoma,
development of the tumour is very dependent on the correct microenvironment

as removal from this results in involution of the tumour (Pollack et al., 1982).

In normal mucosa, the architecture and function of the epithelium is maintained
by a complex interaction between the epithelial cells and their
microenvironment. The dynamic interplay with the extracellular matrix (ECM)
controls various functions within the epithelial cell such as differentiation,
proliferation and apoptosis. These functions are vital in the control of growth
and development, healing and the tissue response to injury (Streuli, 1999).
Multiple cellular products and components of the ECM, including adhesion
molecules, such as the integrins, and the transforming growth factor-beta (TGF-

B) signalling pathway, mediate this control. Alterations in the microenvironment
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of a tumour may result from similar genetic damage to that which precipitated
the neoplastic growth in the epithelial cells (Park et al., 2000). Alternatively,
tumour cells can induce the formation of a “tumour stroma” via the aberrant
secretion of growth factors or induction of growth factor receptors (Mueller &
Fusenig, 2002). Certain haemopoietic growth factors, such as G-CSF and GM-
CSF in addition to tumour derived TGF-f may be important in this regard
(Obermueller et al., 2004). The cellular components of the tumour stroma may

then reciprocally influence the tumour cells.

TGF-B plays a double-edged role in carcinogenesis (Akhurst & Derynck, 2001).
In the early stages, TGF-8 acts as a potent tumour suppressor, as it inhibits
growth and induces apoptosis (Derynck et al., 2001; Tang et al., 1998). Further
effects may include suppression of telomerase activity and the induction of
senescence (Katakura et al., 1999; Zhao et al., 2003). However, later in the
carcinogenic process, this growth inhibitory effect is lost and TGF-8 acts to
promote the malignant phenotype (Barrack, 1997). This results in increased
angiogenesis and motility, promotion of epithelial-mesenchymal transition
(EMT) and escape from apoptosis (Lu et al., 2004; Prime et al., 2004). The
alteration in the effect of TGF-8 has been related to defects in the receptors and
their signalling pathways, particularly via the SMAD transcription factors
(Maliekal et al., 2003). Defects in TGF-g signalling in HNSCC have been
demonstrated, but many HNSCC cell lines maintain a full or partial inhibitory
response to TGF-g (Malliri et al., 1996). However, even a partial defect in TGF-
B signalling through the receptor TBR-ll, has been shown to result in the
emergence of the malignant phenotype, with increased proliferation and

invasion in vitro (Huntley et al., 2004).

Further functions of TGF-# may include the acquisition of a motile phenotype
that allows neoplastic cells to disseminate locally and to distant sites. This may

be possible via a partial epithelial-mesenchymal transition (EMT). In normal

embryogenesis, this fundamental process governs morphogenesis (Shook &
Keller, 2003), but in tumours, it promotes loss of intercellular adhesion and
induces cell motility (Mueller & Fusenig, 2004). The TGF-8 pathway is one of
many that have been implicated in induction of EMT. In breast carcinoma, the
transcription factor TWIST is suppressed and this allows EMT to occur, due to

loss of E-cadherin mediated effects (Kang & Massague, 2004). Loss of E-
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cadherin expression by promoter methylation has been reported in HNSCC
(Chang et al., 2002; Chow et al., 2001). The main consequence of loss of E-
cadherin is nuclear accumulation of B-catenin, but whilst this has been
described in gastric adenocarcinoma, there is no convincing evidence that this
occurs to any significant degree in HNSCC in vivo (Chow et al., 2001,
Patturajan et al., 2002). However, it is possible that other modulators of EMT,
such as certain receptor tyrosine kinases, will play a role. However, HNSCC
cell lines showing decreased E-Cadherin expression also have higher levels of
vimentin and other markers of EMT (Taki et al., 2003).

