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Aim and Outlines 

Aims and Outlines of the Thesis. 

Colorectal cancer is the fourth most common cancer in the world, 

accounting for 8.5% of all new cancers. The developed world accounts for 

over 63% of the worldwide incidence of colorectal cancer(l). This incidence 

appears to be strongly influenced by environmental factors, with diet as a 

major determinant (2). Diets low in fat and high in fruits, vegetables and 

fiber are associated with a lower cancer risk (2-4). In Western countries, the 

risk attributable to diet and related nutritional factors has been estimated to 

be ± 50% (5). This makes colorectal cancer to some extend a potentially 

preventable disease (6). 

An established non-dietary factor that influences the colorectal cancer 

incidence is genetic predisposition (7-9). The influence of gene-gene 

interactions and of dietary components on gene expression and possibly on 

neoplastic development has only recently been appreciated (10). 

The target cells in colon carcinogenesis are the colonic mucosal cells. 

Phenotypic expression of enzymes can be determined by measurement of the 

actual enzyme levels in the target organ. It can be used to study the 

involvement of such enzymes in cancer susceptibility in that organ. The 

classic histological progression of colorectal cancer is the adenoma-

dysplasia-carcinoma sequence. Phenotyping is the only way to really 

understand the action of the gene in a specific organ (11). The main 

disadvantage in the phenotypic approach is the difficulty in collecting human 

target tissue in adequate amounts. For instance, it is necessary to perform an 

endoscopy to collect colon samples. The ideal endpoints of chemoprevention 

trials are colorectal adenomas or cancer. Because of the great cost and time 

necessary to conduct such trials surrogate endpoints, so-called putative 

intermediate biomarkers, are used in short-term chemoprevention trials (12). 

The aim of this thesis is to describe some aspects of intermediate 

biomarkers in the colon cancer risk and the influence of dietary components 

on these biomarkers, with special emphasis on the glutathione detoxification 

system. 

Chapter 1-3 describe the possible role of the glutathione biotransformation 

system in the colon cancer risk. Chapter 1 describes the currently available 
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data on the relation between the glutathione biotransformation system and 

colorectal cancer risk from clinical and epidemiological studies in humans. In 

Chapter 2 the glutathione levels and the glutathione S-transferase activity in 

the colonic mucosa of patients with an increased colorectal cancer risk and in 

healthy controls is investigated. In the patients group a subdivision is made 

according to genetic predisposition. Chapter 3 describes the glutathione 

biotransformation system in the colonic mucosa of patients with X-linked 

agammaglobulinaemia. In this group of relative young patients a calculated 

30-fold increased risk for colon cancer was found. The results on the 

glutathione biotransformation system are compared with the results in 

adenoma patients and in healthy controls. 

In Chapter 4-6 the effects of dietary intervention on potential biomarkers 

for colon cancer are investigated. Chapter 4 describes the effect of resistant 

starch on fecal wet and dry weight, pH, short chain fatty acids, bile acids and 

on colorectal cell proliferation. Twenty-three patients with a recent history of 

colonic adenomas were analyzed in this controlled trial. In Chapter 5 the 

effects of consumption of Brussels sprouts on intestinal and lymphocytic 

glutathione S-transferases are investigated. This study was performed as a 

cross-over trial in ten healthy volunteers. Chapter 6 describes the effect of 

unfiltered coffee on fecal and colonic mucosal biomarkers in a cross-over 

trial in 63 healthy volunteers. Results on fecal wet and dry weight and on 

fecal bile acids were analyzed as well as the effect on the glutathione 

biotransformation capacity in the colonic mucosa and the colonic mucosal 

cell proliferation. 

Dietary intervention studies on potential biomarkers for colon cancer 

might also influence other organ systems in the humans. Homocysteine and 

glutathione are both aminothiols. Cysteine is a derivative from homocysteine 

and a precursor for glutathione. Therefore, in the biochemical pathway 

homocysteine and glutathione are linked through cysteine. In Chapter 7 the 

effect of unfiltered coffee on the plasma homocysteine concentrations is 

investigated. 
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Chapter 1 

Abstract 
Evidence for a protective role of the glutathione biotransformation system in 

carcinogenesis is growing. However, most data on this system in relation to 

colorectal cancer originate from animal studies. Here we review the human data. 

In humans, a significant association was found between the glutathione S-

transferase activity in the mucosa along the gastrointestinal tract and the 

corresponding tumour incidence. Low activity was correlated with high tumour 

incidence and vice versa. Also, in normal colonic mucosa, the glutathione S-

transferase activity is lower in patients at risk for colon cancer than in healthy 

controls. If that is true then interventions which increase the glutathione 

detoxification capacity might reduce cancer incidence. Consumption of 

vegetables and fruits is associated with a lower risk of colorectal cancer. Human 

intervention studies showed that (components from) vegetables induced colonic 

glutathione detoxification capacity. Such an effect could contribute to a lower 

colon cancer risk, but further data are needed. 

The human glutathione S-transferases consist of four main classes: alpha (A), 

mu (M), pi (P) and thêta (T), each divided into one or more isoforms. Functional 

polymorphisms are known for the glutathione S-transferase genes Ml, PI and 

Tl. They all lead to less active enzymes compared to the wild type gene 

products. However, studies which compare these glutathione S-transferase 

polymorphisms in relation to colon cancer risk are not conclusive with respect 

to an increased or decreased risk of a particular genotype. Diet or medication 

can also influence the expression levels of specific isoenzymes and the effect of 

such interventions on cancer risk deserves more attention. 
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Introduction 
Biotransformation enzymes play a role in the metabolism of carcinogens. 

Glutathione S-transferases are a major class of biotransformation enzymes. It 

has been postulated that glutathione S-transferases can deactivate carcinogens 

and in that way prevent cancer. Evidence for a protective role of the glutathione 

biotransformation system in carcinogenesis is indeed growing. However, most 

data in this respect originate from animal studies. Conclusions from animal 

studies can not be merely translated to the human situation. 

The aim of this review is to give an overview of currently available data on 

the relation between the glutathione biotransformation system and colorectal 

cancer risk from clinical and epidemiological studies in humans. Firstly we 

explain what biotransformation is and describe the proposed working 

mechanisms. Subsequently we describe the cellular levels of enzymes and 

substrates involved in biotransformation, known as the phenotype, as well as 

general aspects of the variation in genes that encode for biotransformation 

enzymes, known as the genotype. We also give arguments for a protective role 

of glutathione S-transferases in cancer susceptibility. 

What is biotransformation? 
Biotransformation is the sum of all chemical reactions in living organisms 

that alter the structure and aqueous solubility of undesirable compounds, in 

general leading to biologically less active molecules that can readily be excreted 

(1). Many enzyme systems are involved in biotransformation. They catalyze a 

wide variety of reactions. The main purpose of the biotransformation enzyme 

systems is to facilitate the elimination of potentially toxic compounds. It usually 

involves two distinct stages: Phase I metabolism involves oxidation or 

reduction of chemical compounds and phase II involves conjugation reactions 

(2). In general, phase II biotransformation decreases the overall toxicity of 

chemical compounds, whereas phase I reactions often activate such compounds 

(2). The most important phase I enzymes are the cytochrome P450 enzymes, 

whereas the glutathione S-transferases play an important role in the phase II 

metabolism. The glutathione S-transferases catalyze the conjugation of 

glutathione to a wide variety of substrates. The metabolites formed by this 
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reaction are generally less toxic than their precursors and are more water 

soluble, thus facilitating fecal or urinary excretion. It has been speculated that in 

that way glutathione S-transferases can deactivate carcinogens and prevent 

cancer. 

Biotransformation occurs in most, if not all living organisms, including 

humans. The human glutathione S-transferases (GST) consist of four main 

classes: alpha (A), mu (M), pi (P) and theta (T), each divided into one or more 

isoforms. Glutathione S-transferase Τ is e.g. divided into two isoforms GSTT1 

and GSTT2. The expression levels of glutathione S-transferase isoenzymes are 

highly tissue specific. The most important organs with respect to 

biotransformation are the liver and kidneys, organs particularly involved in 

detoxification. However, biotransformation enzymes are also active in the 

esophagus, stomach, small intestine and colon. 

Working mechanism of biotransformation 

Biotransformation may be involved in the mechanism of so-called 

anticarcinogens, i.e. compounds that inhibit tumor formation (3). The 

mechanisms leading to a purported anticarcinogenic action have not been 

elucidated. Most data originate from in vitro and animal studies. According to 

the stage in the carcinogenic process at which inhibitors are effective, three 

categories can be distinguished (3). The first category consists of compounds 

that prevent the formation of carcinogens from precursor substances. Ascorbic 

acid for example inhibits the formation of carcinogenic jV-nitroso compounds 

(4). Secondly, some anticarcinogens, known as "blocking agents", induce 

detoxifying enzyme systems that prevent carcinogens to be formed or to react 

with critical targets. Organosulfur compounds from garlic and onions induced 

an increase in glutathione S-transferase activity and also inhibited the 

benzo(a)pyrene induced neoplasia in the forestomach of mice (5). The third 

category are so called "suppressing agents"; agents that suppress the 

transformation of cells, which have been previously exposed to carcinogens. 

Isothiocyanate for example inhibits carcinogen induced neoplasia in rodents 

when administered after the carcinogen exposure (3). 
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General aspects of genotyping 
Differences between people in the risk to develop colon cancer might depend 

on differences in genetic makeup. An advantage of studying the gene that 

encodes for an enzyme (genotyping studies), is that they can be performed 

relatively easy: a small amount of blood is adequate to collect sufficient DNA. 

Polymorphisms are defined as less frequent variants of genotypes, which occur 

in at least 1 % of a population and are caused by mutation of the gene. They may 

result in enzymes with enhanced or reduced activity or even in complete 

absence of enzyme activity, when a stop codon is introduced. The latter is seen 

e.g. in the GSTT1 or GSTM1 null polymorphisms. Polymorphisms might 

influence cancer susceptibility in particular organs, as can be illustrated by the 

"classical" N-acetylation polymorphism of N-acetyltransferase 2 (NAT2). 

Polymorphisms in NAT2 result in a rapid or a slow acetylator phenotype. Rapid 

acetylators may have a slightly higher risk of colon cancer (Odds Ratio (OR) 

1.19; 95 % Confidence Interval (CI) 1.02-1.39) as shown in a recent meta

analysis (6), whereas slow acetylators may have an increased risk of bladder 

cancer (OR 1.37; 95% CI 1.20 - 1.57) (6). Genetic polymorphisms associated 

with only a slightly increased cancer risk may still be important to public health. 

Especially if the polymorphism and the specific type of cancer they are 

associated with, are common in the general population (7). 

General aspects of phenotyping 
Phenotypic expression of enzymes can be determined by measurement of the 

actual enzyme levels in the target organ. It can be used to study the involvement 

of such enzymes in cancer susceptibility in that organ. In theory this is a better 

approach than studying the genotype. When only the genotype is known, hardly 

anything can be predicted on enzyme expression in the target organ. An 

additional advantage of direct enzyme activity measurements is the possibility 

to monitor changes in enzyme activities due to environmental factors. 

Phenotyping is the only way to really understand the action of the gene in a 

specific organ (8). The main disadvantage in the phenotypic approach is the 

difficulty in collecting human target tissue in adequate amounts. For instance, it 

is necessary to perform an endoscopy to collect colon samples. Studies on the 
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phenotype of the biotransformation system, which generally are also more 

laborious than genotyping studies, were therefore hardly performed. 

Protective role of glutathione S-transferases in carcinogenesis 
Evidence for a protective role of glutathione S-transferases in carcinogenesis 

is uneven. It is based on the hypothesis that tissues with low or reduced levels 

of glutathione S-transferases may have a low or reduced capacity to detoxify 

carcinogens, resulting in more cytogenetic damage, which in turn can lead to a 

higher tumor risk. (9-16). The first line of evidence is found in genetic 

epidemiology. In humans, genetic polymorphisms in glutathione S-transferases 

are present. Such polymorphisms in GSTM1, GSTT1 or GSTP1 have been 

implicated in the increased risk for malignancies in pituitary (17), larynx (18), 

bladder (18-20), stomach (14), colon (14) and in lung (21-25). However, 

subsequent studies have often failed to confirm these associations (26;27). 

A second line of evidence lies in observations of damage to DNA in cells. 

Increased cytogenetic damage was observed in in vitro studies with human 

white blood cells that have the GSTM1 or GSTT1 null polymorphism 

(15;16;28), and higher levels of polycyclic aromatic hydrocarbon DNA adducts 

were found in lung tissue of GSTM1 null subjects (29). High levels of DNA 

adducts in human colon are associated with colorectal cancer (11). 

Thirdly, human pathological tissues at high risk for malignant degeneration 

contain significant lower levels of glutathione S-transferase than the normal 

tissue. Examples of such pathological tissues are Barrett's esophagus (13) and 

small-intestinal mucosa of patients with celiac disease (Wahab et al , 

unpublished results). This observation is compatible with a decreased capacity 

to detoxify carcinogens, resulting in more cytogenetic damage, which in turn 

could lead to a higher tumor risk. 

A fourth line of evidence lies in the observation that normal human tissues 

with a low tumor incidence (liver, small intestine) contain high glutathione S-

transferase enzyme levels, whereas tissues with a high tumor risk (colon, lung, 

breast) have relatively low levels of glutathione S-transferases (2; 13). 

Fifthly, naturally occurring compounds from vegetables and fruits (30) are able 

to raise the levels of glutathione S-transferases in several organs of rodents 

including those of the gastrointestinal tract (2;5). Some of these compounds also 
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have been shown to inhibit chemically induced esophageal, gastric or colorectal 

tumors (5;31-36). 

The sixth line of evidence results from the observation that non-steroidal 

anti-inflammatory drugs, which have been shown to reduce the risk for 

colorectal adenomas and carcinomas in humans (37;38), are also able to 

enhance glutathione S-transferases of the rat gastrointestinal tract (39). 

Last but not least, GSTP1/P2 knockout mice are much more susceptible to 

skin carcinogenesis than mice with an intact GSTPl/P2-gene (40). In addition, 

transgenic rats harbouring an extra rat GST Ρ gene were less sensitive for liver 

tumorigenesis than non-transgenic rats (41 ). These results suggest that GST-P 

protects against skin and liver carcinogenesis in rodents and this might 

presumably be due to an enhanced detoxification capacity. 

Glutathione biotransformation phenotype in the human colon 

Human studies on glutathione S-transferase enzyme levels, activity and 

glutathione availability in the colon are scarce. Glutathione S-transferase 

enzymes in combination with their substrate glutathione have detoxifying 

capacities. Our group reported a significant inverse correlation between the 

glutathione S-transferase activity in the mucosa along the gastrointestinal tract 

and the tumor incidence at these sites in humans (13). In addition, the 

glutathione S-transferase activity was lowest in the colon (13). We therefore 

suggested that the biotransformation activity may be critically low in the colon, 

which may explain in part the high cancer risk in this part of the gut (12). 

Furthermore, we showed that the colonic biotransformation capacity is even 

lower in patients at risk for colon cancer than in healthy controls (42). The 

decreased biotransformation capacity seems to be independent of hereditary 

factors which play a role in hereditary colon cancer syndromes such as 

Hereditary Non-Polyposis Colorectal Cancer (HNPCC) and Familial 

Adenomatosis Polyposis (FAP) (42). This observation suggests that the 

glutathione biotransformation system can modify the colorectal cancer risk. 

The incidence rate of colorectal cancer appears to be strongly influenced by 

environmental factors, with diet as a major factor (43). An interesting 
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hypothesis is that the capacity of the colonic epithelium to resist damage by 

mutagens or carcinogens can be up-regulated and that this induction of 

protective enzymes could be feasible as an approach to colon cancer prevention. 

As discussed above, several of the non-nutrient compounds in fruits and 

vegetables, e.g. cc-angelicalactone, coumarin, flavone, (iso)thiocyanate and 

indole, can induce glutathione S-transferases and inhibit chemically induced 

colorectal tumors in rodents (2;3;44). In humans, diets high in fruits and 

vegetables are associated with a lower colorectal cancer risk (43;45;46). Four 

dietary intervention studies which focused on the induction of the glutathione 

biotransformation system in the colon have been published so far. A summary 

of these four studies is given in Table I. 

The anticarcinogenic properties of cruciferous vegetables have been 

attributed to degration products of glucosinolates e.g. (iso)thiocyanates and 

indoles (47), to dithiolethiones (48;49) and sulforaphanes (50). In a cross-over 

trial in 10 healthy controls, we found that daily consumption of 300 g. Brussels 

sprouts for one week resulted in a 30% and 15% increase in rectal GSTA and 

GSTP1 levels (51). 

O'Dwyer et al. performed a study with Oltipraz, a synthetic dithiolethione, in 

patients at increased risk for colorectal cancer. After a single dosage of 250 

mg/m2 Oltipraz, a 21% increase in glutathione S-transferase activity was seen in 

the sigmoid at day 3 (52). 

The capacity to conjugate chemical compounds with glutathione depends on 

its intracellular availability. The synthesis of glutathione is regulated by the 

activity of the key enzyme γ-glutamylcysteine synthetase. Although the colonic 

glutathione concentration was not influenced by Oltipraz, the γ-

glutamylcysteine synthetase activity was increased six-fold (52). 

In contrast, Clapper et al. reported no significant difference in GST-activity 

in the sigmoid of 29 patients at increased risk for colorectal cancer, who 

consumed 3g of broccoli components in a parallel controlled study (53). 

Several epidemiological studies have suggested that consumption of coffee 

might protect against colorectal cancer (54-58). Recently we studied the effect 

of unfiltered coffee on glutathione and glutathione S-transferase activity in the 

rectal mucosa. Sixty-four healthy controls were randomly assigned to 2 groups 

in a placebo-controlled cross-over design. Treatments were 1 liter of unfiltered 

22 



Glutathione Biotransformation System and Colorectal ... 

coffee daily or no coffee for a period of 2 weeks. Unfiltered coffee significantly 

increased the glutathione content in the colorectal mucosa by 8%, whereas no 

effect on glutathione S-transferase activity was noticed (59). 

Comments on studies of glutathione biotransformation phenotype in the human 

colon 

The observation of an inverse relation between the glutathione S-transferase 

activity in the gastrointestinal tract and the tumor incidence at these sites (13) as 

well as the observation of a decreased glutathione biotransformation capacity in 

the colon of patients at risk for colorectal cancer (42) is compatible with a 

possible protective role of glutathione S-transferases in colorectal cancer 

development. 

Only four studies so far have investigated the hypothesis that the detoxifying 

capacity of the colon epithelium might be up-regulated by dietary interventions. 

Although three studies are relatively small (51-53), the results are promising. 

All but one study reported a significant increase in one or more glutathione 

related biomarkers (51;52;59). The negative result in the Broccoli study might 

be explained by the low dosage used (53), since it was approximately 10-fold 

lower compared to our Brussels sprouts study in which a realistic portion of 

Brussels sprouts (300 g/daily) was given (51). 

Glutathione S-transferase genotypes and colorectal cancer risk in humans 
Of the four main cytosolic glutathione S-transferase (GST) isoenzyme classes 

that have been identified in humans, genetic polymorphisms have been 

described in three of them: GST Ml, GSTP1 and GSTT1. The general interest 

in the role of polymorphisms in determining disease susceptibility has been 

stimulated by the relative simple methodology of genotyping, based on 

polymerase chain reaction. This has resulted in a considerable amount of data 

on genetic polymorphisms in GST Ml, PI and Tl and susceptibility to colon 

cancer (60). 

Glutathione S-transferase Ml 

Three different alleles have been described at the GST Ml locus on 

chromosome lpl3.3. One of them is a partial deletion of the gene and the effect 
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of the homozygous deletion of GST Ml, the so-called GST Ml null genotype, 

is that no GSTM1 enzyme activity is present. The other two alleles do not lead 

to functional differences (61). 

The frequency of the GST Ml null genotype ranges from 23 to 62% in 

different populations over the world, and is approximately 50% in Caucasians 

(27). 

Until now 15 case-control studies on the role of the GST Ml null genotype in 

colorectal cancer have been published. The results are inconsistent and are 

summarized in Table II. Three studies (62-64) found no association between the 

GST Ml null genotype and colorectal cancer, five studies (65-69) reported a 

decreased risk with Odds Ratios (OR) between 0.6 and 0.9, and in seven^tudies 

(14;70-74; Grubben et al. unpublished data) the GST Ml null genotype was 

associated with an increased risk of colorectal cancer with OR between 1.1 and 

2.5. In only two of these seven studies a significant increase in the risk of 

colorectal cancer was found (70;73). Zhong et al. reported an increased risk 

with an OR of 1.8 (95% CI 1.2 to 2.6) among 196 cases and 225 controls from a 

Scottish population (70). More recently, Gawronksa et al. found an OR of 2.5 

(95% CI 1.0 to 6.1) among 28 Polish cases and 145 controls (73). 

Glutathione S-transferase Tl 

Two different alleles have been described at the GST Tl locus on 

chromosome 12qll.2, one is a partial gene deletion. The effect of the 

homozygous deletion of GST Tl, the GST Tl null genotype, is no activity of 

theGSTTl enzyme (61). 

The frequency of the GST Tl null genotype ranges from 16 to 64% in 

different populations over the world, being approximately 20% in Caucasians 

(27). 

Since 1995 eight case-control on the association between the GST Tl null 

genotype and colorectal cancer were published. The results are inconsistent and 

are summarized in Table III. Four studies (64;65;68; Grubben et al. unpublished 

data) reported a decreased risk for colorectal cancer in GST Tl null individuals 

with OR between 0.6 and 0.9. In the other four studies (62;63;71;72) the GST 

Tl null genotype was associated with an increased risk of colorectal cancer with 

OR between 1.2 and 3.3. In two studies there was a significant increased risk: 
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Deakin et al. (62) reported an OR of 1.9 (95% CI 1.3 to 2.7) among 211 

Caucasian cases and 509 blood bank controls in England and Butler et al. (63) 

found an OR of 3.3 (95% CI 2.1 to 5.2) among 219 cases and 200 controls, all 

Caucasians. 

Glutathione S-transferase PI 

At least four different alleles have been described at the GST PI locus on 

chromosome 11, coding for the respective GSTPla (most common or wild 

type), lb, 1c and Id forms. The 1c and Id forms being very rare. The effect of 

the GSTPlb polymorphism is a reduced activity of the enzyme compared to the 

wild type (75). 

Only three case-control studies have assessed the colorectal cancer risk in 

relation to GST Plb and/or GSTPlc polymorphisms (Table IV). One study (20) 

showed an increased risk (OR 1.3) and the other two studies (72;76) 

demonstrated a decreased risk (OR 0.2 and 0.6) of the polymorphisms compared 

to the wild type. In none of the studies statistically significance was reported. 

Comments on the Glutathione S-transferase genotype studies 

The results of the influence of glutathione S-transferase polymorphisms on 

colorectal cancer risk are inconsistent (Table II-IV). The overall interpretation 

of these genotype studies is difficult because of differences in study designs, 

whereas most studies are relatively small with limited statistical power. Most 

studies included hospital-based cases, whereas most control groups were not 

population-based but were recruited in diverse ways: e.g. in hospitals, blood 

donors, randomly selected from drivers license lists, social security lists and 

random digit dialling etc. Also populations differ with respect to racial 

background. Large studies with uniformity in study design could probably give 

more consistent results. 

The frequency of the GST null genotypes ranges from 16 to 64% in different 

populations over the world (27). This might have an impact on the contribution 

of a specific GST genotype on colorectal cancer risk. 

