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1. INTRODUCTION

Cancer is a major cause of morbidity and mortality world-wide. A large part of many
national health care budgets are spent in treating patients with cancer and in the screening
of pre-malignant disease. Reducing the mortality rates is a significant challenge both to
medical research and medicine and, with respect to this aim, the ability to identify those
with an elevated predisposition to malignancy is of interest. Valuable resources could be
targeted to those individuals with an increased risk for developing malignancy, e.g.,
through targeted screening programmes. This should enable the earlier detection of
disease with the corresponding prompt treatment to be translated into improved overall

survival rates.

1.1  AETIOLOGY OF CANCER

The common factors in malignancy are the uncontrolled proliferation of cells and the
infiltration of normal tissues. Several steps are needed to turn a normal cell into a
malignant cell. Most involve mutational change. Cancer is a genetic disease at the level
of the somatic cell and cancer may also be a genetic disease at the level of the germline.
Mutations accumulate throughout life, and the accumulation of a certain amount of
damage coupled with environmental and inherited factors may lead to the formation of a
malignancy. Cancer risk depends on environmental exposure and also on genetic make-
up. In a minority of the population the inherited factor (germline mutation) has a strong
effect and is responsible for about 5-10% of tumours (Doll and Peto 1981; Doll 1996).
Although environmental factors are responsible for the vast majority of cancers,
environmental and genetic factors may interact. For example, the role of polymorphic
alleles can increase an individual’s susceptibility to an external carcinogen (UV light,
cigarette smoking) and may make a significant contribution to the burden of cancer (Doll
1996). Molecular studies have shown that the uncontrolled growth of neoplastic cells is
due to the failure of genes to regulate cell division. The genes involved in this process are

proto-oncogenes and tumour suppressor genes (see Section 1.1.2.1).
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1.1.1 Environmental aetiology of neoplasia
As environmental factors are implicated in the aetiology of the majority of cancers, it has
been suggestéd that many of the common cancers in the Western world are potentially
avoidable (Doll and Peto 1981). Evidence linking the most important environmental
exposures to cancer risk will be reviewed briefly.
1.1.1.1 Tobacco
Tobacco use is the environmental exposure most widely known to be linked with an
increased risk of cancer. It is associated with the development of lung, head and neck,
oesophageal, pancreatic, bladder, and cervical carcinomas (Hecht et al., 1994; Levi
1999). It is estimated that up to 35% of human cancers in the West may be due to the
effects of smoking (Doll and Peto 1981) and that consumption of tobacco represents the
single most important preventable cause of death in all European countries (Franceschi
and Naett 1995). Passive smoking is also a cause of lung cancer (Levi 1999; see Section
1.2.4). In addition the effects of smoking are influenced by an interaction with other
exposures, €.g., asbestos in lung cancer (Berry et al., 1985). Finally, the chewing of
tobacco quid and betal leaves is common in South Asia and is associated with the
development of tumours of the oral cavity (World Health Organisation 1997b).
1.1.1.2 Alcohol and diet
Alcohol is associated with the development of tumours of the upper respiratory and
digestive tracts, it also interacts with tobacco in the aetiology of these tumours (Levi
1999). Alcohol also increases the risk of breast cancer in women possibly by interfering
with the metabolism of oestrogens (Longnecker et al., 1988; Levi 1999). The importance
of diet is illustrated by observations that large differences exist in dietary fat intake
between countries and these correlate with the incidence of cancer of the breast, colon,
prostate, endometrium and pancreas (Willett 1989). In colon cancer there is evidence that
dietary fat intake is associated with an increased risk (Willet et al., 1990), and an intake
of dietary fibre is protective (Burkitt 1971; Trock et al.,1990; Howe et al., 1992) for the
disease.

A high consumption of fruit and green and yellow vegetables is associated with a
low incidence of several epithelial cancers (Levi 1999). The incidence of the following
cancers is increased in those with a low intake: oral cavity, stomach, pancreas, colon,

rectum, lung, larynx, breast, cervix, ovary and bladder (Doll 1996; Hunter and Willet
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1996). Products of cooking may lead to the formation of carcinogens, e.g. nitrosamines
and polycyclic aromatic hydrocarbons, that are associated with an increased risk of
gastric cancef (Doll and Peto 1981). Aflatoxin, a carcinogenic metabolite of the fungus
Aspergillus flavus, a contaminant of foodstuffs, is associated with an increased risk of

hepatocellular carcinoma in South East Asia (Doll and Peto 1981).

1.1.1.3 Radiation

It is estimated that ionising radiation causes about 4% of cancers. The greatest
contribution of radiation is natural; cosmic rays, radon gas, external radiation from the
radionuclides in rocks and soil and internal radiation from naturally radioactive traces of
elements in food (Doll and Peto 1981). Another source of radiation is that associated
with medical use. This accounts for 14% of the total exposure (Doll and Peto 1981).
There is a large body of data on radiation-induced cancer derived from epidemiological
studies in irradiated human populations. Long term follow-up of survivors of the atomic
bombings of Hiroshima and Nagasaki provided direct evidence that irradiation leads to
carcinogenesis (Land and McGregor 1979).

Non-ionising radiation is also important, e.g., UV light. The UVB component of
sunlight is responsible for the vast majority of squamous cell carcinomas, basal cell
carcinomas and malignant melanomas of the skin. Squamous cell carcinoma is the most
closely related to cumulative exposure, while malignant melanoma appears to be related
to the incidence of intermittent exposure to sunlight and sunburn (Doll and Peto 1981).
Some of the most dramatic examples of skin cancers induced by exposure to sunlight
include xeroderma pigmentosum, Cockayne syndrome, basal cell neavus syndrome and
dysplastic neavus syndrome. These genetic disorders show increased responses to
sunlight often culminating in malignancy (Sanford et al., 1987; Satoh et al., 1993; de
Boer et al., 1999).