Many tumours show changes in the spectrum of cell adhesion molecule (CAM)
expression Including alteration in E-Cadherin and various integrins. These
CAMs mediate adhesion to the ECM and are involved in a variety of functions
such as motility, proliferation and differentiation via various intracellular

pathways, such as activation of focal adhesion kinase (FAK) (Akiyama, 1996).

Numerous studies have demonstrated changes in the expression, distribution
and functions of integrins in tumour cells. Aberrant expression and function
promotes cell migration, invasion and angiogenesis (Brooks et al., 1994) in
cancer and may suppress apoptosis (Thomas & Speight, 2001). Consistent
upregulation of certain integrin subunits, such as aVg6, in oral cancer suggests
that this may play a more active role in oral carcinogenesis (Thomas et al.,
2001a; Thomas et al., 2001Db).

Alterations in stromal remodelling can also contribute to the tumour-stroma
interaction and may modulate the activity of the neoplastic cell population.
Many enzymes, including the matrix metalloproteinases (MMPs), remodel the
extracellular matrix. This family of zinc-dependent endopeptidases plays a
crucial role in ECM turnover, but alterations in the expression of various MMPs
and/or their inhibitors have been reported in many cancers. The levels of
various MMPs may be increased by many signals including TGF-8, epithelial
growth factor receptor (EGFR) and Vascular Endothelial Growth Factor (VEGF)
(Hiratsuka et al., 2002; O-Charoenrat et al., 2000b; Rougier et al., 1997).

MMPs promote carcinogenesis by multiple mechanisms, including cell growth,

migration and angiogenesis (Pepper, 2001), due not solely to ECM turnover, but

also to the release of matrix-bound growth factors (Belotti et al., 2003) and

interaction with various classes of cell adhesion molecules (Coussens et al.,
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2002). Alterations in many MMP family members and some of their inhibitors
have been found in HNSCC including MMP2, MMP9 and TIMP2Z (Katayama et
al., 2004;: O-Charoenrat et al., 2001; Ruokolainen et al., 2004). High levels of
MMP9 in HNSCCs has been correlated with advanced T stage, an infiltrative
pattern of growth and poor prognosis (O-Charoenrat et al., 2001; Ruokolainen
et al., 2004). However, this has not been reproduced in vitro, perhaps due to

difficulties in fully reconstituting the ECM in tissue culture (Robinson et al.,
2003).

Analysis of tumour cell motility by a combination of methods has led to the
conclusion that there are many different mechanisms of tumour cell motility.
(Friedl & Wolf, 2003; Sahai, 2005) The two main types, with subgroups, are
llustrated in Figure 2.2. Collective type motility involves the movement of
clusters of cells and is dependent on the production of MMPs at the invasive
front to clear a path for the tumour to move (Nabeshima et al., 2002). This
method, although common in epithelial malignancy, is poorly understood, as it is
difficult to model in vifro. There are also two types of individual motility.
Mesenchymal motility is related to EMT, and requires the production of MMPs
to degrade the ECM (reviewed in Friedl & Wolf, 2003). On the other hand,
amoeboid movement, which is characteristically seen in haematological
malignancy, demonstrates no such requirement, nor an EMT. It is very similar
to the rounded Rho- and Rock-dependent form of motility that has been
described (Sahai & Marshall, 2003). This allows the cell to squeeze through the
ECM, rather than degrading it. It also is likely that cells are able to switch their

mechanism of motility in response to different environments (Wolf et al., 2003).
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Figure 2.2 Mechanisms of invasion

The figure illustrates the present understanding of the different mechanisms of
invasion of cancer cells and their varying dependence on different molecular

programmes (triangles). From individual (top) to collective (bottom) movements
integrins and proteases play an increasing role in cell-ECM interaction. The

most common pattern of invasion in epithelial cancers is collective movement
as clusters. Reproduced from (Friedl & Wolf, 2003).
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2.2 Angiogenesis

