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ABSTRACT

This study has examined some of the features that
characterize the changing pattern of genomic organization and
gene expression in colorectal carcinogenesis. The transition
from normal colonic mucosa, to adenoma, to carcinoma is
accompanied by the progressive accumulation of genetic
defects.

DNAs from a panel of premalignant adenomas,
predominantly from familial adenomatous polyposis (FAP)
patients, and carcinomas mostly from non-FAP patients, were
screened for the presence of somatic mutations. RNA was
extracted from a similar panel of samples for use in gene
expression studies. Allele losses were detected in tumour
DNA samples with polymorphic markers from chromosomes 1, 5q,
7 and 1llp. Such loss of genetic material may indicate the
presence of tumour suppressor genes at affected loci. As the
adenomatous polyposis coli gene has been assigned to 5qg21,
allele loss 1in this region was expected in carcinomas,
however loss of chromosome 5g markers had not previously been
reported 1in premalignant adenomas. The absence of allele
loss on chromosome 3p, suggests that the small cell lung
cancer tumour suppressor gene, was not involved in colorectal
carcinogenesis. Genetic instability was manifest in some
carcinoma samples by the generation of novel alleles at
various hypervariable loci. The retinoblastoma
susceptibility gene was over-represented in two carcinomas
and elevated levels of expression were detected in RNA from
90% of adenomas and 50% of carcinomas. Such uncharacteristic
findings may indicate that unknown factors are interacting
with this tumour suppressor gene 1n colorectal tumours.
Expression of the p53 tumour suppressor gene declined from
high levels in adenomas to low levels 1in carcinomas.
Comparison of these findings with published data, suggests
that an inverse relationship may exist between gene
expression and mutation at this locus. The most striking and
consistent change observed in this study, was the loss of
carbonic anhydrase 1 gene eXpression associated with

epithelial de-differentiation. Expression of the mucin genes
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also declined with the progression of colorectal
carcinogenesis. In mucinous tumours however, although mucin
transcript levels were high in some cases, the pattern of
mucin gene expression varied between individual samples.
Construction of a normal colonic mucosal c¢DNA library,
allowed a cross hybridization strategy to be employed, in an
attempt to 1isolate clones from human chromosome five that
contained sequences expressed in the colon. Six clones were

isolated and their preliminary characterization undertaken.
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CHAPTER 1

INTRODUCTION

1.1. Epidemiology of Colorectal Cancer.

The incidence of colorectal cancer varies throughout the
world, Dbetween different countries, regions and ethnic
groups. It is primarily a disease of the developed "Western
world", whilst it is relatively uncommon in under-developed
"third world" countries (Shottenfeld & Haas, 1978). In the
United Kingdom 27,250 new cases were reported in 1990,
representing 11% of all cancers. Nationally, therefore,
colorectal cancer is the second mest common malignancy. In
1984 the five year survival rate for colorectal cancer was
approximately 37%, with mortalities accounting for 12%
(19,460) of all cancer deaths in 1988 (CRC Fact Sheets 1988,
1989 & 1990).

It is apparent from the distribution of colorectal
cancer throughout the world that environmental factors,
especially diet, have a profound effect on the etiology of
this disease (Muir & Staszewski, 1986). Studies on the
incidence of colorectal cancer amongst immigrant populations,
both to and from high risk regions, have shown that within
one generation individuals take on the local colorectal
cancer risk (Shottenfeld & Haas, 1978).

Despite the obviously strong influence of the
environment on the etiology of colorectal cancer, ultimately,
the cause of aberrant cell growth is genetic, resulting from
mutations some of which may be 1inherited. Therefore,
colorectal cancer develops as a result of a composite of

environmental and genetic factors.

1.2. Etiology of Colorectal Carcinomas.

Colorectal carcinomas arise as a consequence of normal
epithelial cell regeneration being disrupted. It is thought
that all adenocarcinomas develop from previously benign
outgrowths of the colorectal wall - adenomas (also known as
bolyps), in what is known as the adenoma - carcinoma sequence
(Muto, et al, 1975, Hill, et al, 1978). Once a carcinoma has

formed it has potential for growth, both into the lumen of
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the gut and down into the intestinal wall. Given the
appropriate conditions, metastatic disease, most commonly of
the liver, may result from invasion of the cancer into the

wall of the colorectum.