1.1.1.4 Occupational exposures

Occupational hazards have caused many cases of cancer in the past. Now that the
association between exposure to the carcinogen and causation are linked the hazards are
stringently controlled. Table 1.3 lists examples of occupational exposures that influence

cancer risk.
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Table 1.1 Occupational exposures that influence cancer risk (adapted from Doll and

Peto 1981).
Occupation Agent Tumour site
Dye workers aromatic amines bladder
Rubber workers aromatic amines bladder
Asbestos mining asbestos mesothelium, lung
workers
Copper, cobalt smelters arsenic skin, lung
Cadmium workers cadmium prostate
Chromium workers chromium lung
Nickel refiners nickel nasal sinuses, lung
Uranium miners ionising radiation lung
Coal gas workers, polycyclic hydrocarcbons  skin, lung
- asphalters.
PVC manufacturers vinyl chloride angiosarcoma of liver
Hard wood furniture unknown nasal sinuses
manufacturers
Leather workers unknown nasal sinuses
Farmers, seamen UV light skin
Glue, varnish benzene marrow
workers
Radiographers, ionising radiation bone marrow, all sites
radiologists.
1.1.1.5 Viruses

Certain viruses play a role in the causation of malignancies. Links have been established

on the basis of epidemiological, clinical and molecular biology studies. An essential step

in malignant transformation of normal cells by most tumour viruses is the integration of

viral DNA into the host genome, which leads to activation or disruption of cellular genes.
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Hepatitis B Virus (HBV)

Compelling evidence exists for a role of hepatitis B virus in the pathogenesis of
hepatocellulai carcinoma. Hepatitis B virus is a member of the herpesadenovirus family
and is highly endemic in many parts of the world, e.g., South East Asia, subSaharan
Africa, (Arthur ef al., 1984). The majority of individuals infected with the virus suffer an
acute transient illness or an asymptomatic infection that leaves them immune. About
10% of infected individuals develop chronic hepatitis which may progress to cirrhosis
and hepatocellular carcinoma (Benchimol and Minden 1998). Chronic HBV carriers
show a 100-fold higher risk of hepatocellular carcinoma than unaffected individuals
(Beral et al., 1990). The precise mechanisim through which HBV acts is not well
understood. It is thought that HBV predisposes to cancer indirectly. The virus-infected
hepatocytes are destroyed and this stimulates liver regeneration. Integration of viral DNA
into regenerating cells can promote genomic instability, increasing the chances of a
HBV-infected cell accumulating a series of genetic changes necessary for malignant

transformation (CRC Factsheet 25.4, 1996).

Epstein- Barr Virus (EBV)

Epstein-Barr virus is a herpesvirus widespread throughout all human populations. The
vast majority of infected subjects remain asymptomatic (Weinreb et al., 1996). EBV
infection is associated with lymphoproliferative disorders of B cell origin, infectious
mononucleosis, Burkitt’s lymphoma and lymphoma of the immunocompromised host
(Grufferman et al., 1985; Liebowitz 1994). There is also a strong association between
EBYV infection and undifferentiated nasopharyngeal carcinoma (Liebowitz 1994) and
Hodgkin’s disease (Weinreb et al., 1996).

The virus infects B lymphocytes which become immortalised. EBV encodes
around 100 genes, of which about 10 are expressed in immortalised B lymphocytes
(Sugden 1989). Four genes are thought to be involved in cellular tranformation: EBNA 1
(Epstein-Barr virus nuclear antigen 1), EBNA 2, LMP 1 (latent membrane protein 1) and
LMP2. These genes are involved in DNA replication of viral plasmids in EBV infected
cells and protein transcription.

Epidemiological evidence for a causal relationship between Epstein-Barr virus

and Burkitt’s lymphoma was first noted by de-The et al. (1978). Burkitt’s lymphoma is
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the commonest childhood malignancy in subSaharan Africa. The disease is characterised
by chromosomal translocations that result in juxtaposition of immunoglobulin (Ig) genes
and c-myc. A chromosomal translocation between chromosomes 8 and 14 is present in
80% of cases involving the Ig heavy chain locus on chromosome 14 and c-myc on
chromosome 8. The translocations are thought to result in deregulation of c-myc
expression (Benchimol and Minden 1998).

EBYV is implicated also in the pathogenesis of nasopharyngeal carcinoma
(Pallensen et al., 1991) though its role is poorly understood. The incidence of the disease
is strongly influenced by racial, genetic and environmental factors and is highest in
Southern China (Liebowitz 1994). Four EBV proteins have been detected in
nasopharyngeal cells: the nuclear antigen EBNA 1, LMP 1, LMP2A and LMP2B. LMP 1
exerts growth stimulatory effects in-vitro and may exert similar effects in the
nasopharyngeal epithelium (Liebowitz 1994).

A link has also been noted between EBV and the development of Hodgkin’s
disease (Kvale et al., 1979; Weinreb et al., 1996). At least 35% of cases carry the EBV
genome within each malignant cell (Pallensen ez al., 1991). The association of EBV with
Hodgkin’s disease varies from country to country. Weinreb et al. (1996) reported that
100% of Kenyan children with Hodgkin’s disease were EBV positive, whilst 51% of
children from the United States of America and the United Kingdom showed evidence of
EBY in their malignant cells.

Human papillomavirus (HPV)

Papillomaviruses are a family of closely related agents which infect epithelial cells either
of the skin or the mucosal surfaces (Reid et al., 1987). The virus matches its own life
cycle to that of the epithelial cells and replicates to produce new virus particles as the
cells become squamous and reach the surface of the skin or mucosa. The virus is
associated with the formation of benign and malignant neoplasms (Lorincz et al., 1992,
Munoz and Bosch 1992). HPV types 6, 10 and 11 which infect the genital tract are
associated with benign genital warts and low grades of cervical intraepithelial neoplasia
(CIN) that often regress spontaneously (Lorincz et al.,1992; Munoz and Bosch 1992),
HPV types 16, 18, 31 and 33 are associated with higher grades of CIN and invasive
carcinoma (Koutsky et al., 1992; Munoz and Bosch 1992).
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Epidemiological evidence exists linking the age of first sexual intercourse,
number of sexual partners, and numbers of sexual partners of the husband with
subsequent cérvical cancer risk (Rotkin 1967; Buckley et al.,, 1981; Brinton et al 1987,
Brinton et al., 1989). In benign warts the HPV genome is maintained as an episome
(nonintegrated, circular form). In malignant cells HPV DNA is randomly integrated into
chromosomes resulting in deletions or disruption of the viral genome. The integrated
viral DNA retains the capacity to express early genes E6 and E7, and if these become
switched on permanently they produce viral proteins, which drive cell growth. Secondary
genetic changes are required to produce an oncogenic process as HPV alone is not

carcinogenic (Lorincz et al., 1992).

Human T-cell leukaemia virus (HTLV1)

Human T-cell leukaemia virus 1 was the first human retrovirus to be discovered. It is
endemic in certain geographic areas: South West Japan (Blattner et al., 1986), the
Carribean, parts of Africa and South America (Benchimol and Minden 1998).
Transmission of the virus may occur through breast feeding, sexual intercourse and blood

transfusion and is a cause of T cell leukaemia (Blattner et al., 1986).