GSTP1 is the most abundant GST isoform in the colon, covering 

approximately 80% of total GST enzyme activities (77). The GSTPlb 

polymorphism does not lead to complete absence of enzyme activity as found 
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for the GSTT1 and GSTMl null genotypes, but has decreased enzyme activity. 

Therefore it might be less easy to demonstrate an association of the GSTP1 

polymorphisms and colorectal cancer risk than for the GST null polymorphisms. 

However, the associations between the GSTMl or GSTTl-null genotypes and 

colorectal cancer risk are neither convincing. This might be explained in part by 

the relative small contribution of GSTMl and GSTT1 in the overall colonic 

mucosal glutathione S-transferase enzyme activity. 

Glutathione S-transferase enzymes have an overlap of substrate specificity. A 

reduced activity of one glutathione S-transferase isoenzyme may be 

compensated in part by another isoenzyme. Therefore glutathione S-transferase 

gene-gene interactions have also been investigated. Since 1996 six case-control 

studies investigated combinations of polymorphisms in biotransformation 

enzymes participating in carcinogen metabolism (Table V) (62;64;66;68;72;74). 

All but one study (68) reported an increased risk with OR between 1.1 and 4.6. 

Two studies reported on combinations of glutathione S transferase and N-

acety [transferase 2 (NAT2) (72) or cytochrome P450 (CYP) (74) 

polymorphisms, respectively, and found a statistically significant increased 

colon cancer risk. The OR of 2.3 and 4.6 in these small studies are relative high 

compared to the reported OR in the Tables II-IV. Analyses of gene-gene 

interactions of Phase I (CYP) and Phase II (GST, NAT) biotransformation 

enzymes may give additional insight in the role of GST in the colorectal cancer 

risk. 

The occurrence of colon cancer in a patient may indicate increased colon 

cancer risk for other family members (78;79). Hereditary colorectal cancer 

aspects were not always excluded in cases and controls and may obfuscate the 

analysis of GST polymorphism in association with colon cancer risk in the 

general population. Two studies (73;80) analysed the occurrence of GST 

polymorphism in cases of Hereditary Non-Polyposis Colorectal Cancer 

(HNPCC) (Table VI). One study (80) investigated patients with colorectal 

cancer and who were also carriers of a mutation in one of the HNPCC genes 

called MLH1 (81). Analysis were performed with two control groups: patients 

with sporadic colorectal cancer and individuals from HNPCC families who did 

not carry the MLH1 mutation. In the HNPCC patients, the presence of GSTMl 

or GSTT1 null polymorphisms showed to be associated with an increased risk 
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of colorectal cancer with an OR of 1.4 and 2.3, respectively, compared to 

patients with sporadic colorectal cancer. Compared to individuals from the 

HNPCC families who did not carry the MLH1 mutation the OR were 0.8 and 

1.2, respectively. The combined null genotypes of GSTMl and GSTT1 were 

associated with proximal tumours in HNPCC patients with an OR of 4.0. The 

second study (73) investigated the GSTMl null genotype and reported an OR of 

1.1 in HNPCC patients who were identified according to the Amsterdam I 

criteria (82) compared to a population based control group. In support of the 

decreased glutathione biotransformation capacity in the colonic mucosa of 

HNPCC patients (42), these epidemiological data indicate that glutathione S-

transferases probably play a modifying role in the colorectal cancer risk in 

HNPCC patients and that hereditary aspects in the design of such studies are 

essential to unravel the exact role of the glutathione S-transferases. 

Summary and conclusions 
The glutathione biotransformation levels in colon mucosa are low which may 

be an important factor in colon carcinogenesis. Measurement of the expression 

levels of biotransformation enzymes, the so-called phenotype, is the preferred 

way to really understand the role and interaction of the biotransformation genes 

with respect to the process of carcinogenesis in a specific organ. So far only 

four human studies were published wherein the hypothesis was tested that the 

detoxifying capacity of the glutathione biotransformation system in colon 

epithelium might be up-regulated with dietary interventions. The results are 

mixed: all but one study reported a significant increase in one or more 

components of the glutathione biotransformation system, but effects were not 

consistent between the studies. Also, human data on the association between the 

glutathione S-transferase genotypes and colorectal cancer risk are inconsistent 

as to a possible promoting effect of the polymorphic glutathione S-transferase 

isoenzymes with reduced enzyme activity. 

Future studies might focus on aspects of gene-gene interactions and their 

consequences for the expression levels of the various biotransformation 

enzymes. The feasibility of up-regulation of the detoxifying capacity of the 

glutathione biotransformation system in the colon might enable us to develop 

specific diets, dietary supplements, nutriceuticals or functional foods in order to 
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influence health beneficially, but solid evidence for such an influence is still a 

long way off. 
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Table I. Human intervention trials where 

glutathione biotransformation in the colon was assessed. 

Intervention Study- Population No Biomarker / Result / p-value Author/ 

type Year/Ref. 

Brussels CO Healthy 10 GST-activity Ν S Nijhoff 

sprouts 2x1 wk controls GST Alfa +30% p<0 005 1995,51 

GST Pi +15% p<0 05 

Glutathione Ν S 

Oltipraz 1 wk Patients 26 GST-activity +21% p<0 05 O'Dwyer 

γ-GCSmRNA +500% pOOOl 1995,52 

Glutathione Ν S 

Broccoli Parallel Patients 29 GST-activity 

supplement 2 wk 

N S Clapper 

1997,53 

Unfiltered CO 

coffee 2x2wk 

Healthy 64 GST-activity Ν S Grubben 

controls Glutathione +8% p=0 01 2000,59 

Ref denotes reference number, CO denotes cross-over, GST denotes glutathione S-
transferase, 
Ν S denotes not significant, γ -GCS denotes γ-glutamylcysteme synthetase 
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Table II. Studies on colorectal cancer and glutathione S-transferase Ml null 

polymorphism. The Odds Ratio's are given for the glutathione S-transferase Ml null 

polymorphism versus the other glutathione S-transferase Ml polymorphisms. 

Author/Year Country CRC Controls OR 95% CI Ref. 

Strange 1991 

Zhong 1993 

Chcncvix 1995 

Deakin 1996 

Katoh 1996 

Butler 1997 

Gertig 1998 

Lee E 1998 

Slaltery 1998 

Abdel 1999 

Welfare 1999 

Gawronska 1999 

Grubben 2000 

Kiss 2000 

Slatlery 2000 

England 

England 

Australia 

England 

Japan 

Australia 

USA 

Singapore 

USA 

Egypt 

England 

Poland 

Netherlands 

Hungary 

USA 

26 

196 

132 

252 

103 

219 

211 

300 

1567 

63 

178 

28 

32 

163 

1579 

49 

225 

200 

577 

126 

200 

221 

183 

1949 

53 

178 

145 

247 

163 

1898 

23 

1 8 

09 

1 0 

1 5 

10 

1 0 

08 

09 

06 

1 1 

25 

1 1 

12 

09 

0 9 - 6 1 

1 2 - 2 6 

0 6 - 14 

0 7 - 1 3 

0 9 - 2 6 

0 7 - 1 4 

0 7 - 1 5 

0 5 - 1 1 

0 8 - 1 0 

0 3 - 1 2 

0 7 - 1 6 

1 0 - 6 1 

0 5 - 2 2 

0 8 - 1 8 

0 8 - 1 1 

14 

24 

65 

62 

71 

63 

64 

66 

67 

68 

72 

73 
* 

74 

69 

CRC denotes colorectal cancer cases, OR denotes Odds Ratio, CI denotes Confidence 
Interval, Ref denotes reference number, * denotes unpublished result 
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Table III. Studies on colorectal cancer and glutathione S-transferase Tl null 

polymorphism. The Odds Ratio's are given for the glutathione S-transferase Tl null 

polymorphism versus the other glutathione S-transferase Tl polymorphisms. 

Author /Year Country CRC Controls OR 95% CI Ref. 

Chenevix 1995 

Deakinl996 

Katohl996 

Butler 1997 

Gertig 1998 

Welfare 1999 

Abdel 1999 

Grubben 2000 

Australia 

England 

Japan 

Australia 

USA 

England 

Egypt 

Netherlands 

125 

211 

103 

219 

209 

178 

59 

32 

148 

509 

126 

200 

220 

178 

51 

247 

0 9 

19 

1 2 

33 

07 

1 2 

08 

06 

0 4 - 17 

1 3 - 2 7 

0 7 - 2 0 

2 1 - 5 2 

0 4 - 1 1 

0 7 - 2 1 

0 4 - 1 8 

0 2 - 1 7 

65 

62 

71 

63 

64 

72 

68 
* 

CRC denotes colorectal cancer cases, OR denotes Odds Ratio, CI denotes Confidence 
Interval, Ref denotes reference number, * denotes unpublished result 
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Table IV. Studies on colorectal cancer and glutathione S-transferase PI polymorphism. 

The Odds Ratio's are given for the 

glutathione S-transferase Plb and/or Pic polymorphisms 

versus the glutathione S-transferase Pia polymorphism, the wild type. 

Author / Year Country CRC Controls OR 95% CI Ref. 

Harries 1997 England 100 155 1.3 0.5-3.3 20 

Harris 1998 Australia 219 398 0.2 0.1-1.5 76 

Welfare 1999 England 196 178 0.6 0.3-1.2 72 

CRC denotes colorectal cancer cases, OR denotes Odds Ratio, CI denotes Confidence 
Interval, Ref. denotes reference number. 
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Table V. Studies on colorectal cancer and 

combinations of polymorphisms in biotransformation. The Odds Ratio's are given for 

the specific polymorphisms versus the other polymorphisms of these genes. 

Author/Year 

Deakin 1996 

Gertig 1998 

Lee 1998 

Abdel 1999 

Welfare 1999 

Kiss 2000 

Country 

England 

USA 

Singapore 

Egypt 

England 

Hungary 

CRC 

218 

208 

37' 

208 

195 

163 

Controls 

448 

221 

183 

221 

172 

163 

Polymorphisms 

M1-0 + T1-0 

M1-0 + T1-0 

M1-0 + T1 

M1-0 + T1-0 

SlowNAT2+Tl-0 

M1-0 + CYP* 

OR 

1.3 

1.1 

1.9 

0.5 

2.3 

4.6 

95% CI 

0.8-2.2 

0.6-2.1 

0.9-4.1 

0.2-1.2 

1.1 -4.7 

1.3-17.0 

Ref. 

62 

64 

66 

68 

72 

74 

CRC denotes colorectal cancer cases, OR denotes Odds Ratio, CI denotes Confidence 
Interval, Ref denotes reference number, Ml-0 denotes GSTMul-nu\\ genotype, Tl-0 
denotes GST 
Thetal-mi\\ genotype, Tl denotes GST Thetal genotype, NAT2 denotes N-
acetyltransferase 2 genotype , * right sided CRC, * CYP 1 Al Val + CYP 2E1C2 
polymorphism. 
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Table VI. Studies on colorectal cancer in Hereditary Non-Polyposis Colorectal Cancer 

and glutathione S-transferase polymorphisms. 

The Odds Ratio's are given for the specific polymorphisms 

versus the other polymorphisms of these genes. 

Author/Year Country CRC Controls Polymorphisms OR 95% CI Ref. 

Moisiol998 Finland 182* 70 Ml-0 1.4 0.7-2.4 80 

182* 70 Tl-0 2.3 0.9-5.7 

182* 159t Ml-0 0.8 0.5-1.3 

182* 159·!· Tl-0 1.2 0.7-1.1 

49* prox. 29* dist. Ml-0 + Tl-0 4.0 0.5-34.2 

Gawronska 1999 Poland 17* 145 Ml-0 1.1 0.4-3.1 73 

CRC denotes colorectal cancer cases, OR denotes Odds Ratio, CI denotes Confidence 
Interval, Ref. denotes reference number, * MLHl mutation carriers, Ml-0 denotes GST 
MM./-null 
genotype, Tl-0 denotes GST Thetal-nu\\ genotype, f MLHl non-mutation carriers from 
the HNPCC families, prox. denotes proximal CRC, dist. denotes distal CRC, * HNPCC 
patients according to Amsterdam I criteria. 

39 





Chapter 2 

Low Colonic Glutathione Detoxification Capacity 
in Patients at Risk for Colon Cancer. 

MJAL Grubben, CCM van den Braak, FM Nagengast, WHM Peters. 

Submitted for publication 



Chapter 2 

Abstract 
Colon carcinogenesis is a multi-factorial process influenced by hereditary and 

environmental factors. The glutathione biotransformation system consists of 

glutathione and glutathione S-transferase enzymes and is involved in the 

detoxification of cytotoxic and carcinogenic compounds. We investigated the 

possible role of the glutathione biotransformation system in the colon of 

patients with colorectal cancer and of patients at high risk for colorectal cancer. 

Methods: We analysed the glutathione content and glutathione S-transferase 

activity in normal colonic mucosa of patients with a recent history of colonic 

adenomas, colorectal cancer, Familial Adenomatous Polyposis (FAP), patients 

from Hereditary Non-Polyposis Colorectal Cancer families with (HNPCC+Ad) 

or without (HNPCC-Ad) a history of adenomas and in healthy controls. 

Results: Glutathione levels were significantly lower in the normal distal colonic 

mucosa of patients with cancer, FAP, HNPCC-Ad and HNPCC+Ad compared 

to adenoma patients and healthy controls. The colonic glutathione content in 

adenoma patients was slightly lower compared to healthy controls. Glutathione 

S-transferase activity in the distal colon was significantly lower in the cancer 

and FAP patients compared to patients with HNPCC-Ad, HNPCC+Ad, 

adenoma and healthy controls. A striking association of low glutathione S-

transferase activity and high clinical risk for the development of colorectal 

cancer in the distal colon of adenoma patients and the two HNPCC-groups was 

observed as compared to healthy controls. In the proximal colon similar 

associations were found. 

Conclusion: The colonic glutathione detoxification capacity was lower in 

patients at risk for colon cancer and seemed to be independent of the hereditary 

risk. The lowest detoxification capacity was seen in FAP and cancer patients. 

Thus, changes in the glutathione biotransformation capacity in the colonic 

mucosa might modify the colon cancer risk in these patients, independent from 

genetic factors. 

Keywords: Glutathione, Glutathione S-transferase, HNPCC, FAP, adenoma, 

colon cancer 

42 



Low Colonic Glutathione Detoxification ... 

Introduction 
Colon carcinogenesis is a multi-factorial process influenced by hereditary and 

dietary factors. In clinical practice, the colorectal cancer risk assessment of an 

individual patient depends on the personal history of colorectal adenomas 

(precursors of cancer) as well as on family history. The risk for colorectal 

cancer rises with size and multiplicity of adenomas.12 Furthermore, the lifetime 

colorectal cancer risk increases with the number of first-degree relatives bearing 

colorectal cancer.2'4 

The glutathione/glutathione S-transferase biotransformation system is 

involved in the detoxification of both exogenous and endogenous chemical 

compounds. Many compounds that are potent carcinogens in experimental 

animals are known to be components of the human diet.5' 6 Glutathione S-

transferases catalyse the reaction of cytotoxic and carcinogenic compounds with 

glutathione, which generally leads to biological less active compounds that are 

less harmful and more water-soluble, facilitating faecal and urinary excretion.7 

A significant inverse correlation between the glutathione S-transferase activity 

in the normal mucosa along the human gastrointestinal tract and the tumour 

incidence at these sites was reported.8 The glutathione S-transferase activity was 

lowest in the colon where the tumour incidence is highest.8 Also levels of other 

biotransformation enzymes are much lower in the colon, as compared to other 

parts of the gut. Therefore, we have suggested that the biotransformation 

activity may be critically low in the colon, explaining in part the high colonic 

cancer risk.9 This hypothesis is supported by the fact that the glutathione S-

transferase activity has a tendency to be lower in patients with a history of 

adenoma(s) without a positive family history for colorectal cancer (sporadic 

adenomas) compared to healthy controls.10 

Not much is known about the possible role of the glutathione 

biotransformation system in familial colorectal cancer syndromes such as the 

Hereditary Non-Polyposis Colorectal Cancer (HNPCC) syndrome and Familial 

Adenomatous Polyposis (FAP). Mutations in DNA mismatch repair genes are 

responsible for the HNPCC syndrome, but the penetrance of these HNPCC 

mutations is not 100%."' 12 Inter-individual variation in the glutathione 

biotransformation system might play an additional role developing colon 

cancer. Homozygosity for a genetic polymorphism introducing a stop codon in 
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the gene and resulting in complete absence of enzyme activity, is called a null-

polymorphism. In HNPCC patients with a mutation in the MLH1 gene, 

occurrence of high glutathione S-transferase Mul (GSTM1) and Thetal 

(GSTTl) null polymorphism rates were associated with shifts towards younger 

ages at which colon cancer was diagnosed.13 The combined null polymorphisms 

of GSTM1 and GSTTl were also associated with proximal tumours.13 These 

data point towards a modifying role of the glutathione S-transferases with 

respect to the colorectal cancer risk of HNPCC patients. 

However, when only the genotype is known, hardly anything can be 

predicted on expression levels of isoenzymes (the phenotype) in a target 

organ.14 When studying colorectal cancer risk, the target tissue is the colorectal 

mucosa, but hardly any data on colorectal mucosa levels of glutathione and 

glutathione S-transferases in high risk patients are available. Therefore we 

investigated the glutathione biotransformation system in colonic mucosa of 

patients with an increased colorectal cancer risk and in healthy controls. 

Materials and methods 
Sixty-three patients with a recent history of sporadic colonic adenomas 

(Adenoma), 33 patients from HNPCC families with a history of colonic 

adenomas (HNPCC+Ad), 34 patients from HNPCC families without a history of 

colonic adenomas (HNPCC-Ad), 19 patients diagnosed with FAP, 34 patients 

with colorectal cancer (Carcinoma) and 10 healthy controls were included. The 

Amsterdam I criteria were used to establish the clinical diagnosis of HNPCC, 

being: three or more family members are diagnosed with colorectal cancer, 

involving two or more generations, whereas one family member with colorectal 

cancer must be a first-degree relative of the other two and one or more family 

members are diagnosed with colorectal cancer before age 50 and FAP must be 

excluded. Details of the characteristics of the subjects are given in Table 1. 

The study was approved by the local Medical Ethical Review Committee on 

Human Experimentation, and informed consent was obtained from all 

participants prior to the investigations. 
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Tissue 

Mucosal biopsies (three biopsies per location) of the normal colon/rectum 

were obtained during screening colonoscopy in patients with adenoma or 

HNPCC. Normal colon mucosa samples from FAP or colon cancer patients 

were collected either during colonoscopy or directly after surgical resection of 

the colon. In part of the subjects we collected samples at two sites in the distal 

colon: the sigmoid and rectum. Proximal biopsies were obtained in 

approximately one-third of the subjects. In healthy controls only rectal biopsies 

were taken. Biopsies were immediately frozen in liquid nitrogen and stored at -

80 0C until use. Biopsies were Don-polypos in a glass/glass potter after dilution 

with a buffer solution (0.25 M saccharose, 20mM Tris, 1 mM dithiothreitol, pH 

7.4) as described before.16 The homogenate was centrifuged at 150,000 g at 4 0C 

for 1 h. Aliquots of post-centrifugation supernatant, representing the cytosolic 

fraction, were frozen in liquid nitrogen and stored at -80 0C until assayed. 

Assays 

Protein concentrations were determined in duplicate according to Lowry et 

al.17 Total glutathione content was quantified in duplicate by high performance 

liquid chromatography (HPLC) after reaction with monobromobimane 

according to Fahey and Newton with minor modifications, as described 

before.18 Total Glutathione S-transferase activity was assayed in duplicate with 

l-chloro-2,4-dinitrobenzene (CDNB) as substrate according to Habig et al.'9 

Statistics 

Values are given as median with the interquartile range that contains 50% of 

the values. Statistical analyses between the groups were assessed by Kruskal 

Wallis and Mann-Whitney U tests. Corrections for multiple testing were 

performed when appropriate. 

Results 
Data on glutathione content and glutathione S-transferase activity as assayed 

in the normal colonic biopsy specimen of patients and healthy controls are 

shown in Table 2. Box Whisker plots of the data with the corresponding p-

values are shown in Figure 1. 
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The glutathione content was significantly lower in the distal colon of 

Carcinoma, FAP, HNPCC-Ad and HNPCC+Ad patients compared to Adenoma 

patients and healthy controls. The glutathione content in Adenoma patients was 

slightly lower compared to healthy controls. The glutathione S-transferase 

activity in the distal colon was significantly lower in the Carcinoma and FAP 

patients compared to HNPCC-Ad, HNPCC+Ad, Adenoma patients and healthy 

controls. The glutathione S-transferase activity of the Adenoma patients and the 

two HNPCC-groups was lower compared to that of healthy controls. For ethical 

reasons no samples of normal controls were available from the proximal colon 

However, equal trends for the glutathione content as well as for the glutathione 

S-transferase activity as described above in the distal colon were seen: 

glutathione values were higher in Adenoma vs. the other patients; glutathione S-

transferase enzyme activities were highest in Adenoma, lower in HNPCC and 

FAP, and lowest in Carcinoma patients. 

Discussion 
In humans, a significant association was found between the glutathione S-

transferase activity in the mucosa along the gastrointestinal tract and the 

corresponding tumour incidence. " Low activity was correlated with high 

tumour incidence and vice versa and the lowest glutathione S-transferase 

activity was reported in the colon. Within patients with a high colorectal cancer 

risk, subgroups can be identified. The lifetime colorectal cancer risk is 4-8% in 

adenoma patients,21'22 more than 40 % in patients from HNPCC families,23 80-

85% in HNPCC mismatch repair gene carriers"· l2 and 90-100% in FAP 

patients. We found a lower glutathione biotransformation capacity in the 

normal colonic mucosa from patients at risk for colorectal cancer as compared 

to corresponding values in healthy controls. Both a lower glutathione content as 

well as a lower glutathione S-transferase activity were found. The highest 

capacity was seen in the normal colonic mucosa of healthy controls, whereas the 

lowest capacity was found in patients already diagnosed with colorectal cancer. 

A striking association between a low glutathione S-transferase activity in the 

colon and a high clinical risk for the development of colorectal cancer was seen, 

as described above. This observed association is consistent with the hypothesis 

of a protective role of the glutathione biotransformation system in colon 
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carcinogenesis. Normal colonic epithelium is a rapidly proliferating tissue; 

renewal of the colonic epithelium occurs every 4-6 days. Such rapidly 

proliferating cells are sensitive to toxic and mutagenic compounds and 

consequently to malignant transformation, which in essence is a cascade of 

specific mutations.24 A reduced capacity to detoxify toxins, mutagens or 

carcinogens might result in more cellular and DNA damage, implying a higher 

tumour risk. 

Adenoma patients tended to have a lower glutathione content as well as a 

lower glutathione S-transferase activity in the distal colon compared to healthy 

controls, but there were no statistically significant differences. The lifetime 

colorectal cancer risk in adenoma patients is 4-8%,21'22 whereas this risk in the 

general population is approximately 2%. These figures show very much 

resemblance with the corresponding values of colonic glutathione content and 

glutathione S-transferase activity in the distal colon. 

Patients from HNPCC families were divided into two groups: patients with 

(HNPCC+ad) and without a history of colonic adenomas (HNPCC-ad). No 

significant differences between the glutathione content and the glutathione S-

transferase activity in the proximal and distal colon were seen between these 

two groups. This might be in agreement with the relatively small difference in 

colorectal cancer risk of HNPCC+ad patients compared to HNPCC-ad in 

parallel with the slightly higher lifetime colorectal cancer risk in the adenoma 

patients without a family history compared to general population. 

