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Allele:

Annealing:

Amine:

Amphipathic:

Arylamine

DEFINITIONS

One of several alternative forms of a gene occupying a given locus on

a chromosome.

Pairing of complementary single strands of DNA to form a double

helix.

Any of a group of chemical compounds formed from ammonia by

replacing 1 (primary), 2 (secondary) or 3 (tertiary) of the H atoms

by organic (hydrocarbon) radicals.

Of or relating to molecules containing groups with characteristically

different properties eg. both hydrophilic and hydrophobic properties.

Any of a group of amines in which one or more of the hydrogen

atoms are replaced by aromatic groups.

Arylhydroxamic acid: N-acetyl N hydroxy arylamines.

Base pair(bp): Partnership of A with T or of C with G in a DNA double helix; other

pairs can be formed in RNA under certain circumstances.

Benzo(a)pyrene: A polycyclic atomatic hydrocalbon containing five fused benzene

rings, mw 25,230. It occurs in coal tar, cigarette smol;e and air

polution, and is a potent procarcinogen ilat unlìergor;s metabolic

activation to an aryl epoxide, the direct-acttng carc:nogen.
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cDNA: A single-stranded DNA complementary to an RNA, synthesized from

it by reverse transcription in vitro.

Gene: The segment of DNA involved in producing a polypeptide chain; it

includes regions preceding and following the coding region (leader

and trailer) as well as intervening sequences (introns) between

individual coding segments (exons).

Genotype: Genetic constitution of an organism.

Phenotype: Appearance or other characteristrics of an organism, resulting from

the interaction of its genetic constitution with the environment.

Polymorphism: Simultaneous occuffence in the population of genomes showing

allelic variations ( eg. as seen in alleles producing different

phenotypes).

Restriction enzymes: Bacterial enzymes that recognize specific short sequences of DNA

and cleave the duplex. 
t

Xenobiotics Chemicals foreign to the biological system.
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ABSTRACT

Epidemiological studies have clearly demonstrated the influence of environmental factors on

the risk for development of colonic adenomas and carcinomas. Other studies have raised the

possibility that the risk of cancer is influenced by inherited metabolic phenotypes which may

increase or decrease the concentrations of carcinogens. The pulpose of this study was to

assess the role of acetylator status and glutathione S-transferase p (GSTp) null phenotype

on the risk for development of colorectal neoplasms in humans and to determine whether

this was influenced by the dietary intake of meat. The major achievements of this project

were as follows:

Acetylator phenotype was determined using high pressure liquid chromatography

(HPLC) to detect acetylation metabolites of sulphamethazine. Two groups were

identified and classified as slow and fast acetylators.

Genotyping for acetylator status was developed and concordance was demonstrated

between acetylator status as determined by drug metabolism and acetylator status

as determined by genotyping.

3. A method was developed for genotyping for the GST¡I null phenotype.

The frequency of fast acetylators in patients with colon cancer was higher than

control subjects with an odds ratio of 1.8 (957o C.L.1-3). This effect appeared to

be more prominent in women than in men. Patients with colonic adenomas had a

similar frequency of fast acetylators to that in control subjects.

Patients with colorectal cancer had a similar frequency of the GSTp null phenotype

to that in control subjects.
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6 Fast acetylators had higher polymorphic (NAT2) activity in colonic tissue than slow

acetylators. However, the activity of colonic polymorphic NAT is much less than

the activity of monomorphic NAT (NATl).

Glutathione (GSH) concentrations in colonic tissue were higher in carcinomas and

adenomas than in adjacent "normal" mucosa. Furthermore, concentrations of

glutathione S-transferase (GST) were higher in carcinomas than in adjacent "normal"

tissue.

Cell proliferation was higher in neoplastic tissue than in "normal" mucosa and was

higher in aneuploid when compared with diploid neoplasms. There was no apparent

correlation between cell proliferation and NAT or GST activity or the GSH content

of tissues. Cell proliferation in the rectum was similar in patients with adenomas and

carcinomas to that in control subjects and was uninfluenced by acetylator status.

The risk for development of colon cancer in fast acetylators apeared to be influenced

by the dietary intake of meat. For example, odds ratios higher than 1.8 were found

in patients with a moderate or high intake of meat when compared to those with a

low intake of meat. This effect appeared to be more prominent in women than in

men.

The above observations provide new information on the influence of acetylator status on the

risk for colorectal cancer and likely interactions with dietary components, specifically meat.

This new area of ecogenetics rnay shed new light on the pathogenesis of intestinal and other

cancers.
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CHAPTER 1 BACKGROUND AND LITERATURE REVIEW

1.1 Significance of this Research

Colorectal carcinoma is the second most coflrmon cause of death from cancer in Australia, the

United States of America and Great Britain (Doll and Peto, 1981) and will affect 4-5Vo of the

population. It is the third most common malignancy in men and women worldwide(Muir,

1990). The incidence and mortality of this extremely cornmon malignant condition has not

changed appreciably during the last 40 years. In the United States, the five-year survival rate is

only 427o, reflecting the advanced stage of the cancer in most patients when first detected (Fath

and Winawer, 1983). In Australia, approximately 7000 new cases of colorectal cancer arise

each year, resulting in 3700 deaths annually (Armstrong, 1988). Colorectal carcinoma is,

therefore, a major Australian health problem.

The cause of colorectal carcinoma is considered multi-stage and multi-factorial as a result of an

interaction between environmental and genetic factors. Most malignant colorectal tumours

(carcinomas) arise from pre-existing benign tumours (adenomas) (Morson, 1974; Sugarbaker,

Gunderson and'Wittes, 1985); a phenomenon which allows tumours in various stages of

development to be studied. Epidemiological studies of environmental factors have shown a

positive association with diets high in protein, fat and calories and a negative association with

diets high in dietary fibre . The latter applies to both colorectal carcinoma (Trock, Lanza and

Greenwald, 1990) and adenomas(Giovannucci et al,1992).

At least three observations attest to the importance of environmental factors in the pathogenesis

of colorectal carcinoma. Firstly, the wide (at least 15 fold) range in age-standardised incidence

rates in different parts of the world. Secondly, the rise in cancer incidence when people migrate
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from a low incidence country to a high incidence country. Thirdly, changes in incidence in

individual countries such as Japan (V/illett, 1989) and Greece (Manousos et al, 1983) where

higher rates for cancer have been associated with the adoption of a westernized diet.

Within a defined population, however, the relationships between colorectal carcinoma and high

intakes ofprotein or fat and low intakes offibre are poor, and genetic factors are believed to

play an important role in determining individual susceptibility to disease. Although hereditary

syndromes(familial adenomatous polyposis and the Lynch syndromes) and inflammatory bowel

diseases(ulcerative colitis and Crohn's disease) appear to predispose to colorectal carcinoma,

these specific conditions exist in only 2-3Vo of patients (W'atne, 1982). In patients with

"sporadic" carcinoma, as many as 25Vo of patients have a family history of the disease,

consistent with the involvement of genetic factors. Indeed, it has been predicted that a gene

predisposing to colorectal carcinoma is present in almost half of the population (Cannon-

Albright et aI,1988).

However, despite two decades of epidemiological research into colorectal carcinoma, conclusive

identification of pertinent causative factors remain elusive and there is a need to develop new

approaches. One approach is to examine the influence of inherited metabolic phenotypes such

as the polymorphism associated with N-acetyltransferase and glutathione S transferase. These

two enzymes were chosen because of their genetic polymorphism in the human population and

their potential influence on the concentration of carcinogens in the colon and other organs of the

body. This project, therefore, sought to define the potential role of inherited changes in

metabolism which might influence the risk for development of colonic neoplasia. Results were

correlated with an assessment of diet and with an assessment of rates of cellular proliferation in

the colon; a marker of risk for colonic neoplasia.
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L.2 Meat and Colon Cancer

As noted above, the risk for colon carcinoma is likely to be influenced by both environmental

and genetic factors. The environmental factors are considered to predominate in caLsing the

wide inter-country differences in incidence but genetic factors might predominate within a

country in determining the relative susceptibility of individuals.

Although diet is acknowledged as a major environmental factor, the role of the various

components of the westem diet remains controversial. A major problem in the studies of diet in

colorectal neoplasia is the inter-relationship of foods which create difficulties in ascribing "risk"

to individual components of the diet. There is a positive association between meat and fat, and a

negative association between animal protein intake and cereal consumption. Furthermore,

several studies are complicated by the frequent finding of a positive association between total

energy intake and risk for colon cancer; a finding which often fails to diferentiate between total

food consumption and consumption of fat. ,

The evidence for the association of meat consumption with colon cancer is derived from three

types of epidemiological studies; correlational, case-control and prospective.

Epidemiologically, the strongest association with colon cancer incidence and any dietary factor

is with meat. This association was derived mainly from the striking international correlations

between the per capita consumption of meat and national rates of the disease(Doll and Peto,

1981), (Rose, Boyar and Wynder, 1986). In addition, several case-control studies have shown

an association between meat intake and colon cancer (Benito et aI,l99O), (Haenszel et aI,

1973), (La Vecchia et ø1, 1988), (Manousos et al., 1983), (Tajima and Tominaga, 1985) but not

in a study from Japan (Haenszel, Locke and Segi, 1980). A prospective study of 88,751

women followed over a six year period (1980-1986) showed a positive association,between

consumption of red meat and colon cancer with the relative risk for those who ate beef, pork, or
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lamb as a main dish daily as 2.49 (95Vo confidence interval, 1.24 to 5.03) compared to those

reporting meat consumption less than once a month (V/illett et al,l99O). This positive

association of meat and colon cancer was also shown in prospective studies from Norway

(Blelke, 1980) and Sweden (Gerhardsson, Floderus and Norell, 1988), the latter being a 14

year follow-up of 16,477 men and women. In a limited study on 43 colorectal cancer and 4l

control male patients, an enhanced risk of colorectal cancer was associated with bacon, and with

barbecued, smoked or cured meats (V/ohlleb et aI,1990).

The presence of mutagens in meat would provide a rational explanation for the above

association. Since 1980, many heterocylic arylamines had been identified in meat and fish

cooked at normal cooking temperatures (Felton et al,1986), (Tomita et aI,1984). Formation of

these arylamines are, however, increased by frying at high temperatures and cooking for longer

periods of time (Knize et aI, 1985). Kasai and co-workers were the first to isolate and identify

aminoimidazoquinoline(IQ) and aminomethylimidazoquinoline(MelQ) from broiled sun-dried

sardines (Kasai et aI,1980), and aminometþlimidazoquinoxaline(MelQx) from dried beef

(Kasai et al,I98I). Both MeIQx and DiMeIQx can be formed by heating mixtures of

creatinine, sugars and amino acids (Jagerctad et aI,1984), (Negishi et aL,1985). Another food

derived mutagen, 2-amino-l-methyl-6-phenylimidazo[4,5-b]pyridine(PhlP), was isolated from

fried ground beef and it has been (Felton et al 1986) found to be the most abundant heterocyclic

amine in various cooked meats and fish (Wakabayashi et al 1992). The mutagens isolated from

fried ground beef fall into three groups, imidazoquinolines, imidazoquinoxalines and

imidazopyridines. These compounds all have an imidazo group with an amino moiety inthe2

position. They also have a metþl group on one of the ring nitrogens in the imidazo ring and at

least one aromatic ring is fused to the imidazo ring(Fig. 1.1).
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Fig. 1. 1 The three classes of arylamines found in cooked ground meat

The carcinogenicity of these heterocyclic arylamines have been shown in vitro by the Ames test,

and in vivo,by the development of tumours in some experimental animals.

In animal studies, Alldrick showed that MeIQx forms covalent links with mouse DNA. He fed

mice with radioactive 1aC labeiled MeIQx inffagastrically and then sacrificed the animals after 6

and24 hours. Analysis of tissues showed radioactive DNA adducts in all organs but

particularly in the liver and colon (Alldrick and Lutz, 1989). PhIP has also been shown to

induce mutations in the ratApc gene; a phenomenon which may be relevant to PhlP-induced rat

colon carcinogenesis (Kakiuchi et aI1995). Ohgaki showed that heterocyclic arylamines from

cooked meat were carcinogenic when fed to mice and rats. All animals fed arylamines

developed tumours, particularly in the liver and, in the case of IQ, in the large intestine (Ohgaki

et aI, 1986). On the other hand, only one of the 100 control rats developed a tumour. It has

also been shown that PhIP induces the development of colon carcinoma inF344

R2
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rats(V/akabayashi et al L992). The doses that the animals received were much higher than those

predicted in humans. 'We would hypothesise, however, that low doses over long feriods of

time could result in human tumours, particularly in genetically predisposed individuals. This

would be consistent with the observation that colon cancer is a disease of the elderly.

In humans, Hayatsu showed an increase in faecal mutagenicity following a meal of 150 g. of

fried beefburgers. Organic compounds of three or more numbers of fused aromatic rings were

extracted from fresh faeces using blue cotton, an absorbent cotton bearing covalently linked

trisulpho-copper-phthalocyanine residues. The extracted material was subj ected to

carboxymethyl cellulose chromatography and was positive on Ames tests for mutagenicity. On

cessation of meat meals, faecal mutagenicity returned to the original low level. However,

standard samples of MeIQx and IQ, on being eluted in cellulose chromatography, were shown

not to be compatible with the extract obtained from the cooked ground beef (Hayatsu, Hayatsu

and V/ataya, 1986).

Other possible procarcinogens in meat are ammonia and phenol (produced from bacterial

metabolism of protein), and polycyclic hydrocarbons such as benzopyrene. Studies of these

substances in the causation of colorectal carcinoma have been few and inconclusive.

Products of protein fermentation by human intestinal bacteria such as ammonia, branched-chain

fatty acids and phenolic compounds progressively increase in concentration from the right to the

left colon (MacFarlane, Gibson and Cummings,1992) and could explain the higher frequency

of tumours in the distal colon. Ammonia may also enhance cell proliferation (Visek, 1978). In

dietary studies on 4 patients, urinary phenol increased with high meat diets and decreased with

diets high in fibre. (Bone, Tamm and Hill, 1976). However, case-control and geographical

population studies have shown no association between cancer incidence and urinary phenol

excretion (Bone, Tamm and Hill, 1976).
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Polycyclic hydrocarbons are environmental carcinogens that produce gastric cancers in mice

when administered orally and skin cancers when applied topically (Digiovanni, Slaga and

Boutwell, 1980). Smoke and barbecued meat contain benzopyrene although the major source in

foods is from vegetables grown in smoky areas (Preussman, 1985).

A polymorphism of a hepatic cytochrome P450 isoenzyme, the P450142(CYPIA2) as well as

the NAT acetylator phenotype was examined in 205 controls and75 patients with colorectal

adenomas and carcinomas. Both the rapid CYPlA2 and rapid NAT2 phenotype wåre slightly

more prevalent in cases versus controls (57Vo and 52Vo versus 4IVo and 45Vo respectively). The

combined rapid CYP1A2 and rapid NAT2 phenotype was found in35Vo of cases and only I6Vo

of controls, giving an odds ratio of 2.79. However, the consumption of well-done red meat

was associated with an increased risk of colorectal neoplasia, such that the odds ratios for

cooked meat preference and phenotype combinations ranged from 1.00 for rarelmedium

preference with slow/slow phenotype to 6.45 for well-done preference with the rapid/rapid

NAT2/CYPlA2 phenotype. This shows that given a degree of exposure to food-borne

heterocyclic amine carcinogens, the risk of colorectal neoplasia maybe different between slow

and fast acetylator phenotypes (Lang et. aI., 1994).

1.3 Xenobiotic Detoxification and Colon Cancer

Xenobiotics, or chemicals foreign to the human body, tend to be metabolised by enzymes in the

liver or kidney or by enzymes on surfaces exposed to the environment such as the

gastrointestinal and respiratory tracts. The reactions which xenobiotics undergo are usually in

two phases; the oxidations, reductions and hydrolyses in phase 1 (usually mediated by the P450

cytochrome enzyme system), and conjugations in phase 2 such as N-acetylation and glutathione
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conjugation (Diagram 1.1) . The aim of these reactions is to increase the polarity of the

compounds to facilitate excretion, either in bile and./or urine.

XENOBIOTIC

Phase l enzymes P450 Cytochrome

\

Oxidation, Reduction and/or Hydrolysis products

Phase 2 enzymes N-acetyltransferase

Glutathine S transferase

Conjugation or synthetic products

Diagram 1.1 Metabolism of Xenobiotics

1.3.1 N-Acetvl transferase

The N-Acetyl transferases (NAT) are a group of enzymes involved in foreign chemical or

xenobiotic (eg. drug and carcinogens) metabolism which are subject to genetic polymorphism.

These cytosolic proteins have a molecular weight of approximately 31 kDa and exist as 2

isoenzymes. The monomorphic acetylator genotype-independent form or NATI shows little

variation between individuals and is present predominantly in extrahepatic tissues. The

polymorphic acetylator genotype-dependent form or NAT2 varies between individuals and is

found predominantly in the liver (Weber and Hein, 1985). A genetic polymorphism that affects

the level of activþ of NAT2 is characterised by a reduced capacity to acetylate a variety of

arylamine drugs (eg. sulphamethazine, isoniazid, hydralazine, procainamide and dapsone).
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These individuals are known as slow acetylators and include about 50Vo of Caucasians and lÙVo

of Japanese. Those with a greater capacity are known as fast acetylators. The slow acetylators

are homozygotes for the recessive allele and the fast acetylators are homo- or heterozygotes for

the dominant allele of NAT2 (Weber and Hein, 1985).

It is well known that the acetylator status of individuals influences the frequency of side-effects

from some arylamine drugs. The slow acetylator is more prone to develop peripheral

neuropathy on conventional doses of isoniazid (Devadatta et al, 1960), (Hughes et al, 1954),

and a systemic lupus erythematosis-like syndrome on hydralazine (Batchelor et aL,1980),

(Perry et al,1970), (Strandberg et aI,I976).

It has also been shown that aromatic chemical carcinogens such as aminofluorene, benzidine

and n-naphylamine are acetylated by the same N-acetyltransferase enzymes that acetylate the

above mentioned aromatic drugs (Flammang et al,1987). This has led to speculation that

susceptibility to certain tumours might be different in the slow and fast acetylator phenotype.

This idea has been supported by invitro studies showing that DNA damage by aminofluorene

and benzidine was greater in cultured hepatocytes from rabbits showing fast acetylation than

from rabbits with slow acetylation (McQueen et al,1982), (McQueen, Maslansky and Williams,

1e83).

Epidemiological studies have shown that the slow acetylator phenotype predisposes to the

development of bladder carcinoma (Hein, 1988). In contrast, fast acetylators appear to be at

increased risk for the development of colorectal carcinoma in Australia and the U.S.A. (Lang,

Chu and Hunter, 1986), (Ilett et aI,1987) but not in Spain (Ladero, Gonzalez and Benitez,

1991).

Ilett (Ilett et aL,1987) performed a retrospective study of 49 patients with colorectal carcinoma,
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41 elderly control subjects and45 young control subjects. The frequencies of fast acetylators

were 447o,24.47o and 43Vo in the three groups respectively. There was a statistically

signif,rcant preponderance of fast acetylators in those with cancer compared to older controls. In

this study, the young controls were used to evaluate the influence of age on acetylator status.

There were more slow acetylators in the older controls than in young controls but differences

were not statistically significant.

The influence of age on acetylator status is controversial. There was a large study of Caucasian

Hungarian patients aged 19-91 which showed a significantly increased proportion of slow

acetylators in the elderly (Gachalyi, Hajos and Kaldor, 1984). However as Price Evans (Price

Evans, 1989) pointed out, they arbitrarily divided patients into those below and above the age of

60 years, and applied the same phenotype separation criteria to both groups. The frequency of

slow acetylators was 507o below the age of 60 years (128 subjects) and 66.4Vo above the age of

60 years (125 subjects). In another study, Paulsen and Nilsson (Paulsen and Nilsson, 1985)

showed an increase in the plasma half-life of isoniazid with age in 152 Swedish male patients.

Although there was a trend for a longer plasma half-tife for isoniazid with increasing age in

females, this did not reach statistical significance. However, when they computed the

phenotype frequency, they used the dividing antimodal value obtained from the hislogram of

individuals under 53 years of age and, as a result, found a smaller frequency of fast acetylators

in the older group. The phenotype separation between slow and fast tends to be slower with

increasing age and the findings of the two studies above might have been different if they had

used a different dividing value between slow and fast acetylators for the young and old age

groups. A number of smaller studies have shown that age has no significant influence on

acetylator status (Cartwright et aI,1982), (Desai et al,1973), (Farah et aI,1977), (Kcrgucris,

Bourin and Larousse, 1986), (Pontiroli et al,1985). This subject was reviewed by Price Evans

(Price Evans, 1989) and Weber (Weber and Hein, 1985) who concluded that the effect of aging

on the rate of polymorphic acetylation is slight in comparison with the effect of genotype and is



11
unlikely to result in misclassif,rcation of the individuals' acetylator phenotype.

In llett's study, the percentage of slow acetylators was higher in the older control subjects than

in other pubtished literature on populations of Caucasian origin. The average frequency of slow

acetylators in2} papers shown below (table 1.1), selected for having the same ethnic groups

that are in our sample and probably in llett's study (as both were based on the general Australian

population),is 58.l%o (95 percent confidence interval, 56.6Vo-59.6Vo). Conversely, the

average frequency of fast acetylators is 4l.9Vo (95Vo C.L.,40.4Vo-43.4Vo)

Reference

Evans Series l(1969)

Karim & Evans (1976)

Evans et al.(1972)

EzeVo Evans (1972)

Shroder & Evans (I972a)

Shroder & Evans (I972b)

Gow & Evans (1964)

Ellard et al. (1975)

Philip et al. (1987)

Lilyin et al. (1984)

Hoo et al. (1977)

Nanssen et al. (1985)

Bartmann et al. (1960)

Iwainsky (1961)

Schmeidel (1960)

Virnerova et al.(I973)

Ellard et al (1973)

Drozdz et al. (1987)

Pontorili et al. (1985)

Fantoli er al. (1963)

Ethnic srouD.

British White

BritishWhite

British White

BritishWhite

BritishWhite

British White

British White

BritishWhite

BritishWhite

Russian

German

German

German

German

German

Czech

Czech

Polish

Italian

Italian

Location

Liverpool

Liverpool

Liverpool

Liverpool

Liverpool

Liverpool

Liverpool

London

London

Moscow

Hamburg

Hamburg

Berlin

Berlin

Leipzig

Prague

Prague

Katowice

Milan

Rome

7o Slow acetvlator

62.4

68.9

65.6

59.3

56,3

56.3

65.6

60.8

60.8

51.8

51.8

42.3

50.4

49

57.8

59.3

59.3

60.8

70.6

54,9

Table 1.1 Percentage of Slow acetylators in Europe



12
Lang (Lang, Chu and Hunter, 1986) performed a retrospective study, limited to men, on the

distribution of acetylator phenotype in patients with colorectal carcinoma and age-matched

controls. He showed that there were 28 slow, 2 intermediate and 11 fast acetylators in the

controls, and20 slow, 3 intermediate and 20 fast acetylators in the carcinoma group. There was

a signifîcantly higher proportion of fast acetylators in those patients who had colorectal

carcinoma compared to controls, when the intermediate acetylators were classsified with the

slow acetylators (x2=3.49, p<0.03). However, since the intermediate group is normally

composed of heterozygotes (and are usually classified as fast acetylators) statistical significance

is lost when the intermediate group is included as fast acetylators in the statistical analysis

(x2=4.07 ,0.05<p<0.02). Morever, if the intermediate group were to be classified as slow

acetylators (as was done in Lang's paper), the slow acetylators would have constituted 73.2Vo

of the control sample(a relatively high frequency when compared to other studies above). In

both llett's and Lang's papers, the excess of slow acetylators in the controls could be due to the

small sample size.

Ladero (Ladero, Gonzalez and Benitez,lggl) performed acetylator phenotyping on 109 patients

with colorectal carcinoma and 96 age matched controls. Those with colorectal carcinoma

consisted of a retrospective group of 74 patients who had previously had surgical resection and

a prospective group of 35 who had acetylator phenotyping prior to surgical resection. He found

no significant difference in the number of fast acetylators between carcinoma patients (457o) and

controls (4I.7Vo). No differences in the proportion of acetylator phenotypes were reported

between the retrospective and prospective groups although phenotyping results in subgroups

were not given in their paper. Ladero, in discussing the hypothetical rclationship between

acetylator status and the risk of colorectal carcinoma, noted that procarcinogens acting as

substrates for polymorphic NAT must reach the large intestine and that enzymatic activity must

be present in the mucosa before acetylation takes place. The availability of procarcinogens may
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be different in Ladero's study when compared to studies by Ilett and Lang since Spanish

patients might have been taking a Mediterranean diet rich in fibre and mono-unsaturated fat

(olive oil) while patients in Australia and the U.S.A. presumably took a diet with more saturated

fat and animal protein. Morever, cooking methods including "barbecuing" which increases

pyrolytic changes in food, may be more widely used in the USA and Australia tharì in Spain.

Ilett's study was done predominantly on male patients (8O.5Vo of controls,TI.4Vo of carcinoma

patients) while Lang's study examined only men. Although no sex differences in acetylator

status were known, the proportion of males was smaller in Ladero's paper (43.8Vo controls,

4l.7Vo carcinoma patients). Ladero reported no differences in the distribution of acetylator

phenotype between male and female patients.

If acetylation were to have a role in the aetiology of colorectal carcinoma, the occupational,

dietary and drug history of the studied subjects may be important as these would provide

information on the exposure of individuals to possible environmental carcinogens. Ilett stated

that the distribution of occupations were similar in the older controls and carcinoma patients and

that no high-risk occupations were identified. The basis for these conclusions were not

displayed in the paper. This issue was not addressed in studies by Lang and Ladero.

Hein , from12 published studies (comprising 981 bladder carcinoma patients and 1244 control

subjects) on the associtation of slow acetylators and bladder carcinoma, estimated an odds ratio

of 1.46 slow to fast acetylators. Among the five studies with a documented arylamine exposure

(comprising 98 bladder carcinoma patients and 823 control subjects), the odds ratio was 2.24.