Human immunodeficiency virus (HIV)

HIV is recognised as the causative agent of acquired immune deficiency syndrome
(AIDS). The main consequence of infection is depletion of the target cell population
leading to immunosuppression and opportunistic infections (Benchimol and Minden
1998). HIV also predisposes to neoplastic conditions, such as Kaposi’s sarcoma (Beral
et al., 1990), non-Hodgkin’s lymphoma, intraepithelial cervical neoplasia and anal
tumours (Schultz et al., 1996). Herpesvirus 8 (HHV-8) is present in over 90% of
Kaposi’s sarcoma tissues obtained from patients with AIDS indicating that HHV-8 may

play a role in the development of this disease (Chang et al., 1994).
1.1.1.6 Hormones

Hormones play a major role in the aetiology of several human cancers. The impact of

hormones in the causation of some malignancies is discussed below.
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Breast carcinoma

Available evidence regarding the hormonal aetiology of breast cancer is most consistent
with the hypofhesis that oestrogen is the main stimulant for breast cell proliferation
(Henderson et al., 1988). The most consistently documented, hormonally related risk
factors for breast cancer are early age at menarche, late age at menopause and late age at
first pregnancy (Henderson 1993; Lipworth 1995). Substantial literature exists for a
relationship between oral contraceptive use and the risk of breast cancer. Oral
contraceptives do not confer protection against breast cancer as they do against ovarian
cancer (Henderson et al., 1993). The Collaborative Group on Hormonal Factors in Breast
Cancer (1996) found a slight increase in the relative risk of having breast cancer
diagnosed whilst currently using, or within 10 years of using oral contraceptives. There

was no evidence of an increase in risk of breast cancer, 10 years or more after cessation.

Gynaecological malignancies

Established hormonal risk factors for endometrial cancer include unopposed oestrogen
replacement (Mack ef al., 1976; Henderson et al., 1993), obesity which is linked to
circulating levels of oestrogens (Zumoff 1982), sequential oral contraceptives
(Henderson et al., 1993) and a late menopause (Henderson et al., 1988). A late
menopause (increased number of ovulations) is an established hormonal risk factor for
ovarian carcinoma, whilst oral contraceptives, which suppress ovulation exert a
protective effect (Henderson et al., 1993). For vaginal adenocarcinoma Herbst et al,
(1979) described an association with in utero diethylstilboetrol (DES) exposure. It was
concluded that oestrogens might induce anomalous development in utero, which could
have neoplastic consequences in the postpubertal period. These neoplasms developed

within the ages 15-29 years, the relevant exposure occurred during the first trimester of

pregnancy.

1.1.2 GENETIC PREDISPOSITION TO CANCER '

The inherited contribution to cancer incidence and development will be considered.
Cancers arise via a monoclonal multi-step process, involving multiple genetic alterations
(Fearon and Vogelstein 1990). At least three major classes of genes are involved. First,

tumour suppressor genes, whose products appear to negatively regulate growth, promote
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apoptosis and maintain in vivo homeostatic growth and differentiation potential. Second,
oncogenes whose protein products act to stimulate cell growth and survival. Third DNA
repair genes, defects in which lead to increased genomic instability (ICRP 1999). Both
high and low penetrance genes are believed to be involved in cancer predisposition.
Penetrance may be defined as the likelihood that a disease will occur as a result of the

presence of a predisposing gene.

1.1.2.1 Inherited cancer syndromes

These syndromes account for a small proportion (1-2%) of cancer incidence (Ponder
1990). They comprise malignancies where a genetic effect is clearly apparent. Examples
include familial adenomatous polyposis (Kinzler et al., 1991), familial retinoblastoma
(Friend et al., 1986), multiple endocrine neoplasia, types I and II and neurofibromatosis
types I (Wallace et al., 1990) and II (Rouleau et al., 1993). The pattern of inheritance is
consistent with the effect of single highly penetrant autosomal dominant genes. For
inherited cancer syndromes predisposition to cancer is confined to certain tissues. For
example, in MEN II, three tissues are involved in tumour formation; the ‘C’ cells of the
thyroid, the adrenal medulla and the parathyroid. The characteristic tumour in familial
adenomatous polyposis of the colon (FAP) is colorectal carcinoma, some patients also
develop duodenal carcinomas (Ponder 1990). Most inherited cancer syndromes can be
distinguished from sporadic tumours by their association with specific phenotypes that
are caused by the predisposing gene, e.g., multiple colonic polyps in FAP or areas of C-

cell hyperplasia in MEN II.

Tumour suppressor genes

The paradigm is retinoblastoma (Knudson 1971). Knudson’s hypothesis states that both
copies of a critical gene must be lost from a cell for a tumour to develop. In familial
cases, the first RB mutation occurs in the germline and is present throughout every cell in
the body. A further loss (somatic mutation) is needed within a cell of the target tissue for
a tumour to develop. As both alleles at the RB locus must be inactivated for the tumour to
develop, the RB mutation is regarded as recessive at the cellular level. The requirement
for loss of activity of both alleles of the RB gene implies that the normal activity of the

gene is to suppress tumorigenesis. The gene is called a tumour-suppressor gene, although
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the mutation is recessive at the cellular level it has a dominant pattern of inheritance

(Weinberg 1991; Knudson 1993; Cowell 1994). Further examples of tumour suppressor

genes are given in Table 1.2.

Table 1.2. Human tumour suppressor genes involved malignancy.

Gene Inherited syndromes Tumours References
RBI Familial retinoblastoma Retinoblastoma, Weinberg 1995
osteosarcoma,
breast, lung, bladder
TP53 Li-Fraumeni syndrome High proportion of Greenblatt 1994,
tumours Ko & Prives 1996
WTl1 Wilm’s tumour Nephroblastoma Hastie 1994
NF1 . Neurofibromatosis 1 Astrocytoma, colon Viskochil 1993
carcinoma
NF2 Neurofibromatosis 2 Schwannoma Rouleau 1993,
Trofatter 1993
MTS! Familial melanoma Several Sherr & Roberts
1995.
VHL Von Hippel Lindau Renal cell carcinoma Duan et al., 1995,
Kibel et al., 1995
BRCA1 | Familial breast and Miki et al., 1994
ovarian carcinoma Stratton & Wooster
1996
BRCA2 | Familial breast cancer Wooster et al., 1995,
Stratton & Wooster
1996
DPC4 ? Pancreatic Hahn et al., 1996
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High penetrance cancer predisposing genes are those that when inherited lead to a high
chance of developing cancer with increasing age. Examples of tumour suppressor genes
with high pen;etrance are BRCAI, BRCA2, TP53, adenomatous polyposis coli (APC). The
BRCA1 and BRCA2 genes will be discussed in detail as a group of subjects with the
mutant gene have formed a part of this study. About 5-10% of breast and ovarian cancers
occur as a result of highly penetrant germline mutations in cancer predisposition genes
(Easton and Peto 1990). Women carrying mutations in the breast cancer susceptibility
genes (BRCA1, BRCA2) tend to develop breast cancer at an earlier age, have a higher rate
of bilateral breast cancer and an increased risk of developing other cancers, for instance
ovarian carcinoma (Stratton and Wooster 1996). The BRCA1 gene has been mapped to
chromosome 17q21, cloned (Hall et al., 1990; Miki et al., 1994) and is estimated to
confer a breast cancer risk of 54% by 60 years of age and an ovarian cancer risk of 30%
by 60 years. The penetrance of the BRCAI gene was estimated to be 59% by 50 years of
age and 83% by 70 years (Easton et al., 1995). Ford et al, (1998) have estimated that the
BRCA1I mutations are responsible for about 50% of families with a clear dominant
predisposition to breast cancer and over 80% of families segregating both breast and
ovarian cancer. Approximately 32% of the remaining high-risk breast cancer families are
due to a second predisposition gene BRCA2 (Ford et al., 1998). The BRCA2 gene on
chromosome 13q12-13 has been cloned (Wooster e? al., 1994; Wooster et al., 1995).
BRCA1 and BRCA2 make an approximately equal contribution to early onset breast
cancer. However, with increasing age the proportion of carriers with BRCA2 mutations
increases and the proportion of carriers with BRCA mutations decreases (Rahman and
Stratton 1998).