In the Netherlands, a mutation in a mismatch repair gene could be 

demonstrated only in 50% of the HNPCC-families which fulfil the Amsterdam I 

criteria.25 In our study 18% of the HNPCC-ad and 9% of the HNPCC+ad 

patients were mismatch repair gene carriers. In the HNPCC-ad and HNPCC+ad 

patients no mismatch repair gene defects were detected in respectively 12% and 

6%. Gene carriership was not (yet) known in respectively 70% and 85%. In the 

light of above results, the glutathione biotransformation capacity could be 

analysed within HNPCC family members both carrying and not carrying a 

known mutation in a mismatch repair gene in future studies. 

Spigelman et al. investigated the GSTM1 isoenzyme levels in blood samples 

from 31 unrelated patients with FAP and in 38 unrelated control patients. The 

control patients attended an outpatient clinic for a variety of minor complaints, 
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but they were otherwise healthy. FAP and control patients were matched for 

age, sex, diet, and smoking status. The median GSTMl levels were 0.5 μg/ml 

(interquartile range: 0 - 11.6) in the FAP group and 8.85 μg/ml (0.9 - 29.4, ρ = 

0.0013) in the control group.26 Therefore, the detoxifying capacity of GSTMl in 

blood seems to be significantly lower in FAP patients compared to controls. 

These data are in line with the low biotransformation capacity in the colon of 

FAP patients as reported by us. However, there is a difference in mean age 

between the groups investigated in our study. The FAP patients are relatively 

young (29 ± 3 yrs) as compared to the other patient groups. This can be 

explained by the fact that FAP patients undergo a prophylactic colectomy at 

relative young age, because of their high (90-100%) colorectal cancer risk in the 

third to fifth decade." The FAP group and the healthy controls were of equal 

age, whereas the glutathione content and glutathione S-transferase activity in 

the FAP group was significantly lower as compared to the controls. Within the 

patient groups without a carcinoma, the FAP patients had the lowest glutathione 

S-transferase activity and this activity was only slightly higher than in 

carcinoma patients, who were much older (63 ± 2 yr). Earlier we demonstrated 

in human lymphocytes that glutathione S-transferase isoenzyme expression, in 

contrast to the glutathione content, was not age dependent.27 In addition, we 

could not find an association between age and the glutathione S-transferase 

enzyme activity in the rectal mucosa of 64 healthy controls (unpublished data). 

Therefore, it is unlikely that differences in age between the groups have 

obfuscated our present results. 

In conclusion, the normal colorectal mucosal glutathione detoxification 

capacity was lower in patients at risk for- or already suffering from colon 

cancer, and seems to be independent of the hereditary risk. A striking trend in 

the glutathione S-transferase activity in the colon was seen; low activity in 

patients with high clinical risk for the development of colorectal cancer. The 

lowest detoxification capacity was seen in carcinoma patients. Thus, changes in 

the glutathione biotransformation capacity in the colon might further modify 

genetically determined colon cancer risk. 
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Table 1. Baseline characteristics of subjects 

Ν Gender Age 

M F yrs ± SEM 

Patients: 

Adenoma 63 

HNPCC-Adenoma 34 

HNPCC+Adenoma 33 

FAP 19 

Carcinoma 34 

Healthy Controls 10 

39 24 59 ± 1 

16 18 3 8 ± 2 

13 20 43 ± 2 

11 8 29 ± 3 

20 14 63 ± 2 

5 5 24 ± 1 
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Tabic 2. Glutathione content and glutathione S-transfera.se enzyme activity 

in normal colonic mucosa of patients at risk for colorectal cancer and healthy controls. 

Proximal colon Distal colon 

Ν Median IQ-range Ν Median IQ-range 

Glutathione (nmol/mg protein) 

Patients 

Adenoma 

HNPCC-Adenoma 

HNPCC+Adenoma 

FAP 

Carcinoma 

Healthy controls 

13 

10 

19 

14 

18 

44 

30 

31 

30 

31 

ND 

12 

13 

11 

28 

11 

ND 

89 

45 

49 

29 

32 

10 

42 

28 

31 

30 

33 

44 ' 

16 

15 

15 

14 

14 

7 

Glutathione S-transferase activity (nmol/min/mg protein) 

Palients 

Adenoma 11 

HNPCC-Adenoma 10 

HNPCC+Adenoma 15 

FAP 14 

Carcinoma 18 

Healthy controls 

337 

253 

287 

202 

169 

ND 

128 

224 

138 

81 

77 

ND 

87 

35 

35 

30 

32 

10 

252 

256 

234 

205 

177 

321 

128 

139 

161 

87 

96 

170 

IQ-range denotes Interquartile range and contains 50% of the values The IQ-ranges 
correspond with the boxes in Figure I HNPCC denotes Hereditary Non-Polyposis Colorectal 
Cancer HNPCC-Adenoma denotes patients from HNPCC families with no history of 
adenoma(s) HNPCC+Adenoma denotes patients from HNPCC families with a positive 
history of adenoma(s) FAP denotes Familial Adenomatous Polyposis ND denotes Not 
Determined 
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Figure 1 
Box-Whisker plots of glutathione content and 

glutathione S-transferase activity in normal colonic mucosa of patients at risk for 
colorectal cancer and healthy controls. 

The box represents the interquartile range and contains 50% of the values. 
The inner line of the box represents the median value. 
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Abstract 
Background: Patients with X-linked agammaglobulinaemia, a primary 

immunodeficiency disorder, suffer from recurrent infections of the respiratory 

and intestinal tract. Rapidly progressive colorectal cancer was diagnosed in 

three unrelated young adults with X-linked agammaglobulinaemia. This finding 

implies a 30-fold increase of risk for this cancer in this patient group. 

Glutathione S-transferases are a family of biotransformation enzymes involved 

in the detoxification of cytotoxic and carcinogenic compounds, that may 

function in the prevention of carcinogenesis. We investigated the possible role 

of the glutathione S-transferase enzyme system in the apparently increased 

colorectal cancer risk in X-linked agammaglobulinaemia patients. 

Materials and Methods: We analysed the glutathione levels and the 

glutathione S-transferase enzyme activity and iso-enzyme composition in 

normal colonic biopsies of eight X-linked agammaglobulinaemia patients, 25 

patients with a recent history of colonic adenomas and 10 healthy volunteers. 

Results: X-linked agammaglobulinaemia patients had significantly lower 

glutathione S-transferase enzyme activities at all sites in the normal colonic 

mucosa as compared to adenoma patients. In X-linked agammaglobulinaemia 

patients the rectal glutathione S-transferase enzyme activity was lower than in 

the proximal colon and significantly lower as compared to controls. 

Conclusion: This lower glutathione S-transferase enzyme activity might play a 

role in the apparently increased colorectal cancer risk in X-linked 

agammaglobulinaemia patients, assuming that detoxification of carcinogenic 

compounds plays a role in the aetiology of colon cancer of these patients. 

Keywords: Colorectal cancer risk, detoxification, glutathione S-transferase, X-

linked agammaglobulinaemia. 
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Introduction 

Patients with X-linked agammaglobulinaemia (XLA), a primary 

immunodeficiency disorder, have recurrent infections of the respiratory and 

intestinal tract, starting within the first two years of their life [1,2]. This disorder 

is due to a defective tyrosine kinase in Β lymphocytes, and as a consequence 

their immunoglobulin concentrations are very low [3,4]. In the past, these 

patients died at a young age because of infections, but now they reach 

adulthood, due to treatment with antibiotics and immunoglobulins. We 

diagnosed rapidly progressive colorectal cancer in three unrelated young adults 

with XLA [5]. Earlier reports have also revealed three colorectal cancer cases in 

XLA patients [6,7]. The calculated incidence of rectosigmoid cancer in patients 

with XLA is approximately 30-fold higher than in sporadic colorectal cancer 

[5]. Therefore, we screen these individuals for colorectal cancer with 

colonoscopy or barium enema every 3 years, starting at age 25. 

Glutathione S-transferases (GSTs) are a family of biotransformation enzymes 

involved in the metabolism and detoxification of cytotoxic and carcinogenic 

compounds. In humans, four main classes exist: alpha, mu, pi and theta, each 

composed of one or more isoforms [8]. They are present in most tissues, 

including those of the human gastrointestinal tract. GSTs catalyse the reaction 

of a wide variety of carcinogens with glutathione (GSH), generally resulting in 

less harmful biological compounds that are more water-soluble, thus facilitating 

faecal or urinary excretion [9]. Tissues with low or reduced levels of GSH and 

GST enzyme activity may have a reduced capacity to detoxify carcinogens, 

resulting in more cytogenetic damage, which could lead to a higher tumour risk 

[8]. A significant inverse correlation exists between GST enzyme activity in the 

mucosa along the gastrointestinal tract and tumour incidence in humans [10]. 

We investigated the colonic GST enzyme activity, GST isoenzyme levels and 

GSH content of XLA patients in comparison with patients with sporadic colonic 

adenomas and healthy volunteers. 

Materials and methods 

Eight XLA patients (all males, mean age 34 ± 2 years, seven with a proven 

mutation in the Bruton's tyrosine kinase gene [11]), 25 patients with a recent 
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history of colonic adenomas (13 males and 12 females, mean age 60 ± 12 years) 

and 10 healthy volunteers (five males and five females, mean age 24 ± 3 years) 

were included. The local Medical Ethical Review Committee on human 

experimentation approved this study and informed consent was obtained from 

the participants prior to the investigation. 

Tissue 

Mucosal biopsies (three biopsies per location) of normal colorectal tissue 

were obtained during screening colonoscopy in XLA and adenoma patients at 

three different sites in the colon (the ascending colon, the sigmoid at 20 cm 

from the anal verge and the rectum at 10 cm from the anal verge). In healthy 

volunteers only rectal biopsies were taken. Biopsies were immediately frozen in 

liquid nitrogen and stored at -80 0C until use. Biopsies were homogenised in a 

glass/glass potter after dilution with a buffer solution (0.25 M saccharose, 

20mM Tris, 1 mM dithiothreitol, pH 7.4) as described previously [12]. The 

homogenate was centrifuged at 150,000 g at 4 0C for 1 h. Aliquots of post-

centrifugation supernatant, representing the cytosolic fractions, were frozen in 

liquid nitrogen and stored at -80 0C until assayed. 

Assays 

Protein concentrations were determined in duplicate according to Lowry et 

al. [13]. The total GST enzyme activity was assayed in duplicate with 1-chloro-

2,4-dinitrobenzene as substrate, according to Habig et al. [14]. Total 

glutathione was quantified in duplicate by high performance liquid 

chromatography after reaction with monobromobimane according to Fahey and 

Newton with minor modifications, as previously described [15]. For GST 

isoenzyme determination, cytosolic GST samples were subjected to sodium 

dodecyl sulfate-polyacrylamide gel and subsequently to Western blotting [16]. 

The Western blots were performed with monoclonal antibodies against human 

GST alpha, pi and mu and the specific binding of the monoclonal antibodies 

was detected with 4-chloro-l-naphthol after incubation with peroxidase-

conjugated rabbit anti-mouse immunoglobulins as second antibody (Dakopatts, 

Glostrup, Denmark) as described before [16]. Staining intensity was quantified 

using a laser densitometer (Ultrascan, LKB, Bromma, Sweden). Known 
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amounts of purified GST alpha, pi and mu were run in parallel with the 

experimental samples and served as standards for the calculation of the absolute 

amounts of these enzymes in the experimental cytosols. The within-assay and 

between-assay variation is ± 5% for GST mu and 25% for GST alpha and pi. 

Class alpha antibodies react against GST A1-1, GST A1-2 and GST A2-2 [16], 

class pi antibodies recognise GST Pl-1 [17] and class mu antibodies are 

directed against GST M la-la, GST M la-lb and GST M lb-lb [18]. 

Statistics 

Values are given as means ± SEM. Statistical analysis between the groups 

were assessed by Mann-Whitney U test and between the different sites within a 

group by Wilcoxon signed-ranks test. 

Results 
The screening colonoscopy in the XLA patients did not reveal any colorectal 

adenomas or carcinomas. 

Data on GSH and GST levels, as assayed in the normal colonic biopsy 

specimen of patients and controls, are shown in Table 1. As shown, the GSH 

levels did not differ between all groups at any site. XLA patients had 

significantly lower GST enzyme activities at all sites in the colon as compared 

to adenoma patients. In XLA patients the rectal GST enzyme activity was lower 

than in the proximal colon and significantly lower as compared to controls. The 

GST alpha level in the rectal mucosa of XLA patients was significantly lower 

than in adenoma patients and controls, whereas GST mu levels did not differ 

between the groups at any site. Colonic GST pi levels were most abundant as 

compared to GST alpha and mu. The GST pi levels in the ascending colon and 

sigmoid of XLA patients were significantly lower as compared to those in 

adenoma patients, whereas levels in the rectum were significantly lower as 

compared to controls. 
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Discussion 
Evidence for a protective role of GST in carcinogenesis is growing. Recently 

GST pi knockout mice were generated that are much more susceptible to skin 

carcinogenesis [19]. In addition, transgenic rats harboring a rat GST pi gene 

were less sensitive for liver tumorigenesis [20]. Human digestive tract tissues 

with a low cancer risk showed high GST enzyme activity and vice versa 

[10,21]. Many components with proven anti-carcinogenic properties enhance 

GST enzyme activity when given to rodents or humans [8,12,15,22]. Tissues 

with low or reduced levels of GSH and GST enzyme activity may have a 

reduced capacity to detoxify carcinogens, resulting in more cytogenetic damage, 

which could imply a higher tumour risk. The GST enzyme activity in the normal 

colorectal mucosa of high-risk XLA patients was lower compared to that in 

adenoma patients and healthy volunteers. Additionally, the rectal GST enzyme 

activity was lower than the proximal GST enzyme activity in XLA patients. It 

should be noted, that there is a difference in mean age and gender between the 

groups of subjects investigated in our study. The adenoma patients were 50% 

males and of older age; the XLA patients and the healthy volunteers were, 

respectively, 100% and 50% males, and were of similar younger age. However, 

we have demonstrated elsewhere that in human lymphocytes the GST 

expression is not related to sex or age [23]. In addition, in rectal mucosa of 64 

healthy volunteers we could find neither sex- nor age-related differences in GST 

expression (unpublished data). Therefore, it is unlikely that the lower levels of 

colonic GST enzyme activity in XLA patients are to be explained by differences 

in age or gender. 

The adenoma patients showed a lower GST enzyme activity in the normal 

rectal mucosa as compared to controls, but differences failed to reach 

significance. The risk for colon cancer rises with increasing polyp size and with 

multiplicity of polyps [24]. In our study we included patients with a relatively 

high risk for the development of colon cancer: patients with a recently removed 

adenoma larger than 1 cm and/or with recently removed multiple adenomas. Not 

all adenomas will eventually develop to a cancer. About 8% of unresected 

adenomas larger than 1 cm develop malignancy during a decade of observation 

[25]. Therefore, in these adenoma patients the rate of malignant degeneration is 

relatively low. This finding might explain the slight, but non-significant, 
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difference in the rectal GST enzyme activity between these patients and 

controls. 

The low GST biotransformation capacity in XLA patients was seen in all 

three classes of GSTs investigated: alpha, mu and pi. However, only the GST pi 

and the rectal GST alpha levels were significantly lower in XLA patients 

compared to adenoma patients and controls (Table 1). GST pi is the most 

abundant isoform in the colon, covering approximately 80% of total GST 

enzyme activities. 

The question is whether these GST enzymatic changes in XLA are primary or 

secondary to the immunological defect. Due to the absence of mucosal 

immunoglobulines there is probably a closer interaction between intestinal 

microflora and the epithelium. It is however, unclear whether this could affect 

the GST levels. We did not find inflammatory changes in the colonic biopsies. 

Another possibility is that treatment plays a role. All XLA patients are treated 

repeatedly with antibiotics and immunoglobulins. This repeated exposure to 

antibiotics could have changed the bacterial flora in the colon. Future studies 

focusing on this aspect might answer these questions. 

In conclusion, our data demonstrate that XLA patients have a lower GST 

enzyme activity at all sites in the colon as compared to that found in adenoma 

patients and healthy volunteers. This lower GST enzyme activity might play a 

role in the apparently increased colorectal cancer risk in XLA patients, 

assuming that detoxification of carcinogenic compounds plays a role in the 

aetiology of colon cancer of these patients. 
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Table 1. Glutathione (GSH) content, glutathione S-transfcrasc (GST) enzyme activity 
and GST isoenzyme content (alpha, pi, mu) in normal colonic mucosa of X-linked 

agammaglobulinaemia (XLA) patients, patients with colonic adenomas 
and healthy controls. 

Parameter 

GSH (nmol/mg protein) 

GST enzyme activity 
(nmol min^mg"1 protein) 

GST alpha (ng/mg protein) 

GST pi (ng/mg protein) 

Group 

XLA 
Adenoma 
Control 

XLA 
Adenoma 
Control 

XLA 
Adenoma 
Control 

XLA 
Adenoma 
Control 

Number 

8 
25 
10 

8 
25 
10 

8 
11 
10 

8 
11 
10 

Ascending 
colon 

44 ± 3 
44 ± 2 

ND 

237 ± 17"1 

333 ±23 
ND 

211 ±82 
440± 134 

ND 

2264 ±308 ' 
3323 ±462 

ND 

Sigmoid 

44 ± 3 
44 ± 2 

ND 

222 ±\9"1 

316±27 
ND 

289 ± 87 
475 ±147 

ND 

2447±172+ 

4151 ±493 
ND 

Rectum 

50 ± 2 
44 ± 2 
44 ± 1 

143 ±1 Τ'" 
285 ±19 
321 ± 29 

20 ±12*" 
399 ±124 
149+ 31 

1552±479 î 

3167 ±504 
2849 ±246 

GST mu (ng/mg protein) XLA 8 77 ± 54 77 ±51 87 ±80 
Adenoma 11 349 ±132 364 ±149 345 ±158 
Control 10 ND ND 495 ±242 

Data are given as means ± SEM. ND denotes not determined.No te that for estimation of the 
isoenzyme levels in adenoma patients only samples from 11 patients were available. For 
estimation of the isoenzyme levels at the rectal site in XLA patients only samples from five 
patients were available. 
'P <0.03 XLA vs. adenoma, f ? <0.01 XLA vs. adenoma, %P < 0.03 XLA vs. control, § 
Ρ < 0.01 XLA vs. control, H Ρ < 0.02 specific XLA-site vs. XLA-rectum. 
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Abstract 
Resistant starch decreases the concentration of secondary bile acids in the feces 

and the proliferation rate of colonic mucosal cells in healthy volunteers. This 

may reduce the risk of colon cancer. We investigated 23 patients with recently 

removed colonic adenoma(s) in a controlled parallel trial. They consumed 45 g 

of maltodextrin per day as placebo for four weeks and were randomly assigned 

to either 45 g of native amylomaize starch, containing 28 g of resistant starch 

type II or 45 g of maltodextrin for another four weeks. No effect on colorectal 

cell proliferation, fecal wet and dry weights, pH, and short-chain fatty acid 

excretion was seen. The bile acid concentration in fecal water decreased by 15% 

(P = 0.048) and the percentage secondary bile acids decreased by 14% (P = 

0.002) on resistant starch relative to placebo. Whether this has a substantial role 

in colon cancer prevention in these patients remains to be established. 

Keywords: resistant starch; proliferating nuclear cell antigen; bile acids; 

adenoma; colorectal cancer risk; human. 

68 



Effect of Resistant Starch on Potential Biomarkers ... 

Introduction 
Colorectal cancer is one of the most common malignant diseases of Western 

societies and its incidence appears to be strongly influenced by environmental 

factors (1). Diets low in fat and high in fruits, vegetables, and fiber are as

sociated with a lower cancer risk (1-3). 

Dietary fiber is the collective term for a number of food components, such as 

cellulose, pectin, and lignin, which have various physical and chemical 

properties (4). They are consumed as parts of grains, vegetables, and fruit. The 

protective role of dietary fiber has been extensively investigated using 

epidemiological methods but has not been confirmed conclusively (5). 

Fermentation of dietary fiber into short-chain fatty acids and a subsequent 

decrease in soluble bile acids in the large bowel is one of the proposed 

mechanisms for this protective effect (6-9). Other possible mechanisms are 

fecal bulking, which results in dilution of toxic or carcinogenic components in 

the feces and a decrease in transit time (10-13). Not all dietary fibers seem to 

have the same protective effect on fecal bulking, and fermentation biomarkers 

(6, 9, 13, 14) probably due to their various physical and chemical properties. 

This might explain the inconclusive effects of dietary fiber in relation to a lower 

colon cancer risk. 

Resistant starch is defined as starch escaping digestion in the small bowel 

(15). Therefore, it reaches the colon undigested, just like dietary fiber. Resistant 

starch in the large bowel is a potential source of fermentable substrate resulting 

in the production of H2 and CO2 (16-20). In healthy volunteers resistant starch 

decreases the fecal secondary bile acids (20, 21) and fecal pH (22). In addition, 

the total fecal output (21, 22) and short-chain fatty acid excretion (21-23) 

increases in healthy volunteers. Thus, resistant starch may have comparable 

effects on fermentation and fecal bulking biomarkers as dietary fiber. However, 

adherence to a high fiber diet is, on average, poor in Western societies. 

Resistant starch is well tolerated, even when added up to six times of the daily 

amount in a normal Western diet in healthy volunteers (21). Thus, resistant 

starch might be good alternative for dietary fiber. 

Intervention studies with dietary fiber in patients with colonic adenomas or 

colon cancer are scarce. Recently a large randomized controlled trial found no 

effect of dietary supplementation of wheat bran on the recurrence of colorectal 

adenomas in 1303 subjects in the United States (24). Only two studies 
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published the effect of dietary fiber on biomarkers involved in colonic 

fermentation in patients compared with healthy controls (25, 26). Thornton et al 

investigated the breath hydrogen response to a standardized meal of potatoes 

(25). The amount of unabsorbed starch was lower in patients (5.8%) than in 

controls (10.9%). They concluded that patients might have a superefficient 

starch absorption in the small bowel (25). In the other comparison of patients 

and controls, the ratio of fecal butyrate production to total short-chain fatty acid 

production on wheat bran was reduced in patients compared to controls (26). 

Butyrate possesses antineoplastic effects on human colon carcinoma cells (27), 

and the role of dietary fiber during colorectal carcinogenesis might therefore be 

related to its fermentation to butyrate. Because of these different effects of 

dietary fiber on biomarkers involved in fermentation between patients and 

controls, it is important to investigate the effects of resistant starch not only in 

healthy volunteers (16-23) but also in patients. 

A biomarker that might be closer to the actual process of carcinogenesis than 

fermentation is colonic cell proliferation. An increased colonic cell proliferation 

is thought to be an early event in the multistep process of the colonic adenoma-

carcinoma sequence (28). This is supported by the observation that 

hyperproliferation, as assessed by the labelling index, has been observed in 

subjects judged to be at increased colon cancer risk (29-33). Indexes of the 

proliferation of colorectal mucosal cells and of the distribution of the 

proliferating cells in the crypt have been used as end points in clinical trials 

(34). Normal colonic epithelium is a rapidly proliferating tissue because 

renewal of the colonic epithelium takes place every four to six days. Dietary 

intervention studies for four weeks or shorter reported a significant decrease 

(21, 35) or increase (36) in colorectal cell proliferation. Two studies have 

investigated colorectal mucosal cell proliferation in relation to dietary resistant 

starch intake (21, 37). Our own group reported that in an uncontrolled study in 

12 healthy volunteers, the colorectal mucosal proliferation decreased from 6.7 

to 5.4% {P = 0.05) when volunteers consumed 45 g. of amylomaize starch per 

day (containing 28 g resistant starch per day) for three weeks (21). However, 

supplementation with 19 g of resistant starch for two months had no influence 

on the colorectal mucosal cell proliferation in 28 patients with adenomas (37). 

