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Summary
Colorectal cancer remains the second commonest cause of cancer death in Western
Europe and North America. Overall survival is poor. Even in those patients who

undergo potentially curative resection more than one third will die within 5 years.

It has long been recognised that disease progression in cancer patients is not solely
determined by the characteristics of the tumour but also by the host respense, One
aspect of the host response, which has recently generated interest, is the non-specific
systemic inflammatory response, associated with primary operable colorectal cancer.
There is evidence that the systemic inflammatory response (as evidenced by C-reactive
protein) predicts recurrence, and overall and cancer specitic survival, independent of

stage, in patients who have undergone curative resection for colorectal cancer.

Another aspect of the host response is tumour lymphocytic infiltration, there is
increasing evidence that both local and systemic inflammatory responses play an
important role in the progression of a variety of common solid tumours. In patients with
colorectal cancer, there is good evidence that, on simple staining of tumour sections, the
presence of a pronounced lymphocytic infiliration within the tumour is associated with

improved survival.

In the first research chapter of this thesis we assessed the value of combining Dukes
stage and C-reactive protein to form a new prognostic score in patients undergoing
apparently curative resection for colorectal cancer. The results suggest that this simple
prognostic score, which reflects both the contribution of the tumour and the host

response, appears to differentiate between low risk and high risk Dukes B and C
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tumours and may thercfore be useful in selecting appropriate patients for adjuvant

chemotherapy.

In the second research chapter we examined the rclationships between the systemic
inflammatory response, (umour lymphocytic infiltration, tumour proliferative activity
and cancer survival in patients with Dukes stage B and C colorectal cancer undergoing
potentially curative resection. A peor tumour CD4+ and CD8+- T-lymphocyte infiltrate,
an increased Ki-67 labelling index were associated with poorer cancer specific survival.
Poor tumour CD4+ T-lymphocyte infiltrates, increased Ki-67 labelling index and
increased tumour diameter were associated with an elevated circulating C-reactive

protein,

Multivariate survival analysis showed that both local (lumour CD8§- T-lymphocyte
infiltrate) and systemic (C-reactive protein) inflammatory responses, but not tumour
proliferation (Ki-67 labelling index), were significantly associated with cancer specific
survival, That tumour proliferation is a relatively poor predictor of survival compared
with the systemic inflammatory responses, possibly relates to the fact that tumour
dissemination, rather than tumour proliferation, is the primary determinant of survival in

patients with colorectal cancer.

These results would suggest that local and systemic inflammatory responses are linked
to tumour prolifcration in patients with colorectal cancer and these responses are in tun
linked to cancer specific survival, independent of tumour stage. This means that, both
local and systemic inflammatory responses are intrinsically linked to cancer specific

survival in patients who have undergone apparently curative surgery for colorectal




cancer. Furthermore, these results would suggest that the presence of a syslemic

inflammatory response reflects increased tumour bulk and compromised cell mediated

immunity.




1.0 COLORECTAL CANCER

1.1 Epidemiology of Colorectal Cancer

Colorectal cancer is the third most common malignancy in the developed world,
(Coleman, 1999). Worldwide, approximately 780,000 ncw cases were diagnosed in

1990, which represents 9.4% of all incident cancer in men and 10.1% in women (Boyle,

2000).

Coloreetal cancer is not uniformly distributed among all populations. The highest
incidences are in Westemn Europe and North America, whereas intermediate rates
prevail in Eastern Europe. The lowest rates are seen in Asia, Aftica and South America.
Ilowevcr, there is some evidence that the incidence of the discase in Africa is now

increasing, probably as a result of improving lifestyle (Iliyasu et al, 1997).

In the UK, colorectal cancer is the third most common form of cancer after lung and
breast cancer. More than 35,000 new cases are diagnosed annually. It is now second
only to lung cancer as a cause of cancer death in the UK, with over 16,000 deaths each
year, which accounts for 11% of the UK cancer related mortality (Cancer Rescarch UK,

2004, www.canccrresearchuk.org).

Colorectal cancer affects almost equal proportion of men and womien, most commonly
between the ages of 60 and 80 years, but when the incidences of cancer of colon and
reclum ar¢ examined separately, certain differences in sex incidence emerge. The ratio
between males and females in the UK for cancer of the colon is approximately 2:3 and

for cancer of the rectum is approximately 8:7 (Keighley and Williams, 1999).



http://www.cancerresearchuk.org

Most authors seem to agree about the distribution of tumours within the colon, Thus,
approximately 50% of all colon cancers are in sigmoid, 25% are in right colon (caccum
and ascending colon), and the remaining 25% are in the transverse colon, splenic
flexure, descending colon and hepatic flexure, in descending order of frequency

(MecDermott et al, 1981).

