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Abstract

A bstract.

Familial adenomatous polyposis (FAP) is a dominantly inherited disorder where
affected individuals usually develop hundreds of polyps in the colon. Cancer inevitably
follows as a result of an accumulation of mutations within the adenoma, (the adenoma
to carcinoma sequence.) The events leading to colorectal cancer in individuals with
FAP, and individuals with 'sporadic' colorectal polyps or cancers were investigated for
this thesis. Two approaches were undertaken:- Somatic cell hybrid studies in
individuals with FAP, and Fluorescence In Situ Flybridisation (FISH), with alphasatellite probes.

Somatic cell hybrids were generated from 6 separate fusions of human tissue from four
different FAP patients with the Chinese hamster cell line A23. The human tissues used
were :- one secondary cancer of the liver, two adenomas, two lymphocyte preparations,
and one fibroblast cell line. The lymphocyte preparations and the fibroblast cell line
were from two FAP patients one known to carry a constitutional abnormality and the
other with a somatic clonal abnormality involving chromosome 5. Somatic cell analysis
was carried out by PCR using human specific primers, and by FISH painting
experiments. The aim was to try to rescue possible chromosomes of interest from the
fresh human tissue samples, since the setting up of primary cultures proved
unsuccessful. However somatic cell hybrids made from fresh human tissue resulted in
a high degree of fragmentation of human chromosomes and therefore these hybrids did
not appear to be of any use, at least in the isolation of chromosome 5 marker
chromosomes derived from the tumour tissue. For the lymphocyte preparations and for
the fibroblast cell line fusions, the aim was to try to separate the normal chromosome 5
from the rearranged one. From these fusions only one somatic cell hybrid clone, P2c,
was generated with possible future use in mapping experiments in the region of the
gene causing FAP (the APC gene).

Abstract

A second approach was to use FISH with alpha-satellite centromeric probes in order to
determine the number of chromosomes 7, 17, and 18 within colorectal polyp and
cancer tissue samples from FAP and non FAP individuals. These chromosomes have
been implicated in the development of colorectal cancer. Normal mucosa was used as a
control to determine the significance of the results. Three colon adenoma cell lines,
LIM1215, HCA7, and JW2 were also investigated and compared with their
karyotypes. These results were also compared to DNA analysis that had been carried
out on the same samples. The results show that although loss of heterozygosity can be
detected by DNA probes on these chromosomes, this is not due to whole chromosome
loss in many cases, since the centromeric probes did not pick up this loss. In some
cases however, chromosome loss was detected by FISH in a significant percentage of
cells, but not by DNA analysis, indicating that more than one clone of cells was present
in the tissue. The presence of different clones of cells within a single tumour may be
important in the development of the tumour as a whole. The FISH data seemed to
reflect the basic principle that tumours develop independently even when they are
derived from a single individual. The results did not show any strong relationship
between patient age, sex, tumour type, size, or site and the presence of cells with
numerical chromosomal abnormalities. The main numerical chromosomal change
detected by FISH in this study were an increase in chromosome 7 and a loss of
chromosome 17 in colorectal tumours from sporadic and FAP patients. Normal mucosa
from FAP patients also showed numerical chromosomal changes compared to mucosa
from sporadic colorectal patients, indicating that FAP patients may suffer an inherent
chromosome instability due to germline mutations in the APC gene. Numerical changes
in chromosome 18 were rarely detected but, monosomy of this chromosome appeared
to be associated with feeder independence in cell line JW2.
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Introduction

This introduction has been divided into three parts:-

In Part One, chapters 1-3, an overview of some of the key events in the complex
network of interactions that lead to the formation of cancer will be presented.

Part Two chapters 4-6, will deal specifically with colon cancer, with special
reference to the autosomal dominant disorder, familial adenomatous polyposis,
FAP.

In Part Three the aims of this project and the background to the techniques used will
be discussed.
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PART ONE.

Chapter One.

Cancer. A Definition.

Cancer can be defined as a disruption in the control of cell proliferation with the
disorganisation of normal cell contacts and the formation of new ones in foreign
environments, (Fidler and Hart, 1982). Cancer develops from the accumulation of
genetic changes within a cell resulting in the loss of the regulatory balance between
an increase in cell number by cell division and withdrawal from the cell cycle due to
differentiation, (Pignatelli and Bodmer, 1988) or cell death (apoptosis), (Wyllie,
1980).

The proliferation of normal cells is thought to be regulated by growth-promoting
proto-oncogenes, counterbalanced by growth-constraining tumour suppressor
genes. Mutations that potentiate the activities of proto-oncogenes create the
oncogenes that force the growth of tumour cells. Conversely, genetic lesions that
inactivate suppressor genes liberate the cell from the constraints imposed by these
genes yielding the unconstrained growth of cancer cells (Weinberg 1991).
Mutations in other genes responsible for maintaining the fidelity of DNA replication
and thus genetic stability of a cell may also result in tumourigenicity (Aaltonen et al.
1993). Further changes in cancer cells lead to metastasis, which is the major cause
of death in cancer patients. The metastatic process is distinct from tumourigenesis
since cells must gain the ability for invasion, dissemination, survival and growth at
the metastatic site. Metastatic growth probably requires an accumulation of activated
oncogenes as well as loss of function of suppressor genes, but these may be a
different subset to those required for tumouri genesis (Sobel, 1990).
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Cell division is essential for the genesis of human cancer, for the fixation and
expansion of the multiple mutagenic events leading to malignancy. Therefore an
increase in mitotic activity above the baseline rate or division in a subset of cells that
would not normally be dividing will increase cancer risk. A number of
environmental agents (eg. tobacco, UV irradiation, or animal fat) have been linked
to an increased cancer risk but individuals may vary in their susceptibility to the
carcinogens and mutagens. Some groups of individuals are however, genetically
predisposed to certain forms of cancer irrespective of environmental carcinogenic
agents, eg patients with Familial Adenomatous Polyposis, FAP (Marx, 1991).

The Cell Cycle.
GO

^
^

EOF
PDGF (competence factors)
FGF

1 -G1
2

-S

3 -G 2
4

- M

IGF-l
(Progression Factors).
INSULIN
FIGURE 1.1 Mammalian cell cycle. The quiescent cell is in GO. G1 (first gap)
period, the S (synthetic) phase, and G2 (second gap) period make up the
interphase. Cell division takes place in M (mitosis). EGF- Epidermal Growth
Factor, PDGF- Platelet Derived Growth factor, FGF- Fibroblast Growth Factor,
IGF-l- Insulin-like Growth Factor. (Aaronson.1991).

The cell cycle diagram (FIG I.l.) shows that the quiescent cells in GO enter and
proceed through the cell cycle in a two part response to growth factors. First,
sustained stimulation by competence factors cause resting cells to move into GJ. and
then progression factors force the cell to become committed to DNA synthesis.
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There is a critical time in G1 when the cell requires both factors in order to proceed
through the cycle. After this point only the progression factor is needed in order to
reach the S phase (Pardee. 1989).

The proliferative effects of growth factors can be antagonised by cytokines, such as
TGFp (Transforming Growth Factor p). In some cell types growth factors only
cause proliferation while in others differentiation also occurs. The lack of growth
factor stimulation in certain cells results in cell death (Moses et al. 1990, Metcalf
1989).

Action O f Growth Factors»

The precise action of growth factors is complex whereby a signal from the cell
surface (where the factors act by binding to receptors), is transmitted to the cell
nucleus, (where the DNA is replicated). Here, two possible pathways will be
considered. (Fig. 1.2).

A). Certain growth factors such as insulin and epidermal growth factor (EGF),
mediate their effects by activation of a tyrosine kinase. The pathway is essentially a
cascade based on the phosphorylation of a succession of proteins, culminating in
DNA synthesis.

B). Other growth factors such as platelet derived growth factor (PDGF), involve
the activation of the phospholipid and the calcium ion dependent enzyme, protein
kinase C (PKC). Thus when the growth factor interacts with its respective
membrane associated receptor, phospholipase C is activated. This leads to the
hydrolysis of phosphatidyl inositol 4,5-diphosphate (PIP2) to yield diacyl glycerol
(DAG), and inositol 1,4,5,-triphosphate (IP3). IP3 triggers calcium release from
storage sites in the endoplasmic reticulum and DAG activates PKC. Activated PKC

16
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in turn activates a membrane bound ion exchange mechanism that results in an
increase in intracellular pH. Increased levels of intracellular calcium ions together
with a higher pH are thought to contribute to the synthesis of RNA and protein that
prepares the cell to synthesize DNA.

Guanosine triphosphate, (OTP) is a necessary part of the sequence. It seems
therefore, that the receptor molecule at the surface of the cell transmits information
through the plasma membrane and into the cell by means of 0 proteins. The
proteins cannot be active unless they bind OTP. The GTP bound G protein
subsequently activates the PIP2 phosphodiesterase (PDE) on the inner surface of
the membrane with the hydrolysis of GTP to GDP (guanosine diphosphate)
(Berridge 1985).
src, ros

SI S

myc. fo s

ras

PDGF

Protein

PIP 2
Na+-

RNA

DAG

pH 4
PDE
DNA

EGF

T yrosine
Kinase

;-----►

PROTEIN P

PROTEIN

Cytoplasmic
membrane

Nucleus

FIGURE 1.2. Regulation of cell growth. Growth factors which act on the cellsurface receptors (R), activate second messenger pathways that elicit a pleiotypic
mitogenic response. (PI, Phosphatidylinositol). Labels in italics denote oncogenes
that may act to disrupt growth control pathways. See text for explanation. Adapted
from Berridge, 1985).
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Transform ation.

Transformation is the process by which the restraints on cellular growth are
abolished so that cells no longer die after a limited number of divisions.
Transformed cells can be distinguished in vitro, since the cells tend to have a much
rounder shape and are much less subject to contact inhibition, resulting in growth
to much higher densities. They are often not restricted to growth on solid surfaces
and in general have a lower serum requirement than normal cells (Todaro et al.
1964 and Macpherson et at. 1964). Unregulated expression of growth factors or the
components in their signalling pathways can result in transformed cells, which in
vivo can lead to a malignant phenotype (Antoniades e/a/. 1992).

Chapter Two.

The Oncogenes.

Genes that can induce cancer and transform cells in culture can be defined as
oncogenes. Normal cellular genes with the potential to become oncogenes are called
proto-oncogenes or cellular oncogenes, (c-onc). RNA retro-viruses that can rapidly
cause cancer in laboratory animals or transform cells in culture, have oncogenes as
part of their genomes (Ruley 1983 and Land et al. 1983). The viral homologue to
the cellular proto-oncogene is known as v-onc. The viral oncogenes are very similar
in DNA sequence to the proto-oncogenes, but differ in the level of expression or in
the structure of the encoded oncoproteins (Herrlich and Ponta 1989). In general, the
oncogenes of DNA viruses are virus coded gene products that are also required for
the normal replication of the virus. In contrast, most of the retroviral oncogenes are
not required for viral replication, but are cellular genes that were transduced by
chance into the viral genome. Oncogenes can be divided into several distinct
families that encode related protein sequences (Table 2.1). Oncogenes in the same
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family encode proteins with similar enzymatic activity or intracellular location,
suggesting that their role in transformation may be similar.

Oncogene expression is a decisive event in cell transformation, resulting in altered
transcription of certain genes. The different proto-oncogene products function as a
network of components that transduce signals from the exterior of the cell to
transcription factors in the nucleus and may co-operate with growth factors at
control points in the cell cycle (Lu and Campisi 1992). Many oncogenes that have
been activated by a variety of mechanisms encode growth factors, receptor tyrosine
kinases, or other enzymes that are involved with mitogenic signalling (Gutman and
Wasylk. 1991). For example, the v-sis oncogene product is similar to the B chain
of PDGF (Doolittle et al. 1983.). Also the v-erb B product, which has sequence
similarity to the v-src product, is a truncated form of EGF receptor (Downard etjul,
1984).

Table 2.1 Oncogene Families.
O ncogene.

Snbcellular location
o f protein.

CLASS I: PROTEIN KINASES.
src
Plasma membrane
erb B
Transmembrane
ros
Transmembrane
met
Transmembrane
CLASS II: GTP BINDING PROTEINS.
H-ras
Plasma membrane
K-ras
Plasma membrane
N-ras
Plasma membrane
CLASS.III: GROWTH FACTORS.
sis
Secreted
CLASS IV: NUCLEAR PROTEINS.
myc
Nucleus
fo s
Nucleus
CLASS VI: HORMONE RECEPTOR.
erb A 1
Cytoplasm.

Properties or normal c-onc,
function o f protein. Locus
Ts-Pk.
EGF receptor/ Ts-Pk.
Ts-Pk
Ts-Pk

2 0 q ll-q l3
7pl3
6q 21 -q22
7q31

Guanine nucleotide
binding proteins with
GTPase activity

llp l5 .5
12p l 2.1
lp l3

Derived from PDGF gene 22ql2-ql3
8q24
14q24.3
Thyroid hormone
receptor

Ts-Pk.->Tyrosine-specific protein kinase.
(Adapted from Hunter, 1984.).
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The ras Family o f Oncogenes.

The ras genes constitute a small multigene family with three functional members:
W-ras (or c-H-ros, (Shih and Weinberg 1982), the cellular homologue of v-H-ro5,
the retroviral oncogene present in Harvey sarcoma virus); Yi-ras (or c-K-ras,
(McGrath etal. 1983) present in Kirsten sarcoma virus as v-K-ros), (Ellis et al.
1981) ; and N-ras (which is not present in any known retroviral genome).

The precise action of the ras proteins is still unclear, however, it seems as though
there is a lower proportion of activated ras protein in confluent cultures of NIH3T3
compared to semi confluent cultures of these cells, and this may be relevant to the
phenomenon of contact inhibition (Zhang et al. 1992). Introduction of the
oncogenic protein into quiescent 3T3 cells induces DNA synthesis through the
constitutive activation of Protein Kinase C (Wolfman and Macara 1987). Activated
PKC initiates transcription of genes that have AP I sites in their promotors via
transcription factors such as fo s and jun proteins. It appears that continued
activation of fos is required to maintain the transformed phenotype. The oncogenic
ras proteins are probably also involved in another kinase cascade, possibly
including the products of c-raf (Morrison et al. 1988) and c-moSy which is
responsible for morphological changes during transformation.

The three ras genes encode highly related 21 kdal (p21/*os) guanine nucleotide
binding proteins (Pai et al. 1989). These proteins have features in common with G
proteins, that are involved in cell signal transduction pathways. The p2lras proteins
are located at the inner surface of the plasma membrane, they are active when bound
to GTP but inactive when bound to GDP, and have GTPase activity that acts as an
internal regulator. The proportion of activated ras protein within a normal cell is
determined by two reactions, (Fig. 2.1)

1) The rate of guanine nucleotide

exchange, which favours binding of GTP to the ras protein because of the much
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higher GTP concentration than the GDP concentration within a cell. 2) The rate of
hydrolysis of GTP bound to the ras protein to GDP bound to the ras protein.

Pi

R as-G DP -

GTP

IN A C TIV E

E xchan ge.
G TPase ^
A ctivator
ACTIVE
GDP

Ras-GTP

Effector
GTPase Activator?)

DNA Synthesis

Figure 2.1 The GDP/GTP Cycle of p21 ras. The active protein may interact with
either an effector or regulator molecule.(Marshall 1991).

Transformation by p21 ra 5 can occur by over expression of normal p21 ros or an
increased rate of guanine nucleotide release or through mutational activation,
usually at codons 12, 13, or 61, where the protein is constitutively locked in the
active form (Trahey and McCormick 1987, Matlashewski, etal. 1988, Namba, et
at. 1988). p21ros interacts with target molecules through an effector domain.
Transformation defective mutants have been used to map this region, which is
exposed to the outer surface of the protein to amino acids 32 to 40. The effector
domain of p21ra5 interacts with two proteins (Xu et al. 1990)

GAP (GTPase

Activating Protein), and NFl (a tumour suppressor). GAP and N Fl have been
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shown to increase the hydrolysis of GTP on p21ras (Trahey et al. 1987 : Boliag et
al. 1991). Several lines of evidence suggest that these proteins may either act as
effectors or negative regulators of p21ras. As regulators a lack of interaction
between either locus and p21 ms would lead to an increase in the amount of p21 rasGTP in the cell which in turn may lead to transformation. However, proteins with
greater affinity for GAP than p21r<25, can inhibit ras function, suggesting an
effector function for GAP (Marshall 1991). NFl may also be an effector for p21ros
by stimulating a differentiation program in the cell, rather than a proliferative one
(Bar-Sagi and Feramisco 1985).

The myc Oncogene Family.

The c-myc oncogene was first identified as a homologue of the transforming
sequence of the avian myelocytomatosis virus (Colby et al. 1983). There are two
other members in this family, L-myc, and N-/wyc, which are not found in retroviral
genomes. C-myc is an inducible gene that is regulated by specific growth signals to
give a nuclear phosphoprotein product of 62 kDa (Donner et al. 1982).

Gene amplification, rearrangement and increased production of transcript by
promotor insertion are mechanisms by which c-myc expression becomes
deregulated in tumour cell lines and tumour tissue (Sikora et al. 1987 and Murphy
et al. 1986). C-myc can co-operate with activated ras oncogene in transformation.
The N-terminal of the protein mediates binding with the retinoblastoma gene
product p i 10^^, (a tumour suppressor gene) (Rustgi etal. 1991). This region of
p i 10^^ is often deleted in human cancers (Horowitz et al. 1989), indicating the
importance of the interaction of the cellular oncogenes with the tumour suppressor
genes in the control of progression through the cell cycle.
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Chapter Three.

The Tumour Suppressor Genes.

A tumour suppressor or anti-oncogene is a gene which when lost from a cell
through mutation or deletion leads to unregulated cell proliferation. The presence of
tumour suppressor genes was first detected by somatic cell hybridisation
experiments which showed that fusion of tumour cells with normal cells invariably
resulted in non-tumouri genic hybrids (Harris et al. 1969). Other evidence arose
from transfection experiments where introduction of particular normal
chromosomes into cancer cells or transformed cell lines resulted in suppression of
tumourigenicity (Schaefer gf a/. 1988, Huang, etal. 1988). Differential resistance
of normal cells and cells with deleted chromosomes to transformation by tumour
viruses also suggested the presence of tumour suppressors (DeRonde et al. 1988,
Kitayama, et al. 1989). More recently the presence of a tumour suppressor gene is
detected by allelic losses of heterozygosity. Thus an individual heterozygous for a
gene, is found to be homozygous for that gene in affected (cancerous) tissues.
Table 3.1 lists the chromosomal location of tumour suppressor genes associated
with different kinds of cancers.
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T able 3» 1Suppressor Genes in Human Tumours.
Chromosomal
Location.

Tumour
T ype.

Detected by cell hybridisation or chromosome transfer
Ip
Neuroblastoma.
3p
Renal Cancer.
6
Endometrial Cancer.
9
Endometrial Cancer.
11
Neuroblastoma, Cervical Cancer, Wilm's Tumour.
Detected by loss o f heterozygosity or direct molecular probing.
Ip
Melanoma, Multiple Endocrine Neoplasia Type 2,
Neuroblastoma, Medullary thyroid cancer,
Pheochromocytoma, Ductal Cell Cancer.
Iq
Breast Cancer.
3p
Small Cell Lung Cancer, Cervical Cancer, Von
Hippel-Lindau Disease, Renal Cell Cancer.
5q
Familial Adenomatous Polyposis, Colorectal Cancer.
9q
Bladder Cancer.
lOq
Astrocytoma, Multiple Endocrine Neoplasia Type 2.
li p
Wilm’s Tumour. Rhabdomyosarcoma, Breast
Cancer, Hepatoblastoma, Transitional Cell Bladder
Cancer. Lung Cancer.
11q
Multiple Endocrine Neoplasia Type 1.
13q
Retinoblastoma, Osteosarcoma, Small Cell Lung
Cancer, Ductal Breast Cancer, Stomach Cancer,
Colon Cancer
17p
Small Cell Lung Cancer, Colorectal Cancer, Breast
Cancer, Osteosarcoma, Astrocytoma, Squamous Cell
Lung Cancer.
17q
Neurofibromatosis T ype 1.
18q
Colorectal Cancer.
22q
Neurofibromatosis T ype 2, Meningioma, Acoustic
Neuroma, Pheochromocytoma.
(Weinberg 1991).

The Retinoblastoma Gene.

Retinoblastoma is a childhood cancer of the eye and is associated with the loss or
inactivation of the retinoblastoma gene (RBI). Loss of this gene is also found in
osteosarcoma (Hansen etal. 1985, Friend etal. 1986), bladder, breast, small cell
lung, and non-small cell lung cancers (Rygaard ef a/. 1990). RBI is 180kb in size,
maps to 13ql4 and encodes a 1 lOkDa nuclear phosphoprotein. The 4.7kb mRNA
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transcript of the RBI locus was found in all normal tissues examined but was
absent or altered in retinoblastoma tumour cells (Lee et al. 1987, Sakai, et al. 1991
and Bookstein et al. 1988).

In 1971 Knudson proposed that retinoblastoma resulted from two sequential
mutations that affected both of the alleles of the retinoblastoma gene. In familial
cases the first mutation was inherited, whereas in sporadic cases both mutations are
somatic (Yandell et al. 1989). Thus, although the disease is recessive at the cellular
level, in familial cases, the disorder appears as an autosomal dominant trait.

It has been suggested that the RBI gene product is involved in regulating the cell’s
progression through the cell cycle, since the protein is relatively unphosphorylated
in G l, becomes heavily phosphorylated just prior to the G1 to S transition, and
remains so until just before the change from M back to G l (DeCaprio et al. 1989,
Mihara et al. 1989 and Chen et al. 1989). Human cells transformed by human
adenovirus produce E lA proteins that are encoded by the viral genome. These
proteins form complexes with the unphosphorylated RBI protein within the cell.
This suggests that the ability of the retinoblastoma protein to suppress growth is
limited to GO and G l phases of the cell cycle (Whyte et al. 1988, and Hamel et al.
1992). In fact it has been found that the unphosphorylated retinoblastoma protein
forms complexes with a cellular DNA-binding protein, E2F resulting in an
inactivation of transcription at promotors containing E2F sites (Weintraub et al.
1992). It appears that human adenovirus ElA protein and other proteins encoded by
DNA tumour viruses, bind to the retinoblastoma protein and thereby prevent its
interaction with E2F. This allows free E2F to behave as a transcriptional activator.
Many genes that have E2F promotor are essential for the S phase of the cell cycle
(Nevins 1992).
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As mentioned in chapter two the retinoblastoma protein binds with c-myc. It seems
possible therefore that loss of RB1 function leads to the un coupling of proto
oncogene expression from negative upstream regulators, resulting in constitutive
expression of these genes.

The p53 Tpmonr Suppressor Gene.

p53 is a 53kDa nuclear phosphoprotein which was initially found through its ability
to form oligomeric complexes with SV40 large T oncoprotein in virus-transformed
cells (Lane and Crawford 1979, McCormick et al. 1981). Since large T antigen is
needed to maintain a transformed phenotype, p53 was classified as a tumour
antigen. Subsequently it was found that p53 concentration increased 5-100 fold
more in tumour derived or transformed cell lines, than in normal cells. Also, p53
could co-operate with co-transfected ras oncogenes in the transformation of primary
rat embryo fibroblasts (Parada et al. 1984 and Zambetti et al. 1992). Thus p53 came
to be classified as an oncogene. These results had however led to misleading
conclusions, since the cDNA clones of p53 that had been initially isolated turned
out to be mutant forms of the gene.

Wild type p53 is strongly growth suppressive and inhibitory to transformation, but
mutant forms promote growth and transformation (Finlay et al. 1989). The
following simple model has been proposed to explain the widely varying
observations described for the p53 gene locus.

Normal p53 appears to assemble into homotetramers and higher order homooligomeric structures within a cell involving the carboxy terminus of the protein.
Mutant p53 molecules may participate in forming the multi-subunit complex and
thus prevent the normal subunit from functioning. This therefore, presents as a
dominant loss of function mutation (Herkowitz 1987 and Kem etal. 1992). The
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normal p53 protein has a lifetime of 20-30min, but cells that carry a mutant p53
allele may accumulate dramatic amounts of stable, inactive p53 complexes. Using
temperature sensitive p53 mutants it has been found that the mutant form of p53 is
localised in the cytoplasm, whereas the wild type conformation of the protein
moves into the nucleus and prevents cell growth (Gannon and Lane 1991). Like the
retinoblastoma gene product, the p53 protein is targeted for destruction through the
formation of inactive complexes with viral oncoproteins of SV40 and adenovirus
E lB in order for transformation to occur. Mutant forms of p53 do not bind SV40
large T antigen. This suggests that the p53 protein interacts with the cellular
homologue of the large T antigen and thus initiates cellular replication and entry into
the S phase of the cell cycle.

The amino terminal of the p53 protein has been shown to function as a
transcriptional activator (Raycroft et al. 1990 and Fields etal. 1990), and depends
on the ability of p53 to bind DNA containing a p53 specific binding sequence
(Farmer et al. 1992). This property is lost when p53 binds with adenovirus early
IB protein, and results in oncogenic transformation by the DNA tumour virus (Yew
and Berk 1992). Also, p53 binds to the MDM2 gene (localised to chromosome
region 12ql3-14), a gene which is amplified in human sarcomas. This suggests that
MDM2 is no longer under p53 regulatory growth control, as a result of
amplification in the sarcoma tissue (Oliner et al. 1992). An accumulation of wild
type p53 causes arrest of the cell cycle at the G l phase (Kastan et al. 1991) and
could be the result of the activation of transcription of repressor proteins by p53.
G l arrest by p53 may allow time for DNA repair mechanisms to have an affect if
the DNA has been damaged (Lane 1992). A loss of p53 function would result in an
increase in unrepaired genetic mutations that could lead to malignancy.

The human p53 gene is located at chromosome band 17pl3 (McBride et al. 1986,
Isobe et. a l . 1986) and has been documented as the most frequently mutated gene
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in human cancer (Vogelstein, 1990), eg. in brain, 30-50% breast (Runnebaum et d.
1991), lung (Takahashi etal. 1989), and 75% colon cancers. Most of the mutations
are localised to four regions of the protein which are highly conserved among
several different species (A.L. Levine et al. 1991).

Patients with Li-Fraumeni syndrome generally have germline mutations (clustered
between codons 245 and 258) in the p53 gene and are predisposed to cancer. This
is a rare autosomal dominant syndrome that is characterised by the occurrence of
diverse mesenchymal and epithelial neoplasms at multiple sites (Li and Fraumeni,
1969 : Srivastava et al. 1990). Families with Li-Fraumeni syndrome have been
described as including a proband with a sarcoma early in life as well as two close
relatives that have developed cancers before the age of 45. Although Li-Fraumeni
patients inherit mutations in the p53 gene, 10-30 years may elapse before the onset
of malignancy. This emphasizes the fact that an accumulation of other mutations is
required for tumour development. It is important to note that germline mutations in
p53 have also been detected in individuals not considered as belonging to LiFraumeni families (lavarone et al. 1992, Malkin et al. 1992 and Toguchida et al.
1992 ). It seems therefore, that the type of patients with cancer that carry germline
mutations of the p53 gene is more diverse than is suggested by the clinical
definition of Li-Fraumeni syndrome.

The DCC Gene.

As a result of genetic studies on colorectal carcinogenesis, Vogelstein et al. (1988)
found a common region of deletion, (suggesting the presence of a tumour
suppressor gene) on chromosome 18 at (18q21-qter). Using chromosome walking
experiments with DNA probes from this region a continuous stretch of 370kb of
DNA was cloned (Fearon etal. 1990). Potential exons were identified and used as
probes for cDNA screening to find the putative tumour suppressor gene, now
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known as DCC (Deleted in Colorectal Cancer). DCC is also found to be lost in
gastric cancers (Uchino et al. 1992).

The predicted amino acid sequence of the cDNA clone isolated for DCC showed
that the gene encoded a 190kDa transmembrane phospho protein, possibly a cell
surface receptor. The protein contains a fibronectin type III and immunoglobulin
like regions similar to that of structured cell adhesion molecules, (CAMs),which
suggests binding to an extracellular matrix or basement membrane component
(Edelman 1988).

DCC appeared to be a possible candidate gene for the autosomal dominant
syndrome, first described by Lynch et al. (1985 A), for hereditary nonpolyposis
colorectal cancer (HNPCC). This syndrome has been linked to the Kidd blood
group (Lynch et al. 1985 B), which is at chromosome region 18qll.l-q21.1,
(O’Connell etal. 1988), very close to DCC. However, Peltomaki etal. (1991) did
not find any linkage of DCC to HNPCC in five affected families.

PART TWO.
Chapter Four.

Colorectal Cancer.

Colorectal cancer is the second most common cancer in the United Kingdom and
the United States, with approximately 140,000 new patients/ year in the USA
(Nakamura et al. 1988). This cancer is a good model for the study of genetic
changes that occur in the progression of tumour development, since colorectal
cancer evolves from a precancerous polyp stage through to malignant cancer (Muto
etal. 1975).
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Anatomy of the Colorectum.

The colon is divided into eight regions followed by the rectum, (Fig. 4.1).

1: Caecum
2: Appendix
3: Ascending colon, (Proximal or Right colon)
4: Hepatic flexure
5: Transverse colon
6: Splenic flexure
7: Descending colon, (Distal or Left colon)
8: Sigmoid colon
9: Rectum.

F ig u re 4.1 Subdivision of the colorectum
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Histology o f Large Intestine.

The wall of the colon and rectum is composed of several layers, (Fig. 4.2).

Mucosa (Epithelium with
Crypts of Lieberkuhn)
Muscularis mucosae
Submucosa
Circular
muscularis propria

Longitudinal
muscularis propria
Subserosa
Serosa

Figure 4.2 Normal Histology of the Intestinal Wall.

C olorectal Polyps.

A colorectal polyp may be described as a lesion which projects from the mucosa
into the lumen. In normal mucosa cell division is restricted to the deepest one-third
of the crypts of Lieberkuhn. As the cells migrate up the crypt toward the surface,
they differentiate into mature goblet and absorptive cells and after a life span of 3-4
days are exfoliated from the free mucosal surface, (Fig. 4.3). Normally exfoliation
just balances cell division. If exfoliation is slowed or cell division increased a polyp
will be formed. Polyps may vary greatly in macroscopic shape and size (Fig. 4.4),
but this does not usually indicate the histological type of the polyp (Fig.4.5).
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Normal.

Abnormal

^ p roliferative com p artm en t
= m ain zon e o f p roliferation

Figure 4.3 Proliferative Zones of Colorectal Epithelium.

Growth Types.

pedunculated

semi-pedunculated

sessile

Surface Structure.

smooth

papillary

Figure 4.4 Macroscopic Appearance of Colorectal Polyps.
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Polyps described by histological examination may be either

A ). Non-neoplastic, Imbalance in the cycle of cell renewal, but cell division occurs
in its normal location and there is complete cellular differentiation.

1. Hyperplastic polyp :

Small lesion with simple elongation of
crypts.

2. Peutz-Jeghers polyp :

Hamartomatous lesion.

3. Juvenile polyp :

Excessive stroma with cyst-like dilated
glands.

4. Benign Lymphoid polyp : Hyperplastic lymphoreticular tissue.
5. Inflammatory polyp :

Mucosa with inflammatory infiltrates and
granulation tissue.

O R B). Neoplastic. (Mostly epithelial). Unrestricted cell division and incomplete
cell differentiation.

Adenomas are the most common type of neoplastic polyps and are classified as
tubular, tubulovillous, and villous according to their histological growth pattern,
(Fig. 4.5). The tubular polyp is composed of branching tubules embedded in
lamina propria. These polyps are usually pedunculated but may be sessile and
sometimes quite large. Villous adenomas however consist of pointed or blunt
finger-like processes of lamina propria covered by epithelium which often reaches
down to the muscularis mucosae. These adenomas are usually sessile and can cover
a large surface area. Tubulovillous adenomas have a structure intermediate between
tubular and villous adenomas. Evidence suggests that the villous adenomas which
tend to be larger and often show more cell atypia than tubular adenomas, also have
a greater malignant potential (Muto et al. 1975).
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Tubular

Tubulovillous

Villous

Figure 4.5 Histological Tvpes of Adenoma.

