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Loss of heterozygosity (LOH) of chromosome 7q has been shown to occur frequently in many tumour types
including that of the ovary, suggesting the presence of a tumour suppressor gene (TSG). This investigation
used thirty-four microsatellite markers from across chromosome 7 to analyse LOH in a large bank of over 200
primary epithelial ovarian tumours. Several distinct regions of LLOH were identified indicating that
chromosome 7 may harbour more than one tumour suppressor gene associated with ovarian cancer. The data
presented here suggests that chromosome 7 LOH is an early event in ovarian tumorigenesis, and potentially

involved in the switch from benign or borderline disease to malignancy.

Three genes from the most commonly deleted regions at 7q22 and 7q31 were analysed for mutations. The
proto-oncogene c-MET at 7q31, did not exhibit any mutations and does not appear to be the gene being targeted
for deletion in this region. PAI-1, a member of the plasminogen/plasmin proteolytic pathway previously
implicated in tumor growth and metastasis, did not appear to harbour any mutations within its coding region,
strongly suggesting that it is not involved in the LOH observed at 7q22 in ovarian cancer. Another 7¢22
candidate, CUTLI, a putative repressor of gene expression, revealed a polymorphism within a ‘cut repeat’
domain, and several silent, intronic, germline alterations. The lack of functional mutations implies that CUTLI
is not the 7q22 TSG candidate. Further refinement of the candidate TSG loci identified here will facilitate the
isolation of further putative genes from these regions. Using this approach a model will hopefully be
established demonstrating the role of chromosome 7 and the genes harboured within it, in the progression of

ovarian carcinogenesis.

This study also demonstrates the ability to identify LOH and genetic mutations in DNA isolated from the blood
plasma of ovarian cancer patients. In many cases the pattern of genetic aberration in plasma DNA is identical
to that seen in the patients tumour DNA, however one case showed distinct LOH in plasma DNA but not in the
corresponding tumour DNA, possibly indicating the presence of metastases or a second primary tumour. This
feasibility study highlights the potential for using such a non-invasive technique in the early detection, therapy

and follow-up of ovarian cancer in a clinical setting.
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CHAPTER ONE

INTRODUCTION

1.1 THE OVARY

The ovaries, situated in the pelvis and each weighing approximately 15 g, consist of three
zones: the cortex; medulla; and hilum (Berne & Levy, 1990). The cortex is the dominant
region, responsible for the production of steroid hormones and the maturation and cyclical
release of ova. The surface of the ovary is protected by a layer of epithelial cells. It is from
this germinal epithelium that the majority of ovarian neoplasms arise. Figure 1.1 shows the

ovary, its major structures and anatomy.

1.2 OVARIAN CANCER

Ovarian cancer is the fifth most common neoplasm amongst women in the western world
(Parazzini et al., 1997), with 5800 cases diagnosed in the United Kingdom in 1989 (Anderson
et al., 1997). Worldwide, women are estimated to have a 1.4% lifetime risk of developing
this disease.

With an overall survival rate of between 35 and 40% (Boente, 1996) ovarian cancer is the
most common cause of death amongst gynaecological tumours. The poor survival rate can be
attributed to the fact that approximately 70% of newly diagnosed patients present with late
stage (I1I-IV) disease (Iwabuchi et al., 1995). This is mainly due to the absence of early
symptoms and the lack of efficient early screening techniques. However, studies of women
with early stage disease reveal a more optimistic 5 year survival rate of approximately 80%.
Therefore any knowledge of the mechanisms involved in tumour initiation and progression

could be an invaluable help in the diagnosis and treatment of this disease.

1.3 AETIOLOGY

Two major theories have been put forward to explain the mechanism of ovarian tumour

initiation. The first, proposed by Fathalla in 1971 (Fathalla, 1971) is known as the ‘incessant



Figure 1.1. Anatomy of the human ovary.
Schematic diagram showing the follicular and ovulatory cycle.

Taken from (Turner, 1971)
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ovulation’ hypothesis and links a women’s lifetime frequency of ovulation to her risk of
marked effect on the risk of ovarian cancer development. The second proposes that the levels

of circulating gonadotrophins have a marked effect on the risk of ovarian cancer

development.
1.3.1 Incessant Ovulation theory - reproductive effects

A decreased risk in ovarian cancer has been shown to be associated with multiple pregnancies
(Risch et al., 1994), the use of oral contraceptives, breast-feeding, hysterectomy (with and
without oophorectomy) and tubal ligation (Green et al., 1997). Observations of the protective
effects against ovarian cancer arising from conditions which prevent ovulation have lead to
the proposal that the increase in damage to the ovarian epithelium, due to raised frequency of
ovulation and subsequent mitosis at the site of trauma following exposure to high levels of
oestrogen in the follicular fluid, may induce neoplastic transformation (Parazzini ef al.,

1997). Studies carried out on chickens have shown that artificially increased egg production
can induce epithelial ovarian cancer. In addition, the observations that nulliparity, older age
at first birth, early menarche, late menopause and infertility show increased rates of ovarian

cancer support this theory.

Whilst the majority of the protective practices detailed above can be explained by their ability
to reduce the number of ovulations, others such as hysterectomy without oophorectomy and
tubal ligation cannot be understood so easily. One possibility is that these surgical
procedures lead to the alteration of ovarian blood flow and therefore interfere with normal

ovarian function and ovulation.

Although this hypothesis seems to be supported by a large amount of data, it does not fully
explain the degree of protection afforded by several factors. For example Wu et al. (1988)
showed an increased ovarian cancer risk of 56% for each additional 5 years of ovulation and
Persson (1996) reported that the reduction in ovulations of 10-20 (2-4% of total lifetime
ovulations) due to a single pregnancy lead to a reduction in risk of cancer development of 20-
40%. This data suggests that there must be alternative or additional mechanisms at work

which lead to the induction and promotion of ovarian carcinogenesis.
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1.3.2 Gonadotrophin Theory of ovarian tumorigenesis

The observation that the incidence of ovarian cancer greatly increases in women of
menopausal age, as do the circulating levels of gonadotrophins, lead to the second hypothesis
for human ovarian tumorigenesis. The gonadotrophin theory suggests that high circulating
levels of gonadotrophins play a role in the initiation and progression of ovarian tumours by
stimulating the ovarian surface epithelium (Riman et al., 1998).

Ovarian tumours are associated with high levels of gonadotrophins in animal models. In
addition, the suppression of gonadotrophins, in mice genetically predisposed to develop
ovarian tumours, was shown to prevent tumorigenesis. The growth of cell lines, derived from
human ovarian carcinomas, is stimulated by gonadotrophins, LH (luteinising hormone) and
FSH (follicle stimulating hormone), suggesting that they may indeed play a role in ovarian
carcinogenesis. Further evidence to support this theory comes from a study in women with
Polycystic Ovary Syndrome (PCO) (Schildkraut et al., 1996). These women exhibit an

increased LH/FSH ratio and a higher risk of developing epithelial ovarian cancer.

The protective effects of pregnancy, parity and lactation (Adami er al., 1994; Parazzini ef al.,
1997), against ovarian cancer, fit this hypothesis, as each down-regulates the production of
gonadotrophins by inducing anovulation. Use of the combined oral contraceptive has also
been shown to decrease ovarian cancer risk significantly (Purdie ef al., 1995). This may be
due to its ability to suppress the mid-cycle surge of gonadotrophins. Post-menopausal HRT is
also thought to decrease the secretion of pituitary gonadotrophins, via a negative feedback
loop, in a similar manner to that of the oral contraceptive. However, HRT has not been
consistently shown to reduce ovarian cancer risk (Purdie et al., 1999).

As previously mentioned, tubal ligation, and to a lesser extent hysterectomy, have been
shown to decrease the likelihood of developing ovarian cancer (Green et al., 1997; Hankinson
et al., 1993; Purdie et al., 1995). However, the gonadotrophin hypothesis would predict that
these procedures might increase the risk, as they decrease production of oestrogens and
progestins and so remove any regulation of gonadotrophin production via the negative
feedback loop. Alternatively, surgery may disrupt the ovarian blood supply, decreasing the

amount of gonadotrophins that reach and stimulate the ovary.



1.3.3 Pelvic contamination theory

A third hypothesis rests on the supposition that exogenous chemicals, such as talc, may
infiltrate the pelvic cavity via the vagina and uterus, and inflict direct damage on the ovary or
play a role in initiating ovarian tumorigenesis (Cook et al., 1997). Early studies showed that
inert particles of carbon, deposited into the vagina, could be identified 30 minutes later in the
fallopian tubes (Egli & Newton, 1961). Another group (Cook et al., 1997) showed the
migration of a radioactive tracer from the vagina to the peritoneal cavity and ovaries. This
demonstrated the ease at which chemicals may be transported across the female reproductive
tract.

Perineal talc application has been proposed as a risk factor for epithelial ovarian cancer
following the detection of talc particles in the ovaries of patients with both benign (Heller et
al., 1996) and invasive ovarian cancer (Henderson et al., 1971). In addition, the chemical
similarity of talc to asbestos and the observation that the introduction of asbestos into the
peritoneal cavity of guinea pigs and rabbits results in ovarian hyperplasia (Wong et al., 1999),
suggests a possible link between talcum powder and ovarian cancer. Further evidence
supporting this theory comes from the decreased risk of ovarian cancer afforded by tubal
ligation (Hankinson ef al., 1993). It is possible that this procedure may prevent the retrograde

transfer of talc particles to the ovaries and therefore lead to a decrease in cancer risk.

Several case-control studies have found an association between talc use and ovarian cancer
(Chang & Risch, 1997; Cook et al., 1997), however, a similar number have also failed to
show any association, especially when the results were adjusted for other risk factors and
gynaecological procedures (Wong et al., 1999). The most recent prospective study to date
(Gertig et al., 2000) reports a lack of evidence to support for a significant association between
perineal talc use and ovarian cancer in general, although a slight increase in risk of invasive

serous ovarian cancer was reported.
1.3.4 Inflammation of the ovarian epithelium
To date, none of the proposed theories for ovarian carcinogenesis are entirely consistent with

the biological and epidemiological data available. In a recent review, Ness and Cottreau

(1999) suggest that inflammation of the ovarian epithelium, due to a number of factors, may



play a role, alongside that of steroid hormones and ovulation, in mediating ovarian
tumorigenesis. Ovulation itself is associated with inflammation due to wound generation at
the surface épithelium of the ovary in the vicinity of the ovulatory follicles. During
ovulation, many inflammatory (and anti-inflammatory) compounds are seen to be elevated
around the rupture site. Of these inflammation-associated substances, cytokines and
prostaglandins have also been shown to be produced by ovarian cancer cells. Prostaglandins
in particular are more common in tumour cells than in normal cells, and their overexpression
is seen to increase the invasive potential of tumour cells. In addition, inhibitors of the
prostaglandin synthetic pathway protect against several tumour types in animal studies (Ness
& Cottreau, 1999). Inflammation also leads to the production of oxidants, capable of killing
pathogens. These toxins can directly damage DNA, which in a rapidly proliferating cell
population, also a consequence of the inflammatory and wound repair responses, will lead to
repair errors and the introduction of mutations. Increased levels of gonadotrophins and

therefore steroid hormones, may also be involved in the inflammatory pathway.