A greater proportion of male breast cancer is thought to result from genetic
susceptibility than female breast cancer and BRCA2 mutations are involved (Stratton and
Wooster 1996; Ford et al.,1998). Family based studies have estimated the risk of
developing ovarian cancer to be 27% by 70 years in BRCA2 patients, which is lower than
the risks conveyed by BRCAI (Ford et al., 1998).

Increased risks of colorectal cancer and prostate cancer have been reported in BRCAI
mutation carriers (Ford et al., 1994), however, as the cases involved are few the risk
estimates remain imprecise. Mutations of BRCA2 also confer an increased risk of

prostate, pancreatic cancer and ocular melanoma (Rahman and Stratton 1998).
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The biological and biochemical activities of the BRCAI and BRCA2 genes are not
completely understood. BRCAI and BRCA2 are tumour suppressor genes (Stratton and
Wooster 1996). This is shown as tumours arising in BRCAI and BRCA2-linked families
show loss of heterozygosity at the relevant loci (Stratton and Wooster 1996; Gonzalez et
al., 1999). The products of both genes are large nuclear proteins, with a cell-cycle
regulated expression pattern. Both gene products co-localise in multiple tissues during
proliferation and differentiation (Zhang et al., 1998). BRCAI and BRCA2 are thought to
function in a similar pathway and both are associated with human RADS1 (hRADS51), a
homolog of the E.coli RecA gene (Scully 1997a). BRCA2 binds to RADS1, which may
have an important role in recombination and repair of double-stranded DNA breaks
(Zhang et al., 1998; Rahman and Stratton 1998). It is thought that BRCA! interacts
indirectly with RADS1 and it is possible that involvement of both proteins in pathways
implicated in DNA repair contributes to their role in cancer susceptibility (Scully et al.,
1997a). BRCA1 is hyperphosphorylated and undergoes altered subnuclear localisation
with hRADS1 in response to DNA-damaging agents (Scully ez al., 1997b). BRCA1 and 2
are proposed to be involved in the response to DNA damage at different levels including
cell cycle checkpoints, activation, induction of apoptosis and DNA repair (Zhang e al.,
1998; Kote-Jarai and Eeles 1999). Recent studies (Abbott et al., 1999) have
demonstrated that human cancer cells containing mutated BRCA are hypersensitive to
ionising radiation. BRCA/ also functions in transcription-coupled DNA repair (TCR).
TCR ability correlates with radioresistance, as cells show both increased TCR and

radioresistance, whereas without BRCA! cells show decreased TCR and radiosensitivity.

Oncogenes

Oncogenes are mutated forms of proto-oncogenes. Proto-oncogenes encode growth
factors, growth factor receptors and proteins and possess kinase activity. Intracellular
proto-oncogene products are involved in regulating DNA replication and control of gene
transcription. Proto-oncogenes may be activated by mutation, amplification or
rearrangements that can occur during chromosome translocation (Minden and Pawson
1992). The cells’ proliferative signals are switched “on” by the action of oncogenes (Vile

et al., 1994). Examples of some oncogenes are given in Table 1 3. Germline mutations of
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a proto-oncogene have been reported in the RET gene, which predispose to multiple

endocrine neoplasia, namely MEN2A and MEN2B (ICRP 1999).
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Table 1.3 Proto-oncogenes mutated in human cancer (adapted from Vile ez al,
1994).

Gene Function Aberration Tumour

erb-B1 1 amplification breast, ovary, bladder

erb-B2 1 amplification breast

PDGF 1 amplification many tumours

hst 1 amplification stomach, glioblastoma

abl 2 translocation chronic granulocytic
leukaemia

H-ras 2 point mutations colon, lung, pancreas

K-ras 2 point mutations acute myeloid and
lymphoblastic leukaemia

N-ras 2 point mutations thyroid, genitourinary tract
malgnancies

c-myc 3 translocation Burkitt’s lymphoma

c-myc 3 amplification lung, breast, cervix

L-myc 3 amplification lung

N-myc 3 amplification neuroblastoma

1. Genes coding for growth factors or their receptors.
2. Genes coding for G-proteins (cytoplasmic relays in stimulatory signalling pathways).
3. Genes coding for transcription factors that activate growth-promoting genes.

DNA processing defects
A number of genetic disorders have been identified which predispose the affected
individual to an increased risk of cancer, these conditions exhibit spontaneous
chromosomal instability and have been termed cancer-prone syndromes. The syndromes
are separate clinical entities with different clinical characteristics and underlying defects,
however, they have an autosomal recessive mode of inheritance, €.g., Ataxia-
telangiectasia (A-T), Bloom’s syndrome (BS) and Fanconi’s anaemia (FA).

These disorders have a defect in the processing of DNA. Defective genes may
include those whose products normally control replicative DNA synthesis, DNA repair

synthesis, recombination, and transcription (Taylor et al., 1994). The cancer-prone
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syndromes are used as models for research into cancer predisposition and its link with
mutagen sensitivity. The occurrence of spontaneous chromosome instability and cancer
predisposition; indicate that genetic instability may be a mechanism for increasing
oncogenesis. Chromosomal instability may be used as a marker of cancer proneness. Hsu
(1983) stated that “genetic instability can be a hidden trait, expressed only under a
particular circumstance or circumstances, such as exposure to a special mutagen”.