Classification of Colorectal Cancer.

Microscopically colorectal carcinomas represent the parent tissue to varying
degrees, according to the degree of differentiation of the neoplastic cells. Carcinoma
develops when dysplastic cells from an adenoma infiltrate the submucosa, since,
only then does the adenoma attain the capacity to metastasize. In 1932 Dukes
published a system of classification for colorectal cancer based on the depth of
tumour infiltration and spread to the lymph nodes. The system was later modified
by Astler and Coller (1954), to include the extent of the malignant process, (Table
4.1).

Table 4.1 Dukes Modified Svstem of Classification.
Dukes Stage.

H isto lo g y .

A

Lesion confined to mucosa.

B-1

Lesions extending into, but not through, muscularis propria.

B-2

Lesions penetrating the muscularis propria.

C-1

Lesions limited to intestinal muscle wall, positive lymph
nodes.

C-2

Lesions through all layers, positive lymph nodes.

D

Lesions with distant unresectable métastasés (liver, lung,
spine).
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Causes o f Colorectal Cancer.

There have been a large variety of studies in the search for the underlying causes of
colorectal cancer. A brief summary of a few of the conclusions drawn from some of
the studies are described below.

Bile Acids.

Bile acids are C-24 steroids required for digestion, which are conjugated with the
amino acids glycine and taurine to give altered properties before being secreted into
bile. 95% of the conjugates are reabsorbed in the terminal ileum by active transport.
The remaining 5% of the conjugates pass to the large bowel, where they undergo
deconjugation and transformation by gut bacteria to release free bile acids. Almost
30% of the bile acids entering the colon is reabsorbed by passive diffusion, the rest
is lost in the faeces. Primary faecal bile acids are cholic and chenodeoxycholic
acids, and the secondary ones are deoxycholic and lithocholic acids.

Patients with colonic tumours are found to have significantly higher levels of the
secondary faecal bile acids in aqueous faecal extracts compared with normal
individuals (Stadler et al. 1988). Deoxycholic acid, which is found in increased
levels in colon carcinomas compared with normal mucosa, can induce a time
dependant cellular redistribution of protein kinase C (Guillem et al. 1987).

Diet.

A large number of studies have shown that there is a correlation between the dietary
intake of cholesterol and the induction of colon cancer. Populations with a high fat
diet show a greater incidence of colorectal cancer. There is an association between a
serum cholesterol level of >250mg/L and p lipoprotein >12 units (2.2g/L) and a
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relative risk of 1.62 for colon cancer in men (Toenberg et al. 1986). Cholesterol
may be described as a co-carcinogen in that it may facilitate the development,
growth and spread of cancer, but it cannot initiate it (Cruse et al. 1979).

Fatty acids, lauric, linolic or oleic acids can cause inflammation and superficial lysis
of the colonic epithelium. Colonic mitotic activity is increased and the number of
cells involved in DNA synthesis rises, in order to regenerate the cells that have been
lost (Wargowich et al. 1984). It has been found that a high calcium intake can
reduce cell proliferation in colonic epithelial cells and thereby reduce the risk of
colonic cancer. Presumably calcium can convert ionised fatty acids and bile acids
into insoluble bile compounds (Bird et al. 1986 and Lipkin et al. 1985).

A high fibre diet is thought to have a protective effect against colonic cancer, since it
reduces the transit time of the bowel contents. A shorter transit time leads to a
smaller reabsorption of cholesterol, and reduces the chance of the production and
subsequent possible action of carcinogens by gut bacteria (Segal et al. 1981 and
Ponz de Leon et al. 1982). Fibre lowers the pH of the gut due to the release of
acetic acid by fermentation. A low pH causes the mucus in mucous cells to be
precipitated in the cells and thereby keeps the mucus viscous. This is important
since a high pH makes the mucus become fluid and escape from the mucous cells,
which in turn can cause hyperplasia, metaplasia, cell atypia and an increase in
mitotic activity (Malhotra 1982).

Genetic Causes.

Discussed in chapter six.
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Chapter Five.

Fam ilial Adenomatous Polyposis (FAP),

Most of the genetic studies on colorectal cancer have been focused on FAP, an
inherited disorder in which affected individuals almost inevitably develop colorectal
cancer. The disease affects nearly 0.01% of the American, British and Japanese
populations, and as such is one of the most common autosomal dominant
conditions resulting in cancer predisposition (Kinzler e? a/. 1991 b). FAP accounts
for approximately 1% of all colorectal cancer cases in the Western world. The
mutation rate to FAP is at least 1/100,000 (Bodmer etal. 1987).

Affected patients present with a usually well defined precancerous stage which
appears to be a direct result of the germ-line mutation (Lockhart-Mummery 1925),
due to gene dosage effects (Bodmer et al. 1987). Further somatic mutations in the
primary lesions lead to the development of colorectal cancer (Fearon and Vogelstein
1990).

Genetic studies (as discussed below) suggest, that mutations which occur in
sporadic colorectal cancer mirror those that accumulate in FAP patients (Solomon et
al. 1987). In fact, evidence also exists to suggest that there is another dominant
gene which gives susceptibility to colon adenomas and cancer, with a gene
frequency of 19% (Cannon-Albright et al. 1988). This gene may also account for
the majority of 'sporadic' colonic neoplasms observed clinically. It does seem
possible therefore that a different class of mutation within the gene that causes FAP
may be responsible for the familial clustering that has been detected in cases of
'sporadic' colorectal cancer (Dunlop 1990).
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P a th o g en esis.

FAP is characterized by the appearance of large numbers of colonic adenomatous
polyps, (>100), mainly in the distal colon, early in life. Tubular adenomas
predominate but tubulovillous and villous adenomas may also arise (Muto et al..
1975). Colonic polyps are probably not present at birth, but usually start appearing
at about age 13, then appear with increasing frequency until, by the age of 21 the
entire colon and rectum are carpeted by hundreds or even thousands of polyps,
ranging in size from 1mm to several centimetres. Some families however show
variable expression of the polyposis phenotype ranging from isolated to diffuse
colonic polyposis (Lynch et al. 1982 and Leppert etal. 1990). If untreated, most
die of carcinoma before the age of 50. The average age of death from cancer of the
large bowel is 41.5 years, compared with 68 years for the general population.
Some patients have associated congenital hypertrophy of the retinal pigment
epithelium (CHRPE) (Chapman et al. 1989, and Iwama et al. 1990 ).

G ardner’s Syndrome.

Gardner's Syndrome (Gardner et al. 1953) is essentially polyposis coli, plus any
combination of osteomas or exostoses, principally of the mandible, skull and
sinuses; epidermoid or sebaceous cysts and desmoid tumours. The associated
manifestations may appear before polyposis is present. Initially it was thought that
Gardner’s Syndrome was distinct from FAP, but evidence now points to one gene.
Thus, FAP and Gardner's Syndrome are essentially one disease with variable
expressivity.
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Diagnosis and Treatment.

Patients may arrive with symptoms that include rectal bleeding, diarrhoea, or
abdominal pain. Extra colonic manifestations, (mandibular osteomas, epidermoid
cysts, CHRPE (congenital hypertrophy of the retinal pigment epithelium), desmoid
tum ours, gastroduodenal tum ours, small intestinal tum ours or dental
abnormalities), are sometimes present and individuals may also be mentally sub
normal. Diagnosis is confirmed by the presence of colonic adenomas, determined
by the histological examination of a colonoscopic biopsy, and more recently genetic
analysis.

Since the greater part of the colon is likely to be involved a very radical excision is
required such as total procto colectomy with permanent ileostomy. In some cases
where the rectum is not seriously involved sub total colectomy with anastomosis of
the ileum to the rectum can be carried out. FAP patients however still require a
regular fibro-optic endoscopic review of the upper and lower gastrointestinal tract.
A t risk offspring and siblings are also recommended for regular flexible
sigmoidoscopic examination from the age of 12 years.

Chapter Six.

Chromosome Studies.

Non-malignant solid tumours often show clonal chromosome changes. A study by
Teyssier and Ferre (1989), on 109 non malignant tumours of mesenchymal,
embryonic and neurogenic tissue by short term culture found numerical (20%), and
structural (12%) changes or both (5%), in the karyotypes of these tumours.
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Chromosome 7 was the most common chromosome involved in the abnormal
karyotypes (25%). A number of different chromosomal abnormalities have been
associated with colorectal cancer. A study by Reichmann et al. (1982) on direct
chromosome preparations of 31 colorectal tumours (from 31 patients, 12 with a
family history of other epithelial tumours), showed an increase in structural and
numerical chromosomal abnormalities from the proximal to distal colon. Four
groups of tumour type were identified:- Group I consisted of 3 tumours with
normal karyotypes, located in the caecum or the hepatic flexure of the colon.:
Group II tumours (3), were found in the right colon or transverse colon and
contained clones with trisomy 7 or S.: Group III tumours (10), showed losses of
chromosome 17 and in general contained more abnormalities than Group I or II and
were often associated with marker chromosomes. These tumours were located in
the left colon together with the Group IV tumours (15), which were mainly
hypotriploid or hypotetraploid. Only 2 individuals (15%), with a family history of
epithelial cancers belonged to this group, the rest having diploid or near diploid
tumours. It was also found that there was a generalised increase in cell tetraploidy
from Group I through to Group IV.

A similar study, analysing direct chromosome preparations from 18 benign
colorectal adenomas (Reichmann et al. 1985) found 5 adenomas with a normal
karyotype, 6 with numerical chromosome abnormalities and 7 with structural
abnormalities. The most common findings were trisomies of chromosomes 7, 8, or
13, and agree with the findings of Mitelman et al. (1974), who found involvement
of D group chromosomes and chromosome 8 in direct chromosome preparations of
polyps from sporadic and FAP individuals. This study also found that the number
of cells with abnormal karyotypes varied between 0 and 22% in sporadic
individuals, but between 19% and 100% in FAP patients.
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Muleris et.al (1988), also showed numerous clonal abnormalities including, -17,
-18, -22, and +7 from the karyotypic analysis of 22 direct chromosome metaphases
of an adenocarcinoma from a FAP patient. A larger study (Muleris et al. 1990) in a
review of 100 colorectal cancers from sporadic, FAP and HNPCC patients,
showed loss of chromosome arm 17p in 76% of cases and 71% of the tumours
showed a loss of a whole chromosome 18, while 7% showed partial loss of this
chromosome. Like that of Reichmann etal. (1982) this study identified four groups
of karyotypically different tumours, (Reichmann classification shown in italics).
Group MD (III) : Monosomie near-diploid type tumours, mainly show loss of a
chromosome arm 17p and chromosome 18 and are associated with other
chromosome monosomies or rearrangements. Group MP (IV) : Monosomie
polyploid type tumours, are derived from MD type tumours by endoreduplication
followed by complete loss of the original MD clone. These tumours contain
approximately 6 chromosomal rearrangements per tumour, 4 of which probably
occurred before the endoreduplication event. About 90% of MD and MP tumours
occur in the distal colon or rectum. Group TT (//) : Trisomie-type tumours show
loss and/or gain of entire chromosomes, not necessarily chromosome 17 and 18.
These tumours never show endoreduplication. One of the major differences
between MD and TT type tumours, is that gains of chromosome 7 and 12 are often
seen in TT tumours but are never found in MD tumours. Group NT (1) : Normal
type tumours do not show any chromosomal aberrations in the karyotype. NT and
TT type tumours were found to be under represented in the distal colon. All tumour
groups were identified in cancers from sporadic, FAP and Lynch syndrome
patients. The most common chromosome imbalances that were seen in MD, MP,
and TT tumours were, del(l)(p3), -4q, del(5)(q2), -6, +7, -8p, +8p, -9q,
del(10)(q2), -11, +12, +13, -14, -15, -17p, -18, +20, -21, -22, +X (early
replicating), +X (in males), -X(late replicating) and -Y.
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Genetic Alterations in Colorectal Cancer.

The initial genetic studies on colorectal cancer were mainly focused towards the role
of oncogenes in these cancers. The critical importance of the tumour suppressor
genes has been more fully realised, culminating in the cloning of the APC gene.
Recently the significance of other genetic changes that arise in colorectal cancer has
become apparent with the discovery of a new class of gene which appears to confer
DNA stability in a cell (Marx, 1993).

Ras Mutations»

Mutations in oncogenes were originally detected by focus formation in NIH3T3
cells, which suggested the presence of activated ras oncogenes in 10-15% of human
tumours (Pulciani et al. 1982). The development of more sensitive techniques such
as RNAse protection assays (Forrester et al.

1987), or allele-specific

oligonucleotide hybridisation techniques (Boss et al. 1987, Vogelstein et al. 1988
and Miyaki et al. 1990) reveal that about 40% of human colorectal carcinomas
contain c-Kras genes with point mutations at codons 12 or 13, where the oncogenic
potential of the encoded protein becomes activated. The adjacent normal mucosa
from the individuals did not contain the mutations indicating that ras mutations are
somatic events that occur during tumour development. The experiments also
showed that the level of mutant ras gene expression was not significantly altered,
and since colon cancer cell lines, heterozygous for the ras mutation have been
produced, it is believed that the ras oncogenes act in a dominant, but dosedependent manner in human tumour cells. Finally, these studies imply that K-ras
activation is an early event involved in colorectal tumour progression. Miyaki et al.
1990 found that advanced carcinomas contained significantly higher GGT (Gly) to
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GAT (Asp) mutations in codon 12 compared to other types of K-ras mutation in
FAP patients, which suggests that this change increases the malignant potential of
the tumour. In a study carried out in our laboratory (Rees, PhD. Thesis, 1991)
however, no obvious correlation between histopathological tumour grading of
colorectal adenomas and carcinomas from FAP and sporadic patients, and ras
mutation, could be found. Like Miyaki etal. 1990, the most common mutation was
a G->A substitution in codon 12 of K-ras resulting in an amino acid change from
Gly->Asp. However, different K-ras mutations found by others (Burmer and Loeb
1989) may represent variations between the tissue samples or reflect a difference in
geographical origin (and perhaps diet) in the patients that provided the tumour
tissue.

C -M vc.

Several groups have shown that the expression of the oncogene c-myc is frequently
increased in adenocarcinomas of the colon (Stewart etal. 1986, Sikora et al. 1987
and Untwale etal. 1988), and this is often not associated with gene amplification or
rearrangement (Erishmanet al. 1985). The precise significance of this finding in
relation to colorectal tumour progression is still unclear. Evidence suggests that
there is a causal relationship between loss of function of a tumour suppressor locus
on chromosome arm 5q and the deregulation of c-myc in colon carcinomas
(Erisman et al. 1989). The defect in regulation can be complemented in trans by cell
fusion or chromosome 5 transfer (Rodriguez-Alfageme et al. 1992), The APC gene
(see below), appears to be a good candidate for a gene on chromosome 5 which
may be part of a tissue-specific regulatory circuit for c-myc in the colon.
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Chromosome 7.

Polysomy and rearrangement of chromosome 7 has been reported in a variety of
cell lines and human cancers

brain (Helseth et al. 1990 and Aronoldus et.al

1991a), lung (Sozzi etal. 1991), and colorectum (Bardi et al. 1991 and Gebhart et
al. 1992). Present research can only lead to speculation as to the effect of numerical
changes in chromosome 7 with respect to colorectal cancer. The EOF receptor has
been mapped to chromosome bands 7pl2-13 (Kondo and Shimizu 1983), and it
could be that changes in this gene may result in cellular alterations that affect the
growth regulatory system. In fact, an increase in the concentration of EOF
receptors tends to be higher in those colorectal tumours that are locally advanced
and poorly differentiated (Steele et al. 1990). Collard et al. (1987) have
demonstrated the presence of genes on chromosome 7 controlling invasion and
metastasis. Perhaps then, it is of significance that the PDGF A-chain locus is on
chromosome 7, since this growth factor is associated with cell activation,
proliferation, and transformation as well as the synthesis and degradation of
connective tissue (Ross et al. 1986). It is also important to note that the human
MTS 1 gene, which appears to be associated with metastatic activity, has recently
been mapped to 7q22 (Lakshmi etal. 1991). Other genes mapped to chromosome 7
which may have possible roles in cancer development include the MET oncogene
(Park et al. 1987) and hepatocyte growth factor / scatter factor, (HGF/SF)
(Nakamura et al. 1989).

H vpom ethvlation.

A decrease in méthylation is associated with gene activation which may lead to the
expression of genes important to neoplastic growth (Groudine et al. 1981). DNA
from benign and malignant colonic neoplasms show non-random hypomethylation
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compared to normal mucosa, (Goelz et al. 1985). The pattern of méthylation did not
show any relation with histological grade or degree of invasion of the neoplasm
which suggests that it is an early event in colorectal cancer.

,53.

As discussed in chapter 3, the tumour suppressor p53 is mutated in a variety of
human cancers. In fact, allelic deletions of 17p (where p53 is located), occur in
over 75% of colorectal carcinomas and the remaining p53 allele is often mutated
(Baker et al. 1989). Thus it seems that mutations in p53 prevent the normal
interaction of p53 with other cell constituents, through the dominant negative
competition of mutant p53 with the normal p53 protein. The effect becomes more
pronounced when the normal allele is also lost. Loss of heterozygosity on
chromosome arm 17p is believed to contribute to the conversion of adenoma to
intramucosal carcinoma in both sporadic and FAP patients (Vogelstein et al. 1988,
Miyaki et.al 1990, Fearon and Vogelstein 1990).

DCC.

Allelic deletions involving chromosome arm 18q arise in >70% of colorectal
cancers, and occur because of the presence of the tumour suppressor DCC at
18q21. This finding is supported by the fact that expression of DCC is reduced or
completely absent in 15/17 colorectal cancer cell lines (Fearon et al. 1990). Reduced
expression of the DCC protein (even in the absence of mutation) may alter some
aspect of growth regulation. Since DCC probably represents a cell surface adhesion
molecule, reduction in its expression in colorectal epithelial cells may lead to loss of
growth inhibition mediated by cell-cell contacts, or loss of receptors that direct
differentiation. Miyaki et al. (1990) found an association of loss of heterozygosity
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on 18q with the progression of intramucosal carcinoma to invasive carcinoma in
FAP patients, whereas Fearon and Vogelstein 1990, state that the 18q deletion
generally arises earlier, at the transition between large adenomas to
adenocarcinomas in sporadic cases.

MCC.

In 1986 (Herrera e ta l), a clinical report of Gardner's Syndrome in a man with an
interstitial deletion of chromosome arm 5q (del(5)(ql3ql5) or (ql5q22)), provided
the first hint to localisation of the gene for FAP. Using probes within this region
Bodmer et al. (1987) and Leppert et al. (1987), each independently found linkage
of the FAP disease gene (APC), to the polymorphic DNA probe C l l P l l which
maps to 5q21-22. Since then, DNA probes have been isolated that are closer to the
APC locus (Meera Khan et al. 1988, Nakamura et al. 1988, Varesco et al. 1989,
Dunlop era/. 1990, Williams etal. 1991, Hampton etal. 1991, Tops etal. 1991,
Friedl et al. 1991). Genetic analysis with these probes shows that there is
hemizygous loss of this region of chromosome 5 in FAP and sporadic polyps and
cancers (Solomon et al. 1987, Vogelstein et al. 1988, Rees et al. 1989, Miyaki et
al. 1990), and that loss is commonly achieved through partial arm deletion or
mitotic recombination requiring an intrachromosomal breakage event (AshtonRickardt er a/. 1989).

In March 1991 Kinzler et al. (a), identified a gene, MCC (Mutated in Colorectal
Cancer), located at 5q21 which is somatically mutated in some sporadic colorectal
cancers. This gene coding for a 829 amino acid protein, is expressed in most
normal tissues and was found to have amino acid similarity over a 19-residue
conserved stretch of sequence with a G protein-mS muscarinic acetylcholine
receptor, (mAchR). mAchR m ediates acetylcholine stimulation of the
phosphoinositide-specific phospholipase C via a G protein, and therefore MCC
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could be involved in suppression of cell signalling from growth factors. MCC also
contains a series of heptad repeats which can form alpha helices. From the amino
acid sequence it seems that MCC has globular protein domains at the end of the
molecule connected by a series of rods (alpha helices) interrupted by small kinks
(short proline rich regions) between the helices. The protein has the potential to
form 'coiled coils'. With such a structure MCC may act as a stiff structural spacer
that may be involved in the organisation of the cytoplasm which could in turn
somehow impose physical restraints on cell proliferation (Bourne 1991a).

MCC was originally thought to be the FAP disease causing locus but no germline
mutations could be found in this gene (Groden etal .1991). However, the finding
of somatic MCC mutations in sporadic carcinomas suggest that the function of this
gene is relevant to tumourigenesis. Since MCC is located 150kb from APC further
analysis of this gene (Miyoshi et al. 1992(a)) may elucidate its function and any part
that it may play in the varied phenotype of FAP.

A PC .

In August 1991 the APC gene itself was identified (Groden etal. and Kinzler (b) et
al.) confirmed by the presence of inactivating mutations (> 90% resulting in
truncations of the predicted protein product), found in this gene in FAP patients
(Joslyn etal. 1991, Nishisho eta l. 1991, Miki eta l. 1992, Fodde etal. 1992,
Miyoshi etal. 1992 b).The gene is expressed in many tissue types including, brain,
lung, heart, liver, and colonic mucosa. The coding sequence for APC is 8532bp
long and is made up of 15 exons. The final exon is very large and is composed of
more than 6000 nucleotides.
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Alternative splicing occurs in at least three regions of the gene. Firstly, in the 5'
non-coding region which generates five different transcripts. One of these
transcripts is brain specific, but the others are all expressed in a variety of tissues in
varying amounts, except for the lung where transcripts with a 5* non-translated
region have not been detected. The second region of alternative splicing occurs in
coding exon 9 to give a larger more abundant APC polypeptide which is 2844
amino acids long, or one which is 101 amino acids shorter. Finally an unusual
splicing event occurs involving coding exon 13 of APC and coding exon 14 of
APC or the gene neighbouring APC, the SRP19 gene. APC-APC transcripts and
APC-SRP transcripts are found in a majority of tissues in almost equal amounts.
However oesophagus, ileum and lung do not appear to have any of the APC-APC
transcript. The function of these different transcripts is unknown but it may be that
the role of the APC products differs among various tissues, or alternatively spliced
products of the coding region function in tissue specific ways, (Horii etal. 1993).

The APC protein is approximately 300kDa in size, is mainly hydrophilic and is
probably located in the cytoplasm. In fact, immunohistochemical analysis of the
protein suggests that it is present in the basolateral portion of crypt epithelial cells.
The concentration of the protein increases as epithelial cells progress from the base
of the crypt to the luminal surface. This finding may mean that there is an
association between APC expression and the maturation of colonic epithelial cells.

The protein can be roughly divided into two domains from the amino acid
sequence. The amino terminal of the protein has the potential to form alpha helical
rods, and like MCC the protein contains heptad repeats. The carboxyl end of the
protein contains a 20 amino acid that is repeated seven times, with semi-regular
spacing, and 200 amino acids towards the end of the molecule forms a basic
domain. Cell fractionation studies have shown that full length APC protein can
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form insoluble aggregates possibly mediated by the heptad repeat region, (Smith et
a l 1993).

The APC gene product shows similarities to intermediate filaments of structural
proteins such as myosins and keratins (Groden e ta l 1991) which is a feature of the
MCC gene product (Bourne 1991b). APC also has sequence similarities to the rd 2
gene product of yeast which has been implicated in the regulation of ras activity
(Kinzler era/. 1991 (b)).

Vogelstein e ta l (1988) and Miyaki et a l (1990) found that loss of heterozygosity
of 5q was not a common event in mild and moderate adenomas of FAP patients,
which suggests that a mutation in APC in the germline is enough for polyp
formation. Thus inactivation of one copy of the two APC alleles may give rise to
hyperproliferation in the colorectal mucosa, through a threshold effect produced by
fluctuating levels of the gene product (Bodmer et a l 1987). This effect may also be
the cause of the many extra-colonic lesions found in FAP patients, since the gene is
expressed in a wide range of tissues. Loss of the remaining normal allele may cause
the tumour to develop to a more advanced stage (Seki et a l 1992). In fact, 95% of
somatic mutations in the APC locus that occur in cancer from FAP and sporadic
patients result in truncation of the APC protein (Miyoshi et a l 1992c and Cottrell et
a l 1992). Interestingly, over 60% of these somatic mutations are found within a
region of exon 15, MCR (mutation cluster region) that accounts for less than 10%
of the coding sequence of the gene. This region has also been found to be
somatically mutated in gastric and pancreatic cancers (Horii et a l 1992 a and b).

Families with a high incidence of colon cancer, but smaller numbers of polyps,
(Leppert et a l 1990) may be due to milder mutations, such as amino acid
substitutions rather than termination codons, within the APC gene. Inactivating
mutations of the APC gene have also been found in other individuals within these
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families. Interestingly however, there does not appear to be any association
between MCC or APC in some families with Hereditary Non-Polyposis Colorectal
Carcinomas, HNPCC (Peltomaki et al. 1992).

The relationship between MCC and APC is still unclear. Since both genes are
involved in colorectal neoplasia, are located in close proximity on chromosome 5
and have regions of similarity in their protein product, it has been suggested that
both proteins may be involved in the same biochemical pathway, or even form
complexes with each other. Another possibility is that MCC may somehow affect
the phenotype of the APC gene. Since 77% of oesophageal cancers (Boynton et al.
1992) show loss of heterozygosity of APC and/or MCC and 20-25% of lung
cancers show loss of MCC, these genes may also be important in these cancers.

Now that the Min locus has been identified as the murine homologue for APC, Min
mice can serve as an animal model for FAP and also sporadic colorectal cancer (Su
et al. 1992). This should eventually shed light on the actual function of the APC
gene.

Overview of Genetic Changes in Colorectal Cancer.

Two studies, Vogel stein et al. (1988) and Miyaki et al. (1990) demonstrate the
various changes that occur in colorectal tumours. The tables below illustrate the
details of their results.
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Table 6.1. Summary of results from Vogelstein et al. ( 1988).

Specimens studied:-

Type I Adenomas.

40 Small tubular adenomas with low grade dysplasia

Type II Adenomas.

19 Adenomas without carcinoma.

Type III Adenomas

21 More advanced tumours with areas of invasive
adenocarcinoma.

Type I adenomas from 7 patients with FAP.
Type II and III adenomas from 33 patients without FAP.
Carcinomas.

91 carcinomas from 88 sporadic cancer patients
and 1carcinoma from a FAP patient.

Probes used to look for allelic loss.
Chromosome arm 5q.

105-153 : C l IP l 1 : TP5E : 213-205 : HF 12-65

Most frequent region of loss :- 5q 21-q32
Chromosome 17.

YNH 37 : YNZ 22 : MCT 35 : HF 12-2 : THH 59

Most frequent region of loss
Chromosome arm 18q.

17pl3

HHH64 : OL VIIA8 : OL VII ElO : OS-4 : pERT 25

Most frequent region of loss :- 18q21

C hrom osom e.

A denom as.
T ypel

5
17
18

T y p ell

Carcinom as.
T y p e lll

% number of tumours with deletion.
0
29
29
6
6
24
13
11
47

36
75
73

% of tumours with mutations in mainly K-ros at codons 12 or 13.
12
42
57
47
% of tumours with more that one mutation.
9
24
43

51
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T able 6.2. Summary of results from Miyaki et al. {1990)

Specimens studied
111 colorectal polyps ; 26 invasive carcinomas from 40 FAP patients.
22 sporadic adenocarcinomas from 19 non-FAP patients.

Histopathological grading
Grades of dysplasia

Type I

Mild/Moderate

Type II

Severe.

Type III

Intramucosal Carcinoma - Cancer
limited to the lamina propria

Invasive Carcinoma - Cancer has invaded through musculaiis mucosa into
the muscularis propria or serosa.
Probes used to look for allelic loss.
Chromosome 5.

L I.4 : M4 : Ji227 : C llP l 1 : YN5.48 : LS5.34 :
v-fms : kMS8

Most frequent region of loss
Chromosome 17.

5q21-22

YNZ22 : p53 : MCT35.1 :HF 12-2 : THH59

Most frequent region of loss
Chromosome 18.

17pl3.1-pl3.3

HF 12-62 : L2.7 : H H 64: 0S 4

Most frequent region of loss :- 18q21.3-qter
Chromosome 22
22/34 : V3.3 : Hu X CRI : 22C1-18
Most frequent region of loss : 22ql 1

C hrom osom e.
5
17
18
22

I

FAP PATIENTS.

22 Non-FAP
PATIENTS.

II

Adenocarcinoma.

III

Invasive

% of number of tumours with deletions.
<2
20
26
52
38
56
<7
46
<7
33

60
74
63
50

% of tumours with K-ras mutations at codons 12 or 13.
11
36
26
44
% of tumours with more than one mutation.
4
13
21
66
86
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Both studies show common regions of loss on chromosome 5, 17, and 18, which
is not surprising since tumour suppressors have since been found at these loci.
However, Rees etal. 1989 and Miyaki et al. (1990) find loss of heterozygosity of
5q in FAP adenomas not found by Vogelstein et al. ( 1988). This may be due to the
greater number and larger more advanced stage of FAP polyps used in this study as
well as the use of the probe YN5.48 which is closer to the APC gene than any of
the probes used by Vogelstein et al. In fact more recent work (Powell et al. 1992)
shows that there are mutations in the APC gene in sporadic colorectal carcinomas,
(60%) and adenomas, (63%) in 41 tumours studied. Also, Ichii etal. (1992) now
suggest that inactivation of both alleles of the APC gene is essential for the
development of adenomas in FAP individuals. However this group only studied
one individual.

The time of the respective mutations does differ somewhat, especially in the case of
loss of chromosome 18 in adenomas. Vogelstein et al. find loss in chromosome 18
at the change between adenoma to adenocarcinoma, whereas Miyaki et al. find loss
in this chromosome at the transition between intramucosal carcinoma and invasive
carcinoma. This discrepancy may be due to a difference in histological classification
in the two studies, or may reflect a real difference between FAP and sporadic
adenomas.

The significance of loss on 22q found by Miyaki et al. has not yet been fully
realised, however, PDGF B-chain, which may have profound effects on
metastasis, maps to chromosome bands 22ql2-ql3. Also, the region found to be
lost is the location of the tumour suppressor involved in neurofibromatosis 2 at
22ql2 (Trofatter et al. 1993). In fact, Fearon and Vogelstein (1990), do report that
a large number of colorectal cancers show a 25-50% loss in chromosome arms Iq,
4p, 6p, 8p, 9q and 22q. A number of tumour suppressor genes have already been
assigned to some of the above chromosomes, (see Table 3.1). Thus tumours with
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loss of heterozygosity of a specific subset of suppressor genes may have different
characteristics from those with an overlapping but distinct subset. Research by
Delattre et al. 1989 seems to support this view since they found that genetic
alterations in the distal colon were different to those found in the proximal colon.
Also, FAP polyps usually occur in the distal part of colon, but the tumours of
HNPCC patients occur in the proximal part of the colon. However, perhaps the
many chromosome losses observed in colorectal cancer only reflect an increase in
chromosomal instability caused by one of the initial gene mutations (Gardner et al.
1982 and Delhanty et al. 1983).

In spite of the differences in the results from the two reports the overall view seems
to fit a model for colorectal tumourigenesis proposed by Fearon and Vogelstein in
1990, (Fig. 6.1). It is important to note that the authors stress, that it is the
accumulation of genetic changes that leads to colorectal tumour development rather
than a fixed series of mutations.