Tumour angiogenesis is another vital component of “successful” malignant
neoplasia. The ability to stimulate the development of new blood vessel growth
allows a tumour to continue to grow without the potential hindrance of hypoxia
and consequent ischaemic necrosis. Growth factors such as Vascular
Endothelial Growth Factor (VEGF) and various Fibroblast Growth Factors
(FGFs) may initiate the development of tumour vasculature (Compagni et al.,
2000; Giavazzi et al., 2003). The increase in activity may be due to increased
production of such factors by the tumour cells under stimulation by the EGFR
family (O-Charoenrat et al., 2000c), but alternatively may be due to release of
stores of ECM-bound growth factors by increased ECM turnover (Whitelock et
al., 1996). Increased numbers of particular VEGF receptor subtypes have been
associated with the initiation of malignant disease (reviewed in Mueller &
Fusenig, 2002) and VEGF overexpression is associated with poor overall
prognosis (Uehara et al., 2004). Various integrin subunit complexes and MMPs

are also pro-angiogenic (Brooks et al., 1994; Pepper, 2001).

Assessment of angiogenesis in tumours is difficult, but microvascular density
has often been used as a surrogate marker. This is dependent on the
Immunohistochemical identification of endothelial lined channels, but some
tumours, including HNSCC may construct a pseudo-vasculature using tumour-
lined channels for blood supply (Folberg & Maniotis, 2004; Shieh et al., 2004).
In HNSCC carcinogenesis, some groups have demonstrated that the vascularity
of oral tissues increased with disease progression from normal mucosa to
through the grades of dysplasia to carcinoma (Macluskey et al., 2000; Pazouki
et al., 1997), whilst others have found no such increase (Tae et al., 2000). An
increase In VEGF has been noted in HNSCC and this is related to EGFR
overexpression (O-charoenrat et al., 2002). In particular, increases in VEGF-A
and VEGF-C have been correlated with the presence of lymph node

metastases (Shintani et al., 2004).
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2.3 Self sufficiency in growth signals

Normal cells require mitogenic stimuli to initiate and sustain proliferation. Many
of these signals are mediated by autocrine or paracrine signals that are relayed
to the nucleus from the cell surface by various classes of transmembrane
receptor. Alterations in several of these critical pathways were originally
identified as a consequence of research into oncogenic viruses (Harvey, 1964).
Such viruses have sequences in their genome that are similar to genes found in
normal human cells. These sequences were aberrantly expressed subsequent
to integration into the host genome. These genes, termed oncogenes, have
subsequently been shown to belong to several functional groups of genes,

many of which are involved in the transmission of mitogenic stimuli from the cell

surface to the nucleus.

2.3.1 Growth factors and their receptors

Many of the alterations in oncogenes involve growth factors and their receptors.
Tumours may produce their own growth factors to act in an autocrine/paracrine
manner on the tumour cell population (e.g. FGF-1, Myoken et al., 1994). This
obviates the normal control exercised by the microenvironment.
Overexpression of growth factor receptors will also increase the intensity of the
signal. One example is overexpression of the epidermal growth factor receptor
(EGFR), a member of the EGFR/c-erbB family of growth factor receptors. This
family of receptors binds six major ligands, namely, epidermal growth factor
(EGF), transforming growth factor-alpha (TGF-a), betacellulin, heparin-binding
epidermal growth factor-like growth factor (HB-EGF), amphiregulin and
heregulin (O-Charoenrat et al.,, 2000a; Prigent & Lemoine, 1992). Ligand
binding promotes dimerisation of receptor subunits and activation of the intrinsic
tyrosine kinase activity of the cytoplasmic domain of the receptor. The signal is
then propagated to the nucleus via a cascade of intracellular kinases. These
include the Stat family of signal transducers, which may also show altered

expression in tumours (Grandis et al., 1998b).

