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Synopsis

Head and neck squamous cell carcinoma (HNSCC) 1s the sixth commonest cancer
worldwide with an increasing incidence in developing countries. Despite numerous
advances in surgety, radiotherapy and chemotherapy over the past few decades the overall
survival rate for patients with HNSCC has changed little. Currently, the management of
HNSCC patients 1s based on the assessment of a variety of clinical and pathological
parameters. However, in many instances, these factors fail to accurately predict the clinical
behaviour of an individual patients tumour. HNSCC therefore, is a tumour entity that
would benefit from a greater insight into the chromosomal alterations undetlying the
disease. Knowledge of such alterations would be expected to provide many benefits to the
HNSCC chnician 1n terms of diagnostic and prognostic markers and may eventually
identify novel molecular targets for therapeutic intervention.

This thesis was aimed at characterising the chromosomal abnormalities involved in the
tumourigenesis of HNSCC, principally using the powerful molecular cytogenetic technique
of comparative genomic hybridisation (CGH), and the clinical applications of such data.
Firstly, the technique was optimised and initially applied to specimens of primary HNSCC
and surrounding uninvolved mucosa from 19 patients in order to investigate the
phenomenon of ‘field cancenzation’. Specimens of primary HNSCC and histologically
normal mucosa taken from lcm and 5cm distant to the primary site were analysed from
each patient in order to characterise the chromosomal abnormalities associated with
malignant tissue and attempt to identify aberrations underlying the ‘field change’. CGH of
the primary tumour specimens revealed numerous chromosomal aberrations with a
relatively consistent pattern. Frequent deletions of DNA were identified on chromosome
3p, 4p, 8p, Ip, 11q, 13q and 18q and frequent gains on chromosomes 2q, 3q, 5p, 7q, 8q, 9q
and 11q. The histologically normal mucosa did not show chromosomal abnormalities
within the cells analysed. Therefore, if molecular abnormalities were present in the mucosa
surrounding a primary HNSCC they would be below the resolution of CGH, such as subtle
point mutations, or only present in a minority of cells.

In order to investigate the genetic relationship between primary HNSCC and lymph node
metastases, matched pairs of primary and metastatic tumours were obtained from 18
patients and analysed by CGH. Whilst the overall frequency of genetic alterations was
similar between primary and metastatic tumours, a surprising degree of discordance was
identified between each individual’s matched pair of tumours. At least one common
aberration was identified in all cases studied, however the percentage of aberrations
detected In the lymph node metastases that were shared with the primary tumour varied
greatly, ranging from 100% - 8.3%. Several chromosomal regions were found to be altered
at similar frequencies in both the primary and metastatic tumours. Most interestingly,
regions of the genome found to be altered at a higher frequency in the population of
metastatic HNSCC included deletion of 4p15.3-pter and 17q22-qter and gain of 6qcen-q15
and 13q21-22. In addition, both gains and deletions of material from chromosome 22 were
found at a higher frequency in the metastatic tumours. These chromosomal regions may
contain genes important in the process of metastasis in HNSCC. The level of discordance
identified between matched pairs of tumours also suggests that a linear progression model
may not satisfactorily explain the progression to metastases in all HNSCC.

This thesis also addressed the important clinical question of resistance to radiotherapy
demonstrated by a significant fraction of laryngeal tumours. No markers that reliable
predict the response of an individual tumour to radiotherapy are currently available. The
expression of a panel of markers involved in DNA damage recognition, cell cycle arrest,



DNA repair and apoptosis were evaluated in 23 glottic laryngeal tumours (8 radio-resistant
and 13 radio-sensitive). Of these, the expression of bcl-2, an anti-apoptotic marker, was
specifically associated with the resistant phenotype. This statistically significant association
provides preliminary evidence for the dystegulation of apoptosis as a mechantsm by which
resistant tumours can evade radiotherapy induced tumour regression.

Overall, CGH analysis of primary HNSCC identified a relatively consistent pattern of
DNA alterations with several distinct regions of DNA deletion and gain identified.

Frequent deletions of DNA were identified on chromosomes 1p, 2q, 3p, 4p, 49, 5q, 7q, 8p,
9q, 10q, 11p, 11q, 13q, 17p, 18q, 19 and 21 and frequent gains of DNA on chromosomes
1q, 2q, 3q, 4q, 5p, 6q, 7p, 7q, 8q, 11q, 12p, 13q, 18p and 18q. Chromosome 3 was the
most frequent site of both deletions and gains. Follow up data was obtained for all patients
analysed by CGH and Kaplan-Meier survival analysis demonstrated a significant correlation
between gain of DNA on 3q25-27 and reduced overall survival. This finding highlights the
necessity for further, high resolution, characterisation of this region in order that the
specific genetic marker can be identified. This thesis demonstrates that molecular analysis
of tumours 1s able to offer new, and valuable information for the understanding of
HNSCC carcinogenesis and that these data can be used to compliment existing

methodology. Further work is required to 1solate specific genes and to understand their
interactions.
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Chaprer 1 Introduction — Squamous Cell Carcinoma of the Head and Neck

1.1 Introduction - Squamous cell carcinoma of the head and neck

Head and neck squamous cell carcinoma (HNSCC) comprise a heterogenous group of
tumours of the head and neck region including those arsing in the oral cavity, nose,
phatynx and larynx (Figures 1.1 and 1.2). Tumours of the brain and central nervous system
are excluded and considered a separate speciality. The majority of head and neck cancers
arise in the mucosa lining the upper aero-digestive tract (UADT) comprising the lips, oral
cavity, pharynx, larynx, and cervical oesophagus. The approximate distribution of HNSCC
is as follows: oral cavity, 44%; larynx, 31% and pharynx, 25%. Other tumout sites that
traditionally come under the definition of head and neck cancer are the nose, parasinuses,
salivary glands, thyroid, parathyroid and skin. Squamous cell carcinoma, onginating in the
epithelial cells that constitute the mucosa of the UADT, accounts for 95% of all head and
neck tumours (Figure 1.3; Jafek and Statk, 1996). The temaining 5% are almost all

adenocarcinoma, with mucoepidemoid and adenocystic carcinomas presenting rarely.

Cancer of the head and neck conveys major social repercussions on the individual patient.
Many aspects of normal, daily life are affected both by the disease and the therapy
employed. These include breathing, chewing, speech, swallowing and, perhaps most
importantly, the confidence of the patient. HNSCC patients face significant reductions in
their quality of life after surgical resection as reconstruction is challenging due to the
complex anatomy of the region. Despite advances in reconstructive surgery and

rehabilitation patients who have undergone major resections such as laryngectomy or

glossectomy can be left with significant cosmetic and functional disabilities. Management
of the HNSCC patient requires a multi-disciplinary approach involving not only the

surgeon and radiotherapist but also the speech therapist and dietician.