1.21. Anatomy of the Normal Human Colorectum.

The colon and rectum represent the distal portion of the
alimentary canal, from the ileocaecal valve to the anus. As
shown in figure 1l.la the colorectum may be sub-divided into
nine regions, although the composition of the colorectal wall
remains uniform throughout. The colorectal wall is made up
of essentially five layers, with the mucosa forming the
luminal surface and the serosa the peritoneal surface (figure
1.1b). As indicated in the legend to figure 1.1lb, the mucosa
is further sub-divided into three distinct tissue types

(epithelium, lamina propria mucosa & longitudinal muscularis

mucosa) . It 1is 1in the surface epithelium that 99% of
colorectal carcinomas arise. The single layer of epithelial
cells, comprising columnar, goblet and isolated

enterochromaffin cells, is folded into crypts, known as the
Crypts of Leiberkiihn (figure 1.1lc). Studies on the uptake of
tritiated thymidine, together with microscopic observation,
have illustrated that the base of the crypts represent the
area of proliferation and regeneration (Deschner, 1980), with
a single progenitor cell per crypt (Ponder, et al, 1985).
Columnar cells migrate from the base of crypts up to the
luminal surface, undergoing differentiation in the process.

Mucin containing goblet cells are abundant in the upper two

thirds of the crypts. Migration continues to the surface
epithelium, where well differentiated columnar cells
predominate. Such columnar cells are frequently polar, with

a well balanced cytoplasmic architecture and a uniform
coating of microvilli on the luminal surface. Regarded as
the area of extrusion, cell death occurs in the surface
epithelium and necrobiotic cells are normally observed

(figure 1.1lc) (Hermanek, et al, 1983).
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Figure 1.1. Macro and Microscopic Anatomy of the Colorectum.

l1.1l.a.Subdivisions of the Colorectum.
IV: ileocaecal valve, C: caecum, Ap: appendix, AC, ascending

colon (right colon), HF: hepatic flexure, TC: transverse
colon, SF: splenic flexure, DC: descending colon (left
colon), S8C: sigmoid colon, R: rectum, An: anus.

1.1.b. Subdivisions of the Colorectal Wall.

M: mucosa consisting of epithelium, lamina propria mucosa &
longitudinal muscularis mucosa, SM: submucosa consisting of
connective tissue and adipose cells, MPC: muscularis propria
consisting of a circular muscle layer, MPL: muscularis
propria consisting of a 1longitudinal muscle layer, S8S:
subserosa consisting of loose connective tissue, S: serosa
consisting of a mesothelial 1layer forming the visceral
peritoneal cover of the intestinal wall.

l1.1.¢. Crypt of Lieberkihn.

SE, surface epithelium, CE, crypt epithelium, Ex, region of
extrusion, D & M, region of division and migration, P & R,
region of proliferation and regeneration, e, enterochromaffin
cell, ¢, columnar cell, cd, columnar cell undergoing
division, g, goblet cell, n, necrotic cell.
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1.22. Adenoma Formation.

The condition familial adenomatous polyposis (FAP) has
provided a unique opportunity to study adenoma formation from
the earliest stages. Characterized by the presence of
hundreds to thousands of colorectal adenomas, histological
samples from FAP patients reveal not only adenomas at all
stages of development, but also areas of the epithelium where
adenoma formation is likely to occur (FAP will be discussed
in detail in section 1.32a). Adenomas in non-FAP patients
are usually only detected when they become symptomatic, by
which time they are well advanced (Bussey, 1975).

Adenomas develop from areas of epithelial hyperplasia,
in which there is hyperchromatism, an increase 1in mitotic
activity, stratification and reduced mucin production. It
would appear from studies on the uptake of tritiated
thymidine, that crypts with hyperplasia have a proliferative
compartment which extends to the surface epithelium
(Dreschner, 1980). Microscopic examination suggests that
areas of hyperplasia spread from one crypt to adjoining
crypts. As the adenomatous growth continues the surface of
the epithelium protrudes from the surroundings and the
adenoma becomes apparent.