In addition, analysis of three studies which stratified their bladder carcinoma patients showcd an

association between tumour invasiveness and the frequency of the slow acetylator phenotype.

The application of these methods to the published data on acetylator phenotype and colorectal

cancer is as follows:
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Controls (no.) Carcinoma (no.)

Fast

20

2l
49

Acetylatorstatus: Slow

Ilett et al. 1987 30

Lang et al. 1986 31

Ladero et al. 1991 56

Fast

11

10

40

Slow

23

22

60

Total

Fast/Slow=961105(2)

Controls;FaslSlow=íIlll7 (l) Carcinoma;

Odd,s ratio =(2)l(l)

=96 x lI7
105 x 61

=1.75

It thus appears that the association of fast acetylation with colorectal carcinoma is stronger than

that of slow acetylation with bladder carcinoma (OR 1.75 cf. 1.46) but less than bladder

carcinoma with a history of exposure to arylamines(OR 2.25).

The reasons for the higher risk of colon carcinoma in fast acetylators are unclear, but a

consideration of the metabolic pathways that lead to the formation of mutagens provides a

plausible explanation. Human populations are chronically exposed to aromatic amines through

environmental contamination such as cigarette smoke (Patrianakos and Hoffman,1979), diesel

emissions (Wei and Shu, 1983), (Scheutzle, 1983), complex dyestuffs (Cerniglia et al,1982)

and cooked foods. The latter consisted of meat and fish cooked at normal cooking temperatures

which have been shown to contain many mutagenic heterocyclic arylamines (Felton et al.,

1986), (Tomita et aL.,1984). In the tissues(shown in fig. 1.2), the possible metabolic

pathways for these arylamines include acetylation by NAT followed by hydroxylation by the

P450 cytochrome enzyme system to arylhydroxamic acid. Alternatively, it can be hydroxylated,

then acetylated to aryþdroxamic acid. Arylhydroxamic acid is then converted by the action of

N,O acyltransferase to N-acetoxyarylamine which is a DNA reactive electrophile capable of

promoting carcinogenesis. Hydroxyarylamine can also be converted to N-acetoxyarylamine by
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O-acetyltransferase (OAT). Studies done on human liver and colon cytosol indicate much

greater activity of O-acetyltransferase than of N,O acyltransferase activity (Turesky et aI, l99I),

(Flammang et al., 1987).

Acetyl CoA

o
il
C-CH3H

NN

Arylamine
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Fig.1.2 Potential pathways for the enzymatic modification of putative carcinogenic

arylamines. Acetyl CoA: acetyl-coenzyme A, NADPH: nicotinamide adenine

dinucleotide phosphate, reduced, P450: cytochrome P450 hydroxylase,

UDPGA:uridine diphosphoglucuronic acid, UDP-GT: UDP-glucuronyltransferase

(adapted from Weber & Hein 1985)
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Flammang et al. have shown that sulphamethazine N-acetyltransferase, 2-aminofluorene N-

acetyltransferase and acetyl CoA-dependent O-acetylation of N-hydoxy-2-aminoflubrene (to

form DNA adducts) are all highly correlated with each other and seem to be catalyzed by the

same enzyme in human liver cytosols (Flammang et aL.,1987). Kirlin showed that NAT and

OAT activity in human bladder cytosols vary concordantly with the acetylator phenotype(Kirlin

et aI,1989). The OAT activity in colonic cytosol was found by Turesky (Turesky et a1.,1991)

to be lower than fast acetylator liver cytosols and could not be readily segregated into slow-fast

phenotypes, probably because of the small numbers(n=8) and the varied contribution of

monomorphic NAT which would be expected to participate in the enzymatic acetylation of

hydroxyarylamines. Kirlin et al., however, found a polymorphic distribution of NAT activity

in 46 human colons for p-aminobenzoic acid(PABA),4-aminobiphenyl, 2-aminofluorene and

B-naphthylamine which segregated into 3 distinct phenotypes consistent with the distribution of

patients into rapid, intermediate and slow acetylators(Kirlin et aI,I99l). This is in contrast to

other studies which showed a monomorphic distribution of NAT for PABA and may represent a

tissue-specific response of NAT activity towards PABA. It thus appears that OAT and NAT

activity are mediated by the same enzyme.

The explanation for the association of slow acetylators with bladder carcinoma, and fast

acetylators with colorectal carcinoma may be in the differences in acetyltransferase levels in the

different target tissues. Kaderlick (Kaderlik et al,I99l) showed that hydroxyarylamines are

substrates for human hepatic glucuronyl-transferases and not hepatic N-acetyltransferases,

suggesting that the hydoxyarylamines maybe conjugated with glucuronide and excreted in bile

into the intestine. Biliary excretion of arylamine conjugates in bile has been shown in animal

models but not in humans. An acid labile N-hydroxy 3,2'-dimethyl-4-aminobiphenyl

(DMABP,an arylamine carcinogen) N-glucuronide was identified as a major metabolite in the

bile and urine of DMABP treated rats and hamsters (Flammang et al,1985). Moriya showed
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that bile from DMABP treated rats was mutagenic to Salmonella typhimurium T4100, indicating

that biliary DMABP metabolites can react with DNA. In another study on rats, Luks found the

glucuronic acid and sulphate conjugates of the 5-hydroxy derivative of IQ in bile, after the

administration of 2-amino-3-methylimidazo{ 4,5-f} quinoline (IQ), a carcinogenic arylamine

from cooked food. The identification of N-hydroxy PhIP N3-glucuronide as a major rat biliary

metabolite , as well as its susceptibility to hydrolysis by p-glucuronidase to reform N-OH-PhIP

suggested that N-glucuronidation of N-OH-PhIP could play a similar role in the bioactivation

pathway for PhIP (Kaderlik et al1994).

The hydroxyarylamine glucuronide is likely to undergo hydolysis by B glucuronidise in the

large intestine. As the human colon has appreciable hydoxyarylamine OAT activity, it is

hypothesised that fast acetylators with higher OAT activity have a greater likelihood of N-

acetoxyarylamine production leading to carcinoma formation.

However, on ligating the bile duct of rats prior to the oral administration of PhIP, no effect was

found on the formation of PhIP-DNA adducts in the colon. This indicated that biliary transport

of N-OH-PhIP N3 glucuronide was not required for PhIP -DNA adduct formation in this

carcinogen target tissue. In the bileJigated rats, the urinary concentration of N-OH-PhIP N3

glucuronide was increased JO%o, indicating that higher levels of this metabolite were circulating

through the blood. These conjugates could be delivered via the systemic blood circulation as

part of a bioacativation/deconjugation pathway similar to that described in the colonic lumen,

and be another mechanism of causing colonic carcinogenesis(Kaderlik et al, 1994).

In the case of bladder carcinoma, the hydroxyarylamine glucuronide is excreted into the urine

and is hydrolyzed into the unconjugated hydroxyarylamine in the acid environment of the

bladder . In this environment, the N-hydoxyarylamine has been found to spontaneously react

with DNA. Turesky showed higher radiolabelled N-hydroxyarylamine metabolites reacting
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with DNA at an acidic pH (5.0) than at neutral pH (7.0) in hepatic and colonic cytosols

(Turesky era1.,1991). In an animal model, Flamming showed that incubating DMABP with

calf thymus DNA formed 370 arylamine residues per 106 nucleotides at pH 4.6but only 2

residues per 106 nucleotides at pH 7.4 (Flammaîg et aL, t985). On analysis, the DNA was

found to contain major adducts of the same type as those detected in the liver and colon of rats

administered DMABP or its hydroxamic acid (Westra et a\,1985). It is hypothesised that in

slow acetylators, lower levels of hepatic NAT activity shunt greater quantities of

hydoxyarylamine glucuronide into the bladder causing a higher level of mutagenic metabolites

which result in carcinoma formation. The levels of DNA adducts in exfoliated bladder cells

isolated from urine, and of 4-aminobiphenyl-haemoglobin adducts were found to be higher in

slow than in fast acetylators (Vinels et. al.,1994).

The human NAT gene has been sequenced from human liver cDNA (Ohsako and Deguchi,

1990) and from human genomic DNA obtained from leucocytes (Blum et aI,1990). The coding

region of the NAT gene is 870 bases long and has no introns. Two different types of human

NAT have been transiently expressed in a mammalian expression system (Chinese hamster

ovary cells) (Ohsako and Deguchi, 1990).

Identification of the substrate specificities of the expressed proteins has demonstrated two

distinct loci for NAT. One locus encodes the polymorphic and the other, the monomorphic

NAT. Both loci have been located on human chromosome 8 (Blum et a1.,1990).

The fast acetylator allele(named Fl) is inherited in a dominant autosomal manner while the slow

acetylator characteristic (due to multþlc allcles, S1,S2 and 53) is inherited in a recessive

fashion.

In Ohsako's study, total RNA was extracted from human livers obtained from autopsy using the
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guanidine thiocyanate method, and poly A RNA was selected by oligo(dt) cellulose

chromatography. Human cDNA were prepared from the selected mRNA by using viral reverse

transcrþtase and ligated into bacteriophages. These cDNA libraries were screened with 32P

labelled cDNA of rabbit liver NAT on nitrocellulose filters. Positive phages were cloned and

sequenced by the dideoxy method.

These human cDNAs were inserted into expression vectors and transfected into Chinese

hamster ovary cells. Expressed NAT activity was determined using different substrates and led

to the assignment of the Fl, 53 alleles of the polymorphic NAT as well as the monomorphic

NAT allele. Our NAT sequence is based on their polymorphic NAT sequence. This same

Japanese group further described the 52, 53 and F1 alleles of the polymorphic NAT as a result

of Restriction Fragment Length Polymorphism studies of DNA from individuals of known

acetylator phenotype (Deguchi, Mashimo and Suzuki, 1990).

Blum (Blum et aL.,1990) derived the NAT sequence from human genomic DNA obtained from

leucocytes. The human genomic library were cloned in a bacteriophage and screened with 32p

labelled rabbit cDNA as a probe. Positive clones were sequenced using the dideoxy method.

They demonstrated the sequences of monomorphic and polymorphic NAT(S1, 52, 53, Fl) on

chromosome 8, as well as an NAT pseudogene. These NAT genes were found to have no

introns.

The deduced amino acid sequences of the NAT genes show aboutSOVo homology with the

deduced sequences of cDNA clones for the rabbit and chicken NAT genes. 
r

The alleles of the NAT gene contain different patterns of restriction enzyme sites, shown in fig.

I .3.
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Polymorphic NAT

F1

S1

1 1Hinc tr

Hinc tr

Hinc tr

Hinc tr

F1

S1

S2

S3

Bam Hl

Bam Hl

Bam HlS2

S3

1

I

1

1

Monomorpnic NAT

Hind III

Allelic frequency (%)

Caucasian Japanese

26 68

450
27 25

27

Fig. 1.3 On the NAT sequence are marked the enzyme restriction sites that

differentiate between the different NAT alleles.The Hinc tr site is present in all

polymorphic NAT alleles but is missing from the monomorphic allele. The

monomorphic allele contains a HindtrI site which is not present in any of the

polymorphic NAT alleles.

Two small studies have shown an approximate distribution of the polymorphic alleles in

Caucasian(Hickman and Sim, 1991) and Japanese (Deguchi, Mashimo and Suzuki,

1990)people as follows:
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The Caucasians were mostly slow acetylators with the most frequent slow acetylator allele being

S1, whereas the Japanese were mostly fast acetylators and their most common slow acetylator

allele was 52. ,

In addition to the three NAT2 slow acetylator alleles described above which are the most

common and important, there are also two other rare slow alleles which are mutations within the

S1 slow allele (Dickman et. al., L992).

Although it was suggested that fast acetylators were more likely to develop colorectal

carcinoma, the Japanese (who are mostly fast acetylators) have a national incidence of colorectal

carcinoma which is lower than Western nations (Doll and Peto, 1981). An explanation for this

may be that meat consumption and the preparation of meat are different in the two cultures;

changes which substantially lower the concentrations of procarcinogens in the diet of the

Japanese.

1.3.2 Glutathione S Transferase

The glutathione S transferases (GST) are a group of isoenzymes which act as mediators of

glutathione (GSH) conjugation to xenobiotics and as intracellular binding proteins. They also

have organic peroxidase activity. They are dimeric proteins with a molecular weight of

approximately 25 kDa and are found in the cytosol of all animal cells, with the exception of a

microsomal form that has been identified in rodents which is a trimer (Morgenstein, De Pierre

and Jornvall, 1985). As cnzymcs, thcy catalyzc thc conjugation of reduced glutathione (GSH,

g-glutamylcysteinylglycine) to a wide range of xenobiotics, including carcinogens (eg.

benzopyrene) and anti-neoplastic drugs (eg. melphalan and bis { 2-chlroethyl} -l-riitroso urea}

(Dulik, Freselau and Hilton, 1986,). The conjugation of glutathione with electrophiles prevents
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the interaction of electrophiles with critical target sites such as DNA. This glutathione conjugate

maybe excreted as such or, as a result of action by peptidases, can be hydrolyzed to an S-

(substituent) cysteine derivative with the loss of glutamic acid and glycine (fig 1.4). The

cysteine derivative can then be N-acetylated to form mercapturic acid, a cofiìmon metabolite of

xenobiotics which is excreted in the urine. The S-(substituent) cysteine derivative can also

interact with C-S lyases to form mercaptans with the loss of ammonia and pyruvate. The

mercaptans are then glucuronidated or methylated by S methyl transferase to form

methylsulfinyl compounds which are excreted via bile in the faeces(Bakke and Gustafsson,

1984).



Glutathione ( g- glutamyl-cysteinyl- glycine)

GST Xenobiotic

X-S Glutathione

Glutamic acid

X-S Cysteinylglycine

Glycine
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X-Glucuronide

R-SO2CH3

XSOCH3

23

SMT

\
acetylated

1L

S-adenosyl
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NH3 þruvate X-Mercaptan X-S-CH3

Fig. 1.4 Glutathione metabolic pathways (GST=Glutathione S transferase,
S AM=S -adenosylmethionine).

In contrast to their catalytic role as above, the GSTs bind a number of nonsubstrate hydrophobic

and amphipathic compounds such as bilirubin, haem, bile acids and steroids (Bhargava,

Listowsky and Arias, 1978), (Homma and Listowsky, 1985). One of the nonsubstrate ligands

was called Y protein or ligandin until Kaplowitz and colleagues (Kaplowitz, Percy Robb and

Javitt, 1973) observed that these proteins also had glutathione S transferase activity. In this
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setting, the GSTs may act as an intracellular transport system for organic compounds which

have limited solubility in water. Although the binding of some compounds appears to be

reversible, the covalent binding of certain reactive electrophilic compounds has beeen observed

(Hayes and Wolf, 1988) and may represent an additional protective mechanism. Thus, by both

catalytic activity and direct binding, the GSTs protect the cell from a variety of electophilic and

free radical intermediates, either exogenous or endogenous. However, the relative contribution

of this detoxification system in the protection of the colonic mucosa is not known.

Within a given species, there are a number of isoenzymes of GST which can be separated by

isoelectric focussing, chromatofocussing or high performance liquid chromatography

(Mannervik, 1985), (Ostlund Farrants et al,1987), (Radulovic and Kulkarni, 1986). These

enzymes are ubiqutitous in nature, but vary between species and between tissues within

individuals, depending on the stage of development (table 1.2). Reasons for the variable

expression in different tissues is unknown but may reflect the differences in stresses on

different cell types. As shown in table 1.2, human GSTs can be divided into 3 major classes,

GSTl, GST2, GST3 (also termed mu (p), alpha(cr) and pi(æ) respectively). Historically, this

division has been based on different isoelectric points depending on pH on starch gel

electrophoresis and more recently, has been shown to be controlled on different genes by in-situ

hybridisation (Board and Webb, 1987), (Board, Webb and Coggan, 1989), (De Jong et al,

1e88).
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GST

Property

Isoelectric pt.

Chromosome

Tissue

l(mu I

Basic

7.5-9

I
Liver(adult)

Kidney

Adrenal

Stomach

2/aloha\

Neutral

6.6

6

Liver(adult)

Kidney

3(pi)

Acidic

4.8

11

Red blood cells

Placenta

Liver(foetal)

(Respiratory,

urological and

GI epifhelial

tracts)

Table 1.2 Showing properties and tissue location of different human GST isoenzymes.

In man, there are three autosomal alleles at the GST1 or p locus (ie. type 1, type 2 and type 0 or

null) with the possible expression of four phenotypes in tissues ( 1 { genotype 1,0 or 1,1} ; L-2

{ genotype l,2l ;2{ genotype 2,0 or 2,2} and 0 { genotype 0,0} ). The frequency of these

four phenotypes was l\Vo,6Vo,35Vo and4IVo respectively in an English population (Strange er

al,I984b), and9Vo,SVo 43Vo and43Vo respectively in a Parisian population (Lar'sney et al,

1984). Both studies were performed on tissues removed at post-mortem. Studies on Indian,

Chinese and Caucasian populations have shown that this lack of GST p phenotype ranged from

3IVo to 6'77o, the latter being the only Australian study (Board, 1981). The expresçion of

GSTp (either present or absent) has been shown to be consistent in various tissues (leucocytes,

small and large bowel and liver) in the same individual (Siedegard, De Piene and Pero, 1985).

The GSTp null phenotype is due to a homozygous deletion of the GSTp gene (Seidegard et al,

1988). High GST activity is inherited in an autosomal dominant manner.

In the liver, the GST 2 or ctr class consists of 2 major enzymes which have close homology;

differing in only 11 amino acids. These 2 enzymes appear to be the products of separate loci

that show different levels of expression between individuals (Hayes, Kerr and Cronshaw,
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1989), (Rhoads, Zarlergo and Tu, 1987) and between tissues within an individual (Strange e/

al,1984a), (Suzuki et al,1987).

The isoenzyme known as GST3 or ß appears to be the most widely distributed GST isoenzyme

and, thus far, a genetic polymorphism has not been shown. GST æ levels are increased in

neoplastic tissue when compared with non-neoplastic tissue, apparently because

of GST lr gene activation during malignant transformation. An immunohistochemical method

using monoclonal antibodies to GST t¡ demonstrated marked increases in GST æ levels in

human cancers of the brain, cervix, endometrium, colon, rectum, testis and in fibro- and

chondrosarcomas (Kantor et al,l99l). These observations suggest that increases in GST

expression are a common accompaniment of neoplasia but the biological significance of this

association is unclear.

Alterations in the glutathione-based detoxification system have been associated with resistance

to alkylating agents, platinum compounds and radiation in many experimental tumdur models

(Arrick and Nathan, 1984). For example, there is increased expression of GSTs and

amplification of GST genes in cell lines selected for resistance to nitrogen mustard and the

alkylating agent, chlorarnbucil (Buller, Clapper and Tew, 1987), (Lewis et al,1988). Puchalski

and Fahl (Puchalski and Fahl, 1990) have shown that expression of several recombinant GSTs

in cultured cell lines also confers resistance to alkylating agents. These studies suggest that

over-expression of GSTs in tumours may be a significant factor in the emergence of resistance

to chemotherapeutic drugs, presumably because of drug inactivation through conjugation with

glutathione.

The relative activities of GST isoenzymes for different substrates are shown in Table 1.3.

Three points are worthy of note. Firstly, GSTp has the highest activity against l, shIoro,2,4,

dinitrobenzene, a commonly used substrate for the measurement of total GST activity.
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Secondly, GST p has a high activity against trans-stilbene oxide which is used by some to

determine the GSTp phenotype in lymphocytes (Siedegatd et aI, L986). Thirdly,GST p has

high activity against polycyclic aromatic hydrocarbons, including benzopyrene 4,5 oxide, which

are carcinogenic products of incomplete combustion and are found in cigarette smoke, air

pollution and coal tar. Other potential carcinogenic substrates for GSTs include nitroaromatic

hydrocarbons, aromatic amines, formaldehyde, alkylating agents and nitrosamines.

Substrate

1 -Chloro-2,4dinitrobe nzene

Bromsulphalein

trans-4Phenyl-3buten -2one

trans-Stilbene oxide

Benzo(a)pyrene 4,5-oxide

1, 2-Dichloro-4-nitobenzene

4-Hydroxynonenal

Leukotreine A4

p-Nitrophenyl acetate

Ethacrynic acid

1,2Epoxy 3(nitrophenoxy)propane

Benzo(a)pyrene 7,8-9, l0oxide

Androstene-3, I 7-dione

Cumene hydroperoxide

Hzoz

1(Mu)

148

0.5I
0.044
0.049
0.076
4.4
6.0
0.0 L

0.5 9

o.t2
0.48

0.11

0.043

0.11

<0.03

2(aloha\

t9
0.008

0.009

0.045

0.009

0.062

1.1

0.011

0.025

0.23

0.035

rt.6
<0.03

3(pi)

rß
0.007

,0.013

0.013

0.033

o.l4
2.6

0.002

0.2r

1,.4

o.7 7

1.1
0.1,4

o.l4
<0.03

Table 1.3 Specific activities(umoUmin/mg) of mouse glutathione transferases

(adapted from Mannervik,table 7(Mannervik and Danielson, 1988). ,

The high frequency of propagation of the GSTp null phenotype through many generations

raises the possibility that the GSTp null phenotype has no major disadvantage to survival.

However, as most cancers occur in older people, any disadvantage of the GSTp null phenotype

would not be seen until individuals had reproduced and transmitted the GSTp gene.
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Differences in detoxifîcation capacity between individuals eg. whether an individual is of a

GSTp null phenotype or not, may determine susceptibility to injury by certain environmentally

derived toxins and carcinogens, particularly epoxides which are metabolized best by GSTp.

Using trans-stilbene oxide (tSBO) as the substrates, Siedegard (Siedegard et a\.,1986) reported

a significantly reduced frequency of GSTp in heavy smokers(defined as >30 pack year) with

lung cancer(3}.4Vo,n=46) compared to heavy smokers without lung cance{58.5o/o, n=65).

This difference was not statistically significant in light smokers. This observation suggests that

higher activity of GST maybe important in the detoxification of some of the noxious compounds

in tobacco smoke which promote lung cancer. However, the frequency of GST-ISBO in

patients with squamous cell carcinoma of the lung(usually associated with smoking) was not

statistically different to that in control subjects. A further study by Siedegard (Siedegard et al,

1990) also showed a significant reduction of GST-ISBO phenotypes amongst all smokers with

lung cance(37.6Vo, n=125) when compared to controls(51 .9Vo, n=ll4), although the

association with squamous cell carcinoma again failed to reach statistical significance.

Surprisingly, however, a highly significant association was found with adenocarcinoma of the

lung (p=Q.901), a tumour not related to smoking. A subsequent study by another group failed

to show a significant association between low activity of GST towards trans-stilbe4e oxide and

the risk of lung cancer, although the results were compatible with a moderate protective effect in

heavy smokers with high GST activity (Heckbefi et aI,1992).

The influence of the GSTp null phenotype has also been examined in patients with breast cancer

and found to have no relationship to prognostic factors such as hormonal receptor and nodal

status(Shea et al,1990). Peters, using monoclonal antibodies against GSTp, found no

difference in the distribution of the GSTp null phenotype in those with breast cancer(S9.6Vo,

n=52) when compared to controls(62.57o, n=64XPeters et a\,1990). In another study, the

frequency of the GSTp null phenotype was significantly higher in those with two or more skin

tumours with different histological type (SCC, BCC or malignant melanoma) (Heagerty et aI,
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1994). This increased frequency of GSTp null phenotype was, however, not shown in those

with a single type of skin tumour.

Since smokers have a higher incidence not only of lung cancers, but also of oesophageal,

laryngeal and bladder cancers, it has been suggested that the carcinogenic substances in cigarette

smoke can adversely affect various organs via the systemic circulation. In a similar fashion, we

would hypothesise that colonocytes can be exposed to toxic xenobiotics, either from the gut

lumen or from the circulation. One possibility is that individuals with the GSTp null phenotype

are more susceptible to colonic neoplasia or to biological changes associated with neoplasia such

as enhanced colonocyte proliferation. The latter possibility of a relationship between GST

activity and proliferation has been raised by in vitro studies using rat liver cells. In these

studies, the growth status of cells showed a significant regulatory control on the expression of

genes coding for the various isoenzymes of GST (Batist, 'Woo and Tsoa, Iggl). despite these

theoretical considerations, Peters found no difference in the distribution of the GSTp null

phenotype between his controls (62.5Vo, n=64) and a group of patients with colon cancet(66Vo ,

n=50) (Peters et a1.,1990).

In colonic tissue, previous studies have shown higher total GST activity in tumours than in the

corresponding normal mucosa (Siegers et al,1984), (Peters, Nagengast and'Wobbes,

l989XMekhail-Ishak et al,1989). Seigers also reported a lower GSH content and higher GST

activity in carcinomas from the sigmoid colon than in normal or neoplastic tissues from other

regions of the colon, although results for individual regions varied widely and the number of

tissues studied was small. The major isoenzyme expressed in colonic tissue is GSTru with

lower levels of GSTp and GSTcr (Peters, Nagengast and'Wobbes, 1989). The high level of

GSH (exceeding that in the liver) and the presence of GSH-dependent enzymes (GST and GSH

peroxidase), in the human intestinal mucosa suggests that these mechanisms have a role in

protection of intestinal cells from toxic or carcinogenic damage. Furthermore, colonocyte levels
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of glutathione peroxidase, GST and glucuronyl transferase have been shown to decrease with

age in Fischer 344 ruts, and may be relevant to age-related increases in the incidence of cancer

(McMahon, Beierschmitt and Weiner, 1987).

1.4 Cellular Proliferation and Colon Cancer

Abnormal proliferation of cells is an important feature of many diseases, particularly

malignancy. A long held hypothesis, substantiated in experimental literature, indicates that

accelerated stem cell division in human tissue can increase the rate at which somatic mutations

"escape" repair and progress to a neoplasm. This reasoning is supported by the rarity of

tumours in slowly dividing tissues (Preston-Martin et al,l99O).