Head and neck cancer continues to be a major disease with significant morbidity and
mortality. Significant benefit would be gained from a better understanding of its molecular
basis and pathogenesis. The identification of novel molecular markers would be valuable
in the management of HNSCC patients and potentially lead to exciting developments in

novel therapeutic strategies.
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Figure 1.1 — Anatomy of the Head and Neck region. Head and neck squamous
cell carcinoma encompasses a diverse group of tumours arising in the epithelium lining
the structures depicted above.
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Figure 1.2 — Anatomy of the larynx/pharynx. Posterior view adapted from Agur
and Lee (1999).
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Figure 1.3 — Histology of Head and Neck Squamous Cell Carcinoma.
Haemotoxylin and Eosin stained tissue sections (Magnification x400). Figure
1.3(A) depicts the appearance of normal, stratified squamous epithelium of a
human uvula removed from a chronic snorer. A regular layer of stacked
squamous cells (SC) can be with underlying connective tissue (CT). Blood
vessels (V) are also visible in the connective tissue. Figure 1.3(B) depicts an
H&E stained section of invasive SCC. ‘Nests’ of malignant squamous cell
carcinoma (SCC) are visible invading into the surrounding connective tissue.
Characteristic Keratin pearls (KP), whotls of accumulated keratin, are also

visible.
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1.1.1 Incidence of HNSCC

Curtent figures indicate an incidence of approximately 500,000 newly diagnosed cases
wortld-wide per year, making HNSCC the sixth most common cancer constituting 5% of
cancers in the developed wotld (Vokes ef a/, 1993). Globally, there is 2 marked variation
reflecting the different aetiological risk factors associated with the disease. In the East and
Far East, incidences of oral and pharyngeal cancers are far greater and account for nearly
half of all cancers. This relates to local habits of betel quid consumption and the practice
of reverse smoking of homemade cigars (Squire ¢f a/, 1984). Incidence in the UK shows a
slight regional variation between 15.3 cases per 100 000 population in Wales to 7.7 per 100
000 1n South-East Thames (Effective Head and Neck Cancer Management, Second
Consensus Document — 2000). Within the Northern and Yorkshire region approximately
500 cases are diagnosed each year, the disease constituting 2.8% of all malignancies
(Northern and Yorkshire Cancer Registry Information service). The incidence of HNSCC
increases with age, and patients are typically over the age of 50. There 1s also a strong
association with socio-economical profile. Whilst male to female ratios of HNSCC vary
widely depending on tumour site and geography, at all but one site there is a
preponderance of cases in men. The only exception being cancer of the hypopharynx,
where a female preponderance of post cricoid cancer 1s association with Paterson-Brown-
Kelly syndrome (characterized by iron deficiency anaemia, glossitis and upper oesophageal

webbing; Morton and Mclvor, 1997).

Despite advances in surgical technique, radiotherapy and chemotherapy, over the last 20
years, only marginal improvements have been seen in the 5-year survival rate, which is still
among the lowest of the major cancers. Eatly stage HNSCC (T1/T2 tumours without
lymph node involvement), especially those situated in the oral cavity and latynx, have a
high cure rate (approximately 80%; Effective Head and Neck Cancer Management, Second
Consensus Document — 2000). However, at presentation, over 60% of cases are advanced,
resulting in a considerable worse prognosis. Survival rates in Yorkshire (for the period
1986-1990) were 63% at 2 years and 53% at five years reflecting the high incidence of

advanced cases. (Northern and Yorkshire Cancer Registry Information setvice).

1.1.2 Anatomical site of HNSCC

One of the major difficulties involved in the interpretation of studies and ttials on HNSCC
results from the grouping together of patients with tumours arising from a vatiety of sites

with only a relatively small number of patients having tumours at a specific anatomical site.
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anatomical site of the primary tumour, and this must be taken into account when
mterpreting data. The majority of the work in this thesis is concerned with laryngeal
cancet, the most common form of HNSCC in the UK (Effective Head and Neck Cancer

Management, Second Consensus Document — 2000).

1.1.3 Staging of laryngeal cancer

Optimal therapy for any cancer depends upon the proper identification of the primary
tumour as well as determining the local, regional, and distant extent of disease. Staging of
squamous cell carcinoma attempts to classify the local extent and spread of the tumour by
histological assessment of resected specimens. Staging of all cancers is based on the

tumour, nodal metastases and distant metastases system (TINM) devised jointly by the
Union Internationalle Contre le Cancer (UICC) and the American Joint Committee on
Cancer (AJCC) and revised in 1997. Staging assists in the planning of a patient’s treatment
and provides imited prognostic information. In addition, a universally adopted staging

system allows the comparison and exchange of information between researchers from

different institutions.

Staging 1s only a rough guide to prognosis and does not overcome the difficulty in
predicting the behaviour of individual tumours. The diversity of anatomical sub-sites of
HNGSCC 1s reflected in the clinical behaviour of each tumour and consequently TNM
definitions vary depending on the location of the tumour. As the majority of the tumours
investigated in this thesis were laryngeal, the laryngeal staging system is detailed in below:.
Staging of both laryngeal and non-laryngeal will be referred to extensively in this thesis and
a complete explanation of the staging system for all head and neck cancer can be found in

Effective Head and Neck Cancer Management (Second Consensus Document, 2000)

1.1.3.1 Anatomy of the larynx

The larynx, or voice box, consists of a cartilaginous framework covered by mucosa
attached above to the hyoid bone by the thyrohyoid membrane and below to the trachea.
The larynx 1s divided into three anatomical regions (Figure 1.4), the supraglottis, the glottis
and the subglottis, Tumours of these sub-sites have significantly different behaviours.
Staging varies depending on the anatomical location of the tumour within the larynx and is
detailed below.
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Figure 1.4 — Anatomy of the Larynx. The larynx consists of three distinct

anatomical areas, the supraglottis, the glottis (encompassing the region of the

vocal cords), and the subglottis. Tumours arising within the different areas have
differing biological charactenistics — including the propensity to metastasise, due
to differences in lymphatic drainage.
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Supraglottic larynx

This 1s the largest region of the larynx extending up to the base of the tongue and including
the epiglotts, the aryepiglotic folds, the arytenoids and the false vocal cords. In a Western
population, supraglottic cancers account for 30% of laryngeal cancers and tend to produce
few symptoms, accounting for the advanced stage at which most patients cancers present
(O’Connor and Lund, 1998). The supraglottic area is rich in lymphatic drainage resulting in
a tendency for eatly spread, and approximately 25-50% of patients present with involved

lymph nodes (Magnano ez a/., 1997).

