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Abstract

ABSTRACT

The thesis covers two main topics. Karyotypic and molecular cytogenetic 

analysis of a series of lymphoblastoid cell lines from affected members of families 

segregating for the autosomal dominant condition, multiple endocrine neoplasia type 1 

(MENl) were carried out. Cytogenetic investigation of 42 MENl cell lines showed 

no observable chromosomal abnormalities involving the region of the MENl gene at 

1 lql3. DNA extraction from 4 yeast artificial chromosome (YAC) clones flanking the 

region of the MENl gene, 32AF1, 9FF1, 17IC4 and 16IC1 was performed for the 

generation of suitable DNA probes. Huoresecence in situ hybridisation analysis 

(FISH) using a combination of 2 YAC DNAs, 9FF1 and 17IC4 as probes on 

interphase nuclei and metaphase chromosomes in 47 MENl ceU lines showed no 

detectable microdeletions in the region of the MENl gene.

The second topic concerns aspects of colorectal carcinogenesis. Detailed 

cytogenetic analysis m four neoplastic colonic ceU lines, AA/Cl/SB/lOC (transformed 

adenoma), JW2/33 F31 and LIM 1215 (hereditary carcinoma) and LEM 1899 

(sporadic carcinoma) showed diverse chromosomal rearrangements. Single colour 

FISH using chromosome paints and specific centromeric DNA probes confirmed the 

origin of the chromosome 18 rearrangements in the transformed adenoma line. For the 

detection of the DCC (Deleted in Colorectal Carcinoma) gene, FISH analysis using a 

panel of 7 YAC clones (yA96E4, y36IB10, y26CB8, y39CG7, yl3HEl, y40DHl and 

yl2FC12) from a contig flanking the DCC gene at 18q21, showed 2 copies of 

chromosome 18 in the carcinoma lines. The AA/Cl/SB/lOC cell line showed evidence 

of chromosome rearrangement and loss involving chromosome 18. A molecular 

approach using the polymerase chain reaction (PCR) and single strand conformation 

polymorphism (SSCP) analysis with 3 microsatellite markers on 18q (D18S61), and 

two for the DCC gene (DCCl and DCC2), showed intragenic DCC deletion in the 

AA/Cl/SB/lOCceUline.



Abstract

Molecular cytogenetic analysis of sporadic colorectal carcinomas from 20 

patients, showed 1/20 case (5%) loss of heterozygosity (LOH) of 18q or loss of the 

DCC gene by interphase FISH on fixed normal and tumour smears. The microsatellite 

marker, D18S61, distal to the DCC gene locus was able to detect LOH of 18q in 2/20 

cases (10%) and replication error (RER) in an additional 3/20 cases (15%) by the 

PCR-SSCP method. Using another marker, D18S8-M2 which detects an Mspl 

polymorphic site within the DCC gene, LOH on 18q was found in a further single 

case 1/20 (5%) by restriction fragment length polymorphism (RFLP) analysis. Using 

markers proximal to the DCC locus, D18S46 and D18S474, LOH on 18q were not 

detected. These molecular changes (LOH and RER) were found in the stage II or 

Duke's B tumours and this association wiU provide information on the potential use of 

chromosome 18q loss as a prognostic marker in non-metastatic colorectal cancer.
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Introduction

1 INTRODUCTION

Cancer is an abnormal mass of tissue which persists to grow uncontrollably. 

Cancer affects more than one in four people in the United Kingdom at some time in 

their lives. It is the second most common cause of death, after heart disease, 

accounting for about 150,000 deaths annually. Most adult cancers are a feature of the 

ageing process, unlike childhood cancers which may be associated with events during 

conception. A person's susceptibility to cancer is determined by his or her genetic 

make-up, which is inherited. The triggering effects that wiQ cause changes in 

susceptibility range from exposure to sunlight, viruses, alcohol, chemicals, tobacco 

and even diet. Interaction of two or more effects will cause cancers of the skin or 

internal organs.

1.1 GENETIC BASIS OF CANCER

The concept of cancer as a genetic disease is relatively new. All cancer is the 

result of mutations in somatic cells and its progression also involves the altered 

expression of a series of genes. The mutations that lead to cancer affect genes 

responsible for cell proliferation and other fundamental cellular activities. When 

normal regulation is altered, uncontrolled growth is initiated and a tumour develops.

Tumours arise with great frequency but pose very little risk to their host because 

they are localised. Such tumours are called benign and contain cells that closely 

resemble normal cells and may function like normal cells. A benign tumour is usually 

contained within a fibrous capsule and only becomes a problem when its cells interfere 

with normal functions or secrete excess amounts of biologically active substances.

Tumours become life-threatening only when they spread throughout the body.

Such tumours are called malignant and are the cause of cancer. Malignant tumours

can be differentiated from benign ones by their properties of invasiveness and spread.
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Malignant tumours invade surrounding tissues, get into the body's circulatory system, 

and set up areas of proliferation. This process of spread and creating secondary areas 

of growth is called metastasis. Malignant cells are usually less well differentiated than 

benign tumour cells and their properties vary over time.

There are many genetic abnormalities in human cancers, and they can be 

schematically studied according to 3 approaches. Firstly, the quantitative 

abnormalities of the DNA content of the nucleus and the cell cycle are studied with 

flow cytometry. Secondly, karyotypic abnormalities relating to the loss and/or gain of 

chromosomes or structural abnormalities are studied by cytogenetics. Finally, gene 

mutations, possibly related to chromosomal rearrangements, are studied by molecular 

biology.

1.1.1 Cell Cycle Control

The normal functions of a cell is to grow and divide continuously without loss of 

genetic material. The sequence of events of producing two daughter cells from a 

parental cell is called the cell cycle. The ceU cycle involves the duplication of cellular 

DNA (the DNA synthesis or S phase) and the subsequent physical division of the two 

cells (the mitotic or M phase). (Refer to Figure 1.1). M phase usually lasts 1 to 2 

hours; it is a continuous phosphorylation process governed in turn by a protein kinase 

which is regulated by cyclins. S phase takes several hours. Between these two phases 

there are two gaps, called G1 and G2, during which the cell synthesises the building 

blocks to proceed to the next phase. In the G1 gap, the cell accumulates the enzymes 

needed to duplicate the genome permitting S phase to commence only after the 

appropriate checkpoints have been passed. During the G2 gap, which follows S phase 

and precedes M phase, the cell prepares itself for mitosis and checks that the DNA 

replication has been completed. Cells can exit the cell cycle in an interval that follows 

M phase, by entering the rest stop called GO.

18



Introduction

CL O

S

Gl

0  Cdc 2 protein 

y  Cyclin

P Phosphorylation

Active mitotic kinase

^  Protease

(from Varmus and Weinberg 1993)

Figure 1.1 The cell cycle. During M phase Cdc 2 protein binds to cyclin 
and phosphorylation activates mitotic kinase activity. Cdc 2 protein is 
inactivated when the protease enzyme destroys the cyclin. The cell may enter 
Gl or rest in GO. Cdc 2 protein undergoes phosphorylation and activation 
again when cyclin is synthesized, leading to M phase.
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Cells may remain quiescent in GO for hours, days, or years. Activation from GO 

to Gl phase occurs in response to environmental signals provided by general growth 

conditions (nutrients, temperature, salts) or by specific proteins, known as growth 

factors, that interact with designated receptors on the cell surface. Events that damage 

the cell's regulatory apparatus, whereby the cells are trapped in the active growth 

cycle, initiate the inappropriate growth of the premalignant cell.

1.1.2 Origin of Tumour Cells

There are two schemes by which tumorigenesis could occur. In the first, normal 

cells independently become transformed by some unknown agent and the progeny of 

each individual cell forms a single homogeneous population or cell clone; the tumour 

mass being a composite of multiple cell clones is said to have a polyclonal makeup. In 

the second scheme; a single cell undergoes transformation and becomes the ancestor 

of aU the cells in the tumour designated as monoclonal in origin.

Most human cancers are now thought to be monoclonal in origin. This is difficult 

to prove since tumour cells lack distinguishable markers. Studies on random X- 

inactivation have shown that some cells and their lineal descendants within a tissue 

have the maternal X chromosome repressed; others repress the paternal one. If the 

two X chromosomes carry slightly different information, the two types of cells will be 

distinguishable from one another, depending upon which of their X chromosomes has 

been silenced. All the cells within a given cancer invariably have the same X 

chromosome inactivated. On this basis, it can be concluded that all cells in the tumour 

must descend from a single ancestral cell that has silenced this particular X 

chromosome, an inference that malignant tumours are monoclonal.

As a tumour develops, the initial monoclonal population of cells may become 

more and more heterogeneous as its descendants diversify by acquiring new
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distinctive traits and form distinct sub population within the tumour. Cancer cells are 

genetically unstable; prone to rearrange, duplicate, and delete portions of their 

chromosomes during cell division and display novel traits in their progeny cells. The 

development of a tumour precedes through a process of evolution. Many new traits 

acquired during the process of tumour progression allow the affected cells to grow 

more rapidly and compete with normal cells and other premalignant cells nearby. 

Analysis has shown that there is an increased amount of DNA content reflecting an 

increase in chromosome number, and the nuclei carrying this DNA are of unusual 

shapes. Cancer cells often lack the differentiated, specialised traits of their ancestors.

1.1.3 Role of Genes in Cancer

Genes that cause cancer are of 3 distinct types: oncogenes, (derived from proto

oncogenes), tumour suppressor genes and DNA repair genes. Proto-oncogenes are 

genes that affect cell growth and development. Mutations in proto-oncogenes are 

dominant. Tumour suppressor genes normally block abnormal growth and malignant 

transformation but classically are responsible for malignancy only when both copies of 

the gene are lost or altered. Mutations in tumour suppressor genes are recessive at the 

cellular level; but can be dominantly inherited. Cellular mechanisms exist to repair 

acquired DNA damage. In the excision-repair mechanism; segments of DNA 

containing an altered base (owing to the effects of radiation) are recognised by a 

series of enzymes that remove the damaged base and replace it with a normal 

nucleotide, using the intact complementary strand as a template. A defect in such a 

mechanism may increase the predisposition to cancer in a small group of autosomal 

recessive conditions e.g. xeroderma pigmentosa.

1.1.4 Oncogenes

Oncogenes were first found in transducing retroviruses. These viruses transform 

cells and cause rapidly growing tumours in animals through the action of their
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oncogenes. Later, oncogenes were found to be activated by the integration of 

retroviruses, de novo conversion of a proto-oncogene to an oncogene is not sufficient 

to cause a fully malignant tumour. Secondary effects, often associated with 

chromosomal instabilities, must follow the activation of the oncogene. Inspection of 

chromosomes from tumour cells has demonstrated that the genetic content of cancer 

cells is often abnormal usually aneuploid, some chromosomes are present in 3 or 4 

copies (amplification or duplication) rather than 2. Others had been rearranged by 

deletion, inversion of segments, or exchange of material between chromosomes 

(translocation).

DNA amplification into multiple copies can range from 1 gene or a large region 

containing several genes. These can be observed by the staining pattern of the 

chromosomes. If the amplified DNA is free of the chromosome it may appear as tiny 

extra chromosomal circles of DNA known as double minute chromosomes (DMs). In 

cell cultures, the duplicated regions are linked end to end within a chromosome and 

can be characterised as a homogeneously staining region (HSR). Both DM and HSR 

make RNA and protein in amounts proportional to the elevated copy number. Thus 

the growth stimulating activity of a proto-oncogene, amplified manifold, may 

contribute to the creation of a cancer cell. Among the first proto-oncogenes to be 

found amplified in tumour cells was c-myc; N-myc is characteristically amplified in the 

childhood tumour, neuroblastoma (N) and L-myc is found in small cell carcinoma of 

the lung (L).

Translocation chromosomes like Philadelphia (Phi) occur repeatedly in human 

myeloid leukaemia. First it was shown that the Phi chromosome arose through fusion 

of a small piece of chromosome 9 to most of chromosome 22. Later, the breakage and 

fusion were found to occur on chromosome 9 where a proto-oncogene, c-abl, the 

progenitor of the v-abl oncogene of the Abelson mouse leukaemia virus was mapped.
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The first segment of c-abl in Phi chromosome positive leukaemia was missing and the 

remainder was fused to a gene known as breakpoint cluster region (bcr) on 

chromosome 22. The Phi translocation results in the formation of a hybrid gene {bcr- 

abl), which makes a hybrid protein with growth-promoting properties that predispose 

cells to become leukaemic.

Characteristic translocations also occur regularly in cancerous growths of B and 

T lymphocytes, which make proteins required for immune functions, immunoglobulins 

(antibodies) and T-cell receptors (for recognition of antigens), respectively. B and T 

cells normally rearrange the DNA encoding these important proteins, using special 

mechanisms to cut and rejoin DNA within several chromosomal regions. In 

lymphomas, it is common to find part of an immunoglobulin e.g. Burkitt's lymphoma 

or T-receptor gene has been joined to a proto-oncogene on a different chromosome. 

In Burkitt's lymphoma, a B-ceU tumour common in African children and associated 

with malarial infection, one arm of chromosome 8 at 8q24 where the c-myc gene 

resides is joined to one of the three chromosomes for 2, 14 or 22, at sites where three 

distinct immunoglobulin genes (2pl2-IgK,14q32-IgH and 22qll-IgÀ) have been 

mapped. This type of translocations where the c-myc proto-oncogene is known to 

have oncogenic potential has a significant role in creating this lymphoma. Generally, 

such translocations with breakpoints at the site of proto-oncogenes are typical of 

leukaemias and lymphomas.

1.1.5 Tumour Suppressor Genes

The most frequently mutated genes in human cancers (except in leukaemias and 

lymphomas) are the anti-oncogenes or tumour suppressor genes. The existence of the 

tumour suppressor genes was first observed when normal cells dominate the 

behaviour of aggressive cancer cells in cell fusion experiments. The hybrid cells also 

tend to lose chromosomes originating from the normal parent cell after many cycles of
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cell growth and division. The reversion of the nonmalignant hybrid cells to a 

cancerous state was found to be accompanied by the loss of a particular chromosome 

that was assumed to carry a critical suppressor gene. Tumour suppressor genes 

normally act to constrain cell proliferation but these genes are revealed only when 

they are lost and cells start to grow uncontrollably.

de Mars (1970) and Knudson (1971) developed the idea that tumour suppressor

genes could be responsible for the mutations that were recessive at the cellular level,

but which were otherwise inherited as an autosomal dominant trait in familial cancers.

The retinoblastoma (RB) gene was the first tumour suppressor gene to be identified

and associated with a discrete chromosomal site (13ql4). It is estimated that 95% of

children who are heterozygous at their RB locus wül develop retinal tumours.
will

Children cured from this tumour at an early age, as adults will later in life^produce
A proportion o f
^affected offspring with multiple tumour foci growing in both eyes. In the rare 

sporadic form, the tumour appears in a child who started out with two normal RB 

genes but lost both of them in the same retinal cell. The affected child has only one 

tumour focus, in a single eye.

Knudson's model specifies that familial retinoblastoma is due to a germline 

mutation and a subsequent somatic mutation. In contrast, sporadic retinoblastoma 

results from two somatic mutations. These mutations were postulated to be 

inactivating mutations. The concept of tumour suppressor genes was derived from 

Knudson's model. Cytogenetic and molecular studies (Cavanee et al., 1983) and the 

subsequent isolation of the RB gene (Friend et a i, 1986) proved Knudson to be 

correct. It was suggested that the Knudson model could be generalised to aU heritable 

cancers. Such studies were also carried out on other diseases such as Whm's tumour, 

neurofibromatosis type 2, Li-Fraumeni syndrome, breast/ovarian syndrome, familial 

adenomatous polyposis and multiple endocrine neoplasia.
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There are six possible mechanisms which can result in hemizygosity or 

homozygosity of the mutant RB gene. These are: non disjunction, non disjunction and 

reduplication, mitotic recombination, deletion, inactivation and mutation of the second 

RB locus in a gene carrier. Comparative DNA analysis of tumour/normal pairs proved 

that chromatid exchange can occur during mitotic processes resulting in the exchange 

of large domains between chromatids of homologous chromosomes (mitotic crossing 

over). Segregation of chromatids to daughter cells results in homozygosity for the 

mutant gene in one cell (Figure 1.2). The effect of this gene hemizygosity or 

homozygosity on the overall genetic makeup of the cell is minimal, but the 

consequences for cellular growth control is devastating because one daughter cell has 

now lost its normal RB gene copy.

Chromosome loss or deletion, possibly followed by duplication, is termed loss of 

heterozygosity (LOH). Heterozygosity refers to the unequal genetic content of two 

copies of a gene, e.g. the two non-equivalent versions of the RB gene. Following loss 

and duplication by the various mechanisms, a cell becomes homozygous at the RB 

locus, for the defective version of the gene. Humans are genetically heterogeneous, 

and many paired versions of genes differ from one another at least subtly.

The absence of genetic material inherited from one of the parents can be detected 

by the loss of heterozygosity for markers flanking the gene locus of interest. The 

consistent LOH in tumours can be used as an indication of the presence of a tumour 

suppressor gene. The higher the frequency scored for LOH in a set of tumours, the 

closer the linked marker to the particular gene locus. LOH at a variety of 

chromosomal sites has now been described in many different types of tumours 

(Ponder 1988).
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Figure 1.2 Schematic representation of chromosomal recombination 
responsible for eliminating intact gene copy in a heterozygous cell with 
one inactive RB gene. Mitotic crossing over results in 1 daughter cell 
homozygous for the inactive RB gene; the other normal (wild type).
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One suppressor gene that does not fit into the RB model, i.e. both gene copies 

must be inactivated before a ceU begins to grow uncontrollably, is the tumour protein 

53 (TP53), which accounts for the most frequently mutated gene in human tumours. 

The TP53 gene acts to limit cell growth, but the mechanisms that involve it in cancer 

are very different from those that affect the RB gene. The TP53 protein exists 

normally as a tetramer or a higher aggregate. Four or more identical copies of the 

TP53 protein assemble to constitute the active form of the molecule. Only one (++++) 

of the 16 tetramers, is fuUy functional. A single defective TP53 gene copy may 

severely affect TP53 function in the cell as a whole. There is little effect on cell 

behaviour when one of the two copies is lost in other tumour suppressor genes whose 

protein products act as single free molecules. The TP53 mutations are subtle changes 

that cause amino acid replacements in the protein. The mutant TP53 protein is 

functionally inactive but still able to trap normal TP53 molecules in the tetrameric 

complexes. The single remaining wild type allele is often discarded in tumour cells, 

depleting the proper TP53 function and allowing them to grow even more 

aggressively.

1.1.6 DNA Repair Genes and Mismatch Repair Defects

Cells have evolved effective methods of repairing DNA due to continuous 

exposure to chemicals and/or radiation. However there are two types of DNA lesions 

that are difficult to repair properly and can become progenitors of mutations. If the 

free ends of double-stranded DNA do not rejoin exactly because of non homologous 

base-pair, the broken ends will generally join to other broken ends causing the 

translocation of pieces of DNA from one chromosome to another. The result of a 

translocation can be the activation of an oncogene. The repair of DNA is also difficult 

when cells attempt to replicate damaged DNA before repair processes have had a 

chance to act on the lesion. The cells may resort to post replication repair to handle
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such damage where undamaged double-stranded DNA denatures and one strand pairs 

to the damaged strand.

Unlike nucleotide and base excision repair that recognise nucleotides/bases which 

have been chemically modified or fused to an adjacent nucleotide, mismatch repair 

(MMR) recognises normal nucleotides which are either unpaired or paired with a non- 

complementary nucleotide. Mismatch nucleotides are known to arise in DNA by 

physical damage to existing nucleotides, polymerase misincorporation errors during 

DNA replication, and as a result of forming heteroduplex DNA intermediates during 

the process of genetic recombination. MMR was extensively studied in bacteria and 

yeast (Wildenberg et al., 1975). MMR functions to recognise and repair mistakes 

made by the DNA polymerases during replication (Modrich 1991). DNA polymerase 

has been found to introduce an incorrect nucleotide approximately once in every 

million nucleotides incorporated into DNA in vitro (Loeb and Kunkel 1982). Three 

critical genetic components are required by this system, namely MutS, MutL and 

MutH, named after their corresponding bacterial mutator strains. MutS proteins 

recognise and bind to the mispair or loop. MutL and MutH form a complex which 

scans the duplex for the nearest hemimethylated site which MutH then nicks on the 

unmethylated strand. An exonuclease excises the nascent strand from the nick back 

past the mismatch. This patch is then resynthesized and ligated.

The human mismatch repair genes showed major similarities to the bacterial 

system. Both provide the genome with a 100-1000 fold level of protection against 

mutations arising during DNA replication (Eshleman et al., 1995). The human 

homologues of MutS include hMSH2 (human MutS homologue 2) (Fishel et al., 1993, 

Leach et al., 1993; 1996), GTBP(G-T mismatch binding protein) (Drummond et al., 

1995, Papadopoulos et al., 1995), and hMSH3 (human MutS homologue 3) (Rissinger 

et a l, 1996). Homologues of MutL include hMLHl (human MutL homologue 1)
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(Papadopoulos et al,, 1994, Bronner et al., 1994), PMSl and PMS2 (post meiotic 

segregation 1 and 2) (Nicolaides et al, 1994). DNA repair systems are designed to 

maintain genomic stability and recent advances in the field of cancer research have 

proved that defects in mismatch repair are carcinogenic. The discovery of the 

Replication Error (RER) phenotype of microsatellite instability in sporadic and 

inherited colon cancer provided the first evidence that defective MMR is important in 

carcinogenesis (Aaltonen et a l, 1993, Thibodueau et a l, 1993, Ionov et al., 1993).

1.1.7 Neoplastic Transformation

The protein products of oncogenes function to transform a cell. Cmyc encodes a 

nuclear protein, others code proteins in the cytoplasm or associated within the plasma 

membrane. Many onco-proteins are present outside the nucleus implying that 

important changes in cellular behaviour can be caused by events from the sites where 

DNA is replicated and transcribed. A number of these proteins are protein kinases. 

Phosphorylation is important in the regulation of protein function and the control of 

cell proliferation. Many of the proteins involved in cellular growth are related to each 

other by sequence and function. They are encoded by members of gene families that 

have common evolutionary origins and may be partially redundant in their functions.

If the function is intensified or skewed by mutation, this wiU change the protein 

structure or produce normal proteins in large amounts. Excessive concentrations of an 

extra cellular growth factor or defective catalytic activity of a mutant protein tyrosine 

kinase or inappropriate high levels of a transcription factor, results in detrimental 

effects on the control of cell growth. Even if there is a normal copy of the 

corresponding proto-oncogene, an oncogene may disrupt the balanced molecular 

controls on cell proliferation to such an extent that malignant growth ensues.

29



Introduction

At early stages of carcinogenesis, transforming growth factor pi (TGFpl) has 

been reported to act as a tumour promoter (Furstenberger et al., 1989, Sieweke et 

a/.,1990), an endogenous regulator of epidermal homeostasis (Arkhurst et a/., 1988, 

Cui et al., 1995) or tumour suppressor (Pierce et al., 1995). Many authors later 

reported that this growth factor either suppressed or stimulated malignant 

progression. Genetic mutations in the TGFp type II receptor, TGFP (RE) have been 

reported in some human carcinomas (Markowitz et al., 1995). In an attempt to 

resolve the contradictory roles of TGFpl, Cui et al., 1996 have examined the 

influence of TGFpl on the induction and progression of skin tumours in vivo. TGFpi 

appears to have different functions at early and late stages of tumorigenesis. It acts as 

a suppressor of benign tumour outgrowth, but later accelerates malignant conversion 

and the squamous to spindle cell transformation (Cui et al., 1996).

The loss of function of normal alleles from somatic cell hybrid experiments 

provided some of the first evidence underlying neoplastic transformation. It has now 

been possible to identify the chromosomal location of some of the suppressor genes 

and to demonstrate that different tumours are caused by different genes by analysing 

chromosomal loss. There is much discussion of the significance for in vivo 

carcinogenesis of the limited proliferative capacity of some normal cells in culture, but 

the acquisition of the immortal phenotype is a prerequisite in many experimental 

systems of neoplastic transformation. Rare clones of hybrids arise from such fusion 

experiments that are immortal, and they may or may not produce tumours when 

injected into animals. So, there appear to be separate events controlled by different 

genes.

Features of the transformed phenotype in culture such as anchorage-independent

growth (Stanbridge 1988) provides a measure of tumour suppression in hybrid cell

systems, when the hybrid cells are non-tumorigenic. In situations where both the

30



Introduction

transformed phenotype in tissue culture and tumours in vivo are suppressed, there is 

an indication that the genetic lesion is occurring in the parental tumour cells.

1.1.8 Cell Immortalisation in vitro

Normal human cells in culture have a limited lifespan. The cells cease to 

proliferate and undergo a process termed cellular senescence. This will result in cell 

death. Sugawara et al., (1990) observed that majority of hybrids between human cells 

with finite life span are found to senesce. This showed that senescence is genetically 

programmed and is dominant over immortahty. Normal human cells are stable and 

rarely become spontaneously immortal in vitro. Several events that may include both 

the inactivation of oncogenes and loss of tumour suppressor genes may be necessary 

before cells are able to escape senescence.

Many human cancer-derived cell lines have escaped cellular senescence and grow 

in culture indefinitely and are referred to as immortal. In carcinogenesis the escape 

from cellular senescence appears to be an important and crucial step, and occurs 

relatively late. Wilhams et al., (1990) reported the multiple steps in the transformation 

of a human premahgnant adenoma cell line to establish an in vitro model for tumour 

progression in colorectal carcinogenesis (appendix 5.2.1). The cytogenetic changes in 

the transformed cell line suggests that it is relevant to in vivo carcinogenesis.

1.1.9 Multistage Human Carcinogenesis

With the possible exception of acute childhood leukaemia, the process of 

carcinogenesis can be divided into the three stages of initiation, promotion and 

progression. As two independent genetic events are necessary to inactivate each 

tumour suppressor gene (Weinberg 1989 and Knudson 1971), at least two or three 

tumour suppressor genes must be inactivated for cancer formation.
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Human tumours can be divided into three groups; premalignant lesions, primary 

tumours and metastasis. In certain tumours, premalignant lesions are difficult to 

detect. Premalignant lesions include dysplasia, hyperplasia, leukoplakia and adenoma. 