The distribution ol cancer within the rectum is difficult to determine because authors

who have studied this subject have often used dilTerent measurements when dividing

the rectum into its upper, middle and lower segments. The consensus, however, seems
‘

to be that, apart from minor variations, rectal cancers are equally distributed between

the three segments of the rectum (Keighley and Williams, 1999),
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1.2 Actiology

'The development of colorectal cancer represent the culmination of a complex process in
which both hereditary and environmental factors, acling either alone or in combination,
cause changes in the regulatory genes and cellular dysfunction. Most of the colorectal
cancer (90- 95%) arise from sporadic adenomas (polyps) and most of the remaining are
accounted for by several hereditary cancer syndromes. Despite advances in
understanding the biclogy and natural history of colorectal cancer survival has pot

significantly improved in recent years,

1.2.1 Genetic Factors

Adenomatous polyps are widely believed to be the precursors of most of the colorectal
adenocarcinomas and this concept is supported by epidemiological, genelic and
pathological studies. Patients with adenomatous polyps have a threefold higher risk of
colon cancer over the general population and the risk increases to six-fold if the polyps
are multiple. The evolution of a carcinoma from an adenoma is generally believed to be
a multi-step process of tumorigenesis called the, “adenoma- carcinoma sequence”. ‘l'his
concept, postulated in the mid-seventies is now widely accepted and has been supported

by molecular genetics studies (Tomlinson et al, 1997).

However, the genetics events that take place in the development of sporadic colorectal
cancer are also being explained. Mutations of the adenomatous polyposis coli (47C7)
gene, which is probably involved in cell-cell adhesion, are thought to occur early as they
are found in 60% of all adenomas and carcinomas (Powell et al, 1992). K-ras mutations,
which probably stimulate cell growth by activating growth factor signal transduction,

similarly oceur in both adenomas and carcinomas. However, as they are more common
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in large adenomas than small adenomas they are thought to represent a later event
(Vogelstein et al, 1988; Scott et al, 1993), The deleted in colorectal cancer (DCC) gene
is a tumour-suppressor gene that may be responsible for cell-mairix interactions (Fearon
et al, 1990), and its deletion may be important in further progression towards the
malignant state. Mutation of the P53 gene is common in invasive colonic cancers but
rarc in adenomas and is therefore deemed to be a late event which accompanies the
development of the invasive phenotype (Kikuchi-Yanoshita et al, 1992). The P33 gene
is a tumour supprcssor genc that appears to be the most important determinant of
malignancy in colorectal neoplasia. It is located on the short arm of chromosome 17 and
is requently lost in colorectal malignancy. It is considered to be a transcription factor
because it activates other genes and promotes their cxpression. These genes are
involved in growth inhibition and loss of the P53 gene may therefore lead to
unregulated cellular growth, Mutations of P53 are found in more than 50% of all
human cancers and more than 75% of colorectal adenocarcinomas, making it one of the
most important factors in human carcinogenesis (Vogelstein ¢t al, 1988; Greenblatt et al,
1994). The varied functions of P53 including control of the cell cycle, DNA repair and
the induction of programmes cell death (apoptosis) to prevent proliferation of cells with
deleterious mutations (Bukholm et al, 2000). Mutant P53 protein has a half-life of
approximately 24 hours compared to wild-type P53 protein which has a half-life of 20
minutes. Studies have shown that mutation in P53 usually result in the accumulation of
P53 proteins (overexpression), which in turn result in increased proliferation, loss of
apoptotic function, and chromosomal instability (Buglioni et al, 1999; Bukholm et al,

2000).
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The sequence of events described above is shown in Figure 1.1 (Smith et al, 2002), but
it musl be stressed that this merely illustrates one possible multistep process; indeed,
there is now good evidence that K-ras and 1’53 mutations very rarely occur in the same

tumour, suggesting alternative pathways to carcinogensis (Smith et al, 2002),

NORMAL
COLONIG HYPERPROLIFERATIVE

ADENOMA CARCINOMA METASTASIS
MUCOSA EPITHELIUM

5021 alielg Insctivalion
DNA hypormethylation

=
|

ray palnt mutatlon

-

17pip53 Indctivatlon
184 hactivation

Y

furiher accumulation of
chromogomal sbrarmalitiss

A

5~ 10 years - 3-5years -

Figure 1.1 Adenoma- carcinoma sequences (adapted from Smith et al, 2002).
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1.2.2 Inherited Bowel Cancel;

Hereditary non-polvposis colorectal cancer

IINPCC is responsible for about 2% of colorectal cancer and is the commonest of the
main inherited bowel cancer syndromes. HNPCC was previously known as Lynch

syndrome and is inherited in an aulosomal dominant fashion.

HNPCC is characterised by early onset of colorectal tumour, the average age at
diagnosis being 45 years compared with approximately 65 years in the general
population. These tumours have certain distinguishing pathological features. There is a
predilection for the proximal colon, and tumours are also frequently multiple
(Synchronous and metachronous). They tend to be mucinous, poorly differentiated and
of ‘signet-ring’ appearance, with marked infiltration by lymphocytes and lymphoid

aggregation at their margins.