The cancer-prone conditions show elevated levels of chromosome breakage when
exposed to mutagens, e.g. x-rays. It is thought that the increased chromatid damage
results from deficient DNA repair during the G, phase of the cell cycle (Parshad 1983;
Gantt et al., 1986; 1989). Further cancer-prone conditions have been identified which
exhibit G, chromosomal radiosensitivity, (see Table 1.4, Section 1.4.2).

Ataxia-telangiectasia (A-T)

A good example of a DNA processing defect is A-T. A-T is a syndrome involving a
progressive cerebellar ataxia, oculocutaneous telangiectasia, immune deficiency, cancer
susceptibility, premature ageing, cellular radiosensitivity, defects in DNA repair and
chromosomal breakage (Gatti et al., 1991). A-T is an autosomal recessive condition, with
a birth frequency of about 1 in 300 000 (Taylor et al., 1994). The heterozygote frequency
is estimated to be 1 in 200 (Easton 1994).

A-T has been viewed as an explicit human model for studying inherited cancer
susceptibility (Gatti ez al., 1991) as a high proportion of A-T patients develop
malignancy. Hecht et al., (1966) noted the development of lymphocytic leukaemia in
patients with A-T, indeed the majority of neoplasms affecting A-T patients are non-
Hodgkin’s lymphomas (41%) and leukaemias (23%), the remaining neoplasms are solid
malignancies, e.g., breast, stomach, ovary, bladder (Hecht and Hecht 1990).

When treated with conventional doses of radiotherapy these patients suffer severe
normal tissue reactions often leading to death (Morgan et al., 1968; Harnden and Taylor
1978). The clinically observed enhanced sensitivity of A-T patients to ionising radiation
is also seen at the cellular level. Higurashi and Conen (1973) noted that leukocyte
cultures from individuals with chromosomal breakage syndromes, including A-T
sustained high amounts of chromosome damage when exposed to ionising radiation.

Taylor et al., (1975) observed that cultured skin fibroblasts from A-T patients were
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intrinsically 2-3 times more sensitive to the lethal effects of ionising radiation than those
from normal healthy individuals. .

A-T ceils are particularly sensitive in the G, phase of the cell cycle.

Taylor et al, (1982) noted that A-T lymphocyte and fibroblast cultures when irradiated
during the G, phase of the cell cycle sustained more chromosomal damage than control
cells. Following irradiation of lymphocytes with 1 Gy of X-rays in the G, phase of the
cell cycle there was an almost 10 fold increase in chromatid breaks and gaps compared
with normals and almost 20 times as much damage following 2 Gy. These findings are in
agreement with earlier work by Higurashi and Conen (1973) and Natarajan and Meyers
(1979). Subsequent experiments on the lethal effects of radiation on skin fibroblast cell
lines from families with A-T confirmed the extreme radiosensitivity of A-T cells and
showed that A-T heterozygotes were intermediate between A-T homozygotes and normal
cells in their radiosensitivity (Nagasawa et al., 1985).

From cell radiation survival curves it was evident that the D, (dose required to
reduce the surviving fraction to 37% of a control value) for A-T homozygote cell lines
was 0.4-0.45 Gy whereas those for the heterozygotic cells were 1.0-1.1 Gy as compared
with the normal range of 1.2-1.4 Gy (Nagasawa et al., 1985). The cell survival curves for
the A-T homozygote lines revealed an absent or very small shoulder region compared
with those of normal lines. The latter indicates a reduced ability to repair sub-lethal

forms of radiation damage.

Heterozygous A-T gene carriers

The heterozygous carriers of the ATM mutation are a source of interest as two of the
disease features are manifest to a limited extent; susceptibility to cancer and cellular
hypersensitivity to ionising radiation. An elevated risk of developing cancer, e.g., breast
carcinoma has been demonstrated repeatedly in A-T heterozygotes (Swift et al., 1982;
Swift et al., 1987, Pippard et al., 1988; Athma et al., 1996; Inskip et al., 1999). This area
remains a source of controversy and former risk estimates have been challenged. Easton
(1994) estimated that A-T heterozygotes would account for only 3.8% of breast cancer
cases and that female A-T heterozygotes have a lifetime risk of developing breast cancer
of 3.9 times the normal population. Easton (1994) suggested that the A-T gene was

unlikely to make a significant contribution to familial breast cancer. The cloning and
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sequencing of the ATM gene has enabled direct examination of the hypothesis that breast
cancer risk is increased among ATM heterozygotes. Athma et al (1996) estimated that if
the United Staies population frequency of A7M heterozygotes was 1.4%, 6.6% of all
breast cancers may occur in women who are A-T heterozygotes, an estimate that was
higher than that for BRCAI carriers. FitzGerald ef al, (1997) undertook a germline
mutational analysis in a group of women with early onset breast cancer, using a protein
truncation assay (PTT) and found heterozygous ATM mutations in 0.5% of women with
early onset breast cancer and in 1% of controls. It was concluded that heterozygous ATM
mutations do not confer genetic predisposition to early onset breast cancer. The two
approaches have yielded different results, however, the frequency of ATM heterozygotes
in the general population is not known with sufficient accuracy for these results to be
judged statistically inconsistent (Bishop and Hopper 1997).

A-T patients are susceptible to developing leukaemia and lymphoma. ATM
mutations might occur in sporadic lymphoid tumours and recent clinical studies support
this prediction. Vorechovsky et al, (1997) reported the occurrence of frequent ATM
mutations in T-cell prolymphocytic leukaemias (T-PLL) and in non-Hodgkin’s
lymphomas, a finding that has since been confirmed by Stilgenbauer et al., (1997).

For a clinician the identification of A-T heterozygotes is of interest for two
reasons. First, radiation doses used-in conventional radiation regimes are kept to a level
whereby the late normal tissue reactions occur in less than 5% of the patient population.
Higher radiation doses could be delivered in order to improve local control and overall
survival rates, but unidentified heterozygotes with an increased radiosensitivity might be
at increased risk. Identification of this high risk group and the subsequent reduction of
therapeutic radiation dose would enable total doses to be administered to the vast
majority of cancer patients, with a theoretical improvement in local control (Norman et
al., 1988; Hall et al., 1998). Second,is a to the potential problem of increased cancer ‘risk
in A-T heterozygotes induced by mutagenic agents; for instance the risk of inducing
breast cancer by radiation exposure of mammography in healthy A-T heterozygotes

undergoing breast cancer screening (Swift et al., 1987; Swift ez al., 1994).