We do not know whether these different effects of resistant starch on 

proliferation are due to differences in the working mechanism between healthy 
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volunteers and adenoma patients or are due to the differences in the amounts of 

resistant starch supplemented. 

Therefore, we performed a controlled trial of the effect of resistant starch on 

biomarkers of colonic fermentation and of proliferation of colonic mucosal cells 

in patients with sporadic colonic adenomas. We used the same type and amount 

of resistant starch as in our earlier trial in healthy volunteers. 

Materials and Methods 

Subjects and design 

Our primary hypothesis was that resistant starch intake would decrease the 

proliferation in the colorectal mucosa. Accessory hypotheses were that resistant 

starch would decrease the fecal soluble bile acids, pH, and dry weight and 

increase the fecal short-chain fatty acid production and wet weight. To test this 

we performed a placebo-controlled parallel study using resistant starch in 

patients with history of a recently removed colorectal adenoma >10 mm or 

recently removed multiple adenomas. The study protocol was approved by the 

local human ethics committee. 

Twenty-four patients, 25-75 years of age, with colorectal adenomas removed 

(a solitary polyp >10 mm or multiple polyps) were recruited. Exclusion criteria 

were conditions, other than sporadic adenomas, predisposing to colorectal 

cancer, such as inflammatory bowel disease, familial polyposis coli, and 

hereditary nonpolyposis colorectal cancer; intestinal malabsorption syndromes; 

a history of cholecystectomy or stomach or (partial) bowel resection; any other 

cancers; aspirin, nonsteroidal anti-inflammatory drugs or other anticoagulant 

treatment and antibiotic treatment within three months before entry in the study. 

All patients gave their written informed consent. The study was performed 

between February and May of 1994. Study participants consumed their normal 

diet during the study but were instructed to keep their diet stable. We checked 

this with a three-day dietary recall in each intervention period. Diet composition 

was calculated using the Dutch Nutrient Data Base (38). 

Twenty-four patients (13 men, 11 women) consumed 45 g of maltodextrin 

per day for four weeks. Maltodextrin (Cerestar SF 01904, Cerestar Benelux BV, 

Sas van Gent, the Netherlands) is a rapidly absorbable maize starch. The daily 
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amount was consumed as powder in three equal portions of 15 g divided 

throughout the day. After four weeks patients were stratified by gender and 

randomly assigned to either resistant starch or maltodextrin for another four 

weeks. In the resistant starch group, 45 g of high amylomaize starch (Hylon 

VII, National Starch & Chemical Company, Zutphen, the Netherlands) (21), 

containing 28 g of type-II starch, was consumed also as powder in three equal 

portions of 15 g divided throughout the day. Type-II resistant starch represents 

starch in granules, such as raw potato or unripe bananas (15). The control group 

continued the intake of maltodextrin as described. We provided the 

maltodextrin and resistant starch in daily portions, and we advised the subjects 

to consume the powder mixed with dairy products. We collected the packages 

to check compliance. At the end of each intervention period, 48-h feces were 

collected and colorectal biopsies were taken. 

All samples were coded so as to hide the identity and treatment of subjects to 

laboratory personnel. For each individual the samples obtained in the two 

intervention periods were analyzed simultaneously. 

Colonic tissue 

Colorectal mucosal biopsies (three biopsies per location) of apparently 

normal tissue at 10-15 cm from the anal verge were obtained during 

sigmoidoscopy without previous bowel preparation. The biopsies were 

immediately stretched and fixed in ethanol (70% v/v), embedded in paraffin, 

and stored until use for immunohistochemical proliferation analysis. 

Proliferating Cell Nuclear Antigen (PCNA) labeling 

Standard histological sections of the colorectal biopsies embedded in paraffin 

were prepared on slides coated with poly-L-lysine (Sigma). Sections were 

incubated with PC 10 antibodies (Dako, Glostrup, Denmark) diluted 1:400 in 

phosphate-buffered saline (PBS) containing 4% bovine serum albumin for 1 hr 

at 250C, after deparaffinization and blocking of endogenous peroxidase 

activities, as described before (21). The binding of the PC 10 antibody was 

visualized with a streptavidine-biotine system (Histostain-SP, Zymed 

Laboratories, San Francisco, California, USA). Ten complete longitudinally 

sectioned crypts (20 complete crypt halves) were scored with a 40X objective. 

All cells with a homogeneous and moderately or strongly stained nucleus were 
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counted as positive. Epithelial cell proliferation was expressed as the total 

labeling index, which is defined as the fraction of labeled cells in the whole 

crypt. The labeling indexes in five crypt segments, from the basal to the luminal 

side, were also calculated. 

The intra- and interobserver correlation for estimating the labeling index was 

0.976 and 0.926, respectively [320 crypt halves and 2 observers (CvdB, MG)]. 

Feces 

Forty-eight-hour feces were collected on Dry Ice, weighed, and subsequently 

stored at -20oC until processing. The thawed feces was homogenized with a 

blender and a 5 g sample was freeze-dried for 48 hr (Hetosicc freeze-dryer 

CD52, Allerad, Denmark). The dry weight is the calculated as the proportion 

from the freeze-dried and wet weight feces. 

Fecal water was prepared as described before (21), with slight modifications. 

The homogenized fecal samples were centrifuged at 40,000g for 2 hr at 40C . 

Fecal water was removed and filtered using a 5-μΓη filter (Schleicher & Schuell, 

Dassel, Germany) and stored at -200C until analysis. 

Bile acids in fecal water were determined as published before (21, 39). In 

short, after enzymatic hydrolysis, the bile acids were extracted from fecal water 

by Sep-Pak C-18 chromatography. The saponifiable conjugates were then 

hydrolyzed at 60oC for 2 hr in 1 ml of 1 M KOH solution in methanol. After a 

second extraction by Sep-Pak C18 chromatography, the unconjugated bile acids 

were separated from the neutral sterols by Lipidex DEAP chromatography and 

measured after methylation and silylation by capillary gas chromatography 

(column CP Sil 5CB) on a Packard 430 gas Chromatograph. When dealing with 

freeze-dried feces, bile acids were first extracted by refluxing 50 mg freeze-

dried feces with 1 ml 10 mM NaOH and 6 ml methanol for 1.5 hr. After 

neutralization and dilution with 0.5 M sodium phosphate buffer (pH 7.0, 18 ml), 

the bile acids were extracted by Sep-Pak C-18 chromatography. After enzymatic 

hydrolysis and a second extraction by Sep-Pak C-18 chromatography, the total 

unconjugated bile acids were separated from the neutral sterols by Lipidex 

DEAP chromatography and measured as described for fecal water. 
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Short-chain fatty acids were determined as published before (40). In short, 10 

μΐ of a solution of 0.17 M 2-ethylbutyric acid (internal standard) in 100% 

formic acid was added to 100 μΐ of fecal water. The mixture was centrifuged 

and 0.7 μΐ of the resulting clear supernatant was directly injected in a Packard 

gas Chromatograph (column: 10% SP1200/1% H3PO4 on 80/100 Chromosorb 

WAW). The injection port of the Chromatograph was installed with an 8-cm-

long glass liner with an internal diameter of 3 mm and stoppered with a glass 

wool plug. Injection was performed in the space inside the liner above the glass 

wool plug, against the glass wall of the liner, ensuring an immediate contact of 

the injected sample with the glass wall. 

Statistics 

The changes in biomarkers between the end of the first intervention period 

(maltodextrin period) and the end of the second intervention period 

(maltodextrin or resistant starch period) were calculated per subject. The 

differences in the average changes between the groups were analyzed using the 

two-sided Mann-Whitney U test (SPSS). 

Results 

Twenty-three patients (12 men, 11 women) completed the study. One patient 

dropped out of the study because of antibiotic treatment. All analyses are based 

on the remaining 23 patients. All patients tolerated the intervention well without 

gastrointestinal complaints. Baseline characteristics and background diet 

composition of the patients who completed the study are given in Table 1. No 

relevant changes in diet composition were found between the two intervention 

periods: period 1 (weeks 1-4) and period 2 (weeks 5-8) (data not shown). 

Results of the fecal and colorectal mucosal biomarkers are given in Table 2. 

Resistant starch consumption did not affect the total proliferating cell nuclear 

antigen (PCNA) labeling index, fecal pH, total excretion of short-chain fatty 

acids or fecal wet and dry weights (Table 2). There were also no differences in 

any individual short-chain fatty acid or in PCNA-labeling indexes in each of the 

five crypts segments separately (data not shown). 

The concentrations of total bile acids in freeze-dried feces and the excretion 

of total bile acids did not change on resistant starch (Table 2). However, the 

total soluble bile acids in fecal water decreased by 30 μιτιοΙ/ΠίεΓ in the resistant 
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starch group and increased by 3 μπιοΙ/ΗΐεΓ in the maltodextrin control group 

(Table 2: Ρ = 0.048). The percentage secondary bile acids in fecal water 

decreased by 14% in the resistant starch group, whereas in the maltodextrin 

group an increase of 5% was seen (Table 2: Ρ = 0.002). 

Discussion 

We found that in patients with recently removed colonic adenomas, the 

colorectal cell proliferation, short-chain fatty acid excretion, pH, and wet weight 

of feces did not change when their normal diet was supplemented with 28 g of 

type-II resistant starch for four weeks. The bile acid concentration and 

percentage secondary bile acids in fecal water decreased in these patients. 

Adherence to a high fiber diet is on average poor in Western societies. 

Therefore, a well-tolerated dietary alternative might be welcome. Resistant 

starch could provide such an alternative. Twenty-eight grams of resistant starch 

per day, which equals six times the daily amount in a Western diet, is well 

tolerated in healthy volunteers (21). Our patients also tolerated this amount well 

without gastrointestinal complaints. To check compliance, we collected the 

packages in which we supplied the daily portions of maltodextrin and resistant 

starch at the end of each intervention period. The returned packings contained 

<5% of the provided maltodextrin and resistant starch. This points towards 

good compliance. 

Secondary bile acids are promoters of colon carcinogenesis in laboratory 

animals (41—44), although human data are less convincing. Epidemiologic 

studies have shown a positive correlation between fecal bile acid concentration 

and colon cancer risk (45). Secondary bile acids in fecal water damage cells 

(46) and can stimulate the proliferation of colonic cells (47). The concentration 

of soluble bile acids in fecal water may be more relevant to colonic mucosal 

damage than the total bile acid concentration in freeze-dried feces because only 

the soluble bile acids are in contact with the colonic mucosa (48). The 

concentration of soluble bile acids and the percentage of secondary bile acids in 

fecal water decreased on resistant starch (Table 2). Therefore, we suggest that 

precipitation of bile acids in the feces occurred on resistant starch: bile acids 

from the "soluble" compartment, represented by the fecal water, probably 

shifted to the inert, "solid" compartment, represented by the freeze-dried feces. 

Furthermore, we suggest that an inhibition of the bacterial conversion of 
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primary bile acids into secondary bile acids has taken place. The precipitation of 

bile acids in the feces as well as the reduction in secondary bile acids in fecal 

water might be compatible with a protective effect on colon carcinogenesis. 

Fermentation of unabsorbed carbohydrates into short-chain fatty acids lowers 

fecal pH (8, 49). Acidification of fecal content is the proposed mechanism for 

the precipitation of bile acids in the feces and the inhibition of bacterial 

conversion of primary bile acids into secondary bile acids (50). We expected an 

increase in short-chain fatty acid excretion and a decrease in fecal pH, but we 

did not find a relevant change in either biomarker. Detecting a change in the 

excretion of short-chain fatty acid might be difficult because of the high rates of 

short-chain fatty acid absorption in the colon (8). More than 95% of the short-

chain fatty acids produced in the proximal colon is absorbed in the rest of the 

colon and cannot be measured in the feces (51). Probably, this effect makes it 

difficult to detect changes in fecal pH caused by fermentation of unabsorbed 

carbohydrates (20, 21 ). Although we did not find an effect on short-chain fatty 

acid excretion and fecal pH, we assume that fermentation has taken place 

because of the change in bile acid composition in the feces. 

We expected that resistant starch would reduce the PCNA labeling index, but 

we saw no such effect. The lack of effect was not due to the difference in the 

PCNA labeling index between the treatment groups at baseline, because the 

index was initially higher in the resistant starch group (Table 2: 7.0 ± 0.7%) 

than in the patients who continued on maltodextrin (Table 2: 4.8 ± 0.6%). Thus, 

there was more room for a decrease in the resistant starch treatment group, but 

none was seen. The difference in PCNA labeling index between the two 

intervention periods was +1.3% ± 0.7% in our control group and in the resistant 

starch group -0.1% ± 1.0% (Table 2). The trend in these results is in line with 

the hypothesis of a decrease in PCNA labeling due to resistant starch. The 

difference in PCNA labeling index between the two group was 1.4% ± 1.4%. 

This difference comprises 34% compared to the run-in PCNA labeling index in 

the control group (4.8%) and 20% compared to the run-in index in the resistant 

starch group (7.0%). Although our study was twice as large as the resistant 

starch study in healthy volunteers (21), we could not detect a significant 

difference in the PCNA labeling index due to a large variation in data. A larger 

study would probably give a definitive answer. 
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The influence of resistant starch on fecal bile acids and subsequently on 

colon cancer risk might also act through pathways other than cell proliferation 

rate. Colorectal cancer may arise when the balance between cell proliferation 

and apoptosis is disrupted in favor of uncontrolled growth (52). Most research 

on colon cancer has focused on the molecular regulators of cell-cycle 

progression and proliferation, but defective apoptosis may also be involved 

(53). The chronic presence of bile salts, especially deoxycholic acid, a 

secondary bile acid, could select for apoptosis-resistant epithelial cells in the 

colon (54). Therefore, the decrease in the secondary bile acids in fecal water in 

our study might still be important in colon cancer prevention. 

The normal Western diet provides on average 4 g of resistant starch per day 

(55). In our intervention study we supplemented subjects' normal diet with 28 g 

of resistant starch per day. Our results on fecal wet weight, short-chain fatty 

acid excretion and colorectal cell proliferation were less pronounced than 

expected from an earlier study in healthy volunteers (21). Furthermore, in our 

study the secondary bile acids in fecal water decreased by 30% on 28 g resistant 

starch (Table 2), whereas in healthy volunteers a decrease of 50% was seen on 

the same amount of resistant starch (21). This could support the finding of a 

more efficient starch absorption in the small bowel in adenoma patients than in 

healthy controls (25). Another explanation could be that the bacterial flora in 

adenoma patients differs from healthy volunteers and that it has less potential 

for fermentation. 

The normal diet of our adenoma patients differed from that of healthy 

volunteers and the general population. The background diet of the patients in 

our study (Table 1) contained 8% less energy, 27% less fat, and 47% more fiber 

than the background diet of the healthy volunteers in the uncontrolled 

amylomaize starch study in the same geographical region (21). Kashtan et al 

also reported this difference in background diet in patients with adenomas 

compared to healthy volunteers (56). Although patients were not on a medically 

prescribed diet in either study, they did consume a healthier diet. A different 

normal diet of patients compared to healthy volunteers could also contribute to 

differences in effects of resistant starch on biomarkers. It might be that a dietary 

intervention with resistant starch in a population that already consumed a 

relative healthier diet could influence these biomarkers to a lesser extent. 
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Dietary intervention studies are frequently performed in healthy volunteers. 

Our study demonstrates that results obtained in dietary intervention studies 

performed in healthy volunteers cannot automatically be translated to adenoma 

patients. More research in high-risk groups for colonic cancer might give 

additional information on the mechanisms involved in the colon cancer process 

and the possible role of dietary intervention. 

We conclude that resistant starch has limited effects on fermentation and 

proliferation biomarkers involved in colon carcinogenesis, especially in patients 

who already consume a relatively healthy diet high in fiber and low in fat. 

Whether the reduction in concentration and proportion of cytotoxic secondary 

bile acids in fecal water has a substantial role in colon cancer prevention 

remains to be established. At the moment these results do not justify advising 

supplementation of the normal Western diet with resistant starch. 
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Table 1 Baseline Characteristics and Background Diets of 

Patients with History of Colonic Adenomas * 

Characteristics 

Total (Λ0 

Men Women (TV) 

Age (yr) 

Age range (yr) 

Body-mass index (kg/m2) 

Diet 

Energy (kcal/day) 

Protein (g/day) 

Fat (g/day) 

Carbohydrates (g/day) 

Fiber (g/day) 

Control group 

10 

5/5 

5 7 8 ± 7 8 

2 6 - 7 0 

267 ±40 

2143 ±261 

82 ± 8 

83 ± 17 

227 ± 44 

24 ± 4 

RS group 

13 

7/6 

5 6 8 ± 1 3 0 

2 7 - 7 3 

24 8 ± 3 0 

2286 ±571 

76 ±16 

96 ±28 

236 ± 84 

25 ± 13 

*RS denotes resistant starch Values are mean ± standard deviation 
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Table 2 Fecal and Colorectal Mucosal Biomarkers for Colonic Cancer 

in Patients with History of Colonic Adenomas * 

Control group Resistant Starch group 

After 4 wk Change After 4 wk Change Ρ 

run-in after 8 wk run-in after 8 wk 

Feces 

Wet weight (g/48 hr) 

Dry weight (%) 

pH 

Total bile acids (mmol/kg dry weight) 

Total bile acids excretion (mmol/48 hr) 

Fecal water 

Total soluble bile acids (μιηοΙ/ΠίεΓ) 

Secondary bile acids (%) 

SCFA excretion (mmol/48 hr) 

Colorectal mucosa 

PCNA-labeling index (%) 

316±30 

25 ± 2 

6.7 ± 0.2 

27 ± 3 

8 ± 1 

194 ±37 

70 ± 5 

47 ± 8 

4.8 ±0.6 

-36 ±41 

1± 1 

0 0 ± 0.2 

1 ± 2 

0 ± 1 

3 ±20 

5 ± 4 

-7 ± 7 

1.3 ±0.7 

303 ± 43 

24 ± 1 

6.7 ±0.1 

27 ± 4 

8 ± 1 

200 ± 46 

76 ± 3 

36 ± 6 

7.0 ±0.7 

28 ±43 

-1 ± 1 

-0.1 ±0.1 

0 ± 3 

0 ± 1 

-30 ± 42 

-14±4 

5 ± 5 

-0.1 ±1.0 

0.235 

0.166 

0.187 

0.843 

0.843 

0.048 

0.002 

0.187 

0710 

*In the first intervention period of four weeks each group consumed 45 g maltodextrin/day. In 
the second intervention period of four weeks the control group continued to consume 45 g 
maltodextrin/day and the resistant starch group consumed 45 g resistant starch/day. The 
changes are calculated between the two intervention periods within a group. Values are mean 
± standard error. The dry weight is the freeze-dried weight as a percentage of the wet weight. 
SCFA excretion denotes short-chain fatty acid excretion, PCNA denotes proliferating cell 
nuclear antigen 
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Abstract 

A high intake of glucosinolate-containing cruciferous vegetables, such as 

Brussels sprouts (Brassica oleraceae), has been linked to a decreased cancer 

risk, but the underlying mechanism is still unclear. The aim of this study was 

to reveal possible modulating effects of consumption of Brussels sprouts on 

duodenal, rectal and lymphocytic (i) glutathione 5-transferase (GST) enzyme 

activity, (ii) GST isozyme levels and (iii) glutathione (GSH) content. Ten 

healthy non-smoking volunteers were randomly assigned to two groups in a 

cross-over design. Five persons started on a glucosinolate-free diet (control 

period), while the other five consumed 300 g/day cooked Brussels sprouts, at 

the expense of 300 g glucosinolate-free vegetables (sprouts period). After 7 

days the regimen was changed for a further week. At the end of both periods 

blood samples and duodenal and rectal biopsies were taken. Mean GST 

activity showed marked differences between duodenal, rectal and 

lymphocytic cytosols (737 ± 54, 321 ± 29 and 154 ± 14 nmol/min/mg protein 

respectively), but was uninfluenced by the dietary regimen. Isozyme 

distribution varied greatly between the tissues. In duodenum GST-α, -π and -

μ isozymes were expressed in considerable amounts (8441 ± 1365, 3002 ± 

223 and 536 ± 248 ng/mg protein respectively). Rectal biopsies also 

contained above three GST classes, but here GST-π was the most pronounced 

expressed isozyme (2849 ± 246) followed by GST-π (495 ± 242), while 

GST-α was only present in minor quantities (149 ± 31). In lymphocytes only 

GST-π (755 ± 96) and GST-μ (83 ± 54) could be detected. As a result of the 

dietary regimen rectal GST-α and -π levels were slightly increased at the end 

of the sprouts period, by 30 and 15% respectively. GSH contents were 

uninfluenced by the dietary regimen. In conclusion, consumption of 

glucosinolate-containing Brussels sprouts for 1 week results in increased 

rectal GST-α and -π isozyme levels. We hypothesize that these enhanced 

detoxification enzyme levels may partly explain the epidemiological 

association between a high intake of glucosinolates (cruciferous vegetables) 

and a decreased risk of colorectal cancer. 

Abbreviations: GST, glutathione S-transferase; GSH, reduced glutathione. 
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Introduction 

Gastrointestinal tumors in general and colorectal cancer in particular are 

among the most common malignancies in Western society. Despite recent 

advances in diagnosis and therapy, the survival rates are still low (1). For this 

reason, research on prevention of gastrointestinal carcinogenesis is of the 

utmost importance. Epidemiological studies have shown that lifestyle factors, 

e.g. dietary habits, may largely determine each individual's tumor risk. Diets 

rich in cruciferous vegetables, such as Brussels sprouts (Brassica oleraceae), 

are associated with a lower risk (2). The anticarcinogenic properties of 

cruciferous vegetables have been mainly attributed to the degradation 

products of glucosinolates, e.g. (iso)thiocyanates and indoles (3). A possible 

mechanism of action of these constituents may be the induction of 

gastrointestinal detoxification enzymes (4-9). Important drug metabolizing or 

detoxification enzymes are glutathione 5-transferases (GST*; EC 2.5.1.18), a 

family of isozymes divided into three main classes, α, π and μ (10-12). 

Recently a fourth class θ has been described in human and rat liver (13). 

GSTs catalyze the reaction of a wide variety of electrophiles with glutathione 

(GSH). Since most of the reactive ultimate carcinogenic forms of chemical 

carcinogens are electrophiles, GSTs may contribute considerably to 

carcinogen inactivation (12,14). Enhancement of this detoxifying enzyme 

system could potentially increase the capacity to withstand the burden of 

toxicants and (pre)carcinogens we are exposed to every day and may thus 

reduce the risk of developing cancer (15,16). 

The aim of the present study was to reveal whether the GST detoxification 

system in humans could be induced by consumption of glucosinolate-

containing Brussels sprouts. 