IINPCC is due to germline mutations in mismatch repair (MMR) genes, whose role is to
correct exrors in base-pair matching during replication of DNA or to initiate apoptosis
when DNA damage is beyond repair. The MMR genes are tumour suppressor genes.
Defective MMR genes result in the accumulation of mutations in a host of other genes,

leading to tumour formation.

Defective MMR genes also results in micro satellite instability (MSI), a hallmark of
tumour in HNPCC (Frayling, 1999). Micro satellites are regions where a short DNA
sequence (up to five nucleotides) is repeated. There are large numbers of such sequence
in the human genome, the majority in non-coding DNA. Base-pair mismatches

occurring during DNA replication are normally repaired by the MMR proteins. In the

21
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tumour with deficiency of these proteins this mechanism fails and micro satellites

become instable (micro satellite instability).

Familial Adenomatous polyposis (FAP)

Familial adenomatous polyposis (FAP) is an autosomal dominant, inherited disorder,
less common than HNPCC, with 100% risk of developing colorectal cancer (Talbot,
2000). It is characterized by the deveclopment of hundreds of adenomas during the
second and third decades of life. These occur predominantly in the large bowel, but
adenomas may also occur in the upper gastrointestinal tract. Genetic studies have shown
that FAP caused by mutation in the tumour-suppressor adenomatous polypasis coli
(APC) gene on chromosome 5. The sub site distribution of colorectal carcinoma in
paticnts with familial adenomatous polyposis (FAP) is similar to that in patients with
sporadic colorectal cancer; in both, left-sided cancers are more frequent than right-sided

cancer (Bufill, 1995).

1.2.3 Environmental Factors

Diet

Meat, Animal protein and Fat

Evidence from epidemiological studies seems to show consistently that there is a well-
established relationship between intake of cerlain dietary constiluents, especially meat,

and colorectal cancer.
Armstrong and Doll (1975) first described the association between incidence and

mortality rates of colorectal cancers in 32 countries with per capita consumption of

meal, animal protein, and total fat consumption. The correlation coefficient for meat and
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animal protein consumption remained higher than 0.7 after adjusting for other variables.

The correlation was stronger for colon rather than for rectal cancer.

More recently, Sinha and co-workers (1999) have shown that well done, grilled red
meat increases the risk of colorectal cancer. This consistent with the hypothesis that
carcinogenic compounds formed by high temperature cooking techniques, such as
heterocyclic amines and polycyclic aromatic hydrocarbons, may contribute to the risk of

developing cancer.

Population studies and the great majority of earlier case-control studies suggested that
colorcetal cancer risk increased with an increased intake of dietary fat (Miller et al,
1983; Graham et al, 1988). Several more recent case-control studies have alse shown
that there was a positive correlation between dietary fat intake and colorectal cancer
(Panel on Food, Nutrition and the Prevention of Cancer; 1997; Lipkin et al, 1999). Sincc
then, a substantial amount of progress has been made in understanding the relationship
between dietary fat and development of colarectal cancer in humans. In 1990, Willett
and co-workers published the results from the US nurses health study involving follow
up of almost 89, 000 women aged 34-59 years who were without cancer or
inflammatory bowel disease at recruitment. After adjustment for total energy intake,
consumption of animal fat was found to be associated with increased risk of colorectal

cancer,
On the other hand, several large prospective studies have been reported in Europe and

the United States up to 2001. None of these studies found a clear, positive association

between fat and colorectal cancer (Slattery et al, 1997; Terry et al, 2001; farvinen et al,
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2001). Indeed, Giovannucci and co-workers (1994) noted that the increased risk
associated with animal fat intake in the American nurses disappeared when red meat

intake was taken into the account.

Furthermore, in a combined analysis of 13 case control studies, Howe and co-workers
{1997) showed no measurable positive association between either lotal fat intake or
intake of saturated fat and colon cancer after adjustment for total calorie intake.
Thereforc, whilc animal studies have suggested an actiological role for high fat intake in
colorectal carcinogenesis, such evidence is very hard to extrapolate to humans (Kono,

2001).

Fibre

Burkitt's hypothesis (1971), that a lack of dictary fibre is associated with the higher
incidence rates of coloreclal cancer in western countries, generated a vast amount of
epidemiological research. 'I'wo meta-analyses of 13 and 20 case control studies
appearcd to show that high intake of fibre-rich food reduced the risk of colorecial cancer
by one-half (McKeown-Eyssen, 1985; Howe, 1992). However, in a prospective cohort
study, only fibre from fruit was associated with an appreciable reduction in risk, but this

relation was not statistically independent from meat intake (Willett, 1990)

More recently, Fuchs and co-workers (1999) analysed outcome in the nurses’ study with
regard to fibre intake. During a 16-year follow-up period, 787 cases of colorectal cancer
were documented. Furthermore, adenomas were detected in 1012 paticnts out of 27,530
participants who underwent endoscopies during the follow-up period. After adjustment

for age, established risk factors, and total energy intake, they found no asscciation
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between the intake of dietary fibre and the risk of colorectal cancer. The results of the
more recent larger studies therefore, do not support the existence of an important

protective effect of dietary fibre against colorectal cancer or adenoma.