1.4 CLASSIFICATION OF OVARIAN TUMOURS

The ovary has the greatest diversity of tumour types than any other organ in the body. The
recognition and appropriate classification of these tumours is therefore very important both in
terms of the mechanisms of tumour function and growth, and the selection of appropriate
therapy. The World Health Organisation’s (WHO) classification of ovarian neoplasms
(Talerman, 1992) is the most commonly used system for determining the histological sub-
types of ovarian tumour. A simplified version of the WHO classification is shown in table
1.1.

Broadly, ovarian tumours can be classified into epithelial and non-epithelial. In addition,

tumours may be defined as benign, of low malignant potential (borderline), or malignant.

1.4.1 Non-epithelial ovarian tumours

Approximately 10% of all ovarian neoplasms are non-epithelial. As can be seen from table
1.1, there are many sub-classifications of non-epithelial ovarian tumours, the most common
of which are the stromal and germ cell tumours (Merino & Jaffe, 1993). Germ cell tumours
predominate in children and young women, accounting for 90% of ovarian tumours in pre-

pubescents and 60% in women under twenty years of age.



I Surface epithelial -stromal tumours
(benign, borderline or malignant)
Serous tumours
Mucinous tumours
Endometioid tumours
Clear cell tumours
Transitional cell tumours (Brenner tumours)
Squamous cell tumours
Mixed epithelial tumours
Undifferentiated carcinomas
Unclassified

I Sex-cord stromal cell tumours
Granulosa-stromal cell tumours
Sertoli-stromal cell tumours; Androblastomas
Sex-cord tumour with annular tubes
Gynandroblastoma
Steroid (lipid) cell tumours

IIT Germ cell tumours
Dysgerminoma
Yolk sac tumour (endodermal sinus tumour)
Embryonal carcinoma
Polyembryoma
Choriocarcinoma
Teratoma
Mixed tumours

IV Gonadoblastoma

V Germ cell--sex-cord stromal tumour

VI Tumours of rete ovarii

VII Mesothelial tumours

VIII Tumours of uncertain origin

IX Gestational trophoblastic diseases

X Soft tissue tumours not specific to ovary
X1 Malignant lymphomas

XII Unclassified tumours

XIII Secondary (metastatic) tumours

XIV Tumour-like lesions

Table 1.1: WHO Histologic classification of ovarian tumours.




1.4.2 Epithelial ovarian tumours

Epithelial tumours account for the majority, ~90%, of ovarian neoplasms and are thought to
arise from the surface epithelium of the ovary or from the lining of ovarian inclusion cysts,
believed to represent invaginations of the surface epithelium (Deligdisch, 1997). These
tumours are uncommon in young women, who tend to develop benign or borderline lesions,
and extremely rare prior to menarche (Merino & Jaffe, 1993). However, around menopausal
age, the incidence of epithelial tumours increases significantly.

The most common sub-types of ovarian tumour are listed in table 1.2. Along with their

characteristic features and incidence (Berek & Hacker, 1994).

Histological Subtype Characteristics Frequency

Serous Composed of epithelial cells resembling those of the 80%
fallopian tubes which secrete serous fluid. Derived
from the surface epithelium.

Mucinous Characterised by tall columnar epithelial cells which 10%
form mucin-secreting cysts.

Endometrioid Comprised of epithelial cells resembling those of 8%
the endometrium.

Table 1.2. Characteristics and incidence of common histological types of ovarian

tumour.

1.5 STAGING OF OVARIAN TUMOURS

The staging of ovarian tumours is obviously of extreme importance for the management and
prognosis of individual cases. FIGO, International Federation of Gynaecology & Obstetrics,
is the body responsible for standardising the pathological staging of ovarian tumours. Stage
indicates the extent to which the tumour has progressed and metastasised. The criteria by

which the surgeon assigns stage to an ovarian tumour is as follows:
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Stage I Growth limited to ovaries.

Stage I Pelvic extension - involvement of other pelvic organs or tissues.

Stage Il Peritoneal implants outside pelvis or positive retroperitoneal nodes.

Stage IV Parenchymal liver metastasis, pleural effusions, distant metastasis.

1.6 GRADING OF OVARIAN TUMOURS

Grade refers to the level of cell differentiation and morphology. The higher the grade the less
differentiated the tumour, indicating that the tumour cells have lost many or all of the
characteristic features of the original parental cell. Higher grade is usually associated with
poor prognosis since the tumour cells are undifferentiated and unresponsive to the normal

controls on cell growth

1.7 GENETIC BASIS OF CANCER

Approximately 5% of ovarian tumours are believed to arise due to inherited factors, the
remaining 95% of ovarian tumours are sporadic (Boente, 1996). It is generally accepted that
carcinogenesis occurs due to a gradual accumulation of mutations within a population of cells
which lead to a breakdown of cell growth control. These mutations occur in oncogenes,
causing their activation, tumour suppressor genes leading to their inactivation, or DNA repair

genes, disrupting DNA repair mechanisms.

1.7.1 ONCOGENES

Proto-oncogenes encode proteins with normal physiological roles in cellular growth and
differentiation. The alteration of these genes either through activating mutations or over-
expression, following stimulation from other signalling pathways or loss of inhibitory
activities, results in a loss of control over growth and proliferation, and subsequent
tumorigenesis. Oncogenes are dominant-transforming genes, they can be activated following
an alteration in one copy of the gene. These activating alterations include:

e point mutation

e mitotic-recombination

e over-expression

e hypermethylation
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Many oncogenes have now been recognised, the most extensively studied of these are

discussed here.

Generally oncogenes can be grouped according to the type of protein that they encode.

o Receptor Tyrosine Kinases: c-erbB-2; fins

e Non-Receptor Tyrosine Kinases: abl; src

¢ Signal transduction membrane proteins/ G proteins: ras

e Nuclear transcriptional regulatory proteins: myc; myb; jun

e Peptide Growth Factors: EGF; PDGF; M-CSF; TGFq; c-sis; IGF1; IGF?2

Many of these have shown alterations of expression in several cancers, including ovarian.

1.7.1.1 c-erbB-2

c-erbB-2 (HER2/neu) maps to chromosome 17q, encodes an epidermal growth factor-like
receptor tyrosine kinase and is involved in signalling pathways including that of Ras and c-
Src (Engelman et al., 1998).

Mutations within the rat neu gene have been shown to be very oncogenic, inducing mammary
tumours. It is also of interest that over-expression of the wildtype gene also leads to
mammary tumour formation.

There are 3 major mechanisms by which neu activation can occur:

e Over-expression.

e A point mutation within the transmembrane domain.

e Small deletions in the extracellular domain close to the membrane.

The activation of c-erbB-2 may then confer the ability of cells to resist cytotoxicity (Meden
et al., 1998). This was suggested following the observation that ovarian tumour-derived cell
lines, over-expressing c-erbB-2, were more resistant to TNF cell lysis than cell lines
expressing lower c-erbB-2 levels. Indeed, c-erbB-2 has been shown to be overexpressed in
approximately 30%, and amplified in 8% of ovarian malignancies (Berek et al., 1993),
(Katsaros et al., 1995). This overexpression is associated with a poor prognosis in both

ovarian and breast tumours (Katsaros et al., 1995).
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1.7.1.2 Ras

Ras proteins generally function in a similar way to regulatory G-proteins, controlling cell
growth by regulating signal transduction at the cell membrane. Thirty percent of all human
cancers display a mutated version of one of the 3 human Ras genes, suggesting that they have
an important role in the process of carcinogenesis (Cox & Der, 1997). Mutations of Kras
and Nras are more common than that of Hras, and are most frequently seen in pancreatic
(90%), lung (40%) and colorectal (50%) cancers. They are relatively rare events in ovarian
tumours (5-15%), suggesting that these genes do not play a pivotal role in the development of
ovarian neoplasms. However, Chenevix-Trench and colleagues (1997) showed that
mutations in Kras were more common in borderline epithelial ovarian tumours than their
malignant counterparts, and that mucinous tumours showed a significantly higher mutation

rate than other histological types.

Although, ovarian tumours do not show a high rate of ras mutation, it is possible, considering
the range of signalling pathways that ras proteins are involved in, that altered regulatory
function of other members of these cascades can cause changes in ras function within these
tumours. For example, the loss of function of negative ras regulators, such as NF1-GAP
(NeuroFibromatosis type-1-GTPase Activating Protein), leads to the up-regulation of ras
activity (Cox & Der, 1997). In addition, other over-expressed oncogenes, such as c-erbB-2
and EGF, exert their transforming capabilities through ras-dependent pathways, indicating
that aberrant ras function may be more wide-ranging than simply those tumours harbouring

ras mutations.

1.7.1.3 c-myc

c-myc, located on human chromosome 8§, is a transcription factor belonging to the helix-loop-
helix/leucine zipper family. Transcription factors play an important role in promoting the
switch from resting to proliferating cells. Changes in the regulation or function of these
factors can therefore lead to uncontrolled cell growth and proliferation and the promotion of
tumorigenesis. Mutations of c-myc or in its regulatory pathways, results in growth factor-
independent expression of c-myc and potentially cell transformation. Conversely, the
inhibition of c-myc impairs cell proliferation even in the presence of growth factors. Further
studies have shown that fibroblasts, in which both myc alleles have been inactivated, are

viable but exhibit severely diminished proliferative activity. In addition, both c-myc and ras
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individually, can transform cell lines but not primary cells. This evidence would seem to

suggest that whilst c-myc is important in cell proliferation, it is not essential, nor does the
activation of c-myc alone, confer transformation. c-myc is seen to be over-expressed in
approximately 26% of ovarian tumours (Katsaros et al., 1995), with the more aggressive
tumours showing the highest levels of c-myc (Tanner et al., 1998). In addition, the
amplification of the c-myc gene has also been detected in ovarian cancer cell lines in a
number of studies (Abeysinghe et al., 1999), providing further evidence for the activation of

this oncogene in ovarian neoplasia.

1.7.2 TUMOUR SUPPRESSOR GENES

Tumour suppressor genes (TSG) normally act as the ‘brakes’ on cell growth. Therefore, if
they are mutated, control of cell proliferation may be lost and tumorigenesis result. Knudson
(1971) explained this inactivation of TSGs using the “Two-Hit’ hypothesis. which states that

both alleles of a gene must be mutated or deleted to remove the function of the TSG.