Cells in the premalignant lesions are clonally expanded because of the acquisition of 

selective growth advantage by genetic alteration. The initiated cells may be less 

responsive to negative growth regulators and ceU differentiation inducers. The 

initiated cells or normal cells convert to malignant cells by additional or multiple 

genetic alterations and produce primary tumours.

The converted cells may not be responsive to any of the negative growth 

regulators, so they continue to expand by pushing surrounding tissue away. During 

expansion of the converted cells in the primary site, new clones with more malignant 

phenotypes appear through further accumulation of genetic alterations in some of the 

converted cells. New clones may be more invasive and highly metastatic producing 

metastatic nodules which bear all the genetic alterations necessary to maintain 

phenotypes acquired during progression.
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1.2 MULTIPLE ENDOCRINE NEOPLASIA

Multiple endocrine neoplasia (MEN) refers to a family of disorders characterised 

by hyperplasia in various organs derived from the neural crest. The glands most 

commonly involved in such syndromes are the parathyroid, pituitary, pancreas, 

thyroid and adrenal (Figure 1.3). The ceU types involved in these tumours are 

postulated to have a common embryologie precursor in the neuroectoderm. This 

embryologie feature may be accompanied by the presence of the metabolic pathway 

for amine precursor uptake and decarboxylation (APUD cells). Oncogenic mutational 

factors may also influence expression of these tumours.

The multiple endocrine neoplasia syndromes are usually transmitted in an 

autosomal dominant fashion in affected pedigrees, but there may be considerable 

variability in penetrance and specific tumour incidence among kindreds. The age of 

onset is variable with age-related penetrance, adenoma and/or carcinomas of involved 

organs, multiple synchronous or metachronous tumours and frequent ectopic 

production of hormones (Schimke 1984). The gene or genes associated with multiple 

endocrine disorders have recently been mapped, and new syndromes are being 

recognised.

Depending on the organs involved, three distinct syndromes of MEN have been 

described (Schimke 1984). Multiple endocrine neoplasia type 1 (MENl) or Wermer 

Syndrome was first reported by Wermer in 1954 and was characterised by tumours of 

the parathyroids, pituitary and pancreas. Other tumour types are rarely seen. Later, 

Zollinger and Ellison (1955) described a syndrome that consisted of gastric hyper 

secretion and severe peptic disease associated with a non-insulin producing islet cell 

tumour of the pancreas. This syndrome is found in association with MENl in some 

cases but more commonly occurs by itself.
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In 1961, Sipple reported the association between thyroid cancer and 

pheochromocytoma. Later a distinct thyroid tumour of the calcitonin-producing cells 

(C cells) of the thyroid, i.e. medullary thyroid carcinoma (MTC) was defined 

(Williams 1965, Hazard 1977). From these observations, the multiple endocrine 

neoplasia type 2 (MEN2A) was classified as MTC and pheochromocytoma with 

occasional parathyroid hyperplasia. Some families with MTC alone have been 

described and this is the most common cause of death with MEN2 (Schimke 1984).

The third type of MEN syndrome (MEN2B) as a clinical syndrome resembles 

MEN2A with the addition of characteristic marfanoid habitus and facies. Affected 

individuals are tall, slender, and hypotonic, and may have multiple mucosal neuromas 

and musculoskeletal problems. Patients with MEN2B appear to have a worse clinical 

course with death occurring 20 years earlier than those with MEN2A (Schimke 

1984). MEN2A and MEN2B are distinct between families.

The MEN2A gene has been mapped to chromosome lOql 1.2 region that contains 

the RET (rearranged during transfection) locus. The RET gene is approximately 60kb 

(Pasini et al., 1995) and contains at least 20 exons (Ceccherini et at., 1993). The RET 

proto-oncogene encodes a ceU-surface glycoprotein related to the family of receptor 

tyrosine kinase (RTK) (Takahashi et al., 1988, 1989) whose ligand is still unknown. It 

was first described as a transforming oncogene activated by rearrangement during 

transformation of NIH3T3 cells (Takahashi et al., 1988).

The RET mutations have been found at one allele in the somatic cells of both 

asymptomatic and affected family members of MEN2A, as well as in MEN2A and 

familial MTC tumour DNA (Mulligan et a l, 1993, Donnis-Keller et al., 1993). The 

other RET allele remains structurally unaltered and is expressed. This is an example of 

a dominantly inherited condition due to mutation in an oncogene.
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Mutations in RET have not been found in either sporadic MTC or 

phoeocromocytomas, nor in the germhne of patients with MEN2B suggesting that the 

inherited mutant allele acts as a dominant oncogene during MEN2A tumorigenesis, 

and a somatic mutation in the second allele is not required for tumorigenesis. RET 

mutations or heterozygous deletions of the whole gene cause the autosomal dominant 

form of Hirschsprung disease (HSCR), a congenital disorder of the enteric nervous 

system. Somatic rearrangements of RET are also involved in papillary thyroid 

carcinomas (PTC) giving rise to three different rearranged versions of RET described 

so far (Grieco et al., 1990, Bongarzone et al., 1993, Santoro et al., 1994).

1.2.1 Multiple Endocrine Neoplasia Type 1

Multiple endocrine neoplasia type 1 (MENl) is a disorder characterised by the 

occurrence of hyperplasia and neoplasia involving the parathyroid glands, pancreatic 

islets, and/or the anterior pituitary gland. High serum calcium and parathyroid 

hormone (PTH) levels can detect affected persons prior to the onset of clinical 

symptoms. The disease may arise sporadically or be inherited in a MendeUan manner, 

with an estimated prevalence of 20-200 persons per million. The frequency of gland 

involvement varies among kindreds, but it has been estimated that 

hyperparathyroidism is present in 90-97% of patients, pancreatic islet tumours in 30- 

80%, and pituitary tumours in 15-50% of patients (Brandi et al., 1987). 

Prolactinomas account for 60-70% of the pituitary tumours. (Refer to Table 1.1). 

Members of families segregating a gene for MENl have also a 50% risk of 

developing hypercalcaemia.

1.2.2 Parathyroid Tumours

Primary hyperparathyroidism is the most common feature of MENl. The 

circulating level of parathyroid hormone is increased in over 95% of all MENl 

patients (Marx et a l, 1982, Benson et al, 1987, Vasen et al., 1989).
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Table 1.1 Components of MEN type 1 and their approximate frequency 
of occurence in patients with MEN type 1

COMPONENT FREQUENCY

Hyperthyroidism 80%

Pancreatic tumours 75%
Gastrinomas

Benign 20%
Malignant 30%

Insulinomas
Benign 20%
Malignant 5%

Non-functioning tumours
Benign <5%
Malignant <5%

Pituitary tumours 65%
Chromophobe/nonfunctioning adenomas

Benign 40%
Malignant <5%

Eosinophilic tumours/acromegaly (benign) 15%
Cushing's disease, basophilic 5%
Mixed and other types (benign) <5%
Prolactin secreting tumours <5%

Other tumours
Carcinoid and bronchial adenomas <5%
Lipomas and liposarcomas 5%
Adrenocortical adenomas 10%
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Asymptomatic hypercalcaemia is commonly detected by albumin-corrected total 

serum calcium (ACTC) in association with elevated PTH in the circulation. Patients 

with MENl and primary hyperparathyroidism usually have adenomas or hyperplasia 

involving multiple parathyroid glands and supernumerary glands (Marx et al., 1986, 

Kraimps et a l, 1992). The histological classification from adenomatous to 

hyperplastic are not always apparent. The main cause of persistent or recurrent 

hypercalcaemia is due to the failure to recognise hyperplasia or to find ectopic or 

supernumerary glands in patients (Kraimps et a l, 1992). This means that aggressive 

surgical therapy directed toward subtotal parathyroidectomy may be necessary for 

effective treatment. It was reported that hyperparathyroidism following 

parathyroidectomy persists in patients with MENl syndrome more frequently than in 

patients with sporadic disease (Rizzoli et al, 1985),

1.2.3 Pituitary Tumours

Pituitary tumours are usually recognised during the fourth decade of life and 

detected by elevated hormone levels or excess tumour mass. The most common 

tumour is chromophobe adenoma, a non functioning tumour, usually benign, but it 

can cause endocrine abnormalities by the effect of its mass on adjacent endocrine 

cells. Tumours producing growth hormone (GH), adrenocorticotropic hormone 

(ACTH), prolactin (PRL) and somatostatin have also been described in MENl and 

their manifestations are related to their location and hormonal products. The incidence 

of pituitary micro adenomas is not well defined. Prolactinomas cause amenonhoea, 

infertility and galactorrhoea in women and impotence in men. Somatotrophinomas 

result in acromegaly, characterised by marked distortion of the face, skull, hands and 

feet. Corticotrophinomas cause corticosteroid excess and Cushing's disease (Maton et 

a l, 1986). Treatment of pituitary tumouis in MENl patients consists of medical 

therapy or selective hypophysectomy. Radiotherapy may be used for residual 

unresectable tumour.
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1.2.4 Pancreatic tumours

At least 50% of all pancreatic tumours in MENl are the gastrin-producing islet 

cell tumours. Gastrinomas can also occur at other sites such as the duodenal wall and 

stomach. The next common neoplasias are the insulinomas. There are case reports of 

tumours producing vasoactive intestinal polypeptide (VIP), glucagon, pancreatic 

polypeptide (PP), somatostatin and calcitonin (CT). Measurement by radio 

immunoassay of these hormones in serum is an important diagnostic procedure. The 

tumours are usually composed of hyperplastic islet cells or multiple small tumours. 

The secretory products of these tumours can explain some of the associated findings. 

Examples are peptic ulcer with gastrin, hypoglycaemia with insulin, and secretory 

diarrhoea with VIP or PP. Glucagonomas may be associated with skin lesion e.g. 

bullous dermatitis.

1.2.5 Other Tumours in MENl

Other tumours are also found in patients with MENl (Table 1.1), but their link to 

this disorder is not clearly established. Carcinoid tumours associated with MENl are 

more likely to be found in foregut-derived structures such as the thymus and bronchial 

tree than in midgut-derived structures, where sporadic carcinoid tumours usually 

occur. Bronchial carcinoid can produce its vasoactive symptoms without 

metastasising. Adrenal and thyroid adenomas occurring in MENl represent 

predominantly the results of autopsy findings and are usually non functioning. Lipoma 

may be present in some kindreds in MENl and when cutaneous they may provide a 

useful sign of the syndrome.

1.2.6 Management and Treatment in MENl

Screening of at-risk relatives is important in MENl since many of the 

complications of the conditions are amenable to therapy (Marx 1986). The disorder 

rarely becomes manifest before the age of 10 years and screening of at-risk relatives 

of an index case (siblings, children and parents) should start at 10 years of age and
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continue at 5-yearly intervals. Screening investigations include symptom enquiry 

(indigestion, diarrhoea, renal colic, fits, amenorrhoea or galactorrhoea), full clinical 

examination (with a search for lipomas), measurement of serum calcium levels, with 

PTH level assay (and assessment of renal function), assay of pituitary hormone levels 

(including prolactin, growth hormone, ACTH, FSH and TSH) and pancreatic 

hormones (gastrin, vasoactive peptide, glucagon, neurotensin, somatostatin and PP). 

(Refer to Table 1.2).

A lateral skuU X-ray for pituitary size should be included. The maintenance of a 

register of patients and families with MENl provides a basis for the continuing care 

and assessment of such families, and facilitates the study of the natural history of the 

disease and the age related-penetrance, essential for the estimation of individual risks. 

Recent development of closely linked DNA markers allows linkage analysis in suitable 

families to clarify the risks to at-risk relatives estimates (Larsson et al., 1992).

The treatment of MENl associated tumours is primarily surgical, with hormonal 

therapy as indicated. Medical treatment and resection of the primary tumour is now 

preferred to total gastrectomy. Total pancreatectomy is often performed for the 

pancreatic tumours, because they are usually multifocal. Parathyroid tumours are 

rarely mahgnant, thus total or subtotal parathyroidectomy is recommended for 

primary hyperparathyroidism. Surgical treatment for the pituitary adenomas is 

generally indicated if they cause significant visual impairment, but hormonal therapy 

may be necessary. The rarer adenocortical tumours require bilateral adrenalectomy, 

since they may be multifocal and predispose to malignancy. Thyroid function should 

be evaluated, and adenomas or carcinomas dealt with surgically (Schimke 1984).
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Table 1.2 Abnormal hormones production by endocrine tumours of MEN 
syndromes.

Pituitary Pancreas Parathyroid Thyroid Adrenal

PTH

CT X

ACTH X

GH X

Somatostatin X X

PRL X

VIP X

PP X

Gastrin X

Insulin X

Glucagon X

Catechoalimines 

Chromagranin A X X

PTH, parathyroid hormone; CT, calcitonin; ACTH, adrenocorticotropic hormone; 
GH, growth hormone; PRL,prolactin; VIP, vasoactive intestinal polypeptide;
PP, pancreatic polypeptide.
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1.2.7 Molecular Studies Leading to Mapping of MENl Gene

Studies have shown that parathyroid tumours from MENl patients frequently 

display allelic loss. DNA probes can be made available to reveal restriction fragment 

length polymorphisms (RFLPs) that can be used as genetic markers in linkage studies 

for the localisation of human disease genes. Allelic loss in parathyroid tumours from 

patients with MENl usually involves a sub chromosomal portion around the MENl 

locus as compared to a larger portion in the pancreatic tumours. This is observed 

using many different markers from chromosome 11, and the mutant gene causing 

MENl has been mapped to the pericentromeric region of the long arm of 

chromosome 11 at band 13 (llqlS) (Larsson etal., 1988).

1.2.7.1 Allelic Loss and Tumour Clonality

The gene responsible for MENl is tightly linked to the skeletal muscle glycogen 

phosphorylase (PYGM) gene and LOH at this locus in MENl associated tumours has 

been observed (Bystrom et a l, 1990). Larsson et al, in 1988 demonstrated that the 

loss of an entire copy of chromosome 11 inherited from the unaffected parent 

indicated the monoclonal nature of pancreatic neoplasms in MENl patients with 

insulinomas. Presumably the MENl gene, like the retinoblastoma gene, acts as a 

normal growth suppressor and therefore, 'two-hits' are necessary for the development 

of cancer (Knudson 1971). In familial cases, the first hit is carried as a germline 

abnormality, while the second hit results from loss of substantial chromosomal 

material, with reduction to homozygosity at the genetically linked locus. In sporadic 

cases, both hits occur in the somatic cell. Pancreatic islet hyperplasia tissue also 

showed LOH for chromosome 11 (Larsson et a l, 1988). Loss of chromosome 11 

alleles is relatively infrequent in sporadic pituitary adenomas. A substance similar to 

basic fibroblast growth factor (bPGF) has been found in plasma of patients with 

familial MENl syndrome. Parathyroid-derived endothelial cells are the target of this 

growth factor but the clonal parathyroid epithelial cells were not activated (Brandi et
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al, 1990, Sakaguchi et a l, 1987). This is suggestive of a bFGF-like factor which may 

act systematically in abnormal parathyroid cell proliferation in MENl.

Recently, gene deletions spanning the MENl locus have been shown to 

characterise several MEN 1 -associated parathyroid lesions (Friedman et al., 1989, 

Thakker et al., 1989), suggesting that the pathogenesis of parathyroid disturbance in 

MEN involves clonal unmasking of a recessive mutation at the disease locus. This is 

further confirmed by Bystrom et al., in 1990 from their observation of allelic losses in 

sporadic and inherited parathyroid tumours. Knudson in 1971 observed that 25% of 

sporadic parathyroid adenomas share the same mechanism with allelic losses to 

chromosome llq l3 . These observations raise the possibility that clonal outgrowths in 

parathyroid tissue might arise in generalised hyperplasia.

1.2.7.2 Deletion Mapping Studies

By deletion mapping studies, RFLP patterns from a patient's tumour DNA were 

compared to those obtained from a patient's leukocyte DNA and differences were 

sought. Friedman et al., (1989) and Thakker et al., (1989) demonstrated LOH for 

chromosome 11 alleles in parathyroid tumours from patients with MENl. Friedman et 

al., (1989) found such loss in ten of sixteen tumours from fourteen patients. In seven 

of ten tumours, the sub region of loss was less than the full length of chromosome 11 

but always included one copy of the MENl locus. Bale et al., (1989) studied the 

DNA from sixty six tumours removed from patients with MENl. They demonstrated 

allelic loss on chromosome 11 in ten of sixteen parathyroid adenomas, but not in the 

sporadic islet cell tumours. Probably sporadic islet cell neoplasms do not involve 

inactivation of the same gene as in the hereditary form. The smallest consistent region 

of loss was between INT2 and D11S149.
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In addition, combined pedigree and tumour studies had demonstrated that these 

tumour related allelic deletions of chromosome 11 occurred on the chromosome 

inherited from the normal parent and not from the affected parent (Thakker et al.,

1989). This indicated that the second mutation involved the normal dominant allele 

and provided evidence for the proposed two stage recessive mutational model for the 

development of tumours in MENl. Studies on more tumours have shown allele loss 

involving smaller regions of chromosome 11 and these studies have mapped the 

MENl locus to a region within chromosome llq l3  (Bystrom et al., 1990, Friedman 

et al., 1989). By deletion mapping, the MENl gene was found to be telomeric to the 

PYGM locus, which codes for human muscle phosphorylase (Bystrom et al., 1990). 

These studies demonstrated that allehc deletions of chromosome 11 are involved in 

the development of endocrine tumours.

1.2.7.3 Pedigree Linkage Analysis

Family linkage studies have also been used to localise the gene causing MENl. 

RFLPs were used as genetic markers in linkage studies of affected families. Larsson et 

al., (1988) mapped the MENl locus to chromosome 11 by demonstrating linkage to a 

DNA probe derived from the PYGM locus, which has been mapped to llql3-qter. 

The segregation of the disease and chromosome 11 RFLPs has been investigated and 

the MENl gene has been mapped to the region llq l3 . Bale et al., (1987; 1989) 

studied linkage with multiple markers in a single large kindred and found INT2, which 

is located at llq l3 , closely linked to MENl. This raised the possibility that MENl 

may be due to the mutation in the INT2 gene. In studies of 3 families, Thakker et al., 

(1989) estabhshed linkage with INT2; peak lod score = 3.30 at theta = 0.00.

Additional linkage studies have also defined a genetic region between the flanking 

markers pepsinogen A (PGA) on the proximal side and D11S97 on the distal side 

(Larsson et a l, 1988, Fujimori et ai, 1992, Thakker et al., 1993). Larsson et al.,
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(1992) studied six families including fifty nine affected persons using seventeen DNA 

probes. They found 13 markers were located within a region on chromosome 11 with 

the MENl locus in the middle. The calculated accuracy of prediction of MENl was 

more than 99.5% when 3 of the polymorphic marker systems were informative.

1.2.7.4 Somatic Cell Hybrids and Radiation Hybrids

The construction of a detailed physical map is important, to identify the gene 

responsible for hereditary disease or to isolate the gene(s) within the amplicon that is 

associated with tumour progression. By somatic cell hybrid studies, Nordenskjold et 

ah, (1989) showed MENl is flanked by D11S288 and INT2 and assigned the disease 

locus to I lq l2 -llq l3 . Nakamura et al., (1989) identified 6 closely linked markers 

within llq l3  which are useful for identification of carriers in MENl families. The 

target region containing the gene was narrowed to about 12cM.

Richard et al., (1991) created a high resolution radiation hybrid map of the 

proximal long arm of chromosome 11 containing the MENl and BCLl gene loci. By 

statistical analysis, they arrived at the following most likely order of loci : CINH — 

OSBP -  CD5/CD20 -FTH l -C0X8 -  PYGM -  SEA -KRN -- HSTF1/1NT2 -  

GST3 — PPPIA. They suggested that the proto-oncogene SEA between PYGM and 

INT2 is a potential candidate for the MENl locus. The markers PGA and PYGM 

were also found to be closely linked to MENl (Nordenskjold et al., 1989). Fujimori 

et al., (1992) placed the MENl locus within an 8 cM region between D11S480 and 

D11S546.

Tanigami et al., (1992) have constructed a physical map of chromosome llq l3  

using 54 DNA markers by somatic cell hybrid analysis. This map from llq l3  to 

llq l3 .5  spans nearly 14Mb including the MENl region. The markers, on average 

300kb apart from each other, are valuable resources for construction of contig maps
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with YACs and cosmid clones. Smith et al., (1995) reported the identification of 8 

new polymorphisms in llq l3  mapped by radiation-reduced hybrids as weU as meiotic 

recombination on one larger reference pedigree. The nearest proximal and distal 

markers that show recombination with the disease are D11S822 and GSTPl, 

narrowing the region for MENl by 50% on the distal side.

1.2.8 Cytogenetic Studies in MENl

Cytogenetic aberrations at llq l3  have been reported in some haemopoietic 

diseases (Griffin et a l, 1986, Tsujimoto et al., 1985). Few or no cytogenetic 

investigations have been performed on the tumour tissue of MENl patients. 

Cytogenetic studies of pancreatic tumours are confined to adenocarcinomas of the 

exocrine pancreas (Casalone et al., 1987, Johansson et al., 1989, Johansson et al.,

1990).

Scappaticci et al., (1991) reported consistent chromosome instability especially 

chromosome breakages in cultured lymphocytes and fibroblasts derived from skin 

biopsies of 3 patients with MENl. Frequent abnormalities found in the lymphocytes 

include dicentrics and tricentrics, rings, translocations, deletions and double minutes. 

The fibroblasts of 2 out of the 3 patients had large clones of trisomy 7 and trisomy 

18, respectively.

Cytogenetic investigation of an insulinoma in a subject with MENl showed 

pseudotetraploid metaphases in the short term culture. There was a consistent 

presence of five characteristic marker chromosomes identified as deletions of 

chromosome l(p21-22), 2(p22), 7(q22), 16(pl2), 17(pll) and several double minute 

chromosomes of varying sizes in all metaphases (Scappaticci et al.,1992). 

Interestingly, rearrangements involving chromosome 1 are characteristic of a variety 

of malignant diseases (Atkin 1986) including colon cancer (Reichman 1984). The
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observation of double minutes may be related to amplification of some of the several 

oncogenes that map to the chromosome region missing in the deleted marker 

chromosome (Scappaticci et ah, 1992).

Further investigation of the double minutes by FISH after probing with a 

chromosome 11 library showed them to be consistently negative for 1 Iq material, thus 

indicating the double minutes are not derived from the amplification of chromosome 

11 and can be heterogeneous in origin (Maraschio et al., 1993).
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1.3 COLORECTAL CANCER

Colorectal cancer is common in Western countries. The incidence shows marked 

variation throughout the world, high in western Europe, North America and 

Australasia, low in eastern Europe, South America and lowest in Africa. In the low 

incidence countries, the lesions tend to be more frequently located in the caecum and 

ascending colon, whereas in the high incidence locales they are most frequently 

concentrated in the rectum and sigmoid colon. About 25,000 cases of cancer of the 

large intestine occur in the United Kingdom each year, accounting for about 12 per 

cent of all cancer deaths. Rectal cancer is more common in people between the ages 

of 50 and 70.

Some of the most significant dietary factors that appear to predispose to a higher 

incidence of colorectal cancer are low content of unabsorbable vegetable fibre, high 

content of refined carbohydrates and high fat content. The reduced fibre content 

results in decreased stool bulk, increased transit time in the bowel, and an altered 

bacterial flora of the intestinal contents. The degradative products of the 

carbohydrate-rich foods present in higher concentrations in the small stools are held in 

contact with the colonic mucosa for longer periods of time. Complete breakdown of 

bile salts and sterols in the stool brought about by the altered bacterial flora in the 

colon (related to high-animal-fat diets) leads to the formation of carcinogens that 

might initiate or promote the development of cancer.

1.3.1 Anatomy, Physiology and Morphology of the Colon and Rectum

In human the large bowel can be divided into the caecum, ascending colon, 

transverse colon, and descending colon as shown in Figure 1.4. The exact limit of the 

sigmoid colon and the rectum is not well understood. The sigmoid colon begins at the 

pelvic brim, includes the sigmoid flexure, and connects below with the rectum. The 

rectum, approximately 6 inches long, is the portion distal to the sigmoid.
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m

Figure 1.4 The large bowel

a) Stomach
b) Splenic flexure
c) Descending colon
d) /Sigmoid colon
e) Rectum
f) Anus
g) Terminal ileum
h) Appendix
i) Caecum
j) Duodenojejunal flexure
k) Transverse colon
1) Ascending colon
m) Liver
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The colon acts as a storage and absorptive organ. Its functions include 

dehydration and storage of ileal effluent to form faeces. Water, electrolytes, and some 

metabolites are removed by the mucous membrane, which is moved over the luminal 

content by local and total wall contraction. Potassium is added to the content by 

mucus secretion.

The colon (including the rectum) is the segment of the gastrointestinal tract most 

frequently affected by tumours. Benign tumours may occur here such as lipomas, 

angiomas, and mesenchymal lesions but the majority are epithelial polyps. Polyps are 

protruding space-occupying lesions. Pathologically, the term polyp is restricted to 

mucosal growths, both benign and mahgnant, whereas those arising from the 

submucosa or the muscle coats are referred to as polypoid lesions. Many are non

neoplastic; some are true neoplasms referred to as adenomas which represent 

precursors of colonic cancer. The benign polyps can be classified as tubular adenoma, 

tubulovülous adenoma and vülous adenoma whereas the malignant type is the 

polypoid carcinoma.

The probability of carcinoma occurring in neoplastic polyps depends on the size 

of the polyps, relative proportions of the villous components and the presence of 

significant cytologic dysplasia in the neoplastic cells (Day 1978). The incidence of 

cancer in polyps under 1 cm in diameter is very low, to about 10% between 1-2 cm, 

and those above 2 cm are cancerous in up to 45%. The majority of colonic cancers 

arise in pre-existing neoplastic polyps. The risk for a cancer is not determined by 

having a polyp but whether the polyp wül turn malignant. This will take several years 

or decades to do so.
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Polyposis refers to the presence of multiple polyps, whereas polyposis syndrome 

is an expression applied to a variety of different syndromes characterised by the 

presence of multiple polyps in the stomach, duodenum, small bowel, colon or rectum.