Materials and methods 

Outline of the study 

Ten healthy non-smoking volunteers (five males and five females, mean age 

24 ± 1 years, Quetelet index 22.0 ± 0.8 kg/m2) were randomly assigned to a 

cross-over design experimental protocol. Five volunteers (three females and 

two males) started on a glucosinolate-free diet (control period), while the 
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other five consumed 300 g/day cooked Brussels sprouts, at the expense of 

300 g glucosinolate-free vegetables (sprouts period). After 7 days the dietary 

regimen was reversed for a further week. Volunteers were asked to keep to 

their habitual diet but to refrain from other glucosinolate-containing foods 

during the experiment. For their convenience a dietary exclusion list was 

provided. Furthermore, subjects were instructed not to consume more than 

one alcohol-containing drink per day and to abstain from any medication 

during the study. 

All standardized dinners were prepared and consumed at the University 

Hospital St Radboud. The Brussels sprouts used in this study were from the 

same batch as used previously by Bogaards et al. (17). One kilogram of 

Brussels sprouts contained the following glucosinolates: sinigrin 2.15 mmol, 

glucobrassicin 0.38 mmol, neoglucobrassicin 0.04 mmol, progoitrin 0.62 

mmol and gluconapin 0.19 mmol. 

Daily intakes of total energy and of the macronutrients fat, protein and 

carbohydrate were calculated from dietary diaries kept for 3 days in both 

periods, using the 1989/1990 release of the Netherlands nutrient data bank. 

At the end of both periods, biopsies were taken by endoscopy (i) from the 

descending part of the duodenum, 10 cm from the pyloris, and (ii) from the 

rectum, 10 cm from the anus, without previous laxation. In addition, blood 

samples were collected by venepuncture into EDTA-containing tubes. 

Lymphocytes were isolated using Histopaque-1077, according to the 

manufacturer's instructions (Sigma Diagnostics, St Louis, MO) and plasma 

samples were prepared by centrifugation at 2500 g for 10 min. All material 

was immediately frozen in liquid nitrogen and stored at -800C. For 

preparation of cytosolic fractions, biopsies were quickly thawed using cold 

running water and homogenized with buffer A (0.25 M saccharose, 20 mM 

Tris, 1 mM dithiothreithol, pH 7.4) using disposable polypropylene pestles 

and microtubes (Kontes, Van Oortmerssen, Rijswijk, The Netherlands). The 

homogenate was centrifuged at 150 000 g at 40C for 1 h. Lymphocytes were 

slowly thawed and buffer A was added for homogenization as mentioned 

above. The homogenate was centrifuged at 12 000 g (40C) for 30 min. 

Aliquots of post-centrifugation supernatant, representing the cytosolic 

fraction, were frozen in liquid nitrogen and stored (-800C) until assayed. 
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This study was approved by the local Medical Ethical Review Committee 

and informed consent was obtained from the participants prior to the start of 

the experiment. 

Assays 

Plasma thiocyanate concentration was determined according to Pettigrew and 

Fell (18). Protein concentration was assayed in triplicate by the method of 

Lowry et al. (19), using bovine serum albumin as the standard. Total GST 

enzyme activity with l-chloro-2,4-dinitrobenzene as substrate was 

determined in triplicate according to Habig et at. (20). Cytosolic samples 

were subjected to SDS-PAGE (11% w/v acrylamide) and Western blotting 

(21). The Western blots were incubated with monoclonal antibodies against 

human GST class-α, -μ and -π as described previously (21,22). Class-α 

antibodies react against GST A1-1, GST Al-2 and GST A2-2, class-μ 

antibodies recognize GST Mlala, GST Mla-lb and GST Mib-ib and class-π 

antibodies are directed against GST Pl-1. Cross-reactivity of the above-

mentioned monoclonal antibodies with recently discovered (i.e. GST M2-

M5) or yet unknown isoforms cannot be excluded. Specific binding of the 

monoclonal antibodies was detected with 4-chloro-l-naphthol after 

incubation with peroxidase-conjugated rabbit anti-mouse immunoglobulins 

as second antibody (Dakopatts, Glostrup, Denmark). Staining on the 

immunoblots was quantified using a laser densitometer (Ultrascan; LKB, 

Bromma, Sweden). Known amounts of purified GST-α, -μ and -π were run in 

parallel with the experimental samples and served as standards for 

calculation of the absolute amounts of these enzymes (7,21,22). Glutathione 

was quantified by high performance liquid chromatography after reaction 

with monobromobimane as described previously (7). 

Materials 

l-Chloro-2,4-dinitrobenzene, bovine serum albumin, glutathione and dithio-

threithol were purchased from the Sigma Chemical Co. (St Louis, MO) and 

monobromobimane from Calbiochem Co. 
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Statistical analysis 

All values given are means ± SEM. Student's paired Mest was used to assess 

statistical significance between the control and sprouts periods. 

Results 

Total daily intakes of energy and of macronutrients and plasma 

thiocyanate concentrations in the control and sprouts periods are given in 

Table I. There was no statistical difference between the periods for total daily 

caloric intake and for the intake of the macronutrients protein, fat and 

carbohydrate. However, the dietary regimen resulted in a significantly higher 

(1.8 times) plasma thiocyanate concentration in the sprouts period as 

compared with the control period. 

Table II shows duodenal, rectal and lymphocytic GST activities, GST 

isozyme levels and GSH contents at the end of the control period, as well as 

after consumption of Brussels sprouts. Mean total GST activity at the end of 

the control period showed marked differences between duodenal, rectal and 

lymphocytic cytosols (737 ± 54, 321 ± 29 and 154 ±14 nmol/min/mg protein 

respectively). Overall GST activity at these sites was not influenced by the 

dietary regimen. Distribution of the isozymes varied greatly between the 

tissues. In duodenum GST-α, -π and -μ isozymes were expressed in 

considerable amounts (8441 ± 1365, 3002 ± 223 and 536 ± 248 ng/mg 

protein respectively). Rectal biopsies also contained all three GST classes, 

but here GST-π was the most pronounced isozyme (2849 ± 246) and GST-a 

was only present in minor quantities (149 ± 31). In lymphocytes only GST-π 

(755 ± 96) and GST-μ (83 ± 54) were detected. As a result of the dietary 

regimen rectal GST-α and -π levels were slightly increased at the end of the 

sprouts period, by 30 and 15% respectively. Duodenal and rectal GSH levels 

were similar and ~4-fold higher than found in lymphocytes, but GSH 

concentrations were uninfluenced by the dietary regimen. 
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Discussion 
It is well accepted that dietary habits affect the development of human 

cancer in general and gastrointestinal tumors in particular (2). For instance, 

high caloric, fat and alcohol intake are regarded as risk factors (23). 

Furthermore, the human diet contains a large number of well-known 

(pre)carcinogens that may be of relevance in this respect (15,16,24). 

However, apart from carcinogens our diet also contains anticarcinogenic 

compounds, i.e. minor non-nutritive constituents of vegetables and fruits 

which are correlated with decreased cancer risk (6,25,26). From animal 

studies it has been suggested that these compounds may, at least in part, be 

effective by virtue of enhancing detoxification systems (6,7,22,26). These 

detoxification enzymes, such as GSTs can reduce carcinogenicity by 

conjugation reactions with GSH, which is an efficient biochemical 

mechanism that transforms the carcinogen to a compound with lower 

biological activity and increased excretability (12,14). 

Previously Brussels sprouts have been found to influence hepatic and 

intestinal GSTs in rodents (7,27-32). In humans evidence for induction of 

biotransformation enzymes by dietary anticarcinogenic compounds is sparse. 

Pantuck et al. (33,34) noticed an increased plasma clearance of some drugs 

after consumption of cruciferous vegetables, indicating enhancement of 

hepatic and/or intestinal biotransformation activity. Hoensch et al. (35) 

measured a decreased monooxygenase activity in the small intestine in 

subjects on a semisynthetic diet deficient in vegetable compounds. To our 

knowledge' no data on effects of consumption of Brussels sprouts on the 

gastrointestinal GST detoxification system in humans have been reported. 

By exchanging glucosinolate-rich vegetables for glucossinolate-free 

vegetables in the human diet one could also introduce additional variations, 

e.g. such as higher or lower caloric intake or a shift in macronutrient balance, 

which could have a significant impact on carcinogenesis or biotransforma

tion. However, in our study caloric intake and macronutrient balance in both 

periods were identical and only plasma thiocyanate concentration (a 

biological marker for glucosinolate exposure) was increased at the end of the 

sprouts period. Therefore, in our opinion the observed effects on GSTs are 

most likely the result of differences in glucosinolate exposure. 
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Although overall GST enzyme activity did not change after consumption 

of Brussels sprouts, a small but statistically significant increase in GST-a 

and -π levels was observed in rectal biopsies. Similar changes in GST 

isozyme levels without significant alteration in overall enzyme activity after 

feeding naturally occurring dietary anticarcinogens have been reported in rats 

(7,22). 

Recently we found an inverse relationship between GST enzyme activity 

and tumor incidence for the organs of the human gastrointestinal tract (36). 

Tissues with high GST activity, such as liver and small intestine, had a low 

tumor incidence and vice versa. A similar relationship seems to exist for 

GST-α content; tissues with high GST-a content (liver and small intestine) 

have a low tumor risk, whereas tissues with a low GST-α content 

(colon/rectum, breast and lung) have a high tumor risk. In this respect we 

hypothesize that the relatively modest elevation in rectal GST-α level, in 

addition to the induction of GST-π, may be of great biological importance 

with reference to the very low basal GST-α levels found in the rectum. 

Tissue sampling in chemopreventive studies by endoscopy is invasive, 

time consuming, costly and not without risk. Therefore, more convenient 

sampling procedures with a lower risk of complications, such as venous 

puncture, would be more favorable for evaluating response to dietary 

anticarcinogens. Recently Bogaards et al. (17) reported elevated plasma 

GST-α levels in healthy human volunteers on a Brussels sprouts diet, results 

which are in full agreement with our recently published data (37). It was 

hypothesized that these elevated plasma levels may be used as a biomarker, 

since they reflect normal cell turnover after selective induction of GST-α in 

tissues such as liver and intestine. However, our data indicate that both GST-

α and GST-π were induced in the rectum, whereas only changes in plasma 

GST-α levels were found. From earlier studies it is known that normal 

human liver contains GST-α in very large quantities and only traces of GST-

π (38,39). Therefore, it seems most reasonable to assume that elevated 

plasma GST-α levels without concomitant changes in GST-π levels reflect 

effects on hepatic and not on intestinal GSTs. 

Szarka et al. (40) found a significant correlation between GST enzyme 

activity in lymphocytes and colorectal tissue in controls (Spearman's rank 
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correlation coefficient r5 = 0.81, Ρ < 0.00001). They suggested that 

lymphocytic GST activity could be used in future chemopreventive trials to 

monitor colorectal responsiveness to anticarcinogenic regimens. In our study 

lymphocytic and rectal GST activities are significantly correlated only in the 

control and not in the sprouts period (rs = 0 78, Ρ = 0.008 and rs = 0.56, Ρ = 

0.090 respectively). Therefore, in our opinion plasma GST levels and 

lymphocytic GST activities seem less useful as biomarkers for the effects of 

anticarcinogens on intestinal GST activities and tissue samples are still 

needed in these kind of chemoprevention studies. 

In conclusion, our data demonstrate that consumption of glucosinolate-

containing Brussels sprouts for 1 week results in increased rectal GST-α and 

-π isozyme levels. We hypothesize that these induced detoxification enzyme 

levels may, at least in part, explain the epidemiological association between 

high intake of cruciferous vegetables (glucosinolates) and decreased risk of 

colorectal cancer. 
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Table I Effects of dietary regimen on total daily energy intake, 

macronutrient balance and plasma thiocyanate concentration in 

healthy non-smoking volunteers. 

Period Total daily Protein Fat Carbohydrate SCN" 

energy (% total (% total (% total (Mg/ml) 

(kCal/day) energy) energy) energy) 

Control 2403 ±143 15 ±1 32 ± 1 52 ± 1 2.98 ± 0.34 

Sprouts 2409 ±189 16 ±1 33 ± 1 50 ± 2 5 21 ±0.25" 

Daily intake of total energy (kCal/day), protein, fat and carbohydrate (expressed as percentage of 
total energy intake) and plasma thiocyanate concentration ^ g SCNVml plasma) were determined 
as described in Material and methods. Values given are means ± SEM. Student's paired /-test was 
used to assess statistical significance between control and sprouts periods: *P < 0.005 
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Table II. Effects of consumption of glucosinolate-containing Brussels sprouts 

on duodenal, rectal and lymphocytic glutathione S-transferase activity, isozyme levels and 

glutathione concentration in healthy non-smoking volunteers. 

Parameter 

GST activity 

GST-a 

GST-π 

GST-μ 

GSH 

Period 

Control 

Sprouts 

Control 

Sprouts 

Control 

Sprouts 

Control 

Sprouts 

Control 

Sprouts 

Duodenum 

737 ±54 

760 ± 52 

8441± 1365 

8136 ±1068 

3002 ± 223 

2889 ± 229 

536 ±248 

482± 177 

46 ± 2 

50 ± 2 

Rectum 

321 ±29 

306 ± 24 

149±31 

193 ± 3 7 ' 

2849 ± 246 

3261 ± 2 0 Γ 

495 ±242 

530 ±229 

44 ± 1 

42 ± 3 

Lymphocyte 

154±14 

165 ± 2 0 

ND 

ND 

755 ± 96 

664 ± 59 

83 ±54 

267± 156 

11±1 

1 3 ± 2 

ND, not detectable Detection limit of the assay 50 ng/mg Glutathione S-transferase activity 
(nmol/min/mg protein), glutathione S-transferase-a, -π and -μ levels (ng/mg protein) and 
glutathione concentration (nmol/mg protein) were determined as described in Material and 
methods Values given are means ± SEM Student's paired /-test was used to assess statistical 
significance of differences between the control and sprouts periods 'P < 0 050 and bP < 0 005 
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Abstract 
Background: Epidemiologic studies suggest that coffee use might protect 

against colorectal cancer. Inconsistencies as to the effect of coffee use and 

colorectal cancer between epidemiologic studies might be related to the type of 

coffee brew. 

Objective: We studied the effect of unfiltered coffee consumption on putative 

biomarkers for colonic cancer risk. 

Design: A total of 64 healthy volunteers (31 men and 33 women), with a mean 

age of 43 ± 11 years were randomly assigned to two groups in a crossover 

design, with two intervention periods of 2 weeks separated by a washout period 

of 8 weeks. Treatments were 1 L of cafetière (French press) coffee daily or no 

coffee. At the end of each intervention period, fasting blood samples, colorectal 

biopsies and 48 h faeces were collected. 

Results: No effect of coffee on colorectal cell proliferation, assayed by 

estimating the Proliferating Cell Nuclear Antigen labelling index, was seen. 

Additionally, no effects were seen on the concentrations of faecal soluble bile 

acids and colorectal mucosal glutathione S-transferase activity. However, 

unfiltered coffee significantly increased the glutathione content in the colorectal 

mucosa by 8% and in plasma by 15%. Other aminothiols in plasma also 

increased on coffee. 

Conclusion: Unfiltered coffee does not influence the colorectal mucosal 

proliferation rate, but might increase the detoxification capacity and anti-

mutagenic properties in the colorectal mucosa through an increase in 

glutathione concentration. Whether this effect indeed contributes to a lower 

colon cancer risk remains to be established. 
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Introduction 
Some 75 to 90% of the incidence of colon cancer is thought to be the result of 

environmental factors, with diet as a major determinant. Diets high in fat and 

low in fruits, vegetables and fibre are associated with a high cancer risk (1). The 

effects of coffee on cancer risk have also been scrutinized because coffee is a 

widely consumed beverage. In 1991 the International Agency for Research on 

Cancer of the World Health Organization concluded that the collective evidence 

on coffee use and colorectal cancer is compatible with a 'protective' effect (2). 

Since then, eight epidemiological studies have further assessed coffee use in 

relation to colorectal cancer. The relative risk in these latest studies varied 

between 0.48 and 1.0 with the exception of a relative risk of 1.2 for men and 0.8 

for woman in a Norwegian follow-up study on coffee use and cancer 

development (3-10). Two studies also assessed the risk of developing adenomas 

in relation to coffee use and reported relative risk of 0.3 and 1.0, respectively 

(4;7). No detailed information on the type of coffee brew were reported in these 

studies. Overall these data reinforce the possible 'protective' effect of coffee on 

colorectal cancer found in earlier studies. 

In a meta-analysis of coffee consumption and the risk of colorectal cancer, 

three putative working mechanisms for the protective effect of coffee were 

discussed: (i) The anti-mutagenic properties of coffee have been related to 

hemicellulose fibre and polyphenolics that were identified in brewed and instant 

coffee; these constituents removed and destroyed mutagens in pyrolysates in 

food (12); (ii) the influence on colonic motility (11); and (iii) the influence on 

faecal bile acids - coffee might reduce the hepatic excretion of bile acids and 

thereby lowers the risk for colon cancer (13-15). Secondary bile acids are 

promoters of colon carcinogenesis in laboratory animals, although human data 

are less convincing (16-19). Epidemiological studies have shown a positive 

correlation between faecal bile acid concentration and colon cancer risk (20). 

Furthermore, colonic bile acids have cytotoxic properties and can stimulate the 

proliferation of colonic cells (21;22). Measurement of the effect of coffee on 

faecal bile acids might thus be useful in evaluating the epidemiological findings 

on coffee and colon cancer. 

A marker that might be closer to the actual process of carcinogenesis is 

colonic cell hyperproliferation which is thought to be an early event in the 

multi-step process of the colonic adenocarcinoma sequence (23). Measurement 
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of colorectal mucosal cell proliferation parameters, such as the labelling index 

and the distribution of the proliferating cells in the crypt, have been used as 

end-points in clinical trials (24). The colorectal mucosal cell proliferation can 

be reduced or normalized by possible chemopreventive agents such as calcium, 

resistant starch, vitamin A, C and E, and ω-3 fatty acids (22;25-27). 

Animal studies on the effect of coffee in the digestive tract have focused on 

the effect of coffee oil and its major non-triacylglycerol constituents, the 

diterpenes cafestol and kahweol. Coffee oil reduced the frequency of 1,2-

dimethylhydrazine induced adenocarcinomas of the colon in rats whereas these 

diterpenes enhanced the glutathione S-transferase activities of small intestine 

and liver in mice and rats (28-31). 

The glutathione S-transferase biotransformation system is involved in the 

liver metabolism and detoxification of many xenobiotics. These enzymes are 

also present in the human gastrointestinal tract (32). Dietary components which 

increase their concentrations in the gastrointestinal tract are thought to increase 

its detoxifying capacity and might help to prevent cancer (33-36). 

The inconsistencies between the observational studies suggest that either not 

all types of coffee brew have the same effect on the colorectal cancer risk or 

that the effect is spurious. In addition, the mechanism for achieving colon 

cancer prevention is still unclear. We therefore studied the effect of coffee on 

putative biomarkers for colonic cancer in human volunteers. We used unfiltered 

coffee so as to include all possible components, such as the coffee diterpenes 

(37). 

Methods 

Subjects and design. 

Our primary hypothesis was that coffee intake would decrease the 

proliferating cell nuclear antigen (PCNA) labelling index in the colorectal 

mucosa. Accessory hypotheses were that coffee would increase the glutathione 

S-transferase enzyme activity and the concentration of glutathione in the 

colorectal mucosa and would decrease soluble faecal bile acids. To test this we 

performed a comparative crossover study using unfiltered coffee in healthy 

volunteers. The study protocol was approved by the local human ethics 

committee. 
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We recruited the healthy volunteers through an article in a local paper and 

posters on the hospital and university grounds. Subjects were eligible if they: 

drank an average of 2-3 cups filtered coffee per day; were between 24 and 70 

years of age, were not following a medical diet; used no laxatives, nonsteroidal 

antiinflammatory drugs, vitamin supplements or lipid-reducing drugs; and had 

not used antibiotics within 2 months before entering the study. Exclusion 

criteria were: a history of liver or kidney diseases (serum alanine 

aminotransferase activity greater than 30 U/l or a serum creatinine concentration 

above the upper limit of normal); a history of cholecystectomy or partial bowel 

resection; a serum total cholesterol greater than 6.5 mmol/L or fasting 

triacylglycerol greater than 3.0 mmol/L; or living more than 50 km from the 

University site. 

Seventy volunteers were eligible and gave their written informed consent. 

They were stratified by gender and smoking habit and then randomly assigned 

to the two intervention sequences. Subjects were enrolled in three shifts: one 

shift started in April, one in June and one in September of 1997. 

Subjects were instructed to maintain their usual diet during the study. We 

checked compliance with a 3 days dietary recall in each intervention period. 

Diet composition was calculated using the Dutch nutrient database (38). 

The study consisted of two intervention periods of 2 weeks each separated by 

a washout period of 8 weeks, in a crossover design. One group started on 1 L 

per day of unfiltered cafetière coffee, which is also known as French Press or 

plunger coffee. One litre of coffee equals six large cups. The other group did 

not use coffee, but instead used water, milk, chocolate drink, tea or broth. Each 

of these beverages was limited to a maximum of three cups per day. On day 13 

and 14 of each intervention period, 48 hours faeces were collected on dry ice, 

and on day 15, fasting blood-samples and colorectal biopsies were taken. 

During the second period treatments were switched. All samples were coded so 

as to hide the identity and treatment of subjects to laboratory personnel. For 

each individual the samples obtained in the two intervention periods were 

analysed simultaneously. 

Coffee preparation 

We used 'Douwe Egberts' brand, coarsely ground coffee (Sara Lee Company, 

Utrecht, the Netherlands), consisting of a blend of arabica and robusta beans. 
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This is the most widely used coffee brand and blend in the Netherlands. We packaged 

the coffee in evacuated plastic bags in daily portions in order to preserve the 

coffee aroma. Volunteers put 39 grams of ground coffee into a 1 L cafetière 

coffee-pot (Blokker, Amsterdam, the Netherlands): 600 mL of boiling water 

was poured on to the grounds as described (37). Subjects then stirred the brew 

and after 5 min they pushed down the plunger to separate the brew from the 

grounds. This resulted in 500 mL of cafetière coffee. The mean (± s.d.) cafestol 

concentration was 34 ± 3 mg/L and the kahweol concentration was 26 ± 1 mg/L. 

Subjects prepared and consumed two such 500-mL portions daily. We advised 

them to drink the coffee throughout the whole day and provided the volunteers 

with insulated flasks. We considered it highly likely that the subjects were 

compliant because few would enjoy drinking a large amount of strong coffee all 

at once. 

Colonic tissue and assays 

Colorectal mucosal biopsies (six biopsies per location) of normal tissue at ΙΟ

Ι 5 cm from the anal verge were obtained during sigmoidoscopy without 

previous bowel preparation. Three biopsies were immediately stretched and 

fixated in ethanol (70% v/v) and consecutively embedded in paraffin and stored 

until use for immunohistochemical proliferating cell nuclear antigen analysis. 

The remaining three biopsies were immediately frozen in liquid nitrogen and 

stored at -80 0C until use for glutathione S-transferase fenotyping and 

glutathione assay. 

Proliferating cell nuclear antigen labelling 

Standard histological sections of the colorectal biopsies embedded in paraffin 

were prepared on slides coated with poly-L-lysine (Sigma). Sections were 

incubated with PC 10 antibodies (Dako, Glostrup, Denmark) diluted 1:400 in 

phosphate buffered saline (PBS) containing 4% bovine serum albumin for 1 hr 

at 250C, after de-paraffmization and blocking of endogeneous peroxidase 

activities, as described before (22). The binding of the PC 10 antibody was 

visualized with a streptavidine-biotine system (Histostain-SP, Zymed 

Laboratories, San Francisco, USA). Ten complete longitudinally sectioned 

crypts (20 crypt-halves) were scored with a 40x objective. All cells with a 

homogeneous and moderately or strongly stained nucleus were counted as 
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positive. Epithelial cell proliferation was expressed as the total labelling index, 

which is defined as the fraction of labelled cells in the whole crypt. In addition, 

the crypts were divided into five compartments to analyse the spreading of 

labelling throughout the crypt. The intra- and inter-observer correlation for 

estimating the labelling index was 0.976 and 0.926, respectively. 