1.7.2.1 The Two Hit Hypothesis

Retinoblastoma is a childhood disease in which tumours develop in the eyes, either
unilaterally or bilaterally. Prior to the discovery of the Retinoblastoma gene (RBI), it was
noted that the disease presented at an earlier age and with many more tumours, in children
with a family history of the disease. In addition, these children often exhibited bilateral
tumours, in contrast to patients with no family history, who only display in one eye. It
therefore appeared that Retinoblastoma could arise either from a germinal or somatic
mutation. Knudson (1971) studied 48 cases, both hereditary and sporadic, in an attempt to
determine the number of genetic events required to produce these two forms of the disease.
He predicted that two mutations, occurring at the same rate, must be experienced to cause
Retinoblastoma. One of these may be inherited as a germline mutation occurring at a similar
rate (figure 1.2). Further work has shown that the RBI gene is indeed mutated and ‘knocked

out’ in Retinoblastoma patients.
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By whichever mechanism the “first hit” occurs, the ‘second hit” often results in a phenomenon

known as loss of heterozygosity (LOH), generally accepted as being indicative of the
presence of a TSG. The most common way for this to occur, though by no means the only
mechanism, is for the first allele to be inactivated due to a genetic mutation, either germline
or somatic, involving just one or a few nucleotides and the second by the deletion of the
entire gene along with part or all of the chromosome. This phenomenon is discussed in more
detail in section 1.3.1.

Many chromosomes exhibit deletions in ovarian cancer, including chromosome 7, suggesting
that multiple TSGs are involved in the aetiology of ovarian malignancies. Since the RB/
(Retinoblastoma) gene was identified as a TSG, many others have been discovered and
extensively studied. Some of the TSGs known to date to be involved in the aetiology of

ovarian cancer are discussed here.
1.7.2.2 RBI and pl16™%#*

The Retinoblastoma gene (RB/) maps to 13q14, a region exhibiting high rates of LOH (30-
60%) in ovarian tumours. This LOH is associated with more aggressive and higher grade
tumours (Dodson et al., 1994; Kim et al., 1994; Li ef al., 1991; Liu et al., 1994). It has been
suggested that RB/ is the target for LOH at 13q, since truncation of the remaining allele has
been observed. However, the low frequency of mutations in RB/ observed in ovarian
tumours (Liu et al., 1994), even those exhibiting LOH within this region, express wildtype
RBI mRNA and protein (Dodson et al., 1994; Kim ef al., 1994), suggest that the RB] gene is
not the major target in ovarian cancer. In contrast, in a study using immunohistochemistry
(Taylor et al., 1995), benign and borderline tumours are seen to express Rb protein, whereas a
small proportion of malignant tumours are pRb negative, implying that alterations in RB/
occur in the late stages of a particular subset of malignant ovarian tumours.

The RB protein (pRb) is involved in cell cycle regulation, where it acts to inhibit the switch
between the G1 (Gap 1) and S (Synthesis) phases. Thus, absence of pRb function removes
this block and leads to uncontrolled cellular proliferation. It has recently been proposed
(Todd er al., 2000) that it is a defect of the Rb/cyclin D1/p16 pathway, other than the loss of
the individual RBI or p1 6NKaA genes, that may play a major role in the development of
ovarian cancer. The phosphorylation of Rb by molecules such as cyclin D1 and cyclin-
dependent kinases (CDK4/CDK®6), results in the transition of the cell from G1 to S phase.
Cyclin-dependent kinase inhibitors such as p16, encoded by the p16™**4 (CDKN24) gene,
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prevent the phosphorylation of pRb and therefore cellular progression through the cell cycle.

In the majority of human cancers, a significant change in expression of at least one of the
components of the Rb/cyclin D1/p16 pathway is observed, with the reduction in pRb or p16
expression being the most common finding. However, in a study of ovarian cell lines and
primary tumour tissue (Todd et al., 2000), the majority of samples showed co-expression of
pRb, p16 and cyclin D1 proteins. In addition, the introduction of high levels of adenoviral-
mediated p16 protein, produced growth arrest in an ovarian cell line expressing pRb but not
p16, but did not have any effect on the growth of cell lines coexpressing pRb and p16,
implying that these cells harbour a defect downstream of p16 in the Rb/cyclin D1/p16
pathway.

1.7.2.3 TP53

The p53 tumour suppressor gene is located at 17p13.3, a chromosomal region exhibiting high
rates of genomic instability in the majority of human cancers (Mertens ef al., 1997). Indeed,
studies indicate that LOH at 17p occurs in approximately 60-70% of epithelial ovarian
tumours (Gallion et al., 1992; Lee et al., 1990; Eccles et al., 1992a; Osborne & Leech, 1994).
This loss is observed in all grades (Dodson et al., 1993) and stages of ovarian cancer
including benign lesions indicating that it is an early event in ovarian tumorigenesis. In
addition, comparative genomic hybridisation (CGH) studies (Iwabuchi et al., 1995) have
shown reduced copy number of the 17pter-q21 region in invasive ovarian carcinomas, which
may well represent loss of the 7P53 locus.

p53 is a 53 kDa nuclear phosphoprotein expressed in normal cells and involved in the control
of cell growth and development via its action as a transcription factor. It is activated
following cellular stresses such as DNA damage or the activation of oncogenes (Meek, 1999;
Oren, 1999). Functional p53 acts to either induce growth arrest, allowing the DNA to be
repaired prior to replication, or apoptosis, leading to the death of the damaged cell (Soussi,
1996). In this capacity p53 acts as a cell-cycle checkpoint and is often referred to as the
‘guardian of the genome’. The absence of normal p53 activity results in the inefficient repair
of DNA and the appearance of genetically unstable cell populations with the potential to
become immortalised and tumorigenic (Carson & Lois, 1995). Loss of p53 function results
from either a mutation followed by overexpression of the mutated copy of the gene, or by a
mutation followed by the deletion of the remaining wild-type copy. This inactivation is seen

to be associated with the production of an aggressive, malignant phenotype, often resistant to
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therapy. One of the most frequent mechanisms of p53 inactivation occurs via somatic point

mutation and is believed to be the most common genetic aberration in human cancer. Indeed,
approximately 30-50% of ovarian tumours harbour p53 mutations (Suzuki et a/., 1998) and in
addition show overexpression of the gene (Eccles ef al., 1992a). The majority of mutations of
p53 observed in ovarian tumours occur within the mutational ‘hot spot’ of the gene, which
encompasses exons 5-8. Point mutations, particularly missense, are the most common
alterations seen, although deletions and insertions are also detected within ovarian tumours

(Milner et al., 1993).

1.7.2.4 BRCAI & BRCA2

The BRCA1 and BRCAZ2 nuclear phosphoproteins were first identified as tumour suppressors
in familial breast and ovarian cancer. Mutations of BRCA1/BRCA2 account for approximately
80% of hereditary site-specific ovarian cancers (Gallion et al., 1995), and almost all cases of
the disease in families with a history of breast-ovarian cancer. Indeed, a women’s lifetime
risk for developing ovarian cancer if she carries a mutation in BRCA ! is 60% and 30% if she
harbours a BRCA2 mutation .

Regions of LOH on 17921 and 13q12-13, that include the BRCAI and BRCA2 loci, have been
frequently observed in both hereditary and sporadic ovarian cancer, suggesting that the loss of -
BRCA1/BRCA2 activity is associated with both forms of the disease. In addition, decreased
levels of BRCAI mRINA have been reported in sporadic ovarian cancers, as would be
expected for a classical TSG. However, the BRCA1 protein is observed in the cytoplasm of
many ovarian cancers, although often at reduced levels (Zheng et al., 2000), methylation of
the promoter of BRCAI occurs in only 5% of tumours (Cattreau ez al., 1999) and mutations of
BRCAI are seen only at very low frequency in sporadic ovarian cancer (Hosking ef al., 1995;
Merajver et al., 1995) compared to the hereditary variants, suggesting that the alteration of
BRCAI is not a critical step in these tumours. Somatic mutations of BRCA2, accompanied

by loss of the second BRCA?2 allele, have also been reported in cases of sporadic ovarian

cancer, although at low frequency (Foster et al., 1996).
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1.7.2.5 PTEN

The PTEN (phosphatase and tensin homologue deleted on chromosome ten) or MMACI
(mutated in multiple advanced cancers) tumour suppressor gene is located on 10g23, a region
frequently targeted by LOH in many tumour types (Saito et al., 2000). PTEN encodes a
phosphatidylinositol phosphatase, which acts to antagonise and inactivate the second
messengers of the P13Kinase growth-control pathway, in particular phosphatidylinositol
(3,4,5)-triphosphate (PIP3). Mutations of the gene have been observed in several cancers
including those of prostate and endometrium (Lin et al., 1998). Ovarian cancer is no
exception, with frequent mutations occurring in early stage endometrioid tumours (21%),
suggesting that PTEN plays a significant role in the aetiology of this histological sub-type
(Obata et al., 1998). In addition, PTEN has recently been shown to exhibit growth-
suppressing properties when transfected into ovarian carcinoma-derived cell lines (Minaguchi
et al., 1999), providing further evidence to support PTEN’s classification as an ovarian
tumour suppressor gene. Also of interest is the observation that the function of PTEN can
become diminished through a phenomenon known as haplo-insufficiency (Macleod, 2000).
In this scenario the activity of PTEN is impaired following the loss of just one gene copy,
unlike a classical TSG which loses its activity following the mutation and/or deletion of both
copies of the gene (figure 1.2). It has been suggested that the function of many more TSGs

may be impaired in this way.

1.7.3 DNA MISMATCH REPAIR GENES

The ability of a cell to repair any damage to its complement of DNA is imperative to its
survival and subsequent proliferation. The human genome contains many stretches of
nucleotide repeats. During replication, there is the potential for the replicative polymerases to
alter these repeats by allowing the primer strand to ‘slip’ along the template strand. This
‘frameshift’ results in a deletion, if the new primer strand slips forward, or an insertion if the
primer slides backwards. These mutations are usually repaired by a group of Mismatch
Repair (MMR) genes. However, during microsatellite analysis studies of Hereditary Non-
Polyposis Colorectal Cancer (HNPCC), it was noticed that there was a discrepancy in allelic
pattern between the normal and tumour DNA (Jicriny, 1996), the repeat lengths of the
microsatellites were different. This microsatellite instability (MI) is now generally thought to

occur following a malfunction of DNA replication or repair, known as replication error
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(RER) and can be used as a surrogate marker to indicate the presence of a possible mutation

within an MMR gene.

Further studies into the HNPCC syndrome have identified mutations within the known
human mismatch repair genes, AMSH2, hPMS1, hPMS2, hMLH] and GTBP (GT binding
protein), suggesting that it is these genetic alterations that lead to this particular disease.
Microsatellite instability has been observed in many different cancers, including that of the
ovary (King et al., 1995), implying that changes in the DNA repair mechanism may play a
role in multiple tumour types. However, although mismatches may occur fairly frequently, it

is only when these affect a functionally important gene that cancer initiation may result.

1.8 GATEKEEPERS, CARETAKERS AND LANDSCAPERS

Recently, Kinzler and Vogelstein (1997) have suggested that considering cancer as merely a
balance between the activation of oncogenes and the inactivation of TSGs over-simplifies the
carcinogenic mechanism. Instead they have hypothesised that genes may act as ‘gatekeepers’,
‘caretakers’ and/or ‘landscapers’ and should, therefore, also be assigned to these alternative

cancer susceptibility categories.