5q Mutation or loss
(APC OR MCC)

Normal Epithelium >

ENA
Hypomethylation

>

17p Loss
of p53

>

Hyperproliferation of Epithelium

12p Mutation of

18q Loss
of DCC

K-ras

Early Adenoma-> Intermediate Adenoma-> Late Adenoma

Other
Alterations

Cancer ->

M etastasis

Figure 6.1. A Genetic Model for Colorectal Tumouri genesis.
(Fearon and Vogelstein 1990).
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Cancer Susceptibility

Using linkage analysis Vogelstein and de la Chapelle have mapped FCC, (Familial
colon cancer), the causative gene for Hereditary Nonpolyposis Colorectal Cancer,
(HNPCC) to chromosome bands 2pl5-16 (Peltomaki etal. 1993). Individuals with
HNPCC account for approximately 4% - 13% of all cases of colorectal cancer in
industrial nations (Lynch et al. 1985). HNPCC families are defined as those in
which at least three relatives in two generations have colorectal cancer, with one of
the relatives having been diagnosed at less than 50 years of age (Vasen et al. 1991).
Unexpectedly it appears that FCC is neither an oncogene nor a tumour suppressor
gene but seems to be responsible for maintaining DNA stability (Aaltonen et al.
1993).

A limited number of studies have already shown that the FCC gene may influence
the development of sporadic colorectal adenomas and cancers, especially in the
proximal colon (Thibodeau et al. 1993 : Ionov et al. 1993). This may at least
partially account for the familial clustering of sporadic colon cancers described by
Cannon-Albright et al. ( 1988).

PART THREE.

Chapter Seven.

Aims O f This Project.

1 ).

To attempt to culture epithelial cells from colorectal polyps or cancer tissue
and obtain karyotypes in order to study any chromosomal abnormalities that
may be present.
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2 ).

To make, and characterize somatic cell hybrids in order to create cell lines
that may be of use in mapping studies in the region of the APC gene. Also it
was hoped to capture marker chromosomes from tumour cells by making
somatic cell hybrids.

3 ).

To screen colorectal tumour material from FAP and non-FAP patients for
numerical chromosome changes that may be important in the progression of
colorectal tumourigenesis.

The fundamental purpose of this project was to provide information on cytogenetic
changes that may occur during colorectal tumourigenesis. It was hoped that this
information would be useful in the identification and perhaps eventual cloning of
genes involved in colorectal tumour progression, and also for elucidating the
mechanism involved. By comparing and correlating the cytogenetic analysis with
DNA data obtained for the same samples, the aim was to provide a greater
understanding of the processes and mechanisms involved in colorectal
tumourigenesis.

Karyotypic analysis of primary cell cultures from colorectal biopsies at different
stages of tumourigenesis was initially carried out. This approach however is
technically very difficult since tumour cells are not easily established in culture. In
order to obtain further information, it was decided to generate somatic cell hybrids
using selected tissue biopsies. It was hoped that structurally abnormal
chromosomes, that could not be detected by standard cytogenetics, due to a lack of
metaphase spreads obtained from primary culture, would be rescued from the
specimen tissue and used for analysis. At this time, fibroblasts from a FAP patient
with a somatic clonal translocation involving chromosomes 5 and 17 was available.
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This translocation could be defined as t(5;17)(ql2;q23). This meant that the
thymidine kinase gene located at chromosome region 17q23-25, may be associated
with the long arm of chromosome 5, (where the APC gene is located), in the
derivative chromosome 17 (Fig 10.12). In fact in 5/Ymhybridisation experiments
carried out by Dr. J.D.A.Delhanty showed that the thymidine kinase gene was
present on the derivative chromosome 17 with chromosome arm 5q. Thus selection
for the thymidine kinase gene in somatic cell hybrids where the rodent parent was
deficient for this enzyme, would also select for 5q in the translocation chromosome.
Fibroblast cells from this patient were therefore also used to make somatic cell
hybrids, since a hybrid clone containing only the translocation chromosome with 5q
against a background of rodent chromosomes would be useful in mapping studies.
During the course of this project another patient was found with a constitutional
deletion of part of chromosome arm 5q in the region of the APC gene,
del(5)(q22q23.2). Thus somatic cell hybrids were also made using lymphocytes
from this patient.

Unfortunately, although chromosome preparations from somatic cell hybrids are
easily obtained, they can be extremely hard to karyotype, especially since the
human chromosomes may become fragmented and insert themselves into the rodent
chromosomes. In order to overcome this problem a combined Polymerase Chain
Reaction (PCR), and Fluorescence in-situ hybridisation (FISH) approach was used
to analyse the human content of the hybrids. PCR was initially used to screen the
hybrids in order to detect which of them contained human chromosomes 5, 17 or
18. Then, ’Forward Painting' by FISH (hybrid chromosomes probed with total
human DNA), was carried out in order to determine how many human
chromosomes were present in each hybrid clone and to see if the human
chromosomes had become fragmented and subsequently inserted into rodent ones.
’Reverse’ Painting by FISH (Human chromosomes probed with hybrid DNA), was
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also carried out. This allowed the identification of human chromosomes present in
the hybrid clones.

Another approach, was to use chromosome specific alpha-satellite FISH probes for
chromosomes 7, 17, and 18 on interphase cells from colorectal biopsies. This
would indicate numerical changes of these chromosomes in the tumour samples,
and would determine whether the biopsy was composed of a homogeneous cell
population.

Principles and Background to Techniques Used.

Somatic Cell Hybrids.

In 1965 Harris found that cells from different mammalian species could be fused
together. Thus it appears that, unlike other systems that recognise and destroy
tissue or organ graft exchanges between different individuals, vertebrate cells do
not have mechanisms for recognition and incompatibility. After fusion of two or
more cells derived from different species, a heterokaryon is formed. If the nuclei
undergo cell division simultaneously, a true hybrid cell will be formed, containing
chromosomes from both species within one nucleus. It appears that genetic control
is mostly governed by one of the species, with chromosomes from the other species
being randomly lost, (visible as micronuclei), unless some kind of selection is
imposed upon the cells. (The different stages in the formation of somatic cell
hybrids have been illustrated in the ’Results').

The localisation and cloning of specific genes from the vast background of genetic
information contained within the human genome is a formidable task. The
development of somatic cell hybrids and a number of different systems to select for
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Specific human chromosomes has proved invaluable in gene mapping. Somatic cell
hybrids provide a means by which human chromosomes or parts of chromosomes,
(using irradiation hybrids) can be isolated from the rest of the genome.

All of the fusions were carried out between the Chinese hamster cell line A23 and
human cells. A double selection system method was used to grow any hybrids
produced after the fusion event.

A23 cells which are deficient for the enzyme thymidine kinase were removed using
Hypoxanthine, Methotrexate, Thymidine, (HMT) in the culture medium. This
selection system was first developed by Littlefield (1964), and was subsequently
used to by Weiss and Green (1967), to localise the human thymidine kinase gene to
a chromosome, later mapped to human chromosome bands 17q23.2-q25.3. The
selection is based on the action of antifolates such as methotrexate to block de novo
cellular synthesis of purines and pyrimidines. The cell must therefore use the
'salvage pathway' for the synthesis of nucleotides. Hypoxanthine and thymidine,
(substrates for the enzymes HPRT and thymidine kinase respectively), are key
molecules in these pathways and must be added to the medium. Only A23 cells that
have fused with human cells and have retained the human thymidine kinase gene
will survive the selection.

Unfused human cells were selectively removed from the culture with ouabain, a
steroid which is a potent inhibitor to the sodium/potassium pump of manunalian
cells. Human and rodent cells are differentially sensitive to the drug. A ouabain
concentration of lO^ M is toxic to human cells, which is a concentration of about
1(H fold lower than that required to kill rodent cells.
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The Polymerase Chain Reaction.

PCR is a technique by which a 'target sequence' (a segment of DNA), can be
selectively enriched from a pool of DNA (Saiki et al, 1985). The basic reaction, as
illustrated below, involves two oligonucleotide primers that flank the DNA segment
to be amplified. The DNA is denatured by heating, then the primers, which are
complementary to a specific sequence at the end of the target sequence, (one primer
at each end) bind to the DNA. Polymerases start at each end and copy the sequence
of that strand until an exact replica of the target sequence is produced. Repeated
cycles of dénaturation, annealing of primers and DNA extension by the polymerase
increase the concentration of the target sequence exponentially, since the extension
products are also targets for primer binding. At the end of the PCR the product
concentration approaches 2^ where n is the number of cycles. Thus a target
sequence only present once in a sample of 10^ cells can be amplified by a factor of
more than 10 million with very high specificity, (Fig. 7.1). The use of thermostable
DNA polymerase purified from the thermophilic bacterium Thermus aquaticus
(Taq) has greatly simplified the procedure (Saiki etal. 1988).

PCR has numerous applications, including, the exam ination of DNA
polymorphisms and chromosome rearrangements, genomic cloning, sequencing
and the detection of viral pathogens.
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F ig u re 7.1 The Basis of PCR.

In this project PCR was used in two ways. First, to detect the presence of human
chromosomes, (or more precisely, a specific fragment of DNA known to map to a
particular chromosome), on a Chinese hamster background in a somatic cell hybrid.
This screening technique relies on the use of primers that specifically amplify
human sequences and not the rodent homologues. This is best achieved by the use
of primers designed from within intron sequences, since these sequences are not
conserved between species. The presence of a PCR product, of expected size.
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viewed on an agarose gel confirms the presence of a particular chromosome (Abbott
e ta l 1989, 1990, 1991, Theune e/a/. 1991).

The other application of PCR that was used, was an attempt to generate human
DNA paint probes from somatic cell hybrids by A/m-PCR for Fluorescence in-situ
Hybridisation. This method of isolation of human specific DNA was first
developed by Nelson e ta l (1989). This technique relies upon the use of the 'core'
sequence of the Alu repeat from the SINE (Short Interspersed Repeat Sequences),
family of repeat elements, as primers. In this method amplification occurs between
two Alu repeat sequences that are in opposite orientation to one another (Bicknell et
a l 1991, Zoghbi et a l 1991, Warrington et a l 1991). For this project the Alu
primers TC65 (Nelson

a/. 1989) and A/m TV(Cotter e/a/. 1990) were used. Both

of these primers are from the 3' end of the Alu consensus sequence.

The mammalian genome contains a complex array of highly repeated sequences
which include the SINES and LINES (Long Interspersed Repeat Sequences).
SINES are <500bp in length and occur in the order of 1Q5 within their respective
genomes. LINES however, are over 5kb in length and are repeated in the order of
10^ times within the genome (Singer 1982). In primates each class is dominated by
a single DNA sequence family. Alu is the major human SINE. It has a consensus
sequence of about 300bp and is repeated 300,000-900,000 times in the human
genome. The Alu repeat is a dimer of two monomers, each of approximately
130bp, the right half being 31bp longer than the left. The sequence is A-rich in the
middle, has a 3' oligo (dA) tail and is flanked by short direct repeat sequences at
the site of integration. There are approximately 500,000 Alu family members, and
of these, nearly 500 belong to a human-specific subfamily (Batzer and Deininger
1990).
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The major human LINE sequence is LI or Kpnl, which has a consensus sequence
of about 6.4kb with a variable reiteration frequency between 4000-100,000 times.
Alu is 56% G/C rich and found to be localised to the R-bands of chromosomes. LI
is 58% A/T rich and is concentrated in the G-bands of chromosomes (Korenberg
and Rykowski 1988, Bickmore and Sumner 1989, Baldini and Ward 1991).
Primers have also been constructed from the LI consensus sequence and have been
used alone and in combination with Alu primers for PCR amplification of human
sequences in hybrid cells (Ledbetter et al. 1990).

The basic Alu amplification technique, is constantly being refined in order to isolate
DNA from different sources, eg., near to rare cutting restriction enzyme sites (Patel
etal. 1991), from YACs (Tagle and Collins 1992) and irradiation hybrids (Burright
etal. 1991).

Fluorescence In-Situ Hybridisation, (FISH).

FISH allows the visualisation of a 'target sequence' as small as Ikb on a metaphase
spread or interphase nucleus as a fluorescent signal, and has developed from
isotopic methods (Pardue and Gall 1970). FISH is now extensively used over
isotopic techniques because not only is the fluorescent method considerably quicker
and does not require the use of hazardous radioactive materials, but the signal
produced can be more precisely located, and if necessary, amplified.

The FISH technique essentially involves several steps commencing with the
prelabelling of the target sequence with reporter molecules such as biotin or
digoxigenin by nick translation. This method of labelling is advantageous since it
fragments the probe, and DNA fragments of about 200bp in size are optimum for
hybridisation. The chromosomes and probe are then denatured by heating and
subsequently allowed to anneal (or hybridise) with one another. The probe is
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detected through an antibody reaction between the reporter molecule and a
fluorescently labelled antibody. The signal can be amplified by the sequential
addition of further layers of labelled antibody, (Fig. 7.2). Thus, if biotin is the
reporter molecule used, then the assembly of layers would be:-

5).

Avidin-HTC.

4)

Biotinylated anti-avidin, (antibody to avidin).

3).

Avidin-HTC.

2).

Biotin labelled probe.

1).

Chromosome.

Figure 7.2 The ’Pinkel Sandwich*.

Avidin has a high affinity to biotin and is tagged with a fluorescent label, FITC. For
every avidin molecule there are approximately 6 fluorescein molecules.

Chromosomes can be viewed simultaneously with the signal (green) by using the
red fluorescing DNA-specific dye propidium iodide to stain the chromosomes
(Pinkel et al. 1986) and the appropriate filter blocks, (Table 7.1).

Filter Block
U1

330-380

420

>418

DAPI

B1

450-495

510

>520

HTC + PI

B2

450-495

510

520-560

FITC

G2

520-560

580

>590

PI

E .F . Excitation Filter- Selects the appropriate excitation wavelengths from the
emitted light source.
D M - Dichroic Mirror- Separates fluorescence emitted light from unabsorbed
exciting light.
B .F .- Barrier Filter- Separates emitted light from unabsorbed exciting light.
Table 7.1 Filter Blocks used in HSH.
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Chromosome banding can be carried out by growing the cell in bromodeoxyuridine
(Fan etal. 1990),before making slides, and staining with Hoechst 33258,with UVirradiation (Cherif et al. 1990), or without UV-irradiation (Albertson et al. 1991)
for R bands, or actinomycin 4,6-diaminophenylindole (DAPI) for G bands (Tucker
etal. 1988).

Using a combination of reporter molecules and detection systems with various
fluorochromes or even fluoresceinated DNA (Wiegant et al. 1991), several target
sequences can be viewed simiritaneously (Reid etal. 1992a). This however requires
the use of more complex microscopy such as digital imaging. Confocal microscopy
provides a means of improving the resolution of the image, and is extremely useful
when the probes in very close proximity are to be mapped. The confocal
microscope uses an argon ion laser as the incident light, and wavelengths of 488nm
and 514nm are useful for biological samples. (N.B. DAPI and Hoechst 33258
staining cannot be visualised using the 514nm laser). Fluorescence from the
different fluorochromes that are excited by the laser light are collected separately
using appropriate filters and digitally recorded, then later recombined in exact
registration to give a single image showing the signals from each fluorochrome.

FISH is extensively used in genetic mapping. Sequences that are 1Mb apart can be
resolved on metaphase chromosomes and in interphase nuclei resolution of about
50kb can be achieved (Trask et al. 1990). In fact, genomic distances can be
calculated for cosmids as much as 250kb apart in interphase nuclei (Trask et al.
1989). It was found that a linear relationship exists between physical distance
measured under the microscope and length of DNA up to 250kb. Other applications
of the technique include the detection of translocation breakpoints (Ried et al.
1992b) and the quantitative assessment of oncogene amplification in cancers (O.KallioniemigfaA 1992).

65

Introduction

For this project two applications of FISH were used:-

FISH Painting.

Total human DNA was used as a probe to screen somatic cell hybrids for human
chromosomes, (Forward Painting). 'Reverse Painting' was then attempted, initially
using probes that had been generated by Alu PCR of the hybrid DNA (Lichter et al.
1990, Desmaze et al. 1992). Subsequently it was found, that using total hybrid
DNA in the reverse paint gave better results (Kievits et al. 1990). CJ9Q, a stable
hybrid known only to contain human 9cen-9qter was used as a control sample in all
of the painting experiments. This strategy of analysing somatic cell hybrids has also
been used for mouse/hamster hybrids (Boyle et al. 1990). Chromosome paints are
now commercially available and these were used to probe for specific human
chromosomes in the somatic cell hybrids and in cell lines that were difficult to
karyotype.

FISH with Alpha-Satellite Probes.

Cell suspensions of colorectal tumour material were screened with alpha satellite
probes to look for any changes in chromosome number. Under the conditions used
in these experiments, the probes tested proved to be highly chromosome specific.
Three colorectal cell lines were also investigated with alpha-satellite probes in order
to compare these results with karyotypic data.

A sequence of tandemly repeated DNA can be described as satellite DNA. One
human fam ily of these repeats that is mainly localised to centromeric
heterochromatin is know as alpha-satellite DNA and has a repeat unit of 171bps
(Choo etal. 1991). Tandem arrays of these monomers can continue to stretch over
several million base pairs at the centromeric regions of chromosomes. The
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monomers may have diverged significantly from the 171bp consensus sequence
which is very similar to the 172bp monomer, originally described in the African
Green Monkey genome (Potter and Jones 1983). Closer investigation of the repeat
sequence shows that it is arranged in a highly ordered manner. Thus, a set of 'n'
divergent monomers make up a higher order repeat unit, (where n is a whole
number). This unit forms a ordered hierarchy of multimeric repeats superimposed
on each array of monomers, (Fig. 7.3).

'n' M o n o m e r s

£
n

E

n-1

n

n-1

H ig h e r - o r d e r r e p e a t u n it.

Figure 7.3 Alpha-Satellite Multimeric Hi gher Order of Repeat Units.

The higher order repeat sequence or alphoid subfamilies can be detected by the use
of restriction enzymes (E), that cut once within the repeat unit, and it has been
found that these may be polymorphic (Willard and Waye 1987). Up to 33 different
alphoid subfamilies have been identified, and it is these repeat units that are used to
make chromosome specific alpha-satellite probes.

The use of alpha-satellite probes has lead to the extensive investigation of a number
of human cancers. This has been especially useful in the study of solid tumours
(where cytogenetic analysis by karyotyping has proved to be very difficult), since
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interphase nuclei can be used for FISH analysis, and has come to be known as
'Interphase Cytogenetics' (Hopman etal. 1988, Amoldus etal. 1991a, Emanuel et
al. 1992). It is an acceptable alternative, or supplement, to chromosome culture
methods since the results of FISH on interphase cells correlates well with
metaphase findings (Devilee

a/. 1988, Kiechle-Schwarz efa/. 1991).

This technique is more informative than flow cytometry which can only suggest
aneuploidy but cannot indicate which chromosomes are involved (Hopman, et al.
1989, van Dekken etal. 1990). It also can be applied to paraffin embedded tissues
(Armoldus et al. 1989), and eliminates the problems of cell culture, including
disproportionate growth of a sub-population of cells due to selective pressures in
culture (Amoldus et al. 1991b). Alpha-satellite FISH on interphase cells may also
prove to be of diagnostic and prognostic importance in haematological disorders,
where they may be able to identify clones with numerical abnormalities (Poddighe
etal. 1991) in addition to the characteristic translocations associated with leukemias
(reviewed by Solomon et al. 1991). For example, patients with Chronic
Myelogenous Leukemia (CML), often show trisomy 8 as secondary additional
event to the derivative Philadelphia chromosome (Kibbelaar,^/ al. 1991). The
technique may also help to identify the chromosomal origin of marker
chromosomes detected by FISH analysis (Poddighe etal. 1991).
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MATERIALS AND METHODS.
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Chapter Eight.

The recipes of the solutions written in italics can be found in Appendix 1, as well as
abbreviations used for some chemicals and solutions.

Tissues Collected for this Study.

Biopsies of colorectal tissue were collected from St. Mark's Hospital London, and
Ashington Hospital in Northumberland. Initially all the samples were transported in
Dulbecco's PBS (Gibco) in a plastic universal bottle. The tissues were used to set
up primary cultures and/or make fixed cell suspensions for FISH analysis with
alpha satellite probes. Some of the tissue was also used for DNA extraction and
subsequent allele loss studies by Southern blotting and probing with marker DNA
fragments (done by Luiza Bowles). See appendix II for list of probes used for
FISH and molecular analysis. Although the samples from Ashington Hospital were
sent by express delivery, samples did not always arrive on the same day, thus, in
order to increase the chances of establishing a primary culture and to capture any
dividing cells directly from the tissue without culturing, some of the samples from
Ashington Hospital were sent in Transport culture Medium.

In total biopsies from 76 different individuals were collected for this study (Tables
8.1 and 8.2). Not all of the samples were used to set up primary cultures (see
Results). Colorectal adenoma or carcinoma biopsies were collected from 14
individuals with FAP and 62 individuals not associated with this syndrome. In all,
44 adenomas, (25 from FAP patients and 19 sporadic adenomas), 54 cancers, (5
from FAP patients and 49 sporadic cancers), and 32 normal mucosa biopsies, (8
from FAP patients and 24 from patients without FAP) were collected. (One of the
biopsies was a secondary liver metastasis arising from a primary colon cancer from
an FAP patient. One of the adenomas was found in the duodenum of an FAP
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patient, and another adenoma was a sporadic adenoma of the caecum). Three
colorectal cancer cell lines were also investigated in this study (Figure 8.3).

Table 8.1 Tissues Collected.
Adenoma

Carcinoma

Normal Mucosa

Sporadic Cases, Total = 62 Individuals.
3 Benign Tubular
1 Benign Villous
2 Metaplastic
3 Mildly Dysplastic
7 Moderately Dysplastic
3 Severely Dysplastic

13 Duke's A
23 Duke's B
11 Duke's C
1 Duke's D
1 Duke's C/D

24 Samples

Total =19

Total=49

Total=24

25 Mildly/Moderately Dysplastic

4 Duke's B
1 Liver metastasis

7 Samples

Total =25

Total =5

Total =7

FAP Cases, Total =14 Individuals

Table 8.2 FAP individuals used in FISH studv.
Atypical Cases.
F P C 139

Patient is from an FAP family that shows very severe manifestations
of FAP, with individuals that develop multiple primary cancers.

FPC 145

Severely affected patient, with no previous family history of FAP.
New mutation patient.

FPC 154

Initially thought to have sporadic colorectal cancer. Has micro
adenomas. Possible new mutation. (Father died of cancer rectum).

FPC 164

Patient with cytogenetically visible deletion, del(5)(q22q23.2)
(Fig 8.1a). Patient is mentally subnormal, has polyposis with
epidermoid cysts, osteomata and CHRPEs. Patient and other family
members were examined karyotypically and by Southern blot
analysis using probes that map in the region of the deletion (Hg 8.1
and 8.2).

FPC 178

No previous family history. New mutation patient.

FPC 195

Patient was initially thought to be an unaffected member of an FAP
family but was later found to have congenital hypertrophy of the
retinal pigment, (CHRPEs). The patient developed one polyp but
microadenomas were detected.
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T y p ic a l C a s e s w ith k n o w n F a m ily H is to ry .

FPC128
FPC134
FPC136
FPC146
FPC150
FPC170
FPC172
FPC173

Figure 8.1

K a ry o ty p e a n a ly s is o f p a tie n t F P C 1 6 4 a n d f a m ily m e m b e rs .

(F ro m C ro ss

etal.

1 9 9 2 ).

5q22
►
5q23 2 ►

5q22
►
5q23 2 ►
5q31-3 ►
dir ins (5)

A)

N o rm a l c h ro m o s o m e 5 (le ft) a n d d e l(5 )(q 2 2 q 2 3 .2 ) fo u n d

in

p ro b a n d

and

m e n ta lly r e ta r d e d a u n t.

B)

N o rm a l c h r o m o s o m e 5 (le ft) a n d d ir in s ( 5 ) ( q 3 1 .3 q 2 2 q 2 3 .2 ) f o u n d in m a te rn a l

a u n t o f p ro b a n d .
T h e in te rs titia l d e le tio n o b s e r y e d in m e m b e r s o f th is f a m ily a f f e c te d b y F A P c o u ld
h a y e b e e n p ro d u c e d b y a sin g le c ro s s o y e r e y e n t b e tw e e n th e in s e r te d c h r o m o s o m e
5 a n d th e n o r m a l c h r o m o s o m e 5 in m e io tic p r o p h a s e .

72

Materials and Methods

Figure 8.2 Pedigree of FAP deletion patient. FPC 164.
(From Cross etal. 1992).

32

Deduced

0
3
2
2
1
2
2

1
2
2
1
2
1

Ins 5
PROBAND STUESED

ffl

Locus Order
227
ECB27
SW 15 (MCC Gene)
<- (APC Gene)
EF5.44
YN5.48
MC5.61
<4------

œ

a
EB

" Deleted
Deleted?

( ) Locus may be homozygous or
hemizygous.

A diagrammatic representation of the molecular genetic analysis of family members
is shown. Probes distal to ECB27 up to and possibly including MC 5.61 are
deleted. (From Cross etal. 1992).
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Table 8.3 Cell Lines used in studv.
H CA-7

Established in 1981 from a moderately well differentiated sporadic
adenocarcinoma from hepatic flexure of colon, Duke's B. (Kirkland
1985) The cells are epithelial, and when the cell line was established
it secreted carcinoembryonic antigen and formed adenocarcinomas in
nude mice. Could form domes due to vectorial fluid transport, but
this ability was lost between passage 25-30. Chromosome number
ranged from 41-82 with a modal chromosome number of 43 (Hg.
11.2a).

J W2

Established in 1984 from a moderately differentiated colon cancer,
Duke's C. (Paraskeva etal. 1984). Wben first established the cell
line required a feeder layer of Swiss 3T3 cells for growth, (no
longer required), and had the ability to form tumours in nude mice.
The cell line had between 42 and 48 chromosomes, which included
an isochromosome Iq, isochromosome 14q and a X;17q
translocation chromosome (Fig. 11.2b).

L1M121S

Established in 1984 from a colon tumour from a patient in an
inherited non-polyposis colorectal cancer family. (Whitehead etal.
1985 and Griffin etal. 1990). The cell line consisting of
pleomorphic cells, could form tumours in immunosuppressed mice
and could be karyotypically described as
46,XY,-13+der(13)t(l:13)(q32.1:pll) (Fig. 11.2c).

CJ9Q

Originally named 64063al2 (Jones and Kao, 1984), human/hamster
somatic cell hybrid clone containing a single piece of human
chromosome 9cen-9qter (Figs. 10.5, 10.8+ 10.10).

Culture methods and chromosome banding.

Chromosome preparations were attempted from a number of different tissue
sources, including, normal blood, colorectal cell lines, somatic cell hybrids, and
primary cultures of human colorectal tissue. The normal blood chromosome
preparations were mainly used in FISH experiments with chromosome specific
alpha satellite probes, in order to check that the probe had hybridised to the correct
chromosome. Normal blood specimens were also fundamental to reverse painting,
a technique that was used in the characterisation of somatic cell hybrids that were
made. Chromosome preparations from colorectal cell lines were used to obtain a
karyotype, and thus also used to confirm data from FISH analysis with alpha
satellite probes on these cells. Chromosome preparations from somatic cell hybrids
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were very hard to karyotype but provided useful information when used in
'Forward' painting experiments by FISH. It was hoped that any chromosome
preparations obtained from primary colorectal tissue, would reveal any cytogenetic
abnormalities that may be present in the tissue.

Normal blood culture.

1ml of fresh heparinized whole blood was added to a 50ml culture flask, containing
17mls of Iscoves medium with GPS, 2ml of fetal calf serum (FCS), and 0.2mls of
phytohaemagglutinin, (ICN Labs.). The flask was inverted 2-3 times to mix the
culture and incubated in an upright position at 37®C for 72 hours.

Harvesting blood cultures.

One hour before harvesting colcemid (Gibco) was added to the culture to give a
final concentration of 0.05^g/ml, and the flask was replaced at 37°C for Ihr. The
cells were then centrifuged at lOOOrpm for 5min. The supernatant was discarded
and the cells were resuspended in 5mls of 0.075M KCl hypotonic solution, then
left to stand at room temperature for lOmin. The cells were spun at lOOOrpm for
5min and the hypotonic solution removed. The pellet was resuspended in 1:3 glacial
acetic acid: absolute methyl alcohol (Fisons) fixative, which was added dropwise
while constantly agitating the cells. The fixative was changed three to four times
until the pellet looked clean. The cells were then resuspended in l-2mls of fixative
and spotted onto cold moist methanol/HCl cleaned slides. When the drop was half
dry the slides were flushed with 70% acetic acid to remove excess cytoplasm, then
rinsed in fresh fixative before being allowed to dry on a warm hotplate, which aided
spreading. The slides were viewed by phase contrast microscopy.
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Extended chromosome cuitures.CWheather and Roberts, 1987).

Cultures were set up containing 16mls Iscoves medium with GPS, 2mls FCS
0.4mls PHA and 1ml heparinisied whole blood. The culture was incubated at
37®C. After 48hrs thymidine (Sigma) was added to give a concentration of
0.3mg/ml and the culture was incubated for 18hrs. 2-deoxycytidine (Sigma) in
Dulbecco's phosphate buffered saline(Gibco) was added to the medium to give a
final concentration of lOpg/ml. The flasks were incubated for 3hrs 55min, then
colcemid was added to give a concentration of O.lpg/ml. The flask was incubated
for a further 20min. Harvesting was continued as described above, except that half
strength hypotonic solution was used for 20min at room temperature, and 1: 2
acetic acid to methyl alcohol was used to initially fix the cells.

Harvesting fibroblasts, cel! lines, and somatic cell hybrids attached
to the surface of a cultnre flask.

A confluent flask of cells was subcultured at the end of the day and then incubated
under the conditions required by the cells for growth, until a reasonable number of
cells appeared to be dividing, (usually overnight). Then colcemid was added to the
flask at a concentration of 0.02pg/ml, and the flask was incubated for one hour.
The medium was then removed into a centrifuge tube and spun at lOOOrpm for
5minutes. 5mls of KCJJEDTA hypotonic solution were added to the flask, and
5mls to the pellet of cells. Both flask and cell pellet were incubated at 37°c for a
maximum of 25min until most of the dividing cells were floating in the medium.
The hypotonic solution in the flask was then transferred to the centrifuge tube and
the cells were pelleted. The cells were fixed as described earlier. Fresh medium was
added to the culture flask to allow the remaining cells to continue to grow.
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Setting OP a primary culture o f colorectal biopsy material.

For biopsies sent in PBS.

The transport medium was poured away from the universal bottle and the tissue
transferred into a plastic petri dish. The sample size and appearance was noted.
Approximately 2/3 of the sample was frozen in liquid nitrogen for subsequent DNA
studies. The rest of the sample was transferred into another petri dish containing
Hanks ' Balanced Salt Solution with penicillin (360pg/ml UCH pharmacy) and,
streptomycin (0.6mg/ml Sigma). The sample was soaked in this solution for
approximately 15minutes and then transferred into another petri dish where the
tissue was chopped into small pieces using a scalpel and needle. The cut sample
was transferred into a conical flask containing 5mls 10% FCS/DMEM : 5mls
2.5mg/ml collagenase (Worthington), gentamycin 0.05mg/ml (ICN Labs) and
amphotericin B 2//g/ml (Sigma) and incubated at37°C overnight The next day the
tissue and medium were transferred to a centrifuge tube and shaken vigorously to
break down small clumps of tissue. The tube was spun at 1500rpm for 5min, the
supernatant removed and the pellet resuspended in 10ml s of 10% FCS DMEM. The
tube was spun at lOOOrpm and the medium removed. 1/3 of the pellet was
resuspended in 2mls of Opti-MEM, (Gibco) with Ix GPS, gentamycin and
amphotericin B. 1/3 of the pellet was resuspended in 2mls of Opti-MEM Ix GPS,
gentamycin, amphotericin B and 10% FCS. The cells were transferred to human
placental collagen coated four well culture dishes, (Nunclon). The remaining 1/3 of
the pellet was used to make a fixed cell suspension, (see later), and for cell fusion
experiments. The dish was incubated at 37®C, 1.5% CO 2. After 1-3 days the
medium was removed along with the floating cell debris. Fresh Opti-MEM with
GPS +i- FCS but without gentamycin or amphotericin was added. The cells were
fed every 2-3 days. Cells were also fed conditioned medium.
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For biopsies sent in Transport culture medium.