28



Functions of the ATM gene

The ATM gene has been mapped to chromosome 11q22-23 (Gatti et al., 1988; Wei et al.,
1990) and was‘identiﬁed by use of a positional cloning approach (Savistky et al., 1995).
Although cells from A-T homozygotes are exquisitely sensitive to the cytotoxic effects
of ionising radiation, their ability to repair DNA damage appears to be largely intact
(Rotman and Shiloh 1997). Biochemical studies failed to detect gross abnormalities in
the kinetics of single and double strand repair in A-T cells (Taylor et al., 1975; Taylor et
al., 1978). However, studies have demonstrated increases in the fraction of DNA breaks
left unrepaired in irradiated A-T cells (Comforth and Bedford 1985; Blocher ef al.,
1991). This may indicate an inability to repair a small but essential fraction of DSBs
(Taylor 1978:Cornforth and Bedford 1985; Pandita and Hittleman 1992).

In normal mammalian cells, cell cycle checkpoints are triggered following
exposure to ionising radiation. These checkpoints may restrain the cell cycle temporarily
in response to strand breaks, shortened telomeres and other DNA damage that occurs
during the course of normal DNA metabolism (Hartwell and Weinert 1989; Hartwell
1992; Meyn 1999). The p53-mediated G,/S damage sensitive checkpoint is absent in A-T
cells (Kastan ef al., 1992). A-T cells express radioresistant DNA synthesis due to a lack
of S-phase checkpoint function (Painter and Young 1980), and their G,/M and mitotic
spindle checkpoints are also defective (Beamish and Lavin 1994). Following exposure to
ionising radiation, intracellular concentrations of p53, p21 and the GADD45 gene
normally increase. A-T cells show reduced and delayed activation of TP53 after exposure
to ionising radiation (Kastan et al., 1992; Khanna and Lavin 1993). Among these defects
are reduced or delayed induction of p21, GADD45 and MDM2 by radiation, in A-T cells
grown in culture, suggesting that they are ATM dependent effects (Kastan et al., 1992;
Canman et al., 1994; Meyn 1999).

The genomic instability and cancer proneness seen in A-T may be a result of
defective cell cycle checkpoint control, since loss of TP53 dependent response is
associated with genome instability and tumorigenesis (Hartwell 1992). The sensitivity of
A-T cells to ionising radiation is also due to defective cell cycle response to DNA

damage (Rotman and Shiloh 1997).

29



1.1.2.2 Familial clustering of cancer

This group comprises families that are at a low-medium increased risk of common
cancers such as breast, ovary, endometrium, and colon (Easton and Peto 1990; Easton
1999) with incomplete penetrance and a weaker family history than with those described
in Section 1.1.2.1. Features suggesting inherited predisposition include: two or more
affected close relatives, early age of onset, cancers of specific types occurring together,
e.g., breast and ovary, or multiple tumours in one individual (Ponder 1990). The strength
of family clustering is expressed in terms of a relative risk for a malignancy in siblings of
an affected individual, compared with the risk for the general population. The relative
risk usually lies between 2-5 (Easton and Peto 1990). The familial relative risks (FRR) of
cancer in relatives of cancer patients can be measured. High FRRs are suggestive of a
genetic component and the pattern of FRR by age, type of disease and number affected
can provide clues as to the possible genetic models (Easton 1999). A study by Hemminki
et al (1999) provided a comprehensive analysis of familial risks of all the common
cancer sites. The study confirmed that familial risks are mainly in the range 1.5-3 fold
and that most common cancers show familial aggregation. Familial cancers resemble
inherited cancer syndromes in the involvement of specific tissues, the age of onset of the
malignancy and expression of the gene.

A substantial proportion of cancers may present without obvious familial
clustering, and yet have an inherited component of risk. This inheritance may be due to
more common, low-penetrance genes, for example, candidate genes such as those that
encode enzymes with biochemical or physiological activities that have a role in the
pathogenesis of cancer. Genetic polymorphisms which alter the susceptibility to
carcinogens may be useful in detecting genotype-disease associations (Rebbeck 1999).
Genes involved in carcinogen metabolism, such as the glutathione-S-transferases
(GSTM1) (Helzlsouer et al., 1998), members of the cytochrome P450 family (Ishibe et
al., 1998) and the N-acetyltransferases (Hunter e? al., 1997), may have a role in
pathogenesis. The ATM gene may also confer a low risk to breast cancer development.
Swift et al. (1987) reported a relatively high risk of breast cancer among A-T
heterozygotes. More recent estimates of breast cancer risks in A-T heterozygotes,

however, have been lower than formerly reported (Easton 1994; FitzGerald et al., 1997).
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Low penetrance genes are thought to be involved in the causation of some benign
disorders such as diabetes mellitus, hypertension and ischaemic heart disease. Low
penetrant cancér predisposing genes are thought to cause a higher proportion of common
cancers, e.g., breast and colorectal carcinoma (Scott et al., 1994a; Teare et al., 1994;
Ford et al., 1998; Roberts et al., 1999). As these genes are of low penetrance they rarely
produce large numbers of cancers in a single family and methods other than linkage
analysis are needed to detect them, e.g., phenotypic or molecular markers of
susceptibility (Houlston and Peto 1996). A study by Skolnick et al, (1990) found
evidence for a common breast cancer gene with low penetrance responsible for a

considerable proportion of breast cancer.

1.2 AETIOLOGY OF MALIGNANCIES STUDIED IN THIS PROJECT

1.2.1 Breast carcinoma

A small proportion (5-10%) of breast cancer is due to the high penetrance genes BRCA
and BRCA?2, and mutations of 7P53 in the Li-Fraumeni syndrome (Goldgar ef al., 1996).
Most hereditary breast cancers can be explained by alterations in BRCAI or BRCA2
(Rahman and Stratton 1998). Increased risk is also attributed to having a positive family
history, in particular affected first degree relatives, second-degree relatives with breast
cancer confer little or no increased risk (McPherson et al., 1995; Goldgar et al., 1996).
Risk also depends on the age of the affected individual.

The aetiology of breast cancer is unknown in most patients, although various risk
factors that provide clues to its genesis have been identified, e.g., family history of
disease, age at menarche and age at menopause (McPherson et al., 1995). Large
variations exist in the incidence of breast cancer between countries (Harris et al., 1992;
Lipworth 1995). These observations suggest that environmental determinants of the
disease are more important than genetic factors.

Age is a significant risk factor. The incidence of breast cancer increases with age,
doubling about every 10 years until the menopause when the rate of increase slows. The
majority of cases (80%) occur in post-menopausal women (CRC Factsheet 6.1 1996).
Studies also suggest a strong link between the hormone oestrogen and development of

breast cancer (Lipworth 1995, see Section 1.1.1.6).
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Poor nutrition delays the onset of regular menstrual cycles and may reduce the
incidence of breast cancer; this may partly explain international differences in breast
cancer incidenée. Delayed menopause increases the risk. Menopause at 55 years or older
confers a 2 fold increased risk as compared with a natural menopause at 45 years
(McPherson et al., 1995). Increasing age (greater than 30 years) at first pregnancy and
nulliparity affect the risk adversely. Breast feeding may have a protective effect. The risk
of oral contraceptives is uncertain (Collaborative Group on Hormonal Factors in Breast
Cancer 1996). The use of hormone replacement therapy is thought to have little effect on
risk though the data are inconsistent (Henderson 1993).