Proliferating cells pass through a series of discrete phases in their cell cycle. Howard and Pelc

(Howard and Pelc, 195l),who were largely responsible for the modern concept of the cell

cycle, described five phases. From the Gl(gap 1) phase, cells enter either the G0(resting) or

S(DNA synthesis) phase. From the S phase, they enter the G2(gap 2) phase from which they

enter the M(mitotic) phase, and then back into Gl. Chromosomes are duplicated during the S

phase.(Fig. 1.5). Increased cell proliferation is indicated by an increased percentage of cells in

the S, G2 and M phases.
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Fig. 1.5 The cell life cycle

The normal human somatic cell, with the 46 chromosomes (23 pairs) is referred to as diploid

while a cell with fewer or more than46 chromosomes is described as aneuploid. Most tumours

tend to have a chromosome number near diploid or a high chromosome number either through

such mechanisms as non-dysjunction, endoreduplication or cell fusion(Friedlander, Hedley and

Taylor, 1984).

Chromosomal analysis, although applicable to leukaemias, has major technical difficulties with

solid tumours where only 10-20Vo of chromosome spreads are interpretable. Also, the

identification of individual chromosomes is possible only during metaphase.

Quantitative DNA analysis as in flow cytometry, however, can analyse DNA content on

interphase cells. Flow cytometry is characterised by high precision and speed of sample

handling. The method of measuring cellular DNA relies on the binding of fluorescent dyes such

as propidium iodide to DNA. This binding varies with the amount of DNA in cells in different

phases of the cell cycle. In a flow cytometer, Iaser light illuminates the stream of labelled cells

or nuclei to generate a DNA histogram (Fig. 1.6). Two characteristics of the tissue cell

population, proliferative activity and ploidy, can be determined from this histogram. A

computer then analyses the percentage of cells in the different phases of the cell cycle. The
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Fig. 1.6 Flow cytometric DNA content in normal a¡d neoplastic colonic tissue.

A: normal colonic mucosa showing a norrnal diploid nuclear population

and a low proliferative activity. B: neoplastic mucosa showing a diploid

nuclear population with an increased proüferative activity. C: neoplastic

mucosa showing an aneuploid nuclear population near a diploid population.
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percentage of cells in S and G2M obtained from flow cytometry is therefore a quantitative

measurement of cell proliferation. The degree of ploidy can be quantitated by the DNA index

which represents the ratio of the DNA content of tumour Gl cells to the diploid G1 peak. Thus

a DNA index of 0.8-1.2 is synonymous with a diploid DNA content while an aneuploid tumour

has a DNA index of <0.8 or >L2. In most instances, there is good correlation between the

chromosome number and cellular DNA content although the resolution of flow cytometry is

such that gains or losses of up to 2 chromosomes would not be detected.

Tumour S phase fraction, as determined by flow cytometry, has been closely correlated with

tumour labelling index by several investigators (Costa et aI,I98I), (McDivitt et al, 1985). In

contrast to labelling studies, flow cytometric studies do not require viable fresh tumour tissue.

Both frozen and formalin fixed materials are amenable to study.

The potential for malignant change in the adenoma has been associated with adenoma size,

histologic type and the presence of dysplasia (with large adenomas being associated with

highest risk). Two groups have reported that the incidence of aneuploidy is related to the size of

the adenoma (van den Ingh, Griffioen and Cornelisse, 1985), (Quirke et al,1986). In these

reports, aneuploidy was seen in none of 78 adenomas <1 cm diameter, 15 of 88(I77o)

adenomas I to 2 cm in diameter and in 9 of 4I (227o) >2 cm. Conversely, two reports using

substantial numbers of cases failed to see a higher frequency of aneuploidy with increasing

adenoma size (Banner et aI,1987 ), (Borkje et aI, t987 ). Aneuploidy has also been correlated

with adenoma type. Combined results from 3 reports show aneuploidy in 9 of 125 (7.ZVo)

tubular, 17 of 58 (29.3Vo) tubulovillous and 9 of 4I (22Vo) villous adenomas (Banner et al,

1986), (Quirke et a1.,1986), (Sciallero et al, 1988). There are also studies that have shown an

association of DNA aneuploidy with dysplasia, lending support to the adenoma-carcinoma

sequence. Goh and Jass (Goh and Jass, 1936) reported aneuploid adenomas in 5 of L34 (4Vo)
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showing mild dysplasia, 19 of 107 (l8Eo) showing moderate dysplasia and 10 of 28 (36Vo)

showing severe dysplasia. Giaretti and Santi found aneuploid adenomas in 33 of f5O Q2Vo)

showing mild-moderate dysplasia,2l of 45 (47Vo) showing severe dysplasia and 18 of 25

(72Vo) with a foci of adenocarcinoma (Giaretti and Santi, 1990). Thus adenomas with foci of

carcinoma had a similar incidence of DNA aneuploidy to that of carcinomas. In a smaller study,

Banner et al found thatT out of 17 (4IVo) adenomas with carcinoma in situ were aneuploid

(Banner et a1.,1986). A positive association of aneuploidy and dysplasia was also reported in a

small study of 35 adenomas by Sciallero et al.(Sciallero et a1.,1988). However, Quirke et al in

a study of 156 colorectal adenomas found no association of aneuploidy with dysplasia (Quirke

et a\.,1986).

In colorectal cancer, the combined results of 10 studies (Armitage et aI,1985), (Giaretti and

Santi, 1990), (Goh and Jass, 1986), (Kokal et al,1986), (Rognum, Thorud and L¡rnd, 1987),

(Schutte et al,I98l), (Scott et al,1987), (Jones, Moore and Schofield, 1988), (Melamed et al,

1985), (Wooley et aI,1982) show aneuploidy in 682 of l02O (67Vo) tumours. However, there

was no consistent association between ploidy and either stage or grade of the primary tumour

(Armitage et a1.,1985), (Finan et aI, 1986) apart from one study showing an association

between ploidy and tumour stage (Bannet et a|,1985). There is, however, some evidence that

DNA aneuploidy is a poor prognostic marker in colorectal carcinoma. In 1982, Wooley et al

reported a striking survival difference between 20 patients with diploid and 13 with aneuploid

cancers; their 5 year survival rates were 657o and7.5Vo in the two groups, respectively (Wooley

et aI., l9S2). However, an assessment of the relative impact of other prognostic variables was

not made, and in fact, 85Vo of the aneuploid patients but only SOVo of tlrre diploid patients had

Stagc C disease. In another study of 134 patients, Armitage et al found the 5 year survival rate

tobe 437ofor patients with diploid tumours but only lgVo forthose with aneuploiitumours

(Armitage et øL,1935). A signifîcant survival advantage was seen for patients with diploid

tumours for each Duke's stage, and ploidy and stage were found to be independent prognostic
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factors in a Cox model. In a similar study, Kokal et al found ploidy to be the most important

prognostic factor in72patients with Stage B and C disease patients; the 5 year survival rate was

l00Vo in the 22patients with diploid tumours but only 507o in 44 patients with aneuploid

tumours (disease-free survival was not ascertained in 8 patients) (Kokal et a1.,1986). Scott et

al also found that ploidy status and clinical stage were the most important independent

prognostic factors affecting l2l patients with rectal carcinoma (Scott et a1.,1987). Over the 15

years of follow-up in this report, local recurrence was twice as frequent in resected aneuploid

tumours as in diploid tumours. In contrast, Schutte et al found ploidy to be an important

prognostic discriminant only for Stage C patients (Schutte et a|.,1987). In this suÉset of 86

patients, 607o of diploid but only 25Vo of aneuploid patients were alive after 4 years. Overall

survival of the whole group of 279 patients with Stage A-D was not significantly associated

with ploidy status, although there was a trend towards worse survival for aneuploid patients. In

a group of 123 patients, Jones et al reported that aneuploidy had adverse prognostic implications

in 59 patients with Dukes B stage but was less important that the surgeon's assessment of

operability, pathological classif,rcation(grade and stage), and age of the patient in a multivariate

analysis of survival (Jones, Moore and Schofield, 1988).

Despite the above reports, Bauer et al did not find a significant difference in the survival of

patients with diploid versus aneuploid cancers (Bauer et aI,1987). About 50Vo of his 97

patients had Stage A or D disease, subsets in which others have found prognosis tobe relatively

unaffected by ploidy. Rognum et al found only a trend towards improved survival when 37

patients with diploid colon cancers were compared with 63 with aneuploidy, with the trend

strongest for stage C patients (Rognum, Thorud and Lund, 1987). Finally, Melamed et al in a

study of 33 patients found that ploidy had no influence on survival (Melamed et aL, 1985).

In stage A or D patients, ploidy status may not define a prognostically different subset, because

at early or advanced stages, survival may be more influenced by other factors eg. tumour bulk
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than by growth characteristics reflected in aneuploidy.

Another area of interest is the relationship between changes in colonocyte proliferation and the

development of adenomas and carcinomas. Patients with neoplasms show expansion of the

proliferative zone in crypts and extension of the proliferative zone towards the colonic lumen

(Ponz de Leon et al,1988), (Risio et al,I99l), (Wilson, Smith and Bird, 1990).

Bauer et al (Bauer et aL,1987) also found that high proliferative activity, defined as > 20Vo cells

in S phase, was significantly correlated with DNA aneuploidy and was a more powerful adverse

prognostic indicator than DNA aneuploidy . In97 patients,the 5 year survival of those with low

proliferative activity (6OVo) was signif,rcantly greater than those with high proliferative activity

(307o ). This difference was even greater in Stage A and B patients together, where the 5 year

survival was 82Vo (S phase <2OVo) and 43Vo (S phase > ZOVo). Schutte et al also showed that a

high S phase fraction predicted a significantly worse survival for stage C patients but not for the

other stages (Schutte et aL.,1987).

Terpstra et al reported increased proliferation, measured by labelling with tritiated thymidine, in

normal mucosa of the entire colon in patients with neoplastic disease compared to controls

(Terpstra et aI,1987). The labelling index { LI} (mean + SE) was 4.9 + 0.2 in 16 control

patients, 6.2 + O.3 in 21 patients with one or more small adenomas (diameter < 1 cm.), 9.1 *

0.4 in 11 patients with large adenomas and 8.6 + 0.5 in 13 patients with colon cancer. Ponz de

Leon et al also used labelling with tritiated tþmidine found similar results: LI (mean + SE) was

11.3 t 0.3 in 19 controls, 13.5 + 0.4 in 2l adenoma patients and 12.5 + O.4 in 16 carcinoma

patients (Ponz de Leon et aI., 1988). It therefore appeared that increased proliferation of the

entire colonic mucosa, a "field effect", was a feature of patients with colonic neoplasms and

may account for synchronous and metachronous adenomas and carcinomas in other parts of the

colon. ¡
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Using the slightly different technique of a monoclonal antibody against the thymidine analogue,

bromodeoxyuridine (Brdu), several other authors (Risio et al.,l99l), (Welberg et al,1990),

('Wilson, Smith and Bird, 1990) have again found greater labelling indices in the normal looking

colonic mucosa of patients with adenomas and carcinomas than in controls. This further

supports the presence of hyperproliferation in those subjects at high risk of developing colon

cancer

In the study to be described, proliferative activity and ploidy of benign and neoplastic colonic

mucosa were correlated with metabolic phenotypes and tissue enzyme activities. One

drawback, however, is DNA heterogeneity in the samples. !

DNA heterogeneity of colorectal carcinoma describes either the presence of diploid or

nondiploid(aneuploid) regions within the same tumour. Quirke et al, in 50 colonic tumours,

found that 36 tumours(72Vo) wotildhave been correctly asssigned on the basis of any I of 4 (2

superficial, 2 deep) samples taken from a surgically resected tumour whereas 14 (28Vo) tumours

were incorrectly assigned since 1 of the samples fell into a different ploidy group from the

others (Quirke et al,1985). There was no difference in results from flow cytometry between

randomised superficial or deep samples. Wersto et al analysed the DNA ploidy of 3 separate

fresh tissue samples from each of 60 colorectal carcinomas by flow cytometry. He found DNA

ploidy was concordant among the 3 samples in 38 cases (63.5Vo) and that I of the 3 was

discordant in the remaining 22 cases (36.6Vo) (Wersto et al,I99O). Thus, in about a third of the

colonic carcinomas, a single sample showing a diploid DNA histogram would not detect

aneuploid DNA patterns which may exist elsewhere in the tumour.

To carry out a case-control study on cellular proliferation in patients with or without colonic

neoplasms, it is important to examine the factors that might influence proliferation and hence,
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matching. These factors are age, sex, bowel preparation and regional differences in the colon.

Two studies have reported increased labelling with tritiated thymidine of rectal mucosa with

increasing age. The LI in rectal mucosa was 9.5* 0.3 (mean + SE) in 11 subjects aged 30-50,

9.5+ 0.3 in I 1 subjects aged 5I-65, and I2.9+ 0.5 in 8 subjects aged 66-90: the last group

being 35 Vo greater than the first (Roncucci et al, 1988). Similarly, in a group of 29 subjects

with a mean age of 55, the LI of normal rectal mucosa was7.23, significantly greader than in a

group of 59 subjects who had a mean age of 24 and aLI5.34 (Deschner, Godbold and Lynch,

1988). This represented a35%o increase in the older group. In a smaller study, Fireman et al

reported no signifîcant differences, in urban Jews, between 9 men aged under 60 (LI mean *

SD: 6.0t 2.3) and 4 men aged above 60 (LI6.0t 1.5); but among rural Jews, the LI was

signifîcantly greater in 11 men aged above age 60 (LI 8.0t 2.9) than 11 men aged under 60 (LI

5.9+ 1.5) (Fireman et aI,l989a)

Most reports of cellular proliferation do not separate their control populations by sex. Fireman

et al found sex differences only in the rural, but not the urban group (Fireman et aL.,1989a).

Using tritiated thymidine on normal rectal mucosa, the LI was 6.2+ 2.2 (mean + SD) in 13

urban men, no different from a LI of 5.9 t 1.8 in 17 urban women. In 8 rural men however,

the LI of 9.0 + 2.4 was significantly greater than that of 6.5 + 1.8 in 14 rural women. No

explanation could be given for the above findings.

Bowel preparation with an orally administered nonabsorbable isotonic lavage solution may be

important in case-control studies of rectal epithelial proliferation, as these specimens are often

taken either during colonoscopies (when there has been bowel preparation) or at rigid

sigmoidoscopies (when there is usually no bowel prepartion). Fireman et al showed that rectal

epithelial proliferation, using tritiated thymidine, was not significantly affected by orally

administered bowel lavage or tap water enemas (Fireman et al,l989b). The LI was 6.9 + 3.8
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(mean + SD) in 31 subjects who had bowel preparation and 6.0 + 3.3 in 23 subjects who had

no such preparation.

Analysis of any measure of colonic proliferation may need to take into account the site from

which the biopsy was taken if there are regional differences in the colon. However, Ponz de

leon et al showed no significant differences in the Ll(using tritiated thymidine) of biopsies taken

from different regions of the colon, classified as caecum(n=7), ascending(n=7),

transverse(n=1.2),descending(n=10), sigmoid(n=10) and rectum(n=l9) (Ponz de Leon et al.,

1988). Another group reported a nonsignificant trend for reduced thymidine labelling in the

distal colon when compared to the proximal colon (LI9 8.2+ 2.2 and9.4+ 3. respectively),

thought to be due to an increase in the number of goblet cells(which has a lower LI than

columnar cells) in the distal colon (Arai and Kino, 1989).

1.5 Aims and Hypotheses in this Thesis

I To perform a "case-control" study to compare the frequency of fast acetylators in

normal controls to that in patients with colonic adenomas and carcinomas.

The hypothesis is that patients with neoplasms have a higher than expected frequency

of fast acetylators than control subjects.

To examine the influence of meat consumption on the relative risk of developing

colonic neoplasia in slow and fast acetylators(Fig. 1.7).

2
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Fig. 1,7 Hypothetical interaction between diet and acetylator pheno$pe in colon
cancer risk. RR=relative risk, Ac=acetylator.

To perform a "case-control" study looking at the frequency of the GSTp null

phenotype in controls and patients with colonic carcinoma. The hypothesis is that

patients with carcinomas have a higher than expected frequency of the GSTp null

phenotype.

To measure the NAT, GST activity and GSH content in normal colonic tissue and in

adenoma and carcinoma tissue to obtain a better understanding of changes iå activity

associated with neoplasia.

To determine whether the above factors influence cell proliferation in the colon as

assessed by flow cytometry.

4

5

The overall aim and hypothesis of this project is illustrated in Diagram 1.2 below.
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CHAPTER 2 PATIENTS AND METHODS

2.1 Patient criteria and samples

Our study subjects were aged from 40 to 90 years, and were recruited from the Queen

Elizabeth Hospital, Woodville, South Australia. They were divided into three groups as

follows:

1. Patients who currently have colorectal carcinoma or who have successfully

undergone surgical resection for colorectal carcinoma within the past 5 years(1987-

1991). Some of these patients are reviewed regularly in the Surgical or

Gastroenterological Outpatient Clinics. Patients who have both colorectal c'arcinoma

and a metachronous adenoma, and patients with carcinoma arising from an adenoma

(defined as a carcinoma which had breached the muscularis mucosa)were classified

in this group.

2. Patients with current adenomas or patients with previous colorectal adenomas who

have had adenomas removed at colonoscopy or surgery within the past 5 years

(1937-1991). Patients with adenomas containing a carcinoma-in-situ (defined as

carcinoma that had not breached the muscularis mucosa) were included this group.

3. The control group consisted of patients who had undergone sigmoidoscopy, barium

enema X-ray and/or colonoscopy for gastrointestinal symptoms, but do not'have

neoplastic lesions. These patients were recruited from the Gastroenterological

Outpatient Clinics, and most had functional bowel syndromes including the

initable bowel syndrome, non-ulcer dyspepsia or constipation. These disorders have

not been shown to predispose to colonic neoplasia, and there is no evidence for
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linkage of these disorders to any of the parameters studied. This control population

attended the hospital through similar referral channels to those patients with

neoplasia.

The above groups will be referred to as Carcinoma, Adenoma and Normals respectively, in

this thesis.

Prior to inclusion in this study, patients underwent routine hematologic and serum

biochemical screening to exclude those with serum creatinine, bilirubin, AST, or ALT

values greater then 1.5 times the upper limit of the reference range. The groups were

matched for age and sex. The histological characteristics of adenomas(dysplasia and type)

and carcinomas(grade) reported by several different histopathologists, and the stage of the

carcinoma obtained from an examination of the patient records and histopathological

reports, were recorded.

Exclusion criteria were as follows:

I . Persons of Oriental background, owing to the disproportionately high prevalence of

fast acetylators in this ethnic group.

2. Patients with diseases such as Crohn's disaease, ulcerative colitis, and familial

polyposis which are known to predispose to colon cancer.

3. Persons with advanced cancer, for compassionate reasons.

4. Persons with severe, coexisting disease such as cardiac failure, for compassionate

reasons.
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5. Persons with sulphonamide allergy who are unable to undergo testing for acetylator

status.

Patients were recruited either retrospectively or prospectively. Patients recruited retrospectively

were obtained either from histology or colonoscopy reports. Histology reports between 1987

and 1989 indicating adenoma or carcinoma of the colon were obtained from the Histopathology

Department. Colonoscopy reports bearing the word "polyp" or "carcinoma" between 1990 and

1991 were obtained from the Gastroenterology Department. The names and record numbers on

these reports were then used to recall the hospital notes, where further information was obtained

to ascertain the appropriateness of these patients for inclusion in the Study. This assessment

was based mainly on three criteria; firstly, whether the patient was still alive or not; secondly,

whether they lived in the Adelaide metropolitan area ( patients living outside Adelaide were

avoided due to costs in travel) and thirdly, whether they had any of the exclusion criteria listed

above. Letters briefly explaining the project and inviting the patients to participate were then

posted. These letters were followed by a telephone call to obtain consent and to arrange an

interview.

Prospective patients were recruited from the Gastroenterology Outpatient Clinics or the Surgical

Operative Lists. Patients who had colonoscopic polypectomy or bowel resections for colonic

adenomas or carcinomas had the research project explained to them prior to their procedure and

were studied within three months after the procedure(Diagram 2.1).
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Diagram 2.1. Patient recruitment

There were 110 Normal patients, 89 Adenoma patients and ll2 Carcinoma patients that were

recruited for acetylator phenotyping. Two-thirds of all the patients in the Adenoma group and

half of those in the Carcinoma group were recruited prospectively and the rest, retrospectively.

All our Normals were recruited prospectively from the Gastroenterology Outpatient Clinics. Of

those where retrospective recruitment was attempted (excluding patients with the exclusion

criteria listed above), 50 patients in the Adenoma group were lost for the following reasons: 35

refused(including 2 with incomprehension), 13 were uncontactable and 2had died. In the

Carcinoma group, 38 people were lost with the following reasons: 21 refused(including 2 with

incomprehension), 13 were uncontactable and 4had died. In the Normal group, 19 patients

declined to participate.

For the study, most patients attended at the hospital twice. In the first visit, the study was

explained to them and they were given a dietary questionnaire for completion at home. No

elaboration of any association between food and colonic neoplasia was given. Prior to their

second visit, they were given instructions to collect overnight urine after taking a capsule of

dextromethorphan (30mg) just before bedtime. This urine collection was for another research

project which will not be included in this thesis. Patients fasted after midnight apart from taking

essential moming medication.
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On their second visit, usually within a week of the first visit, they returned the completed dietary

questionnaire and the collected urine. They were then given a glass of orange cordial containing

sulphamethazine (at about 0915 hrs) and had blood withdrawn from them one hour later for

acetylator phenotyping, serum dehydroepiandosterone and lymphocyte extraction for DNA

analysis (GSTu deletion and acetylator genotyping). A further blood sample was collected at 4

hours for acetylator phenotyping. During the time in hospital, an interview was carried out by

myself to complete a clinical questionnaire (See Capter 2.2 for details on Questionnaires).

Samples of colonic carcinoma and neighbouring normal tissue were obtained from resected

surgical specimens delivered from the operating room. Adenomas were retrieved at

colonoscopy. Specimens were sent to the Gastroenterology Laboratory in buffer for

biochemical studies and flow cytometry. A schematic representation of the sample collection is

shown in Diagram 2.2.below.

PATIENTS/t
Diet Blood Urine Tissue

Acetylator status GSTp phenotype Enzymes Proliferation

/\
NAT GST/H

Diagram 2.2. Denvation of and tests done on patient samples

The protocol for this Study was approved by the Queen Elizabeth Hospital Ethics Committee on

Human Experimentation and all subjects gave informed consent
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2.2 Questionnaire

2.2.1 Clinical

A record was kept of the patient's address and telephone number. A brief clinical history was

obtained, and the blood tests( ie blood count and urea and electrolytes, liver function tests)

checked to exclude renal and hepatic failure that might exclude the patient from the study, The

weight and height of the patient were recorded and the body mass index(weight{ in kg} /height{

in metre) 2¡ determined. A drug history and any history of drug allergy was also recorded.

The histological characteristics of adenomas(dysplasia and type) and carcinomas(grade) reported

by several different histopathologists, and the stage of the carcinoma obtained from an

examination of the patient records and histopathological reports, was recorded in the

questionnaire.

2.2.2 Dietarv

Information concerning usual food and nutrient intake was obtained using a self administered

retrospective food frequency quantitative questionnaire, developed by the Commonwealth

Scientific and Industrial Research Organisation (CSIRO) Division of Human Nutrition,

Adelaide. The questionnaire was explained to the patient by myself.

Modified versions of this questionnaire have been used extensively in Australia for,national or

state population dietary surveys (Baghurst and Record, 1983), (Baghurst et al,I988a),

(Baghurst et aI, 1988b) and for case-control studies of colon, breast and pancreatic cancer

(Potter and McMichael, 1986), (Rohan, McMichael and Baghurst, 1988), (Baghwst et al,

l99l) as well as a prospective study of the determinants of high density lipoprotein
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levels(Dwyer et a\,1981). The questionnaire has been shown to have good repeatability and to

give good correlations with urinary sodium and nitrogen measures, as well as with short-term

weight recording techniques, such as four-day records and multþle repeat 24hotx records

(Baghurst and Record, 1983), (Rohan and Potter, 1984), (Rohan, Record and Cook, 1987).

The questionnaire includes about 200 food and beverage items. Each food has listed alongside,

a standard size of serving which is derived from earlier studies. For each food or beverage, the

respondent can change this "standard" serving in an open-ended way to reflect individual usage

by writing in a "comment" column. The frequency categories used are also continuous in the

sense that four columns are given in which respondents can indicate how often they consume

the item "per day", "per week" or "per month" or for "never or very rarely" using symbols (1D,

2D, 1'W, 2M or N etc). The open-ended provision for describing the size of serving therefore

does not require the respondent to adjust the frequency response to account for changes in size.

In addition to these food frequency questions, there were a number of questions on socio-

economic class, education level, country of birth and food preparation (e.g. whether meat was

cooked-fried, grilled, microwaved or none of above).

Nutrient content per unit weight was calculated using the revised British Food Tables (Paul e/

al,1978) with additional data relating to Australian foods where data were availablé, as the

nutrient database, and the FREQUAN analysis package (Baghurst and Record, 1984). This

analysis of nutrient content reported in the patients' dietary questionnaire was performed by the

CSIRO Department of Human Nutrition, Adelaide.

The type of items reported in the patients' diet was as follows:
'Water intake(g) Total CHO(g)

Sugars(g) Sodium(mg)

Complex CHO(g) Potassium(mg)

Fibre(g) Calcium(mg)

Nitrogen(g) Magnesium(mg)

Vit.812(ug)
free folate(ug)

total folate(ug)

Panthothenate(mg)

Biotin(ug)
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Protein(g)

Total fat(g)

Sat. fatty acids(g)

Monounsaturated FA(g)

Polyunsaturated FA(g)

Iron(mg)

Zinc(mg)

Sulphur(mg)

Alcohol(g)

Cholesterol(mg)

Added sugar(g)

Only the results of the protein , fat, carbohydrate and fibre intake would be used in this study

(chapter 6).