1.8.1 Gatekeepers

As the term suggests, the inactivation of a gatekeeper gene may be necessary for cells to pass
the genetic ‘boundary’ of tumour initiation (Sidransky, 1996). Normal copies of these genes
act to directly control cell proliferation, achieving this by inhibiting tumour growth or by
promoting cell death. Most TSGs can be assumed to act as gatekeepers for a specific cell or
tissue type, and in keeping with the ‘two-hit’ hypothesis (Knudson, 1971), both copies of the
TSG must be inactivated to remove its gatekeeping effects (figure 1.3). In addition, proto-
oncogenes can also act as gatekeepers, but unlike TSGs only require a mutation in one allele

in order to exert their influence.

1.8.2 Caretakers

Caretaker genes are involved in maintaining the stability and integrity of the genome and as

such do not have a direct role in the control of cell growth. Instead, the inactivation of a
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Figure 1.3. Schematic representation of the different pathways to tumour initiation.

When a proto-oncogene acts as a gatekeeper, only one mutation is needed to initiate
tumorigenesis.

In the case of a tumour suppressor gene acting as the gatekeeper, mutations of both alleles are
required.

In the caretaker pathway, mutations in the two caretaker alleles and in both gatekeeper alleles

are required in order for oncogenesis to occur.
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caretaker gene results in genetic instability, which in turn leads to increased mutation rates of

all genes, including the gatekeepers (figure 1.3). However, following the inactivation of the
caretaker gene, even if other genetic hits occur, a precursor lesion will not arise until the
gatekeeper is also knocked out. DNA repair genes are believed to be caretaker genes and
recent evidence seems to suggest that BRCAI, BRCA2 and even P53 may act as caretakers as

well as gatekeepers (Pearson & Van Der Luijt, 1998).

Both BRCA1I and BRCA2 have regions that can act as transcription activators when bound to
the DNA-binding domain of another gene. The protein products of the BRCA genes have
been shown to bind to the product of the DNA repair gene Rad5 1, implying that the BRCA
genes may have a role in activating Rad51. A mutation in BRCAI or BRCA2 may then
impede the production of Rad51, and the effective prevention of genetic instability. In
addition the embryonal cells from BRCAI, BRCA2 and Rad51 knockout mice show increased
sensitivity to radiation. This may result from the inability to detect and repair any induced
genomic damage, due to the absence of the caretaker gene usually involved.

Following DNA damage, P53 has been shown to act as a controller of cell fate. It is believed
that P53-mediated cell cycle arrest occurs to allow more time for DNA repair. Failure to
repair this damage results in apoptosis, preventing the survival and proliferation of cells with

genomic damage. This could be interpreted as a caretaker role for P53.

1.8.3 Landscapers

These ‘landscaper’ tumour suppressor genes are proposed to exert their effect by modifying
the environment in which tumour cells grow (Macleod, 2000). This modulation may occur in
the stromal tissue, extracellular matrix or regulatory proteins such as growth factors, and lead
to an unfavourable environment for neoplastic change. Loss of the ‘landscapers’ function
would change the environment and may promote transformation of nearby epithelia. This
hypothesis was suggested following the observation that what appeared to be the initiating
lesions of juvenile polyposis syndrome (JPS), occurred in the stroma that surrounded the

tumour and not in the tumour cells per se.



1.9 EPIGENETIC MECHANISMS OF TSG INACTIVATION - METHYLATION

As epigenetic events occur at a higher frequency than genetic events, and as these changes are
passed onto daughter cells during cell division, alterations in methylation patterns may well
lead to the growth and proliferation of clonally selected populations, a characteristic of
cancer.

In general, the more heavily methylated the gene (usually at the 5° end), the less
transcriptionally active it is (Laird, 1997). Therefore in the case of proto-oncogenes and
tumour suppressor genes, the reduction or increase of DNA methylation could lead to the
respective increase or decrease in expression of these genes with oncogenic implications.

The hypermethylation of TSGs is often targeted at CpG islands. p16™%* (CDKN24) is one
such gene that is not commonly mutated in sporadic cancers but is transcriptionally silenced

via methylation of its promoter region (Toyota & Issa, 1999; Merlo et al., 1995).
1.10 IDENTIFICATION OF ALTERED GENES
1.10.1 LOH analysis

In this study LOH was assessed by utilising polymorphic microsatellite markers (known
regions of nucleotide repeats) which are present throughout the genome. These markers are
amplified using PCR (section 2.4) and analysed by autoradiography to determine if the
patient is heterozygous (has retained both alleles from the respective genomic fragment, one
from each parent) or has lost one allele in the tumour DNA (figure 1.4). By mapping the
pattern of LOH in tumours, across a spread of microsatellite markers, it is possible to identify
common regions of loss and therefore putative TSG loci. The identification of several genes
has been aided by the use of LOH, including that of W71 (Wilm’s tumour) and the BRCAI
and BRCA?2 genes.

1.10.2 Alternative methods of ‘gene hunting’

As technology progresses, the methods by which TSGs are isolated and identified are
becoming more sophisticated. Prior to the use of LOH analysis, familial linkage studies
were, and still are, used to elucidate the presence of TSGs that may have a role in inherited or

familial disease including cancer. This linkage can be undertaken by studying whole
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Figure 1. 4. Diagrammatic representation of LOH analysis using microsatellite
markers.

N(m/p) = Normal (maternal/paternal) DNA

T(m/p) = Tumour (maternal/paternal) DNA

MS = Microsatellite marker loci

TSG = Tumour suppressor gene

LOH = Loss of heterozygosity
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pedigrees, twins or even siblings to indicate the relationship between both phenotypic and

genotypic markers, and the disease in question. Techniques such as LOH and
representational difference analysis (RDA) have been utilised to identify changes in overall
genomic structure, ranging from point mutations and deletions to rearrangements and
amplifications, which can then be used to indicate potential TSG or oncogene loci.
Differential display and now micro-arraying and gene-chip technology are allowing
researchers to rapidly collect gene expression data from many hundreds and even thousands
of genes, in a wide range of cellular environments including that of the tumour cell. Analysis
of the up and down-regulation of a range of genes, within a particular tumour type, stage or
grade should provide invaluable information about the tumorigenic pathway and the roles that
genes may play.

As the human genome project nears completion, the interest in gene discovery has shifted
towards the new field of proteomics, the study of the entire protein complement of an
organism. By studying the range of proteins expressed in tumours compared to normal tissue,
and vice versa, it is hoped that a new insight into carcinogenesis can be achieved, by using

the central dogma - in reverse.

1.11 DISTINCT GENETIC ALTERATIONS OCCUR THROUGHOUT
TUMORIGENESIS

The model for colorectal carcinoma progression proposed by Fearon and Vogelstein (1990)
hypothesises that cells accumulate mutations, in proto-oncogenes and TSGs, that offer
selective advantage (Bodmer et al., 1994), leading to expanded populations of cells within
which further mutations take place and tumorigenesis progresses (Weinberg, 1996).
Microsatellite analysis of colorectal adenomas and adjacent carcinomas has revealed a
sequence of LOH events that occur during this particular neoplastic progression (Boland et
al., 1995). No LOH was observed in normal tissue surrounding the tumours, but LOH at 5q
was detected at the transition between normal tissue and colorectal adenoma, and 17p LOH at
the transition from benign tissue to carcinoma. Several other genetic events have been
associated with specific steps along the colorectal tumorigenic pathway, providing the basis
for a molecular model of this disease (figure 1.5). Although in many colorectal tumours this
pathway holds true, in others it does not, implying that although the accumulation of these

alterations is critical the order in which they occur is not.
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Figure 1.5. Proposed model of colorectal tumorigenesis.

Adapted from Fearon & Vogelstein, 1990.
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Unlike colorectal cancer, the molecular genetic events that occur during the initiation,

promotion and progression of ovarian cancer have not yet been well characterised, however
many studies have attempted to elucidate these steps. Figure 1.6 summarises the reported
LOH frequencies for each chromosome arm in ovarian cancer. By combining data collected
using many different methods of study, including LOH, CGH (comparative genome
hybridisation) and mutation screens, from ovarian tumours spanning a range of stages, grades
and histologies, it may be possible to suggest a genetic model for this disease. The ability to
define the genetic alterations occurring before and during tumour initiation, promotion,
progression and finally invasion and metastasis, would provide a good base from which to
develop, and target, novel diagnostic and therapeutic approaches. Figure 1.7 shows a
tentative model for ovarian tumorigenesis based on a consensus of the literature to date.

This is by no means the whole story, but provides a ‘time-line’ for some of the more intensely

studied alterations.

1.12 CHROMOSOME 7 AND CANCER

Approximately 5% of the human genome is encoded by chromosome 7, which is believed to
harbour more than 4000 genes across its 170 Mb of DNA (Glockner et al., 1998). Many
studies have highlighted genetic changes across chromosome 7 in a wide range of solid
tumour types and leukaemias, suggesting that a gene or genes located on this chromosome
may play an important role in the tumorigenic pathway. As can be seen from figure 1.6,
studies of ovarian cancer indicate that LOH appears to be much more frequent on the long
arm of chromosome 7 (61%) than the p arm (31%). Indeed LOH on chromosome 7q seems
to be among the most common alterations in ovarian tumours. Studies in a wide variety of
malignancies have also demonstrated frequent LOH on 7q suggesting the presence of a TSG
involved in many different neoplasms (figure 3.1). In addition, some tumour types, for
example renal and ovarian, exhibit distinct LOH at both 7q22 and 7q31. This frequent
pattern of allelic loss and the presence of multiple deleted regions, warrants the search for a
TSG or TSGs on this chromosome arm. Evidence for the presence of a TSG on chromosome

7 is discussed further in chapter 3.
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Figure 1.6. Histogram illustrating the reported rates of LOH in ovarian cancer with

respect to chromosome arm.

Abeln et al., 1994; Allan et al., 1994; Arnold et al., 1996; Bandera er al., 1997; Bicher et al.,
1997; Brown et al., 1999; Bryan et al., 1996; Chenevix-Trench et al., 1992; ChenevixTrench
et al., 1997; Choi et al., 1997; Cliby et al., 1993; Colitti et al., 1998; Cornelis et al., 1995;
Davis et al., 1996; Devlin et al., 1996; Dodson et al., 1994; Eccles er al., 1992b; Edelson et
al., 1997; Foulkes et al., 1993a; Foulkes et al., 1993b; Foulkes ef al., 1993c; Fullwood et al.,
1999; Gabra et al., 1995; Gallion et al., 1992; Gallion et al., 1995; Hatta et al., 1997; Huang
et al., 1999; Imyanitov, 1999; Kawamaki, 1999; Kerr et al., 1996; Kiechle-Schwarz M et al.,
1993; Koike et al., 1997; Koike, 1999; Lancaster ef al., 1996; Launonen et al., 1998; Lin et
al., 1998; Liu et al., 1994; Lounis et al., 1998; Lu et al., 1997, Niederacher et al., 1999;
Obata et al., 1998; Osborne & Leech, 1994; Otis, 2000; Papp et al., 1996; Rodabaugh et al.,
1995; Roy et al., 1997; Sakamoto et al., 1996; Saretzki et al., 1997; Sato et al., 1991; Suzuki
et al., 1998; Tavassoli et al., 1996; Viel et al., 1992; Villeneuve et al., 1999; Wang et al.,
1999; Watson et al., 1998; Weitzel et al., 1994; Wright et al., 1998; Yang-Feng et al., 1992,
Zborovskaya et al., 1999; Zenklusen et al., 1995b.
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Figure 1.7: Proposed model of ovarian tumorigenesis.
Reported LOH shown in black text.