Glottic larynx

The glottis consists of the two true vocal cords, the narrow fibrous bands which vibrate to
produce sound. Cancers of the glottis tend to produce early symptoms, usually an
alteration in voice, and account for the majority of laryngeal tumours (approxtmately 65%).
The true vocal cords have very poor lymphatic drainage and tumours that have not
extended above or below the cords rarely present with involved lymph nodes (Stell, 1987).

Subglottic larynx
This constitutes the region bounded by the vocal cords and the superior limit of the

trachea. Cancers of the subglottis are rare (less than 5% of laryngeal cancer) and tend to be
pootly differentiated. Most present as advanced lesions and metastases occur in

approximately 20% of patients (Stell, 1987).

The TNM staging system for laryngeal cancer (Table 1.1) allows for the allocation of stage
into 24 possible sub-categories. A more simple classification system for head and neck
cancer has been devised to group different tumours with similar prognosis into a single
stage group (Table 2.2). This combines the individual TNM stages and gives an overall

measure of tumour advancement.

Eatly cancers are defined as stage I and II, these are localised cancers without detectable

spread to regional lymph nodes. Prognosis for early cancers is good for all sites within the
larynx with cure rates of 50-95% (Stell, 1987; Hoffman ez 4/, 1998).
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Site T Stage Description
Common to all Ix The primary tumour cannot be assessed
sites TO No evidence of primary tumour
Tis Carcinoma n-situ
Supraglottis T1 Tumour limited to one subsite, normal vocal cord mobility

T1a Tumour limited to one true vocal cord
T1b ‘Tumour involves both vocal cords

T2 Tumour invades more than one subsite, normal vocal cord
mobility
T3 Tumour limited to larynx; vocal cord fixation or invasion of

post cricoid area, medial wall of piriform sinus, ot pre-
epiglotic space

T4 Tumour invades adjacent structures

Glottis T1 Tumour limited to vocal cords, normal mobulity
T1a Tumour limited to one cord
T1b Tumour involves both cords
T2 Tumour extends to supraglottis/subglottis, impaired vocal
cord mobility
T3 Tumour limited to larynx, vocal cord fixation
T4 Tumour invades adjacent structures
Subglottis T1 Tumour limited to subglottis
T2 Tumour extends to glottis, normal or impaired mobility
T3 Tumour limited to larynx, vocal cord fixation
T4 Tumour invades adjacent structures

N Stage NO No regional metastases
N1 Metastases in single ipsilateral node and <3cm 1n size

N2a  Metastases in single ipsilateral node 3-6cm
N2b  Metastases in multiple nodes <6cm

N2c¢  Metastases in bilateral nodes <6cm

N3 Metastases > 6cm

M Stage Mx  Presence of distant metastases cannot be assessed
MO No distant metastases
M1  Distant metastases

Table 1.1 - The TNM classification system for laryngeal cancer.

T- Tumour; N- Node; M- Metastasis

10
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Stage 0: Tis, NO, MO 90%+
Stage I: T1, NO, MO 65-90%
Stage II: T2, N0, MO 50-80%
Stage III: T3, NO, MO 35-60%
T1-T2-T3; N1, MO
Stage IV: T4, NO or N1, MO 10-30%
Any T, N2 or N3, MO
Any T, any N, M1

Table 1.2 Staging of Laryngeal cancer. From (Stell, 1987; Hoffman e/ 4/, 1998). Tis —

carcinoma n-siiu.

1.1.4 Histological assesment

Histological examination of tumour biopsies grades HNSCC into 3 categories depending
on the level of keratinization. Well-differentiated tumours are characterised by 2 high level
(>75%) of keratinization, including the formation of keratin pearls (Microscopic whotls of
abnormal keratin; Figure 1.3B), and display an ordered stratificaion. Moderately
differentiated tumours contain about 25-50% keratinization and demonstrate some
stratification along with characteristic ‘prickle’ cells (a fixation artifact caused by shrinkage
of cells which remain joined by their desmosomes). Pootly differentiated tumours have a

low level of keratinization and demonstrate prominent nuclear polymorphism with atypical
mitoses. These tumours tend to have the worst prognosis and are generally more

agoressive with a higher incidence of metastases. However predicting the behaviour of
individual tumours is difficult and differentiation grade does not always reflect the

biological aggresiveness of HNSCC (Cnssman ef a/, 1984).

1.2  Aectiology of HNSCC

1.2.1 ‘Tobacco and alcohol
Approximately 90% of cases of HNSCC can be linked with prolonged exposure to

environmental factors of which the two major risk factors are tobacco and alcohol (Blot ez

al, 1988). Tobacco smoke consists of a potent mix of more than 4000 known chemicals
11
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Currently 43 carcinogens have been identified in tobacco smoke including polynuclear
aromatic hydrocarbons, nitrosamines, heterocyclic hydrocarbons and radioactive polonium-
210 (US Department of Health and Human Services publication CDC-89-8411, 1989).
Tobacco 1s used in various forms around the world and the differing methods of
consumption are teflected in the marked global vanations in the incidence and site of
HNSCC. In the West the method of choice for tobacco users is smoking. However in
many Asian countries chewing tobacco, or its derivatives, is more common. For example,
in Bombay a mixture of chewing tobacco called Pan (consisting of betel nut, catechu,
tobacco and areca nut) is very popular and is believed to contribute to the high incidence
of HNSCC of the oral cavity and hypopharynx. These cancers make up 50% of all cancers
in Bombay but account for only 3% of all cancers in the West where smokeless
consumption is much less popular (Squite ez 2/ 1984). HNSCC of the hard palate,
uncommon in most of the world, is another example of the link between the method of
tobacco use and site of cancer. A high incidence of hard palate cancer 1s seen in parts of
India, Venezuela and Panama where the practice of reverse smoking (in which the burning
end of the homemade cigar is held inside the mouth) is prevalent (Blot ¢/ @/, 1988; Squire ez
al, 1984). Cannabis smoking also appeats to confer a higher risk of HNSCC than tobacco
smoking. This 1s probably due to the higher tar burden and greater concentrations of

aromatic hydrocatbons found in marijuana smoke (Donald, 1986; Carriot and Sasco, 2000).