2.3 N-Acetyl transferase

2.3.1 S)¡stemicphenotype

After an ovemight fast, patients were given sodium sulphamethazine (2O mg/kg body weight)

dissolved in a glass of water mixed with orange cordial. This drug has a very low incidence of

side-effects, and has been used extensively to define acetylator status. After administration,

fasting continued for three hours. Blood samples (10 mls each) were withdrawn at I and 4

hours after ingestion of the drug. Serum obtained after centrifugation was stored at -70oC. until

analysed.

Analysis of acetylator phenotype was performed on the patients' serum using HPLC. A model

440liquid chromatograph ( Waters Associates, Milford, MA) was used with a 20 ul loop

injector and a variable wavelength detector set at 254 nm. The HPLC column is a4.6 x22O

mm Brownlee column with a 3 cm. pre-column, eluted with a mobile phase containing90Vo

sodium acetate (10 mM, pH 4) and lOTo acetonitrile. Under these conditions, sulphadiazine

(internal standard), sulphamethazine and acetyl sulphamethazine had retention times of 4, 8, and

10 minutes respectively.
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Sulphadiazine in aqueous acetonitrile was used as an internal standard (20 ug/rnl). Serum(100

ul) with standard concentrations of sulphamethazine and acetyl sulphamethazine containing 0,

12.5,25,50 and 100 ug/ml were mixed with internal standard solutions (100 ul of 20 ug/ml

sulphadiazine). 20 ul reaction mixes were then injected into the chromatograph and calibration

curves prepared by plotting the peak height ratios from sulphamethazinel sulphadiazine, and

acetyl sulphamethazine/sulphadiazine against the known concentrations of sulphamethazine and

acetyl sulphamethazine respectively. The patient's serum samples were mixed with the internal

standard, sulphadiazine, and injected into the HPLC. Similar peak height ratios obtained from

the patients' plasma were then compared to the previously prepared standard curverof known

concentrations, to derive the concentrations of sulphamethazine and acetyl sulphamethazine.

(See Appendix Ai for reagents, plasma standards, procedure and HPLC conditions).

The Vo acetylation was calculated from the ratio of acetyl sulphamethazine to the sum of

sulphamethazine and acetyl sulphamethazine multiplied by 100. The acetylator status of a

subject was classified as fast if the Voacetylation was more than25%o at I hour or more than

50Vo at 4 hours. Conversely, the subject was classified as slow if the Vo acetylation was less

thanZí%o at t hour or 5OVo at 4 hours. The above method was based on previous studies by R.

Whelpton (V/helpton, Watkins and Curry, 1981).

2.3.2 Tissue

Tissue NAT activity was measured in mucosa scraped from adenomas removed at colonoscopy

and from normal and carcinoma tissue specimens removed at operation (Diagram 2.3). All

specimens were immediately immersed and transported in 0.1 M potassium phosphate

(KHZPO+) buffer (pH t.$.
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Tissue was homogenized(Ystral homogenizer, model GmbH D-7801, Dottingen, W. Germany)

in 4 mls of 0.lM KHZPO+ buffer (p}J7.$ and centrifuged at 20,0009 (15,000 rpm) at 4oC for

20 minutes (Beckman centrifuge model I2-T|MIE with a J21 rotor, California, USA). The

supernatants, referred to as cytosols, were removed and placed on ice for NAT assay and for

analysis oftotal protein content.

The NAT assay was carried out in reaction mixes containing 10 ul of 0.4 mM PABA, 10 ul of

0.4 mM SMZ, 9 ul of 150 mM acetyl carnitine, 5 ul of 8mM acetyl coenzyme A and 6.7 ul of

camitine acetyl transferase(26.86 Uftnl). All chemicals were dissolved in 0.1M I(}IZPO+

buffer (pH7.Ð. Acetyl carnitine is a source of acetyl CoA as shown in the following equation;

Acetyl carnitine ----carnitine acetyl transferase---> acetyl CoA + carnitine

The reactions were started by the addition of 50 ul. of cytosol to each of ten reaction mixes and

incubated at3l C. The reactions were stopped by the addition of 50 ul. of acetonitrile

(CH3CN) containing the internal standard, sulphadiazine (20 ug/ml), at 0 (control), 1,2.5, 5,

15, 30, 45,60,75 and 90 minute intervals to each reaction mix respectively. HPLC for the

acetylated metabolites were performed on fresh or frozen (-70oC) tissue supernatants. Freezing

the tissue supernatants did not affect NAT activity. Reverse phase HPLC was carried out in a

model440liquid chromatograph (Waters Associates, Milford, MA) with a 20 ul. loop injector

and a variable wavelength detector set at 254 nm. The HPLC column is a 4.6 x22O mm

Brownlee column with a 3 cm. pre-column, eluted with a mobile phase consisting of 8Vo

acetonitrile and 10 mM sodium acetate (pH 4.0), degassed on the day of use. The column oven

was set at a temperature of 35o C and the mobile phase ran at a flow rate of 2 rnll min by an

HPLC pump operating at a pressure of 3000 psi (Waters Chromatography pump).

Peak height ratios of sulphamethazine/sulphadiazine and acetyl sulphamethazine /sulphadiazine
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were plotted against known concentrations of sulphamethazine and acetyl sulphame,thazine from

the standard curve. The stock concentration used for the standard curve was 10 nmol/L, made

up of 200 ul. PABA (0.2mM), 200 ul.SMZ (0.2mM), 200 ul.acetyl SMZ (0.2mM) and 200 ul.

of water. Serial dilutions of 8, 6, 4,2 and I nmolll were subsequently made. An aliquot of 50

ul. of these concentrations was mixed with 40 ul. sulphadiazine (internal standard) and 50 ul.

water, from which 20 ul. reaction mixes were injected into the chromatograph. A calibration

curve was then prepared by plotting simila¡ peak height ratios of PABA/sulphadiazine and acetyl

sulphamethazine/sulphadiazine to the known concentrations of PABA and acetyl

sulphamethazine. The rate of acetylation was determined by the rate of disappearance of PABA

from the reaction mixture and the rate of appearance of acetylated SMZ in the mixture; changes

which correspond to the activity of the monomorphic and polymorphic NAT enzymes

respectively.(See Appendix A ii for reagents, mobile phases and standard curve.)

Cytosols were also analysed for total protein concentration by the Lowry method (Lowry et aI,

1951) using bovine serum albumin (BSA; lmg/ml) as a standard. The protein content of the

tissue cytosol (which may be diluted 1 in 5) was obtained by reading off the spectrophotometric

absorbance of the cytosol against a calibration curve which had been previously plotted between

spectrophotometric absorbance and known concentrations of BSA. The results of the NAT

enzyme activity was then expressed in nmols. of substrate acetylated/min/mg. protein.(See

Appendix Aiii for Lowry protein assay reagents and procedure.)
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Diagram 2.3. Showing method in measurement of tissue
N-acetyltransferase activity.
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2.3.3 NAT Genotyping

The genotyping of NAT is classified into 2 steps, discussed under (1) and (2) below:

1. The amplification part of the NAT gene using PCR and suitable primers which anneal to

the bases of the NAT gene underlined infig2.I. This gives rise to al04 base pair product

containing the diagnostic restriction sites.

ATGGACATTGAAGCATATTTTGAJA\AGA'ATTGGCTATA.,¿\GA\ACTCTAGGAA

C AJq.ATTGGACTTGGA\Tq\T{CATTAACTGACATTCTTGAGCACCAGATCCGGG

CTGTTCCCTTTGAGAACCTTAACATGCATTGTGGGCAAGCCATGGAGTTG

GGCTTAGAGGCTATTTTTGATCACATTGTAAG fu \GA.AACC GGGGTGGGT

GGTGTCTCCAGGTCAATC AACTTCTGTACTGGGCTCTGACCACAATCGGT

TTTCAGACCACAATGTTAGGAGGGTATTTTTACATCCCTCCA6IryH4,q64

AATACAGCACTGGCATGGTTCACCTTCTCCTGCAGGTGACCATTGACGGC

AGGAATTACATTGT/TCGATGCTGGGTCTGGAAGCTCCTCCCAGATGTGG

CAGCCTCTAGAATTAATTTCTGGGAAGGATCAGCCTCAGGTTCCTTGCAT

TTTTTGCTTGACAGAAGAGAGAGGAATCTGGTAC/KCTGGACCAAATCAG

GAGAGACCAGTATATTACA q'AC fu q.A.G fu \TTTCTTAATTCTCATCTçCTGCC

A.A'AG Aú{G A'IôV\CACCAAúAVqúAV{TATACTTATTTACGCTTGAACCTCGAACAAT

TGAAGATTTTGAGTCTATGAATACATACCTGCAGACGTCTCCAACATCTTC

ATTTATAACCACATCATTTTGTTC CTTGCAGACCCCAGAAGGGGTTTACTG

TTTGGTGGGCTTCATCCTCACCTATAGA']q.Iqú{TTCAATTAT fu AAGACA'T{TAC

AGATCTGGTCGAGTTTAAAACTCTCACTGAGGAAGAGGTTGAAGAAGTG

CTGArA.,¿ArqA'TATATTTAAGATTTCCTTGCGGAGAúq.,¿\TCTCGTGCC 4.,¿qrqAcCT

GGTGATGG/BATCCCTTACTATTTAGAAT AAGGAAC fu AJqú\T A,Iq,ACCCTTGT

GTATGTATCACCCAACTCACTA

Fig.2.I DNA sequence of N-Acetyltransferase, showing restriction sites (H for

Hinc II, K for Kpn, T for Taq, B for Bam Hl) and corresponding bases to primers

(underlined).
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DNA samples

Lymphocytes were obtained from whole blood by gradient centrifugation on

Histopaque 1077 (Sigma, St. Louis, USA){ See Appendix B}. Genomic DNA was

extracted from the lymphocytes by proteinase K digestion and phenol/chloroform, and

precipitation with ethanol .(See Appendix B for protocol).

Primers

Primers were designed based on the published sequence, with the Tms matched

within 1.6oC for each pair. ,

Sense: GGTCAATCAACTTCTGTACTGGGC Tm=65.1oC

Antisense: TTGGGTGATACATACACAAGGGTT Tm=63.5oC

(Primers were synthesized using the Pharmacia Gene-assemblerrM ).

PCR reaction

PCR amplification of the polymorphic NAT gene was performed on I ug. of DNA

using 0.5 units Taq polymerase (Boehringer Mannheim, W.Germany) in Boehringer

buffer(containing 100 mmol Tris HCL, l5mmol/L MgCl2,500 mmol/L KCI and 1

mg/ml gelatin), 200 uM dinucleotide triphosphates (dNTPs){ Boehringer Mannheim,

W.Germany) , 100 ng each of the primers, in a total volume of 50 ul. An initial

denaturation of 94oC for 5 mins. was followed by 45 cycles of 94oC for 1 min.,

60oC for I min. andT2oC for I min. using a FTS-1 Thermal Sequencer(Corbett

Research, Australia). This was then concluded by an extension step at72oC for 7

mins. PCR products were resolved on a L5Vo agarose gel or 8Vo polyacrylamide

gel and stained with ethidium bromide to confirm the presence of the amplif,red

product.
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2. The digestion of the PCR product with the restriction enzymes, Kpn 1, Taq 1 and Bam

Hl, produced different sized fragments that could be distinguished by gel electrophoresis and

correlated to the different genotypes. No genotype would have the same pattern as another.

In homozygotes with the Kpn 1 site on both alleles(K+K+), digestion would give rise to266

and 438 base pair fragments. On agarose or polyacrylamide gel electrophoresis, these would

show up as two bands corresponding to these sizes. In a heterozygote(K+Ko), one allele

would be cut but not the other, giving rise to three bands. In a homozygote with no Kpn sites

on either allele(KoKo), there will be no cutting of the PCR product and therefore one band

would be seen on electrophoresis(shown in diagrarn2.4l).

K+

Ko

l+zee+]ts438----€|

K+K+ K+Ko

Diagram 2.4i Kpn I digestion.

The pattern created by Taq I digestion is slightly complicated by the presence of two fixed Taq

sites at the 152nd and 548th base pair of the PCR product. In homozygotes with the variable

Taq site on both alleles(T+T+), digestion with Taq would give rise to L52,226,170 and 156

base pair fragments. The 152 and 156 base pair fragments were seen as one band as their sizes

were too close to be resolved separately. In the heterozygote(T+To), digestion of one allele

without the variable Taq site, would give rise to 396, I52 and 156 base pair fragments, as well

as 152,226,170 and 156 base pair fragments from the other allele. In the homozygote without

Kpn

704

KoKo

704

438

266
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the variable Taq sites on both alleles(ToTo), digestion would give rise to 396,152 and 156 base

pair fragments only. For simplicity, the three phenotypes could be distinguished by the three

different patterns shown in the dotted line box.(Diagratn2.4ll)

taq taq
Taq

T+

To

K- t sz )Kl- 226+- j* 1 7oÐl- t soù
I É-3e6#l I

T+T+ T+To ToTo

396

226

t70/t561152

Diagram 2.41i Taq 1 digestion.

In homozygotes with the Bam Hl site on both alleles, digestion would give rise to 646 and 58

base pair fragments. The 58 base pair fragment is too small to be detected with the above

method of electrophoresis. In heterozygotes, Bam Hl digestion would give rise to two bands,

the 646 base pair fragment and the uncut 704 base pair product. In homozygotes with no Bam

H1 sites on both alleles, there will be no cutting of the PCR product.(Diagram 2.4äl).

646 s8 I

704

B+B+ B+Bo BoBo

704
646

Bam
I

B+

Bo

Diagram 2.411i BantHl digestion.
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The NAT genotype of an individual could be deduced by the degree of digestion from the three

restriction enzymes. Diagrams 2.5i and 2.5ii show digestion with Kpn and Taq, and then with

BamHl respectively; differentiating all the NAT genotypes.

Tao I

Deeree of disestion 0

0

50Vo

l00%o

s1s2
g1¡175153xii

5OVo

S253

S 153

S3F1

l00Vo

SS2S2

s2F1/S253*i

FlFt/S3F175353xiii

IO07o

S2F1

SlF1

F1F1

Diagram 2.5i Degree of digestion with Kpn I and Taq 1 to obtain NAT genotype.

Degree of digestion with Bam Hl

S151

s3s3

0Previous pattern
*i
*ü

*üi

Diagram 2.5ii Further digestion with Bam Hl to obtain NAT genotypes.

(Please refer to Appendix Bi for method on lymphocyte extraction and to Appendix Bii for DNA

extraction from lymphocytes).

2.4 Glutathione S transferase

2.4.1 Tissue Glutathione S Transferase activity

Tissue GST activity was measured spectrophotometrically using a modification of the method

of Habig (Habig, Pabst and Jakoby,1974). An aryl substrate, l,chloro - 2,4-dinitrobenzene
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(CDNB) and reduced GSH were added to a tissue homogenate with potassium phosphate buffer

(diluted l:10 in most instances unless available tissue was small). The rate of formation of

GSH-CBNB under the enzymatic activity of tissue GST was measured by a change in

absorbance at34D nm (Varian DMS 1005 UV visible spectrophotometer). ,

CDNB* + GSH* _____GST_____> GSH_CDNB (x=added reagent)

A complete mixture without the enzyme was used as a control. The GST activity was calculated

from the following equation utilizing the molar extinction coefficient of 9.6 for the GSH-CDNB

conjugate.

GST activity = À OD/min x M x D x V

where A OD/min = change in absorbance per minute

M = molar extinction coeffrcient (9.6)

D = GSH dilution factor (10)

V = volume correction factor (5)

The amount of protein in the tissue was estimated by the Lowry method and the results were

expressed as nmoUmin/mg protein(See Appendix Ci for method and reagents on measuring

GST activity).

2.4.2 Tissue glutathione content

Total glutathione content (reduced and oxidized) was analysed by the colorimetric recycling

method of Tietze (Tietz, 1969) as modified by Griffith (Griffith, 1980). Equal volumes of

tissue homogenate and5Vo trichloroacetic acid (TCA, 500u1) were mixed and centrifuged

(110009 for 3 minutes) and the supernatant retained for analysis (stored at -70oC). The assay

involved the reduction of the aromatic disulphide 5,5'-dithiobis 2 nitrobenzoic acid,(DTNB) to

TNB by GSH which, in turn, is oxidized to its disulphide linked dimeric form, GSSG. In
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order to maintain the reaction, GSSG is reduced back to GSH by the presence of glutathione

reductase and NADPH.

DTNB* + 2GSH (in tissue)------------->

GSSG (oxidized) + NADPH}* ---------- > 2GSH (reduced) + NADP

glutathione reductase (x=added reagent)

The reaction mix of 700 ul NADPH(0.3mM), 100u1DTNB (6.0mM) and 200u1TCA

supernatant was incubated for fîve minutes at room temperature. The reaction was initiated with

20 ul of glutathione reductase (25utnl). All reagents were made up in 0.125IN4KÍ12PO4163

mM EDTA buffer, p}J7.4. The absorbance at 4l2nmwas recorded using the

spectrophotometer, The amount of glutathione was estimated from a standard curve generated

with GSH concentrations of 40,20,10, 5 and 0 nmol.(See Appendix Cii for method and

reagents ). The amount of protein in the tissue was estimated by the Lowry method so that

results was expressed as nmol/mg protein.

2.4.3 GSTU ohenotvoe

The absence of GSTp has been ascribed to a homozygous deletion of the gene GST I on

chromosome 1. The sequence of the coding region was obtained from the Gen Bank nucleotide

sequence database and is shown in Fig 2.2. The aim of this method was to amplify up this

region using PCR technology and to determine the absence or presence of this region and the

subsequent PCR product on agarose gel electrophoresis. If the gene for GSTp is present, the

PCR product (using the primers shown below) , would be 249 bases, including the intron of 95

bases reported by Comstock (Comstocket aL,1990).
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GCACCAACCA GCACCATGCC CATGATACTG GGGTACTGGG

ACATCCGCGG GCTGGCCCAC GCCATCCGCC TGCTCCTGGA

ATACACAGAC TCAAGCTATG AGGAúAiIAAGAü\ GTACACGATG

GGGGACGCTC CTGATTATGA CAGAAGCCAG TGGCTGAATG

Airq.,¿qú4.,¿{TTCAA GCTGGGCCTG GACTITCCCA ATCTGCCCTA

CTTGATTGAT GGGGCTCACA AGATCACCCA GAGCAAC

ATCTTGTGCT ACATTGCCCG CAAGCACAAC CTGTGT*GGGG

AGACAGAAGA GGAGAAGATT CGTGTGGACA TTTTGGAGAA

CCAGACCATG GACAACCATA TGCAGCTGGG CATGATCTGC

TACAATCCAG AATTTGAGAA ACTGAAGCCA AAGTACTTGG

AGGAACTCCC TGAJqJqAGCTA AAGCTCTACT CAGAGTTTCT

GGGGAAGCGG CCATGGTTTG CAGGAJAACAA GATCACTTTT

Fig.2.2 Nucleotide sequence of cDNAs encoding for human GST mu isoenzyme.

Intron of 95 base pairs situated at x. Primers used correspond to those nucleotides

which are underlined.

DNA samples

Genomic DNA was extracted from human blood lymphocytes by gradient centrifugation with

Histopaque 1077 (Sigma, St. Louis, USA){ See Appendix B} . DNA was obtained using

phenoVchloroform extractions and ethanol precipitation.(See Appendix B for protocol).

Primers

Sense ACAAGATCACCCA GAGCAACGCC Tm=68.8oC

Antisense TCTGGATTGTAGCAGATCATGCCC Tm=66.6oC

(Primers were synthesized using the Pharmacia Gene-assemblerrM ).
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PCR reaction

PCR amplification of the GST I gene was performed using Boehringer buffer(containing 100

mmol Tris HCL, l5mmol/L MgCl2,500 mmoUl KCI and 1 mg/ml gelatin), 200 uM dNTPs,

0.5 units Taq polymerase (Boehringer Mannheim,'W.Germany), 100 ng each of the primers,

3mM Magnesium in a25 ul reaction, with I ul (approx. 500 ng) of genomic DNA.

The reaction cycle temperatures were 94oC forl min.,60oC for 1 min. andT2oC for lmin.,

repeated for 30 cycles in a FTS-I Thermal Sequencer(Corbett Research, Australia). The above

cycles were preceded by denaturation at94oC for 5 mins. and concluded by an extension step at

72oC for 7 mins. PCR products were electrophoresed on a l.5Vo agarose gel.

Procedure for avoiding false positive results

All known precautions (Kwok and Higuchi, 1989) of avoiding PCR product carryover and

sample to sample contamination were taken. One "no DNA" reagent control was included

within each set of amplif,rcations.

Procedure for avoiding false negative results

This was achieved by amplification of another product (multiplex PCR) to act as a positive

control for the reaction. The CD3 g¿rmma gene was amplified using the primers(courtesy of

Haematology Department, TQEH) below, to produce a 116 base pair product.

CD3 primers: Sense

Antisense

TCTGACTTGTGATGCAGAAGCCA

GAGGGTCCTTGGCATTACTTCCC

t

Tm=68oC

Tm=72oC
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2.5 Cellular Proliferation

Flow cytometry

Rectal biopsies were taken from uninvolved "normal mucosa" from control subjects and from

patients with adenomas and carcinomas. Tissue was also obtained from adenomas, mostly

removed colonoscopically, and from carcinomas, mostly obtained from surgical resections.

These tissues were f,rxed in lOTo formalin and later used for DNA analysis and assessment of

cell proliferation. ¿

The proliferative activity was determined by flow cytometry using a modification of the method

of Hedley (Hedley et al, 1983). The tissues were washed in phosphate buffered saline (PBS)

and finely minced with a ruzorblade. After two further washings, the tissues were incubated in

l.5rnt of O.5Vo pepsin (Sigma Chem. Co.,St. Louis, Missouri) in 0.9Vo NaCl and adjusted to

pH 1.5 with 2M HCl for 60 mins at37oC with intermittent vortexing every 20 mins. After

enzyme digestion, the suspension of nuclei was washed in PBS and labelled with propidium

iodide by incubation in I ml PBS solution, p}J7.4, containing 95-98Vo propidium iodide (0.25

mg/ml, Sigma Chem.Co.) and ribonuclease A type 1-AS (0.5 mg/nrl, Sigma Chem. Co.) for 15

mins at 37oC. The tissues were then resuspended in 1 ml PBS and the samples syringed five

times using a23 gauge needle to produce single nuclei suspensions. They were then filtered

through a37 umnylon mesh and stored on ice prior to analysis by flow cytometry.

The DNA content of the tissues was measured with a Facscan flow cytometer (Becton-

Dickinson, Sunnydale, California) using an argon laser 15mW. at wavelengh 488 nm. The

fluorescence of the stained DNA, which was directly proportional to the cellular DNA, was

quantitated after passage through a 610 nm long pass f,rlter to remove any scattered light.

Histograms of cell number versus linear integrated red fluorescence (proportional to DNA
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content) were recorded for 10,000 nuclei at flow rates of about 100 nuclei per second. Data

were stored and later analyzedon a Hewlett Packard computer. Electronic gating of the light

scatter signal was used to exclude cellular debris. The DNA data analysis was done using

Becton-Dickinson çe¡FITM software to analyse cell cycle percentages and DNA Index.

Cell cycle percentages comprising the DNA pre-synthetic phase (G0-G1), DNA synthetic phase

(S) and DNA post-synthetic and mitotic phases (G2 + M) were obtained using the RFit model

of the Becton-Dickinson CellFITrM software. The RFIT (Rectangular Fit) analysis model

calculates the S phase from a rectangle. The height of the rectangle was the average height of

mid-S phase and the width of the rectangle extended from the Go/G1 peak channel to the G2 +

M peak channel. The model sums the number of events bounded by this rectangle to determine

the number of S phase events. For the other phases of the cell cycle, it first determines the

number of events in each half of the histogram and substracts one half of the total number of S

phase events. This subtraction yields estimates of the number of cells in G0/G1 and G2 + M.

The positions of the peak channels for the G0/G1 and G2+M populations were set manually by

the operator.

The percentage coefficent of vanation(%oCV, defined as s/u x100 where s=standard deviation

and u=mean) calculated by the incorporated software for each peak gave a measure of sample

variation. Only samples with aVoCY ( 10 were accepted, otherwise samples were repeated

and later accepted if the ToCY < 10.

Most solid tumours, inluding colorectal neoplasms, contain a population with a diploid DNA

content and when this was the only cell population present, the tumour was classified as

diploid. Tumours which had an additional Gl peak were classified as aneuploid, and the

diploid peak was presumed to arise from host cells such as lymphocytes and stroma. The

degree of DNA aneuploidy was quantitated as the DNA index (DI) which is the ampunt of
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abnormal DNA relative to normal, calculated as the ratio of the mean channel number of the

mucosa of the aneuploid G0-Gl peak to the mean channel number of the mucosa G0-G1 peak.

A diploid tumour was defined as having a DNA index of 0.8-1.2 and an aneuploid tumour,

<0.8 or >1.2.

2.6 Statistical methods

Descriptive statistics of data were initially derived , giving the mean, SD, SE, range and count

frequency. The count frequency was shown as a histogram plot or as points in a regression

equation. Data were analyzed using the box and whisker plot. The left and right sides of the

box indicate the 25th and 75th percentile of the number of points in the data. The left and right

whiskers indicate the 2.5Vo and97 .SVo of all values. Any data points falling outside these

whiskers were referred to as "outliers", with the hypothesis that these outliers wero unlikely to

be from the same sample as points within the box.

Differences between means were compared using the Student's t test and the Mann-Whitney U

test for non-parametric values (using Macintosh StatworksrM ). The significance of proportions

was tested using the chi squared(x2) test. The "odds ratio"(OR) was calculated from a2x2 table

of patient status (eg. cancer or control) versus the presence or absence of a trait. The OR is a

ratio of the "odds" that the colorectal cancer will occur when the given trait is present to the

"odds" that it will occur when the trait is absent. Therefore, an OR of > 1 indicates higher odds

in the presence of the trait compared to its absence. Theg5Vo confidence limits of the mean in

the odds ratio was calculated by a transformation of approximate limits for ln(OR) (Woolf,

1955). Adjustment for possible confounding variables was performed by the Mantel-Haenszel

method(1959).
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The degree of association between two variable parameters was measured by the correlation

coefficient (r) with a "straight line " association giving a value of +1 or -1. The correlation

between two variables was positive if higher values of one variable were associated with higher

values of the other, and negative if one variable tended to be lower as the other become higher.