1.3.2 Carcinogenesis in the Colon

Epithelial cells that line the human colon wall progressively die and are shed. To 

overcome this, cell division in deep pits or crypts (refer to Figure 1.5) continues 

throughout the surface of the epithehum. Cells recently formed at the bottom of a 

crypt stop dividing and migrate slowly up the sides toward the surface of the gut 

epithelium. As they move upwards they develop the ability to absorb nutrients and 

water and secrete the mucous layer protecting the gut lining. This process may go 

astray if cell death (apoptosis) does not occur resulting in the thickened patches of 

epithelial cells known as polyps or adenomas. The continued progression poses 

potential danger if the cells in such polyps are undifferentiated and atypical.

The carcinomas always arise from secretory cells in the epithelium and thus are 

termed adenocarcinomas. They are glandlike structures that produce mucous or a 

lump of undifferentiated cells. Carcinomas are invasive and grow into the underlying 

muscle layer of the colonic wall and eventually yield small clumps of progeny cells 

able to start new colonies (or metastasis) in other organs. These progeny cells can 

travel through blood or lymph vessels that drain from the colon to lodge at distant 

sites resulting in metastatic growths which prove lethal.

1.3.3 Models of Cancer Formation in the Colon

The aberrant growths in the human colon, several types of polyps or adenomas 

and carcinomas, lead us to postulate that there exist various models of colon cancer 

formation. At least three different models can be proposed (Varmus and Weinberg 

1993). (See Figure 1.6).
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Absorptive cell

Goblet cell 
(mucus secretion)

Exfoliation 
(shedding into colon)

Differentiation 
and maturation 
(24-48hr)

Enteroendocrine cell 
(hormone and enzyme 
secretion)

Mitotic
renewal
(24-36hr)

Crypt cells

Villus

— Crypt

Figure 1.5 Carcinogenesis in the colon. Cell division at the bottom of an 
intestinal crypt continually renews the epithelium of the villus. Cells migrating 
upwards function to absorb nutrients and secrete the mucous layer and protect 
the gut lining. They die and shed into the cavity of the gut after 24-48 hours.
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1.

Normal
epithelial
cell

Invasive
Adenoma —► Adenoma Adenoma —► Localised metastatic

type A type B typeC Carcinoma carcinoma

2.

Normal
epithelial
cell

Adenoma (A3,C)

Localised Carcinoma

Invasive
metastatic
carcinoma

3.

Normal
epithelial
cell

Adenoma

Adenoma 
type B

Invasive
metastatic
carcinoma

Adenoma
typeC — Localised

Carcinoma —

(from Varmus and Weinberg 1992)

Figure 1.6 Three models of cancer formation in the colon.
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Model 1 represents an orderly sequence of changes through which a cell and its 

lineal descendants must pass to proceed from normality to malignancy. The second 

model involves the possibility of the epithelial cell to proliferate into a polyp, or 

directly convert it into a carcinoma capable of growing into a localised tumour, or for 

the cell to transform at once into an aggressively growing cancer cell with the ability 

to metastasise. The third model is a combination of the two models described in which 

the normal cell can convert into several types of preneoplastic growths, some leading 

to cancer, others rarely or none at all.

1.3.4 Diagnosis, Classification, and Prognosis in Colorectal Cancer

Carcinoma of the colorectum takes a long time before it produces clinical 

symptoms. Inconstant occult bleeding and/or change in bowel habit are present for 

many months, perhaps years, before diagnosis. Cancers of the rectum and sigmoid are 

more infiltrative than in the proximal regions of the colon. The caecal and right colon 

cancers have severe lesions that bleed readily and present with general appearance of 

weakness, malaise, weight loss and unexplained anaemia.

The diagnosis of colorectal cancer relies on a variety of techniques, including test 

for blood in the stool, digital examination, proctoscopy, sigmoidoscopy, colonoscopy, 

contrast radiographic studies and computerised tomography (CT) scans. Colonic 

cancers produce a variety of tumour antigens that can be detected in the blood and 

provide potential methods of diagnosis, e.g. carcinoembryonic antigens (CEA). The 

serum levels of CEA are directly related to the size of the primary tumour and its 

extent of spread. Positive CEA tests may also be produced by cancers of the lung, 

breast, ovary, urinary bladder and prostate as well as other non-neoplastic disorders. 

Because of this non specificity, CEA is used to assess possible recurrence following 

resection of the primary tumour. CEA levels will disappear if a total removal has been
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accomplished. CEA test can also provide rough quantitation of the effectiveness of 

chemotherapy.

Several staging systems are now in use (Figure 1.7). The modified Duke's 

classification of carcinoma of the colon are as follows; Duke's A is limited to the 

mucosa, Duke's B - extending into muscularis propria, Duke's C - through aU layers 

of the colonic wall with involved lymph nodes and Duke's D - distant metastatic 

spread. The prognosis for patients with colorectal carcinoma is dependent on the 

extent of bowel involvement, the presence or absence of spread to lymph nodes or 

more distant sites, the histologic differentiation of the lesion and to some extent its 

location within the colon. Overall, there is a 35 to 49%, 5 year survival rate in patients 

whose lesions are operable.

1.3.5 Familial Colon Cancer and Polyposis Syndromes

Colorectal cancer occurs in both sporadic and hereditary forms. There are three 

major inherited forms of colon cancer: syndromic polyposis colon cancer (the most 

studied hereditary form is familial adenomatous polyposis, PAP), nonsyndromic 

polyposis colon cancer and 'nonpolyposis' colon cancer. Table 1.3 summarises the 

familial colon cancer and polyposis syndromes.

PAP is inherited as an autosomal dominant trait with high penetrance, affecting 

approximately 1 in 10,000 individuals. It is characterised by the presence of hundreds 

to thousands of adenomatous polyps in the colon by age 20 and progression to colon 

cancer in approximately 90% of untreated patients by their 50's. Gardner's syndrome 

patients display extracolonic features (e.g. mandibular osteomas and desmoid 

tumours) but otherwise resemble those with PAP. The first cytogenetic evidence of 

interstitial deletion of chromosome 5q was observed in a patient with polyposis and 

Gardner's syndrome (Herrera et al., 1986).
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Figure 1.7 Pathological staging of colorectal cancer. This modification of 
Duke's classification for grading colorectal cancer is based on the extent of 
local spread of the tumour (stages A through C) and the presence of distant 
metastasis (Stage D).
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Table 1.3 Familial colon cancer and polyposis syndromes

I ) Polyposis syndromes 

Adenomatous
Familial adenomatous polyposis, (FAP,APC) 
Gardner's syndrome 
Turcot syndrome 
Attenuated FA?

Hamartomatous 
Peutz-Jeghers syndrome 
Cowden syndrome 
Juvenile polyposis

II ) Nonpolyposis syndromes 

HNPCC
Lynch I - site specific colon cancer 
Lynch II - cancer family syndrome

ni ) Non-syndrome familial colon cancer
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Following this observation tight linkage to markers on chromosome 5q21 was 

demonstrated (Bodmer et aL, 1987, Leppert et al., 1987). Partial molecular deletions 

in PAP patients from affected kindreds made it possible to identify the APC gene 

which when inactivated causes PAP (Groden et al., 1991). Somatic mutations in APC 

were observed in sporadic and familial colorectal tumours (Miyoshi et al., 1992, 

Powell et al., 1992) confirming that the gene plays a role in sporadic cases.

The APC gene is approximately 8.4 kilobases in length and contains 15 exons 

(Groden et a l, 1991). The function of the APC gene product is not fuUy understood 

but it is thought to be involved in cell adhesion (Kemler 1993), binds to P-catenin 

(Rubinfeld et al., 1993, Su et al., 1993) and microtubules (Smith et al., 1994, 

Munemitsu et al., 1994) and plays a role in apoptosis (Morin et al., 1996). Somatic 

mutations of APC in sporadic colorectal tumours result in truncated APC protein 

products similar to those observed as a result of germline mutations in PAP patients. 

The MCC (Mutated in Colorectal Cancer) gene also maps to 5q21-22 but was found 

not to be involved in PAP and is structurally distinct from the APC gene, but it is 

conceivable that the APC and MCC proteins interact with each other in the same 

growth regulatory pathway (Groden eta l, 1991).

PAP patients do not develop uniform clinical features despite the fact that they aU 

have APC gene mutations. There exists a complex genotype-phenotype relationship in 

PAP. In some cases, the difference in phenotype is due to the type of mutation. 

Retinal lesions (congenital hypertrophy of the retinal pigment, CHRPE) are associated 

with truncating mutations between codons 463 and 1378 (Olschwang et a l, 1993). 

Patients without CHRPE but manifesting desmoid tumours and mandibular lesions 

have truncating mutations between codons 1403 and 1578 (Davies et al., 1995). As a 

result of these observations Gardner's syndrome is not now considered to be a distinct 

entity. Colonic manifestations have also been shown to vary with the position of the
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mutation. An attenuated form of FAP in which patients develop a relatively small 

number of polyps has been shown to have truncating mutations terminal to codon 157 

(Spirio et al., 1993). An increased number of colorectal adenomas have also been 

observed in patients with mutations between codons 1250 and 1464 (Nagase and 

Nakamura 1993, Gayther et al., 1994) and have been associated with severe 

polyposis.

Hereditary nonpolyposis colorectal cancer syndrome (HNPCC) accounts for 5- 

6% of all colorectal cancers (Lynch et al, 1988, Vasen et al., 1991). It is 

characterised by pedigrees with a relatively young age of onset, with a mean age of 

diagnosis at 44 years. This syndrome is difficult to recognise without a large pedigree 

since environment, especially diet, plays a role in the occurrence of various 

extracolonic neoplasms in some affected families. HNPCC, which includes Lynch I 

and Lynch II syndromes, is inherited as an autosomal dominant trait. The site of the 

genes responsible for HNPCC were localised to chromosomes 2p and 3p respectively, 

by linkage analysis in a few large kindreds (Peltomaki et al., 1993, Aaltonen et al., 

1993, Lindblom et al., 1993). These genes are involved in the mechanisms for 

mismatch DNA repair. One locus, hMSHl, was mapped originally to chromosome 

2pl5-16 (Peltomaki et al., 1993), later mapped to chromosome 2p21 (Fishel et al.,

1993) and is thought to account for up to 60% of HNPCC. The second locus, 

hMLHl has been mapped to chromosome 3p21 (Bronner et al., 1994) and is thought 

to account for up to 30% of HNPCC. Two additional genes , hPMSl and hPMSl 

have been identified in individuals with colon cancer in which there was also a family 

history of cancer (Nicolaides et al., 1994). Germline mutations in these two genes are 

a minor cause of HNPCC.
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1.3.6 Microsatellite Instability and RER Phenotype

Microsatellites are stable repetitive genetic elements consisting of only one to six 

bases (Litt et al., 1989, Weber et al, 1989) and are prone to slippage during 

replication which results in a small loop in either the template or nascent DNA strand. 

The mismatch repair system in the cells normally corrects these rephcative mistakes. 

A subset of sporadic colorectal tumours and most tumours developing in HNPCC 

patients, manifesting frequent alterations in microsateUite sequences that are thought 

to represent replication errors, are referred to as RER(+). Parsons et al., (1993) 

demonstrated that the mutation rate of (CA)n repeats in RER(+) tumour cells is at 

least 100-fold that in RER(-) tumour cells and affects extra chromosomal as well as 

endogenous genomic sequences, and is referred to as a 'mutator phenotype'. In 

addition to an increased mutation rate at the selectable HPRT reporter gene, the 

mutator phenotype also results in increased mutations in a receptor for TGF-P (RE), 

which functions as a tumour suppressor gene in RER colon cancers (Markowitz et al., 

1995, Parsons et al., 1995).

1.3.7 Other Tumour Suppressor Genes Involved in Colorectal Cancer

Segments of the short arm of chromosome 17 and the long arm of chromosome

18 were seen to be absent in more than 70% of colorectal carcinomas (Vogelstein et 

al., 1988, Delattre et al., 1989) leading to the identification of specific involved genes 

such as the TP53 gene and the DCC gene (Deleted in Colorectal Carcinoma) (Fearon 

et al., 1990). In chromosome studies of 15 colorectal tumours, Konstantinova et al., 

(1991) found rearrangements of the short arm of chromosome 17, leading to deletion 

of this arm or part of it in 12 cases; in 2 others, one of the homologs of pair 17 was 

lost. One chromosome 18 was lost in 12 out of 13 cases with fully identified 

numerical abnormalities; chromosome 5 in 6 tumours; and other chromosomes in 

lesser numbers of cases.
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TP53 has unequivocally been shown to possess tumour suppressing activity. In 

those colorectal carcinomas containing this deletion, the remaining allele usually 

contains a point mutation (Baker et al, 1989). Upon restoring normal TP53 

functioning in tumour cells lacking the wild type alleles, complete growth cessation of 

these cells occurred (Baker et ah, 1990). TP53 fits the two important criteria needed 

to be a tumour suppressor gene: i) inactivation by allele loss and/or point mutation, 

and ii) growth suppression, in vitro and/or in vivo upon restoring normal functioning. 

Kikuchi-Yanoshita et al, (1992) presented evidence that genetic changes in both 

alleles of the TP53 gene through mutation and LOH, which result in abnormal protein 

accumulation, are involved in the conversion of adenoma to early carcinoma in both 

familial adenomatous polyposis and in nonfamilial polyposis cases.

In 1988, Vogelstein et al., studied the interrelationships of the 4 alterations 

demonstrated in colorectal cancer and determined their occurrence with respect to 

different stages of colorectal tumorigenesis. They found ras gene mutations fi*equently 

in adenomas, this being the first demonstration of such in benign human tumours. In 

adenomas greater than 1 cm in size, the prevalence was 58% compared to 47% 

observed in carcinomas. Sequences on chromosome 5 were seldom lost in adenomas 

from the familial adenomatous polyposis patients. Therefore the Knudson model was 

thought to be unlikely to be applicable to the adenoma/carcinoma sequence in this 

disorder. Chromosome 18 sequences were lost frequently in colon carcinomas (73%) 

and in advanced adenomas (47%), but only occasionally in earlier stage adenomas 

(11-13%). Chromosome 17 sequences were usually lost only in carcinomas (75%). 

The results suggested a model wherein the steps required for malignancy involve the 

activation of a dominantly acting oncogene coupled with the loss of several genes that 

normally suppress tumorigenesis.
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Following the cloning of the APC gene it was demonstrated that the majority of 

colorectal cancers and adenomas, both familial and sporadic, expressed only truncated 

forms of the APC protein (van der Luijt et al., 1994). This is evidence that both alleles 

are inactivated in most colorectal tumours, but possibly not in every case.

1.3.8 Multistep Evolution in Colorectal Cancer

Fearon and Vogelstein (1990) provided the evidence supporting their multistep 

genetic model for colorectal tumorigenesis. They suggested that multiple mutations 

lead to a progression from normal epithehum to metastatic carcinoma through 

hyperplastic epithehum—early adenoma—intermediate adenoma—late adenoma—and 

carcinoma. The genes in which mutations occur at steps in this process include APC 

on chromosome 5, Kra^ on chromosome 12, TP53 on 17p and DCC on chromosome 

18 (Figure 1.8).

Kinzler and Vogelstein (1996) again reviewed the genetic changes associated 

with colorectal tumorigenesis and proposed a shghtly modified model for the 

development of mahgnancy (Figure 1.9). The Kras oncogene requires only one 

genetic event for its activation. Other tumour suppressor genes possibly involved are 

DCC, DPC4 and MADR2, candidate tumour suppressor genes from 18q21. APC 

mutations are thought to initiate the neoplastic process. Patients with FAP inherit 

APC mutations and develop numerous dysplastic aberrant crypt foci (ACF), some of 

which progress as they acquire the other mutations. It was postulated that a mutator 

phenotype resulting from a defect of DNA mismatch repair system (Loeb 1991) is 

required for malignant cells to acquire the requisite number of changes. A new 

mutator mechanism for cancer has been recently discovered from the observation of 

the RER phenotype in a subset of colon tumours showing that somatic genomic 

instability at simple repeat sequences is a very early event in tumour development that 

persists after transformation (Ionov et al., 1993, Shibata et al., 1994).
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Figure 1.8 Genetic changes occurring during evolution of a colon carcinoma. f
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Figure 1.9 Genetic changes associated with colorectal tumorigenesis.
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Tumours from patients with HNPCC similarly go through a series of mutations 

(Markowitz et al., 1995). Mismatch repair deficiency speeds this process.

1.3.9 The Structure and Function of the DCC Gene

The human DCC gene is very large, spanning more than 1.35 million basepairs at 

chromosome 18q21 (Cho et al., 1994). It includes at least 29 exons, only a small 

subset of DCC sequences have been evaluated for mutations (Cho et al., 1994). 

Sequencing of its cDNAs revealed that the gene encodes a 1447 amino acid 

transmembrane protein with 4 immunoglobulin like (Ig-like) and 6 fibronectin type 

ni-like extracellular domains (Figure 1.10). The DCC transcript is approximately 

12kb (identified in adult and fetal brain tissues), with an open reading frame of about 

4.3kb (Fearon et al., 1990). The DCC transcript has a homology with a known family 

of neural cell adhesion molecules (NCAM) (Fearon et al., 1990, Hedrick et al., 1994).

DCC posseses netrin receptor involved in the guidance of developing axons
u

(Keino-Masu et al., 1996) and has implications for relation of cell migration and 

differentiation (Cho and Fearon 1995). It is from a family of cell surface proteins and 

its sequence has a 325 amino acid cytoplasmic domain of DCC, similar to neogenin, 

an NCAM-like protein in chick's developing nervous system (Chuong et al., 1994). 

Other closely related sequences include those present in the extracellular domains of 

several transmembrane protein tyrosine phosphatases (FTPase) such as the leucocyte 

common antigen related (LAR) phosphatase and the NCAM related molecule LI. 

Alternative splicing of DCC transcript has been noted in both the extracellular and 

cytoplasmic domains of DCC similar to several other NCAM family member genes 

(Reale et al., 1994).

The DCC homologs have also been identified and characterised in rat (Fearon et 

al., 1990), chicken (Chuong et al., 1994) andXenopus laevis (Pierceall et al., 1994).
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protein containing Ig like and FN type III like domains.

66



Introduction

Many different classes of cell surface protein, including integrins, adherin and Ig 

superfamily cell adhesion molecules, have a critical role in embryonic development, 

differentiation of various cell types and regulation of cell proliferation (Hynes 1991, 

Takeichi 1991, Edelman et aL, 1991). These studies have provided some evidence 

into the mechanism by which DCC gene inactivation may contribute to tumorigenesis. 

Perhaps the strongest evidence supporting a role for DCC as a tumour suppressor 

gene is obtained from studies showing suppression of tumorigenicity by reconstitution 

of DCC function in tumour cells lacking DCC expression (Tanaka et al., 1991). 

Tanaka et al., (1991) demonstrated that transfer of a normal human chromosome 18 

into a colon carcinoma cell line through microceU hybridisation severely reduced the 

cloning efficiency of the hybrid cells in soft agar and completely suppressed 

tumorigenicity in athymic nude mice. Similar results were also obtained when normal 

chromosome 5, which carries the locus for APC, was transferred into the cells.

The normal function of DCC remains poorly understood. Studies have shown 

that the DCC gene is expressed in most normal adult tissues. The highest expression 

observed in tissues in the central nervous system (Hedrick et al., 1994, Reale et al., 

1994), assayed by the reverse transcription-polymerase chain reaction (RT-PCR) 

analysis. By immunoblottmg and immunohistochemical staining, its expression can be 

detected in some subset of adult tissues e.g. rodent's brain and bladder (Reale et al., 

1994), frog's stomach, lung and kidney, human neural tissues and colonic epithelium 

(Hedrick et al., 1994), murine and avian tissues, i.e. epitheha of gut, mammary gland 

and bladder (Chuong et al., 1994). In most mature epithelia, DCC expression is 

restricted to the proliferative compartment, suggesting it may play a role in regulating 

cell proliferation (Chuong et al., 1994). DCC expression varies dramatically in 

Xenopus embryos development, being highest during brain segmentation and neural 

cell specification and lowest prior to metamorphosis (Pierceall et al., 1994). DCC
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expression appears to be higher in fetal brain tissues than in adult brain tissues (Fearon 

et a l, 1990).

1.3.10 DCC Inactivation in Colorectal Cancer

In more than 90% of carcinomas with 18q allelic loss, the altered region includes 

the DCC locus. Marked reduction or loss of the DCC mRNA expression is observed 

in more than 50% of primary colorectal cancers (Itoh et al., 1993) and 85% of colonic 

tumour cell lines (Fearon et al., 1990). This suggests that the retained DCC allele may 

be inactivated by a more localised mutation. Somatic mutations have been identified in 

some, including point mutations (2 introns and 1 exon 28) (Cho et al., 1994). 

Approximately 10-15% of tumours have insertions in a microsateUite sequence 

located downstream of one of the exons (Fearon et al., 1990). This finding is 

interesting because general instabUity of microsateUite sequences has been identified in 

a subset of sporadic colorectal cancers and those associated with HNPCC (Thibodeau 

et al., 1993, Ionov et al., 1993, Aaltonen et al., 1993). DCC expression is detectable 

in hyperplastic polyps and most adenomatous polyps of the colon, and in mucinous 

carcinomas., where DCC expression is retained, probably because they do not exhibit 

18q LOH (Hedrick et al., 1994).

Patients whose colorectal cancer have 18q LOH have an increased likeUhood of 

distant metastasis and death from this disease (Kern et al., 1989). Studies have shown 

that 18q aUeUc loss (presumably including loss of DCC ) may be a strong predictive 

factor for deep muscle and lymphatic invasion and hepatic metastasis (lino et al.,

1994) and for death in patient's with stage II (Duke's B) and stage III (Duke's C) 

cancer (Jen et al., 1994). The findings suggest that colorectal cancer with 18q LOH 

tend to behave more aggressively and metastasise more readily. Prevalence of 18q 

LOH rises to nearly 100% in colorectal cancer metastasis to the Uver (lino et al., 

1994, Ookawa et al., 1993).
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1.3.11 DCC Inactivation in Other Cancer Types

DCC may be inactivated in several tumours arising outside the colon and rectum. 

As summarised in Table 1.4 (with reference hsts), these tumour types include gastric, 

pancreatic, endometrial, breast, prostate, oesophageal, bladder and squamous cell 

cancers, male germ cell tumours, some leukaemias and gliomas. DCC inactivation in 

these tumours includes frequent LOH of the chromosome 18q harbouring the DCC 

gene, markedly reduced or absence of DCC mRNA expression, aberrantly sized DCC 

transcript, homozygous loss of DCC in several cases, and intragenic point mutations 

in a few cases. These data suggest that inactivation of DCC may contribute to tumour 

progression in tumours outside the colon and rectum, including some leukaemias.

1.3.12 Loci for Multiple Tumour Suppressor Genes at 18q21

LOH at 18q21 has been identified in numerous cancers including gastric, 

pancreatic, endometrial, breast, prostate, oesophageal, male germ cell tumours and 

some leukaemias (Table 1.4). In an allelotype study, a high rate of chromosome 18 

allelic loss was detected in pancreatic cancer (Hahn et al., 1995). Deletion and 

physical mapping revealed homozygous deletion of 18q markers in 30% of cases 

(Hahn et al., 1996).

A candidate tumour suppressor gene, DPC4 (Deleted in Pancreatic Carcinoma) 

has been mapped to 18q21.1, proximal to the DCC locus (Hahn et al., 1996). 

Recently, MADs (mothers against dpp) and MADR (MAD-related) proteins have 

been identified in a variety of species (reviewed by Massague 1996, Wrana and 

Attisano 1996) and found to be important components of the serine/threonine kinase 

receptor for the transforming growth factor p (TGFp) superfantily. Interestingly, 

DPC4 is a MAD-related gene but the signaUing pathway in which DPC4 functions is 

unknown.
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Table 1.4 DCC inactivation in other cancers apart from the colon and 
rectum

Cancer types ISqLOH DCC expression 
(reduced/absent)

Reference

Gastric appr. 60% - Uchino et a l, ’92

Pancreatic 80% 50% Hohne et al.y ’92 
Seymour et al., ’94

Breast 30-60% >70% Thompson et al.,93 
Devilee et al., ’91

Prostate 33-45% >80% Gao et al., ’93 
Brewster et al., ’94 
Latil et al., ’94

Endometrial 25-40% 50% Imamura et al., ’92 
Gima et al., ’94

Oesophageal 25% - Miyake et al., ’94 
Huang et al., ’92

Glioblastoma 86% >60% Scheck et al., ’93

Male germ cell 4^% 29% Murty et al., ’94

Leukaemias - 24-33% Miyake et al.. ’93

Overt Leukaemia 
(MDS)

- 71% Miyake et al., ’93
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Another MAD-related gene mapped recently to 18q21, close to DPC4 is 

MADR2 (Eppert et al., 1996). Its predicted protein is related to the Drosophila MAD 

and human MADRl. Analysis of MADR2 in 66 sporadic colorectal carcinomas has 

identified four missense mutations in MADR2 (6%), two of which are associated with 

LOH (Eppert et al., 1996). Biochemical analysis indicates that three of these 

mutations lead to either a loss of protein expression or loss of TGFp-regulated 

phosphorylation. Further functional analysis of mesoderm induction in Xenopus 

embryos also shows inactive protein products. In adjacent normal colorectal tissue in 

3 cases, MADR2 was found to have a wüd-type sequence indicating that these 

mutations were acquired as somatic mutations. No evidence of germline mutations of 

MADR2 were found in 15 lymphoblastoid cell hnes. These findings together with the 

involvement of DPC4 indicate that MADs may represent a new class of tumour 

suppressor genes important in human cancer. MADR2, DPC4 and DCC map to the 

same chromosome band, suggesting that MADR2 may also be deleted in tumours of 

various types demonstrating LOH of 18q21 (Eppert et al., 1996).
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1.4 DEVELOPMENT OF THE FLUORESCENCE in situ HYBRIDISATION 

TECHNIQUE

The visualisation of heteroduplex, or hybrid, RNA/DNA molecules on cytological 

preparations was referred to as in situ hybridisation (ISH). This technique was first 

described by GaU and Pardue (1969) to detect RNA-DNA hybrid molecules using 

tritium-labelled reagents and autoradiography of cytological preparations. Later they 

used this technique for chromosomal localisation of mouse satellite DNA and 

cytological localisation of DNA complementary to ribosomal RNA in polytene 

chromosomes in Diptera.

Hybridisation also includes DNA/DNA and RNA/RNA homoduplex molecules. 