Adenomas may be classified according to their
macroscopic appearance, microscopic architecture, and degree
of cellular atypilia. Macroscopically, pedunculated or sessile
adenomas occur, with either a smooth or papillary surface.
The microscopic architecture may be: (a) tubular, consisting
of branching tubules or glands, lined with epithelial cells,
(b) wvillous, where the mucosa is in the form of finger 1like
projections which reach down to the muscularis mucosa, or (c)
tubulovillous, in which both morphological types are
represented. Seventy five percent of adenomas are found to
be tubular, wvillous and tubulovillous forms occur at 10% and
15% respectively (Muto, et al, 1975). The degree of cellular
atypia and dysplasia may range from mild to severe. In mild
dysplasia there is a slight increase in the number of mitotic
figures, some cells have hyperchromatic nuclei and there is a
general reduction 1n mucin secretion. However, there 1is
minimal loss of cellular polarity, normal epithelial cells

are still apparent and the regular architecture of the
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tubules or wvilli is maintained. In contrast, severe
dysplasia is typified by irregular tubules or wvilli, with
budding and bridging between glands. Layers of epithelial
cells, in which polarity has been lost, lie back to back,
with the result that stromal tissue is reduced. The increase
in mitotic figures, including abnormal forms, accompany the
large polymorphic, hyperchromatic nuclei present 1in the
cells, which now secrete little or no mucin (Bussey, 1975,
Muto, et al, 1975, Hermanek,et al, 1983). The degree of
dysplasia may not be uniform throughout an adenoma, with

mild, moderate and severe forms being represented in a single

polyp.

1.23. Adenoma - Carcinoma Seqguence.

The only distinction between an adenoma with severe
dysplasia and an adenocarcinoma, 1is invasion of the
neoplastic growth through the muscularis mucosae. The
malignant potential of an adenoma depends on the interaction
of number of wvariables, including size, microscopic
architecture, degree of cellular atypia and the macroscopic
growth pattern (Hermanek, et al, 1983). Muto et al (1975)
observed that wvillous adenomas are the most 1likely to
progress to carcinomas, with an approximate malignancy rate
of 40%. This was contrasted by the figures for tubular and
tubulovillous, which were 5% and 22% respectively. Although
a positive correlation exists between adenoma size and
malignant potential, the morphology of an adenoma is of
considerable significance, 1in that a small adenoma of the

villous type has a greater malignant potential, than a larger

adenoma of the tubular type. However, as severe atypia is
uncommon in small adenomas (<bmm), large adenomas are more
likely to progress to cancers (Muto, et al, 1975). Regions

of mild dysplasia may persist in an adenocarcinoma, where the
severely dysplastic cellular growth has yet to infiltrate.
When large adenomas occur with severe atypia and dysplasia,
but which have failed to breach the muscularis mucosae they
are known as a carcinomas in situ or mucosal carcinomas.
Carcinomas may be of wvarious morphological forms as
shown 1n figure 1.2. Of these, the polypoid type, which
represents 25% of cancers, is the least likely to result in

metastases. However, the more frequently occurring ulcerated
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lymph nodes. A number of other regimes have been devised to
classify colorectal tumours and provide some prognostic
indication. Such a system was outlined by Payne (1989), in
which depth of tumour infiltration, lymph node involvement,

metastasis, and grade of tumour are all recorded.

1.25. Metastasis from Colorectal Carcinomas.

Malignant cells may be shed from the primary colorectal
cancer to form local and distant metastasis. In general, the
tissues in which secondary metastatic growth occurs appears
to depend upon the site of the primary cancer. In the case
of colorectal cancers, the most common sites are the local
lymph nodes and the liver, and less commonly the lung. As
long ago as 1889, Paget (Zetter, 1990) recorded the site
specific nature of metastatic disease. His "seed and soil"
hypothesis suggested that there were characteristics specific
to both the "seed" (the malignant cell) and the "soil" (the
tissue type in which the secondary tumour developed), which
specifically favoured the growth of a metastasis. In 1928
Ewing (Zetter, 1990) attributed the specificity simply to the
routes (vascular and lymphatic) which transported tumour
cells away from the primary site (mechanical theory of
metastasis). Thus, tumour cells would accumulate and grow in
the first organ encountered. It seems probable that both
theories have some foundation.