A correlation of around zero indicated that there was no linear relation between the two

variables(i.e. they are uncorrelated). A part of the variation in one of the variables can be

thought of as being due to its relationship with the other variable, and another part as due to

undetermined(often "random") causes. The part due to the dependence of one variable on the

other was measured by the determination coefficient(r2).
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CHAPTER 3 N.ACETYL TRANSFERASE AND COLORECTAL

NEOPLASIA

3. 1 Introduction

Two small studies have reported an association of the fast acetylator phenotype with colorectal

carcinoma while one larger study has not. The study reported in this thesis is comparable in

size to the latter study, and includes a group of patients with colorectal adenoma. The relative

importance of an elevated NAT activity in the liver compared to that in the target organ, the

colon, is examined in this study by assessing the NAT activity in colonic tissues removed either

at colonoscopy or surgery. The actual mechanism of colorectal carcinoma risk in fast

acetylators is unknown. Arylamines, derived from cooked meat, have been shown to be pro-

carcinogens and to undergo activation by acetylation. A hypothesis was that glucuronidated

arylamines were excreted in bile and subsequently underwent different acetylation rates in the

colon depending on the acetylator status of the individual. A method of genotyping individuals

for their acetylator status had also been developed to enable identification of the NAT

heterozygote, previously poorly differentiated by classical biochemical methods, and to provide

an alternative and more accurate method of acetylator phenotyping.

3.2 Results

3.2.1 Svstemic nhenotvoe

Acetylator status was determined in 311 patients from blood samples obtained at different time

intervals after ingestion of sulphamethazine. Blood samples were initially taken at I and 4

hours but subsequent results indicated that a t hour sample was sufficent to differentiate
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between the fast and slow acetylators. In addition, it was more convenient for patients to have

only a t hour specimen. Therefore, there were 123 patients with a t hour sample only, 151

patients with I and 4 hour samples, 9 patients with 2.5 and 4 hour samples, 11 with 4 hour

samples only, 14 with 1, 2.5 and 4 hour samples and 3 with 1, 2.5,4 and 6 hour samples.

Thus, there were 291 blood samples taken at t hour and 188 samples taken at 4 hours.

A frequency histogram of Vo acetylation at I hour showed a bimodal distribution with the cut-off

between the two distributions at about 25Vo (fig.3.l,a).

Count

0
0,00 6.86 13.72 20.58 27.44 3430 4r.16 48,02 54.88 6t.74 68.60

7o acetylation

Fig. 3.1a Frequency histogram of 7o Sulphamethazine acetylation at I hour

A plot of Vo acetytion at 1 and 4 hours against time gave 2 major findings: firstþ, a cut-off

between slow and fast acetylators of 25Vo at t hour or 5OVo at 4 hours is appropriate and

secondly, the rate of acetylation is not significantly correlated with age(fig. 3.lb and c). The

plot therefore shows that the separation between the phenotypes using 25Vo acetylation at 1

hour, or 5OVo at4 hours are suitable for all ages.
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Fig. 3.lb Vo Sl:N'dZ acetylation at I hour with increasing age showing bimodal distribution,
classified as fast if >25 7o acetylation (r ) or slow if <25Vo acetylation (o) at t hour
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A plot of Vo acetylation against time after the ingestion of Sulphamethazine,in fig.'3.2 ,ho*,

that individuals divide into 2 distinct groups with the dividing line joining 25Vo and 5OVo

acetylation at I and 4 hours respectively (shown as a dashed line).
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Fig.3.2 7o acétylation of Sulphamethazine with time in 12 individuals,
showing separation into 2 groups, classified as fast acetylator
above dotted line, and slow acetylator below dotted line.

Acetylator phenotyping was repeated in eight patients to assess repeatability or variability in the

results. For all patients, the second test gave identical results to the first test. Four individuals

were fast acetylators and four were slow acetylators. At t hour, samples taken on both

occasions show an average difference of 5Vo acetylation (SD=3.6).

A total of 311 patients were phenotyped for acetylator status. They consisted of I l0 Normal

controls, 89 patients with Adenoma and ll2patients with Carcinoma.

The Normal, Adenoma and Carcinoma patient groups were similar in baseline demograpnic and

clinical characteristics (table 3.1a) There was a preponderance of males over females in the

Normal and Adenoma groups, being more pronounced in the latter, whereas there was a slight

preponderance of females over males in the Carcinoma group. Data from a standard textbook
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(Shearman and Finlayson, 1989) * is also shown in the last column of table 3.la for

comparison.

Table 3.1a Demographic characteristics in Normal, Adenoma and Carcinoma groups.

Normal Adenoma Carcinoma Text*
Number 110 89 lI2
Sex (male:female) 59:51 57:32 55:57

Age mean(SD) 66.8 (8.42) 67.6 (9.81) 68.13 (9.13) '
median 68.5 69 69

range 43-81 40-90 40-84

Site Ascending 5(5.6Vo) l4(l2.5Eo) l5%o

Transverse 4(4.5Vo) 4(3.6Vo) I5Vo

Descending 8(8.97o) 8(7.l%o) 5%o

Sigmoid 38(42.lVo) 5r(45.5%o) 407o

Rectum 23(25.57o) 30(26.87o) 257o

Metachronous/Synchronous ll(I2.4Vo) 5((4.57o) 257o

Size of adenoma: Duke's Stage:

0-10mm 3l(35%o) A 3O(26.8Vo) 57o

11-20 cm 26(307o) B 46(4I.IVo) 35Vo

>20cm 8(9Vo) C 3O(26.8Vo) 407o

multiple I7(197o) D 4(3.6Vo)

unknown 7(87o) unknown 2

Type of adenoma Differentiation: t

Tubular 22 well tl(llVo) l57o

Tub/villous 27 moderate 85(85Vo) SOVo

Villous 8 poor 4(47o) 57o

Unknown 32

There were significantþ more fast acetylators in patients with colorectal carcinoma than in

controls. The proportion of fast acetylators in the colorectal adenoma group was between the

above 2 groups (See Fig. 3.3, table 3.1b). The "odds ratio" for the increased risk of carcinoma

associated with the fast acetylator status was 1.75 (95Vo C.L.:1-3). The OR for the statistically



72
non-significant increased risk for adenoma in fast acetylators was 1.13 (95Vo C.L.: 0.6-2.1).

Table 3.lb Results of acetylator phenotype in Normal, Adenoma Carcinoma groups.

Normal Adenoma

Fast Slow

29 60

32.6 67.4

18/11 39121

Carcinoma

Fast Slow

48 64

42.9 57.r

22126 33131

Acetylator status

Nunber

Percentage

Sex(MÆ)

Fast

33

30

t9tr

Slow

40t374

77

70

Normal

Adenoma 32.6Vo

Carcinoma 42.97o*

10 20 40

Tofast acetylators

Fig. 3.3 Percentage of Fast acetylators in Normal( g) Adenoma( ¡) and Carcinoma( l)
patient groups. There were significantly more fast acetylators in those with
Carcinoma than in Normals(p*<0.05, Chi-squared test).

The difference between the percentage of fast acetylators in Carcinoma patients and Controls is

higher in females (I8Vo) than in males (S%) (Fig. 3.3, table 3.1b). The "odds ratio" for the

increased risk of carcinoma associated with the fast acetylator status was 1.4 (95Vo C.L:0.7-3)

for males and2.2 (95Vo C.L.:1-5) for females. This difference in the OR between the sexes

was not significant, perhaps due to low power.

30Vo

50

n=I12

n=89

n=110
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32.27o

3l.6Vo

40Vo

FEMALE

Normal

Adenoma

Carcinoma

27.57o

34.4Vo

45.6Vo

0 10 20 30 40 50

Fig. 3.4 Percentage of fast acetylators in male and female patients in the

Normal, Adenoma and Carcinoma groups.

There were no significant differences in the age and sex of fast acetylators compared to slow

acetylators(table 3.2a). The distribution of fast acetylators was not correlated with Duke's

stage, grade or site of carcinoma (table 3.2a). There was a slight trend, though statistically

insignificant, for fast acetylators to develop their carcinomas at a younger age, to have more

Dukes stage A or B tumours and to have a preponderance of right sided colonic tumours.

The distribution of fast acetylators was not correlated with the size or type of adenoma(table

3.2b). In this analysis, the acetylator status of 17 patients with multiple adenomas was

correlated to the size of the largest adenoma.

Table 3.2a Comparison of fast and slow acetylators who had colonic carcinoma.

Fast acetylators Slow acetylators

Age mean (SD) 66.85 (10.42) 69.1(7.98)

Sex (male:female) 22:26 32:3I

Duke's stage A 13 (27.l%o) 19 (26.67o)

B 22 (45.8Vo) 24 (37.5Vo)

C 12 (25Vo) 18 (28.r%o)

D l(2.l%o) 3(4.7Vo)

Differentiation: well 3 (6.8Vo) 8 (I4.3Vo)

MALE

Normal

Adenoma

Carcinoma

n=51

,iiiiiEØiiiii ,: ,1,i#üiiiii'iiii,,:i:,,,iliiil1

@

@
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mod. 39(8l.8%o)

poor 2 (4.5Vo)

Site Ascending 9 (I8.8Vo)

Transverse I (2.lVo)

Descending 5 (lO.4Vo)

Sigmoid 17 (35.4Vo)

Rectum 13 (2l.l%o)

Meta/synchronous 3 (6.25Vo)

46(82.tVo)

2 (3.6Vo)

5 (7.8Vo)

3 (4.7Vo)

3 (4.7Vo)

34 (53.lVo)

t7 (26.6Vo)

2 (3.IVo)

Table 3.2b Comparison of fast and slow acetylators who had colonic adenoma.

Fast acetylators(7o) Slow acetylators(7o)

Size 0-10mm 60.1 48.1

11-20mm 32.1 4O.7

>20mm 7.1 11.1

Type Tubular 45 35

Tub/villous 45 48.6

Villous 10 16.2

3.2.2 Tissue NAT

Tissue NAT activity was measured in 42 Normal specimens,Z2 Adenomas and 40 Carcinomas

The Normal tissue was obtained from macroscopically normal colon adjacent to the 40

carcinomas and 2 Adenomas which were removed at operation. The clinical and histological

characteristics of the patients and specimens are shown in table 3.3.

There were, therefore, 262 patients who had acetylator status determined alone, 49 who had

determination of both acetylator status and tissue NAT activity, and 18 patients who had

determination of tissue NAT alone (See diagram 3.1 below).
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Systemic NAT phenotype

and tissue NAT activity

Systemic NAT phenotype

Tissue NAT activity

Diagram 3.1 Study of systemic and colonic tissue NAT activity

Table 3.3 Clinical and histological characteristics of patients and specimens.

Normal Adenoma Carcinoma

Number 42 22 40

Ase Mean (SD) 67.12 (11.98) 72.78 (8.33) 66.90 (t2.t2)
overall mean (SD) = 68.23 (11.51)

Range 40-89 52-89 40-89

Sex M:F 26:16 I7:5 26:14

Size of Adenoma 0-10mm 9(4IVo) Duke's stage

11-20mm 6(27Vo) A 7(l7.5%o)

>20 5(23Vo) B l9(47.57o)

Unknown 2(9Vo) C I2(30Vo)

Type of Adenoma Tubular 5(237o) D 2(57o)

Tub-villous ll(50%o) Grade

Villous 3(l4%o) Well 3

Unknown 3(l4%o) Moderate 32

Poor I

Unknown 4
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Tissue NAT distribution

There appeared to be a bimodal distribution in the tissues for polymorphic NAT activity, with

the cut-off between the two populations at approximately O.3I2 nmols/l/min (table 3.4,

fig.3.5a). There would be 2 NAT activity values between 0.604 and 0.75 nmoUUmin if the

three "outliers" were not included in the analysis. Investigation revealed no mistake with the

"outliers" and they were not excluded from analysis.

Histogram plot for the monomorphic tissue NAT activity showed no evidence of a bimodal

distribution (table 3.4, fig.3.5b).

Table 3.4. Descriptive statistics of NAT tissue activities in all tissues

Pol]¡morphic

mean=0.219 Standard deviation=0.167 number=92

median=0.189 Standard error=0.017 range=0.022-0.750

Whiskers and Box plot showed three "outliers" with values, 0.655 (Normal),

0.638(Adenoma) and 0.750(Carcinoma).

Monomomhic

mean=23.71 Standard deviation=16.67 number=l07

median=21.43 Standard error=1.61 range=0.75-97.49
'Whiskers and Box plot showed one "outlier" with a value of 97.49 (Adenoma).
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Fig. 3.5a Histogram plot of polymorphic NAT activity(expressed as mean) in all tissues,

0
0.740 20.090 39.440 58.790 78.140 97.490

Tissue mNAT activity(nmol/l/min)

Fig. 3.5b Histogram plot of monomorphic NAT activity(expressed as mean)
in alltissues.

NAT activity in uninvolved mucosa and neoplastic colon

There were no significant differences in the monomorphic or polymorphic NAT activity

between the three tissue types (See table 3.5, Fig. 3.6). The monomorphic NAT activity is

ko
-ÒÉ
j

z

30

20

10

n=25 n=19ElE 84,

100-fold greater than the polymorphic NAT activity using sulphamethazine as the substrate.



78
Table 3.5 Monomorphic and polymorphic NAT activity in Normal, Adenoma and

Carcinoma tissues

Normal Adenoma Carcinoma

NAT Monomorphic
Number 40 22 40

Mean (SE) 22.92 (2.r5) 27.42 (5.01) 22.13 (2.43)

Range 2.6-50.35 O.l5-97.49 0.77-57.83

Polvmomhic

Number 38 18 36

Mean (SE) o.22 (0.02) 0.21 (0.03) o.22 (o'o3)

Range 0.05-0.66 0.05-0.64 0.02-0.75

NORMAL ADENOMA CARCINOMA

TISSUE TYPE

Fig. 3.6 Monomorphic(fl ) and polymorphic(I ) NAT activity in Normal, Adenoma and

Carcinoma colorectal tissue. Monomorphic NAT activity is significantly greater

(100 fold) than polymorphic NAT activity in all tissue types. Results expressed

as Mean (SE) with the polymorphic NAT activity multiplied 100 fold.

NAT activity between Slow and Fast acetylators in the tissues

There were no signifîcant differences in monomorphic NAT or total NAT activity between the

Fast and Slow acetylators in the Normal, Adenoma and Carcinoma tissues (table 3.5,fig.3.7)
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Fig. 3.7 Monomorphic tissue NAT activity of fast( I ) and slow(! ) acetylators
in Normal, Adenoma and Carcinoma tissue.

However, the polymorphic NAT activity was significantly greater in fast acetylators than in

slow acetylators in all tissue types (table 3.5, fig. 3.8).

Table 3.5 Monomo¡phic and polymorphic NAT activity of Fast and Slow dcetylators

in Normal, Adenoma and Carcinoma tissues.

Normal

Monomorohic

Fast Slow

Number 17 12

Mean 18.17 25.48

sE 2.85 4.98

Range 2.6-45.6313.35-50.35

Adenoma

Fast Slow

414
2t.4 29.34

10.13 7.26

3.7 4-49.55t 0.7 5-97 .49

Carcinoma

Fast Slow

t7 l1
21.58 24.2

3.83 4.58

0.86-46.33t 0.77 -43.88

n=17rr47Jì= n=l1n=l1 n=12
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Polymorphic

Fast Slow Fast Slow Fast Slow

Number 15 13 4 11 16 11

Mean 0.29 0.13 0.31 0.19 0.3 O.l2

sE 0.04 0.02 0.02 0.05 0.06 0.03

Range O.07-0.661 0.06-0.24 0.09-0.31l 0.05-0.64 0.02-0.751 0.03-0.31

,ß
)ß:1.

0

NORMAL ADENOMA CARCINOMA

Fig. 3.8 Polymorphic tissue NAT activity of Fast (I ) and Slow ([) acetylators
in Normal, Adenoma and Carcinoma colorectal tissue. The NAT activity of
normal and carcinoma tissues in Fast acetylators was significantly greater
(p*=0,004, p**=0.02, Student's t test) than in Slow acetylators.

NAT activity in different regions of the colon

There was signif,rcantly higher monomorphic NAT activity from carcinoma tissue from the

transverse colon than from the ascending colon.

There were no significant differences in tissue polymorphic NAT activity in normal and

carcinoma tissues from different regions of the colon.(Table 3.7 , fig. 3.9, fig. 3.10)
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Table 3.7 Monomorphic and polymorphic tissue NAT of Normal and Carcinoma

tissues in the different regions of the colon.

Monomomhic NAT

Ascending

Normal tissues

Number 10

Mean 19.26

sE 3.36

Range 3.95-40.87

Transverse Descending Sigmoid Rectum

4

2r.73

2.54

15.95-27.74

6

11.4

5.66

3.58-36.97

t9

26.7

3.52

2.6-50.35

3

23.85

13.25

3.35-48.65

Carcinoma tissues

Number 10

Mean 12.79

sE 3.98

Range 0.93-36.46

Polymorphic NAT

Ascending

Normal tissues

Number 9

Mean 0.19

sE 0.04

Range 0.05-0.42

Carcinoma tissues

Number l
Mean 0.2

SE 0.1

Range 0.02-0.75

4

38.70

8.22

2r.59-57.83

5

24.76

6.23

2.45-38.96

18

23.08

3.29

0.86-46.26

3

21.12

tL.75

0.77-41.41

Transverse Descending Sigmoid Rectum

4

0.34

0.15

0.06-0.66

4

0.19

0.09

0.05-0.44

5

0.27

0.1

0.06-0.61

5

0.37

o.r2
0.06-0.66

n
0.21

o.o2

0.09-0.39

18

0.19

0.04

0.03-0.51

3

o.r7
0.08

0.08-0.33

2

o.23

0
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Fig. 3.9 Monomorphic NAT activity in the different regions (A:ascending, T: transverse,
D: descending, S: sigmoid, R: rectum, in Normal (N)and Carcinoma (C)tissues,

expressed as mean(SE). The transvêrse colon (TC) is significantly greater than
the ascending colon (AC) in carcinoma tissue(p.<O.05, Mann-Whitney U test).
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Fig. 3.10 Polymorphic NAT activity in the different regions (A:ascending,
T:transverse, D:descending, S: sigmoid, R: rectum, in Normal (N)

and Carcinoma (C) tissue, expressed as mean(SE).
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NAT activity and gender

There was higher tissue polymorphic NAT activity in Normal and Carcinoma tissue from

females than males, although this was statistically signif,rcant only in the Normal tissue(table

3.8, fig. 3.11). In the 22 pieces of colonic tissue from male patients, 7 were from fast

acetylators, 8 from slow acetylators and 7 of unknown acetylator status, whereas from the 16

pieces of colonic tissue from female patients, 8 were from fast acetylators, 3 from slow

acetylators and 5 of unknown acetylator status. This suggests that the higher polymorphic NAT

activity seen in tissues of female patients than in tissues of male patients were because there

were more fast acetylators in the female group(SÙVo) than there are in the male group(32Vo).

There were no significant differences in the monomorphic NAT activity in Normal imd

Carcinoma tissue between males and females(Fig. 3.I2).

Table 3.8 sex differences in polymorphic and monomorphic NAT activity in
Normal and Cancer tissues.

Polvmomhic NAT
Male/1.{ormal Female/lrlormal

no. 22 16

mean(SE) 0.16 (0.02) 0.31 (0.04)

Male/Cancer

22

0.18 (0.04)

Female/Cancer

74

0.27(0.66)

Female/Cancer

l4
re.36 (3.7s)

Monomomhic NAT

Male/1.{ormal Female/lrlormal

no. 26 16

mean (SE) 25.18 (2.95) 20.18 (3.12)

Male/Cancer

26

23.63 (3.ls)
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Fig, 3,11 Polymorphic NAT activity in male(M) and female(F) in Normal(N) or Carcinoma(C)
tissue, expresmed as mean(SE). Tissue NAT activity in the Normal tissue was greater

in female than in Male(px=Q.Q02, Mann-\Vhitney U test).

10

MN FN MC FC

Fig3.l2 Monomorphic NAT activity of males(M) and females(F) in
Normal(N) and Carcinoma(C) tissues, expressed as mean(SE).
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NAT activity and age

There was no significant correlation of age with tissue mNAT activity in the Normal(r=-O.2) or

Carcinoma group(r=-0.03) or with tissue pNAT activity in the Normal(r=-0.18) or Carcinoma

group(r=-O.23){ data not shown} .

NAT activity and sizeltype of Adenoma

The NAT activity in intermediate sized adenomas(l1-20mm) was significantly less than in small

adenomas(<10mm) orlarge adenomas(>20mm)(table3.9, fig. 3.13). Even if the "outlier" in

the small adenoma group with a value of 0.638 was removed, the intermediate group is still

significantly less than the small adenoma group.

Table 3.9. Relationship of polymorphic NAT activity and adenoma srze

Size(max. diameter) number NAT activity(mean { sd} )

0-10 mm 7 0.326 (0.155)

11-20mm 6 0.107 (0.05)

>20 mm 4 0.216 (0.014)
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Fig. 3.13 Polymorphic NAT activity in different sized adenomas,expressed as mean(SD).
The NAT activity in the intermediate sized adenomas was significantly less
than the small adenoma(p*=0.007) and the large adenoma (p*=0.003,
Mann-rWhitney U test).

There were no significant differences in monomorphic NAT activity in adenomas of different

sizes(data not shown). Similarly, there were no significant differences in monomorphic or

polymorphic NAT activity in the three different histological types of adenomas(data not shown).

NAT activity and Duke's stage

There were no significant differences in the monomorphic or polymorphic NAT activity either in

the Normal or Carcinoma tissue between the different Duke's stages of Carcinoma (table 3.10,

fig. 3.14a and b)

Table 3.10 Relationship of NAT activity with the Duke's stage of the Carcinoma.

Monomomhic NAT

DukesABCD
Normal tissue

Number 7 19 12 2

Mean (SE) 25.1t(5.34) 22.85(3.rt) 20.68(3.97) 26.76(15.16)

Carcinoma tissue

Mean (SE) 19.93(3.71) 24.66(3.82) 2o.57(4.9r) 1s.22(8.41)

0-1Omm
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Polvmomhic NAT

Dukes

Normal tissue

Number

Mean (SE)

Carcinoma tissue

Number

Mean (SE)

A

7

0.2(0.03)

6

0.21(0.06)

t7

0.21(0.04)

T2

0.24(0.0s)

1(not analysed)

DCB

1(not analysed)

0
Nn Nc B/n Blc Cln Clc D/n Dlc

DUKE'S STAGE

Fig.3.I4a Monomorphic NAT activity in the different Duke's stages, in Normal(n)
and Carcinoma(c) tissues, expressed as mean(SD).
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Fig. 3.14b Polymorphic NAT activity in the different Duke's stages,

in Normal(n) and Carcinoma(c) tissues, expressed as mean(SD)

NAT activity and carcinoma grade

There was no significant difference in NAT activity between the well and moderately

differentiated carcinomas(table 3. I 1)

Table 3.11 Table showing NAT activity and differentiation in carcinoma tissue

V/ell Moderate

Number 3 32

mean 0.1 0.24

sD 0.03 0.2
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Correlation between tissue and systemic acetylator status

The correlation between tissue NAT and the acetylator status could be examined in 36

individuals. If we regard tissue values above 0.312 as "fast"(F), and values below 0.312 as

"slow"(S), then correlation with systemic acetylator status would be shown as follows(table

3.r2):

Table 3.12 showing correlation between acetylator phenotype in uninvolved normal

mucosa from Cancer patients(Nlc){ I } , and in cancer tissues(C){ 2} .

{ 1} Phenotype Tissue N/C No. { 2l Phenotype Tissue C No.

Thus, if an individual was a fast acetylator, the probablity of his normal tissues being "fast" is

6115 or 40Vo, and being "slow" is 60Vo. Similarly, the probability of his cancer tissue being

"fast" is 8/16 or 50Vo, and being "slow" is 5OVo. If an individual was a slow acetylator, the

probability his normal tissues being "slow" is I00Vo, and his cancer tissue being "s.low" is

llll2 or 92Vo.

The above results show a high likelihood(40-50Vo) of a falsely low tissue NAT activity if you

are a fast acetylator. This would be best explained by enzyme decay caused by the

transportation time and time taken to assay the activities of the enzymes. This is estimated to

vary between 30 to 90 minutes.

Correlation between the different types of tissues is also poor with discrepant results (that is,

"fast" or "slow" in either of the two tissues) in IOl34 or 29Vo of the tissues(table 3.13)
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Table 3.13 showing correlation between Normal tissues from Cancer patients(N/C)

with Cancer tissues(C).

3.2.3 NAT Genotvoe

Distinctive PCR products containing the NAT gene could be seen on electrophoresis consistent

with the expected size of 704 base pairs. Digestion with Kpn 1, Taq 1 and Bam Hl restriction

enzymes produced the expected fragment sizes for the various genotypes which could be

identified on electrophoresis (shown in figs. 3.I5a and 3.15b).

Ne,N/C q
F

S

S

F

F

F

S

S

4

4

20

6



Fig. 3.15a. PCR product of NAT gene and digestion with Kpn 1 restriction endonuclease.
Lane 1, pBr322t[ins Eco marker (bands of 998, 634, 517 ,396,344, 298, 22O/22I, 154 and
75); Lanes 2-9,PCR product; Lanes 10-18, Kpn 1 digests of PCR product (Lanes 10-12,
homozygotes with both Kpn I alleles; I-anes I3-16, heterozygotes with Kpn allele; I-ane 17,

homozygote with no Kpn alleles); Lane,l8, negative (no DNA) control; Lane 19,pUCtHpa2
marker (bands of 50 1/489, 33 I, 242, I90, 147 and 1 I 1/1 I 0).