The technique depends on the quality of the specimen ( tissue section, whole cells, or 

metaphase chromosomes ) which is prepared in such a way that the RNA or DNA, is 

optimally exposed to the denaturing environment and accessible to the labelled RNA 

or DNA probe without substantial loss of material.

The development of ISH of radio labelled DNA sequences to metaphase 

chromosome started in the 1970's. In the early 1980's it became sufficiently refined to 

allow the chromosomal localisation of single copy DNA sequences which had been 

cloned in plasmid vectors (Harper and Saunders 1981, Malcolm et al., 1981). The use 

of whole plasmid containing inserts is thought to be important for the formation of 

networks of probe over the human insert DNA hybridised to the complementary 

chromosomal sequence and amplifies significantly the hybridisation signal (Garson et 

al., 1987). ISH has now become the method of choice for assigning a cloned DNA 

sequence to its parent chromosome.
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1.4.1 Radioactive Labelling

A very sensitive method of detecting sites of hybridisation utilises radio-labelled 

probes, A high specific activity ( >10  ̂cpm/ug DNA) can be achieved using I  125 or 

P . The chromosomal sites of hybridisation were detected by auto radiography of 

photographic emulsion applied directly to the microscope slide. Tritriated probes have 

an advantage over other more energetic isotopes in that the emitted particles do not 

travel as far before they are captured, and therefore, the silver grains in the developed 

photographic emulsion will lie closer to the actual site of hybridisation. The closer the 

grains are to the probe, the higher the degree of resolution of hybridisation. The 

scatter of radioactive disintegration around the region of hybridisation reduced the 

accuracy of the method, and auto radiographs often had to be exposed for several 

weeks before a satisfactory hybridisation was observed. There is also a need to 

establish statistically significant counts.

The techniques using radioactive probes are very sensitive but the disadvantages, 

such as probe instability, long delay by auto radiographic procedures and tedious 

scoring of silver grains, initiated the search for non-isotopic methods of labelling.

1.4.2 Non-Isotopic Labelling

The use of biotinylated probes had been developed after the work of Langer et 

al., 1981 when mercury was used to visualise hybridisation in fluorescence 

microscopy. Other non-isotopic labels include the use of N-acetoxy- 

acetylaminofluorene modified probe (Tchen et a l, 1984, Landegent et a l, 1984) to 

detect nucleic acid sequences in hybridisation experiments. Landegent et al., (1985) 

also used the probe to localise a unique gene on the chromosome. The use of 

digoxigenin labelled DNA of papilloma viruses for ISH, developed by Heiles et al., 

(1988) has also been successful.
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Non-radioactive ISH techniques are based on chemically modified probes and 

immunologie procedures or affinity reactions for their detection. In cytological 

preparations the detection is either by fluorescence or enzyme-linked reactions.

Biotinylated probes are detected by fluorochromes or enzymes coupled to avidin, 

streptavidin, or anti-biotin antibody. Avidin is a protein that binds to biotinylated 

nucleotides incorporated into the probes (Manuelidis 1985). The enzymes commonly 

used are alkaline phosphatase and horseradish peroxidase; the fluorochromes include 

fluorescein-isothiocyanate (FITC) and Texas red. The peroxidase reaction depends on 

the oxidation of diamino-benzidine to produce a dark brown insoluble complex which 

is clearly seen as a bright spot on reflection-contrast microscopy (Landegent et al., 

1985). The alkaline phosphatase reaction depends on the production of the insoluble 

formezan from nitroblue tétrazolium chloride, which is visualised under phase- 

contrast microscopy (Garson et al, 1987).

Bums et at., (1985) applied the ISH technique on chromosomes to interphase 

nuclei and the production of signals has been used for sexing cells. Studies on 

interphase nuclei had also led to gene mapping work by Lawrence et al., (1988).

1.4.3 Fluorescence in situ Hybridisation

Fluorochromes are readily detectable by fluorescence microscopy. Pinkel et al., 

(1986) have successfully developed this technique with various probes derived from 

reiterated DNA sequences. ISH and fluorescence detection, later termed fluorescence 

in situ hybridisation (FISH) describes the use of this method for chromosome 

classification and detection of chromosome aberrations. Biotin-labeUed DNA is 

hybridised to target chromosomes and subsequently made fluorescent by successive 

treatments with fluorescein-labelled avidin and biotinylated anti-avidin antibody. 

Human chromosomes in metaphase and interphase human-hamster hybrid cells are
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uniformly and brightly stained when human genomic DNA is used as probes. 

Interspecies translocations can be detected easily at metaphase. The fluorescence 

intensity of specific human chromosomes in metaphase and interphase human cells is 

proportional to the amount of target human DNA. 0.8kb DNA probe specific for 

human Y chromosome produces very bright signal in metaphase and interphase nuclei. 

Human chromosome-specific repetitive probes have a major impact in detection of 

diagnostically important aneuploidy in human malignancies and prenatal samples.

The limitation of this method was the relatively large size of the probe needed for 

the detection of unique, non-amplified DNA sequences (Albertson et a/., 1985, 

Lawrence et al., 1988). Cherif et al., (1990) have modified the technique of Pinkel et 

aL, (1986) in labelling the DNA probes by the random priming system giving a dUTP- 

11 biotinylated incorporation efficiency higher than that obtained by the classic nick 

translation.

1.4.4 Chromosomal in situ Suppression

Non-isotopic probes have been used in ISH to map sequences as small as Ikb in 

length (Garson et al., 1987) as inserts in plasmid vectors. Probes with larger insert 

sizes give stronger signals in a higher proportion of metaphases. Much larger unique 

sequence probes are inserted into cosmids and yeast artificial chromosomes (YACs). 

These large inserts contain repetitive elements, such as Alu and Kpn sequences, thus 

unlabelled competitor DNA (total human DNA or its Cot-1 fraction, which is 

enriched for repetitive elements) is prehybridised to the probe before application to 

the chromosome preparation. This procedure is termed chromosomal in situ 

suppression (CISS) which permits selective hybridisation of unique sequences to the 

chromosomes (Lichter et a l, 1988, Pinkel et al, 1988). Hybridisation signals can be 

seen in 80-90% of the complementary chromosome regions on both the chromatids so 

a small number of metaphases need to be examined and no statistical analysis is
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necessary. An Alu-PCR method (Nelson et al, 1989) allowed the amplification of 

certain fragments of the YAC human DNA insert that lie between appropriately 

oriented A/«-repeat elements and the amplified fragments enriched for human 

sequence can be used for FISH analysis.

1.4.5 Chromosome Painting

Another procedure known as chromosome painting was developed from 

chromosome specific FISH probes obtained from DNA libraries made from flow- 

sorted human chromosomes^ and have resulted in non-isotopic labelling and 

visualisation of the target chromosome (Lichter et al., 1988, Pinkel et a i, 1988). 

Chromosome specific painting probes have become very useful for chromosome 

identification in complex karyotypes and it has become an important tool for prenatal 

diagnosis in confirming trisomies.

1.4.6 PRimed in situ Labelling

An alternative to FISH is a method called PRimed in situ labelling (PRINS) 

(Koch et at., 1989). It is a fast and sensitive multicolour detection of nucleic acids 

based on sequence specific annealing in situ of an unlabelled DNA probes. The probe 

served as primer for chain elongation in situ, catalysed by a suitable DNA polymerase 

that uses labelled nucleotides as substrate. This PRINS method has been improved by 

using direct incorporation of fluorescein-12-dUTP (Koch et al., 1992). The use of Alu 

oligonucleotides as primers in PRINS has achieved high quality chromosome R- 

banding (Gosden et al., 1991). Multicolour PRINS (MULTIPRINS) also allows 

simultaneous probing of multiple repetitive sequences. This procedure enables two or 

three steps of extension to be performed on a single slide (Volpi et al., 1993). Each 

extension is carried out in the presence of different primer and a different reporter 

molecule.
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1.4.7 Extended Chromatin Fibre FISH

Measurement between signals from probes hybridised simultaneously to 

interphase nuclei allows an order to be derived (Trask et al., 1989). However the 

probes must be greater than 50-100kb apart. Southern blotting and sequence tagged 

analysis could be used to determine the size of overlapping probes and provide 

information about the size of the gap between probes, but these molecular approaches 

are very labour intensive. A rapid alternative method for the ordering of probes and 

measurement of size between gaps for overlapping probes was performed on free 

chromatin fibres. Protocols for releasing chromatin from nuclei were described using 

the drug m-AMSA, and alkaline buffer (Heng et ah, 1992) or detergent and high salt 

extraction (Wiegant et al., 1992). FISH can be performed on these DNA fibres 

enabling high resolution mapping.

1.4.8 Multi-Colour FISH

In FISH more than one probe may be used at once, each labelled by a different 

method and each carrying a different fluorochrome. The development of multicolour 

FISH has enhanced cytogenetic resolution in ordering of closely located DNA loci on 

metaphase and interphase chromosomes through use of a conventional fluorescence 

microscope equipped with a dual band-pass filter (Trask et al., 1989, 1991; Inazawa 

et al., 1993). Up to seven colours can be generated from red and green fluorochromes 

by ratio-labelling, detectable at once through a single double-bandpass filter 

(Dauwerse et al., 1992; Ried et al., 1992). The number of useful combinations of N 

fluorochromes is 2^-1; thus, increasing the number of fluorochromes to four allows 

the detection of 15 different target sequences, 31 combinations for five 

fluorochromes, and so on. The goal of visualising 22 human autosomes and 2 sex 

chromosomes is achieved by developing epifluorescence filter sets and computer 

software to detect 27 different DNA probes hybridised simultaneously (Speicher et 

al., 1996). Karyotyping using a pool of human chromosome painting probes, each
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labelled with a different fluor combination is hybridised to metaphase chromosomes 

prepared from normal cells, clinical specimens and neoplastic cell lines. Both simple 

and complex chromosomal abnormahties can be detected easily. Multiplex-FISH (M- 

FISH) has wide clinical apphcations and can complement standard cytogenetics for 

identifying complex karyotypes.

1.4.9 Comparative Genomic Hybridisation

A method that allows a comprehensive analysis of imbalanced chromosomal 

material of the entire genomes was introduced by Kallioniemi et al., (1992). This 

procedure is called comparative genomic hybridisation (CGH) and has the potential to 

detect chromosomal imbalances in specimens not assessed previously. Since only 

DNA is required for this procedure, it has created wide interest in the studies of 

genetic alterations in tumour tissues. As small amount of DNA can be amplified with 

the standard PGR protocol, one important feature of the technique is that formalin 

fixed material can also be analysed (Speicher et al., 1993; 1995). CGH could be 

considered as reverse painting where complete or partial genomes with unknown 

rearrangements can be analysed. CGH is based on a dual-colour FISH using 

differently labelled tumour and control DNA by nick translation in the presence of 

either digoxigenin-11 -dUTP or biotin-14-dATP. Copy number changes in the tumour 

genomes are reflected in changes of the ratio of the two fluorochromes involved. 

CGH has been used as an approach for visualising chromosomal gains and losses in 

histologically characterised tissue sections during solid tumour progression of 

colorectal carcinogenesis (Ried et al, 1996).
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1.5 PRESENT INVESTIGATION

The purpose of this study is the application of the FISH technique for identifying 

chromosome and gene deletion; and the PCR-based technique for detecting allelic loss 

in human cancer.

1.5.1 Aims of the Study

1.5.1.1 Multiple Endocrine Neoplasia Type 1

• By analysing the MENl cell lines, we hoped to detect translocations or 

microdeletions involving chromosome llq l3  that might aid in the isolation of the 

MENl gene.

1.5.1.2 Colorectal Carcinogenesis

• For the colon cancer cell lines, the aim was to refine the cytogenetics and data 

obtained by using FISH to investigate alterations at the DCC gene locus on 18q21.

• In the sporadic colorectal cancer, the aim was to compare the efficiency of FISH 

and PCR-based methods in detecting 18q loss. The ploidy analysis and loss of the 

DCC gene at 18q21 in these tumours was performed by interphase FISH. Allelic loss 

of the DCC gene and chromosome 18q was detected by SSCP and RFLP analysis.

• We hope that the genetic changes pinpointed wül help to define the role of the 

DCC gene in colorectal tumorigenesis and determine the predictive value of 18q loss 

as a prognostic marker in non-metastatic colorectal cancers.

79



Materials and Methods

CHAPTER 2 

MATERIALS AND METHODS
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2 MATERIALS AND METHODS

2.1 MATERIALS

2.1.1 Chemicals

Unless otherwise stated general laboratory chemicals and reagents were obtained 

from BDH, Gibco BRL, Merck Ltd. or Sigma. All buffers comprised Analar or 

biochemical grade reagents and if necessary, were sterilised by autoclaving at 151bs 

psi 121°C for 30 minutes.

2.1.2 Tissue Culture Media

Media for tissue cultures and other reagents were obtained from BDH, Gibco 

BRL, ICN Laboratories or Sigma.

2.1.3 Enzymes

Restriction endonucleases were obtained from Gibco BRL. Other proteolytic 

enzymes and dissociating enzymes were obtained from Boehringer Mannheim, Koch 

Light Ltd. or Sigma.

2.1.4 Polymerase Chain Reaction

Taq polymerase and buffer were supplied by HT Biotechnology Ltd.. 

Oligonucleotides were ordered from Oswel DNA Service or Gibco BRL and dNTP 

sets were obtained from Pharmacia.

2.1.5 Electrophoresis

Chemicals and reagents were obtained from Sigma. Polyacrylamide gels and 

DNA buffer strips for use on the Phastsystem™ were obtained from Pharmacia.

2.1.6 Plasmid DNAs

Extraction and purification of plasmid DNAs utilised the Wizard™ Maxipreps 

supplied by Promega.
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2.1.7 Fluorescence in situ Hybridisation

Chemicals and reagents were obtained from Boehringer Mannheim, Sigma or 

Vector Laboratories. Biotinylated probes were obtained from Cambio or Oncor Inc..

Biotin labelling kit was obtained from Gibco BRL and digoxigenin labelling kit was 

obtained from Boehringer Mannheim.

2.1.8 MENl Cell Lines

EBV-transformed cell lines of an affected individual with MENl from each 

family, were obtained from Dr Raj Thakker of the MRC Molecular Medicine Unit, 

Hammersmith Hospital. The frozen cell lines were recovered from hquid nitrogen 

storage. A total of 50 lymphoblastoid cell lines were received and cultures of the cell 

lines were set up for cytogenetic studies.

2.1.9 Colorectal Cancer Cell Lines

Two colorectal cancer cell lines, AA/Cl/SB/lOC and JW2/33 F31 were received 

from Dr Christos Paraskeva, from the Department of Pathology, University of Bristol
DNA normql wcas <^\so  avculeUolc pafi'erd-S whgrg c e ll were c \e r l \ / e c i .

Medical School, U.K.^LIM 1215 and LIM 1899 were cell lines received from Dr 

Robert Whitehead, of the Ludwig Institute for Cancer Research, Tumour Biology 

Branch at Melbourne, Australia. For details of the cell lines see appendix 5.2.

2.1.10 Colorectal Cancer Samples

Resected tissues were obtained from 20 patients with sporadic colorectal cancer 

admitted to the Department of Surgery, UCLH. Direct smears were made from solid 

tumours and fixed immediately after surgery. All tissue samples were flash frozen in 

liquid nitrogen and transported in dry ice prior to DNA extraction.

2.1.11 Yeast Artificial Chromosome Clones

For the study on Multiple Endocrine Neoplasia Type 1, four YACs from a 

CONTIG within the region of the MENl gene at llq l3  were chosen to be used as 

DNA probes. They were 9FF1, 32AF1, 16IC1 and 17IC4, received as agar stabs from
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the MRC Molecular Medicine Unit, Hammersmith Hospital. The agar stabs were 

grown immediately and minipreparations of the YACs were carried out.

For the study of colorectal cancer, a total of seven YACs from a CONTIG 

spanning the region encompassing the DCC gene on chromosome 18q21 were 

selected. They were yl2FC12, ylSHEl, y40DHl, y26CB8, y36IB10, y39CG7 and 

yA96E4. These were received from Dr Eric Fearon, from the Department of 

Pathology, Yale University School of Medicine, New Haven, Connecticut, U.S.A.

2.1.12 DNA Probes

Biotinylated chromosome DNA paints and alpha satellite DNA probes were 

purchased from Cambio and Oncor Inc., respectively. They were chromosome paints 

1, 2, 8, 13, 14, 17, and 18; and centomeric probes for 18, (D18Z1) and for 16, 

(D16Z2). Probes for centromeric 16, (pSE16) and centromeric 18, (LI.84) were also 

available as plasmid DNAs and were transformed into a suitable E. coli strain prior to 

culture. The competent cells used for transformation were JM 101, available from a 

glycerol stock in the laboratory.
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2.2 METHODS

2.2.1 Cell Culture Techniques

2.2.1.1 Synchronised Culture - Peripheral Blood Lymphocytes

Cultures from a synchronised method will yield a high mitotic index resulting in 

less condensed chromosomes, and more near prophase and prometaphase stages; this 

method is essential for high resolution banding. The collection of whole blood was 

done into a sterile Lithium heparinized tube. Under aseptic conditions, 0.5-lml 

peripheral blood was cultured in a 50ml flask containing Iscoves modified Dulbecco's 

medium supplemented with foetal calf serum (appendix 5.3.1) and stimulated with 

200|ll phytohaemoglutinin (PHA). The culture was incubated at 37°C for 48-72 hours 

and shaken twice a day to resuspend the cells. 0.2ml of thymidine (30mg/ml) was 

added to each culture and incubated for 17 hours or overnight. Thymidine will block 

cell growth at the G 1/S phase transition. The cells will be stimulated to growth and 

division by the addition of 0.2ml deoxycytosine (0.3mg/ml) for a further 5-6 hours 

incubation. 0.2ml colcemid (10|ig/ml), a mitotic spindle inhibitor, was added and 

incubated for 20 minutes. The cell culture was mixed and transferred into two 10ml 

centifuge tubes and harvested following a standard protocol.

2.2.1.2 Suspension Culture - Lymphoblastoid Cell Lines

Lymphoblastoid cell lines generally grow in the medium without attaching to the 

surface of the culture flask. This type of cell culture is called a suspension culture. 

Frozen cells stored in liquid nitrogen were thawed immediately in a 37°C waterbath. 

The lid of the vial was loosened, then reclosed before putting into the waterbath. The 

cells were transferred to a sterile 15ml centrifuge tube and 10ml of prewarmed RPMI 

medium supplemented with fetal calf serum (appendix 5.3.2) was added dropwise and 

mixed slowly to allow the cells to recover. The cells were spun at SOOrpm for 5 

minutes. The medium was removed and the cells resuspended in firesh medium and 

transferred into a 50ml culture flask. The cells were incubated at 37°C in a humidified
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incubator gassed with 5% CO2 . The culture flask was placed upright throughout the 

incubation. The cap of the flask was left slightly loose to allow the CO2  access to the 

cells. As the cells began to grow in clumps the medium turned yellow. The spent 

medium was removed by centrifugation and the cells were fed with fresh medium 

once every 2 days. When the culture flask was thick with clumps of cells, some were 

transferred to a centrifuge tube. ISjll colcemid (lOjlg/ml) was added to a 5ml cell 

culture and incubated at 37°C for 1 hour prior to harvesting. anc\ s-brcmodeov-juricitoi
«xtUrwpWdi -(cr s . y n < J i g ; r \ i , s e < l 4 o

2.2.1.3 Monolayer Culture - Anchorage Dependent Cell Lines

Some established cell lines are anchorage dependent and adhere to the surface of 

the culture flask. These cells grow as monolayer cultures, although some form 

multilayers, mostly of fibroblast and epithelial cell types. The culture flask was 

maintained in a horizontal position to provide a large surface area for cell growth. 

Frozen cell lines were thawed in a 37° C waterbath and transferred into a sterile 15ml 

centrifuge tube containing DMEM medium supplemented with fetal calf serum 

(appendix 5.3.3). The cells were spun at SOOrpm for 5 minutes, the supernatant 

removed and the cell pellet was resuspended with 5ml medium. The cell suspension 

was transferred to a 50ml culture flask and incubated in an 8% CO2  incubator at 37°C 

with the cap loosened. The cell culture was checked, at least once a day, with an 

inverted microscope for signs of attachment, flattening and proliferation of the tumour 

cells. The medium was changed once every 2 days or more or less frequently 

depending on the growth rate of the cells.

2.2.1.4 Subculture of Monolayer Cells by Trypsinisation

Subculturing requires dislodging the cells from the culture flask using an enzyme 

solution and then washing them to remove the enzyme. Cultures were subcultured 

when areas of tumour cell growth become very confluent. The medium was removed 

and the cells washed with Hanks balanced salt solution followed by versene solution.

A few drops of 2.5% trypsin in versene solution were added to the flask, just enough
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to cover the layer of cells. The flask was incubated at 37°C for 3 minutes. The flask 

was shaken gently to optimise cell dissociation. The trypsin action was inactivated by 

adding 2ml DMEM medium supplemented with fetal calf serum. The cell suspension 

was distributed to two or more new flasks and incubated. The cells were harvested 

when the secondary cultures reached a confluent stage. 7.5pi colcemid (lOpg/ml) was 

added to the flask and incubated for 2 hours at 37°C prior to harvesting.

2.2.1.5 Harvesting and Chromosome Slide Preparation

Following colcemid treatment the cells in suspension were spun at lOOOrpm for 5 

minutes. The supernatant was removed and the cell pellet was resuspended gently in 

warm hypotonic solution (0.075M KCl) to prevent cells from rupturing. The mixture 

was incubated for 15-20 minutes at 37°C. Fixative solution (3 parts methanol to 1 

part glacial acetic acid) should be prepared fresh before use. A few drops of chilled 

fixative were added and mixed. The cells were spun at lOOOrpm for 5 minutes, the 

supernatant removed, leaving a small amount just above the pellet. The centrifuge 

tube was tapped gently to resuspend the cell pellet. 10ml fresh fixative was added and 

the cell suspension was kept in the fridge at 4°C for 30 minutes. The cells were spun 

at lOOOrpm for 5 minutes. This step was repeated twice, before slides were made.

SHdes were cleaned and soaked in methanol with a few drops of concentrated 

HCl, A few drops of fresh fixative were added to the cell pellet to give a slightly 

opaque suspension. Using forceps, a dry clean slide was held horizontally and 1-2 

drops of cell suspension was dropped on to the slide and dried rapidly. The cell 

density and chromosome spreading was checked under a phase contrast microscope 

with the lOX objective. If the cell density was too high a few more drops of fixative 

were added to the cell suspension. If the cell density was low the cell suspension was 

spun down and the cell pellet resuspended in a smaller amount of fixative. If the 

chromosomes were trapped within the cytoplasm, the slide was treated with 50%
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glacial acetic acid before air drying. Slides for banding were aged for 2-3 days at 

room temperature or overnight at 56-60°C prior to banding. Slides for FISH analysis 

were dehydrated in 70%, 90% and 100% ethanol series and stored refrigerated at 4°C 

untü required.

2.2.1.6 Giemsa-Trypsin Banding

Giemsa-bands or G-bands were obtained by digesting the chromosomes with a 

proteolytic enzyme, trypsin (appendix 5.3.4). Chromosome slides were aged for 2 

days at room temperature and incubated in 2XSSC at 60°C for 1 hour. The slides 

were washed in 0.9% saline, treated with 0.025% trypsin (Koch Light Ltd.) in Hanks 

balanced salt solution for 10 seconds at 10°C, washed in saline and stained in 10% 

Giemsa (BDH) in buffer pH 6.8. The slides were rinsed in buffer pH 6.8, air dried and 

viewed under the bright field microscope. The trypsin treatment varied from one slide 

to another depending on the origin of cells obtained for chromosome preparations and 

had to be checked individually for banding morphology. Photomicrographic prints of 

G-banded chromosomes were used to illustrate ideograms and karyotypes. For 

photography and printing details see appendix 5.3.5.

2.2.1.7 Freezing of Cells and Storage

Tissue culture cells were stored using cryoprotective agents to prevent them from 

any damage caused by freezing. The cell suspension was transferred to a centrifuge 

tube and spun at lOOOrpm for 5 minutes. The excess medium was removed and the 

cell pellet mixed and resuspended with 1.5ml freezing medium (appendix 5.3.6.) and 

transferred to a 1.5ml ampoule as 1ml aliquots. The freezing medium, 

dimethylsulfoxide, DMSO, is harmful to growing cells and once added to the cell 

suspension, the tubes should be kept on ice before transferring to liquid nitrogen. 

Cells stored in liquid nitrogen showed a high survival rate over a few years.
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2.2.1.8 Smear Preparation from Solid Tumours

A rapid and direct method for cytological preparations of well preserved, thin 

layered interphase nuclei was obtained from smears of solid tumour. A small piece of 

fresh resected tissue from a solid tumour (about 0.5mm^) was placed on one end of a 

clean dry microscopic glass slide and spread it out with a second slide as though 

making a wet blood film. This was later modified to a 'touch' technique. The slides 

were fixed immediately for about 30 seconds in a solution of equal volumes of 

acetone and ethanol and 0.05% IN trichloroacetic acid. The slides were air-dried and 

stored in the fridge at 4°C untü required for FISH.

2.2.1.9 Extended DNA Fibre Preparation from Agarose-Embedded Cells.

High molecular weight DNA was prepared by embedding purified lymphocytes 

from fresh blood in low melting point (LMP) agarose. The isolation of lymphocytes 

was performed from diluted whole blood (v/v) in PBS using lymphocyte separation 

medium (Flow Laboratories). The cells were washed twice in PBS and the cell density 

determined with a haemocytometer. About lO^/ml cells was resuspended in 1% (v/v) 

LMP molten agarose (appendix 5.3.8). The block formers were cleaned in O.IN HCl, 

rinsed in distilled water and dried. The mixture was added into the block formers, 100 

jll/block and allowed to set at 4°C for 5-10 minutes. The agarose blocks were 

transferred into a universal container containing ESP buffer (appendix 5.3.8) 

predigested with proteinase K. The mixture was incubated at 50°C for 24 hours. The 

agarose blocks were washed twice with ESP, then twice with prewarmed TE buffer. 