Rates of breast cancer are 5-6 fold higher in the USA and in Europe compared to
Africa and Asia. Studies of Japanese migrants to the USA have shown an increased risk
in subsequent generations, suggesting that environmental factors operate (Henderson
1993; McPherson et al., 1995). Weak associations exist between the development of
breast cancer and both a high fat diet and high alcohol use (Schatzkin et al., 1994; Hunter
and Willett 1996; Enger et al., 1999).

Patients with a history of benign breast disease, in particular atypical hyperplasia
are also at increased risk of developing breast cancer (relative risk = 4.0, CRC Factsheet
6.1 1996). Finally, ionising radiation is implicated in the formation of breast cancer.
Evidence for this includes data from survivors of the atomic bombs in Nagasaka and
Hiroshima, and from patients who received radiation for post-partum mastitis (Hall
1988).

1.2.2 Cervical carcinoma

Epidemiological studies have identified a number of risk factors for the development of
cervical carcinoma. Technological advances such as the polymerase chain reaction (PCR)
for the detection of human papillomavirus (HPV) DNA have allowed analysis of the
significance of previously described risk factors. Early epidemiological evidence
suggested that cervical carcinoma behaves like a sexually transmitted disease (Brinton et
al., 1987). It is most frequent in women with multiple sexual partners, amongst women
who began sexual intercourse at a young age and among women whose sexual partners

are promiscuous (Rotkin 1967; Brinton et al., 1989; Munoz and Bosch 1989).
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The sexual behaviour of the male partner has a bearing on the development of
cervical carcinioma. Case control studies of sexual behaviour of thousands of women
with cervical cﬁrcinoma report that the husbands had more sexual partners, venereal
disease and intercourse with prostitutes than the husbands of controls; and the partners of
women with cervical cancer are more likely to be HPV infected (Buckley 1981; Brinton
et al., 1989; Schiffman 1993).

Experimental, clinical and epidemiological evidence is accumulating to show that
HPV plays a central role in the aetiology of cervical carcinoma (Koutsky 1991; Munoz
and Bosch 1992). Using PCR technology, more than 90% of preinvasive and invasive
lesions contain HPV DNA (Cox et al., 1992), 70% of invasive lesions are positive for
HPV types 16 or 18. More than 70 phage types of HPV have been isolated and the
anogenital HPVs have been divided into three risk groups (Reid et al., 1987; Lorincz et
al., 1992). The low risk group includes HPVs 6, 11, 42, 43 and 44. The intermediate
group includes HPVs 31, 33, 35, 52 and 58. The high-risk group includes HPVs 16, 18,
45, and 56. The low risk group is associated with low-grade cervical intraepithelial
neoplasia (CIN), whereas the intermediate and high risk groups are associated with high
grade CIN or invasive carcinoma. High risk HPVs are found in 90-95% of invasive
cervical carcinomas (Riou ef al., 1990). HPV 16 is the most common type and is present
in 50% of CIN and invasive carcinomas. It is the most common HPV type seen in
women with normal cytology (Lorincz et al., 1992). As HPV infection is present in up to
46% of cytologically negative women and 94% of cytologically abnormal patients, HPV
infection may be necessary but not essential to cause cervical carcinoma. A minority of
carcinomas is HPV negative and the disease may evolve through other pathways.
Additional risk factors include low socio-economic status, smoking and
immunosuppression (Brinton 1992). However, HPV infection is a strong confounding
variable and influences the likelihood of exposure to a risk factor under study. For
example, women who smoke tend to have more sexual partners and are more likely to be
infected with HPV. Recent studies accounting for HPV infection have not provided
evidence to support an independent effect of smoking (Schiffman et al 1993). Similarly
the greater the number of sexual exposures, the greater the risk of HPV infection
(Koutsky et al., 1992; Schiffman et al., 1993). There is no evidence of an inherited risk

in cervical carcinoma.
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1.2.3 Colorectal carcinoma

The development of colorectal tumours is likely to be a multistep process, involving
genetic and en\;ironmental factors (CRC Factsheet 18.3 1993). The incidence of the
disease varies across countries. This suggests that environmental factors are important.
Diet is thought to be the most important environmental factor. Burkitt (1971) noted a
relationship between low residue diets and the development of bowel cancer. He
demonstrated that geographic differences in the incidence of bowel cancer related to
differences in dietary fibre intake. Subsequent studies revealed a broad inverse
relationship between fibre intake and rates of colorectal carcinoma (Trock et al., 1990;
Howe et al., 1992). Dietary fat, in particular from animal sources, increases the risk of
colon cancer. Evidence for this hypothesis is provided by a prospective study conducted
by Willett et al., (1990). Dietary composition affects the biochemical composition of
faecal content thus altering the milieu for colonic mucosal cells and changing their
proliferation rate and pattern (Burkitt 1971). The beneficial effects of dietary fibre (Trock
et al., 1990) may lie in reversing the effects of saturated fat and bile acids by reducing
faecal bile acid levels (Burkitt 1971).

The majority of colorectal cancers are sporadic. However, for some individuals,
predisposition to bowel cancer is an ill-defined increased risk of the disease, indicated by
the history of having an affected relative (Slattery and Kerber 1994). One screening study
showed that predisposition relates to the development of colorectal adenomas and that all
cases of colorectal carcinoma occur on a background of genetic predisposition (Cannon-
Albright et al., 1988).

There are two major forms of inherited colorectal cancer predisposition. The first,
familial adenomatous polyposis (FAP), accounts for 1% of colorectal carcinoma in the
West (Bocker et al., 1999). Familial adenomatous polyposis is an autosomal dominant
disorder characterised by the development of hundreds to thousands of adenomatous
polyps in the colon and rectum (Wallis et al., 1999). Malignant change occurs within the
polyps. The syndrome is associated with extracolonic features, e.g., epidermoid cysts,
 multiple craniofacial and long bone osteomata, gastroduodenal polyposis and desmoid
tumours (Bishop and Hall 1994). Genetic linkage studies demonstrated that the gene

responsible is localised to chromosome 5q21 (Kinzler et al., 1991) and it has
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subsequently been cloned. The gene, called adenomatous polyposis coli (APC), confers
germline susceptibility to colorectal cancer.