The large lumps of tissue in the medium were removed and treated as described
above. The remaining transport culture medium was transferred to a centrifuge
tube, shaken vigorously, then spun down again at lOOOrpm for 5min. The
supernatant was removed, and the pellet was used to make a fixed cell suspension.

To make a fixed cell suspension.

Cell pellets were gently resuspended in lOmls of KCUEDTA hypotonic solution
and kept at 37®C for 15min. The cells were pelleted by spinning at lOOOrpm for
5min. Fixative was added to the pellet as described for blood culture harvesting.
These suspensions contained much tissue debris and clumped cells. In order to
improve the suspension, the solution was aspirated in a syringe with a needle,
(Sabre l.lmmx50mm.) several times.

Cell Fusion for the production of somatic cell hybrids.

A23 Chinese Hamster x Cell suspension from polvp. cancer or cultured fibroblasts.

Using a haemocytometer the cell density of each cell suspension was calculated.
1x10^ A23 cells and the same number of cells from a cell suspension of fibroblast
polyp or cancer tissue were mixed together in a plastic universal, and the volume
was made up to lOmls with MEM without FCS or Hepes. The universal was
centrifuged at 40(X)rpm for 3min, in a bench top centrifuge. The supernatant was
removed and a further lOmls of MEM without FCS and Hepes was used to
resuspend the pellet. The mixed cell suspension was centrifuged again and the
medium removed. Then, using a 2ml pipette 1ml of PEG solution was added to the
cells and mixed well using the pipette for Imin exactly. 9mls of MEM without FCS
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or Hepes was added to the cell suspension in PEG solution , and then this was split
into two uni versais each containing a further 15mls of MEM without FCS or
Hepes. The universals were spun at 4000rpm for 3min, the medium removed and
then lOmls of 10% FCS/MEM was added to each of the universals. The
suspensions were pooled and mixed, then aliquoted in 1ml volumes into each of
twenty 50ml culture flasks containing 3mls of 10% FCS/MEMy to dilute the cells,
and allowed to grow overnight at 37®C.

The next day the medium was removed from the flasks and replaced with 4mls of
selective medium. The cells were allowed to grow until single colonies could be
distinguished. One colony was picked (using a curved glass pasteur pipette to
scrape the colony off), from each flask and transferred to separate 50ml tissue
culture flasks containing 4mls of selective medium. Each clone was grown up such
that there were two 800ml flasks of cells for DNA extraction, two 50ml flasks of
cells for chromosome preparation, and two 50ml flasks of cells to freeze down in
liquid nitrogen,
ie.
Ix50ml

lx50ml

IxSOml

2x800ml— ^ D N A

lx50ml

2x50ml —

lx50ml

'2x50ml

Chromosome
Preparation

1
Liquid
Nitrogen Stocks

Figure 8.3 Expansion of Hvbrid Cells.
The cells were expanded in this manner (Fig 8.3) to try to maintain the same
passage number for the DNA, chromosomes, and cells in liquid nitrogen.
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Chinese Hamster A23 x Human lymphocyte fusion.

lOmls off heparinized whole blood was diluted with lOmls of 0.8% saline. 23mis
of Lymphocyte Separation Medium (ICN Labs) was added to a plastic universal
and the diluted blood was gently layered on top. The universal was centrifuged for
20min at 1700rpm, (the speed was increased slowly). The top layer was aspirated
until the lymphocytes were uppermost. 2.5mls of the lymphocyte layer were
transferred into each of two universals containing 12.5mls of 0.8% saline. The
universals were spun at BOOOrpm for 5min. The pellets were pooled and
resuspended in 9mls of MEM without FCS or Hepes. 1x10^ A23 cells were added
to this and the total volume was made up to lOmls with MEM without FCS or
Hepes. The cell fusion was carried out as described above.

Experiment to capture the important stages in the formation of hvbrid
c e lls .

A fusion experiment was carried out as described above between A23 and human
fibroblasts. One drop of cells in PEG was removed and placed in fixative. This was
used to make a slide. In this fusion the final cell suspension produced was
distributed in 20,33mm petri dishes containing 10% FCS/MEM and the cells were
allowed to grow in these. The cells were fixed at various time intervals such that a
series of dishes were produced each with cells at different stages of development
after fusion. The slide and petri dishes were mounted in antifade solution containing
Dapi and PI, under 22mm round coverslips, and viewed by UV microscopy using a
U1 filterblock, then photographed.
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Trvpsinizing cells in flasks for subcultoring.

Medium was removed from the cells, which were subsequently washed in Hanks
Versene! trypsin was added so as to just cover the bottom of the flask, and
incubated at 37®C (up to a maximum of 5min.) until the cells were seen to detach
from the flask. Fresh medium was added to deactivate the trypsin and flush the cells
off the flask. The resulting cell suspension could be used to subculture into another
larger flask, for fusion experiments or for freezing in liquid nitrogen. If the cells
were very tightly attached to each other eg. epithelial cells, then the cells were
exposed to versene at 37®C for 20min prior to incubation in versene! trypsin.

Freezing cells down.

Cell pellets were resuspended in 1ml of glycerol medium (fibroblasts and hybrids),
or 1ml of FCS with 50/d of DMSO (Sigma) (cancer cell lines). The resuspended
cells were transferred to plastic liquid ampoules, then frozen down to approximately
-70®C at the rate of l®C/min in the neck of a nitrogen tank before they were
transferred to the liquid nitrogen itself and stored at -196®C.

Thawing cells from liqnid nitrogen.

The required frozen ampoule was removed from the liquid nitrogen, then plunged
into a beaker of water at 37°C. The thawed glycerol medium containing the cells
was transferred to a tissue culture flask containing prewarmed and CO2 equilibrated
medium. If the cells were frozen in FCS/DMSO, then the thawed cells were gently
centrifuged and the supernatant removed. The pellet was resuspended in fresh
medium then added to a flask for growth.
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Testing for mycoplasma.

Cells with non-flbroblastic Morphology.

2-3 drops of cell suspension from a normal uncontaminated fibroblast culture were
added to a small petri dish and allowed to grow overnight. 1-2 drops of cell
suspension from the culture to be tested were added to the dish the next day, and
the mixed culture was allowed to grow until a monolayer where individual cells
could be distinguished was formed. 1ml of 3:1 acetic acid/ methanol fixative was
added to the culture and left for 2min. The fixative was poured off, fresh fixative
applied and left for a further 5min. The fixative was removed and the dish allowed
to dry. The dish was then filled with 2mls of 0.1//g/ml Hoechst 33258 in PBS for
lOmin. The stain was removed and the dish was mounted in Citrate Phosphate
bujfer under a 22mm round coverslip. A control dish containing only
uncontaminated fibroblasts must also be set up and similarly stained to use as a
comparison. The cells were viewed by fluorescence microscopy with a U1 filter. A
positive mycoplasmal infection was detected by small fluorescent spots within the
cytoplasm of the cells, and was especially visible in the fibroblasts which become
infected if the test culture had a mycoplasmal infection.

Fibroblast cells can be treated directly.

G Banding.

Slides were aged for between 4-10 days at room temperature. The slides were
heated in 2xSSC at 65®C for 3hrs, washed in 0.9% saline, then placed in a solution
containing 40mls Hanks' (without magnesium or calcium) and lOmls of 0.025%
trypsin at 10®C for Imin. The time in trypsin was critical and was often varied,
after testing on control slides. The slide was then washed in 0.9% saline before
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Staining in a 10% solution of Giemsa in 6.8 Bujfer for lOmin. The slide was rinsed
in 6.8 Bujfer, dried then viewed directly under a Polyvar microscope (brightfield).

G l l B anding.

(B u y s

etal. 1984).

G11 banding is a technique used to differentially stain human and rodent
chromosomes.
Stock solutions of the G ll dyes were prepared:
Eosin Y (Gurr, Hopkin, and Williams) 2.5mg/ml in distilled water.
Azur B (Gurr, Hopkin, and Williams) lOmg/ml in distilled water, then filtered
through Whatman 1mm paper.
Methylene B (Gurrs, George, and Gurr Ltd.) lOmg/ml with 2.5mg/ml K2Cr2(>7 in
distilled water. Stirred in the dark for 2hrs at room temperature, then filtered
through Whatman 1mm paper.
All of the dyes were stored in the dark at room temperature.
2-3 day old slides with metaphase spreads of Chinese Hamster/ human hybrid cells
were preincubated in a 50mM Na2HP0 4 solution prewarmed to 37®C and brought
to pH 11.3 with NaOH. Slides were then transferred to a coplin jar containing
freshly made stain at 37®C, (50mM Na 2HP 0 4 , with 0.5mls Eosin Y stock,
0.65mls Azur B stock, and 0.6mls methylene B stock.). The slides were stained for
6.5-7min, then rapidly rinsed in water and allowed to dry. The slides were viewed
under a Polyvar microscope (brightfield). Human chromosomes appeared pale blue
and rodent chromosomes stained dark magenta.
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M olecular Techniques.

DNA extraction from coltored cells.

Two confluent 800ml tissue culture flasks were trypsinized and the cells pelleted in
a centrifuge tube. The cells were washed in 0.9% saline, and then spun down again
and re suspended in lOmls of STE 100/^1 of 25mg/ml proteinase K, (Boehringer
Mannheim), and SOOpil of 10% SDS were added to this. The cells were incubated
overnight at 37®C. After digestion the sample was transferred to a Sarstedt
centrifuge tube and lOmls of phenol was added. This was allowed to mix for
lOmins after which the tube was centrifuged at 2000rpm for 5min, and the aqueous
layer was removed. Another phenol extraction was carried out on the aqueous layer
and then a chloroform one in a similar manner. Two volumes of ice cold absolute
ethanol were added to the sample and gently mixed, then placed at -2(PC. The mass
of DNA formed was hooked out within Ihr using a glass pasteur pipette, (the tip of
the pasteur had been sealed and the end curved using a flame), dissolved in 1ml of
TE, half the volume of 7.5M ammonium acetate and two volumes of ice cold
absolute ethanol were added to this. The sample was kept at -20°C for up to Ihr
and the mass of DNA precipitated was hooked out as before into an eppendorf tube
containing 500p\ of TE. The DNA concentration was measured using a
spectrophotometer, and also a fluorometer (Hoefer).

Polymerase Chain Reaction, (PCR.)

PCR reactions were either set up in a hood or a separate room to prevent DNA
contamination. Also all eppendorf tubes and tips were handled with gloves, and
separate Gilsons were used to set up the reactions.
lOOpl reactions were set up with deionised water in 0.5ml eppendorf tubes.
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The reaction mixture per reaction contained :
lOjA xlO PCR buffer : 200/<M each dNTP : 50pmoles each primer (see appendix
II)

:

DNA.

A control tube with no DNA was always set up and a Hybaid PCR machine was
used. The tubes were initially denatured at 95®C for 5min, then, 1.25 units of
Promega Taq polymerase was added to each tube. The reaction mix was overlaid
with 100/d of liquid paraffin oil. The PCR was then allowed to continue according
to the required PCR program, (see appendix II). When the reaction was finished the
aqueous layer was removed through the paraffin oil and put into a separate
eppendorf tube. 10/d of this was mixed with 1/d of loading buffer and then
separated by electrophoresis, generally in a 2% agarose/TBE minigel. The 123bp
ladder (BRL) was diluted 1/10 with water and loaded in the gel with the samples to
determine the size of the product. The gel was viewed under UV and photographed.

*Phast System*

(Pharmacia).

The 'Phast System' has a wide variety of uses but essentially it is an electrophoresis
system, and can be used to separate proteins, DNA, or RNA on commercially
available polyacrylamide gels. For this project the system was used in order to
improve the separation of some of the PCR products from their primers (ECB27),
or in the case of the IL4 primers, to increase the separation between the
polymorphic bands. Samples were run as single stranded DNA. This method was
chosen because it is relatively simple to set up, since the polyacrylamide gels do not
need to be poured. Also the bands are visualised by silver staining and therefore
radioactive PCR need not be carried out.

0.15]A of PCR product, 0.75//1 water and 1.5//1 of formamide were mixed together
and then denatured at 99®C for lOmin. The sample was then chilled on ice for Imin
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and then run on 20% acrylamide 'phast' gels according to the manufacturer's
instructions.

The programme for separation was:
1)400v

10mA

2w

IS^C

lOvh.

2)0.025v

5mA

2w

15^C

2vh.

3)400v

10mA

2w

15®C

265vh.

4)2v

0.5mA

0.5w

150C

lOOvh

Sample Applicator down at OOOvh : Sample Applicator up at 0.009vh
The programme for developing in silver stain was:
STEP.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

SOLUTION.
1
2
3
3
4
3
3
5
5
6
5
5
7
7
8
9

TIME/MIN.
5
2
2
4
6
3
5
2
2
10
0.5
0.5
1
10
2
5

TEMP/2C.
20
50
50
50
50
50
50
50
50
40
30
30
30
30
30
50

SOLUTION :-1) 20% TCA, 2) 50% ethanol /10% acetic acid, 3) 10% ethanol /
5% acetic acid, 4) 5% glutaraldehyde, 5) deionised water, 6) 0.4% silver nitrate, 7)
Developer - 5g Na2C03 (Fisons), 80//1 formaldehyde in 200mls of water, 8)
Background reducer - 2g sodium thiosulphate, 3.7g Tris, in lOOmls of water, 9)
10% glycerol.
The 43x50x0.45mm stained gels were mounted directly and stored permanently as
projection slides.
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Fluorescence In-situ Hybridisation, (FISH).

Nick Translation to biotin label probes for FISH.

The following reaction mix was set up in a 1.5ml eppendorf tube.:2//1 of lOx nick translation buffer. (0.5M Tris-HCl pH 7.8: 0.05M MgCl2 : O.OIM
6-mercaptoethanol (Sigma) : 50/<g/ml BSA (Sigma)).
2.Spi\ each dATP, dCTP and dGTP 0.5mM, (Pharmacia).
2.5/d biotin-16-dUTP, 0.5mM (Boehringer).
Ijig probe DNA.
Sterile deionised water to make a final volume of 19/^1.
DNase 1, (Sigma) 1mg/ml stock, diluted 1/500 with deionised water.
The mixture was briefly vortexed and then 1/d of DNA polymerase I (BRL) 10u//^l
was added. The mixture was incubated for 1.5hrs at 15®C and then \jA of 5% SDS
and 25/d of TNE were added to stop the reaction. The solution was then loaded
onto a 'Nick Column" (Pharmacia), that had been equilibrated in TNE, The sample
was eluted in 2 x 400/d of TNE and the second fraction was collected. lOOpig of
sonicated salmon sperm carrier DNA (Sigma) was added to the probe as well as
50/d of 3M ammonium acetate and 1ml of ice cold absolute ethanol. The DNA was
allowed to precipitate overnight at -20°C. The DNA was then pelleted in a
microfuge for l/2hr at 4®C. The supernatant was decanted and the pellet was freeze
dried. The probe was then resuspended in 10/d of TE pH 7.5 to give a
concentration of 100ng///l. Labelled probes were stored at -20°C.

To check DNA is biotinvlated after nick translation.

1//1 of probe DNA collected straight from the 'nick' column was spotted onto a
piece of nitrocellulose and baked at 80®C for 3hrs.The nitrocellulose was treated
with the 'ABC Elite' kit (Vectastain) and the DAB Substrate' kit (Vector)
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according to the manufacturer's instructions. A black stain indicated that the probe
had labelled with biotin.

Slide preparation for FISH.

Slides used with alpha -satellite probes.

Since karyotypic data could not be obtained, in order to make further use of the
tumour specimens that were available, it was decided to use chromosome specific
alpha-satellite probes on the samples, to determine any numerical changes in
chromosomes that have been implicated in colorectal cancer. These results could be
used to complement DNA analysis, (done on the same samples), to determine the
presence of extra copies of particular chromosomes, such as chromosome 7,
which, as discussed above, often shows trisomies in colorectal tumours.

Fixed cell suspensions had been made from biopsied tissues and stored at -20®C
for up to 2years. Slides were made from these and were also stored at -20®C for up
to 4 months. Control slides, from lymphocyte suspensions were treated in a similar
manner. The table below describes the samples used in the FISH studies with
alpha-satellite probes.

Table 8.4 Average Age. Number of Individuals and Number of Samples used in
FISH Studv.
Tissue Type.

Average Age of.
Presentation / (years).

Number of Number of
Individu als. Sam ples.

From sporadic colorectalpatients.
Normal Mucosa
Sporadic Polyps
Sporadic Cancer

71.2
70.9
66.5

6
9
20

Total Number of Sporadic Individuals used in FISH study=31

88

6
9
20

Materials and Methods

Tissue Type.

Average Age of.
Presentation / (years).

Number of Number of
Ind ivid uals. Sam ples.

From FAP patients.
FAF 'Normal’ Mucosa
FAP Polyps
FAP Cancer

36
32
42

7
8
3

7
18
4

Total Number of FAP Individuals used in FISH study =11

Table 8.4 shows that as expected FAP patients present with a primary lesion at a
much younger age than 'sporadic' patients.

Three cell lines, HCA-7, LIM1215, and JW2 (Table 8.3), were also tested with these alphasatellite probes, since karyotype analysis could be done on these samples to confirm the
FISH data.

Slides for 'Forward' chromosome painting and with chromosome specific 'paints'.

Fixed cell suspensions were made from somatic cell hybrid cultures and stored at
4®C for up to I year. Slides were made and stored at -20°C for up to I month.
Slides from the hybrid clone CJ9Q (Table 8.3) were used as a control to test that the
FISH experiment had worked and to check that the probe had not hybridised to
hamster chromosomes.

Slides for 'Reverse' painting.

Fixed cell suspensions were prepared from 'normal' and 'extended' blood cultures,
slides made, and stored at -20°C for up to I month.
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Probe preparation. (Probe Mix.)

Alpha-satellite probes. (See appendix II).

These probes were used at a concentration of lng///l in 60% deionised formamide /
IxSSC P .

'Forward* chromosome painting.

\}ig of Img/ml Cot-1 DNA (BRL) was nick translated and this was used at a
concentration of IngtjÂ in 50% deionised formamide / 10% dextran sulphate
(Pharmacia)/2 x SSCP.

'Reverse' chromosome painting. Preparation of probes for competitive in-situ
hybridisation, (GISH).

Nick translated Alu PCR product of hybrid DNA that had been purified by phenol
/chloroform extractions, and precipitated with absolute ethanol, as well as nick
translated total hybrid DNA were used as probes. Reverse painting required
competition with Cot-1 DNA in order to remove the excess of conserved hamster
sequences that may cross hybridise, and any human repeat sequences that may
hybridise non-specifically, that are present in the probe. To do this, lOOng to 400ng
of probe was mixed with 10//g of Cot-1 DNA, 1/10 the volume 3M ammonium
acetate and 2 1/2 the volume absolute ethanol. The DNA was allowed to
coprecipitate for 1 1/2 hrs at -20®C, afterwhich it was spun down for 5min in a
microfuge. The supernatant was removed using a Gilson pipette, and the pellet was
freeze dried. The probe was resuspended in 10/d of 50% deionised formamide I
10% dextran sulphate I 2 x SSCP. The probe mixture was denatured in a PCR
machine (Hybaid) for 5min at70®C, then placed at 37®C for l/2hr to prehybridise.
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The prehybridisation time could be varied. The probe was then added to the
denatured slide, (see later). DNA from the hybrid clone CJ9Q (Table 8.3) was used
as a control to test that the reverse painting had worked and to check that the probe
had only hybridised with human chromosomes that were present in the hybrid
clone.

Human chromosome specific Paint* Probes.

These probes were commercially available from Cambio and were used according
to the manufacturer’s instructions.

The FISH protocol.

All washes and incubations of slides were done in glass coplin jars, and the
coverslips used were 22x50mm, unless otherwise stated. During the washes the
coplin jar was either agitated by hand or on a rocking platform.

Slides that were G banded prior to FISH were first destained in 1:3 glacial acetic
acid : methyl alcohol fixative. Slides were washed in PBS for lOmin, dehydrated in
an ethanol/deionised water alcohol series, (70% - 3min : 90% - 3min : 1(X)% 5min.), and then allowed to dry. The slides were then treated with lOOjA RNase A
under a coverslip in a moist chamber at 37®C. After Ihr the coverslips were
removed, and the slides were washed in 2xSSCy 3 x 3min. The slides were placed
in prewarmed proteinase K bujfer at 37®C for 5min, then transferred to Proteinase
K solution, at 37^C for 7.5min. Next, the slides were washed in formaldehyde
bujfer, then fixed in formaldehyde solution for lOmin. Finally the slides were
dehydrated in an ethanol/deionised water alcohol series, and air dried, before
applying the probe.
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For alpha satellite probes and forward painting, lOpil of probe mix was added to the
slide under a 22mm round coverslip, and sealed using cow gum rubber solution.
The slides were put into a preheated oven at 80®C for 5min, to denature the probe
and chromosomes simultaneously, then placed in a moist chamber at 37®C
overnight.

For reverse painting, CISH, the slides were denatured under a coverslip in 70%
deionised formamide / 2xSSCPy in an oven at 70®C, for 5min, then plunged into
70% ice cold ethanol / deionised water for 3min. Then another round of alcohol
dehydration was carried out. When the slides had air dried, the preannealed probe
mix was applied, under a 22mm round coverslip, and sealed with cow gum. The
slides were incubated in a moist chamber at 37®C for 65- 140hrs.

Post Hvbridisation Steps.
The coverslips were removed and the following washes carried out. (Washes with
formamide were done in a fume cupboard).
For alpha-satellite probes:3 X 5min in 60% formamide l2xSSC at 37®C.
3

X 5min

in 2xSSC at room temperature.

For 'forward* and 'reverse' painting and human chromosome specific 'paints':3 X 5min in 50% formamide l2xSSC at 45°C
5 X 2min in 2xSSC at 45^C.
The subsequent steps were the same for all probes and were carried out at room
temperature (between 15°C and 25°C).

The slides were washed in 4xSSC T for 5min, then incubated in 4xSSCM for
lOmin before avidin solution was applied to the slide under a coverslip for 20min.
The slides were protected from the light from the start of this incubation onwards.
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The avidin solution was washed off from the slides in 3x5min 4xSSCT. An
amplification step was carried out by incubating the slides in 100//1 anti-avidin
solution under a coverslip for 20min. The anti-avidin solution was washed off in
4xSSC T 3x5min, then another incubation in avidin solution was carried out as
described above. The slides were finally washed in 4xSSC T for 5min, then 2 x
5min in 0.9% saline. The wet slides were mounted in antifade solution. The slides
were then viewed under a Nikon fluorescence microscope, and fluorescent images
were captured using a Biorad confocal system.

Oligonucleotide primed in-situ DNA synthesis, (PRINS).
(Gosden etal. 1991)

This technique was used in order to separately visualise the distribution of Alu and
LI repeat elements within the genome.

Slides prepared from extended blood cultures were aged for two days at room
temperature. The slides were passed through an alcohol series and air dried, before
they were denatured under 20x40mm coverslip in 70% deionised formamide /
2x5'5'CP for 5min at 70°C. The slides were plunged in ice cold 70% ethanol, then
passed through another ethanol series and air dried. A reaction mix containing
400pmoles primer (AluIV or LIH), 2.5ji\ xlO Promega PCR buffer 0.5mM dATP,
dGTP, dCTP and bio-11 dUTP in 25}d for each slide was denatured at 95®C in a
PCR machine for 5min. Then 1.25units of Taq polymerase was added to this. The
slides and coverslips were prewarmed to the annealing temperature of the primer
being used. After dénaturation the reaction mix was placed onto the prewarmed
slides and the coverslip placed on top. The slides were incubated at the annealing
temperature for lOmin, then the temperature was raised to 70®C for a further
lOmin. The coverslips were removed and the slides were washed 3x3min in
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2xSSC. The slides were taken through the post-hybridisation steps as for CISH
slides.

Photography.

G banded slides were photographed using TP2415 film (Kodak) in a camera
attached to the Polyvar microscope. A green filter was used, and the DIN was set to
21. Pictures were taken using a 2.5xlens and the exposure time was automatically
set. The film was transferred to a reel in a light proof container in the dark and then
developed in Kodak HCl 10 diluted 1:9 with distilled water for Smin. 6mls of acetic
acid in 300ml of distilled water was used to stop the reaction. The film was fixed in
Hypam fixative diluted 1:4 with distilled water for 2min. The film was washed in
running water then dried in an oven. The film was printed onto Ilford multi grade
paper using a Leitz enlarger. The print was developed in Multi grade paper
developer (Ilford) diluted 1: 9 with distilled water for l-2min. 18mls of acetic acid
in SOOmls of water was used as 'stop' and the print was fixed using Hypam rapid
fix diluted 1:4 with distilled water. The prints were washed in running water for
2min, then dried.

Fluorescent images were photographed using the camera attached to a ReichertJung Polyvar microscope set for fluorescence using Scotch colorslide 640T film at
DIN35. Fluorescent images stored on the confocal system were printed out on a
Mitsubishi colour printer.
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Chapter Nine.

There are essentially two sets of results. Firstly, results obtained through the
characterisation of 77 hybrid clones that were produced from 8 separate fusions. The
experiments involved include, PCR screening for specific chromosomes, G ll staining
and 'Forward' chromosome painting by FISH, to identify human chromosomes in the
hybrid clones: and 'Reverse' chromosome painting by FISH. The other data set deals
with screening the colorectal tissue biopsies collected with alpha-satellite probes. An
overview of the biopsy material that was collected is summarised in Table 9.1.

Table 9.1 Overview of Data from Bionsv Material.

76 Individuals

T
19 Individuals

24 Individuals

61 'Affected Tissue' cultures set up

33 Individuals

91 single cell suspensions for
FISH with alpha-satellite probes.
64 suspensions from 42 different
individuals showed hybridisation
with FISH probes, thus:Chromsome 7 probe58 suspensions
Chromosome 17 probe62 suspensionsChromsome 18 probe58 suspensions.

7 primary cultures with epithelial cells.
1 primary culture of mixed origin.
6 primary cultures with growth of
contaminating normal mucosa to give
fibroblasts. (Stored in liquid nitrogen).

+
29 'Normal Mucosa' cultures set up.
11 primary cultures with growth of normal
fibroblast cells. (Stored in liquid nitrogen).

'Affected Tissue' is a biopsy of a colorectal adenoma or carcinoma.
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F ro m th e firs t 19 in d iv id u a ls p rim a ry c u ltu r e s o n ly w e re s e t u p fro m b io p s ie d tis s u e s .
T h e s e o c c a s io n a lly g a v e w h a t s e e m e d to b e p r o m is in g re s u lts , ie . a p a tc h o f e p ith e lia llik e c e lls w o u ld b e s e e n to a tta c h to th e b o tto m o f th e c u ltu r e d is h ( F ig 9 .1 ) . T h e s iz e o f
th e p a tc h w o u ld e n la r g e , b u t th is w a s la te r th o u g h t to b e d u e to th e c e lls s p r e a d in g o u t
o n th e s u rfa c e o f th e p la te , ra th e r th a n a s a re s u lt o f c e ll d iv is io n . T h e p a tc h o f c e lls
w o u ld r e m a in a tta c h e d f o r 1 -2 w e e k s a n d th e n s ta r t to d ie . T h e c e lls r a r e ly s u r v iv e d
lo n g e n o u g h to a tte m p t h a r v e s tin g a n y d iv id in g c e lls th a t m a y b e p r e s e n t. In o n e c a se
h o w e v e r , F P C 1 3 9 p o ly p 4 , c h r o m o s o m e s w e r e s u c c e s s f u lly h a r v e s te d fr o m th e p a tc h
o f c e lls b y D r. J o y D e lh a n ty , s e e F ig u r e 9 .2 .

Figure 9.1.

P r im a r v c u ltu r e . E p ith e lia l- lik e c e lls a tta c h e d to th e b o tto m o f c u ltu re

d is h in p r im a r y c u ltu r e .

S in c e s o m e re p o rts s u g g e s t th a t e p ith e lia l g ro w th is e n c o u r a g e d b y th e g ro w th o f
n e ig h b o u rin g fib r o b la s ts (M o n te s a n o

m edium

a /.

1991

: R u b in

e t a l.

1 9 9 1 ),

conditioned

w a s f e d to th e p r im a r y c u ltu re s . T h is m e a s u r e h o w e v e r , d id n o t s e e m to a id

e p ith e lia l g r o w th a t a ll. A n o th e r p r o b le m

th a t p r e v e n t e d e p i t h e l i a l g r o w th in th e s e

c u ltu r e s w a s th e p r e s e n c e o f s m a ll a m o u n ts o f c o n ta m in a tin g n o rm a l s tro m a l c e lls
w ith in th e b io p s y . F ib r o b la s ts so d e r iv e d w o u ld o f te n s ta rt to d iv id e v e ry q u ic k ly a n d
ta k e o v e r th e e n tir e c u ltu r e . In o rd e r to s e le c t a g a in s t th e s e f ib r o b la s ts s e ru m -fre e
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medium was fed to these cultures, (Murakami and Masui, 1980).

Parallel primary cultures of normal mucosa from the same individuals were also set up
as a source of fibroblasts, and cells were grown in order to make frozen stocks in liquid
nitrogen. These stocks could be used as a source of cells in DNA studies, since the
amount of normal tissue sent was often very small.

Due to the very limited success of the initial primary cultures, fixed cell suspensions
were made from the fresh tissues as well as from cells derived from the primary
cultures. Also, biopsies were sent in Transport Culture Medium in the hope of
capturing metaphases directly from the tissues. Eventually, biopsies were no longer
used to set up primary tissue cultures and it was only used to make fixed cell
suspensions. Tables 9.2a,b,c describe in detail the biopsies obtained from each
individual and how each specimen was treated. The tables also show which samples
gave rise to successful primary cultures and which of the fixed cell suspensions gave
analysable FISH signals with alpha-satellite probes. Two main reasons could account
for the lack of analysable FISH results in a number of samples listed in tables 9.2b+c.
Firstly, many samples (especially normal mucosa), did not produce a suspension of
discrete cells after digestion with collagenase but yielded a viscous mass. FISH on such
a suspension did not give any signal but rather, a haze of fluorescence over the entire
slide. A second cause for unsatisfactory results was due to the presence of large
amounts of tissue debris in the fixed cell suspension which would fluoresce brightly
after FISH and thus mask any true signal that should have been detectable.
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T able 9.2, Description of Samples collected and subsequent processing.

Table 9.2a. Biopsies for primary cultures only.

PRIMARY CULTURES.
PA TIEN TS.

Ad.

R .P .
B .P .

X

F P C 1 2 8 .*
E .C .5 0
W .B .
G .M .
A .B .
M B.
K .T .
P .H .
L .S .4 6
L .R .

X

X

X

X

J .M .
A .P .
M .S .5 6
L .N .5 7
G .H .
S .T .
H .M .

Can.

No r .

XR

E

X

RFf

Ff

E

X

X

E
X
M

X

XR

X

X

Ff

X

X

X

Ff

Ff

Ff

XR

X

XR

Ff

Ff

X

XCa

X

Ad:- Adenoma. Can:- Cancer. N or:- Normal Mucosa. Patients marked with * are from FAP
families. Unless otherwise indicated all the samples were from the colon. (R:- Rectum. Ca;caecum. ).T:- Biopsy sent in Transport Culture Medium. T-C:- Biopsy sent in Transport
Culture Medium, without colcemid. X:- No growth in cell culture. E:- Epithelial patches seen.
F:- Fibroblast growth. M:- Mixed cell growth, f:- Cells frozen down in liquid nitrogen. ():Numbers in brackets denote the total number of different adenomas or cancer specimens
obtained from an individual, if it is greater than 1.
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T able 9.2b Biopsies for primary cultures and fixed cell suspensions.
PRIM A RY CULTURES.