Reported genetic alterations are highlighted in red text.
Adapted from Chuaqui et al., 1997.
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1.13 AIMS OF THIS STUDY

The first goal of this study was to determine the overall frequency of LOH on chromosome 7
in human epithelial ovarian cancer, utilising a large cohort of ovarian tumours and a relatively
high number of microsatellite markers.

From this data I also hoped to establish if any specific regional deletion on chromosome 7
was associated with any particular histological sub-type, stage or grade of ovarian tumour.
Further, it was hoped that by using a dense array of microsatellite markers some tumours
would be identified with relatively small deletions which could aid in the identification of
candidate TSGs.

In addition to the identification of candidate ovarian TSGs, this study aimed to determine
whether chromosomal aberrations, such as LOH or somatic mutations, could be detected in

the plasma of ovarian cancer patients, with the view to a future diagnostic or prognostic use.



CHAPTER TWO

GENERAL MATERIALS AND METHODS

2.1 CLINICAL SAMPLES

2.1.1 Ovarian tumour specimens

A total of 219 specimens consisting of 130 malignant, 23 borderline and 66 benign fresh
ovarian tumours were acquired from hospitals throughout the Wessex region. Fresh tumours
were snap-frozen and stored in liquid nitrogen until required. Histological information where

available is shown in table 2.1.
2.1.2 Normal DNA samples
For each tumour, matching normal DNA was obtained from blood lymphocytes. In

very few cases however, lymphocyte DNA was unavailable and DNA was extracted from

cells that had been microdissected from normal areas of tissue sections (section 2.3).

2.1.3 Plasma Samples

Fifteen blood samples were obtained from patients prior to them undergoing de-bulking
surgery in the Princess Anne Hospital, Southampton. Plasma was removed from whole blood

as explained in section 2.2.5, and stored at -80°C until processed further.
2.2 DNA EXTRACTION

2.2.1 Buffers and reagents

10X TE

100mM Tris  (pH 8.0)
10 mM EDTA (pH 8.0)



Table 2.1: Clinical and histological information for ovarian tumours.

Case number Age1 Histolggy2 Grade’| Stage | Nature'
1 62 serous fibroma na na b
2 60 Serous na 1c bl
5 82 Serous na na b
7 79 Serous na na b
10 59 serous na na b
10.1 na serous 3 na m
11.1 na serous 3 na m
12 57 serous 1 1b m
13 78 mucinous na na b
13.1 na mucinous 1 na m
14 57 SEerous 2 3b m
15 84 mucinous thecoma na na b
17.1 na Serous 3 na m
19 86 serous 3 3 m
20 42 Serous na 3a bl
20.1 na serous 2 na m
22 65 serous 3 3 m
23 47 Serous 1 1 m
24 77 serous na na b
24.1 na undifferentiated 3 3 m
26 51 serous 2 3 m
27 na serous 2 1b m
28 na SErous na 1b m
28.1 na serous 3 na m
29 na mucinous na la m
29.1 na serous 3 3 m
30 59 endometrioid/mucinous 3 3 m
30.1 na mucinous 1 3 m
32 71 serous 1 2 m
32.1 na serous 3 3 m
36 54 endometrioid 1 la m
37 69 endometrioid 2 1 m
38 na clear/endometrioid na la m
39 81 serous fibroma na na b
40 73 mucinous 3 2 m
41.1 na Serous 3 3 m
43 51 serous/endometrioid 2 2 m
44 75 mucinous 1 1 m
45 50 Serous 3 3 m
48 50 serous 2 3 m
48.1 na Serous 3 2 m
49 49 Miillerian origin 3 3 m
50 81 mucinous 2 1 m
50.1 na mixed Miillerian tumour 3 3 m
51 82 mucinous 1 la m
60 47 granulosa cell tumour 1 la m
61 76 mucinous 1 la m
63 66 serous 3 1 m
67 na serous 2 la m
67.1 na serous 3 3 m
69 55 serous 2 1b m
70 57 endometrioid 1 la m
71 68 serous 2 la m
72.1 na serous 3 4 m
75 68 mucinous na na b
76 66 Serous 1 1 m
77 74 thecoma na na b




Table 2.1: Clinical and histological information for ovarian tumours.

Case number Age1 Histolggy2 Grade®| Stage | Nature®
78 76 endometrioid 2 la m
80 71 mucinous 1 la m
80.1 na serous 3 3¢ m
83.1 na Serous 3 3¢ m
85 69 mucinous/brenner na na b
86 84 serous 3 3a m
92 50 mucinous na la bl
94 48 mucinous na na b
95 66 endometrioid 3 2 m
97 74 serous 3 3 m
103 56 | serous cystadenofibroma na na b
107 43 mucinous 1 1c m
113 36 mucinous na na b
114 70 endometrioid 2 la m
117 na mucinous/endometrioid 2 1 m
119 59 serous 2 1c m
121 77 mucinous 1 3 m
122 na serous 3 3 m
123 32 endometrioid 3 1b m
124 53 granulosa cell tumour na 3 m
125 57 mucinous na na b
128 56 endometrioid 2 1c m
131 74 serous 3 3 m
134 64 serous 3 3¢ m
135 66 serous 2 2 m
136 78 endometrioid 3 1 m
138 47 mucinous 1 la m
139 65 serous 3 3 m
140 46 mucinous na na b
142 66 serous 3 na m
143 71 serous na na b
144 63 mucinous/endometrioid 1 1¢ m
146 67 endometrioid 2 1c m
147 59 Serous na na b
148 67 serous na na b
149 66 SEerous na na b
151 56 endometrioid 2 2¢ m
154 52 serous 2 3a m
155 92 endometrioid 2 la m
156 47 mucinous na na b
158 82 | serous cystadenofibroma na na b
164 72 serous na na b
167 66 serous fibroma na na b
170 60 endometrioid 2 la m
176 62 mucinous 1 la m
177 53 endometrioid 3 la m
179 62 endometrioid 3 3 m
183 51 | serous/mucinous/brenner na na b
184 47 undifferentiated na 2 m
186 78 mucinous na 1c bl
187 72 undifferentiated 3 4 m
188 47 Serous 3 3¢ m
190 51 Serous 2 1 m
192 41 serous 3 3¢ m
194 63 papillary 3 2 m
195 65 endometrioid/serous 3 2 m
196 46 Serous na na b




Table 2.1: Clinical and histological information for ovarian tumours.

Case number Age1 Histolagy2 Grade’ Stage | Nature®
201 80 serous 2 3b m
202 65 endometrioid 1 2 m
204 73 Serous 3 3¢ m
205 na endometrioid na 2 m
206 73 mucinous na na b
211 55 endometrioid na 2¢ m
214 75 mucinous na na b
215 55 serous 3 1c m
219 63 mucinous 1 lc m
220 62 endometrioid 2 3¢ m
225 58 mucinous 2 3a m
229 64 Serous na na bl
230 49 serous 3 4 m
245 53 teratoma na na b
246 47 mucinous na na b
253 70 endometrioid 2 3a m
257 60 mucinous 1 la m
258 69 endometrioid 3¢ m
259 67 serous 2 1c m
262 74 Serous na na b
263 62 mucinous na la bl
267 34 endometrioid 2 la m
269 59 fibroma na na b
271 91 mucinous 1 la m
276 49 mucinous na na b
279 70 undifferentiated 2 1c m
282 73 SErous na 3 m
285 61 serous 2 2c m
286 71 endometrioid 3 3b m
287 57 endometrioid 1 la m
289 53 mucinous na 1 bl
291 87 SeTous 3 3 m
293 59 undifferentiated 3 1 m
294 60 mucinous na na b
295 63 adenofibroma na na b
297 53 Serous 3 3 m
298 82 Serous 3 1c m
299 na clear cell na lc m
300 68 endometrioid 3 3 m
301 71 serous na na b
304 53 mucinous na na bl
308 25 serous na na b
311 52 endometrioid 2 1 m
322 22 mucinous na 1 bl
324 32 mucinous 2 1 m
335 50 mucinous na na b
336 85 mucinous na na b
338 69 SEerous 2 1 m
339 75 serous na na b
341 62 serous 2 1 m
351 77 serous na na b
357 72 clear cell 3 1 m
360 69 SErous na na b
362 77 Serous na na bl
372 72 mucinous na na b
376 62 serous 3 lc m
377 77 serous/endometrioid 2 1c m




Table 2.1: Clinical and histological information for ovarian tumours.

Case number Age1 Histology2 Grade’ Stage Nature® |
378 69 serous 2 1 m
379 36 mucinous na na bl
388 81 mucinous na la bl
389 76 mucinous na la bl
397 70 mucinous na na bl
408 39 teratoma na na b
411 84 mucinous na na b
412 64 Serous na na b
416 45 thecoma na na b
418 61 mucinous na na bl
420 69 mucinous na na bl
426 63 serous adenofibroma na na b
429 73 | serous cystadenofibroma na na b
433 34 mucinous na na b
438 57 Serous na na b
446 77 mucinous na na b
447 81 serous na 1 bl
449 73 serous na na b
450 68 serous na na b
451 84 adenofibroma na na b
452 73 mucinous na 1 bl
463 61 mucinous na na b
466 79 serous na na b
467 52 serous na na b
486 57 Serous na na bl
494 53 fibroma na na b
508 53 serous 1 1 bl
512 61 mucinous na na b
516 40 mucinous na na b
527 74 serous na na b
531 59 mucinous 1 1 bl
537 61 mucinous 1 1 bl
545 67 mucinous/serous na 1 bl
548 61 SEerous na 3 m
549 42 clear cell na na m
550 72 endometrioid na na m
551 na Serous na 3 m
557 35 mucinous na na m
560 52 serous na 4 m
568 60 Serous na 3¢ m
569 na serous/endometrioid na 3¢ m
574 75 undifferentiated na na m
575 62 Serous na 4 m
577 79 serous/endometrioid na 4 m
580 69 endometrioid na na m
588 na mucinous na na m
592 na fibrothecoma na na b
594 na endometrioid na 1 m

'ha = not available

The collection includes 98 serous, 57 mucinous, 28 endometrioid and

6 undifferentiated tumours.
’ha = not available

*b = benign, bl = borderline and m = malignant tumours.
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2X Sucrose/Triton
634mM Sucrose
10mM MgCl,

2% (v/v) TritonX100
10mM Tris (pH 7.5)

SDS-Lysis Buffer

75 mM Na(l

25mM EDTA (pH 8.0)
1% (v/v) SDS

TWEEN Lysis Buffer
50mM Tris

ImM EDTA

0.5% (v/v) TWEEN 20

5X TBE (1 litre)
0.45M Tris

0.4M Boric Acid
20mM EDTA (pH 8.0)

50X TAE (1 litre)

2 M Tris Base

50mM EDTA (pH 8.0)

57.1% (v/v) Glacial Acetic Acid

Loading dve
30% (v/v) Glycerol
0.25% (w/v) Xylene Cyanol

90% Formamide buffer

90% (v/v) Formamide

10mM EDTA

0.25% (w/v) Xylene cyanol
0.25% (w/v) Bromophenol blue



2.2.2 DNA extraction from blood lymphocytes

DNA was extracted by the standard salt chloroform method, as described previously
(Mullenbach et al., 1989).