To inactivate the proteinase K the blocks were washed 3 times for 30 minutes with 

freshly prepared phenylmethylsulfonylfluoride, PMSF (40mg/ml) in isopropanol, at 50 

°C. The TE buffer was removed and replaced with 0.5M EDTA buffer. The blocks 

were stored in 0.5M EDTA at 4°C untü required. Extended DNA fibre was prepared 

by placing a smaU piece of agarose block on a polysine glass slide and warmed on a
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heating plate. Using a second glass slide the molten agarose was immediately spread 

like a wet film. The slides were air-dried and stored at 4°C.

2.2.2 Preparation of DNA from YACs and Plasmids

2.2.2.1 Miniprep Isolation of YAC

A standard DNA isolation procedure was followed to provide YAC DNA in 

large quantities. A single recombinant yeast colony from a purified agar stab was 

inoculated in 10ml SD medium (appendix 5.4.1) in a sterilin tube. IjXl of ampicülin 

(lOOmg/ml) was added to the tube. The cells were grown overnight in a shaking 

incubator (200rpm) at 30°C and harvested by centrifugation at lOOOrpm for 10 

minutes. The cell pellet, made up of yeast cells and the YACs, was resuspended in 

0.5ml Yeast Resuspension Buffer (appendix 5.4.2) containing 14mM 

mercaptoethanol. The yeast cells were treated with 25 units lyticase. The mixture was 

incubated at 37°C for 1 hour for the formation of yeast spheroplasts. A drop of cell 

suspension was examined under phase contrast microscope to identify the 

spheroplasts which appeared dark, while the intact cells remained translucent.

When 80-90% of the cells had become spheroplasts, the cell suspension was 

transferred into a microcentrifuge tube and spun at 15000g for 1 minute. The cells 

were lysed with 0.5ml lysis buffer then 0.05ml 10% SDS was added, mixed and 

incubated at 65°C for 30 minutes. The mixture was treated with 1,3ml 5M potassium 

acetate on ice for 60 minutes and spun at 15000g for 5 minutes. The supernatant was 

collected and mixed gently with an equal volume of isopropanol. The mixture was left 

at room temperature for 5 minutes and spun briefly for 10 seconds in a 

microcentrifuge. The supernatant was removed, the YAC DNA cell pellet air dried 

and dissolved in 0.3ml TE buffer prior to enzyme digestion. 15|ll pancreatic RNAse 

(1 mg/ml) was added and the mixture incubated at 37°C for 30 minutes. The RNA 

digestion was terminated with 0.03ml 3M sodium acetate.
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The YAC DNA was further purified by performing a phenol chloroform 

extraction (appendix 5.4.3) twice. An equal volume of absolute ethanol was finally 

added to the mixture, mixed, and the YAC DNA was precipitated at -70 °C for 10 

minutes. The mixture was spun at 15000g for 10 minutes and the cell pellet was 

freeze-dried. The dried cell pellet containing the YAC DNA was dissolved in 100|ll 

TE buffer and stored at -20°C. The concentration of YAC DNA (appendix 5.4.4) 

extracted by this procedure was measured using the fluorometer.

2.2.2.2 Preparation of Competent Bacterial Cells

The generation of competent bacterial cells was performed using a fresh 

overnight culture of E.coli strain (JMlOl) grown in 10ml L-Broth (appendix 5.4.5). A 

1ml overnight culture was diluted in 40ml of fresh sterile L-Broth and grown at 37°C 

with agitation for approximately 2 hours to ensure thorough aeration until an 

absorbance reading of 0.4-0.6 at 600nm was obtained. The suspension was 

immediately chilled on ice for 10 minutes and then centrifuged at 5K at 4°C for 5 

minutes. The supernatant was discarded, the pellets resuspended in 20ml fresh ice- 

cold filtered lOOmM CaCl2, lOmM tris HCl, pH 7.5 and the mixture was 

homogenised by sucking gently up and down with a pipette. The solution was then 

incubated on ice for 20 minutes with occasional swirling and then the cells were spun 

as before. The cells were gently resuspended in 4ml ice-cold CaCl2/Tris HCl to which 

was added an equal volume of 20% glycerol. 0.3ml aliquots were made in sterile 

microcentrifuge tubes and stored for up to 5 days at 4°C or stored at -70 °C for 

several months.

2.2.2.3 Transformation of E.coli Cells with Recombinant Plasmids

The 0.3ml aliquot of frozen competent E. coli was thawed slowly on ice and 0.5̂ 1 

1 (100ng/|il) of plasmid DNA was added. The mixture was gently agitated and 

incubated on ice for 60 minutes. The cells were then heat shocked for 60 seconds at 

42°C to allow the vector DNA to enter the bacterial cell. 0.8ml of L-Broth (no
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antibiotic) was added and incubated, shaking at 37°C for 1 hour to allow the 

expression of the antibiotic resistance selective marker incorporated into the vector 

DNA. The mixture was then spread on to an L-agar (appendix 5.4.5) plate using the 

appropriate antibiotic and incubated at 37°C overnight. White recombinant colonies 

were picked and grown in 10ml of L-Broth with 5jll ampicilhn (lOOmg/ml) overnight, 

shaking at 37°C. This culture was used to prepare 1ml 20% (v/v) glycerol stocks for 

long term storage at -70 °C and to set up a large scale culture.

2.2.2.4 Maxiprep Isolation of Plasmid

A 400ml plasmid culture in L-Broth supplemented with ampicillin was grown 

overnight, shaking at 37°C and harvested the following day by centrifugation at 

6000rpm for 10 minutes. The protocol for DNA extraction and purification using the 

Wizard™ maxipreps (Promega) was performed according to the manufacturer's 

instruction. All centrifugation steps were performed at room temperature (22-25°C). 

The supernatant was discarded and the cell pellet resuspended in 15ml of Cell 

Resuspension Solution (appendix 5.4.6). The cell pellet was manually disrupted using 

a plastic pasteur pipette until no clumps were visible. 15ml of CeU Lysis Solution 

(appendix 5.4.6) was added and mixed gently, by stirring or inverting. Cell lysis was 

complete when the solution became clear and viscous (approximately 20 minutes). 

15ml Neutralisation Solution (appendix 5.4.6) was added and mixed immediately by 

gently inverting the centrifuge bottle several times, then centrifuged at lOOOOrpm for 

15 minutes. The clear supernatant containing plasmids was transferred into a new 

centrifuge bottle. The volume of supernatant was measured and 0.5 volume of 

isopropanol was added and mixed by inversion to precipitate the DNA. The 

precipitate was pelleted by centrifugation at lOOOOrpm for 15 minutes. The 

supernatant was discarded and the DNA pellet was resuspended in 2ml of TE buffer.
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2.2.2.5 Plasmid Purification by Maxicolumn

The DNA solution from above was added with 10ml prewarmed DNA 

Purification Resin (silica-based resin for rapid dehydration and quick release of DNA) 

and mixed thoroughly. The Resin/DNA mix was transferred into a maxicolumn 

inserted into a vacuum source (Promega Vac-Man). The Resin/DNA mix was 

transferred into the maxicolumn and pulled through by applying a vacuum. The bottle 

was washed with 13ml of Column Wash Solution (appendix 5.4.6) and poured into 

the maxicolumn. The vacuum was applied, and a further 12ml of Column Wash 

Solution was added and drawn through the maxicolumn. 5ml of 80% ethanol was 

added to rinse the Resin. The final vacuum was applied for an additional 5 minute. 

The maxicolumn was removed and inserted into a 50ml screw cap tube. 1.5ml of 

preheated (65-70°C) TE buffer was added, after 1 minute the tube was spun at 

2500rpm for 5 minutes. The maxicolumn was discarded and the eluted plasmid DNA 

was collected and stored at 4°C or -20°C. The concentration of plasmid DNA was 

measured using the fluorometer.

2.2.3 DNA Extraction from Solid Tumours

DNA was prepared using a standard phenol chloroform extraction method 

(Maniatis et al., 1982). Frozen tissue was placed in a petri dish and the tissue was 

minced as small as possible using a pair of clean scalpels. This was then transferred to 

a universal tube containing 10ml STB buffer (appendix 5.1) with 500|ll 10% SDS to 

which was added 80jll Proteinase K (25mg/ml). The mixture was incubated overnight 

at 37°C. When digestion was complete the mixture was extracted twice for 10 

minutes with phenol and once with chloroform each time taking the aqueous (top) 

layer after separating the phases by spinning at 2500rpm in a bench-top centrifuge. To 

the final aqueous phase, 2 volumes ice-cold absolute ethanol were added and the 

mixture incubated for approximately 30 minutes at -20°C to precipitate the DNA. The 

DNA was spooled out and redissolved in an appropriate volume of TE buffer. The
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concentration of the DNA was established by measuring the optical density at 260nm. 

For smaller pieces of tissue the DNA preparation was scaled down to a volume of 500 

pi and carried out in a microcentrifuge tube.

2.2.3.1 Amplification of DNA by Polymerase Chain Reaction

For this method (Saiki et al., 1988), it was essential that Güson tips and 

microcentrifuge tubes were prepared, autoclaved and handled wearing gloves so that 

any extraneous DNA contamination was minimised. All reactions were carried out 

using an automated DNA thermal cycler (Hybaid). 500ng-lpg genomic DNA was 

used as the template for polymerase chain reaction (PGR) amplification. The reaction 

mixture consisted of the DNA template, 50pmoles of each oligonucleotide primer 

(Oswel), 1-2 units of thermostable Thermus aquaticus {Taq) polymerase (HT 

Biotechnology Ltd.), 200pM each dNTP (Pharmacia) and lOX PGR buffer (appendix 

5.4.7). A standard reaction volume of 25pi was carried out with distilled water and 

overlaid with 50pl paraffin to prevent evaporation during the PGR. A negative control 

containing no DNA template was set up alongside the other samples to check for 

possible contamination by extraneous DNA in the PGR reagents. The thermocycler 

was programmed with the specific conditions for the amplification of a particular pair 

of primers. The first stage of the reaction was an initial dénaturation of DNA template 

at 94°G for 5 minutes followed by 35 cycles of PGR amplification. Each cycle 

consisted of three steps: dénaturation of the double stranded DNA template at 94°G 

for 30 seconds, an annealing time and temperature specific for each primer set to 

anneal to their complementary sequences in the DNA template, and extension of the 

DNA strands at 72°G for 45 seconds. At the end of the 35 cycles, a period of 10 

minutes at 72°G was allowed for the final extension of the DNA strands.

2.2.3.2 Amplification of YAC DNA by A/n-FCR

Human specific Alu primers were used to amplify only the human DNA from the 

YAGs. lOOng of YAG DNA was used as the template for PGR amplification. The
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reaction mixture (appendix 5.4.8) consisted of lOX PCR buffer, 2mM of each dNTP, 

Taq polymerase, lOOng YAC DNA, oligonucleotide primers and water. The standard 

reaction volume of 50pl was carried out. The reaction mixture was denatured at 96°C 

for 5 minutes, followed by 30 cycles of amplification, each cycle consisted of 

dénaturation at 96°C for 1 minute, annealing at 40°C for 30 seconds and extension at 

72°C for 6 minutes. The final extension was at 72°C for 10 minutes. The 

concentration of amplified YAC DNA was measured using the fluorometer.

2.2.3.3 Resolution of DNA Amplification by Agarose Gel Electrophoresis

DNA fi-agments were resolved by electrophoresis on 2% agarose gel containing 1 

|ll ethidium bromide (lOmg/ml). Upon completion of the DNA amplification, the 

paraffin was carefully removed and a 8|Xl aliquot of each reaction was run on a minigel 

in TBE buffer (appendix 5.1) at 50V for 25-40 minutes. Each sample was mixed with 

l(ll of loading buffer (appendix 5.1) prior to loading on the gel. The amplified DNA 

was visualised by ultraviolet transillumination.

2.2.3.4 PCR Detection of Restriction Fragment Length Polymorphisms

The amplified DNA was digested with restriction endonuclease (Gibco BRL) in 

the appropriate enzyme buffer according to the manufacturer's specification. The 

standard reaction volume was 15|ll. The digest reaction consisted of 1.5|ll restriction 

enzyme, 1.5pl buffer, 5-7|il amplified DNA and distilled water. The digest mixture 

was incubated at 37°C or 65°C for 4-12 hours. To check the completion of genomic 

DNA digestion, the 15|ll digest reaction was run on 2% agarose gel containing Ijll 

ethidium bromide (lOmg/ml) in TBE buffer at 50V for 30-45 minutes. A 1Kb ladder 

(Gibco BRL) was used as a reference size markers and electrophoresed alongside the 

DNA samples on each gel. The DNA fragments were visualised by ultraviolet 

transiUumination.

94



Materials and Methods

2.2.3.5 PCR Detection of Single Strand Conformation Polymorphisms

For the detection of single strand conformation polymorphisms (SSCP), l|ll 

DNA amplified by oligonucleotide primers was added to 1.5|ll formamide loading 

buffer and denatured for 5 minutes at 95°C. The separation and staining procedures 

were carried out using the Phastsystem^^ (Pharmacia). The Phastsystem was 

programmed for selecting a separation method to run 1 or 2 gels. A Phastgel sample 

applicator was used to load the samples onto the 20% polyacrylamide gel at the 

separation compartment. The duration of each method step and the time for sample 

application was measured in volthours. The gel was removed after a total run of 30- 

45 minutes and placed in the development chamber. The development method was 

selected for silver staining with the appropriate solutions (appendix 5.4.9) made for 

developing, fixing and staining the gels. Upon completion, between 30-90 minutes, 

the gel was removed and air-dried.

2.2.4 FLUORESCENCE in sUu HYBRIDISATION

The most common indirect method for labelling DNA probes for use in FISH 

experiments is by nick translation. The method described with biotin and digoxigenin 

permits the adjustment of the probe size by varying the DNase concentration in the 

reaction solution.

2.2.4.1 Biotinylation of DNA by Nick Translation

Reaction components (appendix 5.5.1) were from the BRL BioNick Labelling 

System and the specifics of the reaction were performed according to the 

manufacturer's instruction. The following were added sequentially into a 1.5 ml 

microcentrifuge tube on ice; 5|il lOX dNTP mix, l|Xg plasmid or 400ng YAC DNA, 

distUled water and 5|ll lOX Enzyme mix to give a final volume of 50|ll mixture. The 

biotin-14-dATP was incorporated in the dNTP mix. The reaction mixture was 

incubated at 16°C for one hour and the reaction stopped with 5|ll 300mM EDTA. 

Unincorporated nucleotides were removed by passing the mixture through a
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Pharmacia Sephadex NICK column. The separation of nick translated DNA was 

finally eluted with 400|il TNE buffer. The labelled DNAs were stored at -20°C prior 

to precipitation.

2.2.4.2 Digoxigenin Labelling of DNA by Nick Translation

Reaction components (appendix 5.5.2) were from Boehringer Mannheim and the 

labelling reaction followed according to the manufacturer’s instructions. The dNTP 

mixture consisted of 1 volume of digoxigenin-11-dUTP (0.4mmol/L), 2 volumes 

dTTP, 3 volumes dATP, dCTP and dGTP each, to make a final concentration of 

O.lmmol/L. In a microcentrifuge tube on ice, the following were added; 0.1-2|lg 

DNA, lOfll dNTP mix, 2|Il nick translation buffer, 2jil of enzyme mix and dH20 to 

make a total volume of 20jll. The reaction mix was incubated at 15°C for 90 minutes 

and the reaction was terminated with 5|ll SOOmM EDTA. The labelled DNA was 

precipitated as described below.

2.2.4.3 Preparation of DNA Probes

The biotinylated or digoxigenin labelled DNA was co-precipitated by adding 50X 

excess Cot-1 DNA (Img/ml) (Gibco BRL), to reduce repetitive sequence binding to 

the target DNA and 5pi herring sperm DNA (lOmg/ml) to suppress non-specific 

binding of the probe; one tenth volume 3M ammonium acetate and 2 times volume 

100% cold ethanol. The mixture was kept at -70°C for 1 hour and spun at 15000g 

for 20 minutes. The labelled DNA probe was freeze-dried for 10 minutes and 

resuspended in lOpl hybridisation mix to which equal volumes of 10% dextran 

sulphate and 50% formamide in 2XSSPE (appendix 5.1) were added. The exception 

was for alpha satellite DNA probes, for which human Cot-1 DNA was omitted during 

the precipitation procedure.
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2.2.4.4 Pre treatment of Slides

Slides were washed in PBS and dehydrated through a 70%, 90% and 100% 

ethanol series for 5 minutes each. The slides were treated with RNase (lOOjlg/ml) in 

2XSSC, to reduce background signal, incubated at 37°C for 1 hour in a moist 

chamber, then rinsed twice for 5 minutes each in 2XSSC at room temperature. The 

slides were warmed in Proteinase K buffer (appendix 5.5.3) at 37°C, for 5 minutes 

followed by another wash in the same buffer containing Proteinase K to remove the 

exogeneous protein at 37°C for 7 minutes. The slides were then treated in PBS/1% 

MgCl at room temperature for 10 minutes and fixed in PBS/1% MgCl/37% 

formaldehyde in NaHCOg at room temperature for 10 minutes. Finally the slides were 

washed in PBS and dehydrated in a 70%, 90% and 100% ethanol series.

An alternative proteolytic enzyme, pepsin (Sigma) could also be used for pre 

treatment of the slides. After dehydrating the slides in an ethanol series, they were 

incubated in 0.0IN HCl containing pepsin (lOOpg/ml) at 37°C for 20 minutes. The 

slides were washed with distilled water and PBS, and fixed with 1% 

paraformaldehyde in PBS at 4°C for 10 minutes. Shdes from smear preparations were 

pretreated in warm 50mM KCl for 60 minutes at 37°C, then subjected to pepsin 

digestion for 15-20 minutes. The slide washes and fixation were the same as above.

2.2.4.5 Pre hybridisation

The slides were denatured for 3-5 minutes at 75°C in 70% formamide/2XSSC 

under large covershps (24X50mm). The covershps were removed and the slides 

transferred into 70% cold ethanol for 5 minutes on a shaker, and dehydrated in a 

70%, 90% and 100% ethanol series. 50-200ng DNA probes/slide in 10|il 

hybridisation mix were denatured at 75°C for 5 minutes and incubated at 37°C before 

applying to the slides and covering with round cover sHps (22mm). The probe mixture
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was prevented from drying by sealing the cover slip with cow gum. The slides were 

incubated at 37°C for 18 hours.

2.2.4.Ô Post hybridisation Washes

After hybridisation, the cover slips were removed and the slides were washed 3 

times 5 minutes each in 50% formamide/2XSSC and 2XSSC at 42°C, then once for 5 

minutes in 4XSSC/Tween (appendix 5.5.4) at room temperature. The slides were 

incubated in 5% non-fat dry milk/4XSSC or 0.5% Blocking Reagent (appendix 5.5.4) 

for 20 minutes in a moist chamber at 37°C to prevent the antibodies from non-specific 

binding. The slides were washed briefly in 4XSSC or TN/Tween (appendix 5.5.4).

2.2.4.6 Fluorescent Detection with Immunological Amplification

For biotinylated probes, lOOjll avidin-FTTC (appendix 5.5.5) diluted 1:200 in 5% 

non-fat dry milk/4XSSC or 0.5% Blocking Reagent was applied to each slide and 

incubated for 20 minutes at 37°C in a moist chamber. AU subsequent steps were 

carried out in the dark in covered coplin jars to preserve the intensity of the 

fluorochromes. Washings were carried out as before in 4XSSC or TN/Tween. 100|Il 

biotin anti-avidin diluted 1:100 was added to the slides for 20 minutes, foUowed by 

washing in 4XSSC or TN/Tween. A final layer of avidin-FTTC was added for 20 

minutes. Washings were carried out in 4XSSC or TN/Tween, twice in PBS and then 

dehydrated in succession in 70%, 90% and 100% ethanol. The dried slides were 

counter stained with propidium iodide, PI (l|lg/ml) and diamidino phenyUndole, DAPI 

(0.2(lg/ml) in Vector Shield, an antifade medium.

For digoxigenin labeUed probes, the washed slides were incubated with mouse 

anti-digoxigenin antibody (appendix 5.5.5) diluted 1:1000 in 0.5% Blocking Reagent 

for 20 minutes at 37°C in a moist chamber. The sUdes were washed 3 times for 5 

minutes with TN/Tween. The slides were incubated with the appropriate fiuorescently 

labeUed rabbit anti-mouse conjugate diluted 1:1000 in 0.5% Blocking Reagent for 20

98



Materials and Methods

minutes at 37°C. Slides were washed 3 times for 5 minutes and further amplification 

carried out in 1:1000 dilution of conjugated goat anti-rabbit in 0.5% Blocking 

Reagent for 20 minutes at 37°C, Slides were washed 3 times for 5 minutes with 

TN/Tween, dehydrated and mounted in an antifade medium.

For double FISH, using a combination of differently labelled probes, ratio- 

labelled probes were mixed to a final concentration per probe of 5ng/|ll (alpha 

satellites) or 20ng/|il (YAC) prior to hybridisation. YAC probe mixture was 

separately pre annealed before its simultaneous hybridisation to prevent cross

hybridisation. The detection solutions were composed of the antibodies and 

fluorescence conjugates used for detecting biotinylated and digoxigenin labelled 

probes in the appropriate dilutions. Slides were counter stained with DAPI in an 

antifade medium.

All mounted slides were examined under a fluorescence microscope. Cells stained 

red by propidium iodide were observed using a green filter (excitation 510-560nm). 

The FITC signals were detected using a blue filter (excitation 450-490nm). A 

confocal laser microscope attachment was used for analysis. Images were collected in 

the dual mode channel and merged. Alternatively, images were taken with an 

epifluoresence microscope equipped with a cooled-CCD camera interfaced by a 

computer system. Gray scale source images were captured separately with 

multibandpass filter sets for DAPI, fluorescein or rhodamine. Grey scale images were 

merged and pseudocoloured.
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3 RESULTS

3.1 MULTIPLE ENDOCRINE NEOPLASIA TYPE 1

3.1.1 Cytogenetic Analysis of Lymphoblastoid Cell Lines

Fluorescent Hoechst 33258 staining, as described by Chen (1977), was canied 

out on every cell line before use (appendix 5.3.7). The cultures were found to be 

negative for mycoplasma contamination. Cultures were synchronised using 

methotrexate (MTX) and 5-bromodeoxyuridine (BrDU) in order to get elongated 

chromosomes for detailed banding analysis. Since very few dividing cells were 

obtained, no attempt was made to proceed with this technique.

A total of 50 suspension cultures from the MENl lymphoblastoid cell lines were 

set up for cytogenetic studies. Only 42 cell lines could be analysed by the standard G- 

banding technique (Seabright, 1971). 3 MENl cell line cultures failed to grow and 5 

cell line cultures did not yield any metaphase spreads. The interpretation of the human 

chromosome preparations follows the ISCN nomenclature (1995) with respect to 400 

light and dark bands. Due to the low mitotic index, at least 25 metaphases were 

counted and analysed in the MENl cell lines, in particular, looking out for 

translocations or deletions involving chromosome 11. All of the cell lines showed 

normal male and female karyotypes. A G-banded karyotype in one patient, Th 1201 

and partial karyotypes in 3 patients, Th244, Th 92 and Th 629 showing the normal 

chromosomes 11 are shown in Figure 3.1. Table 3.1 summarises the cytogenetic 

findings in the MEN 1 cell lines.

3.1.2 Molecular Cytogenetic Analysis of Cell Lines

The MENl locus has been locahsed by family studies to llq l3 , flanked by the 

markers PGA (pepsinogen A) on the proximal side and D11S97 on the distal side 

(Larsson et al., 1988, Fujimori et al., 1992, Thakker et al., 1993). The MENl gene
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also showed tight linkage to PYGM (muscle glycogen phosphorylase) (Larsson et al., 

1988). 4 YAC clones flanking the region for the MENl gene at llq l3 , 32AF1 

(250kb) and 9FFl(180kb), from the locus PYGM and PGA, 16IC1 (250kb) from the 

locus D11S97, and 17IC1 (unknown size) from the locus GST3 (glutathione s- 

transferase 3) distal to PYGM, (Figure 3.2) were used for FISH analysis on the 

MENl cell lines. The YAC probes were biotinylated, hybridised on to normal control 

metaphase chromosomes and detected by avidin conjugated to FTTC and biotinylated 

anti-avidin. The FISH results obtained on normal control metaphase chromosomes 

showing 2 positive hybridisation signals on the chromosome llq l3  are shown in 

Figure 3.3. 2 YAC clones 32AF1 and 16IC4 were found to be chimaeric, showing 

cross hybridisation signals on chromosomes 22, a D group, X, 10, 13 as well as on 

llq l3 . The FISH results using these YAC probes on control slides are summarised in 

Table 3.2.

The probes 9FF1 and 17IC4 were combined together and used for hybridisation 

on 47 MENl ceU lines. Since most of the MENl cell lines did not yield many 

metaphases, FISH analysis were performed on interphase nuclei and 2 positive 

hybridisation signals were counted in the cells. By chance 2 positive hybridisation 

signals can be observed on metaphase chromosomes on the same slide and these cells 

were also included for counting. Screening for the detection of one hybridisation 

signal in these cells were carried out for the evidence of microdeletions which was not 

feasible by the standard karyotyping. No micro deletions involving the MENl gene at 

1 lq l3  were observed. The FISH results in one cell line, Th 629 with YAC probes 

9FF1 and 17IC4 used together, on both interphase nucleus and metaphase 

chromosomes are shown in Figure 3.4. The results for 2 positive hybridisation signals 

flanking the region of MENl gene at 1 lql3 in the MENl cell lines are summarised in 

Table 3.3.
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Th 244 Th 92 Th 629
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H «  0 #

21 22
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Figure 3.1 G-banded karyotype in the cell line from a patient, Th 1201 with 
multiple endocrine neoplasia type 1 showing normal chromosomal constitution. Partial 
karyotypes of normal chromosomes 11 from 3 other MENl cell lines, Th 244, Th 92 
and Th 629 are indicated in boxes.
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Table 3.1 Karyotypes of MENl Cell Lines
Case No. Karyotype*

Th 92 46,XX
Th 124 46,XX
Th 135 46,XX
Th 189 46,XY
Th244 46,XY
Th263 46,XY
Th285 46,XX
Th346 46,XX
Th416 46,XX
Th429 46,XX
Th454 46,XY
Th496 46,XY
Th502 46,XX
Th528 46.XY
Th566 46,XY
Th570 46,XX
Th572 46,XX
Th622 46,XX
Th629 46,XY
Th645 46.XY
Th681 46,XX
Th704 46,XX
Th815 46,XY
Th819 46,XY
Th825 46,XY
Th827 46,XY
Th 840 46,XX,16qh+
Th846 46,XY
Th927 46,XX
Th928 46,XX
Th929 46,XX
Th954 46,XX
Th989 46,XY
Th995 46,XX
Th 1045 46,XX
Th 1201 46,XY
Th 1209 46,XX
Th 1223 46,XX
Th 1226 46,XY
Th 1236 46,XX
Th 1241 46,XX
Th 1297 46,XX

* analysed in at least 25 cells 
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Table 3.2 Single FISH using probes flanking the MENl gene at 1 lql3

YAC LOCUS SIZE(kb) PHYSICAL MAPPING

17IC4 GST3 unknown llq l3

9FF1 PGA 180 llq l3

16IC1 D11S97 250 Hql3,13ql3,10q22,Xq22

32AF1 PYGM 250 1 lql3, satellite regions of 
chrom. 22 & a D group

r ----------^I S  s

I S  I

15 3

15  ?