Glutathione S-transferases and glutathione content 

The frozen biopsies were homogenized in a glass/glass Potter-Elvehjem tube 

after dilution with a buffer solution (0.25 M saccharose, 20mM Tris, 1 mM 

dithiothreitol, pH 7.4) as described before (33). Aliquots of post-centrifugation 

supernatant, representing the cytosolic fractions, were frozen in liquid nitrogen 

and stored at -80 0C Until use. Protein concentrations were determined in 

duplicate according to the method of Lowry et al. (39). Total glutathione S-

transferase enzyme activity was assayed in duplicate with l-chloro-2,4-

dinitrobenzene (CDNB) as substrate according to Habig et al. (40). Total 

glutathione was quantified in duplicate by high performance liquid 

chromatography after reaction with monobromobimane according to Fahey and 

Newton, with minor modifications, as described before (41). Glutathione S-

transferase isoenzyme concentrations were determined as follows: cytosolic 

samples were subjected to sodium dodecyl sulphate-polyacrylamide gel and 

subsequently to Western blotting (42). Western blots were stained with specific 

antibodies against glutathione S-transferase Alpha, Mu and Pi, and 

subsequently quantified by densitometry. The within-assay and between-assay 

variation were both ± 5% for glutathione S-transferase Mu and 25% for 

glutathione S-transferase Alpha and Pi. Class Alpha antibodies react against 

glutathione S-transferase Al-1, glutathione S-transferase A1-2 and glutathione 

S-transferase A2-2, class Pi antibodies recognize glutathione S-transferase Pl-1 

and class Mu antibodies are directed against glutathione S-transferase M la-la, 

glutathione S-transferase M la-lb and glutathione S-transferase M lb-lb (42-

44). 

Blood samples and assays 

Fasting venous blood samples were collected on day 15 of each intervention 

period. 
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Serum cholesterol and alanine aminotransferase were analysed in the routine 

clinical laboratory of our hospital according to standard clinical chemical 

procedures at 370C on a Hitachi 747 analyser (Roche Boehringer Mannheim, 

Almere, the Netherlands). EDTA-treated blood samples for analysis of 

glutathione, cysteine, cysteinylglycine and total homocysteine were 

immediately placed on ice until the plasma was separated by centrifugation. 

EDTA-treated plasma samples were stored at -20oC until analysis. 

Concentrations of glutathione, cysteine, cysteinylglycine and total 

homocysteine in plasma were determined by automated reduction with 

NaBhU/dithiothreitol and derivitized by Thiolyte (Calbiochem, La Jolla, USA) 

as described previously (45). The inter- and intra-assay variation was less than 

5%. 

Faeces 

Forty-eight hour faeces were collected on dry ice, weighted and subsequently 

stored at -20oC until processing. The thawed faeces was homogenized with a 

blender and a 5-g sample was freeze dried for 48 h (Hetosicc, Allerad, 

Denmark). The dry weight is the freeze dried weight as a percentage of the wet 

weight. 

Faecal water 

Faecal water was prepared as described before with slight modifications (22). 

The homogenized faecal samples were centrifuged at 40,000 g for 2 h at 40C . 

Faecal water was removed and filtered using a 5-μιτι filter (Schleicher & 

Schuell, Dassel, Germany) and stored at -20oC until analysis. 

Bile acid analysis 

Bile acids were determined as previously described (22). In short, after 

enzymatic hydrolysis the bile acids were extracted from faecal water by SepPak 

CI8 chromatography. The saponifiable conjugates were then hydrolysed at 60 
0C for 2 h in 1 mL of 1 M KOH solution in methanol. After a second extraction 

by SepPak CI8 chromatography, the unconjugated bile acids were separated 

from the neutrol sterols by Lipidex DEAP chromatography and measured after 

methylation and silylation by capillary gas chromatography (column CP Sil 

5CB) on a Packard 430 gas Chromatograph. 
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Statistics 

We designed the study to pick up an effect of coffee on the proliferating cell 

nuclear antigen labelling index as proliferation biomarker in normal colorectal 

mucosa. To pick up an effect of 10% at ρ < 0.05 with a power of 80% in a 

crossover design we required 56 subjects. 

The wet and dry weight of the faeces and the faecal soluble bile acids were 

analysed. The following biomarkers were investigated in the colonic mucosa: 

the proliferating cell nuclear antigen labelling index, the glutathione S-

transferase enzyme activity and glutathione S-transferase Alpha, Pi and Mu 

isoenzyme contents, as well as the glutathione content. The glutathione, 

cysteine, cysteinylglycine and homocysteine concentrations in plasma and the 

cholesterol and alanine aminotransferase concentrations in serum were 

investigated. Differences in biomarkers between the end of the no-coffee period 

and the end of the coffee period were calculated per subject and analysed by 

using a two-sided unpaired Mest (SPSS Ine, Chicago, USA). 

Results 

A total of 64 volunteers (31 men and 33 women) with a mean age of 43 ± 11 

y (range: 24-70 years) completed the study. Six volunteers dropped out: one 

subject stopped due to palpitations and tremor during the first days of drinking 

the cafetière coffee; the other five subjects resigned for reasons not related to 

the study. The characteristics of the 64 volunteers who completed the study are 

shown in Table 1. 

During the coffee period, in which subjects drank 1 L of coffee daily, more 

water (mean 361 g) was consumed than in the no-coffee period (Table 2). The 

protein intake in the coffee period was 8 g higher than in the no-coffee period. 

No other differences in reported dietary intakes were noticed. 

Coffee consumption did not affect the total proliferating cell nuclear antigen 

labelling-index, the faecal soluble bile acid concentrations, the colorectal 

glutathione S-transferase enzyme activity, the glutathione S-transferase Alpha, 

Mu and Pi isoenzyme concentrations or the faecal wet- and dry weights (Table 

3). Additionally, no differences in the five compartmental proliferating cell 

nuclear antigen labelling-labelling indexes were seen (data not shown). 

However, the mean colorectal mucosal glutathione concentration was 30.1 

nmol/mg protein at the end of the no-coffee period and 32.5 nmol/mg protein at 
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the end of the coffee period (Table 3). Plasma glutathione increased from 5.5 

μπιοΐ/ΐ, at the end of the no-coffee period to 6.3 μιτιοΐ/ί at the end of the coffee 

period (Table 4). We thus observed an increase in colorectal mucosal 

glutathione concentration of 8% or 2.5 nmol/mg protein (P = 0.01) and in 

plasma glutathione concentration of 15% or 0.8 μπιοΐ/ΐ. (Ρ = 0.003) caused by 

unfiltered cafetière coffee. The effect of coffee on the plasma and colorectal 

mucosal glutathione concentrations were seen in both treatment sequences (data 

not shown). 

The concentrations of other thiols in plasma also increased significantly on 

coffee (Table 4): cysteinylglycine by 9% or 4.2 pmol/L (P = 0.004), cysteine by 

3% or 7.7 μιτιοΐ/ί (Ρ = 0.004) and homocysteine by 10% or 12.8 μπιοΙ/Τ (Ρ = 

0.001). 

As expected, consumption of unfiltered coffee increased mean serum 

cholesterol by 10% or 0.5 mmol/L (95% CI 0.3 - 0.6, Ρ < 0.001) and serum 

alanine aminotransferase activity by 2.5 U/l (95% CI 1.0 - 3.9, Ρ = 0.001) (37). 

In three of the subjects the alanine aminotransferase activity exceeded the 

upper normal reference level after two weeks of drinking coffee: in one subject 

this was observed at the end of the no-coffee period. Alanine aminotransferase 

activity returned to normal within 2-3 weeks in all but one subject, in whom 

values were normalized only after nine months (data not shown). 

Discussion 

We found that drinking 1 L of unfiltered coffee every day for 2 weeks did not 

affect the colorectal cell proliferation. The crossover design of our study and 

the distribution of subjects over three shifts eliminate chance fluctuations and 

seasonal influences as confounding factors. These results thus do not reinforce 

the hypothesis that coffee consumption reduces the risk of colon cancer. 

However, by themselves our findings on proliferation are insufficient to refute 

the epidemiological findings on coffee and prevention of colon cancer. Our 

findings might also indicate that the influence of coffee on colon cancer risk 

might act through pathways other than those influencing cell proliferation rate. 

Colorectal cancer may arise when the balance between cell proliferation and 

apoptosis is disrupted in favour of uncontrolled growth (46). Most research on 

colon cancer has focused on the molecular regulators of cell-cycle progression 

and proliferation, but defective apoptosis may also be involved (47). Therefore, 
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factors which influence colonic carcinogenesis in a beneficial way, might not 

have an effect on colonic cell proliferation (48). An alternative explanation for 

the lack of effect on proliferating cell nuclear antigens could be that it might be 

difficult to (further) decrease the "normal" cell proliferation rate in healthy 

volunteers. However, we found a wide range of proliferating cell nuclear 

antigen labelling values in these normal subjects, and therefore we find this 

explanation unlikely. 

Secondary faecal soluble bile acids, which can stimulate colonic cell 

proliferation, were also investigated. The accessory hypothesis that we tested 

was that unfiltered coffee decreases the faecal soluble bile acid concentration. 

In line with the results on colorectal mucosal proliferating cell nuclear antigen 

labelling index, the total faecal soluble bile acid concentration as well as the 

cytotoxic secondary faecal soluble bile acid concentration did not change 

between the intervention periods (Table 3). Therefore, the cytotoxic secondary 

bile acids do not seem to be involved in the putative protective effect of coffee 

in colonic cancer development. 

The hypotheses that coffee would increase the glutathione S-transferase 

activity and the glutathione concentration in the colorectal mucosa were partly 

confirmed. Animal studies have found that coffee oil and its constituents, the 

diterpenes cafestol and kahweol, induced intestinal glutathione S-transferase 

enzyme activity; glutathione content has not been investigated (29-31). The 

amount of coffee constituents fed in animal studies was much higher than can 

be achieved in humans drinking coffee. This might explain why we did not find 

an induction of glutathione S-transferase enzyme activity or glutathione S-

transferase isoenzyme concentrations in the colorectal mucosa. However, 

unfiltered coffee did increase colorectal glutathione concentration by 8% and 

plasma glutathione concentration by 15% (Table 3 and 4). It is unlikely that 

this was caused by the slightly higher protein intake during the coffee period 

(Table 2). We are not aware of experimental data on the effect of protein intake 

on plasma glutathione concentrations in man, but earlier findings on the relation 

between protein intake and plasma homocysteine concentrations show that the 

effect of small differences in protein intake are negligible (49-51). We therefore 

assume that the rises in glutathione and other thiols in plasma (table 4) were 

also caused by substances in the coffee rather than by minor differences in 

protein intake (52). 
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Normal colonic epithelium is a rapidly proliferating tissue because renewal of 

the colonic epithelium takes place every 4-6 days. Such rapidly proliferating 

cells are more sensitive to toxic compounds and mutagenic changes and 

therefore to malignant transformation, which is in essence a specific series of 

mutations (53). Glutathione might inhibit this process through several 

mechanisms. First, intracellular glutathione protects the cell from DNA damage 

by mutagenic compounds and xenobiotics. This detoxifying capacity involves 

enzymatic as well as non-enzymatic processes. Glutathione reacts non-

enzymatically with some mutagenic compounds such as hydroxyl radicals, but 

requires glutathione S-transferase enzymatic catalysis to detoxify reactive 

electrophilic xenobiotic (54-58). The newly formed compounds are more water 

soluble and less toxic than the original compound and can be excreted more 

easily through the bile and urine (59). This is confirmed by studies in cultured 

human lymphoblastoid cells, in which the frequency of both spontaneous and 

long wavelength ultraviolet induced mutations at the hypoxanthine guanine 

phosphoribosyl transferase locus can be enhanced at least fivefold by depletion 

of glutathione. Reactive intermediates, such as toxic compounds and 

xenobiotics, normally quenched out by glutathione, appeared to be partly 

responsible for this effect (60). 

A second mechanism may involve DNA repair. A decrease in glutathione 

concentration by buthionine sulfoximine, a specific inhibitor of γ-

glutamylcysteine synthetase, inhibited DNA repair in cisplatin-resistant human 

ovarian cancer cells. Treatment of cells with glutathione esters after buthionine 

sulfoximine resulted in a complete recovery of DNA repair enzyme activity 

(61). Furthermore, glutathione is a co-factor in the synthesis of DNA precursors, 

especially the deoxyribonucleotide triphosphates (62;63). 

A third potential working mechanism of glutathione lies in the possible role 

of mitochondrial glutathione homeostasis in the direct regulation of apoptosis 

(64-66). 

Thus there are a number of mechanisms that may link the rise in colorectal 

mucosal glutathione observed by us with the epidemiologically observed 

inverse association between coffee intake and colon cancer. One important 

question that remains is whether the effect on glutathione and the other thiol 

components was caused by substances present only in unfiltered coffee such as 
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used by us, or by factors that are also present in filtered coffee. Future studies 

may answer this question. 

Coffee induces the motor activity in the colon in 60% of healthy 

volunteers(67). The magnitude of this motor activity induction by 240 mL 

coffee is similar to that of a meal(68). The speed of the response, within 4 min 

of ingestion, suggests that coffee may induce a 'gastrocolonic' response(l 1;67). 

Colonic motility could be related to colonic cancer risk by the influence on the 

exposure of the epithelia to colonic contents. We did not find changes in the wet 

and dry weight on coffee. Therefore we conclude that an increased motility on 

coffee seems not to be responsible for the putative protective effect of coffee in 

colonic cancer development. 

Coffee consumption in most populations varies from one to seven cups per 4 

day which is less than the six 'large' and strong cups used in our study (69). 

Thus our results only apply to heavy coffee drinkers. 

We conclude that unfiltered coffee does not influence the colorectal mucosal 

proliferation rate, but intake of large amounts might locally increase the 

detoxification capacity and anti-mutagenic properties in the colorectal mucosa 

through an increase in glutathione concentration. Whether this effect indeed 

contributes to a lower colon cancer risk remains to be established. 
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Table 1 Baseline characteristics of healthy volunteers 

who took part in this comparative crossover study of 

the influence of unfiltcrcd coffee on biomarkers for colonic cancer. 

Total no. volunteers 64 

No. men : women 31:33 

No. smokers 16 

Age (years ± s.e.) 43.4 ± 1 

Age range (years) 24-70 

Body-mass index (kg/m2) 24.5 ± 0.5 

Cholesterol (mmol/L) 5.0 ± 0.1 

Triacylglycerol (mmol/L) 1.0 ± 0.1 

Alanine aminotransferase(U/L) 13.0 ± 0.6 

Creatinine (pmoI/L) 86.8 ±1.4 
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Table 2 Average dietary intakes of 64 healthy volunteers who took part in this 

comparative crossover study comparing a 1 L coffee period with a no-coffee period. 

No coffee 

period 

Coffee 

period Difference 

95% CI of 

difference 

Energy (MJ/d) 

Fat (g/d) 

Protein (g/d) 

Carbohydrates (g/d) 

Fibre (g/d) 

Water (g/d)* 

10.1 

96 

85 

278 

19 

2519 

10.1 

97 

93 

270 

19 

2880 

0.1 

1 

8t 
-8 

0 

361t 

-0 5 to 0.5 

-6 to 9 

2 to 13 

-23 to 7 

-2 to 1 

195 to 527 

CI, confidence interval. 
Three day dietary recall data were collected in both intervention periods. 
The amount of water included beverages as well as the water in solid foods. 

t P < 0 . 0 5 . 
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Table 3. Faecal and colorectal mucosal biomarkers for colonic cancer in volunteers 

receiving 1 L of unfiltered coffee or no-coffee, daily, for 2 weeks each, in this crossover study. 

Number No-coffee period Coffee period 95% CI of 

of subjects Mean ± s.d Mean±s.d Difference difference 

Feces 

wet weight (gr/48 hrs) 64 

dry weight (%) 64 

Soluble faecal bile acids m faecal water 

total (pmol/L) 63 

secondary (μιτιοΐ/ΐ,) 63 

Colorectal mucosa 

Glutathione S-transferase biotransformation system 

323 ± 159 

25 ± 5 

170 ±207 

126 ±126 

337± 184 

24 ± 4 

138± 117 

111±103 

14 

-1 

-32 

-15 

-28 to 58 

-2 to 1 

-83 to 17 

-39 to 9 

GST activity (nmol/min/mg protein) 

GST isoenzymes (ng/mg protein) 

GST Alpha 

GSTMu 

GST Pi 

Glutathione (nmol/mg protein) 

Cell proliferation 

PCNA-labellmg index (%) 

62 

59 

60 

59 

62 

58 

211 ± 67 

30 2 ± 9 0 

618±98 

2017±59 

30 1 ± 6 6 

21 0 ± 1 2 

210±70 

34 5±10 1 

644 ±104 

2157±124 

32 5 ± 6 5 

1 9 7 ± 1 1 

-10 

4 3 

26 

140 

2 5 * 

-12 

-23 to 20 

-4 1 to 12 7 

-62 to 116 

-98 to 377 

0 5 to 4 4 

-4 0 to 1 5 

Number of subjects due to lack of sufficient material not all assays could be performed on all 64 
subjects 
CI, confidence interval GST, Glutathione S-transferase, PCNA, proliferating cell nuclear antigen 
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Table 4. Plasma thiols in volunteers receiving 1 L of unfiltered coffee 

or no-coffee, daily, for 2 weeks each, in this crossover study. 

Number No-coffee period Coffee period Difference 95% CI of 

of subjects 

Glutathione (μπιοΙ/ί) 45 

Cysteinylglycine (μΓηοΙ/Ι.) 63 

Cysteine (μιτιοΙ/ί) 63 

Homocysteine (μπιοΙ/L) 63 

CI, confidence interval. * Ρ = 0.001, t Ρ = 0.003, %P = 0.004. 

Mean ± s.d. 

5.5 ± 1.8 

46.8 ±7.9 

209.8 ±23.4 

12.8 ±3.3 

Mean ± s.d. 

6.3 ± 1.4 

51.0±8.3 

217.5±21.8 

14.0 ±3.5 

0.8t 

4.2+ 

7.7Î 

1.2* 

difference 

0.3 to 1.4 

1.4 to 6.9 

2.5 to 13.0 

0.5 to 1.9 
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Abstract 
Background: An elevated plasma homocysteine concentration is a putative 

risk factor for cardiovascular disease. Observational studies have reported an 

association between coffee consumption and plasma homocysteine 

concentrations. 

Objective: We studied the effect of coffee consumption on plasma 

homocysteine in a crossover trial. We used unfiltered coffee so as to include the 

possible effects of coffee diterpenes, which are removed by filtering. 

Design: Sixty-four healthy volunteers (31 men and 33 women) with a mean (± 

SD) age of 43 ± 11 y were randomly assigned to two groups. One group (n = 

30) drank 1 L unfiltered cafetière ("French Press") coffee daily for 2 wk. Such 

coffee is rich in the cholesterol-raising diterpenes kahweol and cafestol. The 

other group (n = 34) received water, milk, broth, tea and chocolate drinks 

instead of coffee. After a washout period of 8 wk, both groups received the 

reverse intervention for another 2 wk. 

Results: Consumption of 1 L unfiltered coffee/d for 2 wk significantly raised 

fasting plasma homocysteine concentrations by 10%, from 12.8 to 14.0 pmoI/L. 

Conclusion: Unfiltered coffee increases plasma homocysteine concentrations in 

volunteers with normal initial concentrations. It is unclear whether the effect is 

caused by the cholesterol-raising diterpenes present exclusively in unfiltered 

coffee or by factors that are also present in filtered coffee. 

Keywords: Unfiltered coffee, homocysteine, diet, diterpenes, kahweol, 

cafestol, cardiovascular disease risk, humans, Netherlands. 
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Introduction 

An elevated plasma homocysteine concentration is a putative risk factor for 

coronary, cerebral, and peripheral vascular disease (1,2). Boushey et al.(3) 

reported in a meta-analysis of homocysteine and cardiovascular disease that 10 

% of all coronary artery disease events may be explained by an elevated 

concentration of total plasma homocysteine. An elevated plasma homocysteine 

concentration can be caused by genetic defects—eg, a mutation in the 

methylenetetrahydrofolate reductase enzyme or heterozygosity for the 

cystathionine ß-synthetase deficiency— and by nongenetical factors. Examples 

of nongenetical factors are deficiencies in vitamin B-12, folate and vitamin B-6 

(4)· 
Other dietary factors might also affect plasma homocysteine. A positive 

correlation between the plasma homocysteine concentration and coffee 

consumption was reported in 2 other studies (5,6). In Norway, 5916 healthy 

men and 6349 women, aged 40-42 yr., were studied. Average plasma 

homocysteine was 9.1 μπιοΐ/ί in coffee abstainers and 11.2 μπιοΐ/ΐ. in heavy 

coffee consumers, ie, those who drank > 8 cups/d (5). Filtered coffee was 

purportedly consumed by 96.4% of the subjects. No association was observed 

between decaffeinated coffee and plasma homocysteine. This suggests that the 

effect on homocysteine is due to caffeinated coffee. In the United States, an 

older population of 151 women and 109 men (median age 64 y) was 

investigated. The average plasma homocysteine concentration was 9.8 μπιοΐ/ί 

in coffee abstainers and 11.1 μπιοΐ/ί in a population drinking an average of 4 

cups coffee/d (6). No detailed information on the type of coffee brew was 

reported in this study. However, an association between coffee consumption 

and plasma homocysteine could not be confirmed in participants of the 

Atherosclerosis Risk In Communities Study in the United States (7). In this 

study, there was also no detailed information on the type of coffee brew 

reported. The inconsistencies between these observational studies suggest that 

not all types of coffee brew have the same effect on plasma homocysteine 

concentrations or that the effect is spurious. We therefore studied the effect of 

coffee on total plasma homocysteine in healthy volunteers in a placebo-

controlled crossover trial. This study was part of a study in which we 

investigated the influence of coffee on biomarkers for colonic cancer. We used 
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unfiltered coffee so as to include all possible components, including diterpenes, 

which are known to raise cholesterol concentrations (8). 

Subjects and methods 

Subjects and design. 

The study protocol was approved by the local human ethics committee. We 

recruited healthy volunteers through an article in a local paper and posters on 

the hospital and faculty grounds. Subjects were eligible if they drank an average 

of > 2-3 cups filtered coffee/d; were between 24 and 70 y of age; were not 

following a medical diet; used no laxatives, non-steroid antiinflammatory drugs, 

vitamin supplements, or lipid-reducing drugs; and had not used antibiotics 

within 2 mo of entering the study. Exclusion criteria were a history of liver or 

kidney diseases (serum alanine aminotransferase activity greater than 30 U/L or 

a serum creatinine concentration above the upper limit of normal), a history of 

cholecystectomy or partial bowel resection, a serum total cholesterol 

concentration > 6.5 mmol/L or fasting triacylglycerol concentration > 3.0 

mmol/L, or living > 50 km from the study site. 