Minor dietary constituents

A number of dietary constituents have been found to inhibit carcinogenesis, including
selenium, vitamin C, E, retinoids, carotenoids (B-carotcne, lycopene, lutein, B-
cryptoxanthin, and w-carotene) and plant sterols. It is worth noting that, diets low in
Vitamin C and carotenoids also tend to be low in fibre (Pritchard, 1996). Carotenoids,
long recognized for their antioxidant properties, are of increasing intcrest in relation to
cancer because of their effect on regulation of cell growth (Rock, 1997). Recent studies
by Slattery and co-workers (2000) have suggested that there may be an association
between the use of these supplements (lutein and a-carotene) and a low risk of

developing colorectal cancer.

Tabacco and Alcohol

There is little evidence that colon cancer is associaled with consumption of alcoholic
beverages, Of 15 cohort studies published up to 1992, none showed significant alcohol-
related increase in the risk of colon cancer. Rectal cancer, however, was positively

associated with alcohol in number of cohort studies (McMichael and Giles, 1994).

Until recently there was little evidence that smoking was related to colorectal cancer
(Sandler, 1988; Slattery, 1990; Kune, 1992). However, two reports using data from two
large single-gender cohorts of health professionals concluded that for each gender the

number of cigarettes smoked during the most recent 20 vears was positively rclated to
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the prevalence of small adenomas, whercas pack years of smoking more than 20 years
carlicr was linked with an increase in large adenomas, Smoking was related to risk of
colorectal cancer after allowing for an induction period of at least 35 years

{Giovannucci, 1994a; Giovannucci, 1994b; Giovannucci, 2001).

On the other hand Nyren and coworkers (1996) carried out a large cobhort study, which
involved approximately 135,000 male construction workers, with an average follow up
17.6 years. This study did not support a high risk of colon cancer in males who were
long-term heavy smokers and provided only weak support for an association with rectal

cancer,

1.2.4 Biological markers and colorectal cancer

Apoptosis

The normal gastrointestinal epithelium is characterized by rapid cell turnover at the
level of the colonic crypt, replacing the surface epithelium approximately every six
days. The highly proliferative compartment is the lower third of the crypt. As the cells
move up the crypt, they mature, differentiate, lose their dividing ability and eventually

die (apoptosis).

Apoptosis, or programmed cell death, plays an important role in many physiologic and
pathologic processes (Thompson, 1995). Among others, an important function of
apoptosis lies in the elimination of damaged cells. For example, cells with genctic
damage caused by exposure to carcinogens may be deleted by undergoing apoptosis,
thereby preventing their replication and the accumulation of clones of abnormal cells.

There is increasing evidence to support the hypothesis that failure of apoptosis may bc
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an important factor in the evolution of colorectal cancer and its poor response to
chemotherapy and radiation (Watson, 1995). Inhibition of apoptosis causes an
jmbalance in normal tissue homeostasis promoting cell growth and it also allows the
survival of genetically damaged cells, both contributing to tumour development and

progression (Hawkins et al, 1997).

Traditionally, an increase in cell proliferation, rather than a change in apoptosis, has
been used to predict later tumour development and prognosis. While there is general
agreement that the dysregulation of apoptosis contributes to malignant transformation,
the potential predictive or prognostic value of the degree of apoptosis in colorectal
cancer is controversial. Several studies have examined the prognostic value of the
apoptotic index in colorectal cancer, producing conflicting results (Hawkins et al, 1997;
Hashimoto et al, 1997; Kawasaki et al, 1998; BEvertsson et al, 1999; Sinicrope et al,
1999; Tenjo et al, 2000; Schwandner et al, 2000; Paradiso et al, 2001). Schwandner and
co-workers (2000) showed that the apoplotic index was not predictive of prognosis in a
series of 160 cases of rectal cancer. In two studies, it was shown that & low apoptotic
index in the tumour was associated with poor survival (Langlois et al, 1997; Kawasaki
et al, 1998). Two reports showed that apoptotic indices were higher in tumours that
were more highly differentiated and had not invaded or metastasised than in those that
were poorly differentiated and invasive or metastasizing (I1ashimoto et al, 1997;

Sugamura et al, 1998),

The degtee of apoptosis in colorectal tumours is not related to the degree of

proliferation in most studies. The use of the apoptotic index in a tumour as & potential
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prognostic marker or indicator for the choice of therapy, as suggested by some, is

currently not supported by the available data.

Proliferation

Ki-67 protein is a large nuclear antigen expressed in highest concentrations in all stages

of the cell cycle but not in resting cells. It has a very complex and specific localization

pattern within the nucleus, one which changes during the cell cycle. It has been known

for some time that Ki-67 protein is associated with the dense fibritlary component (DFC)
of the nucleolus (Verheijen et al, 1989). Although these is a vast amount of information

known about the structure, localization and regulation of Ki-67 protein, but there is little

information about the function of this protein apart from the fact that it is vital for cell

proliferation (Brown and Gatter, 2002).