Alcohol, or more accurately, ethanol, is not a carcinogen per se, but it is thought to
potentiate tobacco-related carcinogenesis synergistically. The majority of HNSCC patients
are heavy drnkers and smokers. Ethanol, in its role as a solvent, may exert its influence by
enhancing the contact of tobacco carcinogens with the mucosa of the upper aero-digestive
tract (Blot ez 4/, 1988). The biological mechanisms of the ethanol effect are still unclear,
although recent in-vitro experiments have demonstrated the induction of proliferation and
downregulation of the p21 cell cycle inhibitor in HNSCC cell lines treated with this solvent
(Hager ¢z a/, 2001). Ethanol may also exert its influence by interfering with the synthesis of
retinoids, derivatives of vitamin A, implicated in the chemoprevention of HNSCC (Wang e/
al, 1998). A large scale European study (>28,000 patients) has demonstrated a relative risk
of developing oropharyngeal cancer of 3.0 in subjects who consumed 7-21 units/week of
beer or spirit as opposed to non-drinking controls (Gronbank e @/, 1998). The same study

demonstrated a lower relative risk (1.7) in subjects who also consumed wine as a significant
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part of their alcohol intake, presumably due to the chemopreventative activity of

resveratrol, a natural product denved from grapes (Jang e a/, 1997).

Head and neck cancer is most common in male tobacco users aged between 50 and 65.
Despite this knowledge, the incidence of smoking in the UK has recently begun to increase
again after dramatic falls in the late seventies and eighties (Department of Health
Publication —~ Statistics on Smoking: England 1976-1996). Public education, by surgeons
and health cate workers, appears to have failed to educate individuals choosing to put
themselves at risk. This may reflect the failure to provide a medical or scientific
explanation for the fact that many smokers and drinkers do not develop cancer. The risks
posed by tobacco and alcohol use are likely to depend on the degtee of exposure (duration
more than mtensity) and the inherent susceptibility of the individual. Identification of a
molecular or genetic explanation for the inter-individual differences in susceptibility to
carcinogen exposure would allow for closer monitoring of patients at risk from developing

cancer, as well as for more influential health education programmes.

1.2.2 Viral agents

‘Two virus have been implicated in HNSCC tumourigenesis with the majority of evidence
coming from epidemiological studies identifying viral genomes at a high frequency in

certain tumouts.

1.2.2.1 Epstein-Batr virus

The strongest evidence linking HNSCC and viral infection has been established between
the Epstein-Batr virus (EBV) and the development of nasophatyngeal cancer. EBV is a
Herpes virus that has been associated with several forms of malignancy (Burkitt’s
lymphoma, Hodgkin’s disease, leiomysarcoma; Griffin, ¢ 4/, 2000). Nasopharyngeal cancer
has a distinct ethnic predilection and is endemic in southemn China and northern Aftica and
this 1s thought to reflect a combination of genetic predisposition and, more importantly,
exposure to the Epstein-Barr virus as a child. Whilst the EBV genome is also detected in
othert HNSCC, its genome is most frequently detected in nasopharyngeal tumours in
South-east Asia (Vasef ¢/ 4/, 1997). Immigration studies suggest that differences in
incidence are more strongly associated with environment than they are with genetic
predisposition, as the incidence of nasopharyngeal cancer in American Chinese is halfway
between native Chinese and American whites (Henderson ¢f 4/, 1977). Another major risk

factor for nasopharyngeal cancer is the consumption of salted fish as a dietary standard

(Yu, 1990). Salted fish constitutes a major part of the diet in China and has been identified
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as an independent risk factor for nasopharyngeal cancer (Fedder and Gonzalez, 1985).

Changes in diet between native and American Chinese may patrtly account for the reduction

in the incidence of nasopharyngeal cancer in the latter group.

EBV infection has been shown to induce several proto-oncogenes (bcl-2, bcl-10, jun/fos
and c-fgr) as well as coding for oncogenic proteins itself (EBNA1, EBNA 2, EBNA-LP,
LMP1; Wattre and Hober, 1996). The nuclear antigen EBNA-LP 1s believed to play an
important role in malignant transformation by intetfering with the function of tumour
suppressor genes p53 and pRB. These genes (see below for detailed explanation of

function) are responsible for monitoring the cells’ DNA for damage and thus diverting
cells with abnormal genomes to either repair damaged DNA or undergo apoptosis
(programmed cell death). Loss of this function in cells with a latent viral infection
compromises the cells ability to monitor DNA mutations and therefore allows infected

cells to propagate acquiring further mutations along the way.

1.2.2.2 Human papilloma virus

Another family of viruses that can ovetrride the protective mechanisms of p53 and pRB is
the human papilloma virus (HPV). HPV is believed to play a central role in the aetiology
of squamous cell carcinoma of the cervix (Giannoudis and Herrington, 2001) and has also
been implicated in HNSCC (Snijders e 4/, 1996). Over 77 types of HPV have been
identified to date, all of which have tropism for squamous epithelial cells. By far the most
common types of HPV are the ‘high risk’ types 16 and 18 and these have been detected in
HNSCC at a frequency of the 35-60% with the highest frequency in tumours of the oral
cavity (Anwar e a/, 1993, Clayman ef a/, 1994, McKaig ¢ 4/, 1998). HPV type 16 and 18,
amongst others, code for three proteins with oncogenic properties, E5, E6 and E7. E6 and
E7 inhibit components of cell cycle regulation by binding to p53 and pRD respectively

whereas E5 has been shown to stimulate growth factor activation, enhancing cellular
proliferation (Flaitz and Hicks, 1998).

1.2.3 Genetic factors associated with HNSCC

To a large extent, head and neck cancer is a preventable disease, with the vast majority of
cases occurring in individuals with a history of exposure to the carcinogens mentioned
above. However not all HNSCC patients have been exposed to environmental carcinogens
and, indeed, some individuals go through life enjoying extensive tobacco and alcohol habits

and never develop the disease. First degree relatives of head and neck cancer patents

appeat to have a higher incidence of UADT cancer than do the relatives of cancer free
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controls that can not convincingly be explained by similar environmental exposure alone

(Copper et al., 1993). This evidence suggests that genetic factors are likely to contribute to
HNSCC 11sk.