S U S P E N S IO N S .

PA TIEN TS.

Ad.

Ad.

E .C .6
D .K .
FPC 154*

X

FPC 136*
FPC 139*

Can. No r .

Can. No

+
+
+

X
X
1 E 4 X (5 )

Ff

3 + 2 -(5 )

3 E 2 F f3 X (8 )

Ff

7 + l-(8 )

+
+

FPC 145*
T .L .

3X (3)

X

XR

X

X

E .S .
L .N .2 5
E PC 134*
E .H .
M .S .3 4
FPC 150*

X

XT

X

+T

X

X

Ff

+

D .W .
P .T .
W .S .
P .S .
J .C .
E .K .
K .L .
L .S .3 3
R .S .
J .A .
D .T .

2 + l-(3 )

+R

+R

XL

+
+

+L

XT

+T

X

+

X

-

XTR

-T R

XTR

+TR
X

-

+

X

Ff

+

+

XR

X

+R

-R

Ff

X

+

-

XR

Ff

+R

+R

X

X

-

+

X

Ff

-

-

XR

X

-R

-

X

-

-

X

X

A d:- Adenoma. C an:- Cancer. N o r: - Normal Mucosa. Patients marked with * are from FAP
families. Unless otherwise indicated all the samples were from the colon. (R:

Rectum. L:

Liver. ). T :- Biopsy sent in Transport Culture Medium. T -C :- Biopsy sent in Transport
Culture Medium, without colcemid. X:- No growth in cell culture. E:- Epithelial patches seen.
F :- Fibroblast growth. M :- Mixed cell growth, f:- Cells frozen down in liquid nitrogen. ():Numbers in brackets denote the total number of different adenomas or cancer specimens
obtained from an individual, if it is greater than 1. + : - Sample gave a FISH signal. - :- Sample
did not give an analysable FISH signal.

100

Results

Table 9.2c. Biopsies for fixed cell suspensions.
SU S P E N S IO N S .
PA TIEN TS.

Ad.

D .A .
LB.

+
+
+

I.N.
L .O .
H .R .
FPC 164*

Can.

No r .

+TR

+
+TD

+

M .W .
P .P .

-T -C

D .H .
FPC 170*
FPC 172*

-

+

2+ i-(3 )

+

FPC 178*

+

+

FPC 195*
FPC 173*
H .B .
F .B .
E .B .
H .D .
F .D .
S .G .
H .H .
F .J .
T .K .
U .M .
D .W .
R .C .
FPC 146*
M .K .
M .M .
T .M .
A .M .

+

+
+

2 + (2 )
+
+TR
+ T -C R
+TR

+
+T

+
+R
+TR
+ T -C
+T
-T
-T -C
-T
-T -C
-R T -C
-R T -C

J .S .
R .T .

A d:- Adenoma. C an:- Cancer. N o r:- Normal Mucosa. Patients marked with * are from FAP
families. Unless otherwise indicated all the samples were from the colon. (R:

Rectum. D:-

Duodenum). T:- Biopsy sent in Transport Culture Medium. T -C :- Biopsy sent in Transport
Culture Medium, without colcemid. ():- Numbers in brackets denote the total number of
different adenomas or cancer specimens obtained from an individual, if it is greater than 1. + : Sample gave a FISH signal. - :- Sample did not give an analysable FISH signal.
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Mini
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Figure 9.2 Metaphase chromosome spread from epithelial cells of FPC 139 polyp 4.
46, XX. (3 cells analysed)
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Chapter Ten.

Somatic Cell Fusion Experiments.

Since chromosomal analysis from the primary cultures of epithelial cells proved to be very
difficult, it was decided that cells from some of the tissues would be used to make somatic cell
hybrids with the Chinese hamster cell line A23. It was hoped that this approach would yield
hybrid clones where abnormal human chromosomes from the tissue samples had been isolated.

Also at this time a fibroblast cell line from a FAP patient was available with a somatic clonal
translocation between chromosomes 5 and 17 (Figs 10.1 + 10.12). A fusion was carried out
between this cell line (FPC3), and A23 in order to try to select for the translocated chromosome
due to presence of the thymidine kinase gene on the derivative chromosome 17. Later, another
FAP patient (FPC 164) was available, who had a constitutional deletion in one chromosome 5,
(Cross etal. 1992), (Figs 8.1 + 8.2). It was hoped that the deleted chromosome 5 could be
separated from the normal one in a hybrid clone, and could be used for mapping DNA clones
isolated in the laboratory. Those clones in the region of the APC gene could then be further
studied.
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o f F P C 3 f ib r o b la s t c e ll lin e .

#
-

46 ,

,
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X Y , t(5 ;1 7 )(q l2 ;q 2 3 ).

(C h ro m o s o m e h a rv e s t a n d G b a n d in g b y D r. J o y D e lh a n ty ).
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A s e p a r a te s tu d y w a s c a r r ie d o u t in o r d e r to d e m o n s tr a te th e f o r m a tio n o f h y b r id c lo n e s ( F ig
1 0 .2 ). D u r i n g a f u s i o n e x p e r i m e n t p a r e n t c e l l s w e r e e x p o s e d t o p o l y e t h y l e n e g ly c o l ( a n a g e n t
th a t d is r u p ts c y to p la s m ic m e m b r a n e s ) , w h ic h c a u s e d th e c e lls to lo s e th e ir w e ll d e f in e d
a p p e a r a n c e ( F ig 1 0 .2 A , B + C ) . S u b s e q u e n t c e n tr if u g a tio n f o r c e d th e c e lls to c lu m p to g e th e r .
T h e c e ll m e m b r a n e s e v e n tu a lly b e g a n to r e c o v e r a f te r th e P E G tr e a tm e n t ( F ig l0 .2 D ) a n d th e
i n d iv id u a l c e lls c o u ld b e s e e n to f u s e to g e th e r , r e s u ltin g in m u ltin u c le a te c e lls ( F ig 1 0 .2 E i) . I f
th e n u c le i w e r e d e r iv e d f r o m d if f e r e n t p a r e n t c e lls w h ic h h a p p e n to e n te r m ito s is s im u lta n e o u s ly
t h e n a h y b r i d c e l l w a s f o r m e d ( F i g 1 0 .2 E Ü ) . A d d i t i o n o f
g r o w t h o f h e a l t h y h y b r i d c l o n e s ( F i g . 1 0 .2 H ) .

Figure 10.2.

M a k in g o f S o m a tic C e ll H v b rid s .

A ll o f the follow in g pictures are in the sam e scale.

A.

H u m a n P a re n t. (F P C 3 ).
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B.

R o d e n t P a re n t (A 2 3 ).

m

C .

F ix e d s u s p e n s io n o f c e lls in P E G . C y to p la s m a p p e a rs d iffu s e , a n d c e ll m e m b ra n e s a re n o
lo n g e r c le a r ly d e fin e d .
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D. 2hrs. 15min after exposure to PEG. Cytoplasmic bridges forming.

Ei. 23hrs. 45min after exposure to PEG. Multinucleate cells are visible, possible heterokaryon
if nuclei are derived from different parents.
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E ii. Cells with 2 or more nuclei in simultaneous division also observed, (if nuclei are from
different parent cells a hybrid clone will result.)

ik

F . 26hrs after exposure to PEG.
Cells with large nuclei, (perhaps containing chromosomes from 2 or more nuclei) also
micronuclei, (perhaps due to chromosome loss).

108

Results

Selective Medium added at 43hrs. 30min after exposure to PEG.
G . 46hr. 30min of growth in Selective Medium.
Death of non-hybrid clones (or hybrids without human TK gene.)

H. lOlhrs. 30min of growth in Selective Medium,
Growth of healthy hybrid cells.

Results

Table 10.1 describes the eight different fusion experiments carried out in this study.
All the fusions were with A23, and all the human parental cells were from FAP patients.
T ab le 10.1. Description of Somatic Cell Fusion Experiments.

FUSION

HUMAN
PARENT.

CELL TYPE.

NAME AND
NUMBER OF
HYBRID
CLONES.

FPC3

Fibroblasts from
cell line FPC3.
46XYt(5;17)
(ql2;q23)

F . Hybrids.
20 clones.

2.

FPC134

Liver cancer cells.
Originally from a
colon metastasis.

A . Hybrids.
9 clones.

Colonies picked
from only 3 flasks.
Clones were
extremely difficult
to grow.

3.

FPC139

Cells from
Polyp 13.
Colonic

C3. Hybrids.
4 clones

3 colonies were
picked from one
flask.

4.

FPC139

Cells from
Polyp 14.
Colonic

C 4 . Hybrids.
3 clones.

5.

FPC145

Cancer cells
Rectal

JA N . Hybrids.

6.

FPC150

Cancer cells
Colonic

MAY.Hybrids.

7.

FPC164

Lymphocytes
Blood in EDTA.
del(5)(q22q23.2)

P. Hybrids.
23 clones.

8.

FPC164

Lymphocytes
Blood in Heparin.
del(5)(q22q23.2)

P ( 2 ). Hybrids.
18 clones.

1.
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COMMENT.

The human parent was
initially infected with
fungus in both o f these
fusions. Although the
clones were treated
with Amphotericin B
the infection could not
be cleared. Therefore
all the clones were
discaided.

Blood was initially
mistakenly sent in
EDTA tubes. A
fusion was carried
out inspite of this,
in case no more
blood could be
taken.

Results

Mycoplasma Test.

All the hybrid clones gave negative results with the mycoplasma test.

A.

B.

Figure 10.3. Mvcoplasma Test.
A. F2:- Negative Control.- Cytoplasm appears clear.
B . Positive control - Cytoplasm filled with fluorescent spots.

Investigation of Hybrid Chromosome Complement By PCR.

The human chromosome complement of each of the 77 hybrid clones derived from the 8 fusion
experiments described in Table 10.1, was investigated using a PCR strategy. PCR amplification
of a predicted sized fragment with human specific primers, indicated the presence of that region
of the human chromosome in the hybrid clone (FiglO.4 + Table 10.2).

I ll
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Figure 10.4. PCR of Hybrid DNA.

Unless otherwise stated the following pictures are of 2% agarose gels. The tracks are labelled
from left to right, lad- 123bp ladder.: Hum-Positive control, random, human genomic
fibroblast DNA.: A23- Negative control, A23 genomic DNA.: 139- Genomic DNA from
normal mucosa from patient FPC 139.: 164- genomic fibroblast DNA from deletion patient
FPC 164.: FPC- fibroblast DNA from translocation carrier patient FPC3.: C- Control tube, no
DNA.: + - Sample scored as positive for presence of DNA sequence amplified between the
primer pair.

A. (Top).Prealbuminintronprimers, ISqll.(Product = 415bp.)
Tracks- (l)lad(2)Hum+ (3)A23 (4)F13 + (5)F17 (6)F20 + (7)A18.2+ (8)C33 + (9)P(2)d+ (10)P(2)10g +
(1 l)P(2)ld + ( 12)C. Note the presence of primer dimers, tracks, 4 ,6 ,7 , and 8, and also smaller than expected
bands in tracks 7, 8, and 9.

B.(Bottom). Complement component C9 intron primers, 5pl3. (Product = 255bp).
Tracks- (l)lad(2)Hum + (3)A23(4)F2+ (5)F5+ (6)F6+ (7)F7+ (8)F8+(9)F10 + (10)P3a(ll)P4a+
( 12)C. Note the presence of primer dimers and a larger than expected band in track 8.

10

11

12

415bp

255bp
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C.(Top).lnterleukin-5 intron primers, 5q23. (Product = 240bp).
T ra ck s-(l)Lad(2)Hum+ (3)A23 (4)F11 + (5)F15+ (6)F20+ (7)C33 + (8)P20a+ (9)P2d + (10)P3a +
(ll)F7a (12)C

D .(B ottom ).MCC intron primers, 5q21. (Product = 195bp.)
Tracks- (l)Lad(2)Hum+ (3)A23 (4)F ll + (5)F20+ (6)C33 + (7)P6c+ (8)P12b+ (9)P3a+ (10)Pla +
(ll)P2a+ ( 12)C. Note amplification of A23 DNA and slight aspecific amplification in clones Pla and P2a.
However, aspecific bands are clearly different from the 195bp band of interest.
1

2

3

4

5

6

7

8

9

10

11

12

240bp

195bp

E.(Top).Interleukin-4 intron primers, 5q23 (Product =183bp, 184bp, 196bp, 206bp, 253bp.)
Tracks- (l)Lad(2)Hum+ (3)A23 (4)F2 (5)139+(6)164+ (7)P2c + (8)P6a + (9)P15d (10)P18b(ll)F9 +
(12)F11 (13)F15(14)F17+(15)C

F .(Bottom ).ECB27 primers, 5q21 (Product = llSbp, llTbp.)
Tracks- ( l)Lad (2)Hum + (3)A23 (4)FPC + (5) 139 +(6)164 + (7)P2c (8)P6a (9)P15d ( 10)P18b ( 11)F9 +
(12)F11 (13)F15 (14)C. Note aspecific amplification of A23 DNA also visible in some of the hybrid clones as a
faint smear.
1

2

3

4

5

6

7

8

9

10 11

12 13

14 15

I83bp >253bp

115bp->117bp
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G. Cl IPl 1 primers, 5q21. (Product = 66bp, 70bp.)
Tracks-(l)Lad(2)Hum+ (3)A23 (4)FPC + (5)139+ (6)164+ (7)P2c (8)P6a + (9)P15d+ ( 10)P18b ( 11)F9
+ (12)F11 (13)F15 (14)F17 + (15)C. Note aspecific amplification of A23 DNA also present in some of the
clones.

1

2

3

4

5

6

7

8

9

10 I I

12 13

14

15

66bp->70bp

H .(Top).p53, 5'-untranslated primers, 17p. (Product = 223bp.)
Tracks-(l)Lad(2)H um + (3)A23 (4)F4+(5)F7+ (6)F9+ (7)F17.2 + (8)A10+ (9)C39a+ (10)P20a +
(11)C

I.(B ottom ).TC Fl intron primers, 17qll. (Product = 233bp.)
Tracks- (l)Lad(2)Hum+ (3)A23 (4)F5 (5)C33 + (6)C39a+ (7)C39b+ (8)C47+ (9)C48+ (10)F14 +
(ll)P 2 b + (12)C

1

2

3

4

5

6

7

8

9

10

11

12

223bp

233bp
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J. Pbast gel with ECB27 primers. DNA has been denatured prior to loading.
Tracks. 1). 164 Homozygous pattern 2).Maternal Aunt of 164, heterozygous pattern
Since patient 164 and his maternal aunt both carry one chromosome 5 with the same deletion (Figs. 8.1 + 8.2),
the heterozygous band pattern for ECB27 shown here proves that ECB27 maps outside the deletion. (See page
134 for furtiher comment).

K .Phast gel IL4 primers. DNA has been denatured prior to loading.
Some bands in 164 are not present in hybrid P2c indicating that P2c
contains one chromosome 5 from 164. (See page 134 for further comment).

Tracks. 1).164 2). P2c
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Hybrid DNA PCR Results.
The following table lists the PCR results of the hybrid clones that were made.
Table 10.2. PCR Data.

Primers and Locus.
Hybri d

Ç9
5pl3

F2

+

+

IL5
5q23
-

F3

-

-

F4

+

F5

pm
17p

TCFl
17qll

-

-

PREA
IS q ll
-

-

-

-

-

-

-

+

+

-

+

-

-

-

-

-

F6

+

+

-

-

+

-

F7

+

+

-

+

+

+

F8

+

-

-

-

-

+

F9

+

+

+

+

-

-

FIO

+

-

-

-

-

-

Fll

-

+

+

-

-

-

F12

-

-

-

-

+

+

F13

-

-

-

-

-

+

F14

-

-

-

-

+

-

F15

-

-

+

-

+

-

F16

-

-

-

-

+

-

F17. 2

-

+

-

+

-

-

F17

-

-

+

-

-

-

F18

-

-

-

-

-

-

F19

-

-

-

-

-

-

+

+

+

+

F20

C llPll
5q21

+

-

-

+

ECB27
5q21

+

-

*

-

MCC
5q21
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5q23
-

+

-

-

+
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Primers and Locus.
TCFl
17qll

PREA
IS q ll

C33

+

+

C39a

+

+

C39b

+

C39c

+

Hybri d

Ç9
5pl3

C llPll
5q21

ECB27
5q21

MCC
5q21

Al O

ILS
5q23

IL4
5q23

P53
17p

+

A1 2
A1 2 . 2
A1 8

+

A1 8 . 2

+

A1 8 . 3
A1 8 . 4
A1 8 . 5
A1 8 . 6

C42
C47
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Primers and Locus.
Hybri d

Ç9
5pl3

P la

MCC
5q21

IL5
5q23

+

+

+

Plb

-

+

+

P2a

-

+

”

P2b

-

-

P2c

+

P2d

-

P3a

-

P4a

+

P5a

C llPll
5q21

ECB27
5q21

■

IL4
5q23

-

-

+

+

-

+

+

+

+

+

+

+

-

P6a

+

P6c

-

+

+

PTa

-

-

-

P8a

■

-

-

P9c

-

-

Pllb

-

-

-

-

+

+

+

-

P12b

-

+

P15a

-

-

P15d

+

P16b

-

-

-

P16c

■

-

-

P18a

-

-

-

"

■

-

-

-

+

TCFl
17qll

+

+

P»
17p

+

-

+

-

■

•
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Primers and Locus.
Hybri d

c iiP ii
5pl3

5q21

e c b 27

m cc

ils

5q21

5q21

5q23

m

tc fi

5q23

.

17p

.

17qll

.

p rea
IS q ll

PlSb

+

P20a

-

P(2)l si

-

-

.

.

.

P(2)lc

“

-

.

.

.

P(2)ld

-

-

+

-

+

P(2)3&

-

-

.

.

-

P( 2) 4a

-

-

.

.

.

P( 2) Sc

■*

-

.

.

.

P(2)Tb

-

-

.

.

.

P( 2) 9c

-

-

.

.

.

P( 2 ) 1 0 g

■

-

■

P(2)llc

-

-

.

.

.

P(2)lld

-

-

.

.

.

P( 2) 12d

-

-

.

.

.

P( 2) 15d

-

-

.

.

.

P( 2) 16&

-

-

.

.

.

P( 2) 17c

-

-

.

.

.

P( 2) 18c

-

-

.

.

.

P (2) 19c

-

-

.

.

.

P( 2) 20c

-

-

.

.

.

+

.

+

-

-

-

+

(+) ; Amplification in PCR. (-) ; No amplification in PCR. prea : Prealbumin intron primers.
See appendix II for location of primers (FigA.II.l).
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'F orw ard' Chromosome Painting,

G 1 1 w a s in itia lly c a r r ie d o u t o n s o m e o f th e h y b r id s in o r d e r to d e te c t h u m a n c h r o m o s o m e s
p r e s e n t in th e h y b r id , b u t th is te c h n iq u e g a v e e x tr e m e ly v a r ia b le s ta in in g , e v e n w ith th e s a m e
b a t c h o f s l i d e s . I t w a s t h e r e f o r e d e c i d e d t o d o 'F o r w a r d ' c h r o m o s o m e p a i n t i n g u s i n g h u m a n
C O T -1 D N A to p ic k o u t h u m a n c h r o m o s o m e s p r e s e n t in th e h y b r id c lo n e s . T h is g a v e m u c h
m o re c o n s is te n t r e s u lts th a n th e G i l s ta in in g . T h e ra n g e a n d a v e r a g e n u m b e r o f p a in t s ig n a ls
o b s e r v e d in 1 5 c e lls p e r h y b r id c lo n e a r e lis te d in T a b le 1 0 .3 . T h is te c h n iq u e a ls o c le a r ly
s h o w e d i f th e h u m a n c h r o m o s o m e s h a d b e c o m e f r a g m e n te d in th e h y b rid c lo n e s .

Figure 10.5.

'F o r w a r d P a i n t o f s e l e c t e d H y b r i d C l o n e s .

(M e ta p h a s e s p re a d s fro m h y b rid c lo n e s p ro b e d u s in g C O T l D N A ).

F9.

( 4 s ig n a ls )

F l l .

( 5 s ig n a ls )

• ) (
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P 2 c.

P 3a.

(1 6 s ig n a ls )

(1 1 s ig n a ls )

-

P6a

( 6 s ig n a ls )

P 15d.
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P 18b.

Table 10.3

CJ9Q .

( 9 s ig n a ls )

( C o n tr o l D N A , 1 s ig n a l)

R a n g e a n d N u m b e r o f P C R s i g n a l s o b t a i n e d i n 'F o r w a r d ' P a i n t i n g o n a r a n d o m

s e le c tio n o f h y b r id c lo n e s

H ybrid Clone.

Minimum

Maximum N®

Average N®

of signals.

of signals

of signals, IScells

F2

1

3

2

F3

4

14

9

F5

2

11

7

F6

15

17

16

F7

1

6

4

F8

5

7

6

F9

1

9

4

FIO

5

8

6

F ll

3

8

5

F12

3

6

5
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M inim um N®

M axim um N®

A verage N®

o f signals.

of signals

o f signals. 15cells

F13

9

13

12

F14

3

13

8

F16

2

12

8

F17

12

18

14

F18

5

10

7

F19

2

8

5

F20

3

16

11

H y b rid Clone.

AlO

NO

SIGNAL

DETECTED

M2

NO

SIGNAL

DETECTED

A12.2

NO

SIGNAL

DETECTED

A18

NO

SIGNAL

DETECTED

A18.2

NO

SIGNAL

DETECTED

A18.3

NO

SIGNAL

DETECTED

A18.4

NO

SIGNAL

DETECTED

A18.5

NO

SIGNAL

DETECTED

A18.6

NO

SIGNAL

DETECTED

C33

7

10

8

C39a

1

6

4

C39b

1

4

2

C42

1

3

1

C47

5

12

8

C48

2

5

3

P la

9

19

16

P lb

10

20

15

P2a

8

23

13

P2b

2

12

8

P2c

9

17

12
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M inim um N®

M axim um N®

A verage N®

o f signals.

o f signals

o f signals, IScells

P2d

5

12

8

P3a

9

18

12

P4a

7

25

13

P6a

6

19

12

P7a

4

8

5

P8a

3

6

5

P llb

2

4

3

P12b

3

8

6

P15a

8

19

14

P15d

4

5

5

P16b

1

6

4

P16c

3

5

4

P18a

3

7

5

P18b

9

11

10

P20a

8

14

12

H ybrid Clone.

P(2)la

NO

SIGNAL

DETECTED

P(2)id

1

16

11

P(2)10g

3

7

6

P(2)16

2

6

3

’R everse ’C hrom osom e P ainting.

Reverse painting was carried out in an attempt to cytogenetically determine which of the human
chromosomes or parts of chromosome were present in the hybrid clones. Initially reverse
painting using control CJ9Q DNA, as a probe on human lymphocytes, gave very weak signals
that often could not be distinguished from back ground signal. Thus a PCR approach was taken
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in o r d e r to try to e n r ic h th e h u m a n s e q u e n c e s w ith in th e
te c h n iq u e w a s a p p lie d w ith A lu IV

and L H l

h y b rid D N A . W h e n th e P R IN S

p rim e rs o n n o rm a l h u m a n ly m p h o c y te s th e

f o l l o w i n g r e s u l ts w e r e o b t a i n e d , ( F ig . 1 0 .6 ).

Alu IV primers.

L H l prim ers.

m

Figure 10.6.

P R IN S T e c h n iq u e .

S in c e th e A lu IV p rim e rs g a v e a g o o d b a n d in g p a tte rn w ith th e P R IN S te c h n iq u e th a t c o v e re d
m o s t o f th e le n g th o f th e c h r o m o s o m e s , P C R w ith A lu I V w a s c a r r ie d o u t to e n r ic h f o r h u m a n
s e q u e n c e s w i t h i n t h e h y b r i d c l o n e s ( F i g . 1 0 . 7 ) , p r i o r t o ’r e v e r s e ’ p a i n t i n g , u s i n g A l u I V P C R
p ro d u c t fro m h y b rid c e lls a s a p ro b e , o n to m e ta p h a s e s p re a d s o f n o rm a l h u m a n ly m p h o c y te s .
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I

F ig u re

II

1 0 .7 . A lu IV P C R .

T r a c k s : - 1 ). 1 2 3 b p l a d d e r : 2 ) . R a n d o m H u m a n f i b r o b l a s t g e n o m i c D N A .: 3 ) . A 2 3 g e n o m i c
D N A : 4 ). C J9 Q D N A 5 ). P 2 c D N A : 6 ). P 6 a D N A : 7 ). P 1 5 d D N A

: 8 ). P lS b D N A

: 9 ).

C o n tro l, n o D N A .

T h e A l u I V P C R p r o d u c t s w e r e t h e n u s e d i n 'R e v e r s e ’ p a i n t i n g b y C I S H .

F ig u re

1 0 .8 . R e v e rs e ' P a in t w ith C J 9 Q A lu P C R D N A .

C J 9 Q A lu IV P C R p r o d u c t D N A a s p ro b e o n to n o rm a l h u m a n ly m p h o c y te s , s h o w in g s ig n a ls
o n ly o n c h r o m o s o m e a rm 9 q b e lo w th e c e n tro m e re .

\ V
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O n ly th e c o n tr o l h y b r i d C J 9 Q , A l u P C R D N A g a v e a g o o d s i g n a l ( F ig . 1 0 .8 ). A d e f in i te p a tte r n
o f b a n d s c o u ld b e s e e n b e c a u s e a n A lu P C R p ro d u c t h a d b e e n u se d a s p ro b e c o m p a re d to th e
s ig n a l o b ta in e d w h e n to ta l h y b r id D N A w a s u s e d a s a p r o b e ( F ig 1 0 .1 0 , C J 9 Q c o n tr o l) . U s in g
t h e c o n t r o l h y b r i d t h e c o n d i t i o n s r e q u i r e d t o o p t i m i s e t h e 'r e v e r s e ’ p a i n t i n g s i g n a l w e r e
in v e s tig a te d . T h e f o llo w in g m e a s u r e s g a v e th e b r ig h te s t a n d m o s t c o n s is te n t s ig n a ls .

1 ). F r e s h s l i d e s , o r s l i d e s u p to 3 w e e k s o l d t h a t h a d b e e n s t o r e d a t - 2 0 ® C .
2 ). P r o te in a s e K c o n c e n tr a tio n in c r e a s e d to 5 0 n g /m l.
3 ). P ro b e c o n c e n tra tio n in c re a s e d to 4 0 n g //d . ( M e a s u re d in f lu o ro m e te r).
4 ). C o t-1 D N A u s e d a s a c o m p e tito r , f r a g m e n t s iz e is im p o r ta n t. ( S o n ic a te d h u m a n p la c e n ta l
D N A a n d h u m a n g e n o m ic D N A h a d a ls o b e e n u s e d a s c o m p e t it o r , F i g u r e 1 0 .9 ).
5 ). P ro b e th a t h a d b e e n d e n a tu re d in a P C R m a c h in e .
6 ). P re h y b r id is a tio n tim e s b e tw e e n 3 0 m in a n d 3 h r s d id n o t a f fe c t th e s ig n a l s ig n if ic a n tly ,
th e re fo re 3 0 m in p r e h y b rid is a tio n w a s a lw a y s u s e d .
7 ). In c re a s e d h y b rid is a tio n tim e o f b e tw e e n 5 to 7 d a y s .

1

2

3

4

5

6

! I
Figure 10.9. C o m p e t i t o r

DNA.

T r a c k s : - 1 ). 1 K b l a d d e r : 2 ) . H u m a n f i b r o b l a s t D N A P C R e d w i t h A l u ( T c - 6 5 p r i m e r s . : 3 ) .
C o t - 1D N A ( 7 0 b p - 3 0 0 b p ) : 4 ) . S o n ic a te d h u m a n p l a c e n t a l D N A : 5 ). H u m a n g e n o m i c f i b r o b la s t
D N A : 6 ).

X

L ad d e r.

T h e h y b r i d c l o n e s p r o b a b l y d i d n o t g i v e g o o d 'r e v e r s e ' p a i n t i n g w h e n A l u I V P C R D N A f r o m
th e s e h y b rid s w a s u s e d a s p ro b e , b e c a u s e u n d e r th e c o n d itio n s u s e d th e P C R d id n o t

g e n e ra te

e n o u g h e n r i c h e d h u m a n s e q u e n c e s . T o t a l h y b r i d D N A w a s t h e r e f o r e u s e d t o 'r e v e r s e ' p a i n t
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h u m a n ly m p h o c y te c h r o m o s o m e s b y C IS H . U s in g th e m e a s u r e s o u tlin e d a b o v e a C IS H s ig n a l
c o u ld b e c a p tu r e d . T h is a p p r o a c h g a v e a m o re e v e n p a in t w ith o u t a b a n d in g p a tte rn .

Figure 10.10.

'R e v e r s e * P a i n t w i t h T o t a l H y b r i d D N A .

(O n to n o rm a l h u m a n m e ta p h a s e C h ro m o so m e s ).

CJ9Q.

F9.

P2c.

%y
y

I
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P15d.

P18b.

IT

T h e P C R d a t a ( T a b l e 1 0 .2 ) s e e m e d t o s u g g e s t t h a t t h e h y b r i d c l o n e P 2 c c o n t a i n e d t h e d e l e t e d
c h r o m o s o m e 5 ( F ig 8 .1 ) a n d n o t th e n o r m a l o n e . T o c h e c k th is , m e ta p h a s e s p r e a d s f r o m th is
c l o n e w e r e G - b a n d e d ( F i g 1 0 . 1 1 B ) a n d t h e n 'r e v e r s e ' p a i n t e d b y C I S H u s i n g a c h r o m o s o m e 5
p a i n t p r o b e f r o m C a m b i o ( F i g 1 0 . 1 1 C ) . F i g u r e 1 0 .1 1 s h o w s t h a t t h e h y b r i d c l o n e P 2 c c o n t a i n s
o n e co p y o f a frag m e n t o f h u m an ch ro m o so m e 5.

Figure 10.1 1 .
A.

G - b a n d in g a n d c h ro m o s o m e 5 p a in t o f P 2 c .

N o r m a l h u m a n ly m p h o c y te s w ith c h r o m o s o m e 5 p a in t.
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B .G-Banded metaphase spread of hybrid clone P2c.
%

/

‘

'

/

V ,

X

C . Metaphase chromosome spread shown in (B) with chromosome 5 paint.
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Outcome of Hybrid Posions.

From the somatic cell hybrid data, the first point to note is the large variation in the numbers of
hybrid clones obtained from each of the fusions, eg. only 3 clones were produced from fusion 4
(A23 X Polyp 14 of patient FPC139), which were all picked from only one flask. In fusion 7
however, (A23 x lymphocytes from deletion patient FPC164), 23 clones were isolated. This
may reflect the actual state of the human cells prior to fusion, in that, cells which could easily be
cultured, generated more hybrid clones per fusion. Also, in some clones the amount of human
DNA captured must be very small, since in the ’A’ hybrids human DNA is only detected by
PCR and not by Forward FISH painting. This finding serves to illustrate the problem of human
chromosome fragmentation that is occurring in these hybrids. Fragmentation of human
chromosomes and their subsequent insertion into hamster chromosomes can be seen in figure
10.5, hybrid clones F9 and P2c.

The PCR data shows that in spite of thymidine kinase selection none of the 'P hybrids clones
have retained all of the 5q and chromosome 17 markers which was expected if the intact
derivative chromosome 17 with chromosome arm 5q had been captured (Fig. 10.12). This
perhaps again suggests chromosome fragmentation, or that the normal human chromosome 17
is preferentially retained in the hybrid clones over the thymidine kinase gene present in the
derivative chromosome, although only 5.2% of all hybrid clones appear to have retained an
intact chromosome 17.
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Normal
d er 5

Normal
der 17

15.3
15.2
15.1
14

TCFl
Breakpoint
in cell line
FPC3

Breakpoint
in cell line
FPC3

Thyimdine
Kinase

Cllpll
ECB27
MCC

CllPll
ECB27
MCC

F ignre 10.12. Diagrammatic representation of reciprocal translocation t(5:17Kql2q23) in
fibroblast cell line FPC3.
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PCR data of the 'C hybrids suggests that only C33 has retained part of chromosome 5.
However, Forward painting experiments suggested that these clones mainly contained
fragments of human chromosomes inserted into hamster chromosomes, and work with these
clones was not pursued further.