One hundred seventy-five volunteers applied for the study and filled out a 

medical questionnaire. Eighty-three subjects were not eligible because they did 

not meet the inclusion criteria. Ninety-two volunteers were investigated with a 

detailed medical history, a physical examination, and blood tests. Seventy 

volunteers were eligible and gave their written informed consent. Subjects were 

stratified by sex and smoking habit and then randomly assigned to the 2 

treatment sequences. Subjects were enrolled in 3 shifts in 1997: one shift started 

in April, one in June, and one in September. 

Subjects consumed their regular diets during the study but were instructed to 

maintain their usual diet. We checked compliance with a 3-d dietary recall in 

each intervention period. Diet composition was calculated by using the Dutch 

Nutrient Data Base (9). 

The study consisted of 2 intervention periods of 2 wk each separated by a 

washout period of 8 wk in a crossover design. One group started by consuming 

1 L unfiltered cafetière coffee/d, which is also known as French Press or 

plunger coffee. One liter of coffee equals six large cups. The other group did 

not consume coffee, but instead used water, milk, chocolate drinks, tea or broth; 
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= 3 cups of these beverages was to be consumed daily. On day 15 of each 

intervention period, fasting blood samples were taken. During the second 

period, interventions were switched. 

Coffee preparation 

We used Douwe Egberts brand, coarsely ground coffee (Sara Lee Co, 

Utrecht, the Netherlands), consisting of a blend of arabica and robusta beans. 

This is the most widely used coffee brand and blend in the Netherlands. We packaged 

the coffee in evacuated plastic bags in daily portions to preserve the coffee 

aroma. Volunteers put 39 g ground coffee into a 1-L cafetière coffeepot 

(Blokker, Amsterdam, the Netherlands). Six hundred milliliters of boiling water 

was poured onto the grounds as described (8). Subjects then stirred the brew 

and after 5 min they pushed down the plunger to separate the brew from the 

grounds. This resulted in 500 mL cafetière coffee. The mean (±SD) cafestol 

concentration was 34 ± 3 mg/L and the kahweol concentration was 26 ± 1 mg/L. 

Two such 500-mL portions of coffee were prepared each day. We provided the 

volunteers with insulated flasks to store the coffee and advised them to drink it 

over the whole day. We considered it highly likely that the subjects were 

compliant because few would enjoy drinking a large amount of strong coffee all 

at once. 

Blood samples and assays 

Fasting venous blood samples were collected on day 15 of each intervention 

period. All samples were coded to hide the identity and intervention group of 

the subjects to laboratory personnel. For each individual, the samples obtained 

in the 2 intervention periods were analyzed simultaneously in the same batch. 

Serum cholesterol, triacylglycerols, and alanine aminotransferase were 

analyzed in the clinical laboratory of our hospital according to standard clinical 

chemical procedures at 370C on a Hitachi 747 analyzer (Roche Boehringer 

Mannheim, Almere, the Netherlands). EDTA-treated blood samples for total 

homocysteine analysis were immediately placed on ice until the plasma was 

separated by centrifugation. EDTA-treated plasma samples for homocysteine, 

vitamin B-12 and folate analysis were stored at -20oC until analysis. Total 

homocysteine in plasma was determined by automated reduction with 

NaBHt/dithioeritol and derivitized by Thiolyte (Calbiochem, La Jolla, CA) as 
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described previously (10). The inter- and intraassay variation was < 5%. 

Concentrations of folate and vitamin B-12 were determined by using ion 

capture IMx (Abbott Labs, Abott Park, IL) (11,12). 

EDTA-treated whole-blood samples for vitamin B-6 analysis were stored at -

20oC until analyzed. The determination of vitamin B-6 as pyridoxal-5'-

phosphate (PLP) was performed with HPLC using postcolumn derivatization 

with semicarbazide to obtain PLP-semicarbazone (13). 

Statistics 

Differences in plasma concentrations of homocysteine, vitamin B-12 and 

folate; serum concentrations of cholesterol and triacylglycerols; and whole-

blood concentrations of vitamin B-6 between the end of the no-coffee and the 

end of the coffee period were calculated per subject and analyzed by using a 

two-sided unpaired Mest (SPSS Ine, Chicago). Correlation between indexes 

were evaluated with Pearson's linear correlation procedure. 

Results 
Sixty-four volunteers (31 men and 33 women) with a mean (±SD) age of 43 ± 

11 y (range: 24-70 y) completed the study. Six volunteers dropped out: 1 

subject because of palpitations and tremor during the first days of drinking the 

cafetière coffee and 5 subjects for reasons unrelated to the study. The 

characteristics of the 64 volunteers who completed the study are shown in Table 

1. 

In the coffee period, during which subjects drank 1 L coffee/dsignificantly 

more fluid (x: 361 g more) was consumed than during the no-coffee period 

(Table 2). The protein intake in the coffee period was 8 g higher than that in the 

no-coffee period. No significant correlation was seen between individual 

differences in plasma homocysteine concentrations and in daily protein intakes 

between intervention periods (r = -0.03, Ρ = 0.83). Other differences in reported 

dietary intakes were slight. 

The mean concentration of homocysteine was 12.8 μιηοΐ/ί at the end of the no-

coffee period and 14.0 pmol/L at the end of the coffee period (Table 3). We 

thus observed an increase in the homocysteine concentration of 10% or 1.2 

μπιοΙ/Τ. caused by unfiltered cafetière coffee. Individual responses are shown in 

Figure 1. The effect of coffee on the homocysteine concentration was seen 
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during both interventions and during each of the 3 shifts (Table 3). As expected 

(8), consumption of unfiltered coffee increased mean serum cholesterol by 10% 

(or 0.5 mmol/L), serum triacylglycerols by 36% (or 0.4 mmol/L), and serum 

alanine aminotransferase activity by 2.5 U/L (95% CI 1.0 to 3.9). 

In 3 of the subjects, the alanine aminotransferase activity exceeded the upper 

limit of normal after 2 wk of coffee consumption. In one subject, this was 

observed at the end of the no-coffee period. Alanine aminotransferase activity 

returned to normal within 2-3 wk in all but one subject, in whom values were 

normalized only after nine mo (data not shown). 

Coffee consumption did not significantly affect the vitamin B-12 or folate 

concentrations in plasma (Table 3). The whole-blood vitamin B-6 

concentration decreased by 21% (or 11.2 nmol/L) in the coffee period. 

Discussion 
We found that fasting plasma homocysteine concentrations increased by 10% 

in subjects with initially normal homocysteine concentrations who drank 1 L 

unfiltered coffee for 2 wk. The crossover design of our study and the 

distribution of subjects over 3 shifts eliminated chance fluctuations and 

seasonal influences as confounding factors (Table 3). 

The dietary recalls, which focused on macronutrient intakes, showed that the 

subject' diets remained essentially the same between the coffee and the no-

coffee periods, except for protein and fluid intake—which were significantly 

higher during the coffee period. Recently, an inverse dose-response relation 

between dietary protein intake and serum homocysteine concentration was 

reported (6). On the basis of these data, the slight increase in protein intake we 

found in our study would only diminish the effect of coffee on homocysteine. 

However, homocysteine is formed from methionine (14) and an increased intake 

of methionine from dietary protein might increase homocysteine concentrations. 

Our volunteers had 8 g more protein in their diet during the coffee period (Table 

2), which corresponds with 1-2 mmol methionine/d. However, even a variation 

in daily methionine intake of 4 .2-31 .2 mmol/d does not significantly affect 

fasting concentrations of homocysteine (15). There was also no correlation 

between the individual changes in plasma homocysteine concentration and in 

dietary protein intake. Thus the difference in dietary protein intake did not 

explain the increase in homocysteine in our study. The difference in fluid intake 
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was due to the amount of coffee people had to drink. They were not obliged to 

drink 1 L of alternative beverages in the no-coffee period. To our knowledge, 

plasma homocysteine is not affected by fluid intake; therefore, we conclude that 

the increase in homocysteine was probably caused by the coffee. 

Intakes of vitamins B-12, folic acid and vitamin B-6, may affect 

homocysteine concentrations (16,17). Concentrations of vitamin B-12 and 

folate in plasma did not change between the intervention periods, but the 

vitamin B-6 concentration decreased during the coffee period (Table 3). It is 

unlikely that this was caused by dietary changes because dietary intake was 

nearly constant (Table 2) and none of our subjects took vitamin supplements. In 

addition, the crossover design with multiple shifts makes it unlikely that there 

were major differences in the intake of vitamin B-6 associated especially with 

the intake of coffee. Six volunteers had vitamin B-6 concentrations between 29 

and 35 nmol/L in the no-coffee period, slightly below the normal range (35- 107 

nmol/L). The effect of coffee on homocysteine was unchanged after exclusion 

of these subjects. Thus, the effect appears to have been independent of vitamin 

B-6 status. 

We speculate that the effect of coffee on vitamin B-6 concentrations in blood 

might be mediated by caffeine. The chemical structure of caffeine (1,3,7 

trimethylxanthine) is comparable with that of theophylline (1,3 

dimethylxanthine) (18), which is a vitamin B-6 antagonist (19,20). However, 

the effect of changes in vitamin B-6 status on fasting homocysteine 

concentrations is controversial. Some population studies reported an inverse 

association between fasting plasma homocysteine and vitamin B-6 

concentrations (21,22). On the other hand, an isolated vitamin B-6 deficiency 

does not necessarily result in an increase in fasting plasma homocysteine 

concentrations in healthy individuals (20,23,24). Therefore the decrease in 

blood vitamin B-6 concentration during the coffee period offers one, but not 

necessarily the only, explanation for the effect of coffee on plasma 

homocysteine. 

One important question is whether the effect on plasma homocysteine was 

caused by substances present only in unfiltered coffee or by substances that are 

also present in filtered coffee. The study by Nygard et al (5) suggested that 

heavy coffee drinking in Norway is associated with an increase of 2 μπιοΐ/ί in 

the homocysteine concentration. The authors claimed that 95% of their 
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population consumed filtered coffee. However, the cholesterol concentration in 

subjects drinking > 8 cups coffee/d was 0.5 μιτιοΙ/Τ higher than that in the 

coffee abstainers. This is exactly what would be expected if subjects had drunk 

unfiltered coffee (8), which is known to raise cholesterol; filtered coffee has no 

known effect on lipids. Therefore, we question whether subjects in the 

Norwegian study were indeed drinking unfiltered coffee. The association 

between coffee consumption and plasma homocysteine could not be confirmed 

in participants in the Atherosclerosis Risk In Communities Study in the United 

States (7), most of whom probably consumed filtered coffee. The discrepancy 

between these 2 observational studies suggests that not all types of coffee have 

the same effect on plasma homocysteine concentrations. 

The 10% rise in plasma homocysteine after the subjects in our study drank 

six large cups unfiltered coffee/d could increase cardiovascular disease risk by 

10% if homocysteine is a causal factor (3). In patients with fasting 

homocysteine concentrations > 100 μιηοΙ/Τ due to a homozygous cystathione ß-

synthetase deficiency, effective treatment markedly reduced the vascular 

tromboembolic events associated with this disease (25-28). It is still unknown 

whether a reduction in moderately elevated homocysteine concentrations will 

also reduce vascular risk. Randomized controlled trials are underway that may 

answer this question (29). 

Coffee consumption in most populations varies from 1 to 7 cups/d (18,30), 

which is less than the amount (6 cups) of strong coffee used in our study. Thus, 

our results only apply to heavy coffee drinkers. We conclude that high intakes 

of unfiltered cafetière coffee increased the plasma homocysteine concentration 

of our subjects, who had normal initial homocysteine concentrations. A high 

intake of unfiltered, boiled coffee was reported previously to elevate 

cardiovascular disease risk (31). Our data suggest that this elevation in risk may 

be due not only to the effect of such coffee on serum cholesterol concentrations, 

but also to its effect on plasma homocysteine. The effect of filtered coffee on 

plasma homocysteine concentrations remains to be established. Meanwhile, the 

observed effect of unfiltered coffee on plasma homocysteine in the present 

study suggests that individuals at risk of cardiovascular diseases should not 

drink large amounts of unfiltered coffee. 
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Table 1. Baseline characteristics of the subjects 

Characteristic Value 

Subjects (n) 

Men 

Women 

Smokers 

Age (y) 

Age range (y) 

Body mass index (kg /m2) 

Cholesterol (mmol/L) 

Triacylglycerol (mmol/L) 

Alanine aminotransferase(U/L) 

Creatinine (μπιοΐ/ί) 

' x ± S D . 

31 

33 

16 

43.4 ±11.3 ' 

24-70 

24.5 ±3.7 

5.0 ±0.8 

1.0 ±0.6 

13.0 ±4.7 

86.8 ±10.6 
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Table 2. Mean dietary intakes of subjects during the coffee and no-coffee (placebo) 

period'. 

Energy (MJ/d) 

Fat (g/d) 

Protein (g/d) 

Carbohydrates (g/d) 

Fiber (g/d) 

Water (g/d)3 

No-coffee 

period 

10.1 

96 

85 

278 

19 

2519 

Coffee 

period 

10.1 

97 

93 

270 

19 

2880 

Difference 

0.1 

1 

82 

-8 

0 

361' 

95% CI of 

difference 

-0.5 to 0.5 

-6 to 9 

2 to 13 

-23 to 7 

-2 to 1 

195 to 527 

Three-day dietary-recall data were collected in both groups. 
'P < 0.05. 
includes beverages as well as the water in solid foods. 
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Table 3. Plasma homocysteine and vitamin concentrations and serum lipids in subjects 

during the coffee and no-coffee (placebo) periods. 

Plasma homocystei 

(μπιοΐ/ί) 

All 

Coffee first 

Placebo first 

April shift 

June shift 

September shift 

Serum lipids (mmc 

Cholesterol 

Tnacylglycerol 

Vitamins (nmol/L) 

Vitamin B-12J 

Folate 

Vitamin B-6 

Number 

of subjects 

ine 

64 

30 

34 

27 

17 

20 

il/L) 

64 

64 

63 

64 

59 

No-coffee 

Period' 

1 2 8 ± 3 3 

1 2 5 ± 2 2 

13 1 ± 4 0 

1 4 2 ± 3 9 

11 3 ± 1 8 

1 2 2 ± 2 7 

4 8 ± 0 8 

1 0 ± 0 5 

263 ±114 

10 4 ±3.7 

53 3 ±17 5 

Coffee 

period 

1 4 0 ± 3 5 

1 4 0 ± 2 6 

1 4 0 ± 4 2 

1 5 6 ± 3 8 

1 2 3 ± 2 4 

1 3 3 ± 2 9 

5 3 ± 0 8 

1 4 ± 0 6 

250 ±100 

1 0 8 ± 4 6 

42 1 ±12 5 

Difference 

12 2 

1 5 

0 9 

1 4 

1 0 

1 2 

0 5J 

0 4J 

-13 

0 4 

-11 23 

95% CI of 

difference 

0 5 to 1 9 

1 1 to 2 0 

-0 4 to 2 2 

-0 1 to 3 0 

0 1 to 1 9 

0 1 to 1 8 

0 3 to 0 6 

0 2 to 0 5 

-24 to 1 

-0 4 to 1.1 

-14 5 to-7 8 

' x ± S D 
2P = 000\,3P<0 0001,4pmol/L 
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Unfilterd Coffee increases Plasma Homocyteine 

Figure 1 Comparison of individual changes in plasma homocysteine 

between the coffee period and the no-coffee period. 

In the coffee period, subjects drank 1 L cafetière coffee/d for 2 wk. 

The interrupted line represents the line of identity 

o 
S 3 

•o 
o 

e 

Plasma homocysteine in the no-coffee period (umol/1) 
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Summary 

Colorectal cancer is the fourth most common cancer in the world, 

accounting for 8.5% of all new cancers. The developed world accounts for 

over 63% of the worldwide incidence of colorectal cancer. This incidence 

appears to be strongly influenced by environmental factors, with diet as a 

major determinant. Diets low in fat and high in fruits, vegetables and fiber 

are associated with a lower cancer risk. In Western countries, the risk 

attributable to diet has been estimated to be ± 50%. This makes colorectal 

cancer a potentially preventable disease. 

An established non-dietary factor that influences the colorectal cancer 

incidence is genetic predisposition. Differences in gene expression might 

also play a role in colorectal cancer susceptibility. The influence of dietary 

components on gene expression and possibly on neoplastic development has 

only recently been appreciated. 

The classic histological progression of colorectal cancer is the adenoma-

dysplasia-carcinoma sequence. The target cells of colon carcinogenesis are 

the colonic mucosal cells. The ideal endpoints of dietary prevention trials are 

colorectal adenomas or cancer. Because of the great cost and time necessary 

to conduct such trials surrogate endpoints, so-called putative intermediate 

biomarkers, are used in short-term dietary prevention trials. 

Glutathione S-transferases are a family of biotransformation enzymes 

involved in the metabolism and detoxification of cytotoxic and carcinogenic 

compounds. They are present in most tissues including those of the human 

gastrointestinal tract. The glutathione S-transferases catalyze the conjugation 

of glutathione to a wide variety of substrates. The metabolites formed by this 

reaction are generally less toxic than their precursors and are more water 

soluble, thus facilitating fecal or urinary excretion. It has been speculated 

that in that way the glutathione biotransformation system can deactivate 

carcinogens and prevent colorectal cancer. 

Aim — The aim of this thesis was to describe aspects of intermediate 

biomarkers in the colon cancer risk and to investigate the influence of dietary 
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components on these biomarkers, with emphasis on the glutathione 

biotransformation system. 

Chapters 1-3 — In chapters 1-3 the validity of the glutathione 

biotransformation system in the colon cancer risk assessment is studied. 

Chapter 1 — Chapter 1 presents the currently available data on the relation 

between the glutathione biotransformation system and colorectal cancer risk 

from clinical and epidemiological studies. In humans, a significant 

association was found between the glutathione S-transferase activity in the 

mucosa along the gastrointestinal tract and the corresponding tumor 

incidence. Low activity was correlated with high tumor incidence and vice 

versa. Also, in normal colonic mucosa, the glutathione S-transferase activity 

is lower in patients at risk for colon cancer than in healthy controls. If that is 

true then interventions which increase the glutathione detoxification capacity 

might reduce cancer incidence. Consumption of vegetables and fruits is 

associated with a lower risk of colorectal cancer. Human intervention studies 

showed that (components from) vegetables induced colonic glutathione 

detoxification capacity. Such an effect could contribute to a lower colon 

cancer risk, but further data are needed. Studies that compare glutathione S-

transferase polymorphisms in relation to colon cancer risk are not conclusive 

with respect to an increased or decreased risk of a particular genotype. Diet 

or medication can also influence the expression levels of specific isoenzymes 

and the effect of such interventions on cancer risk deserves more attention. 

Chapter 2 — In chapter 2 the glutathione S-transferase activity and 

glutathione content in normal colonic mucosa were analyzed in patients with 

an increased colorectal cancer risk and in healthy controls. A subdivision was 

made according to genetic predisposition of patients. The investigated patient 

groups were patients with a recent history of colonic adenomas, colorectal 

cancer, Familial Adenomatous Polyposis (FAP), patients from Hereditary 

Non-Polyposis Colorectal Cancer families with (HNPCC+Ad) or without 

(HNPCC-Ad) a history of adenomas. Glutathione levels were significantly 

lower in the normal distal colonic mucosa of patients with cancer, FAP, 

HNPCC-Ad and HNPCC+Ad compared to adenoma patients and healthy 
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controls. The colonic glutathione content in adenoma patients was slightly 

lower compared to healthy controls. Glutathione S-transferase activity in the 

distal colon was significantly lower in the cancer and FAP patients compared 

to patients with HNPCC-Ad, HNPCC+Ad, adenoma and healthy controls. A 

striking association of low glutathione S-transferase activity and high clinical 

risk for the development of colorectal cancer in the distal colon of adenoma 

patients and the two HNPCC-groups was observed as compared to healthy 

controls. In the proximal colon similar associations were found. The colonic 

glutathione detoxification capacity was lower in patients at risk for colon 

cancer and seemed to be independent of the hereditary risk. The lowest 

detoxification capacity was seen in FAP and cancer patients. Thus, changes 

in the glutathione biotransformation capacity in the colonic mucosa might 

modify the colon cancer risk in these patients, independent from genetic 

factors. 

Chapter 3 — In chapter 3 the glutathione biotransformation system in the 

colonic mucosa of patients with X-linked agammaglobulinaemia is 

investigated. In this group of relative young patients a calculated 30-fold 

increased risk for colon cancer was found. X-linked agammaglobulinaemia 

patients had significantly lower glutathione S-transferase enzyme activities at 

all sites in the normal colonic mucosa as compared to adenoma patients. In 

X-linked agammaglobulinaemia patients the rectal glutathione S-transferase 

enzyme activity was lower than in the proximal colon and significantly lower 

as compared to controls. This lower glutathione S-transferase enzyme 

activity might play a role in the apparently increased colorectal cancer risk in 

X-linked agammaglobulinaemia patients, assuming that detoxification of 

carcinogenic compounds plays a role in the etiology of colon cancer of these 

patients. 

Chapters 4-6 — In chapters 4-6 the effects of dietary intervention on 

potential biomarkers for colon cancer are investigated. 

Chapter 4 — In chapter 4 we describe the effect of the consumption of 28 gr. 

of resistant starch per day during 4 weeks on fecal and colorectal mucosal 
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intermediate biomarkers. Resistant starch might have comparable effects on 

fermentation and fecal bulking biomarkers as dietary fiber. Twenty-three 

patients with a recent history of colonic adenomas were analyzed in this 

controlled trial. No effect on colorectal cell proliferation, fecal wet and dry 

weight, pH and short chain fatty acid excretion was seen. The bile acid 

concentration in fecal water decreased by 15% (p = 0.048) and the 

percentage secondary bile acids decreased by 14% (p = 0.002) on resistant 

starch relative to placebo. Whether this has a substantial role in colon cancer 

prevention in these patients remains to be established. 

Chapter 5 — In chapter 5 the effects of the consumption of Brussels sprouts 

on intestinal and systemic glutathione S-transferase levels and enzyme 

activities are investigated. This study was performed as a cross-over trial in 

ten healthy volunteers. Mean glutathione S-transferase activity showed 

marked differences between duodenal, rectal and lymphocytic cytosols (737 

± 54, 321 ± 2 9 and 154 ± 14 nmol/min/mg protein respectively), but was 

uninfluenced by the dietary regimen. Isoenzyme distribution varied greatly 

between the tissues. The consumption of 300 gr. of glucosinolate-containing 

Brussels sprouts for 1 week resulted in significantly increased rectal 

glutathione S-transferase Alfa and -Pi isoenzyme levels, by 30% and 15% 

respectively. We hypothesize that these enhanced detoxification enzyme 

levels may partly explain the epidemiological association between a high 

intake of glucosinolates (cruciferous vegetables) and a decreased risk of 

colorectal cancer. 

Chapter 6 — In 1991 the International Agency for Research on Cancer of the 

World Health Organization concluded that the collective evidence on coffee 

use and colorectal cancer is compatible with a "protective" effect. Since that 

time epidemiological studies have reinforced the possible "protective" effect 

of coffee on colorectal cancer. Three putative working mechanisms for the 

protective effect of coffee were discussed: the antimutagenic properties of 

coffee, the influence on fecal bile acids and the influence on colonic motility. 

In chapter 6 we analyze the effect of 1 liter of unfiltered coffee per day 

during two weeks on fecal and colonic mucosal biomarkers in a cross-over 
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trial in 63 healthy volunteers. No effect of coffee on colorectal cell 

proliferation, assayed by estimating the Proliferating Cell Nuclear Antigen 

labeling index, was seen. Additionally, no effects were seen on the 

concentrations of fecal soluble bile acids and colorectal mucosal glutathione 

S-transferase activity. However, unfiltered coffee significantly increased the 

glutathione content in the colorectal mucosa by 8% and in plasma by 15%. 