The majority of ingested carcinogens are not dangerous themselves. It is the intermediate
metabolites, created as the body attempts to metabolise the compounds, which are
carcinogenic, therefore the manner in which the individual manages the removal of toxic
compounds 1s crucial in understanding the risk posed. Detoxification of these carcinogenic
intermediates requires an efficient enzyme system. If a particular intermediate 1s allowed to
accumulate, due to insufficient levels of a particular enzyme in the metabolic pathway, then
it is free to exert its effects in the local environment. The active metabolites of many
chemical carcinogens can covalently bind to DNA, causing the formation of DNA adducts
leading to genetic mutations. Polymorphisms (the presence of subtly different versions of
one enzyme in different individuals) of several enzymes involved in the metabolism of
carcinogens have been examined (Jahnke ¢ 4/, 1996). A study on a Japanese population of
oral squamous cell carcinomas identified an increased risk for individuals with a particular
polymorphism of N-acetyltransferase 1 (Katoh e# 4/, 1998). This enzyme 1s responsible for
acetylating a variety of carcinogenic aromatic amines. A variety of polymorphic genotypes
have been 1dentified with differing rates of metabolic activity. Katoh e# 4/ identified a
significantly increased tisk of oral squamous cell carcinoma associated with the NAT1*10

allele.

Another important enzyme involved in the detoxification of carcinogenic nitrosamines and

aromatic amines found in cigarette smoke is Glutathione S-transferase (GST). Four GST

families have been identfied, GST a, p (M), © (P), and 0 (T), all of which catalyse the
conjugation of carcinogens to glutathione (T'suchida and Sato, 1996). The metabolism of
these carcinogens shows considerable inter-individual variability related to genetic
polymorphism. Polymorphisms in several members of the GST family of detoxifying
enzymes have been analysed in HNSCC and putatively protective and tisk genotypes have
been identified. Preliminary studies have indicated that the GSTM1 AB genotype may be
associated with a lower nisk for all HNSCC, whilst the GSTM3 BB genotype and GSTP1
AA genotype are specifically associated with a lower risk of laryngeal and oral/pharyngeal
cancers respectively (Jahnke ¢f 4/, 1999). Individuals lacking the GSTM1 gene (the ‘null’

genotype) have been shown to be at an increased risk for all types of HNSCC (Cheng ¢f 4/,
1999).
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Genetic polymorphism within key detoxification enzymes may explain the increased
susceptibility to mutagens exhibited by lymphocytes from HNSCC patients when
compared to healthy controls (Spitz ¢/ 4/, 1993). This abnormal sensitivity to bleomycin
induced chromosomal damage /# v/ in the lymphocytes of HNSCC patients has been
postulated to reflect an mnherent chromosomal instability in the genomes of cancer patients
(Cloos e al., 1996). The influence of GSTM1 genotype on the induction of bleomycin
induced DNA breaks has been examined and an higher frequency of chromatid breaks and
gaps was suggested in the GSTM1 null group however the small study cohort (n=18)
rendered this finding statistically non-significant (Kocabas ef 4/, 2000). This relationship
between enzyme variants and cancer incidence may also explain, 1in part, the increase in
relative risk identified in first-degree relatives (who will share many of the same genes) of
patients with multiple head and neck cancers. Identification of genetic polymorphisms
associated with differing levels of DNA adduct formation may eventually allow clinicians to
predict an individual’s response to exposure to these carcinogens and identify individuals at

an increased risk of cancer formation.

1.3  Diagnosis and prognosis of HNSCC

Currently the prognosis for HNSCC patients is determined by a combination of patient,
tumour and treatment factors. The age, sex and general health of the patient have all been
shown to affect outcome. However the TNM classification system is curtently the most
important determinate for prognosis. For the majority of sites within the head and neck,
patents with a stage I tumour can expect a 5-year survival rate of more than 80%. The
survival rate for patients with advanced tumours (stage III and IV) drops to about 40%.
The single most important prognostic factor for head and neck cancer 1s the presence of
lymph node metastases and it is generally accepted that the detection of involved lymph
nodes decreases survival by 50% (O’Brien ef 4/, 1986). The number of involved lymph
nodes also effects prognosis, as does the presence of extra-capsular spread (the extension
of metastatic cells outside of the lymph node capsule). The presence of pathologically
proven neck metastases is therefore of paramount importance in predicting the prognosis
of HNSCC patients, however this information is only available to the pathologist after a
neck dissection. The incidence of regional metastases varies greatly, reflecting the diverse
biological behaviour of HNSCC, from about 1% for glottic tumours up to 80% for some
nasopharyngeal tumours (Snow ez 4/, 1992). Clinical nodal status has been shown to be an

independent prognostic marker for survival and locoregional recurtence (Cerezo ef 4/,

1992). However, clinical assessment of nodal status can differ widely from pathological
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nodal status. Up to 50% of clinically positive necks can be pathologically negative and up
to 40% of clinically negative necks will be positive after pathological exammation (Ali ¢/ 4/
1985), emphasising the difficulty in accurately identifying local metastasis without a formal

neck dissection.

The TNM classification system provides clinicians with a guideline for planning therapy,
although there is always difficulty in predicting the behaviour of individual tumours.
Patients with similar stage tumours often have extremely varied clinical outcomes (Snow ef
al, 1989), with TINM staging failing to predict the biological properties of the individual
tumours. Cure rates for HNSCC have changed little in the past few decades and new
prognostic markers are urgently needed. Markers are required to fully charactense tumours
with regard to their aggressiveness, invasiveness and metastatic potential, in otder to plan
efficient therapeutic strategies. In addition, head and neck surgeons ate also looking for
ptognostic markers which can predict the tesponse of individual tumours to the different
therapeutic options allowing treatment to be tatlored to the individual tumour, thereby

preventing ineffective, unnecessary treatment.

1.3.1 Presentation and diagnosis

Early diagnosis is of paramount importance in reducing mottality (Kendall e/ 4/ 1996).
Stage I and II tumours can be readily treated by either radiotherapy or sutgery with an 80%
chance of 5-year survival for most sites. Early warning symptoms, which should always be
investigated, include a persistent sore throat, pain or difficulty when swallowing,
hoarseness, earache and the presence of a neck lump, lasting for motre than two weeks
(Effective Head and Neck Cancer Management - Second Consensus Document, 2000).
Any of these symptoms warrant a physical examination involving palpitation of the neck,
examination of oral mucosa and examination of the nasopharynx, hypopharynx and larynx.
Radiological techniques such x-ray, CT or MRI imaging may also be employed. Suspicious

abnormalities are likely to be biopsied for histological assesment.

1.4  Natural history of HNSCC

1.4.1 Histological overview of Head and Neck cancer formation

Animal studies have led to the categorisation of epithelial carcinogenesis into three phases:
initiation, promotion and progtession. Curtent understanding of HNSCC has identified
several key steps in the neoplastic pathway: genetic alteration; abnotmal proliferation and

altered differentiation; altered regulatory responses; invasion and/or metastasis. A pathway
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to invasive malignancy has been postulated and HNSCC is recognised to progress through

a series of distinct histopathological stages.