EGF is required for proliferation of oral keratinocytes in culture, which illustrates
the dependence of these cells upon this signalling pathway. Thus, it is not

surprising that alterations of EGF signalling are seen in many epithelial cancers
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(Cheng et al., 2002; Cowley et al., 1986; Hendler & Ozanne, 1984; Ito et al.,
2001; Perry et al., 1998). Overexpression of EGFR may allow the neoplastic
keratinocytes to respond inappropriately to low levels of ligand in the
extracellular environment. EGFR upregulation has been demonstrated in many
cancers including HNSCC (Ozanne et al., 1986), although it does not seem to
be a ubiquitous alteration. Inhibition of EGFR or TGF-a expression using
antisense oligonucleotides leads to a decrease in the proliferation of HNSCC

cells lines, with limited effects on normal cells in culture (Grandis et al., 1998a;
Rubin Grandis et al., 1997).

However, Stanton and co-workers noted that the relative overexpression of
EGFR was higher in primary HNSCC cell cultures than in their matched tumour
samples (Stanton et al., 1994). Indeed, the expression of EGFR in the tumours
was higher than normal tissue in only two of ten samples. Whilst this suggests
that there is potential for EGFR overexpression in at least a subset of cells
within most HNSCC lesions, it does not explain why some tumours over-
express EGFR and others do not. The same work also suggested that
overexpression of EGFR is a late event in HNSCC carcinogenesis, since cells
derived from two premalignant lesions that progressed to SCC over a short
period did not have high levels of EGFR expression (Stanton et al., 1994). The
small number of premalignant lesions analysed may be a limiting factor in this
conclusion, as much larger studies have concluded that EGFR is upregulated in
dysplastic oral tissues (Shin et al., 1994b). Even in these studies, the EGFR
upregulation demonstrated in dysplastic lesions is somewhat modest (in some
cases 2 fold, assessed by immunohistochemistry), compared to the much larger
increase in EGFR expression which occurs in HNSCC (Shin et al., 1994D).
Alterations in the other family members (c-erbB2, c-erbB3 and c-erbB4) have
also been reported, but their role in HNSCC carcinogenesis Is less clear (O-
Charoenrat et al., 2002).

Nevertheless, clinicopathological studies found that high levels of EGFR and
TGF-a in HNSCC were a statistically significant predictor of recurrent disease
and poor overall survival (Grandis et al., 1998c). Similar data in other epithelial
malignancies has lead to the development of novel anti-EGFR therapies for use
in many cancers, including HNSCC. Initial preclinical and phase I/l trials

appeared promising (Bonner et al., 2002), but the results of recent larger trials
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of EGFR inhibition with chemotherapy and radiotherapy have shown limited
Improvements in disease free survival, with only a minority of patients

responding (reviewed in Raben et al., 2004).

2.3.2 Signal transduction

Components of various intracellular signal transduction pathways have also
been implicated as oncogenes. Such signalling networks include the Ras-Raf-
MAPKinase pathway, which is downstream of many growth factor receptors.
The Ras proteins were amongst the first to be assigned a function related to cell
growth and proliferation (Yuspa et al., 1983). This family of proteins controls
the activity of several key signalling pathways. Three members of the family
HRAS, KRAS and NRAS are mutated in 20% of human tumours (Bos, 1989).
Point mutations in RAS lead to constitutive activation by compromising the
GTPase activity of RAS, leading to accumulation of RAS in an active form
(Tabin et al., 1982). This increases the signalling traffic in several pathways,
resulting in loss of control over cell growth and an increase in invasiveness and

angiogenesis (reviewed by (Shields et al., 2000).

The reported frequency of RAS alterations in HNSCC varies in the literature
(reviewed in Downward, 2003). Several studies have documented a very low
frequency of RAS mutation in HNSCC in the UK, despite the high proportion of
tobacco smokers (Chang et al., 1991; Yarbrough et al., 1994, Yeudall et al.,
1993). A similar pattern has been found in premalignant lesions (Matsuda et al.,
1996). However, in populations where tobacco is chewed, or used in
association with betel quid (pan), the prevalence of activating RAS point
mutations may be as high as 35% (Chang et al., 1991). Alterations in targets
downstream of RAS, such as BRAF, are also rare in HNSCC (Weber et al.,

2003).