The original antibody raised against Ki-67 protein could be used only on fresh or frozen
tissue, since fixation greatly interferes with immunostaining pattern. This prototypic
antibody was succeeded by other antibodies which could recognize Ki-67 protein in
conventional fixed tissue sections, treated with microwave irradiation (Rose et al,
1994). The most widely used of these is monoclonal antibody MIB-1 (Molecular
Immunology Borstel) (Cattoretti et al, 1992). There is no doubt that this antibody has
been the single largest achievement in the investigation of Ki-67 protein's prognostic
potential. Its arrival meant that retrospective studies using archived surgical histology
material could be undertaken and large prospective studies became much easier to
petform since there was no longer the need to collect fresh {tissue, The

immunohistochemical staining pattern of ki-67 antigen has been found to correlate well
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with tumour proliferative activity in various human malignancies (Brown and Gatter,

2002).

It is well established that Ki-67 protein is of prognosiic value for many types of
malignant tumour as it represent fumour proliferative activity and for many tumour
types, high proliferative activity has been shown to correlate with poor clinical
outcome. For example, in breast cancer most studies showed a statistically significant
correlation between high proliferative activity and clinical outcomes, both on univariate
and multivariate analysis (Locker et al, 1992; Beck et al, 1995; Jacquemier et al, 1998;
Chang et al, 1999). Other studies reveal an unclear and oflen contradictory pattern for
certain tumours, e.g. cervix uteri, non-Hodgkin's lymphoma and prostate cancer (Brown

and Gatter, 2002).

In colorectal cancer, the relation between proliferation marker und prognosis after
resection are conflicting, For example, Brown and Gatter (2002) in their recent review
of those studies, only three out of 12 studies reported a significant association with
survival (Palmquvist et al, 1999; Saleh et al, 1999; Kimuia et al, 2000). The results of the
above studies which did show a correlation were also contradictory; for example,
Palmgvist et al (1999) concluded that colorectal carcinomas with low Ki-67 protein
expression at the invasive margin had a poor prognosis, whilst Saleh and co-workers
(1999) and Kimura and co-workers (2000) showed that a high Ki-67 protein expression
al the site of invasive margin had a worse prognosis. These apparently contradictory
findings may be the result of the marked heterogeneity of Ki-67 protein expression in

colorectal carcinomas {(Qfner et al, 1996). However, many of these studies were based
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on small numbers; some included both primary operable and advanced disease and most

used semi-quantitative techniques for the measurement of Ki-67.

Colorectal cancer with a high proliferative activity is more likely to respond to
chemothe_rapy (Allegra et al, 2002; Atlegra et al 2003; Garrity et al, 2004). Garrity and
coworkers (2004) analysed the proliferative activity of colon cancer in the treatment and
non treatment group separately, Within treatment group, patients with high ki-67 protein
expression showed improved overall survival regardless of whether they received active
treatment.  According fo these results, proliferative markers have the potential to
distinguish patients with rapidly proliferating tumors that are likely to respond to
chemotherapy from patients with slowly proliferating tumors who may not need
aggressive treatment. Selection of those patients, by assessment of the proliferative
activity, may be a reliable approach to predict which patients will respond to

chemotherapy.

Recently, Valera and co-workers (2005) reported thal, using a double
immunohistochemical staining procedure and a quantitative technique in a cobort of
106 patients who underwent curative resection for cojorectal cancer, an increased Ki-67
proliferation index was associated with poorer survival and it maintained significance as
an independent predictor of long-term outcome in a multivariate analysis that included
other prognostic factors. This study also showed a significant correlation between
proliferative index and several pathological characteristics of colorectal carcinomas,
such as tumour differentiation, metastatic disease and local invasiveness in keeping with
earlier studies (Porschen el al, 1991; Kubota ct al, 1992; Dicbold ¢t al, 1994; Kyzer et

al, 1997).
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1.2.5 Inflammatory disease and other risk factors

Inflammatory bowel disease

Patients with inﬂammatory bowel disease (IBI)) are at incrcased risk of developing
colorectal cancer when compared with the general population (Table 1.2), whose
average lifetime risk is 2 to 8 percent (Kaden, 2000, Eaden, 2001). Colorectal cancer
represents the major cause of excess morbidity and mortality from malignant disease in
patients with ulccrative colitis and to a lesser extent in Crohn's disease. Colotectal
cancer was observed in 5.5-13.5 % of all patients with ulcerative colitis and 0.4-0.8 %

of patients with Crohn’s disease (Pohl, 2000).

Established risk factors include long duration of disease (Eaden, 2001), extensive
disease (Ekbom, 1990), young age at onset (Eaden, 2001), the presence of complicating
primary sclerosing cholangitis (Breninall et al, 1996, Komfeld, 1997), persisting

aclivity of the disease and inadequate pharmucological therapy (Bernstein, 2002).

C-reactive protein concentration

It is of interest therefore, that an increase in the marker of systemic inflammation, such
as C-reactive protein is associated with an increase incidence of colorectal cancer in

general population (Erlinger et al, 2004).