1.4.1.1 Normal epithelia - Structure and function

Epithelial tissue covers both the external sutfaces of the body and lines the tubes and
spaces within the body. It consists of sheets of cells and serves a number of different
functions including secretion, absorption and general protection of undetlying tissues and
organs. Epithelial tissues are avascular — entirely devoid of blood vessels. Nutrition is
acquired by diffusion from capillaries located in the underlying connective tissue.
Epithelial tissues attach to a mucopolysaccharide-containing basement membrane, which
separates them from the connective tissue. The classification of epithelial tissue depends
on several morphological characteristics: whether the cells occur as a single layer or stacks;
the shape of the cells; the presence or absence of specialised structures on the surface of
the cells such as microvilli ot cilia. The UADT consists mainly of stratified (stacked)
squamous (flat) epithelia (see Figure 1.3). The vast majority of the UADT is comprised of
non-keratinised squamous epithelia with the only exceptions being the gingiva and the
dotsal sutface of the tongue (Young and Heath, 2000). HNSCC 1s thought to arise when
mutations in an epithelial cell (or in a field of cells) increase the propensity of the cell to
proliferate. The altered cell and its progeny initially retain the appearance of normal
epithelial cells but they reproduce at an abnormally high rate resulting in hyperplasia of the
eptthelium (see Figure 1.5).

1.4.1.2 Dysplasia

The two main clinically recognisable, potentially pre-malignant, lesions in oral head and
neck cancer are leukoplakia (a whitish patch on the mucosa resulting from keratinization of
the cells) and erythroplakia (a reddish patch). Both types of pre-malignant lesion

exhibit dysplasia — abnormal cellular changes identifiable by histopathological analysis.
Dysplastic cells tend to be of more primitive appearance than normal squamous mucosa
demonstrating nuclear hyperplasia (enlarged nuclei with an increased nuclear/cytoplasmic
ratio), hyperchromatin (dark staining nuclei), prominent nucleoli and an increased cellular
density. Progression from hyperplasia to dysplasia is likely to involve the acquisiton of
further mutations. Other features more indicative of pre cancerous changes include
pleomorphism (variation in the cellular and nuclear shape) and increased mitotic activity
demonstrated by the presence of mitotic figures (Speight e¢f @/, 1996). Dysplastic tissue is
graded into mild, moderate and severe according to the combination of tissue and cellular

changes present. Mild dysplasia demonstrates proliferation of atypical or immature basal
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Figure 1.5 — Schematic representation of the multi-step process of tumour development.

A genetic mutation occurring in a cell (blue) within a normal population (yellow) increases its propensity to
proliferate (A). The descendants of this altered cell still appear normal but proliferate more than the
surrounding tissue — Hyperplasia (B). A subsequent mutation (or mutations) within one of these cells
(purple) triggers further proliferation and the cells begin to look abnormal — Dysplasia (C). Further
mutation(s) in any of these cells (orange) results in the formation of a mass of even more abnormal cells.
If the mass of cells remains confined by the basement membrane the tumour is termed carcinoma zn situ
(D). If cells acquire the ability to breach the basement membrane, invading the underlying tissue (probably
after acquiring still further mutation(s)) the tumour has become malignant (E) and has the potential to

penetrate blood and lymph vessels allowing the tumour cells to metastasise to local lymph nodes and/or
distant sites throughout the body. Multiple genetic aberrations within key regulatory genes must occur for
tumour formation, usually over a period of years. Adapted from Weinberg, 1996.
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cells above the parabasal region but not extending beyond the lower third of the
epithelium. Moderate dysplasia exhibits similar proliferation but extends into the middle

third of the epithelium whereas severe dysplasia exhibits abnormal proliferation extending

into the upper third of the epithelium.

Both leukoplakia and erythroplakia are commonly associated with tobacco and alcohol use.
Several large-scale studies have monitored patients with chinically diagnosed leukoplakia in
an attempt to assess the likelihood of malignant transformation 1n this lesion. Bouquet and
colleagues summarised data from 10 such studies and identified a malignant transformation
rate of 4-20% representing an annual transformation rate of just under 1% each year
(Bouquet and Whitaker, 1994). Erythroplakia is much less common than leukoplakia but
thought to have a much higher propensity to become malignant. Both are theoretically
teversible although it is assumed that with continued exposure to the etiological causative
factors, and if the lesion is not removed, it will progress along a path to invastive HNSCC.
Progtession of these dysplastic lesions to an invasive phenotype may be associated with a
reduction in the laminin and type IV collagenase content of the sub-epithelial basement
membrane (Tosios ¢/ a/, 1998)

14.2 Recurrent disease

Tumour cells left behind after surgery are one cause of recurrence and the failure to obtain
clear margins after resection indicates the necessity for post operative radiotherapy. For
stage I and II cancers, negative margins predict a high probability of control but
histological assessment of excision margins of higher stage tumours is more difficult. Even
with negative margins about 40% of patients with late stage cancers are likely to develop
local recurrence (Looser ef a/, 1978). Frozen section analysis of tumour resection margins
at the time of sutgery has identified microscopic foci of tumour cells up to 1ecm away from
clinical disease at a frequency of 70% in one study of 93 cases (Davidson ¢# a/. 1987).
Conventional assessment of tumour matgins consists of identifying tumour cells by
histological appearance alone. More recently, attempts have been made to identify aberrant
cells in surgical margins by other methods. Brennan et al (1995) used molecular analysis of
surgical margins to identify p53 mutations in histologically negative margins in over 50%
(n=13/25) of p53 positive HNSCC tumours (Brennan ¢z 4/, 1995). Of the thirteen tumours
with margins positive for p53 mutations, 38% (n=5) went on to recur locally, whilst none

of the tumours with margins negative for p53 mutations recurred at the primary site.

20



Chapter 1 Introduction — Squamous Cell Carcinoma of the Head and Neck

1.4.3 Field cancertization or micro-metastatic spread?

Multiple primary tumours in HNSCC patients is a well-recognised phenomenon
(Licciardello ez 4/, 1989) and have an important influence on the survival rate for head and
neck cancer pattents. Second primaries, either synchronous or metachronous, occur with a
frequency around 4% and the prognosis of these patients is poot, especially if the second
tumour arises in the lungs (Leon ¢f 4/ 1999; Jones ef a/, 1995). Conventionally, second
tumours are defined as independent if they arise separated from the original primary by
mote than 2cm of histologically normal mucosa or atise after an interval of at least 3 years.
‘Two, non-mutually exclusive, theories have been formed to explain multiple primary
tumours. Firstly, that multiple and unrelated transforming events occur giving rise to
unrelated tumour clones from within a field of abnormal tissue (Slaughter ef @/ 1953) and
secondly, that any transforming event is rare and a single cell 1s transformed from which all

tumours arise through mucosal or micro-metastatic sptead of the abnormal clone

(Sidransky ez a/, 1992).