The mechanical theory of metastasis would appear to play
a large part in colorectal metastatic disease, in that
infiltration of the lymphatic system results in local lymph
node tumours, and hematogenous spread results in hepatic
tumours. However, findings that rat 1liver macrophages
(Kupffer cells) will bind specifically to, and yet not kill
rat colon carcinoma cells, suggests a validation of the seed
and soil theory. In fact it would seem that rather than
protecting the 1liver from invasion, Kupffer cells may
actually be contributing to metastatic infiltration (Gjgen,
et al, 1989). Cells are also shed from colorectal cancers
into the lumen of the gut, as demonstrated by the detection
of activated Kirsten-ras oncogene 1in faecal samples
(Sidransky, et al, 1992). Metastases only form from this

source 1if the integrity of the intestinal wall 1is
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compromised, by for example a surgical wound (Hermanek, et

al, 1983).

1.3. Causative Agents in Colorectal Carcinogenesis.

Environmental and genetic factors 1influence adenoma
formation and the adenoma-carcinoma sequence in colorectal
carcinogenesis. Hill et al (1978), put forward a hypothesis
to suggest how such factors may interact in tumour formation.
The hypothesis states that an environmental agent (A), causes
adenoma development in susceptible individuals, another agent
(B) causes the adenomas to grow and finally a carcinogen (C)
causes a malignant change in a high proportion of large
adenomas. From epidemiological evidence, it was likely that
agents A & B were abundant in the Western world, where
colorectal cancer 1s common. As small adenomas are evenly
distributed along the length of the colorectum, it was
possible that agent A was ingested 1in 1its active form.
Agent B however, could be a digestion product, as large
adenomas were more abundant in the proximal colorectum. The
very high risk of malignant conversion associated with large
adenomas, suggested that agent C was ubiguitous along the
length of the gut and in all nations (Hill, et al, 1978).

A series of population based studies suggest that
susceptibility to apparently sporadic or discrete adenomas,
may be inherited as an autosomal dominant trait, present in
up to 40% of the population. Variable penetrance of the
gene, and the fact that many adenomas remain asymptomatic and
therefore undetected, may explain why although familial
aggregations of colorectal cancer have been recorded, the
genetic process involved has remained unclear (Burt, et al,
1985, Cannon-Albright, et al, 1988). Recently however,
Houlston et al (1992) have concluded from a complex

segregation analysis, that the dominant genes responsible for

colorectal cancer are not rare, and have a 1lifetime
penetrance of 0.63. These findings are still consistent with
the hypothesis put forward by Hill et al (1978), and

reinforce the view that colorectal carcinogenesis is

influenced by genetic and environmental factors.
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1.31. Dietary and Other Environmental Risk Factors in
Colorectal Carcinogenesis.

An extensive survey of cancer incidence in the Bantu
tribe of the South African Transvaal, was the first to reveal
low frequency of many cancers. Cancer of the large intestine
was a tenth of that expected, by comparison with North
American blacks and whites (Higginson & Ottlé, 1960). The
one readily identifiable difference between the Bantu and the
other groups studied, was that the diet of the African tribe
was simple and contained large amounts of roughage. The low
incidence of malignant and benign large bowel disease was
observed in a number of rural African groups by Burkitt
(1969, 1971). He correlated this finding with diet, noting
that stool Dbulk, bacterial flora, transit time and
intralumenal pressure could all be altered by the removal of
dietary fibre. He hypothesized that the virtue of increasing
stool bulk and reducing transit time was to dilute potential
carcinogens and minimize their contact with the gut lumen
(Burkitt, 1971). Subseqguent epidemiological studies have
served to reinforce and expand upon this hypothesis, in
particular identifying potential risk and protective factors
present in the varied human diet. In addition it has been
possible to give some indication of the exposure time
required for such agents to exert their effect.

Complex interactions occur between the wvarious dietary
components with each other and with the bacterial flora, and
metabolic products present in the gut. It is therefore
difficult to attribute colorectal cancer protection or risk
to any factor in isolation. However, a number of clearly
influential factors have been identified in addition to
fibre, these are chiefly fat and meat, resulting in increased
risk and vegetables, calcium and selenium resulting 1in
reduced risk.

The positive correlation between colorectal cancer and
fat in the diet, especially animal fat 1is now well
established (Willet, 1989). High 1levels of dietary fat
result in increased hepatic synthesis and excretion of
cholesterol and bile acids into the gut (Reddy, 1981la).
These are hydrolyzed to secondary bile acids by the action of

Clostridium paraputrificum. Fatty acids and free bile acids
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