A recent epidemiologic study has raised the hypothesis that C-reactive protein
concentration (CRP) might also be agsociated with incident colorectal carcinoma and
considered as risk factor (Erlinger et al, 2004). This latter finding is supported by

clinical observations of an increased risk for colorectal cancer in patients with chronic,
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relapsing and remitting inflammatory bowel diseases (Panes, 2001; Munkholm, 2003).
Erlinger and co-workers (2004) investigated the possibility that C-reactive protcin, as a
marker for inflammation, could help identify people at risk for the development of
colorcetal cancer. C-reactive protein was measured as (baseline) at the beginning of
their prospective study. During 11 years follow-up period, a total of 172 subjects
develop colorectal cancer, of these 131 had colon cancer and 41 had rectal cancer. For
each colorectal cancer case, 1 or 2 case matched controls were found. Those apparently
healthy subjects with the higher C-reactive protein concentration (top 25%) had twice
the risk of colorcetal cancer compared with those with lower C-reactive protein
concentration (bottom 25%). However, depending on whether a case-control or cohost
study design was used, these results have or have not been confirmed (Gunter et al,

2006; Zhang et al, 2005).

In summary, there is some evidence that the presence of systemic inflammatory

response, as evidenced by elevated C-reactive protein concentration, plays a role in the

development and or progression of colorectal cancer.
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Table 1.1 Established risk factors for colorectal cancer (adapted from DeVita, 2001),
Genetie

Polyposis Syndromes

Familial polyposis coli

Gardner’s syndrome

Turcot syndrome (CNS tumours)

Oldfield’s syndrome (sebaceous cysts)

Peutz-Jeghers syndrome (hamartomas)

Nonpolyposis syndromes
Lynch syndrome I

Lynch syndrome II (associated extracolonic cancers)

Pre-existing disease and inflammation
Ulerative colitis

Crohn’s diseasc

Prior colorectal cancer

Neoplastic polps

Pelivic irradiation
General

Age>40y

Family history of colorectal cancer
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1.2,6 Chemoprevention

Non-steroidal Anti-inflammatory drugs and colorectal cancer

There is evidence that the use of non-steroidal anti-inflammatory drugs (NSAID) is
assoctated with reduced risks of colorectal cancer and adenomatus polyps (Rosenberg,
1991; Peleg, 1994; Giovannucci, 1994). Firstly, several NSAIDs, including aspirin,
inhibit the growth of chemically induced colonic tumours in rats and mice (Pollard,
1983; Narisawa, 1983; Reddy, 1990). Secondly, the NSAID sulindac causes the
regression of residual rectal polyp in patients with familial adenomatous polyposis and
an ileorectal anastomosis (Nugent et al, 1992; Giardiello et al, 1993). Finally, in
epidemiological studies, the use of aspirin and NSAIDs was associated with an
approximate halving of the risk of developing or dying from colonic or colorectal

cancer (Rosenberg, 1991; Thun, 1991).

In 1977, Bennett and co-workers noted increased concentrations of prostaglandins in
colorectal cancer tissue when compared with normal colorectal mucosa, Given the
pharmacological ability of non-steroidal anti-inflammatory drugs to inhibit the
cyclooxygenase (COX-1) enzyme and thereby block prostaglandin synthesis, several
studies evaluated the use of non-steroidal anti-inflammatory drugs and demonstrated
that they could both prevent and reverse colorectal adenomas and car¢inomas in animal
models and man (Pollard et al, 1980; Kudo et al, 1980; Kune et al, 1988), Since then
several other studies have been published and nearly all have confirmed the original
reports. Indeed, the chemopreventive properties of scveral non-steroidal anti-
inflammatory drugs including aspirin (Giovannucci, 1994), indomethacin (Rubio et al,
1989}, piroxicam (Pollard et al, 1984), and sulindac (Skinner et al, 1991) have been

confirmed.
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Clinical experience with non-steroidal anti-inflammatory drugs included a series of case
reports (Waddell and Loughry, 1983; Waddell ct al, 1989) and randomised trials
(Labayle et al, 1991; Giardello et at, 1993), which demonstrated the ability of NSAID
including sulindac to reduce the size and number of colotectal polyps oceurring in
patients with familial adenomatous polyposis (FAP). These findings have important
public health implications, as it is likely that the adenoma/carcinoma sequcuce in
familial adenomatous polyposis patients is similar to that of the general population, This
concept is supported by recent epidemiological findings of a 40-50% reduction in
mortality . from colorcetal cancer among people regularly taking non-steroidal anti-
inflammatory drugs compared with those not taking these agenls (Cotton et al, 1996;

Smalley et al, 1997; Janne, 2000; Sandler, 2003).