12 3 4 5 67 8 9

91
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Fig. 3.15b. Taq I and Bam Hl digests of NAT product. Lane 1, pUC/Hpa 2 marker (bands

of 501/489,33I,242,I9O,141 and 111/110); Lanes 2-9,Taq 1 digests of PCRproduct (Lanes
2, 5 and 6,homozygote with both Taq alleles; Lanes 7 and 8, heterozygote with 1 Taq 1 allele;
Lanes 3 and 4, homozygote with no Taq 1 alleles); Lanes 10-12, 14-17, homozygotes with both
BamH 1 alleles; Lane 13, heterozygote with 1 BamH I allele; Lanes 18 and 19, NAT gene PCR
product; Lane 20, pBR322lHins Eco marker (bands of 998, 634, 517 ,396, 344,298, 22O/22I,
154 and75). ¡
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Concordance between acetylator phenotyping and genotyping

A comparison between acetylator biochemical phenotyping and genotyping was made in 53

individuals. There was concordance in 52 out of 53(98.IVo) individuals between acetylator

biochemical phenotyping and genotyping.

Biochemical phenotyping was based onEo acetylation at t hour in 35 individuals, on 1 and 4

hours in 14 individuals and on 4 hours in 4 individuals .

t hour
1 and 4 hours

4 hours

Diagram 3.2 Acetylator phenotyping and genotyping.

There was good concordance between acetylator biochemical phenotyping at t hour and

genotyping, as shown in fig. 3.16. There were 41 homozygote slow acetylators identified by

genotyping, who were also classified as slow acetylators biochemically with 7o sulphamethazine

acetylation below 25Vo at t hour. Seventeen of 18 heterozygote and homozygote fast

acetylators were classified as fast acetylators biochemically with acetylation above tbis 25Vo

threshold. There was no obvious explanation for the one heterozygote who had acgtylation

below 25Vo at t hour.

n=\4n=35
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Fig. 3.16 Concordance between acetylator phenotyping at t hour and
NAT genotyping. The horizontal line at 25% acetylation divides
the fast(above line) and slow(below line) acetylators biochemically
The numbers of patients are shown in parenthesis.

Similarly, there was good concordance between biochemical phenotyping at 4 hours and

genotyping. All homozygote slow acetylators identified by genotyping were slow

biochemically and, all heterozygotes and homozygote fast acetylators were fast biochemically

(fig.3.17).
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NAT genotype

Fig.3.I7 Concordance of biochemical phenotyping at 4 hours and NAT genotyping.
The horizontal line at 50Vo acetylation divides between fast (above line) and
slow (below line) acetylators biochemically. The numbers of patients are
shown in parenthesis.

Comparison of allelic frequencies in controls and colorectal cancer patients

Clinical characteristics were similar in controls and those with colorectal cancer. The Duke's

stage of those with cancer indicate there were more early Duke's stage cancer than that reported

in standard textbooks. The allelic frequency results indicate that there were more fast alleles

(25Vo) and less slow alleles (75Vo) than in controls (fast,I6%o and slow, 84%o)(table 3.L4).

Table 3.14 Clinical characteristics and allelic frequencies of controls and colorectal

cancer patients.

Controls Colorectal cancer

Number (male:female) : 25 (1213) 28 (13:15)
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Mean age (SD) : 61 (e) 70 (8)

Dukes stage (A/B/C/D) : l\Vol54Vo/25Vol3Vo
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Allelic frequencies

F1

S1

S2

S3

16
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30
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25
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23
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3.3 Summary

There were significantly more fast acetylators in patients with colorectal carcinoma than in

controls, compatible with the findings from two other centres (Ilett et aL,1987), (Lang, Chu

and Hunter, 1986). The OR was 1.75. This would suggest that fast acetylation is a risk factor

for the development of colorectal carcinoma. There may also be a greater risk in females than

males with the OR for females at 2.22 and for males, 1 .4. Adjusting the association of fast

acetylators and colorectal carcinoma for sex again gave an OR of 1.75. The demographic and

clinical characteristics are similar in controls and in those with colonic adenomas and carcinomas

indicating the absence of any confounding variables in patient recruitment. However, the

percentage of fast acetylators in controls in this study (307o) was lower than the average of 42Vo

fast acetylators from 20 selected prevalence studies (listed on page 10), and also falls outside

their 957o confidence limits. The method of phenotyping is similar in those studies when

compared to this study. However, half of the studies listed on page lO,.were done more than

20 years age. The more recent studies of Ilett and Lang looking at the frequency of fast

acetylators in controls and colorectal cancer are very similar to this study(ftg. 3.18). One

obvious difference between the studies on acetylator status and colonic neoplasia (including this

study) and with the prevalence studies in page 10, is that hospital-based controls were used in

the studies on acetylator status and colonic neoplasia while community-based controls were

used in the prevalence studies. There were, however, no apparent uncontrolled confounding
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variables for the recruitment of increased numbers of slow acetylators or lesser numbers of fast

acetylators in the control group. Ladero's study, which showed no difference in the frequency

of fast acetylators in controls and carcinoma, probably used hospital-based controls(fig.3.18)

(Ladero, Gonzalez and Benitez,lggl). There was no difference in the distribution of the slow-

fast acetylator phenotype with adenoma grade or type, nor with Duke's stage, histologic grade

or site of carcinoma.

To support the hypothesis that fast acetylators produce increased arnounts of glucuronidated

arylamine metabolites which are then deglucuronidated in the colon and undergo increased O-

acetylation, it was desirable to demonstrate increased activity of NAT in colonic tissue. The

results showed that , although total NAT activity (which is composed mainly of monomorphic

NAT) was no different in the normal, adenoma or carcinoma tissues, the polymorphic NAT

activity was signifîcantly higher in fast acetylators than in slow acetylators. This finding

persists despite correlational studies between tissue NAT activities and the acetylator status of

patients which suggests that there may be falsely low tissue NAT levels in fast acetylators due to

enzyme decay.

The findings in this study are consistent with the possibility that putative carcinogenic

substrates could be activated by polymorphic NAT, even though most NAT activity is derived

from the monomorphic isoenzyme. This study was able to discern a slow-fast acetylator

phenotype in the colonic tissues, using sulphamethazine as a substrate This could not be

shown in another study although only a small number of cytosols were used (Turesky et al.,

1991). Kirlin et al., although able to segregate individuals into the slow-fast acetylator

phenotype from the colonic tissues, based it on a polymorphic distribution of NAT activity

towards PABA (Kirlin et aL,1991), a substrate that was found in this study to have a

monomorphic distribution in the colon.
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1

Controls 31.77o

Carcinoma 53.SVo*

Lang, ARKANSAS, USA
1986 (modified)

2

Controls 24Vo

Carcinoma 557o*

Ilett, PERTH, Australia
1987

J

Controls 42Vo

Carcinoma 45Vo

Ladero, MADRID, Spain
t99t

4.

Controls
307o

Adenoma 32.67o

Carcinoma 42.9%ox

ADELAIDE, Australia
1994

Fig. 3. 1 8 \Vorld data showing Vo fasf acetylators in colorectal neoplasia (this study's results is no. 4)

Significant differences are shown with an asterisk.
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There were no differences in the monomorphic or polymorphic NAT activity with increasing

age or in the different parts of the colon. The polymorphic NAT activity was higher in females

than males, but only in the normal tissue. This could explain the apparent greater risk of female

fast acetylators to develop colorectal carcinoma than male fast acetylators.

The polymorphic NAT activity was signifîcantly higher in the intermediate (11-20mm) sized

adenomas than in the small or large adenomas. The significance of this is not known. There

were no differences in the monomorphic or polymorphic NAT activity with increasing adenoma

size, with the different types of adenoma, or between the different Duke's stages or histologic

grade of carcinoma.

A method of genotyping individuals for their acetylator status was also developed for

identification of the NAT heterozygote. Good concordance was obtained between biochemical

phenotyping and genotyping for acetylator status. Allelic frequencies of the Fl, Sl, 52 and 53

alleles werc I6Vo, 52Vo, 30Vo and 27o respectively. Comparison of these results with 2 other

studies by Hickman et al. and Deguchi et al.(Hickman and Sim, 1991), (Deguchi, Mashimo and

Suzuki, 1990) confirm that the majority of Caucasians are slow acetylators, with a predominant

Sl allele, whereas the Japanese are mostly fast acetylators (and when slow acetylators, they are

mostly of the 52 allele). A study comparing the NAT allelic frequencies between 25 controls

and28 colorectal cancer patients showed a trend towards a higher frequency of the Fl allele in

the latter group, consistent with the results from the larger biochemical phenotyping study. In

addition, genotyping offers the potential for examining archival tissue specimens for the

determination of acetylator status.
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CHAPTER 4 GLUTATHIONE S TRANSFERASE AND COLORECTAL

NEOPLASIA

4.1 Introduction

Glutathione S transferases (GST) are a family of enzymes that mediate glutathione conjugation

to a variety of xenobiotics including carcinogens and anti-neoplastic drugs. The level of GST

and GSH in the colonic tissues may therefore be important in protection against the development

of neoplasia. GST consists of 3 isoenzymes; o, p, and r¡. As there is a genetic polymorphism

affecting GSTp, it is possible that the GSTp null phenotype (individuals who lack the

isoenzyme GSTp) might have impared detoxification of carcinogens and a greater

predisposition to the development of carcinoma. This study determined the total GST activity

and GSH content, using standard biochemical methods, in colonic specimens of normal and

neoplastic tissue. It also compared the frequency of the GSTp null phenotype in cóntrols and in

patients with colorectal carcinoma. A method for determining the GSTp null phenotype was

developed using PCR. This method involved a positive control to distinguish between the

inherited absence of the gene and a false negative DNA amplification in the PCR reaction.

4.2 Results

4.2.2 Tissue Glutathione S Transferase

Total GST activity against the aryl substrate, 1, chloro, 2,4 dinitrobenzene(CDNB) was

measured in cytosols from 59 normal specimens, 25 adenomas and 57 carcinomas., All normal

tissue was macroscopically free of neoplasia and was taken from approximately 10 cm away



from any visible neoplasm in the surgical specimens.Two of 18 adenomas had foci of

carcinoma,4 of 18 had metachronous colorectal carcinoma and t had a synchronous carcinoma

and adenoma of the colon. The 57 carcinoma specimens were from 56 patients; one patient

provided tissue from2 carcinomas operated on different times from different parts of the colon.

Patient characteristics, type and size of the adenomas, and the stage of carcinomas are shown in

table 4.1 below. There were no significant differences in the patient characteristics.

Table 4.1 Clinical and histological characteristics of the three patient groups

Number

Age Mean(SD)

Range

Sex M:F

Type of Adenoma

Size of Adenoma

Site Ascending

Transverse

Descending

Sigmoid

Rectum

Normal

59

68.71 (12.26)

40-90

36:23

Adenoma

25

71.04 (10.91)

40-85

18:7

Carcinoma

57

68.61 d12.38)
40-90

35:22

Dukes stage

A l4(24.57o)

B 26(45.6Vo)

C l4(24.57o)

D 3(5.37o)

Grade

Well 7

Moderate 48

Poor 2

I6(28Vo)

6(lIVo)

6(II7o)

25@a%p)

4(7Vo)

Tubular

Tub-villous

Villous

Unknown

0-<1 cm.

l-2 cm.

>2 cm.

Unknown

5(2OVo)

lI(44Vo)

6(24Vo)

3(t2Vo)

lO(4OVo)

8(32Vo)

5(2OEo)

2(87o)

0

I

I
0

23

GST activity in uninvolved mucosa and neoplastic colon

By using the Box and Whiskers plot(Macintosh StatworksrM ), four and two values in the
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Normal and Carcinoma groups respectively, were outside the "whiskers" and are referred to as

"outliers". Investigation revealed no mistakes with these values and they were included in the

statistical analysis. If excluded, the mean(SE) of the Normal and Carcinoma groups would be

44.8 (3.48) and 61.02 (4.83).

In our sample of specimens, GST activity in the carcinoma group was significantly,greater than

in the Normal tissue, irrespective of whether or not the "outliers" were included in the analyses

Adenoma GST activity was intermediate between Normal and Carcinoma tissue(See table 4.2,

fig. a.1).

Table 4.2 GST activity(nmol/l/min) in Normal, Adenoma and Carcinoma tissues

Normal Adenoma Carcinoma

cST Mean(SE) s3.31 (5.36) 59.25 (6.76) 67.18 (6.86)

Range 10.03-22L41 9.47-119.26 2.18-322.47

GST CaA{ ratio (n=57) Mean(SE) = 1.49(0.11)

Range = 0.01-5.01
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Figure 4.1 Glutathione S Transferase (GST) activity in normal and neopl¿stic colorectal

tissue. Values expressed as nmol CDNB conjugated'/min/mg protein'
GST activity in Carcinoma tissue was significantly greater than in Normal
tissue (p*<0.05, Mann- Whitney U test).

The great variability among individuals makes it important that comparisons be made between

carcinoma tissue and normal adjacent mucosa from the same individual. In individual

specimens, the GST activity in Carcinoma is, on average, 1.5 times greater than its

neighbouring Normal tissue (TabIe 4.2).

The GST activity in neighbouring Normal tissue was weakly positively conelated with the GST

activity in Carcinomas (r=0.4 54, r2=O.2, p<0.05).

The frequency distribution of GST activity in Normal tissue showed a normal distribution

slightly skewed to the left. The frequency distribution in the Carcinoma tissue was suggestive

of a bimodal distribution. The number in the Adenoma group were too few to draw conclusions

(Fig.4.2a-c).

n25n=59
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GST activity in different regions of the colon

The regions of the colon were divided into the ascending, transverse, descending, sigmoid and

rectum (See Table 4.3). The GST activity in Normal and Carcinoma tissue were not statistically

different in the different regions of the colon.

Table 4.3 GST activity (nmol/l/min, mean { SE} ) in different regions of the colon in

Normal, Adenoma and Carcinoma tissues

Normal Adenoma Carcinoma

Ascending 49.46 (8.75) 62.9 (9.54)

Transverse 50.48 (20.66) 98.86 (33.27)

Descending 50.30 (16.27) 101.95 (46.3)

Sigmoid 52.45 (8.51) 55.04 (ó.53)

Rectum 61.30 (13.70) 56.37 (7.44) 103.41 (8.70)

Ascending Transverse Descending

REGIONS

Sigmoid Rectum

Fig. 4.3 GST activity (expressed as mean{SE}) in different regions of the colon in normal (E )

adenoma(I ) and carcinoma (l). Twenty-three of the 25 adenomas were in the rectum.
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GST activity and gender

As shown in Fig. 4.4, gender had no effect on tissue GST activity.

Fig. 4.4. GST activity (expressed as mean {SE} between Male( I ) and Female (I )
patients in Normal, Adenoma, Carcinoma groups and in all tissues.

GST activity and age

Linear regression analysis showed no correlation between age and GST activity in Normal

(r=0.1), Adenoma (r=0.2) or Carcinoma (r=0.1) groups. r

GST activity and size/type of Adenoma

GST activity was significantly greater in large adenomas (>20 mm.) than in small adenomas (0-

10 mm.). The GST activity of adenomas 11-20 mm in size was intermediate between the above
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groups. GST activity was positively correlated with adenoma size (r=O.43, r2=O.I9,p<0.05,

using multþle regression analysis). (See fig. 4.5)

Table 4.4 Relationship between GST activity and size of adenomas

Size(max. diameter) GST activity (mean{ SE} )

0-10 mm. 45.91 (8)

11-20 mm. 68.68 (12.13)

>20 mm. 81.87 (11.34)

0-10mm 11-20mm

ADENOMA SIZE

>20mm

Fig. 4.5 GST activity in the 3 different sized adenomas, expressed as mean(SE).
Adenomas >20mm diameter has significantly greater GST activity than
adenomas 0-1omm diamete(p=0.007*, Students t test{unp aired}).

There was also a positive trend for increasing GST activity with histological grade, progressing

from tubular to tubulovillous to villous adenomas, but differences were not statistically

significant, perhaps due to the small numbers in each group(Fig.4.6)

Table 4.5. Relationship between GST activity and type of Adenoma

Type GST activity (mean { SE} )

Tubula¡ 44.26 (19.68)

Tub-villous 53.45 (9.O2)

Villous 73.1t (13.45)
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Fig. 4.6 GST activity(expressed as mean{SE}) in the 3 histological types of Adenomas.

GST activity and Duke's stage

GST activity was not influenced by the Duke's stage, either in carcinoma tissue or in adjacent

normal mucosa (Fig.a.7).

Table 4.6 Mean (SE) of GST activity in Normal and Carcinoma tissues in the

different Duke' s stages.

Duke'sÆissues

A
B

c
D

Normal

s8.e5 (e.29)

ss.e8 (e.77)

49.35 (10.66)

40.43 (r1.01)

Carcinoma

69.84 (10.07)

60.61 (7.28)

8s.3 (22.23)

34.24 (2.4r)
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Fig. 4.7 GST activity in the Normal(N) and Carcinoma(C) tissues of the ditferent
Duke's stages, expressed as mean(SE).

GST activity and carcinoma grade

There were no significant differences in GST activity between well, moderately and poorly

differentiated carcinomas (see table 4.7).

Table 4.7 GST activity in the three grades of carcinoma

Well Moderate

number 7 48

mean 54.92 70.28

sD 3r.66 53.66

Poor

2

28.89

2.45 ?

Relationship between tissue GST and GSH

The GST activity appeared to be unrelated to GSH content in the same tissues; the GST activity

remaining fairþ constant relative to varying concentrations of tissue GSH.



110
4.2.3 Tissue Glutathione content

Total GSH content (oxidized and reduced) was measured in 58 Normal, 25 Adenoma and 56

Carcinoma specimens as described previously. The patient and histological characteristics of

the three groups are shown in table 4.8 below.

Table 4.8 Clinical and histological characteristics of the three patient groups

Normal Adenoma Carcinoma

Number 58 25 56

Ase Mean (SD) 68.4 (12.05) 71.04 (10.91) 68.29 (12.16)

Sex M:F 35:23 18:7 35:21

Type of Adenoma Tubular 5(2OVo) Dukes stage

Tub-villous lI(44Vo) A l3(23.27o)

Villous 6(24Vo) B 26(46.4Vo)

Unknown 3(I2Vo) C I4(25Vo)

Size of Adenoma 0-<1 cm. IO( ÙVo) D 3(5.4Vo)

I-2 cm. 8(32Vo)

>2 cm. 5(2O7o)

Unknown 2(8Vo) ¿

Site Ascending

Transverse

Descending

Sigmoid

Rectum

0

1

1

0

15(21Vo)

6(tIVo)

6(IlVo)

25(45Vo)

4(7Vo)23
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GSH content in uninvolved mucosa and neoplastic colon

Using the Box and Whiskers plot(Macintosh StatworksrM ), there were two "outliers" in the

Normal and Adenoma groups and three "outliers" in the Carcinoma group. Investigation

revealed no mistakes with these values and they were included in the statistical analysis. If

excluded, the mean (SE) in the Normal, Adenoma and Carcinoma groups would be 19.35

(1.09), 25.t1 (2.1),25.7 (1.51)

GSH content was signifîcantly greater in neoplastic (adenoma and carcinoma) tissue than in

normal colorectal tissue, irrespective of whether the analyses were done with or without the

"outliers". There was no difference in GSH content between Carcinoma and Adenoma groups (

See table 4.9 fig.4.8).

Table 4.9 GSH content in the Normal, Adenoma and Carcinoma tissues

Normal Adenoma Carcinoma

Number 58 25 56

GSH Mean (SE) 22.49 (2.52) 33.28 (7.39) 30.30 (3.37)

Range 7.58-155.26 1.77-197.60 8.91-180.77

GSH Calf{ ratio (n=57) Mean (SE) = 1.59 (0.18)

Range = 0.47-9.5
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Figure 4.8 Glutathione concentrations (GSH) in normal and neoplastic colorectal tissue,

expressed as mean (SE). GSH concentration in Adenoma tissue significantly
greater than in Normal tissue (p**<0.005) and in Carcinoma tissue

significantly greater than in Normal tissue (p*<0.05, Mann-hitney U test)).

The GSH content in neighbouring Normal tissue was weakly positively correlated with GSH

content in the Carcinomas (r=0.367, r2=0.135, NS)

The frequency distribution of GSH values in the three tissue groups suggested a normal

dsitribution(Fig.a. 9).
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Figure 4.9. Frequency distribution of GSH content in Normal,
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GSH concentrations in different regions of the colon

The regions of the colon were divided into ascending, transverse, descending, sigmoid and

rectum. There were significantly higher concentrations of GSH in carcinomas from the sigmoid

colon than in carcinomas from the ascending colon. No other significant differences were

found (See table 4.10, Fig 4.10).

Table 4.10 GSH concentrations (nmol/mg protein, mean { SE} ) in different regions

of the colon in Normal, Adenoma and Carcinoma tissues

Normal Adenoma Carcinoma

Ascending 20.10 (2.55) 21.17 (1.85)

Transverse 16.08 (2.21) 66.94 (31.9)

Descending 22.00 (5.68) 19.89 (3.49)

Sigmoid 24.92 (5.27) 3t.71 (3.52)

Rectum 24.31 (4.54) 32.7 (7.7O) 23.55 (7.04)

0

Ascending Transverse Descending Sigmoid

TISSUE RECION

Rectum

Fig. 4.10 Total GSH content(expressed as mean * SE) in different regions of the colon in normalFl ),
adenoma(I) and carcinoma(l ) groups. GSH content in the sigmoid colon was significantly
greater than in the ascending colon (p*<0.05, Mann-Whitney U test).
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GSH content and gender

There was no difference in tissue GSH concentrations between males and females

GSH content and age

Linear regression analysis showed no correlation between age and GSH concentrations in

Normal (r=0.1), Adenoma (r=0.1) or Carcinoma (r=0) groups.

GSH content and size/type of Adenoma

There was no signifîcant relationship between GSH content and size of colonic adenomas.

Multiple regression analysis showed a weak negative correlation (r=-0.2, r2=O.IJ , NSXSee

table 4.11)

Table 4.11. Relationship between the GSH content and size of adenomas

Size GSH concentration (mean, { SE} )

0-10 mm. 40.92 (17.79)

1l-20 mm. 29.88 (5.8)

>20 mm. 30.57 (6.9)

There was no significant relationship between GSH content and the type of adenoma. The

mean in the tubular and villous groups appeared to be inappropriately raised by one "outlier" in

each group(whose individual values were 197.6 and 56.78nmoUmg protein, respectively)(see

table 4.12).
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Table 4.12. Relationship between GSH content and type of adenoma.

Type GSH concentration (mean, { SE} )
Tubular 61.36 (35.15)

Tub-villous 24.1 (3.18)

Villous 34.58 (6.28)

GSH content and Duke's stage

There was a significantly greater GSH content in Duke's A carcinomas compared to the normal

tissue from patients with Duke's A and B. There were, otherwise, no significant differences in

GSH concentrations between Duke's stages in either tissue groups(Table 4.I3, fig.4.11).

Table 4.13 Mean (SE) of GSH content in Normal and Carcinoma tissues between the

different Duke' s stages.

Duke'sÆissue

A
B

C

D

Normal

21.33 (2.r7)

20.32 (2.29)

26.43 (e.3e)

21.89 (2.16)

Carcinoma

34.34 (3.62)

25.78 (2.64)

36.47 (11.s7)

23.47 (4.ls)
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Fig, 4.1 1 GSH content in Normal(N) and Carcinoma(C) tissues, in the different Duke's stages,
expressed as mean(SE). Ca¡cinoma tissues of Dukes A(A/C) was significantly greater
thán Normal tissues of Dukes A and B(A/1.{ & B/1.{),{p<0.05*, unpaired t test}

GSH concentrations and carcinoma grade

There were no significant differences in GSH concentrations between well, moderately or

poorly differentiated carcinomas.

Table 4.14 GSH concentrations in the different grades of carcinoma.

Well Moderate Poor

No.5502
mean 23.24 31.22 24.49'

sD 17.41 26.17 0.79

4.2.3 GST mu(u ) ohenotvoe

The presence of GSTp was detected by PCR, with subsequent aga"rose gel electrophoresis of

the product and staining with ethidium bromide. The absence of the gene is shown by the

absence of the PCR product, but in the presence of the CD3 gene product acting as a positive

control for the reaction. An example of a reaction is shown infig. 4.12.



118

Fig. 4.12. Agarose gel electophoresis showing the presence (lanes 6, 7, 12, 14, 17 and 18)

and absenc e (Ianes 2, 4, 5, 8-l l, 13 and 19) of PCR product of GSTp gene (246 base pairs).

Positive controls with CD3 gene ( 1 16 base pairs) show failed PCR reacti on in lanes 3, I 5 and

16. Lanes I and20,pIJCtHpa2marker(bands of 501/489,33I,242,I90,147 ahd 111/110).

r 2 3 4 5 6 I 8 9 10 11 t2 13 14 15 1617 18 1920
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Multiplex PCR with B globin, ABO blood group, HLA and NAT gene were tried before the

CD3 gene and gave unsatisfactory results.

Preliminary experiments showed that magnesium concentrations in the range 1.5 to 3 mM in the

reaction gave equally bright bands on gel electrophoresis.

There were 9 false negative results (ie. CD3 gamma gene PCR amplification negative) with 6 in

the Normal group and 3 in the Carcinoma group. This constituted lO.'|Vo of the total number of

samples examined. A possible cause for these false PCR results was faulty DNA preparation.

They were excluded from further analysis. !

The clinical characteristics of the patients recruited are shown below (table 4.15).

Table 4.15 Clinical characteristics of patients phenotyped for GSTp.in the

Normal and Carcinoma groups

Normal Carcinoma

Number 34 4l
Age: Mean (SD) 66.2 (9.7) 70.1 (8.6)

Range 43-81 47-84

Male:Female 16:18 19:22

Duke's stage

A 12 (29Vo)

B 19 (467o)

C 9 (22Vo)

D I (3Vo)

Frequency of GSTp null phenotype in normal and carcinoma patients

There was no significant difference in the frequency of the GSTp null phenotype in those with

colorectal carcinoma compared to normal controls(See table 4.16).
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Table 4.16 Frequency of GSTp null phenotype in the Normal and Carcinoma

groups.

GSTp

Carcinoma(n=41)

r6(39Vo)

25(6r%o)

+

GSTp phenotype and GST activity

There were 25 colonic specimens where GSTp phenotype were ascertained and GST activity

measured. GST activity in carcinoma tissues from GSTp null phenotype individuals was

signifrcantþ greater than in normal or carcinoma tissues from GSTp positive individuals. (See

table 4.I7, fig. 4.13).