1 5 1

M ENl

7 3  3

11

9FF1 (PGA) 

32AF1 (PYGM) 

16ICI (D11S97) 

17104 (GST3)

Figure 3.2 Location of YAC clones (used as probes in FISH) from the region of the 
MENl gene at llqlB  on chromosome 11.
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(a)
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(b)

m

% •

(d)

Figure 3.3 Fluorescence in situ hybridisation with biotinylated YAC probes, 16IC1, 
32AF1, 9FF1 and 17IC4 covering the MENl gene at llqlB on normal metaphase 
chromosomes, (a) 16IC1 which shows cross hybridisation on the long aims of 
chromosomes 10, 13 and X (small arrows) as well as the main signal on chromosome 
11 (large arrows) (b) 32AF1, which also shows cross hybridisation on the satellite 
regions of chromosome 22 and a D group chromosome. Probes 9FF1 (c) and 17IC4 
(d) show positive hybridisation signal on l lql3 only. Chromosomes are 
counterstained with propidium iodide.
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. \  !

(a)

(b)

Figure 3.4 FISH with biotinylated probes 9FF1 and 17IC4 on MENl cell line, Th 
629. Probes 9FF1 and 17IC4 are used together to give a bright signal on l lqlS on 
metaphase chromosomes (a) and interphase nucleus (b). Chromosomes and nuclei are 
counterstained with propidium iodide.
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Table 3.3 FISH analysis with probes 9FF1 and 17IC4 on MENl cell lines

Case No. No. of cells analysed for 2 positive hybridisation signals* 
Interphase Nuclei Metaphase Chromosomes

Th 92 _ 27
Th 124 75 9
Th 135 72 -

Th 189 16 -

Th244 - 39
Th263 27 12
Th285 15 -

Th317 81 -

Th346 63 -

Th416 15 -

Th429 15 -

Th454 21 -

Th496 15 -

Th502 15 -

Th528 33 -

Th566 45 6
Th570 15 -

Th572 63 -

Th622 75 -

Th629 27 15
Th645 15 -

Th681 42 -

Th704 36

No single hybridisation signal was observed.
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Table 3.3 contd. FISH analysis with probes 9FF1 and 17IC4 on MENl cell lines

Case No. Cells analysed for 2 positive hybridisation signals* 
Interphase Nuclei Metaphase Chromosomes

Th 815 24 12
Th 819 45 -

Th 825 15 -

Th 827 18 -

Th 840 72 -

Th 846 42 -

Th 927 94 6
Th 928 91 -

Th 929 15 -

Th 930 15 -

Th 954 15 -

Th 977 39 -

Th 989 39 -

Th 995 92 -

Th 1045 94 -

Th 1151 54 -

Th 1201 99 42
Th 1209 15 -

Th 1223 94 6
Th 1226 36 -

Th 1236 95 -

Th 1241 30 -

Th 1242 30 -

Th 1297 69

* No single hybridisation signal was observed.
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3.2 COLORECTAL CANCER CELL LINES

3.2.1 Cytogenetic and FISH Analysis

The colorectal cancer cell lines AA/Cl/SB/lOC, LIM 1215, LIM 1899 and 

JW2/33 F31 (Table 3.4) were set up as monolayer cultures. Analysis of the G- 

banding (Seabright, 1971) and interpretation of the human chromosomes follows the 

ISCN nomenclature (1995) with respect to 400 light and dark bands. The karyotypic 

constitution of aU the ceU lines are summarised in Table 3.4. A genomic map of the 

DCC gene had been constructed from a series of overlapping YAC clones (Cho et al., 

1994) (Figure 3.5). Seven biotinylated YAC probes spanning the DCC gene locus on 

chromosome 18q21 (Figure 3.6), used in this study were yA96E4, y36IB 10, 

y26CB8, y39CG7, yl3HEl, y40DHl and yl2FC12. A signal on at least one of the
boHi

two chromatids o^hromosome 18 was confirmed by single FISH from normal human 

lymphocyte metaphases. Chromosome paint probes and centromeric probes were used 

to identify and confirm the origin of abnormal chromosomes.

3.2.1.1 AA/Cl/SB/lOC

Forty metaphases were counted and hyperdiploidy was observed, chromosome 

numbers ranging from 65 to 70. Every ceU examined had t(l;18), an isochromosome 

of part of 18q, a marker with an 18q segment, a fragment, presumably the centromeric 

segment of chromosome 18 and the absence of 2 normal chromosome 18. The G- 

banded karyotype of AA/Cl/SB/lOC is shown in Figure 3.7.

Chromosome 1 and chromosome 18 DNA paint probes were used to identify 

and confirm the presence of the abnormal chromosomes. Upon analysis, the results 

with chromosome 1 paint showed the presence of two copies of the normal 

chromosome 1 and a portion of chromosome 1 on the translocated chromosome as 

shown in Figure 3.8a.
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Table 3.4 KARYOTYPIC CONSTITUTION OF COLORECTAL CANCER CELL LINES

CELL LINE ORIGIN OF CELL LINE KARYOTYPE

JW2/33 F31 Adenomatous Polyposis Coli (AFC) 
Cancer

46,X,del(X)(plO).t(X;17)(plO;qlO),-l.+i(l)(qlO),-6,+i(8)(qlO),
-14,+i(14)(ql0),-17,-18

L IM 1899 Sporadic Colorectal Cancer 47,XY,+del(20(q24)

LIM 1215 Hereditary Nonpolyposis Coli Colorectal 
Cancer (HNPCC)

46,XY,+derl3,t(l;13)(q32.1;pll),-13

AA/Cl/SB/lOC Adenomatous Polyposis Coli (APC) 
(treated adenoma derived cell Hne)

65~70,XY,t(l;18)(q24,q22),+2.+3,+4,+7,+7,+7.+8.+9,+12
+13,+13,-14,+15,+17,add(18)(ql0),i(18)(ql0),-18,
-18,+21 ,+21 ,+22,+22,+2mar
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ISOOkb

yA96E4 (270kb) y l3 H E l (580kb)

y36IB10 (260kb)

yB17IC9 (200kb) yB186F8 (SOOkb)

yB 31F10(150kb) y40DH l (430kb)

y26CB8 (240kb) y4FG10(210kb)

y39CG 7 (420kb) yl2FC 12(280kb)

yA97D4 (190kb) y96G7 (600kb)

yA69A8 (lOOOkb)

Figure 3.5 Schematic representation of YAC contig spanning the DCC locus at 
18q21.3 (Cho et a l, 1994). Of these, yA96E4, y36B10, y26CB8, y39CG7, yl3HEl, 
y40DHl and yl2FC12 were used in the present study. Dotted hne indicates chimeric 
portions of the clones.
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11.32

11.23

21.32

yl3HEl
(580kb)

11.31

11.22

21.31
21.33

yl2FC12
(280kb)

y40DHl
(430kb)

y39CG7
(420kb)

y26CB8
(240kb)

y36IB10
(260kb)

yA96E4
(270kb)

Figure 3.6 A panel of YAC clones (used as probes in FISH) from the region of the 
DCC gene on chromosome 18.
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AA/Cl/SB/lOC
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Figure 3.7 G-banded karyotype of transformed adenoma derived AA/C 1/SB/IOC 
cell line at passage 113., fc5, XV . Note : There is no normal chromosome 18.
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With the chromosome DNA 18 paint probe, the presence of the chromosome 18 

material was detected on 3 abnormal chromosomes, including the presumed 

translocated (1;18) chromosome. There was no normal chromosome 18 as observed 

in Figure 3.8b. To further confirm the chromosome 18 material on the abnormal 

chromosomes, an alpha satellite DNA probe, D18Z1 was hybridised to these cells. 

Hybridisation signals showed the presence of 4 copies of the centromere of 

chromosome 18. The tiny fragment denoted as a marker, was confirmed to be the 

centromere of chromosome 18, which was not detected by the 18 paint probe. Figure 

3.8c shows the 4 hybridisation signals as described.

Previous studies by Griffin et al., (1993) on the cell line AA/Cl/SB/lOC were 

done using the repetitive probe pl8 - specific for the centromere of 18 and pUC 1.77 

- specific for the heterochromatic region of chromosome 1. Those experiments had 

shown the presence of 4 copies of the centromere of chromosome 18.

A total of four positive hybridisation signals indicating the presence of the DCC 

gene were detected on the 3 abnormal chromosomes using the probes yA96E4, 

y39CG7, yl3HEl, y40DHl and yl2FC12. The hybridisation signal observed with the 

probe yA96E4 is shown in Figure 3.9a. Two signals were seen on the 

isochromosome. Two positive hybridisation signals were detected on the 2 

translocated chromosomes using the DCC YAC probes y36IB10 and y26CB8. There 

was no hybridisation signal on the tips of the presumably isochromosome 18 as shown 

in Figure 3.9b, thus indicating the absence of a tiny portion of the DCC gene on this 

isochromosome. The experiment was repeated to confirm the finding.

Triple-colour FISH on the cell hne using digoxigenin labelled plasmid 

centromeric 18 probe, LI.84; equal ratio of biotinylated and digoxigenin labelled 

plasmid centromeric 16 probe, pSE16, and biotinylated DCC YAC probes were also
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performed to illustrate the presence of the DCC gene on 18q21 (Figure 3.10). The 

detection was performed with mixed antibody solutions (TRITC-labelled anti- 

digoxigenin antibody and FTTC-labelled anti-biotin antibody). The chromosomes were 

counterstained with DAPI in order not to overlay the rhodamine signal.

116



Results

AA/Cl/SB/lOC

(c)

Figure 3.8 (a) Biotinylated chromosome 1 painting shows two normal copies of
chromosome 1 and the region of the t(l;18).
(b) Biotinylated chromosome 18 painting shows segments of chromosome 18 from 
the regions of the t(l;18), t(?;18), and i(18q).
(c) FISH of biotinylated alpha satellite 18 probe, D18Z1 detects four copies of 
centromere 18 on the abnormal chromosomes including the marker. The 
chromosomes are counterstained with propidium iodide.
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AA/Cl/SB/lOC

(a)

(b)

Figure 3.9 FISH of biotinylated DCC YAC probes (a) yA96E4 (270kb) showing 
hybridisation on the t(l;18), t(?;18) and i(18q), and (b) biotinylated y36IB10 (260kb) 
showing signals on the t(l;18), t(?;18) but negative on the i(18q) indicated by an 
arrow. The chromosomes are counterstained with propidium iodide.
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t  chr 16
chr 16

i(18q) '

AA/C1/SB/10C

Figure 3.10 T riple-colour FISH o f  A A /C  1/SB/IOC w ith centrom eric  

chrom osom e 16 plasm id probe, pSE 16 (equal ratio o f  digoxigeninibiotin  

labelled , y e llo w  sign a ls) and centrom eric 18 p lasm id probe, L I .8 4  

(d igox igen in  labelled , red signals) and biotinylated D C C /18q21 Y A C  

probe, green signals. The detection system  utilised the mixture o f  tw o  

antibody so lu tion s (F IT C -labelled  anti-b iotin  antibody and TRITC- 

labelled anti-digoxigenin antibody). The chrom osom es are counterstained  

with DAPI.
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3.2.1 2 LIM 1215

Chromosome analysis of LIM 1215 had revealed a simple karyotype with a 

marker 13p+ (Figure 3.11). A total of 25 metaphases were examined and G-banded 

karyotypes showed 46,XY,-13,-Kier(13),t(l;13)(q32.1:pll) as reported earlier by 

Jenkyn et aL, 1987. The cell line was observed to be trisomie for the lq32-qter 

material. With respect to the chromosome 18 as the main focus of this study, there 

was no abnormality seen. Chromosome 13 DNA paints showed the presence of 1 

normal chromosome 13 and 1 abnormal chromosome 13 confirming the presence of a 

marker 13p-H (Figure 3.12a). Hybridisation with aU the DCC YAC probes showed 2 

positive signals on the chromosome 18 (Figure 3.12b). Triple colour FISH using the 

same combination of probes as in AA/Cl/SB/lOC showed the presence of the DCC 

gene on chromosome 18q21 (Figure 3.13).

3.2.1.3 LIM 1899

Analysis on 22 metaphases showed an additional chromosome 2 with a deletion 

of part of the long arm. Thus the cells were trisomie for the 2p region. No other 

chromosomal abnormalities were observed. The karyotype of LIM 1899 was 

47,XY,+2q- (Figure 3.14). All the DCC YAC probes showed 2 positive hybridisation 

signals on the chromosome 18 (Figure 3.15). Triple colour FISH also showed that 

the 2 copies of DCC gene were intact (Figure 3.16).

3.2.1.4 JW2/33F31

A total of 25 metaphases were examined. All of them were observed to be 

hypodiploid due to various chromosome translocations and deletions. G-banded 

karyotypes of the metaphases showed deletion in the short arm of X, an 

isochromosome of the long arm of chromosome 1, an isochromosome of the long arm 

of chromosome 14, an isochromosome of the long arm of chromosome 8, a 

translocated chromosome presumably involving the short arm of chromosome X and 

the long arm of chromosome 17, and the presence of only one chromosome 18. The
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isochromosome Iq was observed to have polymorphic centromeric heterochromatin. 

Figure 3.17 shows the G-banded karyotype of this cell line. Chromosome 18 DNA 

paint probe confirmed the presence of only 1 chromosome 18 in the cell line (Figure 

3.18a). One positive hybridisation signal was observed on the chromosome 18 with 

the DCC YAC probes (Figure 3.18b). Triple colour FISH also showed the presence 

of one chromosome 18 (Figure 3.19).

Results of the hybridisation signals with all the DCC YAC probes, each used 

singly in all the colorectal cancer cell lines are summarised in Table 3.5. It was 

observed that 2 YAC probes, y36IB10 and y26CB8 did not hybridise to the 

isochromosome 18q in the transformed adenoma AA/Cl/SB/lOC colorectal cell line.
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LIM 1215
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Figure 3.11 Karyotype of adenocarcinoma derived cell line LIM 1215, 2n = 46,XY,- 
13,+derl3,t(l;13)(q32.1;pll). The abnormal chromosome is indicated by an arrow.
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LIM 1215

(a)

, ’‘J: "

(b)

Figure 3.12 (a) Biotinylated chromosome 13 painting shows one normal 
chromosome 13 and the region of the t(l;13). (b) FISH of biotinylated DCC YAC 
probe, yA96E4 (270kb) detects positive signals on chromosome 18. The 
chromosomes are counterstained with propidium iodide.
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chr 18

I c h r 16

chr 16
^  c h r 18

LIM 1215

Figure 3.13 T riple-colour FISH on LIM 1215. D igox igen in  labelled  

centromeric 18, L I .8 4  has red signal and biotinylated DCC Y A C  probe 

on 18q21 has green signal on both chrom osom e 18s. Centromeric 16, 

pSE 16 labelled w ith equal ratio o f  d igoxigenin  and biotin has yellow  

signal. The detection system  utilised the mixture o f  FITC-labelled anti

b io tin  an tibod y and T R IT C -la b e lled  a n ti-d ig o x ig e n in  antibody. 

Chromosom es are counterstained with DAPI.
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LIM 1899
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Figure 3.14 Karyotype of carcinoma derived cell line LIM 1899. 2n = 47,XY,+2q- 
Arrow shows the abnormal chromosome.
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LIM 1899

(a)

(b)

Figure 3.15 FISH of biotinylated DCC YAC probes (a) yl2FC12 (280kb) and (b) 
yA96E4 (270kb) showing signals on chromosome 18.
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Chris

c h r i e #  # C h r i s

î l i  chr 18

LIM 1899

Figure 3.16 Triple-colour FISH on LIM 1899 showing 2 copies of 
DCC gene at 18q21 (green signal) and centromeric 18, L1.84 labelled with 
digoxigenin (red signal). The chromosome 16 centromeric probe, pSE16 is 
labelled with equal ratio of digoxigenin and biotin (yellow signal). The 
detection system composed of mixed antibodies, FlTC-labelled anti-biotin 
antibody and TRlTC-labelled anti-digoxigenin antibody. Chromosomes 
are counterstained with DAPl.
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JW2/33 F31
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Figure 3.17 Karyotype of carcinoma derived cell line JW2/33 F31 showing i(lq), 
i(8q) i(14q), t(Xp;17) and Xp-. Abnormal chi'omosomes are indicated by arrows.
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JW2/33 F31

(a)

(b)

Figure 3.18 (a) Biotinylated chromosome 18 painting shows only one normal copy 
of chromosome 18. (b) FISH of biotinylated DCC YAC probe, yl2FC12 (280kb) 
showing double spot on chromosome 18. Chiomosomes are counterstained with 
propidium iodide.
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C h r i s

chr 16

# c h r 16

JW 2/33  F31

Figure 3.19 Triple-colour FISH of JW2/33 F31 showing only one 
chromosome 18 with the DCC gene at 18q21 intact (green signal). 
Centromeric 18, LI.84 (red signal) is labelled with digoxigenin and 
centromeric 16, pSE16 (yellow signal) labelled with equal ratio of 
digoxigenin and biotin. The detection system is composed of a mixture of 
FlTC-labelled anti-biotin antibody and TRlTC-labelled anti-digoxigenin 
antibody. Chromosomes are counterstained with DAPl.
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Table 3.5 FISH results of DCC YAC probes on to chromosome 18 including 
translocations, isochromosome and markers detected in the colorectal cancer cell 
lines.

COLORECTAL CANCER CELL LINES

PROBES
AA/Cl/SB/lOC 

t(l;18) t(?;18) i(18q)
LIM 1215 

18,18
LIM 1899 

18,18
JW2/33 F31 

18

yA96E4 + + + ++ ++ +

y36IB10 + + - ++ ++ +

y26CB8 + + - ++ ++ +

y39CG7 + + + ++ ++ +

yl3HBl + + + ++ ++ +

y40DHl + + + ++ ++ +

yl2FC12 + + + ++ ++ +

+ indicates one hybridisation signal 

++ indicate two hybridisation signal 

indicates no hybridisation signal
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3.2.2 Detection of 18q Allelic Loss by PCR-SSCP Analysis

3 microsatellite markers DCCl and DCC2 within the DCC gene on chromosome 

18q21 and D18S61, distal to DCC were used (Figure 3.20) for detecting single 

strand conformation polymorphisms. Results from the PCR-SSCP study are shown in 

Table 3.6. DNA from the colorectal cell lines were amplified by oligonucleotide 

primers (Table 3.7) for the microsatellite markers DCCl, DCC2 and D18S61. Three 

of the cell lines, LIM 1215, LIM 1899 and JW2/33 F31 showed no evidence of 18q 

allelic loss with the 3 markers. The transformed adenoma cell line AA/Cl/SB/lOC 

showed evidence of gene rearrangement with the maikers DCCl (Figure 3.21) and
4 be pabent's norm al m ucosa

DCC2. The normal DNA from , showed slow migrating bands, whilst the
As

tumour DNA showed novel fragments possibly indicating that the remaining DCC 

allele had undergone a deletion and rearrangement.

Table 3.6 Detection of SSCPs in colorectal cancer cell lines

Cell Lines
DCCl

Markers
DCC2 D18S61

A A /C l /S B / lO C novel rearrangements hom

L IM  1 2 1 5 het het het

L IM  1 8 9 9 hom bom horn

J W 2 /3 3  F 3 1 het hom bom

het, heterozygous; hom, homozygous.
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11 .32

1 1.31

1 1.23
11 .22

1 1 . 21

21.31

2 1 .3 3

DCCl
D18S8-M3

DCC2
DCC-M2

D18S474
D18S46

D18S34

D18S61

23

Figure 3.20 Genetic map of human chromosome 18. The physical location of the 
microsatellite markers flanking the region of the DCC gene used for allelic loss studies 
is shown.
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Table 3.7 OLIGONUCLEOTIDE PRIMERS FOR PCR AMPLIFICATION

NAME REGION PRIMERS (5'-3') DESCRIPTION SIZES (bp) REFERENCE

D18S474 18ql2.2-2Ll TGG GOT GTT TAC CAG CAT C 
TGG e r r  TC A ATG TCA GAA GG

microsateUite 119-139 Weber et aL, 1989

D18S46 18ql2.2-21.1 GAA TAG CAG GAC CTA TCA AAG AGC 
CAG ATT AAG TGA AAA CAG CAT ATG TG

microsatellite 
C A repeat

129-153 Weber e ta l, 1989

D18S34 18ql2.2-21.2 CAG AAA ATT CTC TCT GGC TA 
CTC ATG TTC CTG GCA AGA AT

microsatellite 
C A repeat

103-119 Weber et a l, 1990

DCCl

CO

18q21.1 TCC CTC TAG AAA TTG TGT G 
TGA CTT TAT CTC ATI GG A G

microsateUite 
TA repeat

106-160 Risinger and Boyd, 1992

DCC2 18q21 GAT GAC ATT TTC CCT CTA G 
GTG GTT ATT GCC TTG AAA AG

microsateUite 
TA repeat

150-210 Huang et al., 1992

D18S8-M3 18q21.1 CGA CTC GAT CCT AC A AAA TC 
TCT ACC CAG GTC TCA GAG

Mspl
polymorphism

137+103=240 Parry etaL, 1991

DCC-M2 18q21 TGC ACC ATG CTG AAG ATT GT 
AGT AC A ACA CAA GGT ATG TG

Mspl
polymoiphism

257+139=396 Fearon etaL, 1990

D18S61 18q ATT TCT AAG AGG ACT CCC AAA CT 
ATA TTT TGA AAC TCA GGA GCA T

microsateUite 157-183 Weissenbach gf a/., 1992
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N

Figure 3.21 PCR-SSCP analysis on A A /C l/SB /lO C  using the marker D C C l has ,
■ f r o m p o L , r v e r > v

revealed the evidence o f rearrangements in the D N A  sequences. N, normal D N ^ T ,  

tumour D N A  Vom C-«.U ^om iUe. Hjrvioixr ,
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3.3 SPORADIC COLORECTAL CANCER

3.3.1 FISH Analysis for Ploidy and 18q Allelic Loss

The basis for investigation of chromosome 18q allelic loss including the DCC 

gene at 18q21 is the frequent alterations involving this region that are implicated in 

the progression of colorectal carcinogenesis (Fearon et aL, 1990). The clinical details 

of the 20 patients with sporadic colorectal carcinoma under study are summarised in 

Table 3.8. Smear preparations were made from normal and tumour resected tissues in 

all the patients. The tissue samples were evaluated for the chromosome 18q status 

using the DCC YAC probes (Figure 3.22). The presence of the chromosome 18 

centromere was detected using plasmid probe, LI.84 for the alpha satellite and the 

ploidy status of the tumours was detected by using plasmid probe, pSE16 for alpha 

satellite DNAs of chromosome 16. The probes were either biotinylated and detected 

with avidin conjugated to FITC and biotinylated anti-avidin or digoxigenin labelled. 

For digoxigenin, detection was performed with monoclonal mouse anti-digoxigenin 

antibody, anti-mouse TRITC (rabbit) and anti-rabbit TRITC (goat). The efficiency of 

these probes was tested on normal metaphase chromosomes and interphase nuclei as 

shown in Figure 3.23.

The same combination of probes were used for FISH on normal and tumour 

smear preparations (Figure 3.24). Two positive hybridisation signals for each set of 

combination for the 3 probes (centromere 16, centromere 18 and 18q21) in more than 

60% of the cells is considered as the major cell clones. Loss for one of the DCC 

alleles was seen in one case, WF (Figure 3.25) and chaotic hybridisation signals was 

observed in a further one case, MC (Figure 3.26). The FISH results on the normal 

and tumour smears of each patient are presented in Table 3.9 The distribution of 

FISH signals observed in the 20 patients for each set of combination involving the 

centromere 16 &18, and 18q21(DCC) in normal, tumour and paired normal-tumour 

smears are presented in Table 3.10 and tabulated as histograms.
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P
11.23

11.32
11.31

11.22
11.21

11.1

21.3321.32

yl2FC12
(280kb)

y40DHl
(430kb)

yl3HEl
(580kb)

y26CB8
(240kb)

y39CG7
(420kb)

y36IB10
(260kb)

yA96E4
(270kb)

F igure 3 .22  A  panel o f YAC clones (used as probes in FISH) from the region of the 

DCC gene on chrom osom e 18.
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DCC/18q21 
centromere 18 
centromere 16

Figure 3.23 Triple-colour FISH on control lym phocytes, (a) interphase 

nucleus and (b) metaphase chrom osom e counterstained with DAPL The  

probes for evaluation are equal ratios o f  biotinylated and d igoxigen in  

labelled  centrom eric 16, pSE 16 (y e llo w  signal), d igoxigen in  labelled  

centromeric 18, L I.8 4  (red signal) and biotinylated DCC (18q21) probe, 

green signal. The detection is performed with m ixed antibody solutions

(FlTC-labelled anti-biotin antibody and TRITC-labelled anti-digoxigenin
,  138

antibody).
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/
/ AV /

t

/

(c)

O  centromere 16 
O  centromere 18 
© DCC/18q21

Figure 3.23 contd. Triple-colour FISH on metaphase chrom osom es o f  

control lym phocytes counterstained with D A P l produces a G -banding  

pattern and the grey scale o f  D A Pl the im ages is enhanced in (c) for 

recognition o f  chrom osom e morphology .
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Normal smears

Tumour smears

O  centromere 16 
O  centromere 18 
® DCC/18q21

Figure 3.24 T rip le -co lo u r  FISH  on norm al and tum our sm ears. 