Despite the strong evidence that the use of non-steroidal anti-inflammatory drugs lowers
the risk of colorectal cancer, many questions remain. Aspirin was the sole or
predominant non-steroidal anti-inflammatory drug evaluated in most of the
epidemiological studies to date. However, patterns of use {dose and duration) necessary
to prevent colorectal cancer are still unclear, Giovannucei and colleagues (1995) found
an increasing profective effect with an increasing duration of regular aspirin use.
Although this reduction became significant only after 20 years of use, the relative risk
for colorectal cancer began to steadily decline after 5 to 9 years of regular use.
Rosenberg and co-workers {1991) found a protective effect when regular use was
started in the year before diagnosis and tound a weak effect of duration of use when any

regular use was compared with regular use over five or more years. Although these
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independent lines of research all support the link between NSAID use and a reduction in

colorectal cancer, the pharmacological basis of NSAID protection remains unclear.

It is likely that these mechanisms are related, al least in part, to those undetlying the
anti-inflammatory properties of non-steroidal anti-inflammatory drugs, that is, their
ability to inhibit the cyclooxygenase enzymes (Smalley et al, 1997), which reduces the
levels of tissue-specific prostaglandins (PG) (Figure 1.2), the mediators of the
inflammatory response (Funk, 2001). Cyclo-oxygenase (COX) is an enzyme that is

responsible for the conversion of arachidonic acid into prostaglandins (PG).

An inducible form of cyclo-oxygenase was recognized in early 1990s (Xie et al, 1991;
Masferrer et al, 1992). This was confirmed and led to the classification of two
isoenzymes (Table 1.1), COX-1, the constitutive form, is expressed in many tissues to
regulate and maintain normal cellular function. In contrast, COX-2 is expressed only
after stimulation via a variety of different growth factors, cytokines and mitogens
(Smith et al, 2001). Aspirin and other NSAIDs inhibit the activity of both isoforms; the
therapeutic anti-inflammatory effects are attributed to COX-2 inhibition, whereas the
side-effects of these drugs (gastrointestinal inflammation, ulceration, prolonged
bleeding time) seem {0 be due primarily to the inhibition of COX-1 (FitzGerald et al,

2001; Chan et al, 2002).
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Figure 1.2 Potential mechanistic pathways that may account for some of the anticancer
effects of the non-steroidal anti-inflammatory drugs (NSAIDs) and cyclo-oxygenase 2
inhibitors (coxibs) (Adapted from Church, 2003).

Protection is probably multifactorial and could be related to the ability of NSAIDs to
arrest colorectal carcinogenesis at several stages. The specific mechanisms of action of
COX-2 inhibitors as anticancer agents have yet to be established. The inhibition of
cyclo-oxygenase and reduction in tissue prostaglandin levels in human subjects have
been established (FitzGerald, 2001), but the downstream cellular events are not as clear.
An impact of the coxibs on angiogenesis (Jones, 1999) and apoptosis (Richter, 2001)
has been observed. In addition, there is some evidence to suggest that Cox-2 inhibitors

have effects on cellular proliferation and adhesion, breakdown of the extracellular
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matrix, and modulation of immune surveillance (Dannenberg, 1999; Pan,

2001;Yamazaki, 2002).

COX-2 inhibitors may prove to be attractive chemopreventive agents because selective
inhibition may prevent cancer while avoiding the complication of bleeding and gastric
irritation (FitzGerald, 2001; Chan, 2002). However, to date their efficiency in humans s

not well defined.

Table 1.2 Cyclo-Oxygenase enzymes (Adapted from Churxch, 2003).

Cyclo-oxygenase-1 Cyclo-oxygenase-2
Expression Constitutive Constitutively expressed only in brain, lung,
kidney

Found in all tissues  Rapidly induced in inflammatory tissue (I-3 h)
induced by cytokines and growth factors (IL-
2,TNF-a)
inhibited by anti-inflammatory cytokins (IL-
10)

Functions  Housekeeping Inflammatory process in macrophages,
function in platelet.  leucocytes, fibroblasts, and endothelivm
stomach, kidneys,

and endothelinm

Inhibition  Aspirin and non- Aspirin, non-steroidal anti-inflammatory drugs
steroidal anti- and glucocorticoids

inflammatory drugs

COX = Cyclo-oxygenase, I1.-1= Interleukin I, II.-10 = Interleukin 10, TNFo. = Tumour
necrosis factor alpha.
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1.3  Host Immune Response and Colorectal Cancer
1.3.1 Basis of immunology

The physiologic function of the immune system is to protect individuals from infectious
pathogens. The mechanisms that are responsible for this protection fall into two broad
categories (Figure 1.3). Innate immunity (native immunity) refers to defence
mechanisms that are present even before infection and have evolved to specifically
recognize microbes and protect multicellular organisms against infections. Adaptive
immunity (specific, immunity) consists of mechanisms that are stimulated by (adapt to)
microbes and are capable of also recognizing nonmicrobial substances, called antigens.
Innate immunity is the first line of defence, because it is always ready to prevent and
eradicate infections. Adaptive immunity develops later after exposure to microbes and is
even more powerful in combating infections. By convention, the term "immune

response” refers to adaptive immunity (Abbas, 2005).