Therefore, unfiltered coffee might increase the detoxification capacity and 

antimutagenic properties in the colorectal mucosa through an increase in 

glutathione concentration. Whether this effect indeed contributes to a lower 

colon cancer risk remains to be established. 

Chapter 7 — Dietary intervention studies on potential biomarkers for colon 

cancer might also influence other organ systems in the humans. 

Homocysteine and glutathione are both aminothiols. Cysteine is a derivative 

from homocysteine and a precursor for glutathione. Therefore, in the 

biochemical pathway homocysteine and glutathione are linked through 

cysteine. In chapter 7 the effect of unfiltered coffee on the plasma 

homocysteine concentrations is investigated in the same healthy volunteers 

as described in chapter 6. All volunteers had normal initial plasma 

homocysteine concentrations. Consumption of 1 liter unfiltered coffee per 

day for 2 weeks significantly raised fasting plasma homocysteine 

concentrations by 10%, from 12.8 μιηοΐ/ΐ to 14.0 μπιοΐ/ΐ. The 10% rise in 

plasma homocysteine caused by six large cups of unfiltered coffee per day in 

our study might raise cardiovascular disease risk by 10% if homocysteine is a 

causal factor. It is unclear whether the effect is caused by the cholesterol-

raising diterpenes present exclusively in unfiltered coffee or by factors that 

are also present in regular coffee. 

Conclusion — In conclusion we found that the glutathione 

biotransformation system might play a protective role in the colorectal cancer 

susceptibility. Dietary intervention with Brussels sprouts and unfiltered 

coffee up-regulated the glutathione biotransformation system in the 

colorectal mucosa. Whether this effect indeed contributes to a lower colon 

cancer risk remains to be established. The feasibility of up-regulation of the 
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detoxifying capacity of the glutathione biotransformation system in the colon 

might enable us to develop specific diets, dietary supplements, nutriceuticals 

or functional foods in order to influence health beneficially, but solid 

evidence for such an influence is still a long way off. 
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Samenvatting 

Dikke darm kanker is wereldwijd de op drie na meest voorkomende vorm 

van kanker. Van alle nieuw gediagnosticeerde vormen van kanker maakt 

dikke darm kanker 8,5% uit. Van de totale hoeveelheid wereldwijd 

voorkomende dikke darm kanker wordt 63% in de ontwikkelde landen 

gediagnosticeerd. Het voorkomen van dikke darm kanker lijkt sterk 

beïnvloed te worden door omgevingsfactoren. Voeding lijkt hierin een 

hoofdrol te spelen. Diëten bestaande uit weinig vet en veel groenten, fruit en 

vezels zijn geassocieerd met een lager risico op dikke darm kanker. In de 

westerse wereld wordt het deel van het risico op dikke darm kanker dat 

toegeschreven kan worden aan de voeding geschat op ± 50%. Dit maakt 

dikke darm kanker tot een in potentie te voorkomen ziekte. 

Buiten voedingsfactoren spelen ook erfelijke factoren een rol bij het risico 

op het krijgen van dikke darm kanker. Daarnaast zouden verschillen in 

expressie van genen een rol kunnen spelen. De invloed van genen op elkaar 

en de invloed van dieet factoren op de expressie van genen en mogelijke 

kwaadaardige ontwikkeling krijgen steeds meer aandacht binnen het 

wetenschappelijk onderzoek. 

Bij het ontstaan van dikke darm kanker is de adenoom-dysplasie-carcinoom 

volgorde de klassieke histologische volgorde, ofwel de goedaardige poliep 

die zich in de loop van jaren geleidelijk tot dikke darm kanker kan 

ontwikkelen. De allereerste aanzet tot het ontstaan van dikke darm kanker 

wordt in de normale cel van de dikke darmwand gegeven. Ideale eindpunten 

in interventie onderzoek naar mogelijk beschermende voedingscomponenten 

zijn dikke darm poliepen of kanker. Vanwege de hoge kosten en lange duur 

(5-15 jaar) worden deze interventieonderzoeken niet of nauwelijks 

uitgevoerd. Kortere interventie studies worden verricht met surrogaat 

eindpunten, zogenaamde vermeende intermediaire biomarkers, die kunnen 

worden gemeten in de ontlasting of in het normale dikke darm weefsel. 

Glutathion S-transferases zijn een groep biotransformatie enzymen die 

betrokken zijn bij het metabolisme en ontgifting van stoffen die 

celbeschadigende of kankerverwekkende eigenschappen bezitten. Deze 

enzymen kunnen worden aangetoond in de meeste weefsels, zo ook in de 
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humane tractus digestivus. De glutathion S-transferases katalyseren de 

conjugatie van glutathion aan een verscheidenheid van substraten. De 

metabolieten die bij deze reactie worden gevormd zijn over het algemeen 

minder toxisch dan hun voorlopers en beter wateroplosbaar. Hierdoor wordt 

de uitscheiding via de ontlasting of de urine makkelijker. Er is gepostuleerd 

dat op deze manier het glutathion biotransformatie systeem carcinogenen 

kan inactiveren en dikke darm kanker kan voorkomen. 

Doel — Het doel van dit proefschrift is om aspecten van intermediaire 

biomarkers die mogelijk een rol spelen in het ontstaan van dikke darm kanker 

te beschrijven. Tevens worden effecten van voedingscomponenten op deze 

intermediaire biomarkers beschreven. Hierbij wordt nadruk gelegd op het 

glutathion detoxificatie systeem. 

Hoofdstukken 1-3 —• In de hoofdstukken 1-3 wordt de waarde van het 

glutathion biotransformatie systeem als intermediaire biomarker bij de 

ontwikkeling van dikke darm kanker bestudeerd. 

Hoofdstuk 1 — Hoofdstuk 1 geeft de huidige beschikbare gegevens weer uit 

klinische en epidemiologische humane studies betreffende de relatie tussen 

het glutathion biotransformatie systeem and het risico op dikke darm kanker. 

Bij mensen werd er een significante associatie gevonden tussen de glutathion 

S-transferase activiteit in het normale maag-darm weefsel en het voorkomen 

van kanker in specifieke delen van het maag-darm kanaal. Lage activiteit was 

gecorreleerd met een hoge kanker incidentie en vice versa. Tevens was de 

glutathion S-transferase activiteit in het normale dikke darm weefsel lager bij 

patiënten met een verhoogd risico op dikke darm kanker in vergelijking met 

gezonde vrijwilligers. Als deze bevinding klopt, dan zouden interventie 

studies die de glutathion detoxificatie capaciteit vergroten beschermen tegen 

het ontstaan van kanker. De consumptie van groenten en fruit wordt 

geassocieerd met een lager risico op het krijgen van dikke darm kanker. 

Humane interventie studies hebben laten zien dat (componenten van) 

groenten de glutathion detoxificatie capaciteit in de dikke darm kunnen 

induceren. Een dergelijk effect zou kunnen bijdragen aan een vermindering 
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van het risico op het krijgen van dikke darm kanker, maar meer gegevens zijn 

nodig. Studies waarin glutathion S-transferase polymorfismen in relatie tot 

dikke darm kanker zijn onderzocht laten geen eenduidig beeld zien van een 

verminderd of toegenomen risico van een specifiek genotype. 

Voedingsmiddelen en medicijnen kunnen ook de expressie niveaus van 

specifieke isoenzymen beïnvloeden. De effecten van zulke factoren op het 

risico op de ontwikkeling van kanker krijgt steeds meer aandacht. 

Hoofdstuk 2 — In hoofdstuk 2 worden de glutathion S-transferase activiteit 

en het glutathion gehalte onderzocht in de normale dikke darmwand van 

patiënten met een verhoogd risico op dikke darm kanker. Binnen de patiënten 

groep werd een onderverdeling gemaakt naar erfelijke belasting. Wij 

onderzochten patiënten met een recente voorgeschiedenis van dikke darm 

adenomen, dikke darm kanker, Familial Adenomatous Polyposis (FAP) en 

patiënten uit Hereditary Non-Polyposis Colorectal Cancer families met 

(HNPCC+Ad) of zonder (HNPCC-Ad) adenomen in de voorgeschiedenis. 

Deze gegevens werden vergeleken met gegevens van gezonde vrijwilligers. 

De glutathion concentraties waren significant lager in het normale distale 

dikke darm weefsel van patiënten met kanker, FAP, HNPCC-Ad en 

HNPCC+Ad in vergelijking met adenoom patiënten en gezonde vrijwilligers. 

De glutathion concentraties in de dikke darm van adenoom patiënten waren 

iets lager in vergelijking met gezonde vrijwilligers. De glutathion S-

transferase activiteit in de distale dikke darm was significant lager bij kanker 

en FAP patiënten in vergelijking met HNPCC-Ad, HNPCC+Ad, adenoom 

patiënten en gezonde vrijwilligers. Een opvallende associatie tussen een lage 

glutathion S-transferase activiteit en een hoog klinisch risico op het krijgen 

van dikke darm kanker werd gevonden in het distale dikke darm weefsel van 

adenoom patiënten en de twee HNPCC-groepen in vergelijking met gezonde 

vrijwilligers. In het proximale deel van de dikke darm werd een vergelijkbare 

associatie gevonden. De glutathion detoxificatie capaciteit in de dikke darm 

was lager bij patiënten met een verhoogd risico op het krijgen van dikke 

darm kanker en dit lijkt onafhankelijk te zijn van het erfelijke risico. De 

laagste detoxificatie capaciteit werd gevonden in FAP en kanker patiënten. 

Dus, veranderingen in de glutathion biotransformatie capaciteit in de dikke 
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darm bij deze patiënten zou een relatie kunnen hebben met het risico op het 

krijgen van dikke darm kanker, onafhankelijk van erfelijke factoren. 

Hoofdstuk 3 — In hoofdstuk 3 beschrijven wij het glutathion 

biotransformatie systeem in de dikke darm van patiënten met een X-linked 

agammaglobulinemie. In deze relatief jonge patiënten groep werd een 30-

voudig verhoogd risico op dikke darm kanker berekend. Patiënten met een X-

linked agammaglobulinemie hadden een significant lagere glutathion S-

transferase activiteit in de gehele dikke darm in vergelijking met adenoom 

patiënten. In vergelijking met gezonde vrijwilligers hadden patiënten met X-

linked agammaglobulinemie een lagere glutathion S-transferase activiteit in 

het meest distale deel van de darm, de endeldarm. Deze lagere glutathion S-

transferase activiteit zou een rol kunnen spelen in het berekende verhoogde 

dikke darm kanker risico van X-linked agammaglobulinemie patiënten. 

Hoofdstukken 4-6 — In de hoofdstukken 4-6 worden de effecten van 

interventie studies met voedingsmiddelen en -componenten op biomarkers 

die een potentiële rol spelen in het ontstaan van dikke darm kanker 

onderzocht. 

Hoofdstuk 4 — In hoofdstuk 4 wordt het effect beschreven van het 

gedurende 4 weken consumeren van 28 gram onverteerbaar zetmeel (resistant 

starch) per dag op intermediaire biomarkers in de ontlasting en in het dikke 

darm weefsel. Resistant starch zou hetzelfde effect kunnen hebben op deze 

biomarkers als vezels. Drieëntwintig patiënten met een recente 

voorgeschiedenis van dikke darm adenomen werden geanalyseerd in deze 

gecontroleerde studie. Geen effect op de celdeling in de dikke darm, het nat 

en droog gewicht van de ontlasting, de zuurgraad en de korte keten 

vetzuuruitscheiding in de ontlasting werd gevonden. De galzout 

concentraties in fecaal water daalde met 15% (p = 0.048) en het percentage 

secundaire galzouten daalde met 14% (p = 0.002) onder resistant starch ten 

opzichte van placebo. Of dit effect een substantiële rol speelt in het 

voorkomen van dikke darm kanker moet nog blijken. 
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Hoofdstuk 5 — In hoofdstuk 5 analyseren wij de effecten van het 

consumeren van glucosinolaat bevattende spruitjes op de glutathion S-

transferases in de darm en in het bloed. Dit cross-over onderzoek werd 

verricht bij 10 gezonde vrijwilligers. De gemiddelde glutathion S-transferase 

activiteiten verschilden aanzienlijk tussen de dunne darm, endeldarm en 

lymfocyten (respectievelijk 737 ± 54, 321 ±29 and 154 ± 14 nmol/min/mg 

eiwit), maar werd niet beïnvloed door de interventie met spruitjes. Ook de 

isoenzym distributie verschilde aanzienlijk tussen de onderzochte weefsels. 

De consumptie van 300 gr. spruitjes per dag gedurende 1 week resulteerde in 

een significante toename van de glutathion S-transferase Alfa and -Pi 

isoenzym concentraties in de endeldarm, respectievelijk met 30% en 15%. 

Wij stellen dat deze toegenomen concentraties van ontgiftingsenzymen 

gedeeltelijk de epidemiologische associatie tussen een hoge inname van 

glucosinolaten en een verminderd risico op dikke darm kanker zouden 

kunnen verklaren. 

Hoofdstuk 6 — In 1991 concludeerde de International Agency for Research 

on Cancer van de Wereld Gezondheid Organisatie dat het drinken van koffie 

een "beschermend" effect heeft op de ontwikkeling van dikke darm kanker. 

Sindsdien hebben epidemiologische studies dit mogelijk "beschermende" 

effect van koffie op dikke darm kanker bevestigd. Drie mogelijke 

werkingsmechanismen worden bediscussieerd: de anti-mutagene 

eigenschappen van koffie, de invloed op galzouten in de ontlasting en de 

invloed op de beweeglijkheid van de dikke darm. In hoofdstuk 6 beschrijven 

wij de effecten van het drinken van 1 liter ongefilterde koffie per dag 

gedurende 2 weken op intermediaire biomarkers in de ontlasting en in de 

dikke darmwand bij 63 gezonde vrijwilligers in een cross-over studie. Het 

drinken van koffie had geen effect op de celdeling in de dikke darm, gemeten 

met de Proliferating Cell Nuclear Antigen labeling index. Tevens werd er 

geen effect gezien op de concentraties van oplosbare galzouten in de 

ontlasting en op de glutathion S-transferase activiteit in de dikke darm. 

Echter, ongefilterde koffie gaf een significante toename van de glutathion 

concentratie van 8% in de dikke darmwand en van 15% in het plasma. 

Hiermee zou de ontgiftingscapaciteit en de antimutagene eigenschappen in 
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de dikke darmwand verhoogd kunnen worden. Of dit effect uiteindelijk ook 

wezenlijk bijdraagt tot een verminderd risico op dikke darm kanker moet nog 

blijken. 

Hoofdstuk 7 — Interventie studies met voedingscomponenten gericht op het 

meten van effecten op potentiële biomarkers betrokken in de ontwikkeling 

van dikke darm kanker zouden ook invloed kunnen hebben op andere 

orgaansystemen in het menselijke lichaam. Homocysteine and glutathion zijn 

beide aminothiolen. Cysteine is een derivaat van homocysteine een precursor 

van glutathione. Daarom zijn homocysteine en glutathion in het biochemisch 

systeem der elementen gekoppeld via cysteine. In hoofdstuk 7 worden de 

effecten van het drinken van ongefilterde koffie op de plasma homocysteine 

concentraties bij dezelfde gezonde vrijwilligers als in hoofdstuk 6 

bestudeerd. Het drinken van 1 liter ongefilterde koffie per dag gedurende 2 

weken een significante toename van de nuchtere plasma homocysteine 

concentraties van 10%, van 12.8 μπιοΐ/ΐ naar 14.0 μιτιοΐ/ΐ. De 10% toename 

van de plasma homocysteine concentratie zou het risico op hartvaatziekten 

met 10% verhogen als homocysteine als een oorzakelijke factor hiervoor 

wordt gezien. Het is onduidelijk of dit effect wordt veroorzaakt door de 

cholesterol verhogende diterpenen die exclusief voorkomen in ongefilterde 

koffie of door factoren die ook in reguliere koffie aanwezig zijn. 

Conclusie — Concluderend hebben wij gevonden dat het glutathion 

biotransformatie systeem mogelijk een beschermende rol speelt bij de 

ontwikkeling van dikke darm kanker. Dieet interventies met spruitjes en 

ongefilterde koffie stimuleerden het glutathion biotransformatie systeem in 

het dikke darm slijmvlies. Of deze effecten inderdaad bijdragen aan een 

verminderd risico op dikke darm kanker zal nog moeten blijken. De 

mogelijkheid om de ontgiftingscapaciteit van het glutathion biotransformatie 

systeem in de dikke darm te stimuleren, stelt ons in staat om door middel van 

speciale diëten, dieetsupplementen, nutriceuticals of "functional foods" de 

gezondheid in gunstige zin te beïnvloeden. Voor solide bewijsvoering zal 

echter nog veel onderzoek moeten worden verricht. 
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Hoe een team naar de finale toewerkt. 

De training op het veld van de afdeling Maag-, Darm en Leverziekten 

begint om kwart voor negen. 

De voorzitter, Jan Jansen, zit al op de tribune. Hij neemt nog wat papieren 

door: binnenkort gaan er weer spelers weg, wie kan hij binnenhalen ? 

Martijn Katan, de technisch manager, heeft ons doel scherp voor ogen en 

bewaakt op een zeer plezierige wijze het te volgen traject. Opvallend is dat 

de contacten met hem niet alleen via de trainer lopen, maar ook rechtstreeks. 

Bij Martijn is het niet alleen woorden, maar ook daden. Iets wat mij enorm 

aanspreekt. 

De trainer, Fokko Nagengast, neemt met mij als aanvoerder van het team 

de dag door. Hij geeft me aanwijzingen hoe we optimaal van onze 

kwaliteiten gebruik kunnen maken. Hij kent de kneepjes van het vak en wil 

die ook met me delen. 

Wilbert Peters, de conditietrainer, zorgt ervoor dat onze conditie optimaal 

is. Hij verstaat de kunst om elke speler op een relaxte manier te stimuleren tot 

een hoger niveau. 

Het veld ligt er prachtig bij. In het kleedlokaal hangt de kleding keurig 

gewassen en gestreken. De verzorgers, José, Maria en Tine, hebben het weer 

goed voor elkaar. In de pauze schenken zij voor ons allemaal geen thee maar 

koffie en geven ons het steuntje in de rug dat we nodig hebben. 

Ondanks het feit dat het een training is lopen de tribunes vol: op de 

hoofdtribune zie ik alle proefpersonen en de patiënten, zonder wie de finale 

niet gespeeld kan worden. Achter de goal zitten Jos, Frits en Henk, de 

medewerkers van het secretariaat MDL (Miranda, Sandra, Yvonne, Jeske, 

Mary en Catrien), de functieafdeling MDL (Karin), de verpleegafdeling en de 

polikliniek interne - post groen en last, but not least de collega's van de 

MDL-ziekten (Ton, Marie-Louise, Wim, Jan, Ben, Ellen, Joanna, Lucette, 

Peter, Adriaan, Amoud, Dirk, Geert en Joost). Zij zijn enthousiast, leven met 

ons mee en moedigen ons aan. 

De medewerkers van het lab gastro, Hennie, Annie, Albert, Wieke en 

Wim, en het laboratorium van de afdeling pathologie onder aanvoering van 

Koos zingen luid mee met het huisorkest. In het huisorkest spelen Lysan, 
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Annelies, Judy, Marco, Hans, Henk, Ans, Marije, Baudina en Kitty van de 

afdeling Endoscopic. De sfeer zit er goed in. 

Op het veld staan Fokko en Wilbert omringd door de overige spelers; 

Claudia, Marleen, Margreet, Eke, Roelinka, Romy, Leonie en Yvonne. Ik 

sluit me bij hen aan. De training verloopt volgens planning. We besteden 

veel aandacht aan het samenspel. Het elkaar de bal toespelen over korte 

lijnen en met de nodige snelheid maakt dat we efficiënt spelen. We bereiken 

een punt waarop het spel welhaast vanzelf lijkt te lopen. Dit geeft veel 

vertrouwen en voldoening. 

Na afloop ga ik moe, maar voldaan met Marie-Louise, o.a. mijn "mental 

coach", naar huis. 

Ons team traint niet meer samen. Ik kijk met een goed gevoel terug op 

deze tijd en heb onze resultaten uitgewerkt in boekvorm. Het is bijna 27 juni 

2001, de dag waarop ik als aanvoerder van het team de resultaten mag 

presenteren; we zijn klaar voor de finale. 
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Marina Grubben werd op 16 februari 1962 in Venlo geboren. In 1980 

behaalde zij het diploma Atheneum Β aan het Collegium Marianum te Venlo. 

Aansluitend begon zij aan de studie Geneeskunde aan de Katholiek 

Universiteit te Nijmegen. In 1987 behaalde zij het artsdiploma. De opleiding 

tot internist werd begonnen in het St. Joseph Ziekenhuis, destijds in 

Eindhoven (opleider Dr. P.G.G. Gerlag). De opleiding werd afgesloten in het 

Academisch Ziekenhuis Nijmegen (opleider Prof. Dr. J.W.M, van der Meer). 

In 1993 werd zij geregistreerd als internist en werkte vervolgens op de 

afdeling Nierziekten van dit ziekenhuis. Vanaf 1 januari 1994 tot 1 

september 2000 werkte zij op de afdeling Maag-, Darm- en Leverziekten van 

genoemd academisch ziekenhuis. In deze periode verrichte zij het onderzoek 

dat in dit proefschrift wordt beschreven en werd zij opgeleid tot 

gastroenteroloog (opleider Prof. Dr. J.B.M.J. Jansen). Vanaf 1 oktober 2000 

werkt zij als gastroenteroloog in het TweeSteden ziekenhuis in Tilburg. 
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COLORECTAL CANCER RISK AND 
DIETARY INTERVENTION 

With emphasis on the glutathione biotransformation system 

Stellingen 

M.J.A.L. Grubben, 27 juni 2001 



1 Changes in the glutathione biotransformation capacity in the colonic 
mucosa possibly modifies the colon cancer risk independent from 
genetic factors 

(dit proefschrift) 

2 The lower glutathione S-transferase enzyme activity in the colonic 
mucosa of patients with X-1 inked agammaglobulinaemia might play 
a role in the increased colorectal cancer risk 

(dit proefschrift) 

3 Resistant starch has limited effects on fermentation and proliferation 
biomarkers involved in colon carcinogenesis m patients who already 
consume a relatively healthy diet 

(dit proefschrift) 

4 Unfiltered coffee increases the detoxification capacity in and thereby 
possibly the antimutagenic properties of the colorectal mucosa 
through an increase in the glutathione concentration 

(dit proefschrift) 

5 Interventiestudies met voedingscomponenten kunnen tegenstrijdige 
effecten op de gezondheid opleveren, afhankelijk van welk orgaan 
systeem men onderzoekt 

(dit proefschrift) 



6 Jezelf kunnen zijn is de essentie van vnjheid. 

7. Als je met twee maten meet krijg je nooit een passend geheel. 

8 Soms is 't bealer iets moeis te verleeze, beater verleeze dan dat ge 
noen het gehad. 

Rowwen Hèze 1997 

9. Autoriteit is een verdienste, geen gegeven. 

10 Het recht op gezondheidszorg in onze welvaartsstaat komt in een 
ander daglicht te staan als er geen mankracht is om de middelen te 
gebruiken. 
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