C entrom eric 16, pSE 16 b io tin id igox igen in  labelled  (y e llo w  signa l), 

centromeric 18, L I.8 4  digoxigenin labelled (red signal) and biotinylated  

DCC Y A C  probe (green signal). The detection system  is com posed o f  a 

mixture o f  F lTC -labelled anti-biotin antibody and TRITC-labelled anti- 

digoxigenin antibody. Chromosomes are counterstained with DAPl.
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O  centromere 16 
O  centromere 18 
O  DCC/18q21

Figure 3.25 D etection  o f  18q (D C C ) lo ss by triple-colour FISH in 

colorectal tumour observed in patient W F. The tumour smears show only  

one hybridisation signal for 18q21 (green signal). Centromeric 16 probe, 

pSE16 is ratio-labelled 1:1 with digoxigenin and biotin (yellow  signal) and 

centromeric 18 probe, L I.8 4  is labelled with digoxigenin (red signal). The 

detection solutions com posed o f F lTC -labelled anti-biotin antibody and 

T R IT C -labelled  anti d igox igen in  antibody. The interphase nuclei are 

counterstained with D APl.
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x1 green.x3 yellow.xl red 
(? m onosom y 18)

x1 green.x4 yellow.x2 red 
(?DCC loss)

x1 green.x2 yellow.x2 red 
(?DCC loss)

x2 green.x5 yellow,x3 red 
(? DCC loss)

x2 green.x2 yellow.x2 red 
(normal)

O  centromere 16 
O  centromere 18 
0  DCC/18q21

Figure 3.26 Observation o f  chaotic hybridisation signals in colorectal 

tumour (patient M C). B esides show ing 2  hybridisation signals for each  

chrom osom e 16, 18 and 18q21, signals for different com bination is also 

observed.
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T a b le  3 .8  C linical details o f  patients with sporadic colorectal carcinom a

PA T IE N T A G E S E X T UM O U R M E T A ST A SIS  

STA G E SITE

M C 63 F NI N I

AR 69 F C Caecum

M L N I F NI NI

S A 58 M B Sigm oid, Colon

CL 85 M B Colon

CT 30 F B Left colon

AC 81 M B Sigm oid

RH 59 M B Right colon  Lym ph node

EH 84 F C Caecum l iv e r

EP 72 M D Sigm oid, Rectum

HG 66 M B Right colon

OS 60 F B Rectum

HL 83 M NI Colon

D H 65 F B Right colon

A D 77 F NI NI

W F 7 0 M B Rectum

0 -W L 39 F NI Rectum

GC 74 M N I Colon

C T-H 45 F B Rectum

M P 60 F B Caecum

N I - n o  information; F ,fem ale; M ,male; B ,C ,D , Duke's stage B ,C ,& D .
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T able 3.9 Distribution o f FISH signals for centromeric 16 & 18, and 18q21 (DCC) 

on smear preparations (at least 50  nuclei per case evaluated), n -- .iakv\ber of .

PATIENT NORM AL SMEAR TUM OUR SMEAR

16 18 18q21 % 16 18 18q21 %
n n

MC 2 2 2 4 7 94 5 3 2 10 20
2 2 1 1 2 2 2 2 32 64
2 1 1 1 2 4 2 1 5 10
3 1 1 I 2 2 2 1 3 6

AR 2 2 2 4 7 94 2 2 2 4 7 94
2 2 1 i 2 2 2 1 i 2
2 1 1 1 2 2 1 1 1 2
1 1 1 1 2 1 1 1 1 2

ML 2 2 2 4 7 94 2 2 2 3 5 70
2 2 1 1 2 2 2 1 2 4
2 1 1 1 2 2 1 1 3 6
1 1 1 1 2 1 1 1 lo 20

SA 2 2 2 so 100 2 2 2 SO 100

CL 2 2 2 32 64 2 2 2 32. 64
2 2 1 4 8 2 2 1 i o 20
2 1 1 4 8 2 1 1 3 6
1 1 1 (O 20 1 1 1 5 10

CT 2 2 2 so 100 2 2 2 4 0 80
2 2 1 % 16
0 2 1 % 4

AC 2 2 2 4 5 90 2 2 2 42- 84
2 1 1 5 10 1 1 1 4 8

2 1 1 2- 4
0 1 1 i 2
0 2 2 1 2

RH 2 2 2 4 8 96 2 2 2 4 6 92
2 1 1 i 2 1 2 2 4 8
1 2 2 1 2

EH 2 2 2 5 0 100 2 2 2 So 100
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T able 3.9 contd . Distribution o f FISH signals for centromeric 16 &18, and 18q21 

(DCC) on smear preparations (at least 50 nuclei per case evaluated)^ n

PATIENT NORM AL SM EAR TUMOUR SMEAR

16 18 18q21 % 16 18 18q21 %
____________________________ n______________________ n__________
EP 2 2 2 4 4  92 2 2 2 47 94

2 2 1 4  8 1 1 1 ^ 4
1 2  1 * 2

HG 2 2 2 4 4 - 88 2 2 2 4 6  90
1 2 2 ^ 4  2 2 1 5  10
1 2  1 3  6
1 1 2  1 2

OS  2 2 2 3 0  100 2 2 2 5 o  100

HL 2 2 2 4 7  94 2 2 2 4G 92
2 2 1 1 2  2 2 1 1 2
2 1 1 1 2  2 1 1 * 2
1 1 1 * 2  1 2 2 1 2

1 1 1 * 2

DH  2 2 2 SO 100 2 2 2 5%) 100

AD 2 2 2 S o  100 2 2 2 S o  100

W F 2 2 2 4 4  92 2 2 2 4  12
1 2 2 i 2 3 2 1 1 2
1 2  1 i 2 2 2 1 4 2  84
2 2 1 ' 2  2 1 1 ( 2
2 1 2  1 2

0 -W L  2 2 2 4 6  92 2 2 2 4 7  94
2 2 1 % %  2 2 1 2 % ,
2 1 1 2  4 1 1 1  \ 2

GC 2 2 2 3 0  100 2 2 2 s o  lOO

CT-H 2 2 2 SO 100 2 2 2 S o  100

M P 2 2 2 5 0  100 2 2 2 4 6  92
1 2  1 2  4
1 1 1 2  4
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Table 3.10 Distribution of FISH signals in normal smears from 20 patients with 

different sets o f combination for centromeric 16 &18, and 18q21(DCC).

(X-axis)
a l 6 otl8 18q21 %

1 1 1 2 5
2 2 1 2 5
3 1 2 2 10
4 2 1 1 40
5 2 2 2 100
6 2 2 1 35
7 1 I 1 25
8 1 2 1 5
9 3 1 1 5

Distribution o f  FISH signals in nomial smears o f  patients

100 
90 

80 

70

60 T

50  

40  

30 

20 

10 

0
2 3 4 5  6 7

D etection o f  chromosome 16, 18 and 18q21 in 9 different combinations
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Table3.10 contd. Distribution of FISH signals in tumour smears from 20 patients 
with different sets of combination for centromeric 16 &18, and 18q21(DCC).

a l6  al8 18q21 % (Y-axis)

1 5 3 2 5
2 4 2 1 5
3 1 2 2 10
4 2 1 1 30
5 2 2 1 40
6 2 2 2 100
7 1 1 1 30
8 1 2 1 10
9 0 2 1 5
10 0 1 1 5
11 0 2 2 5
12 3 2 1 5

Distribution of FISH signals in tumour smears of patients

100 I

90 T

80 I

70 I

60 I

50 I  

40 j 
30 I

20 I

10 I 

0
2 3 4 5 6 7 8 9  10 11

Detection o f  chromosome 16, 18 and 18q21 in 12 different combinations

12
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Table 3.10 contd. Distribution of FISH signals in paired normal and tumour
smears from 20 patients with different sets of combination for centromeric 16 & 18, 
and 18q21 (DCC).

NORMAL SMEARS TUMOUR SMEARS

al6,al8,18q21 % (Y-axis) al6,al8,18q21 % (Y-axis)

1 5 3 2 0 5 3 2 5
2 4 2 1 0 4 2 1 5
3 0 2 1 0 0 2 1 5
4 2 1 2 5 2 1 2 0
5 1 1 2 5 1 1 2 0
6 1 2 2 10 1 2 2 10
7 2 1 1 40 2 1 1 30
8 2 2 2 100 2 2 2 10(
9 2 2 1 35 2 2 1 40
10 1 1 1 25 1 1 1 30
11 1 2 1 10 1 2 1 10
12 3 1 1 5 3 1 1 0
13 0 1 1 0 0 1 1 5
14 0 2 2 0 0 2 2 5
15 3 2 1 0 3 2 1 5

100 r

90

80 -

70
ocn 60  -CC
co 50 -
u
ocu 40 -

30 j

20 1

10 -f

0  i - - '4---“
2

FISH signals in nornial and tumour smears of patients

8 10 11 12

gg nonual 
!  I  tumour

13 14 15

Detection o f  chromosome 16, 18 and 18q21 in 15 different combinations
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3.3.2 Detection of 18q Allelic Loss by PCR-RFLP and PCR-SSCP Analysis

DNA was extracted from the flash frozen normal and tumour tissues in all the 20 

cases. A total of 8 microsateUite markers mapped to the long arm of chromosome 18 

were used for 18q allelic loss studies (Figure 3.27). 2 of these markers, D18S474 and 

D18S46 are proximal to the DCC gene at 18q21, and the marker D18S61 is distal to 

DCC. 2 polymorphic markers D18S8-M3 and DCC-M2 within the DCC gene were 

used for Mspl enzyme digests on normal and tumour DNA. The DNAs were 

amplified using oligonucleotide primers from these microsateUite markers (Table

3.11). PCR-RFLP analysis using the marker DCC-M2 showed heterozygosity in 17
ro

(85%) cases, but loss of het^ygosity on 18q was not detected. The same enzyme 

digest using marker D18S8-M3 showed heterozygosity in 11 (55%) tumour tissues 

and 18q LOH (Figure 3.28) was observed in 1 tumour ( 1/11, 9%).

The marker distal to the DCC gene, D18S61 was very informative in detecting 

single strand conformation polymorphisms. A total of 15 carcinoma patients (75%) 

retained heterozygosity in the tumour tissues. Loss of heterozygosity was observed in 

2 of the tumours (2/15, 13%) (Figure 3.29) whUst 3 tumours showed extra bands 

when compared with their normal counterparts which is possibly indicative of the 

replication error (RER) phenotype (Figure 3.30). The markers DCCl and DCC2, 

within the DCC gene were used but heterozygosity was not ascertained due to stutter 

bands. The results obtained from the PCR-RFLP and PCR-SSCP analysis are 

presented in Table 3.12 The summary of 18q loss detected by the FISH and PCR 

based methods is shown in Table 3.13.
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11.32

1 1.31

1 1.23
11.22

1 1 . 21

21.31

21 .33

DCCl
D18S8-M3 DCC2

DCC-M2

D18S474
D18S46

D18S34

D18S61

J —

Figure 3.27 Genetic map of human chromosome 18. The physical location of the 
microsatellite markers flanking the region of the DCC gene used for allelic loss studies 
is shown.
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Table 3.11 OLIGONUCLEOTIDE PRIMERS FOR PCR AMPLIFICATION

NAME REGION PRIMERS (5-3') DESCRIPTION SIZES (bp) REFERENCE

D18S474 18ql2.2-21.1 TGG GGT GTT TAG CAG CAT C 
TGG CTT TCA ATG TCA GAA GG

microsatellite 119-139 Weber etal.y 1989

D18S46 18ql2.2-21.1 GAA TAG CAG GAC CTA TCA AAG AGC 
CAG ATT AAG TGA AAA CAG CAT ATG TG

microsatellite 
C A repeat

129-153 Weber et aU, 1989

D18S34 18ql2.2-21.2 CAG AAA ATT CTC TCT GGC TA 
CTC ATG TTC CTG GCA AGA AT

microsatellite 
C A repeat

103-119 Weber et al., 1990

DCCl

Ln

18q21.1 TCC CTC TAG AAA TTG TGT G 
TGA CTT TAT CTC ATT GGA G

microsateUite 
TA repeat

106-160 Risinger and Boyd, 1992

DCC2 18q21 GAT GAC ATT TTC CCT CTA G 
GTG GTT ATT GCC TTG AAA AG

microsatellite 
TA repeat

150-210 Huang et al., 1992

D18S8-M3 18q21.1 CGA CTC GAT CCT AC A AAA TC 
TCT ACC CAG GTC TCA GAG

Mspl
polymorphism

137+103=240 Parry et al., 1991

DCC-M2 18q21 TGC ACC ATG CTG AAG ATT GT 
AGT AC A AC A CAA GGT ATG TG

Mspl
polymorphism

257+139=396 Fearon et al., 1990

D18S61 18q ATT TCT AAG AGG ACT CCC AAA CT 
ATA TTT TGA AAC TCA GGA GCA T

microsateUite 157-183 Weissenbach et al., 1992
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u
■a■a
j
s.
I- NTNTNTNTNTNT

396bp
257bp
I39bp

I___ I
A B C D E F

Figure 3.28 Detection o f 18q LOH (patient MC) by PCR-RFLP with marker DCC- 

M 2. Amplification with the intragenic DCC primers produces a fragment 396bp long, 

digestion with M sp l results in fragments 257 and 139bp long. N, normal DNA; T, 

tumour D N A , is located immediately to the right of its matching normal tissue DNA . 

Samples B, C and E are homozygotâr, samples A, D and F  are heterozygotes. LOH  

appears as partial or complete loss o f the (257+139) fragments. LOH is apparent in 

the first normal-tumour pair of sample A.

152



Results

N T  N T N T

1 2 3 4 5 6

Figure 3.29 Detection o f 18q LOH by PCR-SSCP with D 18S61. N, normal DNA; 

T, tumour D N A , is located immediately to the right o f its matching normal tissue 

D N A . Lanes 3 & 4 show a homozygous sample and a heterozygous sample is seen in 

lanes 5 & 6. LOH appears as reduction in intensity of one o f the 2 alleles compared to 

the allele intensity o f the normal corresponding D N A  as shown in lane 2 (indicated by 

arrows).
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N T N T N T

%

J L

A B C

Figure 3.30 Detection o f RER by PCR-SSCP with D 18S61. N, normal DNA; T, 

tumour D N A , is located immediately to the right o f its matching normal tissue DNA. 

Samples A  and B are heterozygdtei. Replication error appears as extra bands next to 

the normal banding pattern in the heterozygous as shown in lane 6 (indicated by 

arrows).
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Table 3.12 Results of 18q LOH at individual loci

PATIENT DCC-M2 D18S8-M3 D18S61 D18S46 D18S474

MC LOH het het het het

AR horn horn horn het hom

ML horn het het horn hom

SA het het RER horn hom

CL horn het het horn hom

CT het het RER horn hom

AC het het LOH horn het

RH horn het horn het het

EH het het het het het

EP het het het horn het

HG horn het het het het

OS horn horn LOH horn het

HL horn horn het horn het

DH het het RER het het

AD het het het het het

WF het het het horn het

0-WL horn het horn hom het

GC horn het het het het

CT-H het het horn het het

MP het het horn het het

het, heterozygous; horn, homozygous;
LOH, loss of heterozygosity; RER, replication error.
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T able 3.13 Detection o f 18q LOH and RER by FISH, PCR-RFLP and PCR-SSCP  

in sporadic colorectal cancer

FISH

18q LO H

PCR-RFLP PCR-SSCP

RER+

PCR-SSCP

Cases 1 1 2 3

Percentage 10 (3/zoI 15 r Vzo)

Duke's stage B NI B B

Tumour site rectum NI sigmoid sigmoid

rectum colon

NT, no information
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4 DISCUSSION

4.1 MULTIPLE ENDOCRINE NEOPLASIA TYPE 1

4.1.1 Allelic deletions on chromosome l lq

1 lql3 is a large region on the molecular scale, and could contain several hundred 

genes. New markers mapped to this region have improved genetic linkage studies and 

proved useful in the search for and cloning of the MENl gene. Several molecular 

approaches are in progress to define the pericentromeric region of the long arm of 

chromosome llq l3  and to achieve the ultimate cloning of the MENl gene (Thakker 

et al., 1993, 1989, Nakamura et al., 1989). These studies have defined an 8 million 

base pair region which contains the MENl gene (Fujimori et al., 1992. 

Characterisation of the MENl gene will elucidate the factors which might cause the 

proliferation of the endocrine gland to allow possible pharmaceutical intervention as 

well as prompt and effective surgical management.

The cytogenetic studies on cell lines from MENl patients were initiated in the 

hope that a constitutional chromosome rearrangement would pinpoint the gene and 

facilitate cloning. When negative results were obtained a search for microdeletions 

was made using YAC clones. In this study the 4 YAC clones, originating from 

specific STS markers flanking theMENl gene at llq l3  were mapped by FISH. YAC 

17IC4, originating from the marker GST3 is distal to the MENl gene and 9FF1, 

originating from the marker PGA is proximal to MENl. Both give a very clear 

hybridisation signal on llq l3 . YACs 32AF1 (PYGM) and 16IC1 (D11S97) the next 

closest markers, distal and proximal to MENl were not selected for FISH because 

they were found to be chimaeric, hybridising to chromosome llq l3  and other 

chromosomes (Figure 3.3). To secure efficient hybridisation signals on interphase 

nuclei where chromosome morphology is not visible, YACs 17IC4 and 9FF1 were
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chosen for FISH. None of the MENl cell Hnes exhibited allelic loss on llq l3  by 

FISH analysis providing no evidence for micro deletions in these famihes.

Allelic deletions involving chromosome 11 have been observed and demonstrated 

by many investigators using molecular methods in tumours from MENl patients. 

Allelic loss from chromosome 11 is found in the majority of parathyroid tumours from 

patients with the inherited disorder (Friedman et al, 1989). Allelic loss from 

chromosome 11 is also found in 11 of 43 benign sporadic parathyroid adenomas 

(Friedman et al., 1989, Thakker et al., 1989). Allelic loss in parathyroid tumours in 

these patients has several implications. Firstly, it is an indirect evidence for 

monoclonality of these tumours. Secondly, since the region of deletion contains 

markers tightly linked to the disease gene, it supports the theory that the MEN 1 gene 

may act as a tumour suppressor gene.

Few or no cytogenetic investigations have been performed on the tumour tissues 

of MENl patients. Cytogenetic studies of parathyroid tumours have not been 

possible, and more generally chromosomal rearrangements have been only rarely been 

described in benign solid tumours (Sandberg et al., 1987).Cytogenetic studies of 

pancreatic tumours are confined to adenocarcinomas of the exocrine pancreas 

(Casalone et al., 1987, Johans on et al., 1989, 1990). Perhaps FISH on direct 

preparations from tumours of MENl patients wiU unmask the inactivating MENl 

allele that whl lead to the better understanding of the pathogenesis of the tumours on 

MENl patients.
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4.2 COLORECTAL CANCER CELL LINES

The aim of these studies was to establish the status of the DCC gene in colorectal 

cancer cell lines of various origins.

4.2.1 Chromosome 18q and DCC Gene

Loss of chromosome 18 or part of it is thought to be an important event in the 

adenoma to carcinoma sequence of colorectal tumours (Fearon et al., 1990). The 

common region of loss on chromosome 18 is around the DCC gene. Even though 

both normal copies of chromosome 18 have been lost in the AA/Cl/SB/lOC cell line, 

the DCC gene is present on the three translocated abnormal chromosomes with the 

18q material. At least one DCC allele is retained by all the cell lines in the progression 

of PC/AA to the adenocarcinoma or mucinous carcinoma (Williams et al., 1993). 

AA/C 1/SB/l OC cells are derived from PC/AA ceU lines and the expression of the 

DCC gene is confirmed, (B. Vogelstein & C. Paraskeva, continued personal 

communication). All the other 3 colorectal cancer cell lines, LIM 1215, LIM 1899 and 

JW2/33 F31 exhibit the presence of the DCC gene locus by FISH analysis on both 

copies of normal chromosome 18.

The isochromosome of partial 18q in the AA/C 1/SB/IOC ceU line is of interest 

because two overlapping DCC YAC probes, y36IB10 (260kb) and y26CB8 (240kb) 

were not present whereas yA96E4 was present (Figure 3.5, Table 3.5). This could be 

due to the presence of a very small deletion inactivating the DCC gene. Further 

investigations applying dual colour FISH on extended chromatin fibres were carried 

out to confirm the order of the probes since yA96E4 is apparently almost entirely 

overlapping y36IB10. However, this could not be resolved due to the considerable 

overlap of the YACs (data not shown). It did confirm that the two in question were 

overlapping.
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Strategies using the polymerase chain reaction can detect genomic 

rearrangements with much higher sensitivity than FISH. Certain gene rearrangements 

or deletions create unique sequences of basepairs in the DNA. This region of the 

abnormal DNA serves as a specific marker of the rearranged segment of the gene. 

With primer pairs used to flank this region the PCR amplifies the unique sequence of 

DNA. Gel electrophoresis separation methods detect the amplified product. PCR- 

SSCP analysis of DNA from the AA/C 1/SB/IOC cell line using 2 microsateUite 

markers specific for DCC, DCCl and DCC2 has revealed a novel banding pattern 

confirming the probable deletion and rearrangement in the DNA sequences of one 

copy of the DCC gene. The other ceU lines do not exhibit aUelic loss of 18q or 

rearrangements of DCC by the same analysis using microsateUite markers for 18q 

(D18S61) and DCC specific markers.

4.2.2 Significance of Chromosome 1

Chromosome 1 abnormaUties have been found in many different tumours and 

about half of the breakpoints occur in and around the centromeric heterochromatin. 

Rearrrangements giving rise to trisomy of aU or part of Iq are a common finding in 

haematological disorders (Olah et al., 1989, Rowley 1977), chUdhood tumours 

(Douglas et al., 1984), breast cancers (Kovacs 1978, Rodgers et a l, 1984), and 

colorectal tumours (Reichman et a l, 1984).

In human colorectal adenoma derived ceU lines lp32-pter and interstitial p31-36 

deletions have been reported (Willson et a l, 1987, Paraskeva et a l, 1989). We have 

found such abnormaUties in the colon cancer ceU lines in this study. Chromosome 1 

abnormalities are present in three out of four colorectal cancer ceU lines. The long arm 

of chromosome 1 is involved in aU of them.
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The cell line AA/Cl/SB/lOC was derived by transforming the human 

premalignant adenoma cell line PC/AA (appendix 5.2.1). PC/AA is derived from a 

single large colonic tubular adenoma 3-4cm in diameter of a patient with familial 

polyposis coli and grown in standard culture conditions. At early passage, this 

adenoma derived cell hne is diploid with a 46,XY karyotype and no detectable 

chromosome abnormalities. However at late passage (between 50 to 60), after 

subculture on 3T3 feeder cells, this cell line has become aneuploid. Every cell has an 

isochromosome Iq and a marker chromosome thought to be derived from an 

additional chromosome 8 (Paraskeva et al., 1988).

In the transformed cell line AA/Cl/SB/lOC, a deletion of one copy of lp32-pter 

is observed. The translocated 1;18 (q24q22) chromosome is present in all the cells 

examined, along with the other 2 normal chromosomes (Figure 3.7). The 

adenocarcinoma derived cell line LIM 1215, is trisomie for the segment lq32-qter. 

The 2 normal chromosomes 1 are also present in this cell line. Whereas JW2/33 F31, 

a carcinoma derived cell line, is trisomie for the Iq material due to the presence of the 

isochromosome Iq. Only one normal chromosome 1 is observed. These observations 

suggest that some event occuring on the long arm of chromosome 1 might be 

important in the progression of the tumour, as proposed earlier by other investigators.

The loss of one copy of the short arm of chromosome 1 has been thought to be 

related to tumour progression while an extra copy of the long arm has been thought to 

occur at a relatively late stage of malignant development in a number of different 

cancers (Atkin 1986, Dutrillaux and Muleris 1986). The duplication of the long arm of 

chromosome 1, more specifically the q32-qter region, might also play a part in the 

process of cell immortalization (Griffin et al., 1990, Paraskeva et al., 1989a, 

Paraskeva 1990, Sugawara et al., 1990). Dupücation by the presence of an
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isochromosome Iq in JW2/33 F31 cell lines might have led to an over expression of 

the genes located on this arm.

4.2.3 Isochromosomes and Other Chromosome Changes

Little is known of the origin of isochromosomes in cancers. At least 2 copies of 

small metacentrics, i(12p) and either i(4p) or i(5p) are significantly associated with 

certain types of cancer and their formation may represent important stages in the 

development of tumours (Atkin et al., 1988). Isochromosomes provide extra copies 

of chromosome arms. The amplification of genes present in these arm is thought to be 

significant in tumour initiation or progression.

Rearrangement of the DCC gene in the AA/Cl/SB/lOC line involves 

isochromosome formation from a deleted long arm of chromosome 18. Telomeric loss 

would be expected. Telomeres contain both DNA and protein that stabilise the ends 

of eukaryotic DNA. The DNA component of telomeres is made up of a G-rich strand 

composed of repeated TTAGGG sequence in humans. Telomerase is the enzyme 

which synthesises telomeric DNA. In cells immortalised in vitro, as in 

AA/Cl/SB/lOC, telomerase is also required to stabilise the telomere length preventing 

chromosome instability. Counter et al., in 1994 have reported that this enzyme is 

detected in human ovarian carcinoma cells and not expressed in the non malignant 

cells. It was proposed that in the tumour cells chromosomes lost the telomeric DNA 

and only the cells which can maintain the functional telomeric ends are capable of 

continued proliferation (Counter et al., 1994).

A translocation resulting in the loss of the short arm of chromosome 17 is found 

in the carcinoma derived colon cancer cell line, JW2/33 F31. A non random 

involvement of chromosome 17p- as a frequent karyotypic anomaly can be found in 

colorectal adenocarcinoma (Rau et al., 1992). The status of the p53 gene located at 

the short arm of chromosome 17 has been investigated in some adenoma and
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carcinoma cell lines (Baker et al., 1990) but no p53 gene mutation was detected in the 

PC/AA cell line, from which the AA/Al/SBIOC cell line (with 3 normal copies of 17) 

is derived (Williams et al., 1993).