Table 4.17 GST activity in GSTp positive or null phenotyped carcinoma patients

GSTp +

10

GSTp -

15Number

Tissue

Number

Mean (SD)

Normal

10

36.s (1e.3)

Carcinoma

10

48.2 (32.0)

Normal

15

6r.7 (46.e)

Carcinoma

15

83.2s(48.e)



121
140

r20

100

80

60

40

20

0
GSTþ+ Norm GSTþ+ Ca GSTþ- Norm

TISSUE TYPE

GSTþ- Ca

Fig. 4.I3 GST activity in Normal and Carcinoma tissues of GSTppositive or negative
phenotype patients. GST activity was significantly greater in GSTþ negative
carcinoma tissues than in GST¡r+ normal (p=0.007*) or carcinoma tissues
(p=0.027*, Mann-Whitney U test),

4.2.4 Tissue Drotein

The total protein concentration was measured using the Lowry assay in 63 normal specimens,

27 adenomas and 57 carcinomas . Normal tissue was obtained from 58 operative specimens

containing carcinomas,4 operative specimens without neoplastic conditions and 1 operative

specimen containing an adenoma. The descriptive statistics of the samples are shown in table

4.18.

Table 4.18 Descriptive statistics of the Normal, Adenoma and Carcinoma groups

Normal Adenoma Carcinoma

Number 63 27 57 ¡

Mean(mg/rnl) 4.294 4.788 4.849

sD 2.39 5.73 2.69

Median 3.769 3.497 4.299

Range 0.19-12.84 0.63-24 l.4l-13.I7
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There were no significant differences in the mean protein concentrations in the three tissue types

studied (See f,rg. 4.I4). Values of protein concentrations were skewed to the left in all tissue

types.

Normal Adenoma Carcinoma

Tissue type

Fig.4.14 Protein concentrations in normal and neoplastic tissue,

expressed as mean(SE).

There was no correlation in protein concentration with sex, age or site of removal of normal

tissue (data not shown) or between protein concentrations in the normal tissue adjacent to

carcinomas and the carcinomas (r=0.265,12=0.07, NS). ¿

The protein concentration showed a significant positive correlation with wet weight in a random

sample of 6 normal and 5 carcinoma specimens (r=0.8, 12=0.63, p=0.004)(Table 4.18, Fig

4.ts).
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Table 4.18 Protein content and weight weights in Normal and Carcinoma tissues

Normal Carcinoma

Protein (mean, SD) 4.66 (2.0) 3.74 (I.5)

418.82 (114.3) 338.96 (82.S) ¿

E
E

E

200 300 400

Wet weight (mg)

500 600

Fig.4.15 Correlation between protein concentration and wet
tissue weight.

4.3 Summary

This study showed that total GST activity was higher in neoplastic tissue than in normal tissue;

a finding which corrobarates results from other centres(Siegers et a1.,I984),(Peters, Nagengast

and Wobbes, 1989)(Mekhail-Ishak et aI., 1989). The activity of GST was not influenced by

gender, age or site of carcinoma. However, there was increased GST activity with increased

adenoma size, achieving statistical significance between adenomas of >20 mm and adenomas of

0-10 mm. However, no association of GST with adenoma type or with carcinoma stage or

histologic grade was demonstrable.
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The reasons for elevated levels of GST in neoplasia remain unclear; possibilities include enzyme

induction in response to the neoplastic process and enzyme induction as an integral component

of metabolic changes in neoplastic cells.

GSH, the substrate for GST, was increased in neoplastic tissue, perhaps in response to

increased GST activity. There was no difference in colonic GSH content with gender or age.

There was a significantly higher GSH content in cancers of the sigmoid colon than in cancers of

the ascending colon. The numbers of carcinoma in the other sites were small and this difference

between the sigmoid and ascending colon may represent a higher GSH content in the distal than

in the proximal colon. The result was different to that of Seigers who found a lower GSH

content in carcinomas from the sigmoid colon than from other regions. This discrepancy may

be due to the wide variation in the results obtained both in this and in Seiger's studies, and in

the small numbers in the latter study. There was no association between GSH content in the

tissues and the size or type of adenoma. There was higher GSH content in carcinoma tissue

compared to normal tissue at all Duke's stages, but differences only achieved statistical

significance in stage A carcinoma. There was no relationship of GSH content with the

histologic grade of carcinoma.

The reasons for an elevated GSH level in colonic neoplasia remains unclear but may include

enhanced activity of synthetic enzymes, suppressed activity of degrading enzymes or impaired

release of GSH from cells.

The percentage of GSTp null phenotype individuals was similar in controls to those with

carcinoma. Thus, the GST¡r null phenotype is unlikely to predispose to colonic carcinoma.

However, GSTp null phenotype individuals have a higher GST activity in their carcinoma

tissue than in the carcinoma tissue from GSTp positive individuals. This suggests that the

GSTp null phenotype individuals, although lacking in GSTp, may respond to neoplasia by



125
over-production of the other GST isoenzymes. GSTæ has been shown in other studies to

predominate in the colon and to increase with malignant transformation(Kantor et aI.,1991).

This fînding is supported by Batist et al. who showed increased total GST activity in colon

cancer and, by using rat mRNA probes, showed increased mRNA expression for GSTr¡ but

reduced expression for GSTp. A number of studies have shown higher total GST activity in

various cancers including colon, stomach, oesophagus and lung but not in breast, kidney and

liver. Most of these studies have corrobarated observations in this study showing only a

modest increase in GST activity(30%o-I00%o) and considerable variation between individual

tumours(Cook, Pass and Iype, 1991XHowie, Forrester and Glancey, 1990)(Peters,

Wormskamp and Thies, 1990). The low levels of GSTp in colonic tissue and the ability of

other isoenzymes to maintain total GST activity may explain why GSTp null phenotype

individuals are not at higher risk for developing colorectal carcinoma.

An alternative explanation for higher GST activity and GSH levels in neoplastic tissue than in

normal tissue could be lower concentrations of protein in neoplastic tissue resulting in a

spurious increase in GST and GSH levels. This explanation seems unlikely as there were no

significant differences in the protein concentrations of normal tissue, adenomas and carcinomas.
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CHAPTER 5 CELLULLAR PROLIFERATION AND COLON CN¡ICNN

5.1 Introduction

Altered cellular proliferation has been shown to be an intermediate risk marker in the

progression of tissues to neoplasia, as shown by an increase in proliferative index and

aneuploidy with increasing degrees of neoplasia in the colonic adenoma-carcinoma sequence.

Several studies have also suggested that the uninvolved rectal mucosa of patients with colonic

adenomas and carcinomas shows increased proliferative activity, raising the possibility that this

might be used as a biomarker for carcinoma risk (Risio et aI., I99l), (V/elberg et aI., 1990),

('Wilson, Smith and Bird, 1990) . ¡

The major aims of this study, were firstly, to use cellular proliferation, (as measured by flow

cytometry) to determine the potential involvement of metabolic phenotypes (acetylator status and

GSTp null phenotype) and tissue enzyme levels (NAT, GST, GSH) in the development of

colonic neoplastia. Secondly, to determine the proliferative index by flow cytometry in the

uninvolved rectal mucosa and to assess its use as a biomarker of risk for developing colorectal

neoplasia.

As the discriminatory value of proliferative index by flow cytometry may be influenced by

confounding variables such as age, sex, site of sampling and colonic lavage,these factors were

also investigated in this study. The presence of any biological dose variation in proliferation is

further investigated by correlation of the proliferative index with colonic adenoma size and type,

and with carcinoma stage and grade.



127

5.2 Results

Proliferative index, ploidy and tissue type

The proliferative indices of the normal rectal mucosa of Normal, Adenoma and Carcinoma

groups and in the diploid and aneuploid tissues of adenomas and carcinomas are shown in Table

5.1. The mean(SD) DNA index of the aneuploid adenomas was 1.44 (0.2) and that of

aneuploid carcinomas, 1.6(0.3).

Table 5.1 Proliferative indices in the normal mucosa of Normal, Adenoma and

Carcinoma patient groups and in the diploid and aneuploid tissues of adenomas and

carcinomas.

ad(aneu)

No.

Mean

SD

SE

nln
45

8.67

4.36

0.65

nlad

43

8.23

3.97

0.61

nlca

89

8.72

4.87

0.51

adldio)

23

13.54

8.55

1.78

5

28.08

6.48

2.90

ca(dio)

45

16.32

9.15

1.36

ca(aneu)

t7

30.57

9.15

2.22

There were no significant differences in the proliferative indices of the normal rectal mucosa

between the Normal, Adenoma and Carcinoma groups. The PI was significantly higher in

adenomas and carcinomas than in normal tissues, and significantþ higher in aneupfoid than in

diploid neoplastic tissue(fig. 5.1). A high proliferative index was correlated with DNA

aneuploidy.
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Fig. 5.1 Proliferative index(Pl, expressed as mean{SD}) in normal mucosa from
Normal, Adenoma and Carcinoma groups, and in diploid and aneuploid
adenomas and carcinomas. PI was signifrcantly greater in adenomas and

carcinomas than in normal mucosaþ*<0.05), and greater in aneuploid than

diploid neoplasms(p#<0.05, Mann-Whitney U test)

Proliferative index and age

There was no significant correlation between age and proliferative index (frg.5.2).,

f
8Ë# qE

30

20
À
c.ì

+
(n

ñ

E

fE E

do
EI

tr6
4

EE

Et" E E
tr

10

E

E

y =6.6054+3.0498e-2x
E R^2 = 0.005

E
rb

E

0
30 40 50 60 70 80 90 100

Age(years)

Fig. 5.2 Proliferative index of normal tissue in Normal, Adenoma and

Carcinoma groups(n=170) with increasing age.
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Proliferative index and sex

There were no significant differences in the proliferative index between male and female

individuals in the normal, adenoma or carcinoma tissues( Table 5.2,fig.5.3).

No.

Mean

SD

Table 5.2 Proliferative index in the three tissue types between males and females.

Normal Adenoma Carcinoma

Male Female Male Female Male Female

94 84 15 t3 37 25

8.84 8.29 13.55 r9.r2 21.74 18

4.79 4.17 8.3 11.05 11.49 10.34

N male N female Ad male Ad female Ca male Ca female

Tissue type/Sex

Fig. 5.3 Proliferative index (expressed as mean{SD}) in normal, adenoma and

carcinoma tissue in male and female patients.
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Proliferative index and size of adenoma

There was a positive non-significant trend for increased proliferative index with increasing size

of adenoma(fig. 5.4).
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Fig. 5.4 Proliferative index and adenoma size.
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Proliferative index and type of adenoma

Proliferative index was significantly higher in tubulovillous and villous adenomas than in

tubular adenomas(Table 5.3, fig. 5.5).

Table 5.3 Relationship between PI and adenoma type

Tubular Tubulovillous

No. 7 10

Mean 9.43 19.03

sD 4.68 rl.7r

t*

Tubular Tubulovillous Villous

ADENOMATYPE

Fig. 5.5 Proliferative indices in the three adenoma types. %S+G2M was
significantly higher in tubulovillous and villous adenomas than in tubular
adenomas (p=0.049*, p=0.01 1** Mann-Whitney test)
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Proliferative index and Duke's stage of carcinoma

There was no differences in the PI between the various Duke's stages in normal or carcinoma

tissues. The carcinoma tissue had a significantly higher PI than normal tissue at all stages(table

5.4, fig.5.6). There twas no difference in the frequency of aneuploidy between the different

Duke's stages.

no.

mean

SD

VoA

Table 5.4 PI in normal and carcinoma tissue of different Duke's stages.

N/A CalA N/B CaIB N/C CalC N/D CalD

2014342522187'z/
6.11 20.31 9.86 18.89 7.64 21.70 10.91 30.65

3.13 9.71 5.49 10.56 4.69 12.13 5.3 12.94

28.6Vo 24Vo 27.78Vo 5OVo

50

40

R30o
+

U)
òe zO

10

0

Aneuploid

N/A CalA N/B CalB N/C CalC N/D CalD

Duke's stage

4(2e%) 6(24%) 6(33%) 1(50%)

Fig.5.6 Proliferative index(Pl, expressed as mean{SD}) in normal mucosa

of patients, and carcinoma of different Duke's stages. The carcinoma
has a Pl significantly greater than in normal tissue at all stages

(p*<0.05, Mann-Whitney U test).

Of the 17 patients with aneuploid carcinomas, their Duke's stages were Duke's A in 4 (23.5Vo),

B in 6 (35.3Vo), C in 6 (35.3Vo) and D in | (5.9Vo). These were not significantly different in

n=1 8It=22n=25fì=20 l1=2l'l=7E4
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frequency to diploid carcinomas where Duke's stage A was found int0 (23.3Vo)B in

t9(44.2Vo), C in 13 (3O.2Eo) and D in I (2.3Vo).

Proliferative index and grade of carcinoma

The proliferative index was significantþ greater in moderate than in well-differentiated

carcinomas. The PI of poorly differentiated carcinomas were between the other two

grades(table 5.5, fig. 5.7). There was no difference in the frequency of aneuploidy between the

different carcinoma grades.

Table 5.5 PI in carcinomas of different grades(differentiation)

V/ell Moderate

No. 6 50

Mean 12.37 2I.6
sD 5.74 1r.28

Aneu.(Vo) I (ljVo) 14 (28Vo)

Poor

6

16.65

10.82,

I (I7Vo)



134

ÀN
(5
+
U)
ñ

*

40

30

20

10

0

Aneuploid t(t7Vo)

Moderate

DIFFERENTIATION

t4(28Vo) I(l7Vo)

Fig. 5.7 Proliferative index (PI, expressed as mean{SD}) in carcinomas of
well, moderate and poor differentiation. PI was significantly greater

in carcinomas of moderate than well differentiation(p=0.03*, Mann-
Whitney U test).

Proliferative index and site of carcinoma

The PI of sigmoid carcinomas was significantly higher than in those from the ascending colon.

There were, otherwise, no significant differences between carcinomas from different

regions(table 5.6, fig.5.8). There was no difference in the frequency of aneuploidy in

carcinomas from the different regions of the colon.

Table 5.6 PI in carcinomas from the different regions of the colon.

Asc. Trans. Desc. Sigmoid Rectum

number 15 5 6 25 9

mean 15.31 22.84 22.85 21.71 21.18

sD 1.02 2r.51 13.58 10.59 9.22

Vo aneuploid 0 2(4O7o) 2(33.3Vo) 9(36Vo) 4(447o)

PoorWell

n=50
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Fig. 5.8 Proliferative index(expressed as mean{SD}) in the

different regions ofthe colon
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Proliferative index and systemic acetylator phenotype

There were no significant differences in the PI between fast and slow acetylators, iri the normal

specimens, adenomas or carcinomas(table 5.7 , fig.5.9). There were 29 patients (8 fast, 21

slow acetylators) in the Normal group, 32 (12 fast, 20 slow) in the Adenoma group and 65 (28

fast, 37 slow) in the Carcinoma group. PI was significantly higher in neoplastic tissue than in

normal tissue irrespective of acetylator status

Table 5.7 PI in the tissues between fast and slow acetylators.

Normal Adenoma Carcinoma

Fast Slow Fast Slow Fast Slow

number 48 78 6 10 21 18

mean 8.85 8.55 13.84 15.34 21.78 22.19

sD 4.65 4.66 6.66 9.98 10.78 12.11
2

Å
c.ì

+
V)
s

40
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10

0
Fast Slow

Normal

Fast Slow

Adenoma

Tissue type/Acetylator status

Fast Slow

Carcinoma

Fig.5.9 Proliferative index(Pl, expressed as mean{SD}) in normal, adenoma and carcinonta tissue
between fast and slow acetylators. PI was signihcantly greater in neoplastic tissue than in
normal tissue(p*<0.05, Mann-rùy'hitney U test)..
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Proliferative index and tissue NAT activity

There was no significant correlation between NAT activity and the PI of normal mucosa (n=21,

r=0.05, p=0.84 for monomorphic NAT; n=19, r=0.21, p=0.39 for polymorphic NAT) or with

the PI of carcinoma tissue(n=I'7, r=0.04, P=0.87 for monomorphic NAT; n=34, r=o'o2, P=0'9

for polymorphic NAT). There were insufficient numbers to examine the correlation between

adenoma PI and NAT activity.

Proliferative index and GST activity

There was no significant correlation between GST activity and the PI of normal mucosa (n=43,

r=-0.24,12=0.05) or with the PI of carcinoma tissue (n=45, r=O.23, 12=0.05).

Proliferative index and GSH content

There was no signifîcant correlation between GSH content and the PI of normal mucosa (n=44,

r=0.18, 12=0.03) or with the PI of carcinoma tissue (n=46, r=O.43, r2=0. 18).
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Proliferative index and GST p phenotype

The proliferative index was significantly higher in carcinomas than in normal tissue or normal

tissue obtained from patients with colonic carcinoma, irrespective of GSTp phenotype.

However in carcinoma tissue, GSTp null phenotype individuals had a higher PI than GSTp

positive individuals(table 5.8, fig. 5.10).

Table 5.8 PI in the tissues between GSTp null and GSTp positive phenotype

individuals.

No.

mean

SD

Normal

GST¡I- GST¡I+

43
10.49 10.67

4.1 6.4

NormaVCa. oatient

GSTp- GSTp+

16 11

8.85 10.85

8.6 10.9

Carcinoma

GSTp- GSTp+

t3 10

30.91 r9.rl
to.7 8.0

À(.ì
(5
+
U)
òS

*

0

¡r- N p+ N ¡r- N/C P+ N/C P- Ca P+ Ca

Tissue type/GSTm PhenotYPe

Fig. 5.10 Proliferative index (PI, expressed as mean{SD} in normal tissue(N), normal

tissues from carcinoma patients(N/C) or carcinoma(Ca) tissues, between GSTp
positive and null phenotype individuals. PI was significantly higher in carcinoma

than normal tissues. Carcinoma tissue from GST¡r null individuals had

significantly higher PI than GSTp positive individuals(p*=0.05, Student's t test).
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Proliferative index and colonic lavage

Colonic lavage had no influence on the PI in this study(table 5.9). There were 57 biopsies from

patients who has had no colonic lavage; 15 (26.3Vo) in the Normal group, 14 (24.6Vo) in the

Adenoma group and28 (49.L7o) in the Carcinoma group. There were 118 biopsies from

patients who had colonic lavage;30 (25.4Vo) in the Normal group, 28 (23.77o) in the Adenoma

group and ó1 (5l.7Vo) in the Carcinoma group. There was no difference in the proportion of

biopsies from each group between those who had, or had not, any colonic lavage.

Table 5.9 PI between those with or without colonic lavage

No lavage V/ith lavage

Number 57 118

Mean 8.47 8.66

sD 4.27 4.66

5.3 Summary

This study showed that PI, as measured by flow cytometry, was not significantly correlated to

age, sex, site of carcinoma or colonic lavage. Patients in this study were considered "urban"

and thus, results were consistent with a report by Fireman et al who found sex differences only

in a rural, but not in an urban group of individuals. This study also corrobarated the results of

Fireman et al (Fireman et a1.,1989b) in finding no correlation between cellular proliferation and

colonic lavage. There was a significantly higher PI in adenomas and carcinomas than in normal

tissues, consistent with hyperproliferation in neoplastic tissue. Aneuploid neoplastic tissues

showed a significantly higher PI than diploid neoplastic tissues. These results support PI, as

measured by flow cytometry, to be comparable with other methods for showing increased

cellular proliferation in colonic neoplasms.
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PI showed no correlation with adenoma size, probably because of the small numbers studied.

However, PI was significantly higher in tubulovillous and villous adenomas than in tubular

adenomas, and in moderately-differentiated than well-differentiated carcinomas. There were no

differences in the PI between Duke's stages in normal or carcinoma tissue or with the site of

carcinoma. Other studies have shown no association between ploidy and either grade or stage

of the carcinoma. There were also no significant differences in the frequency of aneuploid

carcinomas between the different Duke's stages, carcinoma grade or site of carcinoma. The

above findings indicate that PI are poorly correlated with the histological features iri adenoma or

carcinoma that are associated with a poorer prognosis.

There were no significant differences in PI between the uninvolved mucosa of the Normal,

Adenoma or Carcinoma groups, indicating that PI, as measured by flow cytometry, cannot be

used as a biomarker of risk for colorectal neoplasms. This may reflect the low sensitivity of the

method.

There were no significant differences in PI between slow and fast acetylators in the Normal,

Adenoma or Carcinoma groups. PI was not correlated with tissue NAT activity, GST activity

or GSH content. The acetylator status and the tissue enzyme activities were, therefore, not

associated with abnormal tissue proliferation as measured by flow cytometry. However, the pI

was significantly higher in GSTp null phenotype individuals than in the GSTp positive

individuals in carcinoma tissue. This observation is unexplained. One possibility is that a

significant association has arisen by chance, particularly as numbers in each group were

relatively small. If the association is confirmed by larger studies, it is conceivable that failure to

detoxify putative carcinogens (as GSTp null individuals) might be associated with enhanced

proliferation. However, as shown previously, the GSTp null phenotype is not associated with

an increased risk for colorectal neoplasia.
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CHAPTER 6 MEAT CONSUMPTION AND ACETYLATOR

PHENOTYPE IN COLON CANCER.

6.I Introduction

The development of colorectal carcinoma is believed to be the result of an interaction between

environmental and genetic factors. There is evidence to show that a high meat intake is an

environmental factor which promotes colorectal carcinoma, and previous observations indicate

that fast acetylators are at higher risk than slow acetylators. The following study explores the

hypothesis that meat intake and acetylator status were additive risks for the development of
colonic carcinoma.

6.2 Results

Dietary booklets were completed and returned by 185 individuals. However , g (4.37o)booklets

(6 in the normal and2 inthe cancer groups), were poorly completed and were rejected as

unsuitable for analysis. Therefore, satisfactory dietary information was available in I77

individuals, 90 controls and 87 cancer patients. Descrþtive statistics of their dietary intake is

shown in Table 6.1 below.

Table 6.1 Dietary intake (in grams) of all (Normal and cancer) patients.

mean

Protein

78.1

32.4

lo.8-246.8

Fat

79

37.r

7.3-262.8

SD

Carbohydrate Fibre

250.3 24.1

103.5 tl.j
8.2-676.6 0.9-65.9range
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There was no significant difference in the protein intake between normal and colon cancer

patients(table 6.2).

Table 6.2 Dietary intake (in grams) of protein between normal and cancer patients.

Normal Cancer

Mean 81.7 74.4

sD 40.4 20.6

Range 23.6-246.8 10.8-128.8

V/hen patients were divided into low and high meat consumers as below and above the mean

protein intake of the normal controls (i.e. 81.7g) respectively, the distribution of slow and fast

acetylators in these groups are shown below(table 6.3).

Table 6.3 The number of slow and fast acetylators in Normal and Cancer patients, in

low and high meat consumers.

Normal Cancer

Acetylator phenotype Slow Fast Slow Fast

Low meat 36 18

(<81.7e)

Controls; FaslSlow=18/36 (1)

Odds ratio = (2)l(l) = I.6

33 26

Cancer; Fast/Slow=26133 (2)

High meat 26 10

(>81.7e)

Controls; Fast/Slow=lÙl26 (I)
Odds ratio = (2)l(l) = 2,0

16 12

Cancer; FaslSlow= I2l 16 (2)

There were no signif,rcant differences in the number of fast acetylators between normal and

cancer patients, either in the low or high meat consumer groups. However, the odds ratio of

fast to slow acetylators between the normal and cancer patients is higher in the high meat
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consumer group(i.e.2) than in the low meat consumer group of patients(i.e.1.6Xfig 6. 1, the

odds ratio of slow acetylators is arbitrarily taken as 1).

Risk of
getting colon
cancer

3

2

1

0

Slow Ac. Fast Ac.

LOW MEAT

Slow Ac. Fast Ac.

HIGH MEAT

Fig 6.1 The relative risk(odds ratio) of getting colon cancer between slow
and fast acetylators(Ac.) in low and high meat consumers.
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In our sample of subjects, the higher odds ratio of fast to slow acetylators for devetroping

colorectal carcinoma is restricted to female patients, and this is higher in high meat(4.5) than

low meat(2.37) female consumers(table 6.4, fig.6.2).

Table 6.4 The number of slow and fast acetylators in Normal and Cancer patients, in

low and high meat consumers, and in male and female patients.

For MALES:
Normal

Acetylator phenotype Slow Fast

Low meat 16 9

(<81.7g)

Controls; Fast/Slow=g| 16 (I)
Odds ratio = (2)l(l) = 1.25

High meat 17 8

(>81.7g)

Controls; FaslSlow=8/l7 (1)

Odds ratio = (2)l(l) = 1.06

FoT FEMALES:

Normal

Acetylator phenotype Slow Fast

Low meat 20 9

(<81.7g)

Controls; FaslSlow=g{z0 (l)
Odds ratio = (2)lO) = 2.37

High meat 9 2

(>81.7g)

Controls; FaslSlow=2|g (l)
Odds ratio = (2)l(I) = 4.5

Cancer; FaslSlow=[zlIl (2)

Cancer; Fast/Slow= 5 / I0 (2)

Cancer

Slow Fast

t7 12

105

Cancer

Slow Fast

15 t6

15 16

Cancer; FaslSlow= 16l 15 (2)

Cancer; FaslSlow= 16/15 (2)
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5

4

3
Odds ratio
of fast to slow
acetylators 2

0

male female

LOW MEAT

male female

HIGH MEAT

Fig. 6.2 The odds ratio of fast to slow acetylators in developing colon cancer
in males and females between low and high meat consumers.

There was a positive correlation between protein and fat consumption(r=0.8), protein and

carbohydrate consumption(r=0.69), fat and carbohydrate consumption(r=0.73), protein and

fibre consumption(r=0.57), fat and fibre consumption(r=0.5) and carbohydrate and fibre

consumption(r=O.74).