The PCR technique provides the simplest and quickest method to screen the hybrids, but even
here, unexpected results were obtained, eg. The presence of a smaller than expected band with
18q prealbumin primers. Clone P(2)ld (Fig. 10.4), and the presence of a larger than expected
band with 5p, C9 primer. Clone F8 (Fig. 10.4B), after amplification. This cannot be explained
by aspecific amplification of human DNA, since in all cases the human DNA positive control
showed amplification of bands of the correct size. Amplification of A23 DNA is also not the
cause of these bands, since where there is amplification of A23 DNA with MCC, ECB27 and
C l l P l l primers (Rgs. 10.4D, F + G), the bands produced are separate and easily identifiable.
Thus anomalous bands produced probably can, in part, be accounted for by fragmentation of
human chromosomes and loss or gain of human material between the primers during fusion.
Other smaller than expected bands that are seen with the prealbumin primers, clones F13, F20,
A 18.2 and C33 and the C9 primer, clone F8 (Figs. 10.4A + B), are seen to lie just above the
primer band and are probably due to the formation of primer dimers.

Using the information from both the PCR data and Forward painting by FISH, somatic cell
hybrid clones were chosen for Reverse painting, (clones picked that contained a chromosome 5
and preferably had a smaller number of signals in the Forward painting. Although the hybrid
control sample CJ9Q gave very clear results in the Reverse painting, and even a banding pattern
when its DNA was an Alu PCR product and used as probe in the Reverse paint, the test hybrids
failed to give such a clear result. The difficulty in obtaining distinct results in the Reverse paint
may have been because these clones had not yet reached a stable state and were in fact a mixed
population of cells. This is evident from the Forward FISH painting since not all of the cells
from the same clone contained the same number of FISH signals, as shown in Table 10.3.

133

Results

The reverse painting does show however, that the human chromosomes have become
fragmented eg. clone P15d, only small parts of human chromosomes are present in the hybrid.
In spite of the difficulties experienced with these hybrids, chromosome painting using a
chromosome 5 specific paint probe (Fig. 10.11) shows that clone P2c contains a part of
chromosome 5 in over 80% of cells. The PCR data for this clone suggests that the chromosome
5 paint signal is probably due to the deletion chromosome 5 derived from the lymphocytes of
patient FPC164 (Fig. 8.1A). However the presence of the probe ECB27 for the locus D5S98
was detected by FISH in the deletion chromosome 5 of this patient (Cross et al. 1992). Also,
PCR data from the maternal aunt of patient FPC164, who carries the same deletion chromosome
5 (Rg. 8.2), indicates that ECB27 maps outside the deletion (Fig. 10.4J). However, the hybrid
clone P2c does not give amplification using primers from this region (Fig.l0.4F). This
suggests that fragmentation human chromosomes and subsequent loss as well as rejoining of
remaining fragments has occurred during the fusion experiment.

Chapter Eleven.

FISH Results osing Alpha-Satellite Probes.

Slides of cell suspensions made from tissue biopsies collected in this study were subjected to
FISH with alpha-satellite probes, that were specific for chromosomes 7, 17, and 18, to detect
numerical abnormalities in these chromosomes (Rgure 11.1). The chromosome specificity of
each of the probes was checked in every FISH experiment using chromosomes made from
blood from a normal individual. This measure helped to monitor the penetration of the probe
and thus the efficiency of the FISH technique (which can be very different in each FISH
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experiment) on a day to day basis. Thus FISH results were only considered if the percentage of
cells that had two signals (the expected value), was greater than 80% with the alpha-satellite
probes on the normal blood chromosomes. Normal colonic mucosa from patients with
colorectal tumours not associated with PAP was chosen as a control population, to determine
the significance of the results. This is because colonic mucosa (from which the tumours arise)
is epithelial in origin and may show a different distribution of FISH signals from normal
blood. Also, normal colonic mucosa had been treated in the same way as the tissue samples,
and therefore would serve as a better control than blood. If the specimens had a FISH value of
more than the mean of the control population (normal mucosa) + 3 standard deviation units of
the control population, it was considered to be significant. If the value for 'no signals' was
found to be significant for a particular sample, then all of the values obtained for that specimen
(with that probe), were considered with a degree of doubt. This is because the values of its
FISH result may be an underestimate of the actual values, perhaps due to poor hybridisation.
Test suspensions that did not give a FISH signal after two attempts were abandoned.
Hybridisation signals were only counted in non-overlapping cells, and any 'split-spot' signals
were counted as a single signal. FISH was also carried out on three colorectal cancer cell lines
in order to detect any numerical abnormalities (compared to normal mucosa), so that this data
could be compared to the karyotypes obtained for these cell lines (Figure 11.2). At least 100
nuclei were counted for every sample.

91 single cell suspensions were generated from 57 different individuals. 64 suspensions from
42 different individuals gave a FISH signal with the alpha-satellite probes. Not all of the
hybridisations gave a result, either because the cell suspension was too old, or due to a lack of
distinct non-overlapping nuclei, from which clear FISH signals could be counted. Many of the
suspensions still contained cell debris which gave a haze of non-specific fluorescence.
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Figore 11.1. FISH with Alpha-Satellite Probes.
Chromosome 7 probe. (Lymphocytes)

Chromosome 12 probe. (Lymphocytes)
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Chromosome 17 probe. (Lymphocytes)

Chrom osom e 18 probe.
FPC178 Polyp

Lymphocytes
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Chromosome 18 probe on JW2 cells.
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Figure 11.2 Karyotype of Cell Lines.
A. HCA-7. 46 X add(X)(q24), del(l)(q21), -4, -4, del(6)(q21), +10, -13, add(14)(pll),
-15, der(16)t(l;16)(ql2;qll), add(18)(q22)x2, +20, +mar, +fragx2. (Passage number 29)

-4x2

Iq-

l\

n

ii

II

+10

6q-

13

14p+

16q+

-15

■| t
„

lU K II

21

139

*2

17

18q+x2

I

••

+ 20

11

22

-X. Xq+

ResuJis

'^

‘«X p;17)(pn.l;qll.l)

'

^)>> H

ii II

i Iq

K if M « » K M

*• HM ,,,
13

i I4q

15

16

f
19

20

140

. .

#4

21

22

^
17p+

18

i

Results

C. LIM1215. 46, XY, der(13)t(l;13)(q32.1;pll). (Passage number 17)
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The following tables list the results as percent of nuclei containing, 0, 1, 2, 3, 4 or 5 signals
with each of the alpha-satellite probes. (Percentage value rounded up to the nearest whole
number). The chromosome 12 probe was only used on a few of the samples to observe any
changes that occur in a chromosome not linked with colorectal carcinogenesis and to determine
ploidy. Information on histology of the tissues is also provided and results of DNA Southern
Blotting studies carried out on the same tissues done by Luiza Bowles. (See appendix II for
information on probes used in molecular analysis). DNA from some of the samples were also
tested for ras mutations by Michele Rees and these results are also included. Like Poddighe et
al. (1991), a value of Mean + 3(S.D.) was chosen to determine which results varied
significantly from those obtained for the normal mucosa control.
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Table 11.1. FISH Results from Normal Blood Controls.

PERCENTAGE OF CELLS WITH NUMBER OF SIGNALS.
C hrom osom e 7

0

1 2 3

1

3

96

2

7

90

3

11

85

3

5

5

Chrom osom e 17.

0

1 2 3 4 5 T

0

1 2 3

100

3

1

93

3

147

2

4

94

130

1

117

3

1

95

1

117

1

6

93

105

1

122

8

3

89

115

7

4

89

152

92

100

3

3

92

2

118

9

6

84

3

92

104

4

3

92

1

113

8

2

90

118

1

7

91

154

3

6

91

121

5

2

93

113

3

2

95

136

1

4

93

2

115

4

3

93

108

0

4

96

116

4

2

89

5

161

8

2

90

100

3

7

90

117

3

2

92

3

107

3

4

91

3

2

95

109

1

0

92

7

100

0

2

98

100

4

4

92

107

3

3

93

1

116

9

6

85

127

4

6

88

1

2

96

1

4.8

3.6

91.3

0.3

1

2

2.7
M EAN=
5.1
91.4 0.8
T:-Total number of cells counted

4 5 T

C hrom osom e 18.

123
3.3

2.5

91.9

2.3

1

2

4 5 T

128

116
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Test of FISH efficiency, 8 different cultures from two different individuals were used. FISH data from the test samples was only counted if the
percentage of normal blood nuclei with 2 signals (the expected number) was > 80%

T a b le

1 1 . 2 F I S H d a ta f r o m n o r m a l m u c o s a t is s u e b io p s ie s fr o m s ix c o lo r e c ta l c a n c e r p a tie n ts n o t a s s o c ia t e d w it h F A P .

F ISH R esults.

PERCENTAGE OF CELLS WITH NUMBER OF SIGNALS.
C h rom osom e

7

C h rom osom e

PATI ENT

M/F

Ag e

0

1 2 3

4 T

K .L .

M

76

4

4

87

3

2

T .L .

M

73

11

9

78

2

100

P .S .

F

63

7

10

81

2

E .S .

M

69

2

3

95

W .S .

M

79

L .S .3 3

M

67

17.

C h rom osom e

18.

0

1 2 3 4 T

0

1 2 3

5

4

90

1

143

8

7

83

2

108

100

11

3

83

3

114

14

6

79

1

141

132

5

4

90

1

136

15

8

75

2

136

11

4

85

101

9

0

88

3

105

16

2

78

4

105

13

15

72

109

4

T.

t
8

4

87

1

M EAN=

6.4

6

85.6

1.6

0.4

9.6

3.4

85.2

1.8

11.8

7.2

79.4

1.6

S .D .=

3.5

3.2

6.5

1.1

0.5

4.7

1.1

5.1

1.8

3.1

5.4

6.3

1.1

MEAN +
3 (S .D .) =

1 6 . 9 15.6

1.9

2 3 . 7 6.7

104.5

T :-Total number of cells counted.: S . D .

4.9

115

100.3 7 . 2

Standard Deviation.

Control population, to determine the distribution of abnormal clones present in normal colonic mucosa.
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21.1 2 3.4 9 8 .3 4 .9

Table 11.3a DNA results from Cell Lines.
DNA R esults.
H CA7
JW 2

NL 5q (MC5.61) LOH 5q (YN5.48) LOH 17p (MS228) LOH 18q (OLVII, DCC).
ras mutation codon 12.2 G->A:Gly*>Asp.

L IM 121S

Duplication lq42-43.

N Li-No allele loss at loci detected by probes listed.: LO H :- Allele loss at loci detected by probes listed.

S Table 11.3b. FISH results on Cell Lines

PERCENTAGE OF CELLS WITH NUMBER OF SIGNALS.
Chrom osom e 7

0

1 2 3

H C A -7

11

8

80

JW 2

3

2

LIM 1215

0

8

Chrom osom e 17.

C hrom osom e 18.

4 5 T

0

1 2 3 4 5 T

0

1 2 3

1

no

1

9

85

5

129

2

6

91

94

2

117

0

3

90

7

123

1

78

21

92

1

150

1

4

95

176

0

2

96

T: - Total number of cells counted.

1

4 5

T.
no
284

2

162

I

T able 11.4a Histology and D N A results from Sporadic Polyp patients.
DNA R esults.

M /F .
M

H istolo 2 V
Benign tubular adenoma of the sigmoid colon.

61

F

1.5cm benign tubular adenoma.

1923

67

F

Severely dysplastic tubular adenoma of the
sigmoid colon, no malignancy.

D .K .

1940

40

M

1.5cm severely dysplastic polyp

T .L .

1916

73

M

4cm, moderately dysplastic villous adenoma.
sigmoid colon, no malignancy
of the rectum

NL 5q(XMS8, YN5.48, APC54D, L5.71, ECB27.
LOH 17p(114D6, Y N Z 22),N L 18q(DCC)

I .N .

1916

73

F

3cm benign villous adenoma with moderate
dysplasia in the splenic flexture.

NL 5q (APC54D), NL 17p (144D6) N L 18q (DCC)

L .O .

1906

84

F

Benign villous adenoma with small foci of
invasive adenocarcinoma of the rectum.

NL 5q (EF5.44, ECB27, H227) NL 17p (144D6,
YNZ22), N L 18q (DCC)

H .R .

1916

74

M

Metaplastic polyps, (not adenomas, not true
tumour.)

M .W .

1952

38

F

Tubulovillous adenoma with moderate
dysplasia of the recto-sigmoid junction.

P a tie n t.
D .A .

D .G .B .
1918

I .E .

1929

E .G .6

D .O .B .: -Date of birth : M /F:-;Male/Female : NL:-No allele loss at loci detected by probes listed.:
LO H :- Allele loss at loci detected by probes listed.

NL 5q(XMS8, YN5.48, APC54D, L5.71, ECB27)
NL17p (144D6, YNZ22)

T ab le 11.4b FISH results of Sporadic Polyp patients .

PERCENTAGE OF CELLS WITH NUMBER OF SIGNALS.
Chrom osom e 18.

Chrom osom e 17.

Chrom osom e 7

0

1

2

3

4 5 T.

124

19

8

71

2

154

1

130

5

8

77

6

88

1

227

9

15

76

125

9

81

2

182

19

15

66

150

6

9

80

5

142

13

6

80

104

7

9

84

103

17

12

71

110

265

3

1

77

13

141

18

15

67

184

6

145

8

2

85

5

132

13

2

85

127

84

6

130

7

1

86

6

122

6

9

84

1

77.1

3

7.4

5.1

82.9

3.9

13.2

10

75.2

1.1

0

1

2

3 4 5 T

106

16

4

78

2

116

7

5

87

130

5

6

106

8

7

137

1

PATIENT.

0

1

2

3

D .A .

13

16

70

1

I .E .

3

5

86

5

E .C .6

9

9

81

1

D .K .

6

18

76

T .L .

3

13

77

I .N .

29

19

51

L .O .

7

9

84

H .R .

3

6

85

M .W .

5

5

MEAN=

8.7

11.1

T:-Total number of cells counted.

4 5 T
1

0.1

6

0.7

2

2

120

119

1

121

0.2

0.2

I

T able 11.5a Histology and DNA results of Sporadic Cancer patients.

Patient.

D .O .B .

Age

M /F. D uke's

Histology

DNA Results.

Stage.
H .B .

1926

63

M

B

4cm moderately differentiated adenocarcinoma
of the splenic flexture of colon.

F .B .

1931

59

M

B

Moderately differentiated mucin secretory
adenocarcinoma of lower 1/3 of rectum
with extensive local infiltration. Died 1991.

E .B .

1918

72

F

A

Moderately differentiated carcinoma of
lower 1/3 of rectum.

J .C .

1940

49

M

B

Well differentiated adenocarcinoma of
rectum.

H .D .

1918

72

M

B

Moderately differentiated adenocarcinoma

NL 5q(X,MS8, MC5.61, YN5.48, EF5.44,

o f the sigm oid rectum.

APC54D, MCC40, L5.71, L5.62, ECB27,
C llP ll, B 227), NL 17p, (144D6)

^
È

F .D .

1921

69

M

B

Moderately differentiated adenocarcinoma
from villous adenoma in ascending colon.

S .G .

1929

61

F

B

Moderately differentiated adenocarcinoma
of sigmoid colon.

E .H .

1909

81

F

B

Moderately differentiated adenocarcinoma
of sigmoid colon.

NL 5q(X,MS8,YN5.48), L OH 5q(L5.71).
NL 18q (DCC)

T able 11.5a Histology and DNA results from Sporadic Cancer patients continued.

P a tie n t.

D .O .B .

Age

M /F .

P u k e 's

H isto lo g y

DNA R esults.

S ta g e .
H .H .

1926

64

M

A

Moderately differentiated invasive
adenocarcinoma of sigmoid colon.

F .J .

1920

70

M

C

6.5cm moderately differentiated
adenocarcinoma of rectum.

E .K .

1925

65

F

B

7.5cm moderately differentiated
adenocarcinoma of sigmoid colon,
invading uterus.

T .K .

1935

55

F

A

2cm well differentiated adenocarcinoma
of rectum.

K .L .

1914

76

M

A

4cm ulcerated moderately differentiated
adenocarcinoma of the rectum

U .M .

1932

58

F

C

Moderately differentiated adenocarcinoma
of transverse colon with extensive liver
involvement.

L .N .2 5

1924

65

F

A

Moderately differentiated adenocarcinoma
of sigmoid colon.

P .S .

1926

63

F

B

7cm moderately differentiated
adenocarcinoma of sigmoid colon.

N L 5q (YN5.48, MCC40, L5.62)
LO H 5q (APC 54D), NL 18q (DCC)

LO H 5q (YN5.48, L5.71).NL 5q(XMS8,
L5.62), NL 17p(144D 6)N L 18q(DCC)

T able 11,5a Histology and DNA results from Sporadic Cancer patients continued.

P a tie n t.

D .O .B .

Age

M /F .

D u k e 's

H isto lo g y .

DNA Results.

S tag e.

^

E .S .

1921

69

M

C

Moderately differentiated carcinoma
of sigmoid colon.

NL 5q(XMS8, YN5.48, APC54D, 0227)
NL 17p (144D6) LO H 18q (DCC).

M .S .34

1917

69

M

B

5cm moderately differentiated
adenocarcinoma of hepatic flexure.

LO H 5 q (m S 8 ,L 5 .7 1 ).

7cm moderately differentiated
adenocarcinoma of rectum.

NL 5q(XMS8, YN5.48) LOH 5q(APC54D
, L5.62).NL 17p(144D6) 18q(DCC)

P .T .

1913

73

F

C/D

D .W .3 6

1938

77

F

C

Moderately differentiated
adenocarcinoma of ascending colon.

D .O .B . : -Date of birth : M /F: - Male/Female : NL:-No allele loss at loci detected by probes listed.:
LO H :- Allele loss at loci detected by probes listed.

T able 11.56 FISH results from Sporadic Cancer patients.

PERCENTAGE OF CELLS WITH NUMBER OF SIGNALS.
Chrom osom e 7

LA

Chrom osom e 17.

PATIENT.

0

1 2 3

4

H .B .

10

11

65

14

F .B .

31

14

46

6

E .B .

3

16

58

J .C .

4

10

74

H .D .

9

20

71

F .D .

23

23

53

1

S .G .

6

5

59

23

7

E .H .

11

12

63

7

5

H .H .

2

2

70

22

3

F .J .

8

10

74

8

E .K .

5

6

73

13

T .K .

22

22

55

1

0

1 2 3 4 5 T

0

1 2 3

113

15

6

73

6

141

16

13

65

3

132

13

4

78

5

197

17

8

75

21

2

214

1

3

72

17

259

5

17

77

1

178

9

3

115

13

14

73

172

8

10

81

1

114

152

14

15

69

2

148

11

24

62

3

141

126

5

4

90

1

110

15

22

61

2

158

239

10

16

73

1

248

9

12

72

7

195

2

128

7

14

73

6

124

9

5

84

2

147

1

125

9

3

86

2

120

10

15

73

2

137

215

10

5

84

1

202

27

17

56

132

136

7

4

87

2

169

12

11

77

202

120

16

7

76

1

153

22

12

66

106

3

5 T

C hrom osom e 18.

7

6

4 5

T.
147
130

T able 11.5b FISH results from Sporadic Cancer patients continued.

PERCENTAGE OF CELLS WITH NUMBER OF SIGNALS.
Chrom osom e 7

Chrom osom e 17.

PATIENT.

0

1

2

3

4

K .L .

8

4

84

3

1

U .M .

10

13

70

6

1

Chrom osom e 18.

0

1

2

3 4 5 T

0

1

2

103

1

6

90

3

163

12

29

59

179

9

7

84

146

16

15

68

12

10

78

103

18

10

72

113

6

3

80

8

120

10

6

83

1

166

8

7

82

3

139

6

4

68

12

106

21

7

71

1

159

5 T

L .N .2 5

3

4 5 T.
138

1

207
104

P .S .

28

12

58

2

E .S .

3

12

73

9

M .S .34

8

11

79

2

100

15

12

73

P .T .

3

15

72

10

127

9

7

83

1

111

18

9

71

2

158

D .W .3 6

7

4

82

6

1

136

6

11

82

1

179

10

13

74

3

174

MEAN=

10.6

11.7

67.3

8.6

1.7

9.3

7.9

79.3

3

13.6

13

70.8

2.2

T:-Total number of cells counted.

3

0.2

3

0.5

142
7

0.4

3

139

0.2

I

Table 11.6 FISH results from FAP patients 'Normal' Mucosa.

PERCENTAGE OF CELLS WITH NUMBER OF SPOTS.
PATIENT

M/F

Chrom osom e 18.

Chromosome 17.

Chrom osom e 7
A ge

0

1 2 3 4 T

0

1 2 3

210

10

7

82

1

113

13

11

73

3

114

5

3

92

4 T

4 T.

0

1 2 3

174

10

6

82

2

125

100

16

8

74

2

115

11

5

84

FPC136

M

25

6

19

70

s

FPC170

F

34

6

8

77

8

FPC139

F

27

27

33

40

FPC172

M

19

3

4

78

FPC173

M

62

11

2

87

105

FPC195

M

49

5

0

95

114

10

0

84

6

102

FPC178

M

33

10

6

71

13

101

27

20

52

1

154

9

4.8

83.3

2.8

14.8

7.8

75.2

2.2

MEAN=

M /F I -Male/Female.

1

159

15

0

4

90

6

8.4

13.6

71

6.8

120

102

0.2

124

T ab le 11.7a Histology and DNA results from FAP Polyp patients.

Patient.

D .O .B .

Age M /F.

FPC 136

1967

25

FPC 145

1969

23

M

F

P olyp .
2

12mm polyp,.moderately dysplastic, no invasive malignancy.

3

10mm polyp, mildly dysplastic, no invasive malignancy.

4

10mm polyp, mild - moderately dysplastic, no invasive
malignancy.

1965

27

F

DNA Results.

Ascending
Transverse

FPC 139

H istology

17mm, mostly mild - moderate dysplasia.

1

1cm tubular adenoma with mild dysplasia.

4

1cm tubular adenoma with mild dysplasia.

5

1cm prominantly metaplastic, and small area tubular
adenoma with mild dysplasia.

6

1cm tubular adenoma with mild dysplasia.

8

1cm tubular adenoma with mild - moderate dysplasia.

9

1cm tubular adenoma with mild dysplasia.

10

1cm tubular adenoma with mild - moderate dysplasia.

ras Mutation codon 12.2
G->C : Gly->Ala.

T able 11.7a FAP Polvp patients continued.

Patient.

D .O .B .

A ge M /F.

FPC 164

1967

25

M

Duodenal adenoma.

FPC 154

1950

42

F

Adenoma.

FPC 172

1973

19

M

DNA Results.

B
D

FPC 173

1930

62

M

Polyp, less than 1cm.

FPC 178

1959

33

M

6x4cm polyp of descending colon.

NL 5q (EF5.44, APC54D)

D .O .B .: -Date of birth : M/F: - Male/Female : NL : -No allele loss at loci detected by probes listed.
LOH:- Allele loss at loci detected by probes listed.

I

T able 11.7b FISH results from FAP Polvp patients

PERCENTAGE OF CELLS WITH NUMBER OF SIGNALS.
Chrom osom e 7

Chrom osom e 17.

0

1

2

3

2

12

8

79

1

104

3

16

16

67

1

109

19

18

63

4

26

10

64

112

21

8

70

1

102

A s c e n d in g

11

16

72

1

129

13

5

80

2

T ran sv erse

3

4

71

19

175

5

2

84

1

18

14

68

119

16

4

4

15

23

61

1

115

13

S

27

6

66

1

113

16

6

13

17

70

PATIENT.

4

5 T

Chrom osom e 18.

0

1

2

3 4

5 T

3

4

T

0

1

2

24

5

71

129

7

19

71

3

237

9

121

5

10

79

6

112

78

2

116

11

8

80

1

121

5

81

1

146

6

9

80

5

112

5

79

102

10

15

75

FPC 136
116

100

FPC145

2

1

FPC 139

126

121

I

T able 11,7b FISH results from FAP Polvp patients continued.

PERCENTAGE OF CELLS WITH NUMBER OF SIGNALS.
Chrom osom e 17.

Chrom osom e 7

0

1 2 3 4 5 T

0

1 2 3

112

17

4

78

1

101

16

6

77

1

115

108

20

2

74

4

108

16

17

66

1

140

1

127

11

12

76

1

173

10

19

70

1

146

66

4

169

10

6

83

1

118

11

11

78

205

91

3

103

16

1

83

103

23

5

72

114

B

21

12

67

104

20

6

73

1

110

D

12

7

81

111

0

1 2 3

8

17

9

74

9

11

8

81

10

14

7

78

FPC 164

5

25

FPC 154

0

6

PATIENT.

4 5 T

Chrom osom e 18.

4 T

FPC 172

FPC 173

8

9

77

6

131

9

5

84

2

186

13

10

74

3

238

FPC 178

9

8

78

5

103

17

9

70

4

142

26

20

53

1

154

MEAN=

12.8

11.6

72.7

2.1

14.8

6.6

76.9

1.8

14.1

11.4

72.8

1.6

T:-Total number of cells counted.

T able 11.8a Histology and DNA results from FAP Cancer patients.

Patient.

D .O .B .

Age M /F.

D uke's

H istology

DNA Results.

Liver metastsis

NL 5q (MC5.61) L O H 5q (YN5.48, mil)
NL 17p (MS228) LO H 17p (144D6,YNZ22).

B

Rectal adenocarcinoma, possible new mutation.

NL 5p (MS6.21), NL (XMS8, C l l P l l ) ,
NL 17p(144D6), LO H 17p (MS228) NL 18q
(OS4) LO H 18q (DCC).
ras Mutation codon 12.2 G->A : Gly->Asp.

B

Moderately differentiated adenocarcinoma at
recto-sigmoid j unction.

NL 5qmarkes

Moderately differentiated adenocarcinoma of
hepatic flexure.

NL Sqmarkes

S tage.
FPC 134

1952

40

F

FPC 145

1969

23

F

FPC 2173

1930

62

M

B

D .O .B . : -Date of birth : M/F: - Male/Female : NL:-No allele loss at loci detected by probes listed.:
LO H :- Allele loss at loci detected by probes listed.

T able 11.8b FISH results from FAP Cancer patients.

PERCENTAGE OF CELLS WITH NUMBER OF SIGNALS.
C hrom osom e 7

Chrom osom e 17.

Chrom osom e 18.

PATIENT.

0

1

2 3

4 5

T

0

1

2 3 4 5 T

0

1

2 3

FPC 134

12

12

64

2

108

6

7

74

10

147

11

8

75

6

120

FPC 145

2

19

79

112

8

7

84

1

144

2

11

83

4

126

1

7

3

80

8

1

172

9

2

86

3

174

4

10

84

2

170

2

10

5

79

5

1

166

7

1

86

6

167

20

11

67

2

254

MEAN=

7.8

9.8

75.5

5.8

1

7.5

4.3

82.5

5

9.3

10

77.3

3.5

10

3

4

T

F P C I73

T :-Total number of cells counted.

1

0.3

0.8

T ab le 11.9 Chromosome 12 FISH Results.

PERCENTAGE OF CELLS WITH NUMBER OF SIGNALS.
0
1
2
3
T

SAMPLE.
Normal Blood Control

3

7

89

1

110

Cell Line JW2

2

1

95

2

206

Normal Mucosa K.L.

4

1

94

1

120

Sporadic Polyp I.E.

3

4

90

3

101

Sporadic Cancer P.T.

5

6

87

2

115

FAP ’Normal’ Mucosa FPC136

3

5

89

3

109

FAP Polyp FPC145.

3

6

88

3

121

1

8

90

1

104

A sc e n d in g

FAP Cancer FPC134

T:-Total number of cells counted.

Results

Presentation of Data as Histograms.
T h e f o llo w in g h is to g r a m s ( F ig u r e s 1 1 .3 -1 1 .1 0 , P e r c e n ta g e N u m b e r o f S ig n a ls /
N u m b e r o f S ig n a ls ) illu s tr a te th e F IS H d a ta u s in g th e a lp h a - s a te llite p ro b e s f o r
c h ro m o s o m e s 7 , 17 a n d

1 8 , . T h e s tr ip e d b a r in e a c h c a t e g o r y s h o w s th e a c tu a l

p e r c e n ta g e o f F IS H s ig n a ls o b s e rv e d . T h e b la c k b a r d e p ic ts th e c o n tr o l, (M e a n o f
n o rm al

m u c o s a -t- 3 ( S . D . ) . I f t h e s a m p l e v a l u e i s h i g h e r t h a n t h e c o n t r o l i n a

p a r tic u la r c a te g o r y , th e n th e s a m p le v a lu e w a s c o n s id e r e d to d if f e r s ig n ific a n tly
fro m th e c o n tro l.

Figure 11.3 P l o t

f o r A v e ra g e F IS H v a lu e s f o r N o rm a l B lo o d .
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100

-
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Chr 17
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Chr:-chromosome.

Num ber o f Signals

Figure 11.4

P lo t o f A v e r a g e F IS H v a lu e s f o r N o rm a l M u c o s a f r o m in d iv id u a ls

w ith c o lo r e c ta l tu m o u r s n o t a s s o c ia te d w ith F A P .

120
100

-
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N um ber o f S ign als

60 -
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Chr 7

Chr 17

Chr 18

Num ber o f Signals

161

C hr:-C hrom osom e.

Results

F i g u r e 1 1 .5 A v e r a g e p lo t o f F I S H v a lu e s f o r C e ll L in e s .

H C A -7

120
100

-

I’erccntagc 8 0
Number of Signals
60 -

0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
Chr 7

Chr 17

Chr 18

Num ber of S ignals

Chn-Chrom osom e

120
100
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Number o f Signals '

60 40 -

20

-
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Chr 7

Chr 17

Chr 18

Number of Signals

C hn-chrom osom e.

162

Results

LIM1215
120

100

-

Percentage 8 0 Number o f Signals ^

6 0 -4

40 -

0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
Chr 7

Chr 17
Number of Signals

Chr 18

Chn-Chrom osom e.

T h e H is to g r a m o f J W 2 c le a rly s h o w s th a t a s ig n if ic a n t p r o p o r tio n o f c e lls a re
m o n o s o m ie f o r c h r o m o s o m e 18. A ls o , a s m a ll,. ( < 1 0 % ) b u t s ig n if ic a n t p r o p o r tio n
o f H C A - 7 c e lls a re m o n o s o m ie f o r c h r o m o s o m e 17.

Figure 11.6

P lo t o f A v e ra g e F IS H v a lu e s f o r S p o r a d ic P o ly p s .

120

Percentage
Number of Signals

60 -

0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
Chr 7

Chr 17
Number of Signals

Chr:-Chromosome.

163

Chr 18

Results

Figure 11.7 P l o t
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Nomerical Chromosome Changes in Cell Lines.

From the histograms of the HSH data, it can be seen that the cell line LIM1215
does not show aneuploidy for chromosomes 7, 17, or 18 (Fig. 11.5). This can be
confirmed by the karyotype (Jenkyn et ah 1987 : Griffin et al. 1990), (Fig. 11.2, 5
cells analysed all with the same karyotype).

Karyotype analysis of HCA7 showed that this cell line had an extremely variable
karyotype. 15 G-banded metaphase spreads were studied. The cells had a
chromosome number that ranged between 40 and 72 chromosomes, with a mode of
43 chromosomes (Fig. 11.2). Loss of chromosome 17 detected by FISH in a small
but significant proportion of cells (Table 11.3b) was not found by karyotype
analysis. Future work using chromosome specific paints may help to determine a
accurate karyotype for this cell line.