Preparation of nuclear fraction

Blood samples were spun in a 30 ml Oak Ridge tube at 10,000rpm for 10 minutes at 4°C in a
Hermle centrifuge (Z382K, Germany). The plasma was removed using a disposable Pasteur
pipette and stored in 25 ml Falcon tubes at -80°C, and an equal volume of ice-cold 2X
sucrose/triton solution was added to the remaining cellular fraction [consisting of some
plasma, red blood cells (RBC) and white blood cells (WBC)]. To ensure efficient lysis of cell
membranes the solution was mixed and left on ice for 10 minutes and then centrifuged at
10,000rpm for 10 minutes at 4°C to pellet the nuclear fraction of the lymphocytes. The
supernatant was removed and 5 ml of 1X sucrose/triton solution was added to remove traces
of heme, a potent inhibitor of Taqg DNA polymerase. This was centrifuged at 10,000rpm and
4°C for 5 minutes and the supernatant removed.

DNA extraction from nuclear fraction

The pellet was resuspended in 5 ml of SDS lysis buffer by drawing the pellet up and down
several times into a 10 ml pipette. Fifty pl of 40mg/ml proteinase K was added and the
samples incubated overnight at 55°C. Following the incubation, 1.65 ml of pre-warmed
saturated NaCl solution and 7 ml of chloroform were added and the samples rotated for 1
hour. The samples were then spun at 10,000rpm for 10 minutes. The top layer was
transferred to a new tube and the DNA precipitated by adding 7 ml of 2-propanol. The DNA
was pelleted by centrifugation at 15,000rpm for 20 minutes. The pellet was washed with
75% ethanol, resuspended in 500 pul TE and stored at 4°C to ensure that the DNA had
completely dissolved. The DNA solution was then transferred to a 1.5 ml Eppendorf tube.
Aliquots of stock were diluted 1/20 with 1 X TE buffer for use in PCR.

2.2.3 DNA extraction from fresh tumour tissue

The tumour tissue (200 - 1000 mg) was prepared for tissue extraction by homogenising the
fresh frozen samples using a Mikro-dismembrator (B.Braun Biotech International, Germany)
and then suspending this powdered tissue in 10 ml SDS lysis buffer. DNA was extracted
from the fresh tissue samples using the SDS/Proteinase-K DNA extraction protocol described

above in section 2.2.2, except that all following volumes were doubled.
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2.2.4 DNA extraction from microdissected tissue

DNA was extracted by incubating the harvested material at 55°C overnight in a solution of
200 pul TWEEN lysis buffer (section 2.2.1) and 1 pl Proteinase K (200pg/ul). The solution

was heated to 94°C for 8 minutes before use, to denature the proteinase K.

2.2.5 DNA extraction from plasma

The very small quantity of DNA present in plasma samples necessitated the use of the
QIAmp tissue kit (QIAGEN Ltd., UK) in order to purify the DNA available. Purification was
carried out according to the manufacturers instructions, from 600l of harvested plasma

sample. The extracted DNA was resuspended in 50 pl of and stored at 4°C.

2.3 MICRODISSECTION

Six sequential five micron sections were cut from fresh, snap-frozen, tumour samples. One
section was then stained with haematoxylin and eosin, using standard techniques, to facilitate
identification of the desired regions of tumour tissue. Using this slide as a template the
required areas of tumour material were carefully scraped from the remaining unstained
sections with a 25-gauge needle (figure 2.1). The tissue was then transferred to a 1.5 ml

Eppendorf tube containing 200 ul TWEEN lysis buffer (section 2.2.4).

2.4 PCR AND MICROSATELLITE ANALYSIS

2.4.1 Primer Extension Pre-amplification (PEP) Protocol.

This technique uses whole genome amplification, as described previously (Zhang et al., 1992;
Beltinger et al., 1997), to produce an amplified representation of the DNA from
microdissected tissue. The microdissected tissue in lysis buffer was incubated at 94°C for 10
minutes. PCR was carried out in reaction volumes of 50 ul containing 15 pl of
microdissected tissue DNA (genomic DNA) in lysis buffer, 5 pl of a 400 pM solution of a
random 15mer primer (MWG Biotech GmbH, Germany), 5 ul 10X reaction buffer (Applied
Biotechnologies, UK), 5 pl of a nucleotide mix containing 4mM each of dATP, dCTP, dGTP
and dTTP (Promega, UK), 1.25u Taq polymerase (Red Hot Taq, Applied Biotechnologies,
UK) and 17.5 pl distilled dH,0O. The thermal cycling conditions for the PEP protocol were as
described by Zhang et al. (1992 ):



Figure 2.1. Photographic illustration of microdissection.

A. Slide used as template for microdissection.

B. Slide following microdissection of tumour foci.
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96°C 12 min
then 50 cycles of:
94°C 1 min
37°C 3 min

37°C -55°C A ramp of 10sec/°C
- 55°C 4 min
72°C 5 min

Negative controls in which the DNA was replaced with equal volumes of lysis buffer were

used to detect contaminating DNA.

2.4.2 PCR amplification of microsatellite markers.

All PCRs were carried out in 0.5 pl Eppendorf tubes in reaction volumes of 10 pl. Each PCR
reaction contained 1 pl of DNA (containing 10 - 200ng of DNA); 0.5 pl of a primer mix
(containing 50ng of each of the forward and reverse primers); 1 pl of a 10X PCR reaction
buffer (Applied Biotechnologies, UK); 0.5 pl of a nucleotide mix containing dATP, dGTP
and dTTP at a concentration of 4mM and dCTP at a concentration of 0.4 mM (Promega,
UK); 0.1 pl of a 10 pCi/ul solution of [a->P]dCTP and 0.5 pl of 1 unit/ul Taq DNA
polymerase solution (Red Hot Taq, Applied Biotechnologies, UK). To prevent evaporation
during the reaction, one drop of mineral oil (Sigma, UK) was added to each tube. Thirty-four
microsatellite markers were used to study LOH, the sequences and PCR conditions for which
are given in table 2.2. In addition, three chromosome 17 microsatellites were used for the
plasma DNA detection study, the sequences and PCR conditions for which are also given in

table 2.2.

The standard programme used for PCR amplification was as follows: one initial denaturation
cycle of 94°C for 5 minutes, then either 35 or 40 cycles of;

annealing step: X°C for 45 seconds, (for X see table 2.2).

elongation step: 72°C for 45 seconds

denaturation step: 94°C for 30 seconds
With a final elongation cycle of 72°C for 5 minutes. A hot start procedure was utilised to
reduce mis-priming. Negative controls in which the DNA was replaced with equal volumes
of water were used to detect contaminating DNA. PCR-amplified products were separated on

non-denaturing or denaturing 5-8% polyacrylamide gels (section 2.8.3) which were dried



Table 2.2: Microsatellite markers, their sequences and conditions for use in LOH analysis.

Marker *Cytogenic °Primer sequence Annealing
location temperature

D78481 Tp TGATTCTCATTCTCACCCCC 52°C
ATCCCCCACTGTCTCCAAAA

D7S654  |Tp TTGCTGGTGATTTTCCAGGT 50°C
CCACTCACTCTGTGGCATTT

D7S691 |7p GGGTGATTAATGCTTGCTTA 50°C
GCTTGATTTTCCAACAGG

D78678 |7pll AGCCCATTTGAGTGGTCTT 54°C
TGCCATCCTCAGCACTTAG

D7S670  |7pll AACCGAAGCAGGATTTTATT 54°C
GTCCATTTTNATTTAGCATTTCA

D7S506 {7pll.1 CCCTTCAAATGCACAGATA 52°C
GCGTCAGTTACTGGAACTT

D7S672 [7ql1.21 ACATGAAGGTCTACCAGTAGCC 53°C
CACTTTGGTTGGAGCAAGG

D7S634  {7q11.22 AATCCTCCAAATGAAACAGA 53°C
CTCAGTACACGTTGCTGGTA

D7S524  |7ql1.23 AAGTAATGCAAAACAGCCTTGA 53°C
ACCCACTGAAAAGATTTGTGTC

D7S630  |7q21.11 TCCATTCTGAGGTTTGATGT 55°C
CCATGGTCTTTTCAATGAAC

D7S492  |7q21.11 ATCTTGGATTTAGGGTTGGC 45°C
GGCTCTGCTCCATCTTCATA

D7S2410 [7q21.12 CGGTGCCAAGACATTCAG 55°C
TATAGAAGCAAAGCCAAAAGATCCT

D7S689  [7q21.13 CCTCAACCTGAATCTCACATC 54°C
CAATGGAGCCAGACTCTGT

D7S2431 |7q21.2 TTAGAAATCCGAGCCAATAGAA 53°C
TCCACATTGCATGAGCC

D75491 7q22.1 AGCTCCAAAACCTAACTCCA 53°C
TCAAAATTATTTGACTTCTTGATTT

D7S2480 |{7g22.1 ACCTTGACTGTGGTAGTTGG 54°C
GTTCACCTCATAGGAAAATCTTG

PAI-1 7q22.1 GGGGACAGAGCAAGAATCT 53°C
GATAGCAGCAAGAGGCTG

D7S518  {7q22.1 GGGTGTGTCTGTGTGACAAC 55°C
CAGTAGGCAGGGGTGG

D7S658  |7q22.2 CATCACACACCAGGGC 50°C
AACAGAAGGACTGAACTTCATC

D7S692 |7q31.31 CTGATGATTGCTATAGATATTCATC [55°C
TGTAAACACTTTTGTAGAAGAACCT

D7S2502 |7q31.31 CCAGTGGTTTTAGTCATTTGTTTTG |52°C
CATGTATGCTCATGGTTGGA

D7S486  |7q31.31 GCCCAGGTGATTGATAGTGC 55°C
AAAGGCCAATGGTATATCCC

7G14 7q31.51 CATCCCAGATACAATTGAG 45°C
CCCAATAAACCAACCAGA

D7S522  |7q31.31 GCCAAACTGCCACTTCTC 55°C
ACGTGTTATGCCACTCCC

D78633  |7q31.31 TGAGCCTCGCATCACTG 53°C
TCTGGGGAGTCCTTTAACAGTA
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Table 2.2: Microsatellite markers, their sequences and conditions for use in LOH analysis.