2.3.3 Targets in the cell cycle

The cell cycle comprises a highly regulated series of steps that result in the
duplication of the cellular DNA and subsequent cytokinesis (Figure 2.3). The
machinery of the cell cycle is thus intimately involved in the control of cell

proliferation. The regulatory elements of the cell cycle includes Cyclins, Cyclin
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dependent kinases (CDKs) and various negative regulators, including inhibitors
of Cyclin/CDK complexes.

One of the ultimate targets of the mitogenic cell-surface signals is Cyclin D1
(Loyer et al., 1996; Quelle et al., 1993). This is a member of the family of D-
type Cyclins and is involved in control of the transition from G1 to S phase of
the cell cycle (Figure 2.4). Upon induction by mitogeneic stimuli, Cyclin D1
expression increases forming transient functional complexes with cdk4 and
cdkb6. Interaction of this complex with retinoblastoma protein (Rb) results in Rb
phosphorylation (Kato et al., 1993). This removes the inhibitory effect of Rb on

certain transcription factors, such as E2F, which allows transcription of proteins
required for G1/S phase transition (Figure 2.4).

Investigations in many different cancers, including breast carcinomas,
lymphomas and SCCs have demonstrated frequent amplification of
chromosome locus 11913 (Schuuring, 1995). This locus contains several
putative oncogenes, including Cyclin D1, also known as PRAD1 (Motokura et
al., 1991). Loss of control of Cyclin D1 expression may be attained by
chromosomal translocation, DNA amplification, abrogation of controls in
mitogenic signalling pathways and retroviral integration. The resulting
overexpression accelerates passage of the cell through G1 phase and reduces

the requirement for mitogens (Quelle et al., 1993).

A number of workers have demonstrated that Cyclin D1 overexpression is a late
change in HNSCC carcinogenesis (Schoelch et al., 1999) and have related
such overexpression to poor prognosis (Bova et al., 1999). The proportion of
patients with Cyclin D1 overexpression varies greatly, particularly in those
studies based on immunohistochemistry (Lam et al., 2000). The subjectivity in
assessment of Cyclin D1 by IHC may account in part for the great variation in
proportion of tumours and subsequent conclusions. Detection of Cyclin D1
amplification may be a more sensitive measure of deregulation of Cyclin D1
expression, but it does not account for all possible routes by which deregulation
may be achieved. Amplification has been described in 30-50% of primary
tumours, but in virtually all HNSCC cell lines (Callender et al., 1994: Jares et al.,
1994; Okami et al., 1999; Rousseau et al., 2001; Sartor et al., 1999). The

presence of amplification of Cyclin D1 has been related to aneuploidy, which
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has also been related to poor prognosis (Callender et al., 1994; Nimeus et al.,
2004). However, work in our own group did not identify any consistent
overexpression of Cyclin D1 expression in cell cultures from dysplastic lesions
or HNSCC (McGregor et al.,, 2002). Thus, whilst it seems likely that
deregulation of Cyclin D1 does play a role in the development of at least subset
of HNSCC there are other points in the machinery controlling G1/S transition

that may also be altered in the process of carcinogenesis.
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Figure 2.3 The cell cycle

lllustration of the phases of the cell cycle and its regulators. The major Cyclins,
Cyclin dependent kinases and cdk inhibitors are shown (see text for

discussion).

G1 = gap phase 1; S = DNA synthesis phase; G2 = gap phase 2; M = mitosis.
Adapted from Goodger, 1997 (Goodger et al., 1997).
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Figure 2.4 Control of G1 to S phase transition by the retinoblastoma

protein pathway
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2.4

Insensitivity to anti growth signals

The abrogation of inhibitors of the cell cycle may also contribute to the loss of
tight control of cycle progression. Other possible targets, whi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>