Karyotype analysis of JW2 was very difficult due to lack of metaphase spreads and
good G-banding (Fig. 11.2). However, FISH with the chromosome 18 alphasatellite probe suggests that this cell line is monosomie for chromosome 18 in over
70% of the cells (Table 11.3b). This result was confirmed by FISH using a
chromosome 18 paint on this cell line (Fig. 11.11). This is interesting because
when this cell line was first established, it had two chromosome 18s and required a
feeder layer of Swiss 3T3 cells for growth. However, by passage 42, (when
analysis was carried out), the cells were feeder independent. This seems to reflect
tumour progression, in that more aggressive tumours show a loss in chromosome
18. This also supports the view that DCC, located on chromosome 18, has a
growth inhibitory function.
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Figure
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(M u le ris
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Table 11.10 Summary of FISH Data.
Patient

Significant
Chromosome
Loss or Gain.

Patient

S ignificant
Chrom osom e
Loss or Gain.

Sporadic Polyps.

FAP 'Normal' Mucosa

DA

-7

FPC136

+/-7

-17

*1B

+7

FPC170

+7

-17

DK

-7

-17

FPC172

+7

Tl.

+7

-17

FPC195

-17

FPC178

IN

+18

HR

+7

FAP Polyps.

MW

+7

*FPC136

Sporadic Cancer Duke's A.

Polyp3

EB

+1-1

Polyp4

HH

+1

TK

+17

+7

+17

-7

-17
-17

FPC145
-17
-18

*KL
LN25

+18

-17

*Ascending

-7

Transverse

+7

+17

FPC139

Sporadic Cancer Duke's B.

Polyp4

-7

Polyp6

-7

+18

HB

+1

JC

+1

-17

HD

-7

-17

SG

+7

-17

FPC172

EH

+1

-17

B

-17

EK

+1

D

-17

+18

Polyp 10
-18

FPC164

-17
-7

PS

+17

FPC173

+7

MS34

-17

FPC178

+7

-17

*FPC134

+7

+/-17 +18

FPC145

-7

-17

Sporadic Cancer Duke's C.

FAP Cancer.

FJ

+7

UM

+7

-17

ES

+7

-17

*PT

+7

-17

1

+7

DW36

+7

-17

2

+7

+18

FPC173

Significant (+) Increase or (-) Decrease in chromosome number, compared to the
normal mucosa control population. (*) Sample also tested with chromosome 12
alpha-satellite probe.
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A more detailed study of the results (significant data from tables 11.4b, 11.5b,
11.6, 11.7b and 11.8b are listed in Table 11.10) and the chromosome 12 FISH
results (Table 11.9), do not suggest the presence of polyploid clones in any of the
samples since, although cancer tissue from FPC134 shows that clones are present
with a significant increase in chromosome 7, 17 and 18 number, this sample does
not show a clone with a significant increase in chromosome 12. It is important to
note however that since none of the samples were simultaneously tested with two or
more alpha satellite probes the possibility of the presence of polyploid clones cannot
be totally excluded. Table 11.10 also reveals that for sporadic polyps, clones are
apparent that show loss and gain of chromosome 7 but only loss of chromosome
17. Loss and gain of chromosome 7 (HH and EB), loss and gain of chromosome
17 (LN25, EB and TK), and loss of chromosome 18 (KL), is seen to occur in
Duke's A sporadic cancers. In Duke's B and C cancer the most frequent change
observed are tumours that contain a significant proportion of cells with a gain in
chromosome 7 and/or loss of chromosome 17 (JC, SG, EH, UM, ES, PT and
DW36).

Comparable to sporadic cancers the most common change seen in FAP cancers is a
gain in chromosome 7. FAP normal mucosa results however, show a significant
difference from that of the control population. Like the sporadic polyps loss and
gain of chromosomes 7 and 17 is observed but loss of 18 was not found. These
results suggest that FAP mucosa contains a mixed population probably due to
inherent chromosomal instability, and confirms pathologists' concept that there is
no intrinsic difference between mucosa and small polyps in these patients. However
the FAP polyps studied here show that some samples have clones that are
monosomie for chromosome 7, (FPC139 polyps 4 + 6, FPC145 ascending polyp
and FPC164). The FAP polyp alpha-satellite results illustrate the important
principle that each tumour essentially develops independently because a patient may
have different polyps containing clones of cells with different numerical

169

Results

chromosome abnormalities (FPC136, FPC145 and FPC139). It is therefore
difficult to compare the variety of chromosome changes observed in the different
tissues (normal, polyp and cancer), even in the same individual. Thus although
FPC173 has a polyp that contains clones with an increase in chromosome 7 which
is also found in two cancers from this individual, it cannot be unequivocally stated
that an increase in chromosome 7 is an early, decisive change in the development of
these cancers, this however, remains a possibility. Similar parallels can be drawn in
FPC178 where normal tissue has clones with an increase in chromosome 7 also
found in polyps from this individual. However, although there are clones in
FPC136 that show a decrease in chromosome 17 in both normal mucosa and tissue
from two polyps (3 + 4), and tissue from the transverse polyp in FPC145 has
clones with an increase in chromosome 7, but a decrease in chromosome 17 in the
cancer tissue, it cannot be concluded that loss of chromosome 17 has a more severe
effect on tumour development than an increase in chromosome7. Overall, the FISH
data seems to show that more advanced cancers contain a significant proportion of
cells that have a gain in chromosome 7 and a loss of chromosome 17.

All available DNA and alpha-satellite FISH results from tables 11.3 - 11.8 are
compared in Table 11.11. This shows that in many cases where there is no loss of
heterozygosity of DNA markers for a particular chromosome, no clones were
apparent with a loss or gain of the same chromosome by FISH analysis (LO polyp
for chromosomes 17 and 18). Similarly in some cases when DNA loss of
heterozygosity has been detected, also show a significant number of cells that are
monosomie for the same chromosome (TL polyp for chromosome 17 and JW2 for
chromosome 18), suggesting that loss of heterozygosity can, at least in part, be
associated with whole chromosome loss.
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Table 11.11 Comparison of DNA loss of heterozygosity results, with alphasatellite FISH results.
DNA R esult

FISH R esult

DAI

NL17

MID

TL

L0H17

-17

NL18

NID18

NL17

-17*

NL18

NID18

NL17

NID17

NL18

NID18

NL17

-17*

NL18

NID18

HD

NL17

-17*

SG

NL18

NID18

FJ

NL18

NID18

ES

NL17

-17*

LOH18

+18*

NL17

-17*

FPC134

L0H17

+/-17*

FPC145

L0H17

-17

LOH18

NID18*

LOH17

NID17*

LOH18

-18

P a tien t
Sporadic Polyps

IN
LO
Sporadic Cancer
Duke's A
LN25
Duke's B

Duke's C

PT
FAP Cancer
Duke's B

Cell Line
JW2

17,18 : Chromosomes 17 and 18 respectively.
NL : No Loss of heterozygosity with DNA markers.
LOH : Loss of Heterozygosity with DNA markers.
Significant (+) Increase or (-) Decrease in chromosome number compared to normal
mucosa population.
NID : No Increase or Decrease in chromosome number compared to normal mucosa
population.
(*) DNA and FISH results not in agreement.
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From Table 11.11 it can be seen that for some samples however, the DNA results
are not supported by the FISH results since DNA markers show loss of
heterozygosity but the FISH results do not indicate the presence of cells with
chromosome loss (FPC145 cancer for chromosome 18 and JW2 for chromosome
17). This implies that an interstitial deletion has occurred. In sample ES cancer,
chromosome 18 loss of heterozygosity appears to be due to an interstitial deletion,
however the FISH results suggest that there is a clone of cells triploid for
chromosome 18. If this clone of cells contains two copies of the chromosome 18
without the interstitial deletion, then these cells may be phenotypically more normal
than the rest of the cells in the cancer tissue due to gene dosage effects. A similar
argument may be applied to FPC134 cancer tissue for chromosome 17.

The most common discrepancy between the DNA and FISH results is that FISH
detects clones of cells monosomie for chromosome 17, not found by DNA analysis
(IN polyp), for which there may be at least two explanations. Firstly, it may be that
monosomy for chromosome 17 does not give the cell any growth advantage.
Secondly, it could be that another region on chromosome 17 is important in tumour
progression, and would show loss of heterozygosity if analysed using appropriate
DNA markers. The finding of tumour suppressor genes other than p53 on
chromosome 17 may eventually elucidate the problem.
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Table 11.12 Comparison of adenoma histology with alpha-satellite results.
Patient

Adenoma H istology

FISH result

HR

Metaplastic

4-7

DM

Tubular

-7

IB

Tubular (15mm)

+1

DK

Tubular

-1

Polyp 4

Tubular (10mm)

-7

Polyp 6

Tubular (10mm)

-7

Polyp 10

Tubular (10mm)

MW

Tubulovillous

+1

TL

Villous

+7

IN

Villous

+18
-17

FPC139
+18
-17
-17
-17

7,1 7 ,1 8 : Chromosomes 7,17 and 18 respectively. : Significant (+) Increase or (-)
Decrease in chromosome number compared to normal mucosa population.

In this study 7 sporadic adenomas and 12 adenomas from FAP patients were found
to contain a significant number of cells with numerical chromosome abnormalities
by FISH using alpha-satellite probes. Of these, the histological classification was
known in 10 cases. Comparison of adenoma histology with FISH data (Table
11.12) does not show any clear correlation between tumour type and chromosome
content of the tissue, especially since the sample size is so small. However, two
tubular polyps (IB and FPC139 polyp 4) are polyploid for chromosome 18 in a
significant proportion of cells which is not found in any of the villous polyps. Since
villous polyps are thought to be more aggressive than tubular polyps (Muto et al.
1975), and the DCC tumour suppressor gene associated with cell adhesion is
mapped to chromosome 18 (Fearon et al. 1990), it may be that chromosome 18
plays a role in determining the growth type of the tumour. It is important to note
that metastatic liver tissue also contains cells with an increased number of
chromosome 18s together with other abnormalities which emphasizes the fact that
each genetic change cannot be considered independently of other genetic changes
within the same cell and surrounding cells.
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Table 11.13 Comparison of patient sex, age, and tumour type, size and site with
alpha-satellite result
Patient

S ex

Age

Tumonr

Size

FPC164

M

25

Ad

Duod -7

FPC134

F

40

Metastasis

liver

+7

+/-17

DW36

F

77

Can(C)

Asc

+7

-17

FPC173

M

62

Polyp 2

HF

+7

KL

M

76

Can (A)

UM

F

58

Can(C)

IN

F

73

V.Ad

EB

F

72

HB

M

FPC178

40mm

S ite

FISH result

Trans

18

Trans +7

-17

30mm

SF

-17

Can (A)

40mm

SF

+/-7

63

Can (B)

40mm

SF

+7

M

33

Ad

Des

+7

DAI

M

72

T. Ad

Sig

-7

DK

M

40

T. Ad

Sig

-7

-17

TL

M

73

V.Ad

Sig

+7

-17

HH

M

64

Can (A)

Sig

+7

LN25

F

65

Can (A)

Sig

SG

F

61

Can (B)

Sig

+7

-17

EH

F

81

Can (B)

Sig

+7

-17

PS

F

63

Can(B)

ES

M

69

Can(C)

MW

F

38

HD

M

FPC173

40x60mm

40mm

70mm

+18
-17

-17

+17

Sig
+7

TV.Ad

Sig
SR

72

Can (B)

SR

-7

M

62

Can 1 (B)

SR

+7

TK

F

55

Can (A)

JC

M

49

Can(B)

EK

F

65

Can (B)

MS34

M

69

FJ

M

PT
FPC145

20mm

+17

-17

+7

Rec

-17
-17

Rec

+7

-17

75mm

Rect

+7

Can (B)

50mm

Rec

70

Can (C)

65mm

Rec

+7

F

73

Can (C/D)

70mm

Rec

+7

-17

F

23

Can (B)

Rec

-7

-17

-17

M/F Male/Female : A d Adenoma : T Tubular : V Villous : TV Tubulovillous :
C an Cancer : ( ) Duke’s staging : D uod Duodenum : A sc Ascending colon : H F
Hepatic Flexure : T ra n s Transverse colon : SF Splenic Flexure : D es Descending
colon : S ig Sigmoid colon : SR Sigmoid Rectum : R ec Rectum : 7, 17, 18 :
Chromosomes 7,17 and 18 respectively : Significant (+) Increase or (-) Decrease
in chromosome number compared to normal mucosa population.
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From the histology reports the site of the lesion was available for 32 tumours, 30 of
which were located in the colorectum (6 sporadic polyps, 20 sporadic cancers, 2
FAP polyps and 4 FAP cancers). It was found that the distribution of tumours was
nonrandom in the large intestine (7% in ascending colon : 17% between the hepatic
flexure and splenic flexure : 47% in descending colon up to the sigmoid rectum :
30% in the rectum). Tumours in the distal colon have been found to show a greater
incidence of loss of heterozygosity of DNA markers on 5q than tumours in the
proximal colon (Delattre et al. 1989). It was therefore not surprising that most of
the tumours in this study were found in the lower part of colon and in the rectum
because many of the tumours were from FAP patients or were sporadic cases that
showed allele loss on chromosome arm 5q (LN25, SG, MS34 and FJ cancer
tissue. Table 11.5a). This finding also suggests that the microsatellite instability
found by Thibodeau et al. (1993) is unlikely to be present in the tumours used in
this study.

From table 11.13 it can be seen that tumours from different colorectal sites did not
show any correlation with the chromosome changes that were observed with the
alpha-satellite probes (increase in chromosome 7 and decrease in chromosome 17
found throughout the colorectum). Tumour size and age and sex of the patient
compared to the FISH result also did not show any pattern. No conclusions could
be drawn about the degree of dysplasia of the polyps or the level of differentiation
of the cancers since (where the pathology report was available), all but two of the
adenomas (DK and EC severely dysplastic), were mild to moderately dysplastic,
and all the cancers were moderately differentiated except JC which was well
differentiated. FISH results on DK and EC adenomas and JC cancer did not show
anything completely unique to these samples.

Taken together the alpha-satellite FISH results show that the tumours that were
analysed contained a mixed population of cells. This can partly be accounted for by
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invading normal mucosal cells especially in the cancer tissue which unlike polyps
do not develop as discreet neoplasms. The effect of contaminating mucosal cells
does however only slightly reduce the sensitivity of the technique and probably did
not change the overall finding of the study. The results do not show any strong
relationship between patient age, sex, tumour type, size or site and the presence of
cells with numerical chromosome abnormalities. In some tumours the DNA loss of
heterozygosity results can in part, be accounted for by whole chromosome loss,
whereas in other samples this is not the case, where chromosome gain is indicated
from the FISH data. This may be important in tumour development because of gene
dosage effects. It is important to note that although the percentage of cells with a
numerical chromosomal abnormality in any given tumour found in this study is
significant, the value is small (except chromosome 18 loss in JW2), but these cells
may represent an expanding population. Also, genetic changes in any one clone of
cells within a tumour may not always increase the rate of cell division of that clone
of cells but may cause it to release factors that disrupt the control of cell
differentiation and motility which may have a profound effect on the tumour as a
whole.
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DISCUSSION.
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Chapter Twelve.

Colorectal cancer is a good example of a model for cancer first stated by Boveri in
1914, which suggests that cancer is a result of an accumulation of genetic alterations
arising within a cell. Several genes have been implicated in colorectal cancer, and
although a recognised sequence of genes appear to become mutated during tumour
progression, this order is not a steadfast one (Fearon and Vogel stein 1990). In fact,
it seems that it is the accumulation of mutations in key genes that is important rather
than the order in which they arise, that leads to the change of a normal cell to a
metastatic cancer. Thus from a pathological point of view, the sequence of genetic
changes that is most commonly observed may represent the fastest route to the
development of metastasis. The sequence of mutations in genes that cause changes
in the physiology of a cell such that, cell division and chromosome instability
increases, which in turn results in the propagation of any mutation that may heighten
the metastatic potential of the cell, will be most frequently detected in the fastest
developing tumours.

The tumour suppressors, APC, MCC, and p53 and the oncogenes, K-ras and cmyc, which are expressed in a wide variety of tissues have been found to be the
most regularly mutated genes in colorectal cancer (Fearon and Vogelstein 1990). It is
important to note that two of the known tumour suppressors, (APC, and p53) are
recognised as being mutated in the germline, (hence in every cell of an affected
individual), and each is the cause of a separate inherited predisposition to cancer.
This emphasizes the fact that these genes are essential in different but related
pathways that maintain the normal physiology of the cell, and that these genes may
contain mutational hotspots. The initial mutation in the germline therefore, appears to
determine the type of cancer predisposing syndrome that the affected individual
acquires. This may be due to a lack of the normal interaction of a particular tumour
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suppressor gene product, with other factors found in the different tissues affected by
each of the respective syndromes.

Colorectal cancer illustrates the enormous complexity of the cancer process, which
will only be precisely defined, when the function of each of the cell regulatory genes
is determined.

The primary objective of this project was to identify important, recurring
chromosomal changes that develop during colorectal tumourigenesis in order to
supplement DNA data.

At first it was attempted to set up primary cultures of colorectal tumour and normal
colon epithelium from both FAP individuals and patients suffering from sporadic
colorectal adenomas or cancers. Many difficulties however, were experienced in this
project in spite of the use of collagenase to disaggregate the cells, which is believed
to yield a significantly higher proportions of viable cells compared to mechanical
tissue disaggregation, (Kusyk et al. 1979, Wake et al. 1981). Also serum free
medium was used to overcome fibroblast overgrowth, (since PDGF, a major
mitogen to fibroblasts is present in serum), as well as conditioned medium, which
may contain growth factors and hormones that support the growth of epithelial cells,
as seen with the use of fibroblast feeder layers, (Rheinwald and Green 1975, Gallico
etal. 1984).

Thus, of a total of 61 cultures that were set up, of mainly colorectal tissue, (28
adenomas, 33 cancers) from 36 sporadic and 7 FAP individuals, cells that adhered
to the bottom of the culture dish were only observed in 14 cultures. Of the
adenomas, only 6 cultures gave rise to epithelial patches of cells, but 2 cultures
resulted in the growth of contaminating fibroblasts. Similarly for the cancers, only 1
culture showed epithelial cells, but 4 cultures gave fibroblasts, and 1 contained cells

179

Discussion

of mixed origin. Only one of the cultures with epithelial cells could be harvested to
give analysable chromosomes, (FPC139 polyp4). In fact, it appeared as though
epithelial cells that were observed, did not actually start to divide but rather, spread
themselves out across the surface of the culture dish. This behaviour seems to reflect
epithelial cell response to wounding in the body, where surrounding epithelial cells
initially migrate towards the exposed area. This is also later, accompanied by
epithelial cell division in order to cover the wound. Epithelial cell movement and
division stop when the cells are once again arranged in an orderly compact manner,
due to contact inhibition. The lack of successful epithelial cell growth in the cultures
was probably due to the long time delay, (often 24hrs) between surgical resection of
the tumour, and setting up of the primary culture, which optimally, should be done
inunediately, especially since epithelial cells seem to be so sensitive to culturing
conditions.

Since primary culture was so difficult, somatic cell hybrids were made from some of
the tumour samples. At the time that these experiments were carried out, the APC
gene had not yet been cloned, and it was hoped that in the fusion involving cell line
FPC3, the derivative chromosome 17 containing much of chromosome arm 5q
(Fig. 10.12), could be selected for, with the eventual aim of making a genomic
library from a hybrid containing this human component. In the fusions involving
neoplastic tissue it was hoped that the hybrid clones that were made, would allow
the isolation of any marker chromosomes from the tumour for analysis. The 5q
containing hybrid clones could also have been useful in the isolation of DNA
markers for gene cloning and later (with the deletion hybrids), for gene mapping.
PGR was initially used to screen the hybrids for the presence of chromosomes 5,
17, or 18, which had already been implicated in colorectal cancer. Clones were
chosen for FISH analysis, (Forward, and Reverse painting, as well as with a
chromosome 5 specific paint probe) in order to visualise the human chromosomes
present in the hybrids, and to confirm the PCR data.
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It was found that of 77 hybrid clones that were isolated only one, P2C, from the
fusion between FPC164 lymphocytes with A23 may prove useful in further physical
mapping and expression studies of the APC region. In this hybrid the deleted
chromosome 5 from the human paren t, (who had FAP), had been separated from
the normal chromosome 5. However the PCR data from this hybrid differs from that
obtained by FISH studies using the cosmid probe Beg-1, (I.Cross et al. 1992), and
may be because the PCR primers used to detect the locus D5S98 in the hybrid clones
were derived from a cosmid (Beg-1) of approximately 45kb, that was isolated from
a human genomic cosmid library, screened with probe ECB27, (M.B.CachonGonzalez etal. 1992). Since Beg-1 contained a CA repeat, not present in ECB27, it
is an overlapping clone and will not detect exactly the same region of the genome as
ECB27. Since the primers are derived from a Taq 1 fragment of Beg-1, it is
conceivable that although the cosmid is detected by FISH on the deleted
chromosome, the region of the cosmid used to make the primers does not overlap
with the FISH signal on the deleted chromosome. (This region contains a repeat
sequence and was probably actively competed out, in the hybridisation of the Beg-1
cosmid probe to the normal chromosome 5 in this patient.). Since there is no
amplification in clone P2c using primers derived from Beg-1, it may be that this
region is in fact involved in the deletion chromosome. It is unfortunate that this
explanation can not be molecularly tested with the information presently available,
since the total genomic DNA from this patient seems to be homozygous, (only
homozygous band pattern seen on Phast gel with PCR product, Fig.l0.4J) for the
CA repeat polymorphism detected by these primers derived from Beg-1. This is not
unexpected, since the CA repeat polymorphism has already been shown to be in
100% in linkage disequilibrium with the Bgl II polymorphism of ECB27, (FPC164
is homozygous for ECB27, Fig 8.2). In spite of this finding the problem of
fragmentation that is observed in many of these hybrid clones cannot be overlooked,
and may be the cause of the conflicting results. In fact the maternal aunt of FPC164,
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who also has a deleted chromosome 5, and is heterozygous for the Bgl II
polymorphism (Fig 8.2), also gives a heterozygous band pattern when tested for the
CA repeat polymorphism, (Figure 10.4J), which suggests that this region is not
involved in her deleted chromosome 5.

Further analysis of the hybrid clone P2c by pulsed field gel electrophoresis using the
cosmid Beg-1 as probe, and mapping of restriction enzyme sites on the cosmid to
determine the Taq-1 fragment from which the ECB27 primers were derived, should
resolve the exact location of the breakpoints involved in the chromosome deletion.

Since the APC gene is on chromosome 5, this was the chromosome of interest in
these hybrids. The PCR data shows that only 35% of all the hybrid clones contained
sequences from human chromosome 5, which is comparable to the 36% of hybrid
clones that contained human chromosome 17, (only 5.2% of the clones appeared to
contain an intact chromosome 17). Since human chromosome 17 was selected for in
these hybrids, it was expected that more clones would be positive in the PCR using
primers for this chromosome. This finding emphasizes the problem of chromosome
fragmentation that occurred in these hybrids. If however a selection system for
human chromosome 5 had been available, eg. the Chinese hamster cell line,
temperature sensitive for leucyl-tRNA-synthetase, as the rodent parent, (Thompson
et al. 1973), the clones could have been maintained in culture, under selection, for a
longer period of time, before PCR screening and FISH analysis were carried out,
while keeping the risk of losing any chromosome 5 marker chromosomes to a
minimum. This would have allowed more time for the hybrid clones to reach a more
stable state, and possibly reduced the number of other chromosomes present in the
clones. Also, clones could have been initially picked at a later stage after fusion, so
that slow growing hybrid clones would have been available for selection.
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Retrospectively, this approach to 'capture' tumour chromosomes by making somatic
cell hybrids was not an efficient method to use. This can in part, be accounted for by
the small number of viable cells present within human fresh tissue used in some of
the fusion experiments, (eg. 'A' and 'C hybrids), as reflected by the general lack of
successful epithelial primary cultures. Also, any viable epithelial cells in the fresh
tissue probably had a much slower rate of cell division than from the fibroblast cell
line FPC3 or the lymphocytes from FPC 164. This may have been another important
factor in determining the number of clones that were produced from each fusion,
since formation of a hybrid clone is dependent upon the simultaneous nuclear
division of fused cells.

One possible explanation for the high level of fragmentation seen in these hybrids
could be the fact that the human parent was an FAP patient in each case. Other
studies have shown the phenomenon of chromosome instability in cultured cells
from FAP patients, (Gardner etal. 1982). Delhanty etal. (1983) showed an increase
in chromosomal aberrations in cultured skin fibroblasts, colon fibroblasts, and
lymphocytes from 17 FAP patients compared to controls. Some abnormal clones in
FAP skin cultures were present in over 80% of the cells and may have arisen due to
a selective advantage in the culture or were present in the original sample. Clonal
changes were also observed in FAP colon fibroblasts since a high degree of
tetraploidy was seen in these cells, which was generally higher than that found in
skin fibroblasts from these patients, and may be a feature of cultured cells from FAP
patients, (Danes 1981, Gardner etal. 1985, Takai etal. 1986), perhaps due to the
interaction of modifying genes with the polyposis gene in tissues capable of
undergoing malignant transformation, (Danes etal. 1979). Another possibility is that
the batch of A23 cells which was used in these fusions was somehow introducing
fragmentation of any human chromosomes present in the hybrid clones. This point
is further reinforced by another group working in our laboratory who have since
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found an unexpectedly high level of chromosome fragmentation when using this
batch of A23 cells for fusion experiments (C.Abbot, Personal communication).

Now that the APC gene has been cloned these hybrids will no longer play a useful
role in mapping experiments for this gene. Some of the hybrids (especially those
with a small number of human chromosomes or parts of human chromosomes) may
be useful to groups mapping other genes.

Since present research is focused on mutation analysis a few of these hybrid clones
may prove to have an unexpected use. Techniques such as Denaturing Gradient Gel
Electrophoresis (Fodde et al. 1992), Single Stranded Conformation Polymorphism
(Cottrell et al. 1992) and Transcription and Translation (Van der Luijt, personal
communication), are used to screen samples for mutations in the APC gene. For
these methods it is often useful to have control DNA where the mutation is known in
order to check that all the stages of each of the techniques have been successfully
completed. Hybrids F9 and C33 may be a suitable source of DNA for this purpose.
C39a may also be similarly useful in the study of mutations in the p53 gene and even
the DCC gene. This possible use for the hybrid clones is only speculation at the
present time because it first must be determined whether human chromosomes
containing mutations in the relevant genes have been isolated in the hybrid clones.
This can be achieved by subjecting the hybrid clones and the human parent DNA
used to make the hybrids, to mutational analysis by the various techniques. If these
clones do contain human chromosomes with mutant tumour suppressor genes they
may also be of use in the study of these proteins.

The study of genetic changes during cancer progression can be achieved by several
different techniques. Broadly speaking, these can be divided into two different
categories of molecular, and cytogenetic approaches which measure essentially
overlapping however, at the same time, distinctly different genetic changes, due to
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the nature of the different techniques involved. Interestingly DNA analysis of FPC
139 polyp4, the only sample from that patient to grow in culture, shows that these
cells have a K-ras mutation at codon 12.2 resulting in an amino acid substitution
from Gly->Ala. Chromosomes harvested from the primary culture of this tissue
show an apparently normal karyotype, but the FISH analysis of these cells suggests
the presence of one or more clones with loss of one chromosome 7 and /or gain of
one chromosome 18. This tissue serves to demonstrate the separate findings that can
be obtained from the three different analytical approaches. The FISH results show
that the tissue is composed of a heterogeneous population of cells, which may very
easily be missed by DNA analysis. The involvement of the ras mutation in colorectal
tumourigenesis has already been discussed in the introduction, however the
significance of chromosome 7 loss and the gain of chromosome 18 is unclear,
except possibly as a manifestation of genomic instability.

The cytogenetic technique of karyotype analysis allows the detection of large genetic
abnormalities, due to numerical or structural changes of chromosomes in individual
dividing cells. The technique does however have a number of problems, in that only
dividing cells can be analysed, and obtaining metaphase chromosome spreads from
tumour samples can often be very difficult. This means that only a very small sample
of the total population of cells is analysed, and this may not accurately represent the
entire population of cells. This may be one cause for Muleris et al. (1990) finding
whole chromosome 18 loss in colorectal cultures of adenocarcinomas of the distal
colon, which were not commonly found in this study. Also the need to culture cells
allows the possibility of expansion of a particular clone of cells due to in vitro
selection and/or chromosome instability, (as discussed above), which may not
reflect the in vivo situation.

DNA analysis of tumour samples allows a more precise determination of genetic
abnormalities that would not be detected by cytogenetics. This technique however.
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requires some prior knowledge of the chromosome associated with the disease
locus, in order to focus research on these chromosomes. Analysis is carried out on
DNA from a mass of tumour cells, which, as this project shows, is a heterogeneous
population of clones. This finding may also be important when considering loss of
heterozygosity results in FAP patients, where 'normal' mucosa has been shown to
contain aneuploid clones. Thus the presence of small, but important clones may be
masked by DNA from larger cell clones.

Flow cytometry allows the quick analysis of the ploidy of a large number of cells,
but provides limited information, since the chromosome involved in the abnormality
cannot be determined. In spite of this, studies using this technique have shown that
DNA aneuploidy occurs more in the distal colon compared to the proximal colon
(Delattre et al. 1989), and is in accordance with the karyotypic findings of
Reichmann et al. (1982) and Muleris et al. (1990) who found more chromosomal
abnormalities in the left colon. Flow cytometry has also demonstrated that mucosa
that may appear normal often contains clones of aneuploid cells, (Ngoi etal. 1990).

Interphase cytogenetics using alpha-satellite probes has made it possible to study
individual non-dividing cells, and depending on the probes used, allows information
about numerical or structural chromosome abnormalities to be gained. Although a
complete picture of all of the chromosome abnormalities that may be present in a
single cell will not be obtained, a large number of cells can be quickly analysed
without all the associated problems of cell culture. The technique also allows some
correlation of cytogenetic findings with morphology, in fact, in this project it was
noted that the larger and more irregularly shaped nuclei often showed numerical
chromosome abnormalities. FISH data using alpha-satellite probes cannot be directly
compared to DNA loss of heterozygosity results, because the probes used by the
two techniques may be different. However, the FISH results can sometimes confirm
loss of heterozygosity found by DNA studies, where whole chromosomes are lost.
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or provide information when the individual is homozygous. The FISH technique
clearly identifies any increase in chromosome number and may help to resolve
dubious results, where the intensity of one allele is much greater than the other in
tumour samples. This is usually believed to be caused by a loss of heterozygosity in
the tumour, coupled with the presence of 'normal' contaminating DNA.

A combination of all of the above techniques will provide the most information about
cancer progression. In spite of the lack of karyotypic information in this study
interphase cytogenetics has been used to identify small clones present in the tumour
samples and FAP 'normal' mucosa that show gain in the number of chromosome 7
and/or loss in the number of chromosome 17 but rarely show loss of chromosome
18, and do not appear to have undergone endoreduplication. These types of
numerically abnormal clones have been found in the distal colon which is contrary to
the findings of previous reports. Interestingly, Longy et.al (1993), did not find
trisomy 7 associated with loss of chromosome 17 in 42 colonic adenomas by
karyotype analysis. Thus interphase cytogenetics appears to be a useful technique in
detecting numerical chromosomal abnormalities in colorectal tumour cells, where
karyotypic analysis is difficult. Even more information can be obtained by
simultaneously using 2 or more differentially biochemically labelled centromeric
probes in the FISH analysis as well as by the use of telomeric probes. Thus
interphase cytogenetics serves as an intermediate between DNA and karyotypic
analysis.