The single chromosome abnormality involving 13p [t(l;13)(q32.1;pll)] found in 

the adenocarcinoma colon cancer cell line, LIM 1215 is of interest because it is in 

contrast to the complex karyotypes frequently present in many colorectal cancer cell 

lines. Kovacs et al., (1978) previously reported a case where abnormality of 

chromosome 1 is the only chromosome aberration in a sigmoid colon cancer with 

karyotype 46,XX,-l,+i(lq). The cytogenetic abnormality that this cell line has in 

common with LIM 1215 is trisomy for the segment lq32-qter. FISH with the ÀMS32 

probe has confirmed that the trisomie material is derived from chromosome lq32-qter 

(Griffrn et al., 1990). It may be significant that this cell hne was derived from a patient 

with HNPCC. Colorectal tumours in these patients tend to be less aneuploid than 

usual. Abnormality of 13p has been found in several non famihal colon cancer ceU 

lines. Lynch et al., 1985 observed t(13;22) in 3 members of an HNPCC family having 

the same breakpoint on 13 as LIM 1215. It would be of interest to determine if 

chromosome 13p has any significance in the progression of colorectal cancer
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4.3 SPORADIC COLORECTAL CANCER

The aim of this study was to assess the relative merits of interphase FISH analysis 

and LOH detected by molecular methods in detecting DCC loss in Duke's B 

colorectal cancer carcinomas.

4.3.1 DCC and Chromosome 18q Allelic Loss

Deletion on chromosome 17 and 18 is common in cytogenetic and RFLP studies 

of colorectal cancer (Muleris et al., 1987, Monpezat et al., 1988). Complete or partial 

loss of chromosome 18 was observed in more than 70% of colorectal carcinomas 

(Fearon et al., 1990) and is thought to be involved in tumour progression since it was 

rarely involved at the early adenoma stage. The isolation of the candidate tumour 

suppressor gene, DCC( deleted in colorectal carcinoma) at 18q21 has created an 

interest in estabhshing the inv^ement of this gene in colorectal carcinogenesis. 

Relatively few studies on DCC have been published.

Conventional cytogenetic analysis of tumours depends on short term cell culture 

of tumour biopsies. Limited by optimal culture conditions and few dividing cells, this 

approach is time consuming with limited success. An alternative method is by making 

direct smears. These preparations yield high numbers of interphase nuclei of tumour 

cells, thus making it possible for molecular cytogenetic analysis by FISH. Smear 

preparations of colorectal tumours as described by Low et al., 1994 provide rapidly 

available cytological samples from small amounts of tumour tissue.

In this study we demonstrate the use of repetitive chromosome specific DNA 

probes from chromosomes 16 and 18 that provide reliable hybridisation signals in the 

interphase nuclei following double hybridisation on smear or touch preparations. 

Simultaneous hybridisation with the biotinylated DCC YAC probes prepared from
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Alu-PCR products offers information on the status of this gene. The simultaneous 

detection of three probes by ratio labelling strategies (Dauwerse et al., 1992) within a 

tumour ceU provides an internal control of hybridisation efficiency on the single cell 

level. The detection of chromosome 16 serves as an indicator for the overall ploidy of 

the cell since this chromosome usually keeps its normal copy number in colorectal 

cancer.

Two positive hybridisation signals for each centromere 16, centromere 18 and the 

DCC gene at the region of 18q21 reflects the diploid constitution of ceU clones in 

normal and tumour smears. Loss of one copy of chromosome 18q, or DCC as the 

specific marker, in the majority of cells was detected in one colorectal carcinoma 

patient only (WF) (Figure 3.25). In several other samples (e.g. CL, CT ML, MC and 

HG) there was evidence of subclone formation involving DCC deletion during the 

progression of the carcinoma since a substantial proportion of cells was involved.

In 7 patients, the tumours showed 2 signals for all the probes, indicating that 2 

copies of the DCC gene were still intact; these were representative of diploid 

tumours. It is of considerable interest that 5 of the 7 are associated with young age at 

presentation or right sided colon cancer, both features of tumours fi'om HNPCC 

families.

FISH analysis using an alphoid satellite DNA probe for centromere 18, has 

detected monosomy 18 in 33% of patients with early cancer and 44% of patients with 

invasion to the muscle layer in a series of colorectal carcinomas (Sasaki et al., 1995). 

Without precise information on Duke's staging it is difficult to relate these findings to 

the present study.
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Emerging subclones representing tumour progression may be too small to be 

detected by molecular cytogenetic analysis. From the PCR-RFLP and PCR-SSCP 

analysis using the polymorphic microsateUite markers for within or close to the DCC 

gene, no LOH was detected in patient WF. This could be due to site-specific tissue 

variation affecting the subclone that exhibited loss for the DCC gene detected by 

FISH; this may be masked in the total genomic DNA sample from the same patient 

used for molecular analysis.

The frequency of DCC loss in this study is lower than the overall loss of 18q in 

colorectal cancer detected by earlier studies (Monpezat et aL, 1988, Cho and Fearon 

1992). This may partly be due to the preponderance of Duke's B cancer in our 

material. However, besides DCC, chromosome 18 bears other suppressor genes 

involved in the development of some colorectal cancers. The gene deleted in 

pancreatic cancer, DPC4 (Hahn et aL, 1996) mapped next to the DCC gene, showed 

deletion of 18q markers in 90% of pancreatic tumours. The markers proximal and 

distal to DPC4 did not show aUelic loss in sporadic colorectal cancer in this study. A 

recent study by Vogelstein's group suggested that DPC4 was the target of deletion in 

up to a third of colorectal cancers (Thiagalingam et aL, 1996).

No aUelic loss was detected using the markers proximal to the DCC gene, 

including the marker that is proximal to the DPC4 gene. LOH is only seen in one case 

(MC) with the Mspl RFLP marker, DCC-M2, even though it detects heterozygotes in 

55% of the the 20 samples. Using the marker D18S61 distal to the DCC gene, LOH 

was detected in 2 cases (AC and GS) and genomic instabUity seen as multiple bands 

indicative of repUcation error (RER) was detected in 3 cases (SA, CT and DH). The 

presence of repUcation error may be indicative of a mismatch repair defect. Out of the 

3 cases detected with RER, in 1 case it was found to occur in a very young patient 

with sporadic colorectal cancer and the other two were diploid tumours. Further
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studies in these patients using more polymorphic markers would be interesting to find 

out if there is widespread RER and possibly an association with the familial form of 

cancer, HNPCC. The finding from this study is consistent with other reports where 

15% of sporadic colorectal cancer patients exhibit genetic or microsateUite instabiUty.

Chromosome 18q aUelic loss is an important prognostic marker in patient's with 

Duke's B colorectal carcinoma (Jen et aL, 1994). The prognosis in Duke's B patients 

with 18q loss is simUar to Duke's C with or without 18q aUeUc loss. But 18q loss is 

not a requirement for metastasis in colorectal cancer. There is a good survival rate in 

patients with RER positive tumours where both 18q aUeles are retained. Other tests 

for detecting 18q loss besides tumour grade and stage should be combined with 

molecular analysis and biochemical assays including immunohistochemical analysis of 

DCC (in tissues) in colorectal cancer, to provide more precise information on 

prognosis in patients with Duke's B and C cancers (Shibata et aL, 1996) since some 

Duke's B patients would benefit firom adjuvant therapy.

DCC alteration has been reported and associated with the later progression from 

Duke's C to D with the acquisition of Uver metastasis (Ookawa et aL, 1993). Recent 

studies have also shown that DCC expression is found in both normal and neoplastic 

colonic tissues with Uver metastasis showing that the complete loss of DCC 

expression is not required for tumour progression (Cotley et aL, 1996). Even though 

there is a single copy of a functioning DCC aUele, the DCC mRNA and protein can 

stiU be detected at reduced level.

In this study of 18q LOH and DCC loss in colorectal tumours there is a low 

frequency of aberrations and it is associated with the later stage of colorectal tumour 

progression (carcinoma). FISH analysis utilising unique sequence probes provide a 

precise, informative method of detecting aUeUc loss. Interphase FISH has so far
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detected evidence for subclones in tumour tissues but is not sensitive enough to detect 

subtle 18q loss. The PCR-based methods are more suitable to elucidate genetic 

alterations at the molecular level and LOH of 18q and RER have been detected in 

some cases of sporadic colorectal cancer. But this test is not sufficiently sensitive to 

detect Duke's B patients that might benefit from adjuvant therapy.
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5.1 Multiple Endocrine Neoplasia Type 1

Lymphoblastoid cell lines are not usually involved in tumour formation of 

MEN 1 patients, however the genetic MEN 1 mutation would still be present in the 

cells. In th MEN 1 studies in this thesis, there was no evidence of cytogenetic 

abnormalities in the affected patients segregating from the familial form of MEN 1. 

Subtle genetic mutations might be involved in this disorder and perhaps best 

understood and studied by molecular technique.

5.2 Colorectal Cancer Cell Lines

AA/C 1/SB/IOC is a cell line derived from a premalignant adenoma which in 

culture developed 18q abnormalities after several passages. In more than 70% of 

sporadic colon carcinomas 18q is abnormal towards the later stage of progression. 

Thus the novel rearrangements observed in this cell line indicate abnormalities 

associated with later stages of tumourigenesis. The other three cell lines did not show 

abnormalities involving 18q.

5.3 Sporadic Colorectal Cancer

Assessment of interphase FISH analysis and LOH detected by molecular 

methods indicates that both methods are not sensitive tests for detecting DCC loss in 

Duke's B colorectal cancer that might benefit from adjuvant therapy. In one patient, 

CL, the normal smear have only 64% of the diploid clone, the same as the tumour, 

suggesting that the area from which the "normal" smear was obtained probably had 

infiltration from the adjacent tumour.
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5 APPENDIX

5.1 STANDARD BUFFERS

Appendix

20XSSC

20XSSPE

STE

TE

lOXTBE

lOXTN

lOX Loading Buffer

3MNaCl 

0.3M Nag citrate 

pH to 7

200m M Na2P04pH7

3.6MNaCl

20mM EDTA (disodium salt)

lOOmMNaCl

lOmM Tris pH 8

ImM EDTA (disodium salt)

ImM Tris pH 8

0. ImM EDTA (disodium salt)

0.89MTrisHClpH8

0.89M Boric acid

0.02M EDTA

IMTris pH 7.5

1.5MNaCl

ILH2O

40% sucrose

0.025% w/v bromophenol blue 

0.025% w/v xylene cyanol
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5.2 COLORECTAL CANCER CELL LINES

AA/Cl/SB/lOC (Paraskeva et aL, 1984)

This was an immortal tumorigenic cell line which was transformed in vitro 

from a rare clonogenic variant AA/Cl to give rise to AA/C 1/SB cell line 

isolated from an immortal non tumorigenic cell line PC/AA. On exposure to 

MNNG, the AA/C 1/SB 10 ceU line was isolated (Williams et aL, 1990) and 

became anchorage independent cell line and tumorigenic producing 

adenocarcinomas in athymic nude mice. The AA/C 1/SB IOC cell hne was 

found to be aneuploid with complex karyotpe. This cell line was derived from 

a premalignant adenoma of a patient with famihal polyposis coli.

JW2/33 F31 (Paraskeva et aL, 1984)

This was a carcinoma ceU hne derived from a moderately differentiated colon 

cancer of a patient with famihal polyposis coh. When first estabhshed the ceh 

hne required a feeder layer of Swiss 3T3 cells for growth, (no longer 

required), and had the ability to form tumours in nude mice.

LIM 1215 (Whitehead et aL, 1985)

This cell line was derived from a patient with inherited nonpolyposis colorectal 

carcinoma (HNPCC). The primary tumour from which the ceh hne was made, 

was a poorly differentiated adenocarcinoma of the ascending colon. The ceh 

hne consisted of pleomorphic cells and would form tumours in immuno 

suppressed mice.

LIM 1899 (Whitehead et aL, 1985, unpublished)

This ceh hne was a colon carcinoma derived from a primary deposit of a 

patient with Duke's C sporadic colorectal cancer.
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5,2.1 Progression of the PC/AA adenoma cell line in vitro

Cell Line 

PC/AA (early passage)

1 50 passages 
with dispase

I trypsinisation 
to single cells

AA/Cl

Characteristics 

Diploid, non-clonogenic

PC/AA (late passage) Aneuploid, non-clonogenic

Aneuploid, clonogenic

sodium butyrate 
treatment

AA/Cl/SB Aneuploid, clonogenic

( carcinogen 
treatment

AA/Cl/SBIO

I in vitro passage 

AA/Cl/SBIO

Aneuploid, clonogenic 
Anchorage independent

Tumorigenic in nude mice

(from Williams et al., 1990)

Schematic Representation of the Progression of the Adenoma Cell Line 
PC/AA to the Tumorigenic Cell Line AA/Cl/SB 10.
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5.3 MEDIA FOR TISSUE CULTURE

5.3.1 MEDIUM FOR PERIPHERAL BLOOD LYMPHOCYTES 

ISCOVE’S/10% FCS/GPS/PHA (37°C)

17 ml Iscove's modified Dulbeccos (Sigma)

2ml Fetal Calf serum-heat inactivated (PCS) (Gibco)

200jll phytohaemagglutinin (PHA) (Gibco)

34|il glutamine/penicüliii/streptomycin (GPS)

GPS Glutamine (200mM), Penicillin (300mg/ml), Streptomycin (500mg/ml). 

Store at -20°C.

5.3.2 MEDIUM FOR LYMPHOBLASTOID CELL LINES (LCL)

RPMI/10% FCS/GPS (5% CO2  ) (37 °C)

76ml sterile deionised water

9ml lOX RPMI1640 Medium (Sigma)

10ml Fetal Calf Serum (FCS)

1ml GPS (Glutamine/Penicillin/Streptomycin)

3ml5.3% NaHCOg

1ml Non-Essential Amino Acid (ICN Labs)

GPS 100ml 200mM L-Glutamine (ICN Labs), 600mg Penicillin (U.C.H. 

Pharmacy), 300mg Streptomycin Monosulphate (Sigma) in 3ml water. Store 

at -20 °C.

5.3.3 MEDIUM FOR ESTABLISED CELL LINES 

DMEM/10% FCS /GPS (8 % CO2 ) (37°C)

74ml sterile ddH2 0  

7 m l5 .3 %NaHC0 3

9ml lOX Dulbecco's Minimal Essential Medium (Gibco)

10ml FCS
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2mlGPS

Adjust pH with IM NaOH. Supplements Insulin (250U/ml), Hydrocortisone 

(O.lmg/ml).

Hanks' Balanced Salt Solution

gA
NaCL 8

KCl 0.2

Na2 HP0 4  (anhydrous) 1.15

KH2PO4 0.2

Phenol red 0.015

The above were autoclaved at 15psi (pounds per square inches) 121°C for 30 

minutes and neutralised by the addition of 6% NaHCOg dropwise.

Versene 0.2g EDTA (disodium salt) dissolved in 100ml sterile Hanks' BSS 

working strength solution. 5ml 1% trypsin added before use and neutralised by 

addition of 6 % NaHCOg

5.3.4 SOLUTIONS AND REAGENTS FOR G-BANDING

Trypsin 5ml trypsin (Koch Light Ltd.)(0.025%) in 50ml Hanks' without 

calcium and magnesium. Hanks' solution to pH with 1.4% NaHCOg.

Giemsa Stain 5ml Giemsa (BDH) in 50ml buffer, pH 6 .8 . Filter before use. 

2XSSC 0.033M trisodium citrate, 0.33M NaCl, pH 7 with IM citric acid. 

pH 6 .8  Buffer : Buffer tablets pH 6 .8  (Gurr), 1 tablet in 1 litre water.

5.3.5 PHOTOGRAPHY AND PRINTING

Photography Film: Kodak TP2415 . Camera set at ASA 50, DIN 18. 

Automatic shutter speed.

Developing Film Developer - 10ml HC-110 (Kodak) in 300ml H2 O at 20°C. 

Stop solution - 300ml H2 O and few drops of conc. acetic acid. Fixer - 70ml 

Ilford Hypam fixer in 230ml H2 O.
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Printing Paper developer Ilford - 100ml in 1 litre H2 O. Stop buffer - 1 litre 

H2 O and a few drops of conc. acetic acid. Paper fixer - 1 part to 1 part H2 O. 

Photography paper - Multigrade 3 1/2. Aperture set to 5.6 or 2.8 for fine 

adjustment. Exposure time set about 3-5 (XIO) seconds.

5.3.6 FREEZING MEDIUM FOR LCL

For each 1.5 ampoule, 1ml FCS, 0.05ml filtered dimethyl sulfoxide (DMSG).

5.3.7 SOLUTIONS FOR MYCOPLASMA TEST 

Medium for Fibroblasts - E/10% FCS/GPS (37 °C)

81ml sterile deionised water

9ml lOX Eagle's Minimum Essential Medium (Gibco)

1ml IM Hepes 

10ml FCS 

2mlGPS

pH to 7.2 with IM NaOH or 5.3% NaHCOg 

Citrate-phosphate buffer pH 5.5

22.2ml IM citric acid (2.1g/100ml)

27.8ml 0.2M Na2 HP0 4 .12H2 0  (7.16g/100ml)

50ml distilled water

Stock Stain 4mg Hoechst 33258 in l(X)ml sterile ddH2 0  (4|lg/ml). Stored in 

dark at 4°C. To use, 0.2ml stock diluted in 80ml PBS (O.ljlg/ml)

PBS 80ml sterile ddH2 0 , 7.7ml phenol red, 9.9ml lOX PBS, pH 7 with IM 

NaOH. Stored at 4°C.

Phenol Red 6g in 600 ml ddH2 0 . Stored at 4°C.
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5.3.8 SOLUTION FOR LOW MELTING POINT AGAROSE GEL 

LMP Agarose 1% agarose in SE buffer 

SE Buffer 75mM sodium chloride, 25mM EDTA

ESP Buffer 2mg/ml Proteinase K, 1% N-lauroylsarcosine, in 0.5M EDTA, 

pH 8 .
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5.4 SOLUTIONS FOR YAC MINIPREP

5.4.1 SD MEDIUM :

7g/L Bacto yeast nitrogen base (without amino acids)

20g/L glucose

55mg/L adenine and tyrosine

Sterilised by autoclaving. Before use, 56ml/L 20% Casamino acids added.

5.4.2 YEAST RESUSPENSION BUFFER (YRB)

1.2M sorbitol

lOmMTrisHCl, pH 7.5 

20mM EDTA.

TE lOmM Tris, ImM EDTA, pH 7.4

TNE 0.2M NaCl, lOmM Tris, pH 8.0, ImM EDTA.

5.4.3 PHENOL CHLOROFORM EXTRACTION

To prepared DNA probe, an equal volume of phenol was added, shaken gently 

and centrifuged at high speed for 5 minutes. The lower layer was removed, 

and phenol extraction repeated. An equal volume of chloroform was added, 

shaken, centrifuged at high speed for 5 minutes lower layer removed.

Phenol Preparation 0.1% (by weight) hydroxyquinolone was added to 1kg 

solid phenol in 1 litre O.IM EDTA (disodium) and the mixture melted at 42° 

C. The resulting solution was shaken vigorously to form an emulsion and the 

top layer removed. The remainder was extracted once with 1 litre O.IM Tris, 

lOmM EDTA and once with 1 litre lOmM Tris, ImM EDTA. Both times the 

top layer was sucked off and discarded. Finally the top layer was replaced with 

100ml TE buffer.

5.4.4 SOLUTIONS FOR FLUOROMETRY

Standard DNA Solution Calf Thymus DNA (100|lg/ml)

TNE Buffer 10ml lOX TNE, 90ml dH2 0 , lOlll Hoechst 33258 (Img/ml)
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5.4.5 MEDIA FOR BACTERIAL CULTURE

All media and buffers were prepared with deionised distilled water and 

immediately autoclaved at ISlbs psi 121°C for 30 minutes.

L-Broth g per 100ml

Bacto tryptone 1.0

Bacto Yeast Extract 0.5

NaCl 0.5

Glucose 0.1

L-Agar

Bacto tryptone 1.0

B acto Y east Extract 0.5

NaCl 0.5

Bacto Agar Noble 1.5

5.4.6 SOLUTIONS FOR PLASMID EXTRACTION AND PURIFICATION 

Cell Resuspension Solution 50mM Tris HCl, pH7.5

lOmMEDTA 

lOOjIg/ml RNase A 

Cell Lysis Solution 0.2M NaOH 

1% SDS

TE Buffer lOmM Tris HCl, pH 7.5 

1mm EDTA 

Column Wash Solution 200mM NaCl

20mM Tris HCl, pH 7.5 

5mm EDTA 

dilute with 95% ethanol 

Neutralization Solution 1.32M Potassium acetate, pH 4.8
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5.4.7 SOLUTIONS FOR PCR 

Standard reaction mix 

lOXPCR buffer 

200|lM each dNTP 

500ng-l|Xg genomic DNA 

SOpMol each olignucleotide primer 

1-2 units Taq polymerase 

dH2 0 , final volume 25|ll

lOX PCR buffer (HT Biotechnology Ltd.)

100mMTrisHCl,pH 9.0

15mM MgCl2

SOOmMKCl

1% Triton X-100

0 .1% (w/v) gelatin

5.4.8 SOLUTIONS FOR A/tt-PCR 

Standard Reaction Mix 

lOXPCR buffer

2mM each dNTP's 

0.5(ll each primer*

1-2 units Taq polymerase 

lOOngYACDNA 

dH2 0  final volume 50|il

*Primer CLl TCC CAA AGT GCT GGG ATT ACA (Oswel) 

Primer CL2 CTG GAG TCC AGC CTG GG
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5.4.9 SOLUTIONS FOR PHASTGEL SILVER STAINING

Solution 1 

Solution 2

Solution 3

Solution 4

Solution 5 

Solution 6

Solution 7

Solution 8

Solution 9

20g TCA in 100ml ddH2 0

50ml EtOH

10ml HAC

40mlddH2O

40ml EtOH

20ml HAC

340ml ddH2 0

10ml 50% glutaraldehyde

10ml ddH2 0

400ml ddH2 0

0.4g silver nitrate

100ml ddH2 0

5g sodium carbonate

tiSjXl 37% formaldehyde

2 0 0ml ddH2 0

2.5g sodium thiosulphate

3.7g Tris

100ml ddH2 0

10ml glycerol

90ml ddH2 0

181



Appendix

5.5 FLUORESCENCE in situ HYBRIDISATION

5.5.1 BioNick™ LABELLING SYSTEM (Gibco)

lOX dNTP Mix 0.2mM each dCTP, dOTF, dTTP

O.lmMdATP 

O.lmM biotin-14-dATP 

SOOMmTris HCl pH 7.8 

50mM MgCl2  

lOOmM (3-mercaptoethanol 

lOOjlg/ml nuclease-free ESA 

lOX Enzyme Mix 0.5 units/p.1 DNA polymerse 1

0.0075 units/p.1 DNase 1 

50mM Tris HCl pH 7.5 

5mm magnesium acetate 

ImM P-mercaptoethanol 

O.lmM phenylmethylsulfonyl fluoride 

50% (v/v) glycerol 

100|Xg/ml nuclease-free ESA

5.5.2 NICK TRANSLATION KIT (Eoehringer Mannheim) 

dNTP mix 1 vol digoxigenin-11 -dUTP (0.4mmol/L)

2 vol dTTP

3 vol dATP 

3 vol dCTP 

3 vol dOTP

Final concentration of dNTP mix is 0. Immol/L.

Enzyme mixture DNA-polymerase 1, DNase in 50% (v/v) glycerol
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5.5.3 SOLUTIONS AND REAGENTS FOR PREHYBRIDIZATION

PBS Phosphate buffered saline tablets (Sigma). 1 tablet in 200ml H2 O.

RNAse (Sigma) lOOjIg/ml in 2XSSC. Boil for 3 minutes.Store at -20°C. 

Proteinase K buffer (lOX) 20mM CaCl2  , 200mM Tris pH 7.4 with HCl. 

Proteinase K 50|lg/ml in buffer. Store at -20°C.

Hybridisation Mix Equal volume of 50% deionised formamide/2XSSC and 

10% dextran sulphate/2XS SC.

Biotin Labelled Probes (Cambio and Oncor Inc.)

lOjXl into small microcentrifuge tube. Spin briefly. Denature at 65°C for 5 

minutes in PCR unit. Float in waterbath at 37°C before use.

1% MgCl/PBS Ig MgCl in 100ml PBS

33% Formaldehyde/NaHCO^ To every 50ml PBS/1 % MgCl , add 1.3ml 

37% formaldehyde saturated NAHCO3 .

5.5.4 SOLUTIONS AND REAGENTS FOR POSTHYBRIDIZATION

50% Formamide For 150ml solution - 75ml formamide, 15ml 20XSSC in 

60ml nanopure H2 O to give a final 2XSSC.

4XSSC/5 % Marvel Add 5g non-fat dry milk (Marvel) to 100ml 4XSSC, filter 

through IM paper (Whatman).

4XSSC/Tween To 400ml 4XSSC, add 1ml 20% Tween 20 (polyoxyethylene 

sorbitan monolaurate)

0.5 % Blocking Reagent 0.5g blocking reagent for nucleic acid hhbridization 

and detectio (Boehringer Mannheim) in 100ml TN)

TN/Tween To 400ml TN, add iml 20% Tween 20.
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5.5.5 FLUORESCENT DETECTION SYSTEM

FITC Avidin (Vector Labs.) 5|il fluorescein isothiocyanate (FITC) Avidin in 

1ml 4XSSC/5% marvel.

Biotinylated Anti-Avidin (Vector Labs.) 10|il Bio-Avidin in 1ml 4XSSC/5% 

marvel.

Antifade Solution (Vector Labs) in 1ml mounting medium Vectorshield, add 

4|il 4,6 diamidino phenylindole (DAPI) (0.2 |ig/ml) and 4pl propidium iodide 

(PI) (l|ig/ml).

Mouse Anti-Digoxigenin (Sigma) Ijil mouse anti-digoxigenin in 1 ml 0.5% 

Blocking Reagent.

TRITC Rabbit Anti-Mouse (Sigma) Ijil mouse rabbit anti-mouse TRITC in 

1 ml 0.5% Blocking Reagent.

TRITC Goat Anti-Rabbit (Sigma) l|ll mouse goat anti-rabbit TRITC in 1 

ml 0.5% Blocking Reagent.
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