Marker “Cytogenic |’Primer sequence Annealing
location temperature

D7S655 7q31.31 CAAAATAGTGGGGTATTGGTAAA 50°C
CCAAGTTAATCTNTGTGAAAGTGTA

D7S643 7q31.31 AGCTAATATTGCTGCCTTTT 50°C
CAATCTCTTGCTAGATGCCA

D7S530 7q32.1 TGCATTTTAGTGGAGCACAG 53°C
CAGGCATTGGGAACTTTG

D7S684 7q34 GCTTGCAGTGAGCCGAC 55°C
GATGTTGATGTAAGACTTTCCAGCC

D7S676 7935 TGANTCTAAGCAGCCACCT 53°C
GCAACATGATCCAGAAAACA

D7S688 7q36.1 ACAGGAAACGATTGCCATCCTT 53°C
TGCAGAAATGCCTCCCTAAATATAA

D7S636 7q36.1 GGAGTGACTGGGCAGGAA 56°C
AGCTTGTGTGGGGTTTCA

D7S2546 |7q36.2 CACGCCAGGGTCTATCTT 57°C
GGAGGTTGAACAACTCTGAATAC

D7S2465 |7q36.2 CTTCAAAGAGTTTATGCTTATGTGG |[55°C
ACCTGGGCAACAGAGTGAG

D17S786 (17p TACAGGGATAGGTAGCCGAG 55°C
GGATTTGGGCTCTTTTGTAA

D17S855 |17q21.1 GGATGGCCTTTTAGAAAGTGG 55°C
ACACAGACTTGTCCTACTGCC

TP53 CA |[17ql3.1 ACTGCCACTCCTTGCCCCATTC 55°C
AGGGATACTATTCAGCCCGAGGTG

*The cytogenic location and sequences of the primers were obtained from
various databses accessed through the National Center for Human Genome
Research (http://www.nih.gov).

°The primer sequences are shown in the 5' to 3' orientation.
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under vacuum and examined after autoradiographic exposure. The intensities of the alleles

obtained from the normal and tumour DNA samples were compared and used to assess for

LOH.
2.5 PCR AND GENETIC MUTATION ANALYSIS

2.5.1 PCR of CUTLI gene exons.

PCR was carried out as described in section 2.4.3. The primers, the exon they amplify, their
sequences and conditions used are shown in table 2.3. In general, primers with sequences
complementary to intronic sequences were used with the exception of large exons in which

case additional primers complementary to exon sequences were also employed.

2.5.2 PCR of PAI-1, TP53 and K-RAS gene exons.
PCR was carried out as described in Section 2.4.3. Exon primers, their sequences and
conditions used are shown in tables 2.4, 2.5 and 2.6 respectively. Again, primers

complementary to intronic sequences were utilised.

2.5.3 PCR of c-MET gene exons.
Multiplex PCR was carried out as described in Section 2.4.3 with the exception that 50ng of
all three exon primers was included in each reaction. Primers complementary to intronic

sequences were utilised for amplifying each exon (table 2.7).
2.6 PREPARATION OF PCR PRODUCTS FOR DNA SEQUENCING

PCR amplification was carried out in 30 pl volumes as describe in section 2.4.2 but without
the addition of [a-**P]dCTP. The PCR products were purified using the Wizard PCR
Preparation System (Promega, UK) according to the manufacturers instructions and
resuspended in 50 pl of water. To assess the quality and quantity of DNA, a 2 pl sample was

taken before and after purification and analysed on an agarose gel.
2.7 SEQUENCING: 3-dNTP INTERNAL LABEL PROTOCOL

The Thermo Sequenase cycle sequencing kit (Amersham Life Science, UK) was used and

sequencing was performed using a 3-ANTP internal labelled primer with [o->*P]dCTP. The



Table 2.3: CUTLI Primers, their sequences and conditions for use in SSCP-HD analysis.

Protein Domain | Primer *Primer Sequence Annealing
Encoded temperature
-— Exon 3 TTCTCAAATGGCTGCTTCCT 60°C
GCCCGGAGCATTTCTTTAT
- Exon 4 TCGACAAATGTTGAGCTCITTG 55°C
CACCGACTCACCAGACACAA
-— Exon 5 AGTGGGGTGATGGCTGTTT 56°C
GAAGAAAAGAAAAAGCAAAGAACG
-— Exon 6 GCCATATGGAATTGTGTGCTT 55°C
GGGGCAAATGCTATGTCAGT
- Exon7 ATGACCAATTTGGCTTCGTC 53°C
CTCCCCACATCCATGGTACT
- Exon 8 TGGGAATAGATTACCTGTGTATGC 60°C
TGTATGGATAAGGGAGGCCA
- Exon 9 GCTAGGAAGCTGTCCCATCA 55°C
ATCTTCCGAGATGCCAGAAA
- Exon 10 TTITCTCTTTCACCCCTTTTCA 55°C
CAAGCGGCTGTAACTCGAAG
Coiled coil Exon 11 CAGCGCAGTTTTGTCATCTC 60°C
GAAAGGCAGAGGGTGTGTGT
Coiled coil Exon 12 GTGAAGTCCGTCGACCTGTT 60°C
AGCCTGGCATTGTTAGCAGA
- Exon 13 CTAGCCTGGGTGACAGAACG 60°C
GCTGATGCTAGTGCTGACCA
- Exon 14 CAGTGAGACCCCCGCTCT 60°C
CTGGAAGCGAACCAACCAC
Cut repeat 1 Exon 15a ATGCATTCTGTTTGCCCTTC 60°C
GTAGAAGCCAGGGGTAGGCT
Cut repeat 1 Exon 15b CTTTTTCAGCTCATCCCTGG 60°C
CGATTTCTGCAGTGTCCATC
Cut repeat 1 Exon 15¢ AGTCAGAAAGTGCTGGGAGC 60°C
CATGTGCAACTCTGTGACGG
- Exon 16 TGTCACACAGCCCATATCGT 60°C
CCCTAGGTGACTGACTGCAA
- Exon 17 ATGTCATTGGCGCAACTTCT 60°C
ACTGCTGACCAGAGCACTCA
Cut repeat 2 Exon 18a CCACACTCTCACCCCTGTTT 60°C
GTGCACAATCGGCTGCTC
Cut repeat 2 Exon 18b CAAAAAGGAGGCCCAGGAC 57°C
GGGCTGTTCTGTGGTGTCTC
Cut repeat 2 Exon 18c¢ AGAGCTGAGTCTGACCGGG 60°C
CAGCAAGGAGAAGAGATGGG
Cut repeat 2 Exon 19 CACTGATGGCCTGTGTGTTC 60°C
TGACCAGGTCCTTGCTATGG
Cut repeat 2 Exon 20 GGCCTTGCCACATTCAGTTA 60°C
AGCACGGGACAACAGAAAAG
Cut repeat 3 Exon 21 ACAGCTATTTTCAGGCACGG 60°C
CTGACTCAGCAGCCGAGAG
Cut repeat 3 Exon 22 GGCTCTCGGTGACAATACCT 60°C
GCCTGTCTATGAATGCGGAC
Homeobox Exon 23 CTGGGCCTGACCTTAGTCTG 55°C
. ACAGATCAGCCCCTTCCC
—- Exon 24a CGCCGCTTGTTGTCTTGTAG -
CTCCCTCGTGGTCGTCGT
-—- Exon 24b GAGGCCGAGCGGGAGGAG -
CAGAGCCTTTTCGGCCTC
- Exon 24¢ CCAGCAACAGCAGCAGCA 55°C
CTGGACGGGGTCGGACGG

*The primer sequences are shown in the 5’ to 3’ orientation.

46



Table 2.4: PAI-] Primers, their sequences and conditions for use in SSCP-HD analysis.

Primer *Primer Sequence Annealing
temperature

Exon 2 ATTCCTTCACCAGCCCTCTT 55°C
TCCTTGGCTTCTGGTAGGTC

Exon 3 AAGCCTCACATGTCCTCTCC 60°C
TCTCTTGAGGCCCAGGAAAT

Exon 4 TTCCTGATCTTCCTGATCATTG 60°C
ATGAGATGCAGTTGCTGTGG

Exon 5 CCATTTCCAACGAACCATCT 60°C
GTTGGTAGGTCGGGGAGATA

Exon 6 GTAGGGGATGGGGAAAGGT 55°C
GGGTGAGAAAATGCAAAGGA

Exon 7 AGAGCGGCAGCGATCTAAT 55°C
TCTGGGGACCAGTTATCCTG

Exon 8 GCCAGCATCCCTCTGTTCTA 60°C
GAAAGAATGGGTGGGAGGAT

*The primer sequences are given in the 5' to 3' orientation.

Table 2.5: TP53 Primers, their sequences and conditions for use in SSCP-HD analysis.

Primer  [*Primer sequence Annealing
temperature

Exon 5 CACTTGTGCCCTGACTTTCA 55°C
AACCAGCCCTGTCGTCTCT

Exon 6 CAGGCCTCTGATTCCTCACT 55°C
CTTAACCCCTCCTCCCAGAG

Exon 7 CCTGCTTGCCACAGGTCT 55°C
GTGTGCAGGGTGGCAAGT

Exon 8 TTTCCTTACTGCCTCTTGCTTC 55°C
TAACTGCACCCTTGGTCTCC

*The primer sequences are shown in the 5' to 3' orientation.

Table 2.6: K-RAS Primers, their sequences and conditions for use in SSCP~HD analysis.

Primer  [*Primer sequence Annealing
temperature
Codon 1-36 |GGCCTGCTGAAAATGACTGA 55°C
GTCCTGCACCAGTAATATGC
Codon 38-80 |TTCCTACAGGAAGCAAGTAG 55°C
CACAAAGAAAGCCCTCCCCA

*The primer sequences are shown in the 5' to 3' orientation.
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Table2.7: c-MET Primers, their sequences and conditions for use in SSCP-HD analysis.

GAGGAGAAACTCAGAGATAACCAA

Primer *Primer Sequence Annealing
temperature
Exon 17 TGTGGTTTACCATTTCATTGC 55°C
GCTTGGCAGTCAACTTACATG
Exon 18 AAGGTCAAAATTAGAACAGTAGATGC 55°C
TTTGGATTGTGGCACAGAGA
Exon 19 TTCTATTTCAGCCACGGGTAA 55°C

*The primer sequences are shown in the 5 to 3’ orientation.
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sequencing procedure is carried out in two steps: The first is the primer labelling step and the

second is the chain extension/termination reaction using dideoxynucleotides. The PCR for the
labelling step was carried out in a reaction volumes of 18 ul containing 1 pl of purified

DNA, 1 pl of primer (5ng/pl), 2 pl reaction buffer (Amersham Life Science, UK), 1ul 7-
deaza-dGTP Cycle mix (Amersham Life Science, UK), 1ul dATP Cycle mix (Amersham Life
Science, UK), 1uCi of [a-**P]dCTP, 9ul dH,0 and 2ul Thermo Sequenase (Amersham Life

Science, UK).

PCR conditions were as follows: 50 cycles of
95°C 15 seconds
55°C 45 seconds
72°C 30 seconds

Aliquots of 3.5 pl of the reaction were then transferred to four labelled microtubes containing
4 ul of the ddGTP, ddATP, ddTTP and ddCTP termination mixes respectively for the
extension/termination step.
PCR conditions were as follows: 50 cycles of

95°C 30 seconds

72°C 60 seconds
After the thermocycling programme had been completed, 4 pl of stop solution (Amersham
Life Science, UK) was added to each tube to terminate the reaction. The reaction samples
were heated to 72°C for 5 minutes and cooled rapidly on ice. The products were separated on
a 6% polyacrylamide-urea denaturing gel, dried under vacuum and examined after

autoradiographic exposure.