Interphase cytogenetics by FISH has been used to investigate a number of human
solid tumours. For example, Devilee et al. (1988), have shown aneuploidy of
chromosomes 1 and 18 in primary breast tumours. Also, Matsumura etal. (1992),
have used dual colour FISH to study 19 primary breast cancers with pericentromeric
and region specific DNA probes on chromosome 17 to show allelic loss of
chromosome arm 17p. Amplification of the ERBB2 oncogene has been shown in
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primary breast cancer cell lines and primary uncultured breast cancers,
(O.P.Kallinoniemi etal. 1992). In this study, two colour FISH using probes for the
ERBB2 gene and the pericentromeric region of chromosome 17 showed that the
amplified ERBB2 gene always had an intrachromosomal location, but this was not
necessarily associated with chromosome 17. Importantly, small subpopulations of
cells with heavily amplified ERBB2 were detected in 10 primary tumours, and this
may have important prognostic implications. Similarly A.Kallioniemi et al. (1992)
used 14 phage clones spanning the whole 200kb of the Rbl gene region to visualise
intragenic deletions of the gene by two colour FISH. This group also found that
deletions in RBI were not found even when DNA results showed loss of
heterozygosity in primary breast cancer tissue. This suggests that loss of
heterozygosity of the RBI locus in breast cancers is caused by mitotic recombination
between chromosomes with normal and mutated RBI alleles, or duplication of a
whole chromosome carrying a mutated RBI, (with possible loss of the normal
chromosome).

Astrocytomas of the brain show loss of chromosome 10, 17 and Y, but trisomy of
chromosome 7 and X as well as complete tetraploidy in one case. Of 18
meningiomas loss of chromosome 18 was seen in one case and gain of chromosome
17 in two cases. 11 meningiomas showed loss of the Breakpoint Cluster Region
(BCR), detected by a cosmid probe for 2 2 q ll, (Amoldus etal. 1991).

Using a combination of cosmid probes, (one for 3' ABL on chromosome 9q34 and
the other for 5' BCR on chromosome 22ql 1), in two colour FISH the characteristic
Philadelphia chromosome in CML patients can be detected. This can be used to
monitor minimal residual disease in affected patients, (Amoldus et al. 1990,
Tkachuck et al. 1990). Reid et al. (1992b), simultaneously hybridised a
chromosome 8 paint prohe, (detected by AMCA) with three cosmids from the
centromeric side of a 8q24 breakpoint of a Burkitt's lymphoma cell line JL, (detected
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by HTC), and five cosmids from the telomeric side of this breakpoint, (detected by
TRITC). This allowed the visualisation of specific breakpoints in Burkitt's
lymphoma cells.

Isochromosome 12p as well as other markers involving chromosome arm 12p have
been detected in testicular germ cell tumours and tumour derived cell lines by
competitive in situ hybridisation. In these experiments paint probes derived from
two somatic cell hybrids, one containing only a normal human chromosome 12, and
the other with only a human chromosome arm 12p were used, (Suijkerbuijk et al.
1992).

For this project only pericentromeric probes have been used to determine loss and/or
gain of whole chromosomes in colorectal tumour samples. From the FISH data with
the alpha-satellite probes, there appears to be a trend towards trisomy 7 and loss of
chromosome 17, (which are the most common changes seen in these samples), from
sporadic and FAP cases of polyps through to cancers. Also FAP 'normal' mucosa
frequently contains more than one clone of cells which is not unexpected. These
clones are not suspected of being polyploid since experiments using the
chromosome 12 specific probe, showed a normal distribution of signals compared to
normal mucosa and normal blood. For example although the cancer sample from
FPC 134 shows clones with a significant increase in chromosomes 7, 17, and 18, no
such clones are apparent using the chromosome 12 probe. This suggests that these
clones may belong to the Group II tumours described by Reichmann et al. (1982) or
the TT type tumours described by Muleris et al. (1990), except that in this study all
but two of the sporadic samples, (where tumour site was mentioned in the histology
report), were located in the distal colon or rectum. Reichmann and Muleris suggest
that these tumour types are under-represented in the distal colon where polyploid
tumours are more common. This discrepancy may have arisen because the aneuploid
clones detected by FISH in this study are only present in a small proportion of the
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cells, and perhaps are missed during karyotype analysis, or that the polyploid clones
found by Reichmann and Muleris have an increased rate of division compared to the
aneuploid clone found in this study, and are therefore more likely to be selected out
by direct karyotype analysis. Aneuploidy of chromosome 18 was not found to be a
major change in these samples and loss of heterozygosity of DNA markers on this
chromosome seem to arise as a result of interstitial deletion. However HSH shows
loss of chromosome IS in over 70% of cells in cell line JW2 (Table 11.3b). Since
JW2 was feeder dependent and had two chromosome IBs when it was first
established (Paraskeva et a l 1984), it seems that loss of one chromosome 18 may be
the cause of feeder independence in the cell line now. This view is supported by the
fact that DCC, the tumour suppressor gene associated with cell adhesion is located
on this chromosome (Fearon et al. 1990).

A number of genes present on chromosome 7 may have potent effects on cell growth
and therefore may be important in colorectal tumour progression. Firstly, the
epidermal growth factor receptor is located on this chromosome (Shimizu et al. 1980
: Kondo and Shimizu 1983). Over expression of this gene has been associated with
polysomy of chromosome 7 in a carcinoma cell line (Helseth et al. 1990), and is
often reasoned to be one of the causes of malignant transformation of epithelial cells
(Collard et al. 1987 : Steele etal. 1990 : Sozzi etal. 1991). This is not surprising
since this receptor is thought to play an important role in the regulation of growth
and differentiation of epidermal cells (Oliver 1988). Platelet derived growth factor
'A' chain is also localised to chromosome 7, and an increase in the expression of
this gene may be involved in a genetic change towards malignancy, (Collard et al.
1987 : Stenman et al. 1988 : Antoniades et al. 1992)). The gene for Asparagine
synthetase is found on chromosome region 7q21-31. It appears that the expression
of this gene is required for a cell to proceed through the G 1 stage of the cell cycle,
(Greco etal. 1989). Over expression of this gene may provide a cell with a growth
advantage. Also, the m tsl gene, which is highly expressed in metastatic human
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tumour lines has been mapped to chromosome 7, (Ebralidze et al. 1990 and Lakshmi
etal. 1991). Finally, the MET proto-oncogene which seems to be a growth factor
receptor with tyrosine kinase activity, (Park etal. 1987 and Giordano et al. 1989),
has been shown to be on chromosome 7. The ligand for the MET receptor is Scatter
Factor / Hepatocyte Growth Factor, SF/HGF (Bottaro et al. 1991 : Nakamura et al.
1989 : Weidner et al. 1991). The MET proto-oncogene and its ligand may be
involved in the control of motility of certain cell types (Stoker 1989), the growth of
hepatocytes (Nakamura etal. 1989), and cell differentiation, (Tsarfaty etal. 1992).

It has been suggested that trisomy 7 is a primary genetic abnormality in tumours of
the bladder (Gibas

a/. 1986), brain (Signer etal. 1986), colon (Reichmann etal.

1985), kidney (de Jong etal. 1988), lung (Lee i.S.etal. 1987), ovary (Tharapel et
al. 1991), prostate (Babu etal. 1990) and thyroid (Teyssier et al. 1990) and have
been reviewed by Johansson etal. (1993). Conflicting results however have lead to
different views as to the significance of trisomy 7. A study by Bardi et al. (1991)
reported trisomy 7 as a recurrent chromosomal abnormality in short term cultures of
6 colorectal adenocarcinomas examined . In three tumours +7 was the sole change,

but in the other three tumours other karyotypic abnormalities were also present.
Since this group found that tumours with different karyotypes had similar
histological features and visa versa, and because +7 cells could be seen to grow in
fibroblast-like colonies, the authors concluded that trisomy 7 did not represent a
primary chromosomal abnormality in colorectal cancers. However FISH analysis
Herbergs et al. (1992) showed trisomy of chromosome 7 in 30% of 29 colonic
adenomas which was only found in epithelial cells and not in stromal or
inflammatory cells (determined by immunocytochemistry). A larger study of 60
colorectal adenocarcinomas (Gebhart et al. 1992) by short term culture, found
hypersomy 7 in 25 cases which were always accompanied by other karyotypic
changes. This group concluded that trisomy 7 is common in colorectal tumours and
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may be a characteristic feature of a subgroup in this type of tumour. However,
normal kidney tissue from patients with renal cell carcinoma show trisomy 7 in short
term culture which is probably a true representation of the in vivo situation since
HSH on uncultured normal kidney cells give similar results to karyotypic analysis
(Emanuel et al. 1992). Also, trisomy 7 has been found in short term cultures of
nonneoplastic focal steatosis of liver cells (Bardi et al. 1992) and therefore the
authors argue that trisomy 7 is not a tumour specific abnormality. A separate study
(Naeem et al. 1993), of chromosome 7 copy number in uncultured lung and kidney
cells by HSH concluded that trisomy 7 in nonneoplastic cells in these tissues only
occurs at a very low level (1.5%-5.25%) and may be partly accounted for by
spurious triple hybridisation signals.

Thus although trisomy 7 has been detected in vitro (by short term culture), and in
vivo (by HSH), in a wide variety of tissues (both in normal cells and tumour cells),
there does not seem to be a consensus of opinion as to the significance of these
findings yet. In the tumours studied in this project the H SH data was directly
compared to that obtained for normal mucosa so that where chromosome loss or
gain was indicated (Table 11. 10), the result was considered to reflect a change due
to cancer progression, because the number of tumour cells carrying this change was
statistically different to that obtained for normal mucosa. With this in mind the
conclusions drawn by Gebhart etal. (1992), outlined above, about trisomy 7 appear
to be the most relevant to findings of this project. In fact Gebhart et al. (1992)
suggest that monosomy 7 may also play a role in tumour progression which is
supported by results from some of the tumours studied in this project, FPC 136
polyp3, FPC139 polyps4 + 6 , FPC 145 Ascending polyp FPC 164 polyp and
FPC 145 cancer, (Table 11.10).

Two tumour suppressor genes, p53 and NM23 have been identified on chromosome
17 and loss of these genes is likely to be important in carcinogenesis. NM23 maps to
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chromosome band 17q22, and appears to encode a protein with nucleoside
diphosphate activity, (Varesco et al. 1992). These enzymes are required for the
synthesis of non-adenine containing nucleoside triphosphates, and loss of this gene
has been associated with early-onset breast cancer. The effects of p53 loss have
already been discussed in the introduction, however, increases in chromosome 17
seen in some of the samples, (EB, PS and FPC 134, cancers, FPC 178, and
FPC 145, polyps) may be due to the oncogenic properties of a mutant p53 protein
(Kaelbling et al. 1992), since an increase in chromosome arm 17p has been found to
be of selective growth advantage in some cervical carcinomas. Another possibility
may be that an increase in copy number of the HER-2/neu oncogene may provide a
cell with a selective advantage, since this oncogene has been shown to be amplified
in some lung tumours (Sozzi et al. 1991) and cases of epithelial ovarian carcinoma
(Persons

a/. 1993).

Interestingly, normal mucosa derived from FAP patients showed a significant degree
of aneuploidy for the three chromosomes studied (7, 17 +18) in comparison to the
normal mucosa control population (Table 11.10). This finding emphasizes the fact
that all cells in a FAP individual already carry at least one mutation, which is not the
case in normal mucosal cells from individuals with truly sporadic colorectal
tumours. Thus a germline mutation in the APC gene appears to have a generalised
effect on chromosomal stability on the mucosa of the entire colorectum. However,
Griffin et al. (1993) have suggested that adenomas from patients with FAP tend to
have fewer structural abnormalities than sporadic adenomas. It is important to note
that some patients with seemingly sporadic colorectal tumours may carry mutations
in the FCC gene, which may also affect chromosome stability in that individual
(Thibodeau e/a/. 1993).

In this study no correlation was found between patient age, sex, tumour type, size or
site with the presence of cells with numerical chromosomal abnormalities and is in
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accordance with the findings of Longy etal. (1993). This was somewhat unexpected
since flow cytometry suggests that DNA ploidy of colorectal adenomas correlates
with size and degree of dysplasia of the polyp (Giaretti et al. 1988 : Goh and Jass
1986), and Griffin etal. (1993) found more cytogenetic abnormalities in villous and
tubulovillous adenomas than in tubular adenomas. Although some reports (Jacobs et
al. 1961 : Galloway and Buckton 1978) suggest an increased frequency of
aneuploidy with increasing age in normal individuals, which is more pronounced in
females than in males, other groups have shown that there is no significant age or
sex effect on the frequency of autosomal loss or gain (Nowinski et al. 1990).
However, loss of autosomes is correlated with chromosome length (Neurath et al.
1970 : Nowinski etal. 1990).

Two main conclusions can be drawn from the FISH experiments on colorectal
tumour samples carried out in this project. Firstly, the results show that these
tumours were comprised of a chromosomally heterogeneous population of cells.
Secondly, it seems that each tumour develops independently even when several
tumours are present within one individual. However, many tumours show common
chromosomal abnormalities such as gain of chromosome 7, loss of chromosome 17
and lack of loss or gain of chromosome 18 in this study. Three reasons could
account for common numerical chromosomal abnormalities found in tumours
studied in this project.

1) Some chromosome changes may occur more frequently than other chromosome
changes. It may be that some families carry specific chromosomes that are prone to
anaphase lag or nondisjunction (Hall 1988). In fact Amoldus et al. (1989, 1991b)
have detected somatic pairing of chromosome 1 centromeres and also of
chromosome 17 centromeres in interphase nuclei by FISH, and have found that this
is a cell-type dependent phenomenon. Further investigation into the nature of human
centromeres may determine if there is an association between the phenomenon of
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somatic pairing and nondisjunctional events leading to chromosomal loss or gain in
cells.
2) Some chromosome abnormalities could be lethal or detrimental to the cell and
therefore rarely seen.
3) Some chromosomal abnormalities may give the cell a growth advantage.
Other factors such as the presence of carcinogens or interaction with other gene
products which may influence exactly which chromosomal abnormalities arise. The
stage of the tumour could also determine which chromosomal abnormalities are
sustained in the tumour cells. Thus abnormalities that increase the rate of cell
division, cause cell immortality and increase chromosomal instability may be
selected for, in the initial stages of tumour development. In the later stages of tumour
progression other changes that cause the tumour to become invasive may dominate.

Now that many of the important genes involved in colorectal tumour development
have been cloned (APC, DCC, MCC and p53), mutations within them can be
precisely defined at the DNA level, and their outcome on the respective gene
products can be determined. This kind of information should eventually lead to an
understanding of the role of these key genes in tumour progression. Once this is
known the subtle effects that each of the different clones of cells, such as those
which have been shown to be present within a tumour in this project, may become
apparent. In future FISH analysis of colorectal tumours, probes for specific genes
should be used in conjunction with alpha-satellite centromeric probes, in order to
gain more precise information as to which genes are associated with cancer
progression. Since FISH data from this project appears to show an increase in
chromosome instability due to mutations in the APC gene, it would be interesting to
determine if tumours with mutations in the FCC gene (Peltomaki et al. 1993), or the
DNA Polymerase p gene (Wang et al. 1992) are also prone to chromosomal
instability.
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APPENDIX 1.

Unless otherwise stated all of the chemicals and stains were obtained from BDH
and were of ’Analar' or of 'Biochemial’ grade. Sterilization of most buffers,
solutions and plastics was done by autoclaving at 151bs psi at 121
for 30min.
The composition of the most commonly used buffers and media are listed below,
(marked in text in italics).
ABBREVIATIONS.
A

Adenine.

BSA :

Bovine Serum Albumen fraction IV. (Sigma).

C :

Cytosine.

CISH

Competitive In-Situ Hybridisation

DAPI

4,6-diamidino phenylindole

dNTP

2'-deoxy ribonucleoside 5’-triphosphate ie. dATP, dCTP,
dOTP, dTTP.

EGF :

Epidermal Growth Factor.

EDTA

EthyleneDiamineTetra-Acetic acid disodium salt.

PCS :

Fetal Calf Serum. (Imperial Labs or Tissue Culture Services
for hybrids).

FGF :

Fibrobast Growth Factor.

FISH

Fluorescent In-Situ Hybridisation.

FITC :

Fluorescein-isothiocyanate.

G :

Guanine.

Hepes

N-2-HydroxyEthylPiperazine-N-2-Ethane.

HPRT

Hypoxanthine phosphoribosyl transferase

IGF-1

Insulin-like Growth Factor.

Ouabain

C29 H 44 Gi 2- 8 H2O g-strophanin. (Boehringer Mannheim).

PBS :

Phosphate Buffered Saline (Gibco).

PCR :

Polymerase Chain Reaction.

PDGF :

Platelet-Derived Growth Factor.

PEG :

PolyEthylene Glycol 6000.
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PI :

Propidium Iodide.

SDS ;

Sodium Dodecyl Sulphate.

T :

Thymine.

TGF-P :

Transforming Growth Factor p.

Tween 20 :

Polyoxyethylene sorbitan monolaurate.

Culture and Chromosome Banding Solutions.
6.8 Buffer.
Ibuffer tablet (Gurr), in IL of distilled water.
Citrate phosphate buffer.
O.IM citric acid.: 0.2 Na2HP04.12 H2O : pH5.5
C ollagen ase.
lOOmg collagenase (Worthington 25units/mg) : 40mls Hanks' balanced solution.
Filter sterilised, and stored at -20’C.
Conditioned Medium.
10% FCS Opti-MEM (Gibco) was fed to a confluent culture of normal human
fibroblasts. After 2 days the medium was removed and stored at -20'C, this lysed
any contaminating fibroblasts in the medium.
10 % FCS/DMEM. (For 8 % CO2 ) •
74mls Deionised water : 9mls lOx Dulbecco's Minimal Essential Medium (Gibco) :
7mls 5.3%NaHC03 : lOmls FCS r.lml GPS : pH with IM NaOH to give red/pink
colour.

10% FCS/MEM.
Slmls Deionised water : 9mls lOx Eagles Minimal Essential Medium (ICN Labs) :
1ml IM Hepes : lOmls FCS : 1ml GPS : pH with NaHCOg/NaoH buffer to give
red colour.
Glycerol Medium.
72mls deionised water, lOmls glycerol, Smls lOxEagles Minimal Essential Medium
(ICN Labs), 20mls FCS, 1ml Hepes.
G PS.
lOOmls 200mM L-Glutamine (ICN Labs). 600mg Penicillin (U.C.H. Pharmacy).
Ig Streptomycin (Sigma). Frozen into 1ml aliquots, IxGPS—> lml/99mls of
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medium.
Hanks' Balanced Salt Solation. (Hanks')
lOx Hanks’ balanced salt solution without calcium or magnesium ions (Imperial).
Diluted 1:9 in sterile water. pH with 5.3% sodium bicarbonate to give a red colour.
HMT.
H- Hypoxanthine (Koch Light), IBOmg in 100ml of deionised water. NaOH added
to make it dissolve. T- Thymidine (Koch Light), 38.76mg into lOOmIs of H. MMethotrexate (Cyanamid Gosport), 50mg in lOOmIs of deionised water, then HT
and M mixed 1:1.

KCL/EDTA Hypotonic Solution.
3% KCL : 0.2% EDTA : 4.8% Hepes : pH 7.4, Autoclaved and stored at 4®C.
PEG Solution.
Just prior to use, Ig of PEG was autoclaved and allowed to cool to 37®C. Then
1ml of MEM without FCS or Hepes was mixed with the molten PEG. The pH was
adjusted with bicarbonate to be slightly alkaline.
PH A.
Phytohaemaglutinin (ICN Labs), 1 vial reconstituted in 1ml water and stored at 4®C
Selective Medium.
10% FCS/MEM IxHMT : IxNon essential amino acids (Gibco) : ouabain lO^M.
2xSSC .
0.033M Trisodium citrate, 033M NaCl, pH7 with IM citric acid.

Transport Culture Medium.
5mls 10%FCS/DMEM : 5mls 2.5mg/ml collagenase : Gentamycin 0.05mg/ml (ICN
Labs).: Amphotericin B 2pg/ml (Sigma) : O.lpg/ml Colcemid.

V ersene.
0.2g EDTA (disodium salt), lOOmIs sterile Hanks' balanced salt solution (working
strength).
V ersene/trypsin. (Trypsin)
5mls 1% trypsin (ICN Labs) in lOOmIs of versene solution.
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Solutions for M olecular Techniques.
2% Agarose/TBE minigel.
Ig of agarose (Sigma) was added to 50mls of TBE and boiled to dissolve the solid.
The solution was allowed to cool and then 2.5/d of lOmg/ml ethidium bromide
solution was added and mixed before pouring into a gel minigel mould to set.
C hloroform .
24 parts Chloroform : 1 part amyl alcohol. Stored in dark bottle.
Loading Buffer
0.25% bromophenol blue : 0.25% xyle cyanol : 25% ficoll in water. Ficoll was
dissolved first at 65®C before addition of the other dyes.
lOx PCR Buffer (Promega).
lOOmM Tris HCl pH 8 .8 : 500mM KCl : 15 mM Mg CI2 : 1% Triton x-100
PCR stock dNTPs. 15mM.
50mgs of each dNTP (Boehringer Mannheim), were dissolved into separate 0.5ml
aliquots of deionised water. IM unbuffered Tris was added dropwise until the pH
was neutral,(tested by dotting sample onto pH paper). The volumes were then made
up with deionised water such that: dATP->5.65mls : dCTP->6.50mls : dGTP->
6.05mls : dTTP->5.85mls. Stored in SOOpil aliquots at-20'C.
P h en ol.
IKg of liquid phenol, 400mls of TE containing 0.1% hydroxyquinoline. Stored in
dark and allowed to settle in two distinct layers.
ST E .
lOOmMTris.Cl. (pH8 ) t.lOOmM NaCl : ImM EDTA.(pH8 )
TBE.
0.089M Tris borate : 0.089M bone acid : 0.02M EDTA.
TE.
lOmM Tris : ImM EDTA : pH7.6.

Fluorescence In -S itu Hybridisation Solutions.
Anti-avidin Solution.
5mg/ml biotinylated anti-avidin D (Vector Labs), in 4xSSC.
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Antifade Solution.
lOOmg p-phenylenediamine dihydrochloride (Sigma), in 10ml PBS pH with
carbonate-bicarbonate hujfer. : Millipored through 0.2/^m filter : 90ml glycerol
added, and mixed well.: 0.15/<g/ml DAPI and / or l//g/ml PI counterstains added.
Stored in the dark at -2(PC.
Avidin Solution.
5/ig/ml fluorescein avidin DN (Vector Labs) in 4xSSCMprotected from light.
Carbonate-bicarbonate Buffer.
0.42g Na2HC03 in lOmls water : pH9 with NaOH.
Deionised Formamide.
5g of ion-exchanger Amberlite monobed MB-1 mixed resin was added to lOOmls of
formamide in a tightly sealed Duran bottle covered in foil. The bottle was placed on
its side on a rocking platform and allowed to roll gently about for 2hrs. The
formamide was then filtered twice through Whatmann IM paper, and immediately
mixed with 20x3SC and lOxphosphate buffer +/- dextran sulphate (Pharmacia), to
make the appropriate probe mix.
Formaldehyde Buffer.
50mMMgCl2 in PBS.
Formaldehyde Solution.
1.3mls of 37% formaldehyde (Sigma) in 50mls of formaldehyde buffer.
37% formaldehyde stored with an excess of sodium bicarbonate to maintain pH7.
PBS.
1 tablet, (Sigma) in 200mls of water.
lOx Phosphate buffer.
0.5M NaH2P04 : Na2HP04 ; pH7.
Proteinase K Buffer.
20mMTris : 2mM CaCl2 : pH7.4.
Proteinase K Solution.
Proteinase K in Proteinase K buffer : lOng/ml for satellite probes, and ’forward'
painting : 50ng/ml 'reverse' painting (GISH).
RNase A.
100//g/ml A (Sigma) in 2xSSC, boiled for 3min, then stored at -20®C.
2xSSC .
Dilute 20xSSC with water.
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20xSSC .
175.3g NaCl : 88.2g sodium citrate : made up to 1litre with water, pH with ION
NaOH.
2xSSC P.
Dilute 2

and lOx phosphate buffer as required.

4xSSC M .
20xSSC diluted to give 4xSSC, 5% non-fat dry milk (Marvel), filtered through
Whatmann IM paper.
4xSSC T.
20xSSC diluted with water to give 4xSSC : 0.05% Tween20 detergent (Sigma).
TE.
As above.
TNE.
As for STE, above.
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Appendix II.

List o f Primers. Location, and Conditions used.

The annealing temperatures were calculated using the formula:Melting temp. = 69.3 + (0.41 x GC%) - 650/Length
Annealing temp = Melting temp. - 12®C.
The values were sometimes altered to improve the PCR reaction. The annealing
temperatures listed below gave the maximum amount of product, without the
reaction becoming aspecific.

1) Complément component C9 (intron), 5p 13. ( C.Abbott e/a/. 1989)
Oligo 1. 5’ TAGATACATTGAGTCTCTCCTGATT 3'
Oligo 2. 5’ CAGTCTATCACAATGAGAGAGATGG 3’
255bp product.
Conditions : 90®C - lOsec : 55®C - 30sec : 7(PC - 30sec. 30 cycles.

2) Interieokin-5 (intron), 5q23-31. (C.Abbotte/a/. 1991).
Oligo 1. 5’ CATGGGTGATAACTACATCACCAGA 3'
Oligo 2. 5' GTACAGACATTCACAGCCACCCATA 3'
240bp product.
Conditions : 90°C - lOsec : 50®C - 30sec : 7(PC - 30sec. 30cycles.

3) Interlenkin-4 (introns 2 and 3), 5q23.3-31.2. (R M oute/a/.
Intron 2.
Oligo 1. 5' TAGGCTGAAAGGGGGAAAGC 3’
Oligo 2. 5' CTGTTCACCrCAACTGCTCC 3'
Intron 3.
Oligo 1 .5 ’ CTCAAAGTGCTGGGATTAGC 3’
Oligo 2 .5 ’ AGCCATCrCGGTTGGATGGA 3'
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INTRON 2 .
Allele (bp). Frequency.
183
0.17
253
0.83
Heterozygosity - 0.12

INTRON 3.
Allele (bp)
Frequency.
184
0.73
196
0.07
206
0.20
Heterozygosity - 0.27

Conditions : 95®C - 30sec : 55®C - 45sec : 72®C - 45sec.: 27 cycles.

4).C11P11, (D5S71), 5q21-q22. (C.M.J.Tops

1991).

Oligo 1. 5 CATAAACAGAAGCTTATAATGCT 3’
Oligo 2 .5 ’ CATATGTTCTATATCAGTGC 3’
Product

AUele(bp)
66
70

Frequency
0.14
0.86

Heterozygosity - 0.4
Conditions : 93°C - 30sec : 41°C - 30sec : 70®C -30sec : 32 cycles.

5)EC B 27, (D5S98), 5q21. (M.B.Cachon Gonzalez

a/. 1992)

Oligo 1. 5’ GATTTCTTTTACTTGCrTAGAGCCr 3’
Oligo 2. 5’ GTCTATATGCTTGTTACAGATGTTC 3’
Product

Allele (bp)
117
115

Frequency
0.61
0.39

Conditions : 93®C - 30sec : 46®C - 30sec : 70®C - 30sec : 30 cycles.

6) MCC (Intron), 5q21.
Oligo 1. 5’ TTGGTGGCAAGGGCAGGCAGACT 3'
Oligo 1. 5’ GGTTGCCAATTCTCCTTTTTTCTCAGGG 3’
195bp product
Conditons : 90®C - lOsec : 54®C - 30sec : 70°C - 30sec : 30 cycles.

7).p53, (S'-untranslated). 17p. (C.Abbot e/a/. 1991)
Oligo 1.5' GTTAGTATCTACGGCACCAGGTCGG 3’
Oligo 1 .5 ’ TCCCTGGACGGTGGCTCTAGACTTT 3’
223bp product.
Conditions : 90®C - lOsec : 55®C - 30sec : 70®C - 30sec : 30 cycles.
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8).TCF1, (Intron). 1 7 q ll.2 -1 7 q l2 . (C A bbotte/a/. 1990)
Oligo 1 .5 ’ GAAGATGOGAAGTCCrGTTTTGCCC 3’
Oligo 2 .5 ’ AGCAGATGGTTAGGGTACTAGTGGG 3’
233bp product.
Conditions.: 90®C - 30sec : 55®C - 30sec.: 7(PC - 30sec : 30 cycles.

9) Prealbnmin, (Intron). 1 8 q ll.2 . (C.Abbott^/a/. 1991)
Oligo 1 .5 ’ TCTCTACCAAGTGAGGGGCAAACGG 3’
Oligo 2 .5 ’ CAGTGTGTCTGGAGGCAGAAACCAT 3’
415bp product.
Conditions : 90^C - lOsec : 48®C - 30sec : 70®C - 30sec : 30 cycles.

10) Ain Tc-65.(D.L.Nelson cfa/. 1989)
5’ AAGTCGCGGCCGCTTGCAGTGAGCCGAGAT 3’
Conditions : 94®C - 45sec : 57°C - 30sec : 72®C - 2min : 35 cycles.
: 72°C - lOmin : 1 cycle.

ll) A lu IV. (F.E.CottergraZ. 1990)
5’ CAGAATTCGCGACAGAGCGAGACTCCGTCTC 3’
Conditions : 94®C - 45sec : 56®C - Imin : 72®C - 3min : 10 cycles
94°C - 45sec : 56°C - Imin : 72®C - 4min : 10 cycles
94®C - 45sec : 56®C - Imin : 72®C - 5min : 15 cycles
72®C - lOmin : 1 cycle.

L I H . (S.A.Ledbetter et.al, 1990)
5’ CATGGCACATGTATACATATGTAAC(A/T)AACC 3’
Conditions : See ’Methods’.
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15.3
15.2
15.1
14
11.32
11.31

13.3
13.2
13.1
12
11

11.1

TCFl

11.2
12

13.1
13.2
13.3
14
15
21

CllPll
CCB27
MCC

22

23.1
23.2
23.3
31.1
31.2
31.3
32
33.1
33.2
33.3
34
35.1
35.2
35.3

Figure A .ll.l.

L o c a tio n o f p rim e rs .
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List o f Alpha-Satellite Probes osed.

These centromeric probes were bought biotinylated from Oncor.

Chrom osom e.

Reference.

Higher Order Repeat.
K bp. Number of
M onom ers.

C o pt

7

1

500

1 and 3.

12

1.35

1000-2000

5.

17

2.7

16

500-1500

2, 3 and 4.

18

0.68

4

2000

5.

Num ber.

Reference.

1). J.S. Waye et.al, (1987).
2). J.S. Waye et.al. (1986).
3). H.F. Willard et.al (1987).
4). D. Barker. et.al. (1987).
5). Willard, H.F., personal communication to Oncor.
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Probes nsed on Chromosome 5 for DNA Anavsis.

Probe Name.

S ym b ol.

L ocation.

(H G M ll) .

(HGMll).

MS6.21.

D5S110

11227.

D5S37

5p
5q21

C llP ll.

D5S71

5ql4-q21

ECB27.

D5S98

5ql5-q21

EF5.44.

5q21-22

APC54D.

APC

5q21-22

MCC40.

MCC

5q21-q22

L5.71.

D5S141

YN5.48.

D5S81

5q
5q21-q22

MC5.61.
m s8 .

D5S84
D5S43

5q21-22
5q35-qter

L5.62.

D5S134

5q

Probes used on Chromosome 17 for DNA Analysis.

Probe Name.

Sym bol.

L ocation.

(HGM 11).

(HGMll).

MS228.

D17S134

17pl3

114D6.

D17S34

17pl3.3

YNZ22.

D17S5

17pl3.3

Probes used on Chromosome 18 for DNA Analysis.

Probe Name.

S ym b ol.

Location.

(H G M ll).

(HGMll).

MS440.

D18S31

18q

O L V ll.

D18S7

1 8 q ll.l-q ll.:

DCC.

DCC

18q21.3

0S4.

D18S5

18q21.3-qter
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