In 1953 Slaughter et a/ proposed the theory of field cancerization to explain the high
incidence of synchronous and asynchronous second primary tumours. This work was
based on the observation of multi-focal squamous cell carcinomas in the oral cavity and
was put forward to explain the presence of several distinct lesions within the same resected
specimen and, more intetrestingly, the observation of normal mucosa surrounding a tumour
with other areas of non-contiguous dysplasia. Based on the fact that most of the epithelia

of the UADT is subjected to the same carcinogenic insult, Slaughter proposed that multiple

oral SCC arise in a multi-focal fashion within a field of mucosa with an increased risk of
cancer development. Several studies have offered support for field cancerization including
the observation that histopathological abnormalities can be detected in the epithelia of the
tespiratory tract of most smokers and lung cancer patients (Auetbach e 4/, 1961). The

recent identification of molecular abnormalities in histologically normal mucosa distant
from the primary tumour also supports the field change theoty. Such abnormalities include
loss of heterozygosity (Tabore? a/, 2001; Lydiatt ez a/, 1997), p53 over-expression (Nees ef 4,
1993), and chromosomal polysomies (Hittleman ef 4/ 1993). These findings ate also

consistent with the multistep paradigm for colorectal carcinogenesis proposed by Fearon

and Vogelstein (1990) and the similar model proposed for HNSCC carcinogenesis
(C@no et al, 1996).
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occurrence, proposes that multiple primary tumours arise following the spread of cells
from the original primary (either submucosally or through te-implantation at distant sites of
cells shed from the initial primaty). The evidence fot this theory 1s more limited. Several

papets have analysed multiple primary tumours in an attempt to identify a clonal otigin.

However in order to establish whether second primary tumours arise from cells from the
original tumour a suitable marker of clonality must be identified. Bedi ¢# ¢/ examined the
pattern of X chromosome inactivation in a small group of female patients (n=8) and found
the same X chromosome to be inactivated in four out of four informative cases, indicating
these tumours may have arisen from a common clone (Bedi ¢/ 4/, 1996). In addition, this
study demonstrated identical patterns of loss of heterozygosity in a third of patients and
hypothesised that, in at least a proportion of patients with head and neck cancers, multiple
primary tumours arise from a single clone. p53 mutational status within multiple tumours
has been analysed, based on the assumption that recurrent or clonally related tumours are
expected to share identical p53 mutations and that independently arising tumours would
display different p53 gene mutations. However, the presence of abnormal p53 in
appatently normal mucosa questions the validity p53 mutattons as a marker of clonal
telationship. p53 mutations have been detected in approximately half of late or severe
HNSCC dysplasias and have been shown to precede tumour invasion (Boyle ez a/ 1993;
Sauter ez al, 1994). Gasperotto ez a/ (1995) identified 4 identical p53 mutations out of 9

informative multiple tumour patients, with 3 local tumours and 2 lung tumours containing
different mutations to the initial primary. However, Chung ¢ 4/ (1993) detected p53

mutations in 21 out of 31 patients and identified discordant mutations between the initial
and second primaries in all 21 informative cases. The discordance between p53 mutations
in multiple primary tumours identified in both these studies suggests an independent origin

for multiple primary tumours.

The concept of field cancerization is further confused by the frequent failure of studies
which identify markers of clonality between multiple tumours to distinguish whether
additional tumours arise from the spread of a fully malignant cell or independently from
histologically normal cells which contain eatly genetic mutations. Most studies have
concentrated on aberrations, which are detected at a high frequency in invasive HNSCC,
based on the assumption that such common aberrations are likely to be important and eatly

events in the progression of HNSCC. However, identical aberrations found within
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multiple primary tumours do not necessarily indicate the metastases or migration through

the epithelium of malignant cells 1.e. the clonal origin theoty of field cancerization.

Both theories for the origin of multiple tumours explain the fact that histologically normal
mucosa may contain genetic abnormalities, as well as the fact that distant lesions are seen
to be separated by normal mucosa. If multiple primary tumours do arise from migration of
clonally related cells, then patients should be considered to have micrometastatic spread at
the time of presentation. If second primary tumours atise independently from a field of
tissue predisposed to cancer formation then removal of carcinogenic stimulus 1s essential to
minimise the chance of further tumours developing. The identification of patients at an

increased risk of developing second primary tumours would be very useful in planning

treatment protocols for HNSCC patients following surgery.

1.4.3.1 Screening

The high success rate when treating early stage head and neck tumours has raised the
question of screening for symptoms and eatly precursors. No evidence is available to
indicate whether the evaluation of asymptomatic individuals will lead to a decrease in the
mortality rate from HNSCC but a screening program may yet prove to be effective in
countries such as India with a high incidence of oral cancer. Field cancerization of the
UADT would suggest that altered mucosa with a propensity for tumour formation may
allow for the development of a screening tool. However, at present, little is known about
the initial changes that may be occurring in the mucosa of individuals with a high level of
exposure to known nsk factors. Further characterisation of the mucosa surrounding
ptrimary tumoutrs is important and potentially holds the key to the eatly identification of

individuals at risk of developing head and neck cancer.

1.4.4 Metastases

The ability of solid tumours to metastasise requires the tumour to overcome formidable
obstacles. Cells must first break away from neighbouring cells at the primary site and
breach the basement membrane. This requires the loss of adhesion molecules binding the
tumour cells to the remainder of the tissue. Several families of enzymes, the most well
characterised being the matrix metalloproteinases (MMP) and their inhibitors (TIMP), are
important in this loss of cell adhesion.  Cells have to invade through the stroma and
penetrate either the blood or lymphatic vessels (intravasation). If a cell avoids destruction
duting transit it must then be able to reverse this process at the remote site (extravasation)

and continue proliferating (Petruzzelli, e 4/, 1998). To ensure that the newly formed
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metastases can continue to grow (above a size of approximatley 1mm®) angiogenic factors

also need to be secreted to initiate neovascularisation (Homer ¢# a/., 2000).