2.8 GEL ELECTROPHORESIS
2.8.1 Gels

1.5% Agarose gel

1 XTAE 400 ml
Electrophoresis grade agarose 6g
5 mg/ml Ethidium bromide 5ul

8% Polvacrylamide gel (PAGE) - 60 ml

Acrylamide:bis-acrylamide (29:1) 21.2ml
5 X TBE 16.0 ml



dH,0

20% APS

TEMED (Sigma, UK)
Gelswererunin 1 X TBE

6% Polvacrylamide gel - 60 ml

Acrylamide:bis-acrylamide (29:1)
5X TBE

dH,O

20% APS

TEMED

Gels were run in 1 X TBE

6% PAG + 5% Glycerol (SSCP) - 60 ml

Acrylamide:bis-acrylamide (29:1)
5X TBE

dH,O

Glycerol

20% APS

TEMED

Gels were run in 0.5 X TBE

0.5X MDE gel - 60 ml

MDE (FMC Bioproducts, USA)
5X TBE

dH,O

20% APS

TEMED

Gels were run in 0.6 X TBE.

42.8 ml
180 pl
140 pl

12.0 ml
12.0 ml
36.0 ml
135 ul
105 pl

12 ml
6 ml
39 ml
3ml
135l
105 pul

15 ml
7.2 ml
37.8 ml
135 ul
105 pl

6% Denaturing polyacrylamide-urea gel - 60 ml

Gene-PAGE Acrylamide/bis-acrylamide

(Amresco, USA)
20% APS

60 ml

135 pl
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TEMED 105 pl

Gels were run in 1 X TBE.

2.8.2 Visualising PCR products using agarose gels

PCR products were visualised on 1.5% agarose gels prepared and run using an Easi-cast
system (Hybaid, UK). Two pl drops of loading dye were placed on a sheet of parafilm
(Sigma, USA), to which 2 pl of PCR sample was added and mixed by drawing the PCR/dye
mix up and down into the pipette several times. Three pl of this mix was loaded onto the gel
which was then run in 1X TAE buffer at 150V for approximately 15 minutes. A 100bp
ladder (Gibco, BRL, UK) was also run on each gel in order to verify the PCR product sizes.
The DNA was visualised by studying the gel on an ultraviolet transilluminator (Chromato-
vue Transilluminator, UVP, USA). DNA bands are seen to fluoresce under UV light due to

the intercalation of ethidium bromide within DNA molecules.

2.8.3 Microsatellite analysis via polyacrylamide gels

Both non-denaturing and denaturing gels were used in this study.

Non-denaturing 6-8% polvacrylamide gels

The percentage of acrylamide used in each gel was determined by the size of the PCR
products to be separated (table 2.8). The preparation of gels was carried out in 40cm X 45cm
X0.4mm gel apparatus (S2 sequencing gel system, BRL Life Technologies, UK). Five pl of
loading dye was added to each PCR reaction and 2 pl of this mixture was loaded onto the gel.
Electrophoresis, using 1X TBE as the running buffer, was then carried out either overnight at
300V or at 1kV for approximately 5 hours. The gel was then dried on a vacuum gel dryer
(AE-3750, Genetic Research Instruments Ltd., UK) placed in a film cassette and exposed for
an appropriate length of time to X-ray film (Kodak X-AR).

6% polyacrylamide-urea denaturing gels

Gels were prepared as for non-denaturing gels with the exception that loading dye was not
added. Thirty-five pl of 90% formamide was added to each PCR reaction which were then
heated to 94°C for 5 minutes in order to denature the DNA. Following heating, the samples
were rapidly cooled by placing them on wet ice, and then 2 pl of each was loaded onto the
gel. The gels were electrophoresed in 1X TBE at 70W for approximately 3 hours (table 2.9)

and dried as explained above.



Table 2.8: Separation range of DNAs in non-denturing polyacrylamide
gels and corresponding migration rates of marker dyes .

Acrylamide Range of separation ~ [*Bromophenol blue  |"Xylene cyanol
% (wiv) (bp)
3.5 1000-2000 100 460
5.0 80-500 65 260
8.0 60-400 45 160
12.0 40-200 20 70

*Numbers represent the approximate sizes of double-stranded DNA (bp) with
which the dyes comigrate.

Table 2.9 : Migration rates of marker dyes through denaturing polyacrylamide gels.

Acrylamide *Bromophenol blue *Xylene cyanol
%o (Wiv) (bp) (bp)
5 35 130
6.0 26 106
8.0 19 76
10.0 12 55

*Numbers represent the approximate sizes (bp) of DNA fragments with which

the dyes comigrate.

Adapted from Sambrook J,Fritsch EF and Maniatis T. Molecular Cloning 2nd Ed

(1989).
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2.8.4 Single-stranded Conformational Polymorphism and Heteroduplex (SSCP-HD)

analysis.

PCR products were denatured by adding 15 pl of 90% formamide buffer. The samples were
incubated at 95°C for 5 minutes and immediately put on ice. Two pl of the PCR/formamide
mix was loaded into each well on the gel. The products were separated on 6% non-
denaturing polyacrylamide gels with 5% glycerol and on 0.5X MDE (FMC Bioproducts, UK)
matrix gels run in 0.5X and 0.6X TBE respectively at 350V for approximately 18 hours. The
use of two different gel types increased the likelihood of detecting mutations.

The gels were dried under vacuum as in section 2.8.3 and examined after suitable

autoradiographic exposure for aberrant SSCP-HD band shifts.
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CHAPTER THREE

ANALYSIS OF LOSS OF HETEROZYGOSITY ON HUMAN
CHROMOSOME 7 AND MAPPING OF CANDIDATE
OVARIAN CANCER TUMOUR SUPPRESSOR LOCI

3.1 INTRODUCTION

The inactivation of TSGs, commonly via somatic mutations, is a critical step in the
development of tumours (Fearon & Vogelstein, 1990). Evidence for the location of such
genes can be revealed by the analysis of loss of heterozygosity (LOH), a phenomenon
indicative of the presence of a TSG (section 1.9). Indeed, LOH studies have previously
identified common deletions on 7q, characteristic of a TSG which may be involved in the
development of tumours in many tissue types (figure 3.1) including breast (Lin et al., 1996),
colon (Zenklusen ef al., 1995a), head and neck (Nawroz et al., 1994), kidney (Shridhar ef al.,
1997), pancreas (Achille et al., 1996), prostate (Latil ef al., 1995; Takahashi et al., 1995),
stomach (Nishizuka et al., 1997), thyroid (Zhang ef al., 1998) and ovary (Zenklusen et al.,
1995b). Overall frequencies of LOH on the long arm of chromosome 7 in ovarian cancer
range from 50% (Koike ef al., 1997) to 71% (Huang et al., 1999) with the most common
deletions occurring at 7q22 and 7q31. LOH on chromosome 7 has also been shown to be an
early event in ovarian tumorigenesis (Watson et al., 1998) and occurs frequently in benign
ovarian tumours (Martin et al., 1998; Roy et al., 1997). Indeed, benign ovarian tumours are
often seen adjacent to areas of carcinoma suggesting that benign lesions may undergo
transition to malignancy, in a similar manner to those observed in colorectal tissue (Puls e?
al., 1992).

The aims of this study were to quantitate the frequency of LOH on chromosome 7, identify
candidate TSG loci and delineate the temporal sequence of deletions occurring within this
region in benign, borderline and malignant ovarian tumours. To ensure a comprehensive
analysis of chromosome 7, thirty-four microsatellite markers from across the entire
chromosome were used to assess for LOH, in a large bank of ovarian tumours comprising a
range of histologies, stages and grades. Previous studies have generally focused on either

large sample numbers and relatively large patient numbers and a sizeable panel of markers,
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this study would provide a more representative overview of the deletions occurring in ovarian

cancer.
3.2 RESULTS

3.2.1 Clinical specimens

Two-hundred and ten fresh frozen epithelial and 9 non-epithelial ovarian tumour samples and
their corresponding lymphocyte DNA were analysed for LOH on chromosome 7. Specimens
were collected and DNA prepared as described in sections 2.1 and 2.2. These samples
comprised of 98 serous, 57 mucinous, 28 endometrioid, 6 undifferentiated and 30 other
tumours, the comprehensive histological information for which is shown in table 2.1. The
samples could also be sub-divided according to their nature as follows: 130 malignant; 66

benign and 23 borderline tumours. Tables 3.4 and 3.5 indicate the breakdown of the samples

with respect to grade and stage.
3.2.2 Microsatellite markers

Thirty-four microsatellite markers were used for the LOH study, 6 on the p arm and 28 on the
q arm of chromosome 7. Figure 3.2 shows a schematic representation of the relative
positions of these markers, in relation to cytogenetic banding and to each other. The primer
sequences and PCR conditions for these markers are listed in table 2.2. Sequence and
cytogenetic location data for these markers can be accessed through the National Center for

Human Genome Research database (http://www.nih.gov).

3.2.3 Overall LOH on chromosome 7

LOH on chromosome 7 was a frequent event, with 113 (52%) of the 219 tumours studied,
exhibiting LOH at one or more microsatellite markers. Table 3.1 shows the LOH data for all
cases and all microsatellite markers. LOH with at least 1 marker on chromosome 7q was
observed in 49% (107/219) of tumours versus 27% (58/219) with LOH of at least 1 marker

on chromosome 7p.
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Figure 3.2: Schematic representation of chromosome 7 and the positions of
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Table 3.1. LOH results for all loci in ovarian tumours.

LOH is indicated by red shading and the complete extent of the deletion within each tumour

is indicated by pink shading, with the bordering retention of heterozygosity indicated in

white.
The number of tumours showing LOH, and the percentage (%) LOH for each marker is

indicated at the end of the table.

"Numbers with the suffix “.1” correspond to tumour samples donated by the ICRF, London.
’LOH present: y = LOH present; n = LOH absent.

*Nature: b = benign; bl = borderline; m = malignant.

4His’tology: S = serous; M = mucinous; E = endometrioid; U = undifferentiated;
P = papillary; T = teratoma; th = thecoma; F = fibroma; Mn = Mullerian origin;
A = adenocarcinoma; Br = Brenner tumour; CC = clear cell carcinoma.
>Complete pathological data was not available for all tumours studied.
Microsatellite markers pre-fixed by “D7S”, correspond to STSs.

7G14 corresponds to a microsatellite within the FRA7G fragile site.

PAI-1 corresponds to a microsatellite marker within the respective gene loci.
het = constitutional heterozygosity

loh = loss of constitutional heterozygosity

na = non-informative

dnw = did not work

LOH = total number of samples showing LOH for particular marker.

INF = total number of informative samples for that marker.

%LOH = tumours showing LOH/informative tumours (%).
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