6.3 Conclusions

As shown in Chapter 3, the risk of developing colorectal carcinoma is higher in fast than in

slow acetylators. Dietary analysis of patients indicate that this increased risk between fast and

slow acetylators is more marked in high meat than in low meat consumers.. Segregating

patients by sex further indicates this risk is even greater in females than males, although the

numbers involved in this study were relatively small.
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CHAPTER 7 CONCLUSIONS

A major strength of this study was the selection of the control group from patients with a normal

barium enema x-ray or colonoscopy. Thus, it is most unlikely that the control group would

have included patients with asymptomatic adenomas or carcinomas. By using a different

control group, a study might simply determine risk factors for colonoscopy and not for colonic

neoplasia.

On the other hand, a potential drawback of our control group is that the individuals were not

totally healthy and asymptomatic, as indicated by their need for these lower GI investigations.

They are hospital-based controls and the observed associations may therefore not be true for

totally asymptomatic community-based controls. For example, one possibility relevant to this

study is that hospital-based controls may have a lower percentage of fast acetylators than

community-based controls.

Several studies have suggested that acetylator phenotype has a role in the aetiology of colonic

carcinomas (Ilett et al.,198'7;Lang, Chu and Hunter, 1986). They suggest that the fast

acetylator is more predisposed to develop colorectal carcinoma than the slow acetylator. This is

supported by this study which showed a significantly higher percentage of fast acetylators in

those with colorectal carcinomas(42.9Vo) than in controls(30Vo). However, the strength of this

observation is reduced below the significant level of p<0.05 if the Yates continuity correction is

applied to the results of the Chi squared tests. There was also a study from Spain(Ladero,

Gonzalez and Benitez,I99l) which showed no significant relationship between acetylator status

and colorectal carcinoma. Nevertheless, when data from all studies were pooled, the

association between colorectal carcinoma and the fast acetylator phenotype is higtrly

signif,rcant(p<0.001). However, the power of individual studies to detect differenc.es in

acetylator phenotype was relatively low and this issue may only be resolved by a large



147
multicentre study.

Dietary data were collected by a self-administered retrospective dietary food frequency

questionnaire. There are some problems with the method including poor recall of dietary habits

and recent chances in diet in an attempt to ameliorate gastrointestinal symptoms. The odds ratio

of fast to slow acetylators between the normal and cancer patients is higher in the high meat

consumer group than in the low meat consumer group of patients. Therefore, there may be an

effect of meat consumption among fast acetylators which is more pronounced in females.

However, caution must be exercised in this interpretation as the numbers of patients studied

here was small. Further studies are needed to confirm and explain the observed gender

differences. This study is consistent with the hypothesis that the combination of fast acetylator

phenotype with a high consumption of meat substantially increases the risk of colonic

carcinomas. It supports Lang's paper showing that the amount of food-borne heterocyclic

amine carcinogens may have a different risk potential for colonic neoplasia between slow and

fast acetylators (Lang et. aL,1994).

Previous studies have not explored the relationship of acetylator status with colonic adenomas

This study showed that patients with colonic adenomas have a frequency of fast

acetylators(32.6%o) intermediate between controls and those with carcinoma. It therefore

appears that there could be an association between fast acetylators and increased cellular

proliferation, consistent with the colonic adenoma-carcinoma sequence.

In this study, the polymorphic distribution of NAT activity in the colonic tissue corresponded to

the systemic acetylator phenotype. Thus, sulphamethazine acetylation in colonic tissue was

significantly higher in fast acetylators than in slow acetylators. This indicates that acetylator

phenotype can be expressed in colonic tissue as well as in hepatic tissue although polymorphic

NAT activity only accounts for a minority of NAT activity. At present, the substrate specificity
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of carcinogens for the two forms of NAT remain unclear.

A method of genotyping individuals for their acetylator status has been devised in this study. It

is based on amplification of part of the NAT gene by PCR and subsequent digestion with

restriction endonucleases, to ascertain the presence or otherwise of different NAT restriction

sites that are unique to the different NAT alleles. This study demonstrates good concordance

between biochemical phenotyping and genotyping for the acetylator phenotype. It also

demonstrates that there is a higher frequency of the fast allele(Fl) in those with colorectal

carcinoma than in controls, although the numbers studied are too small to achieve statistical

significance. The ability to determine acetylator genotype from leucocyte DNA in blood should

facilitate further epidemiological studies to assess the role of acetylator genotype in various

diseases including colon cancer.

This study corroborated previous reports of higher GST activity in colonic cancer.

Furthermore, concentrations of tissue GSH were significantly higher in adenomas and cancer.

The reasons for these changes remain unclear but they may account, in part, for the resistance of

colonic neoplasms to chemotherapeutic drugs which are effective in other cancers.

As expected, colonic adenomas and carcinomas showed significantly higher cell proliferation

than uninvolved mucosa. However, correlations of proliferative activity with GST activity,

GSH concentration and NAT activity in the normal and carcinoma tissues and with acetylator

phenotype were not statistically significant. Furthermore, there was no significant difference in

the proliferative index(Pl), as measured by flow cytometry, in the uninvolved mucosa of normal

controls when compared to "normal" mucosa associatecl with adenomas or carcinomas,

indicating that this measurement of PI cannot be used as a biomarker of risk for the development

of colonic neoplasia. The PI and total GST were significantly higher in GSTp null phenotype

individuals than in GSTp positive individuals in the carcinoma tissue. This maybe a chance
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finding due to the small numbers studied since individuals of the GSTp null phenotype were

not at higher risk for the development of colonic neoplasia.
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APPENDIX Ai

HPLC acetylator phenotyping (on serum)

Procedure

Patients drink 20mg SDZkg body weight and blood is taken at I hour (& 4 hours)

1. Aliquot 100u1. plasma standard or patient sample into Eppendorf tubes.

2. Add 100u1. of 2Ouglml SDZ (internal standard) to tubes and vortex for 10 sec.

3. Stand 15 mins at room temperature.

4. Centrifuge 3 mins. in Eppendorf at high speed.

5. Inject 15 ul of supernatant into HPLC.

Plasma standards

Conc (us/rnl)

12.5

0

100

50

25

AUTO HPLC

COLUMN:

MOBILE PHASE:

TEMP:

PUMP:

PRESSURE:

WAVE LENGHT:

ATT. RED:

ATT. BLACK:

ABSORB RANGE:

CHART SPEED:

ul of standard solution

SMZ AcSMZ Solution used

100 100 1000ug/rnl

50 50 1000ug/ml

50 50 500ug/ml

50 50 25Duglml

000

plasma ul

800

900

900

900

1000

2.2X 22O mm brownlee column

L0Vo

35 0C

0.5 mVmin (1.8 mVmin mamual)

3000

254 nm

100 mv (100mv-manual)

200 mv (50mv- manual)

0.05

0.25 cmlmln (lOcm/hr manual)

E.g. Add 100u1 SMZ(col.Z) + 100u1 AcMZ(col.3) of stock (1000ug/ml)(col.4) to

800u1 plasma(col.5), to give 100ug/rnl of standard SMZ and AcSMZ.

Then take 100u1 of standard plasma for assay and add 100u1 SDZ (20uglrnl) intental

standard to construct a standard concentration curve.
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INJ VOL:

RETENTION TIMES: (approx)

15 ul

SDZ

SMZ
AcSMZ

5 min

15 min
18min

Phenotvoins reasents
Ref: Bratton-Marshall. Clin Chem 198127 ll9l-4

1) 10mM Sodium acetate buffer pH4

O.82 gI anhydrous NaAc
Adjust pH with glacial acetic acid and O.lM NaOH

2) IOVo Nanograde (HPLC) Acetonitrile (CH3CN))

MOBILE PHASE: 90% NaAC + IOVI CH3CN
Add 1800m1NaAc + 200m1CH3CN or to 5L NaAC add 555m1CH3CN. Filter daily

3) Sulphadiazine (SDZ-internal standard) mw 250.3

a) Stock solution = lmg/ml
To 25mg SDZ add 10ml of glased distilled water, 5ml NaOH (0.lM) and make vol. up
to 25ml with CH3CN

b) 2Ouglrnl SDZ- make fresh daily
Rinse out flask with CH3CN and add 200u1SDZ (lmg/ml stock) to 9.8 ml CH3CN.
Vortex.

4) S ulphame thazine (S MZ)

a) Stock solution = lmg/ml
To 25mg SMZ add l0ml of glassed distilled water, 5ml NaOH (0.1M) and make vol.
up to 25ml with water.

b) Dilute to give 500 and 250 ug/ml solutions with water

5) Acetyl sulphamethazine (AcSMZ)

To 19 SMZ add 4ml acetic acid:4ml acetic anhydride (V:V). heat to 100o for lOmins
Recrystalise with dioxane:water (v:v), cool, then filter and dry overnight in dessicator
a) Stock solution = lmg/ml (make as SMZ) 

s

b) Dilute to give 500 and 250ug/ml solutions with water
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APPENDIX Aii

Tissue N-Acetyl Transferase Assay

Ref: Hearse DJ Biochem 1973 I32 519-526
'Weber WW Methods in Enzymology l98l77 274

Mattano SS Carcinogenesis 1987 8(1) 133-137

Procedure

1. Set water bath 37oC and label Eppendorf tubes 1-10 normal, ll-20 tumour

2. Place in Eppendorf tubes: 10ul PABA (0.4mM)

10ul SMZ (0.4mM)

9ul Ac carnitine (150mM)

5ul Ac CoA (8mM)

6.7u1carnitine A T (27.I8ulml)
place in waterbath 37oC.

3. Add 50ul tissue supernatant to incubation solutions at the required time

Incubate O, L, 2.5,5, 10, 15, 45, 60,75, and 90 mins. Vortex.

4. Stop the reaction with 40ul SDZ (2Ouglml) in CH3CN, vortex, centrifuge,

store at -70oC.

5. For assay , thaw, centrifuge at 12000rpm for 3 min. and use 50u1. for HPLC tube

6. Assay using auto HPLC withSVo mobile phase (NaAC:CH3CN) with std curye

COLUMN: 5um X 220 mmbrownlee column

with 3cm c-18 cartridge

87o

35 0C

2 n,llmin

3000

254 nm

2O mv

MOBILE PHASE:

TEMP:

PUMP:

PRESSURE:

V/AVE LENGHT:

ATT. RED:

(xii)



ATT. BLACK:.

ABSORB RANGE:

CHART SPEED:

INJ VOL:

RETENTION TIMES:

(variable)

PABA

SDZ

AcPABA

SMZ
AcS\¿IZ

50 mv

0.01

0.25 cmlmin

15 ul

4 min

6-7min

7-8 min

23-24min
34min

NAT Reasents

1) 0.lM Potassium phosphate (KHZPO+) buffer pIJ7.4 mw 136.09 Store 4oC
0.lM = 13.6gll

6.8g/500m1 water, adjust pH to 7.4 with orthophosphoric acid/KOH

2) 0.4mM p-amino benzoic acid (PABA) mw 159.1 Store 4oC
0.4mM = 63.64 mglL

6.36mgll00ml water

3) 0.4mM Sulphamethazine (SMZ) mw 278.3
0.4mM =I I1.32 mg[L water

4) 150mM Acetyl Carnitine mw 239.7 Store 4oC
150mM =35.955 gtL

35.955mg/ml 0. lM KH2PO4 pH 7 .4

5) 8mM^Acetyl CoA-So_di_um_sqlt (PABA) mw 809.6 make fresh daily
97Vo þunty: lM = 809.6/0.97 = 834.64

8rnM = 6.677 mg/ml in water

6) Z0ug/nl Sulphadiazine (SDZ) mw 250.3 make dilution fresh daily

a) Stock solution = lmg/ml
To 25mg SDZ add 10ml of glassed distilled water, 5ml NaOH (0.lm)
and make vol. up to 25ml with CH3CN

b) 2Ouglrnl SDZ- make fresh
Rinse out flask with CH3CN
CH3CN. Vortex

Store 4oC

daily
and add 200u1SDZ (1mg/ml stock) to 9.8 ml
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7) 27.I8 r¡/ml carntine acetyl transferase (CRt¡ x*
Make up diluted eîzyme fresh daily. Store at 4oC

Stock Suspension Contains: . 38 mg protein/ml
93Ulmgprotein
353.4 U/ ml

p-ilgte 1 in 13 to give 27.18 U/ml (approx26IJ/nl. as previous bottle)
20ul CAT + 240u10.lM KH2PO4 buffer p}J7.4
*x Value changes with each bottle

HPLC NAT reagents

1) l0mM Sodium acetate ,anhydrous ( NaAC)

10rnM= 0.8203 g/L glass distilled water
I.64gl2L water
4.lg /5L water

and adjust to pH 4 with glacial acetic acid/0.lM NaOH

2) 8Vo Mobile phase Filter before use

920 ml NaAc : 80 ml CH3CN (acetilnitrile) -> 1 L Mp
3680 ml NaAc :32Ûml CH3CN -> 4L MP

To 5L NaAC pH 4 add 435 ml CH3CN ->8Vo
To lL NaAC pH 4 add I74 ml CH3CN -> 8Vo

(67o = 940 ml NaCA : 60 ml CH3CN)

or

Standard curve

100u1of 0.2M AcPABA in2.4mlbuffer or water -> 0.008mM AcpABA

l0 nmol: (a) Take 200u1PABA (0.2mM), 200u1 \IZ (O.2r.rrNI), 200u1AcSMZ
(0.2mM) and 200u1 AcPABA(0.008mM)

8 nmol : Take 160 ul of A (10 nmol) and add 40ul KH2Po4 buffer (0.lM) pIJ.l7.4

6 nmol : Take 120 ul of A (10 nmol) and add 80ul KH2Po4 buffer (0.lM) pll7 .4

4 nmol : Take 80 ul of A (10 nmol) and add l2oull<Ír2Po4buffer (0.lM) pIl.l7.4

2 nmol : Take 40 ul of A (10 nmol) and add 160u1KH2PO4 buffer (0.lM) plHl7.4

Take 50ul of each concentration and add 50ul HPLC water and 40 ul SDZ (2Ouglml),
100u1 (lmg/rnl) SDZ to 4.9nìl CH3CN) inro Eppendorf rubes.
Spin and add 5ul to HPLC tubes, tap to remove air bubbles
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APPENDIX Aiii

Protein assay

Procedure

BSA

mg

0

0.02

0.04

0.08

water

ul
1000

980

960

920

Added working
solution ul
1000

1000

1000

1000

ll2 dil Folins

reagent ul
200

200

200

200

ul
0

20

40

80

Samples 20

(1) Make duplicates in macrocurvettes

(2) Do ll2 or l/5 dilution with distilled water

(3) Add reagents in above order

Make sure FOLINS is 1/2 dilution with water

(4) Read absorbance at 30 mins at'l-50 nm, slit width 1nm

(5) Draw standard curve( scatter plot, simple)

(6) Calculate mg protein in samples from standard curve

(7) Calculate mg protein/rnl

=mg protein x 50 x dilution factor of cytosol

980
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2)

1)

3)

4)

Protein assa)¡ reagents

Bovine serum albumin (BSA) store at -20oC

lmg/ml water

2VoNa2CO3l0.1M NaOH store in refrigerator

Weight 20g Na2CO3 and dissolve in lL 0.1M NaOH

0.57o CuSO4.5H2O/1.Vo trisodium citrate store in fridge

V/eigh 500mg CuSO4.5H2O + lgtrisodium cifiate and make up to 100m1

with water o

V/ORKING SOLUTION make fresh

IMix 2voN a2co3l0. I M NaoH and 0.5 7o cuS 04. 5H 20 / L vo trisodium citrate in
proporton 50:1

ie24.5ml:0.5m1

Folins reagent (keep in foil)
Dilute 2M folins with water to give lm folins reagent ie 2mls folins :2 ml water

Cytosol

Might need to be diluted ll2 or 1/5 with l<h2PO4 buffer or water

s)

6)
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2

APPENDIX Bi

Lymphocyte isolation from perioheral blood

Dilute the red blood cells and buffy coat with saline or Hanks BSS to twice the
original volume.

Layer Ficoll (Histopaque 1077 sigma, st. Louis, usA) under the diluted cells
car_efully to ensure a good interface. Use about 2 mls. of Ficaoll per 8 mls. of
cells.

3. Spin l5minutes at 1800 rpm. (20 mins. for 50 ml. tubes).

Skim no more than 5 mls. of lymphocytes from the interface with a pasteur
pipette. Bring volume to 10 mls. with saline and count. Use Hanks instead of
saline when viability is important e.g. freezing viable cells.

5. Spin down 10 minutes at 1600 rpm.

Aspirate supernatant and resuspend cells in 10 mls of Hanks or saline. Saline
should be used prior to PCR,

4

6
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APPENDIX Bii

DNA DreDaration

If the samples are to be used in the PCR, extreme care must be taken not to introduce
any cross-contamination. A new tip should be used for each sample. ,

1. Resuspend harvested cells a[ 20xl06lml or less in (phosphate buffered) saline
and transfer into Eppendorf or centrifuge tubes. (If only-one 10 ml. tube of
blood was obtained, there are generally no more than20 million cells and the
cells can be transferred to an Èppendorf without counting).

2. Spin on microfuge at 6500 g/ 30 seconds or benchfuge 1600 rpm/ 5minutes.

3. Resuspend pellet in 500 ul. TEN 1 EDTA,
400mM NaCl). 5
Eppendorfbends.
inversion. Add 1

4. Incubate at 3'7oC for 4 hrs to ovemight. It is a good idea to check the tube 10-
60 minutes after beginning the incubation and gèntly mixing by inversion to
resuspend any large pieces of material.

5. Add_approximately 500u1 of the organic phase of TE saturated phenol, mix
gently by inversion and put on rotating wheel for at least 15 minutes.

6. Microfuge at 13500 rpm for 2 minutes. During this time, prepare tube(s) with
apnloxjm-a1ely 500 ul. of the organic phase of TE saturated 1:1 phenol:isoamyl
alcohol-chloroform (PIAC). - 

'

I . Collect supernatant and any interphase material, and add to the PIAC. Mix
gently by inversion and put on rotating wheel for at least 15 minutes.

8 ' Microfuge at 13500 rpm for I minute. During this time, prepare tube(s) with
approximately 500 ul. of isoamyl alcohol-chloroform (IAC).

9. Collect supernatant and add to the IAC. If there is any material at the interface,
it must be left behind or collected and re-extracted wiih the PIAC. Mix gently
by inversion and put on the rotating wheel for at least 15 minutes

10. Mìcrofuge at 13500 rpm. for I minute. Collect supernatant (no more than 0.5
mls.) and top up with reagent grade ethanol (2 volumes). Allow to precipitate
overnight a! -29oc, For rapid work, precipitation may be done using liquid
nitrogen. The DNA may be left as an-ethanol precipitáte indefinitelybut may
take longer to solvate if it has beeen in ethanol for á long time.

1 1. To solvate, spin at 13500 rpm. for 5 minutes and remove ethanol.
Alternatively, the precipitate may be directly picked out into a fresh tube. This
may help to minimise RNA contamination.

12' Add 500 ul. of 75Vo ethanol. Rinse all tubes and spin at 5 minutes at 13500
rpm.

13. Remove ethanol using a tip. Be careful not to dislogde the pellet. Allow the
pellet to dry at room temperature or using the speedvac..
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14. Resuspend pellet in 400 ul. of TE (10mM Tris-HCL, pH 8, lmM EDTA) and
allow to solvate at4oC for several days after which time the optical density can
be done.

Reasents

-Sterile (distilled) water
-100mM Tris base- 3.03g in 250m1sterile water, pH8 -c.HCL (lrnl)
-10mM EDTA-73mgin 250m1sterile water, pH 8-NaOH (2l|r'{.-plJ7 and 1M-pH8)
-4M NaCl- 58.4gl250rnl sterile water

IENLTHE (10mM Tris-HCL (pH8), lmM EDTA, 0.4M NaCl)
5ml Tris base(l0OmM pH 8 with HCL)+5rnl EDTA(10mM)+5rnl NaCl(4M) in
35ml sterile water, pH8 (total vol=50m1with 1/10 dils=5:45->molarity)

207o SDS 2 {use a mask}
20g laurylsulphate(SDsylOOml sterilewater. ph7.2 with lM & 0.1M HCL
(heat to help dissolve) aliquot into glass bottle

Proteinase K
100mg (pellet) in 10 mls sterile water, aliquot in lml Eppendorfs(sterile) andfreeze

T5VoE\OH
750m1 IOOVo EIOH and 300m1 sterile water

3M Sodium acetate, pH 4. 8
24.69 anhydrous Na Ac in 50ml
volume up to 100mls.

PBS, pH 7.4

sterile water, pH to 5.2with glacial acetic acid, make

5(PBS):45mls sterile water, pH to 7.4 wth HCL

lM Tris Cl. pH 8

l2l.lgtrizmabase in 1 L sterile water, pH 8 with conc. HCL (approx. 2ml)

1M Tris Cl pH 8 = 1/10 dil of lM- 100m1 lM and 900rnl sterile water

I alcohol

IE ¡Uffeæg_E(l0mM Tris-HCl pH 8, lmM EDTA, pH 8)
5ml Tris base(l0OmM.pH 8 with HCL)+5ml EDTA(1OmM) in 40ml sterile water,
pH8 with HCL

Phenol- {use mask,laboratory coat, double gloves and fume hood}
In baked brown jar (160oC for 2 hr), add l00g Phenol crystals, melt at 68oC in hot
yater beaker (vol=100m1) and add 3 crystals of hydroxyl quinolone (0.17o). Mix.
Put phenol in funnel and add equal vol (100m1) of lM Tria.Cl., pH 8, mix, leave 15
minutes to separate into 2 clear solutions. Pour Tris into sink.
V/ash with equal vol. (100 ml) of 0.1M Tris C1., pH 8 and O.2Vo (20OaI) ß- '¿

mercaptoethanol until pH of aqueous phase is >7.6 or phenol is pH>8. (2-3 washes).
Store with Tris buffer in refrigerator for up to 2 months.

mls chloroform and
{use mask and fume hood}
isoamyl alcohol
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APPENDIX Ci

Tissue Glutathione S Transferase Activity

Procedure

Cytosol- homogenise mucosa in 3ml KHZPO+ 0.1M, p}l7.4, centrifuge 20 0009 (15

000 rpm) 20 min usin JA-21 rotor for Beckman centrifuge.

1. Duplicates with macrocurvettes and blank (substitue with 200u1water)

2. Ill0 dilution of cytosol (100u1:900u1 KH2PO4 0.lM, pIJ7.a)

3. Add 20Ouldiluted cytosol

1.65m1 KÍIZPO+ 0.121M, pH 6.5)

50ul CDNB (0.04M)

100u1GSH (0.02M)- to initiate the reaction

4.Record change in absorbance at 340nm for 20 mins

5. Do protein assay

Calculate GST activity using the molar extinction coeffîcient

96{Change in absorbance (OD) / min} x 96 x 5(dilution) = U/rnl
Divide by protein concentration per ml= U/mg protein

GST reasents

1) 0.lM KHZPO4. pH 7.4

mw 136.09 store at 4oC

0.lM= l3.6O9gLH2O Adjust pH 7.4 with orthophosphoric acid/KOH

2) 0.121M KHZPO4. oH 6.5

mw 136.09 Store at 4oC

0.121M= l6.467glIH2O Adjust pH 6.5 with orthophosphoric acid/KOH

3) 0.04M CDNB ( l.chloro-2.4-dinitrobenzene)

mvt 202.6 Store at 4oC, in foil, (unstable in light)
0.04M= 8.104gll or 0.81049/100 rnl Methanol

4) 0.02M Glutathione - GSH reduced

mw 307.3 Make fresh daily

0.02M= 6.l46mglm1or 6l.46mgl10ml H2O
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APPENDIX Cii

Tissue Total Glutathione

Cytosol- homogenise mucosa in 3ml KHZPO¿ 0.1M, pII7.4, centrifuge 20 0009 (15

000 rpm) 20 min usin JA-21 rotor for Beckman centrifuge.

1 Mix 500ul of cytosol with 500u1 SVoTCA, vortex,

spin on microfuge-high, 5'remove supernatant(can store in -70oC until use).

2. ASSAY: 700u10.3 mM NADPH (made fresh)

100u1 6 mM DTNB

200u1 TCA/supernatant

Incubate 5min room temp

3. Initiate reaction with 20ul GSSG reductase (25ulrnl) (make enzyme fresh)

4. Record change in absorbance at4lànm
Calculate nmoUml regression equation

5. Do protein assay

Calculate GSH

{change in optical density/min= slope} x 2(dil) / mg protein =nmoymg protein

Standards-duolicates

Make up 0.02M GSH reduced (6.146mglml water)

20ul of 0.02M GSH reduced in l0mls 0.1M I(L[2PO4,pH7.4 ->4Onmol/ml

Do Il2 dilution : 2OnmoVml

Do I/2 dilution : l0nmoVml

Do ll2 dilution : 5nmoUml
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GSH reagents

1) 0.125M KHZPO4/6.3mM EDTA buffer pH7.5

KHZPO+ mw 136.09 EDTA

0.125M= lTgll 6.3mM=

1.7gl100m1

Adjust pH 7.5 with orthophosphoric acid/KOH

2) 0.3mM NADPH in KHZPQ4ÆDTA buffer

mw 833.4 make fresh daily

0.3rnM= 2509/l

25mgll0ml
62.5mgl25nl I<T[2P O 4IEDTA buffer

3) 6mM DTNB

mw 396.4

6rnM= 2.378 gll
9.5l2ng/ 4ml KHZPO4ÆDTA buffer

4) GSSG reductase (approx 25Ulml) KH^PO4ÆDTA buffer

Stock

1.9mg protein/rnl 155U/mg protein 294.5Ulml

Dilute 1/10 to give29.45Ulnú
20ul enzyme stock + 180u1KH2PO4IEDTA buffer

80ul enzyme stock + 72OuLKÍ[ZPOqIEDTA buffer

mvt 312.24

2.34gll

234.5mglIOOml

Stock

I2.6mg protein/ml tT5Ulmg protein 22O5Ulml

Dilute 1/180 to give 27SUlml
10ul enzyme stock + T90uLKLIZPO+IEDTA buffer
5ul enzyme stock + 395u1KÍ[2PO4|EDTA buffer
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