A secoﬂd form of colorectal cancer associated with genetic predisposition is
hereditary non-polyposis colorectal cancer (HNPCC). HNPCC accounts for 5-13% of the
total colorectal cancer burden (Bocker et al., 1999). HNPCC is an autosomal dominant
disorder, with high penetrance, in which colorectal cancer develops in gene carriers, but
without the thousands of adenomas seen in FAP (Lynch et al., 1991). Adenomatous
polyps are found in HNPCC patients but the numbers are few (usually less than 10).
There is a propensity for adenomas and carcinomas to develop in the proximal part of the
colon. The expression of the HNPCC phenotype is diverse, in terms of age of onset and
the organs affected by malignant change. It may be inherited as a site-specific colorectal
cancer susceptibility trait (Lynch type I) or may be associated with uterine, gastric,
ovarian, upper urinary tract, small intestinal and other malignancies (Lynch type II;
Lynch et al., 1991). A family of genes responsible for HNPCC are caused by defects in
the human mismatch repair genes: hMSH2 on chromosome 2p, hMLH1 on chromosome
3p, hPMS1on chromosome 2q, hPMS2 on chromosome 7q and hMSH6 (Farrington and
Dunlop 1996; Bocker et al., 1999).

Epidemiological studies provide strong evidence to indicate that other genetic
factors must be involved in susceptibility to bowel cancer, even where there is no
obvious hereditary component (St. John et al., 1993; Slattery and Kerber 1994). This
increased risk of cancer in relatives of colorectal carcinoma patients has been estimated
to be a 2-4 fold increase over that of the general population (Bishop and Hall 1994).
Inherited susceptibility could explain a greater proportion of colorectal carcinoma than
that seen in the high-risk families. Other diseases that carry an increased risk of
colorectal cancer include longstanding ulcerative colitis and primary sclerosing

cholangitis (Fracasso et al., 1999).

1.24 Lung carcinoma

~ Lung cancer is a leading cause of cancer deaths, for both men and women in Europe and
North America (World Health Organisation 1997a). It is recognised that cigarette
smoking is the most important cause of lung cancer (La Vecchia et al., 1991). Between

80-90% of lung carcinomas in men and between 55-80% lung cancers in women are
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caused by cigarette smoking (Levi 1999). The smoking prevalence in 1994 in the United
Kingdom for males was 28% and for females, 26% (World Health Organisation 1997b).
This represents ;1 fall in adult smoking from 1980 when 42% of males and 37% of
females smoked. The male mortality rate from lung cancer has fallen since the 1970s,
whilst the female mortality rate reached a peak in the late 1980s. Lung cancer is the
second commonest cause of death in women after breast cancer. In Scotland and
Liverpool, deaths from lung cancer have exceeded those from breast cancer (La Vecchia
1991).

Passive exposure to environmental tobacco smoke also increases the risk of death
from lung cancer. Trichopoulous ef al, (1981) performed a case-control study and found
that women whose husbands smoked more than one pack of cigarettes per day had a 3-4
fold increased relative risk of lung cancer. The United States Environmental Protective
Agency declared in 1992 that *“ environmental tobacco smoking ” or “ passive smoking”
was a proven lung carcinogen responsible for 3000 lung cancer deaths each year in non-
smokers in the United States.

Lung cancer also occurs in association with occupational and environmental
exposure to carcinogenic agents from sources other than smoking. These include:
arsenic, asbestos, chloromethylethers, chromium, mustard gas, nickel and radiation (Doll
and Peto 1981). In areas where shipbulding was a major industry, asbestos exposure is a
clear aetiological agent and acts synergistically with cigarette smoking, resulting in lung
cancer relative risks that are 1.5-2.5 times that of smokers (Berry et al., 1985).

The vast majority of cigarette smokers do not develop lung cancer (Cinciripini et
al., 1997). This suggests that carcinogenesis depends also on either an inherited
predisposition or additional carcinogenic cofactors. Studies have compared the risk
factors of individuals with histologically verified lung cancer with those of individuals
with other smoking-related cancers. They found that having relatives with lung cancer
does not increase an individual’s risk of developing lung cancer, but it does increase the
risk of having cancer at some other site. This suggests a heritable variation in response to
~ carcinogens (Ooi et al., 1986; Cinciripini et al., 1997). Finally, studies of families
predisposed to lung cancer showed that the development of lung cancer in younger
people (aged 50 years or less) was compatible with a Mendelian codominant inheritance

of a rare autosomal gene. This gene was not involved for older persons who developed
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lung cancer; for these individuals the aetiology of cancer was long term exposure to

tobacco (Sellars et al., 1990).

1.2.5 Paediatric malignancies

Childhood malignancies are rare, affecting 1 in 600 children before the age of 15 years,
and represent the second commonest cause of death in children between 1 and 14 years
(CRC Factsheet 15.1 1995). In the vast majority of cases the causes of childhood cancer
remain unknown, however, the tumours developed in childhood are different from those
seen in adult life. Histologically the tumours resemble undifferentiated, foetal
counterparts rather than the differentiated structures seen at birth. The genetic events
causing the tumours must occur during embryonic life and so prevent normal
differentiation (Cowell 1994).

Knudson’s (1971) two-hit hypothesis explains the development of some
childhood malignancies. The hypothesis suggests that mutation of both copies of a single
gene are sufficient for the initiation of tumorigenesis (see Section 1.1.2.1). An example is
the retinoblastoma gene, located on chromosome 13q14 (Friend et al., 1986). Another
example is 7P53, located on chromosome 17q13 which causes the Li-Fraumeni
syndrome (Malkin ef al., 1990; Knudson 1993; Lane 1994) and is characterised by the
development of sarcomas, brain tumours and adrenocortical tumours (Li-Fraumeni 1969;
Malkin et al., 1990). Further examples of tumour suppressor genes are WT1 on
chromosome 11p13 which causes Wilm’s tumour (Haber et al., 1990; Hastie ef al.,
1994), NF1 on chromosome 17q11 which leads to the development of type 1
neurofibromatosis (Wallace et al., 1990) and is associated with the development of
neurological tumours. Other genetic conditions predispose affected children to the
development of malignancy. For instance the development of leukaemia is associated
with A-T (Hecht et al., 1966; Gatti et al., 1991) and Down’s syndrome (Shafik et al.,
1990). Similarly skin cancers in children are associated with xeroderma pigmentosum
(Heddle et al., 1983; de Boer et al., 1999) and nevoid basal cell carcinoma (Bale et al.,

* 1989; El-Zein et al., 1995).
Environmental factors involved in the aetiology of paediatric malignancy are
radiation, viruses and drugs. High radiation exposure, e.g., following the atomic

explosions at Hiroshima and Nagasaki and radiotherapy to children, increases the risk of
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