Squamous cell carcinoma of the UADT is the most common tumout to metastasise to the
cervical lymph nodes. Approximately 35-40% of all HNSCC patients will have lymphatic
metastases at the time of presentation (Jones ef @/, 1998). Whilst metastasis to the lymph
nodes is more likely in patients with larger primary tumouts, the site of the primary also
affects the chance of metastasts. Tumours arising at sites with poor lymphatic drainage, for
example tumours confined to the glottis, rarely metastasise, whereas tumours arising just a
few millimetres away in the supraglottis, with its tich lymphatic dratnage, have a much

higher frequency of local nodal metastasis (O’Connor and Lund, 1998).

Distant metastases are relatively infrequent in head and neck cancer although the high
incidence of second ptimary tumours can make the differentiation of the two difficult,
particulatly when the lungs ate involved. Distant metastasis is usually to the lungs, bones

and liver and is detected at a frequency of 10-30% at the time of death (O’Connor and
Lund, 1998).

1.5. Therapy of HNSCC

The main goal of curative treatment is the gross removal of tumour cells with minimal
damage to normal tissue and, in the case of HNSCC especially, with minimal cosmetic and
functional impairment. Choice of treatment depends on many factors including staging of
the tumour, the location of the tumour, nodal status and the general health of the patient
including their psychosocial status. Approximately one third of patients present with an
eatly stage disease (stage I or II) which is usually treated and cured with single modality
sutgery or radiation therapy. Patients presenting with more advanced disease, stages III
and IV with involved lymph nodes, account for the majority of HNSCC cases. ‘Treatment
of these patients usually consists of surgery with post-operative radiotherapy.

1.5.1 Radiotherapy resistance in laryngeal HNSCC

The less mutilating therapy of external beam radiation is the treatment of choice for small
volume tumours of the larynx. 5-year survival rates of around 95% are achieved in glottic
tumours with no evidence of micrometastatic spread (Staplers ez 4/, 1987). However,
approximately 10% of T1 laryngeal tumours and up to 30% of T2 tumours treated in this
way prove to be resistant to radiotherapy resulting in recurrence at the primary site within

12 months of treatment (Terhaard et 2/ 1991; Harwood ¢f 4/, 1981). Such radio-resistant
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patients have a subsequently worse prognosis as a result of technically more difficult
salvage surgery with associated complications, a delay in the treatment of the original
tumour, and the psychological effects to the patients of the original therapy having failed
(Stoeckli ef 4/, 2000). Prediction of radio-resistance based on molecular analysis of pre-

treatment tissue biopsies would allow surgery to be performed as the primary therapy for

patients with suitable, radio-resistant tumours. At present there are no clinically available

markers of radioresistance.

1.6  Summary

HNSCC remains a major disease carrying considerable morbidity and mortality. Current
clinical and pathological characterisation fails to satisfactorly predict the biological
behaviour of individual tumours. As a result of this, a significant number of patients
undergo unnecessary or ineffective therapy during the management of their disease. The

discrimination of critical genetic events in head and neck tumourigenesis will not only

increase our understanding of this group of tumours but also allow gtreater prediction of

tumour behaviour, monitoring of therapy, identification of residual disease and eventually

result in novel therapeutic strategtes.

25




Chapter 2

Genetic Basis of Head and Neck Squamous Cell

Carcinoma



Chapter 2 Introduction — Genetic Basis of HNSCC

2.1  Cancer as a genetic disease

Cancet is probably as old as mankind itself and has been documented since the time of the
Egyptians (Breasted, 1970). The incteasing prevalence of the disease 1s mainly due to two
independent factors, increased life span and an increase in the spectrum of environmental
compounds encountered in every day life. The term cancer refers to a diverse collection of
different diseases with many varied causes and symptoms but all are characterised by -
unregulated cell growth, invasion of surrounding tissues and potential for metastatic spread
to other parts of the body. A normal healthy human body consists of approximately 30
trillion cells growing and dividing in a complex interdependent relationship. Tissue
architecture is maintained by the strict regulation of proliferation with cells reproducing

only when instructed. Cancer cells are able to evade the normal mechanisms of control of

cell growth and proliferation (King, 2000).

2.1.1 Genetic basis of cancer

Head and neck tumourigenesis, like other malignant neoplasms, is a multi-step process
believed to be driven by the accumulation of genetic damage in genes critical for the
normal choreography of the cell cycle (Figure 2.1). These regulatory genes have been
termed oncogenes and tumour suppressor genes and, in their normal configuration,
expression of these genes intricately control the growth and proliferation of individual cells
in response to the requirements of the tissue as a whole. Malignant transformation occurs
after the accumulation of genetic changes in these genes. It is these mutations which
account for the uncontrolled proliferation of abnormal cells which is characteristic of
neoplasia. Several mechanisms leading to mutations in these genes have been identified

including point mutations, deletions, amplifications and chromosomal rearrangements

(Figure 2.2).

2.1.2 How many mutations are required for cancer?

No single mutational event can trigger malignancy in a normal cell (Kinzler and Vogelstein,
1996) and the pattern of mutations varies from cancer to cancer (Kinzler and Vogelstein,
1997). It has been estimated that HNSCC requires approximately 6-10 genetic alterations
(Renan, 1993), however the spontaneous mutation rate in normal cells has been estimated
to be between 10 and 10° mutations/gene/generation (Stein, 1991). This suggests that
spontaneous mutations are relatively rare occurrences and insufficient to account for the
large number of aberrations seen in cancer cells. In the average human lifetime

spontaneous mutations could not accumulate to the level seen in the genome of cancer
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Figure 2.1 — Schematic representation of the cell cycle

Inappropriate growth of cancer cells occurs through the disruption of critical signalling pathways
interfering with the cell cycle clock. A multitude of proteins are involved in the control of the cell cycle
and mutations in genes coding for many of these growth stimulatory and mhlbltory signal transducers
generate the tumour suppressor genes and oncogenes underlying tumour progression.

Phosphorylation of the Retinoblastoma (pRb) suppressor protein (‘the master brake’) by the cyclin-D /
cdk4/6 complex releases and activates the transcription factor E2F. E2F migrates to the nucleus
where it stimulates the transcription of proteins involved in growth regulation including cdc2, myc and

DNA polymerase a. Growth is inhibited by repression of the cyclin/cyclin dependant kinase
complexes. The inks family of inhibitors (p15, p16, p18, and p19) inhibit cdk4 and 6 complexes whilst
p21 acts directly on the cyclin/cdk complex. p53 ‘monitors’ DNA for damage and blocks cell
proliferation, through p21, to prevent the proliferation of cells wi<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>