Figure 1.3 Innate and adaptive immunity (Abbas, 2005).
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Innate immunity

The major compenents of innate immunity are epithelial barriers that block entry of
environmental microbes, phagocytic cells (mainly neutrophils and macrophages),
natural killer (NK) cells, and several plasma proteins, including the proteins of the
complement system. Phagocytes are recruited (o sites of infection, resulting in
inflammation, and here the cells ingest the microbes and are then activated to destroy

the ingested pathogens. Phagocytes recognize microbes by several membrane receptors

(Abbas, 2005),

Complement proteins are some of the most important plasma proteins of the innate
immune system. Recall that in innate immunity, the complement system is activated by
binding to microbes using the alternative pathways; in adaptive immunity, it is activated
by binding to antibodies using the classical pathway. Other circulating proteins of innate
immunity are mannose-binding lectin and C-reactive protein, both of which coat
microbes | tor phagocytosis and complement activation (see section 1,3.6). Lung
surfactant is also a component of innate immumity, providing protection against inhaled

microbes.

Adaptive immunity

The adaptive immune system consists of lymphocytes and their products, including
antibodies. The receptors of lymphocytes are much more diverse than those of the
innate immune system, but fymphocytes are not inherently specific for microbes, and

they are capable of recognizing a vast array of foreign substances.
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1.3.2 Humoral and Cell-mediated immunity

There are two main types of adaptive immunity—cell-mediated (or cellular) immunity,
which is responsible for defence against intracellular microbes, and humoral immunity,
which protects against extracellular microbes and their toxins (Fig. 1.4). Cellular
immunity is mediated by T (thymus-derived) lymphocytes, and humoral immunity is
mediated by B (bone marrow-derived) lymphocytes and their secreted products,
antibodies. Both these mechanisms of adaptive immunity are capable of causing injury

to the host and subsequent disease.

Figure 1.4 Humoral and cell-mediated immunity (Abbas, 2005).
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T Lymphocyies

T lymphocytes are generated from immature precursors in the thymus. Mature, naive T
lymphocytes are found in the blood, where they constitute 60% to 70% of lymphocytes,
and in T- lymphocytes zones of peripheral lymphoid organs, such as the paracortical
arcas of Iymph nodes and periarteriolar sheaths of the spleen. The scgregation of naive
T lymphocytes to these anatomic sites is because the cclls cxpress receptors for
chemoattractant cytokines (chemokines) that are produced only in these regions of
lymphoid organs (Cyster, 1999; Mebius, 2003) Each T lymphocytes is genetically
programmed to recognize a specific cell-bound antigen by mcans of an antigen-specific
T-cell receptor (TCR) (Davis, 1998). In approximately 95% of T lymphocytes, the TCR
consists of a disulfide-linked heterodimer made up of o and 3 polypeptide chain (Figure
1.5), each having a variable (antigen-binding) and a constant region. The o p TCR
recognizes peptide antigens that are displayed by major histocompatibility soluble
antigens; therefore, presentation of processed, membrane-bound antigens by antigen-
presenting cells is required for induction of cell-mediated immunity. T- lymphocytes
receptors arc capable of rccognizing a very large number of peplides; each T

lymphocytes expresses TCR molecules of one structure and specificity.

A minority of mature T lymphocyles express another type of TCR composed of y and 8
polypeptide chains (Ilayday, 1999). The v 8 TCR recognizes peptides, lipids, and small
molecules, without a requirement for display by MHC proteins. These T cells tend to
aggregate at epithelial surfaces, such as the mucosa of the respiratory and
gastrointestinal tracts, suggesting that these cells are sentinels that protect against
microbes that fry to enter through these ecpithelia. Another small subset of T

lymphocytes expresses markers that are found on natural killer (NX) cells; these cells
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are called NK-T lymphocytes. NK-T lymphocytes express a very limited diversity of
TCRs, and they recognize glycolipids that are displayed by the MHC-like molecule

CDB1. The functions of NK-T lymphocytes are also not well defined.

T lymphocytes also express a number of non-polymorphic, function-assaciated
molecules, also called accessory molecules, including CD4, CD8, CD2, intcgrins, and
CD28. CD4 and CD8 are expressed on two mutually exclusive subscts of ¢ 8 T
lymaphocytes, CD4 is expressed on approximately 60% of mature CD31- T lymphocytes,
whereas CDS8 is expressed on about 30% of T lymphocytes. These T- lymphocytes
membrane-associated glycoproteins serve as co-receptors in T- lymphocytes activation,
During antigen presentation, CD4 molecules bind to the non-polymorphic portions of

class II MHC molecules expressed on antigen-presenting cells (Figure 1.5).

In contrast, CD8 molecules bind to class I MHC molecules. CD4 and CD8 are required
to tnitiate signals that activate T lymphocytes that recognize antigens. Because of thig
requirement for co-receptors, CD4+ helper T lymphoceytes can recognize and respond to
antigen only in the context of class II MEHC molecules, whereas CD8& - cytotoxic T
lymphocytes recognize cell-bound ant