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Chapter 1

Introduction and outline of the thesis

IniroduLtiim ami outline υ} the the\t\

Background
Patients with Barrett's oesophagus, where the squamous epithelium ot the oesophagus has
been replaced by columnar epithelium, have an increased risk of developing oesophageal
adenocarcinoma

The aetiology of Barrett's oesophagus is still unclear

suggested that it might be due to an abnormal foetal development

It has been

although familial

occurrence due to an autosomal genetic origin has been suggested as well In addition,
gastro oesophageal reflux disease reduced lower oesophageal sphincter pressure, reduced
oesophageal acid clearance due to poor oesophageal contractility or dyscoordmation of the
peristalsis, increased exposure of the oesophagus to acid due to enhanced basal gastric
acid secretion and bile reflux due to duodenogastnc reflux have been suggested to cause
columnar transformation of the oesophagus
Earlier we have postulated that the increased risk of malignant transformation in
Barrett's epithelium may be due to a decreased detoxification capacity or an impaired
balance between bioactivation and detoxification
epithelium

of toxic compounds in Barrett's

Glutathione S transferases are of particular importance with respect to

detoxification
Glutathione S transferases (GSTs) are a complex supergene family of enzymes GSTs
are involved in the cellular detoxification of xenobiotics and other toxic compounds They
catalyze the conjugation of toxic compounds to glutathione, resulting in a more water
soluble conjugate which may be excreted via urine In addition GSTs cover a considerable
part of the glutathione peroxidase activity, involved in the detoxification of (oxygen)
radicals and other products of oxidative stress Furthermore the GSTs are major binding
proteins for a variety of harmful compounds Human cytosolic GSTs are divided into the
main classes Alpha

Mu, Pi and Theta GST isoenzymes demonstrate tissue specific

expression and substrate specificity

GST enzyme activity in the mucosa ot the human

gastrointestinal tract is inversely correlated with tumour incidence
Epidemiological studies have shown that regular consumption of vegetables and fruits
give significant protection against cancer of the gastrointestinal tract Many compounds
isolated from vegetables and fruits were shown to have anticarcinogenic properties in the
gastrointestinal tract of rats treated with carcinogens A generally accepted method of
action of a wide range of dietary anticarcinogens was induction of glutathione Stransferases, resulting in an enhanced detoxification of carcinogens
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Outline of the thesis
In chapter 2 a detailed review of the literature on biomarkers in Barrett's oesophagus and
adenocarcinoma is presented Chapter 3 describes the occurrence and trequencies of
polymorphic variants in genes encoding phase I and II biotransformation enzymes in
patients with (pre)neoplastic oesophageal lesions as compared to a healthy control group
In chapter 4 the levels of glutathione and glutathione S-transferases in Barrett's epithelium
as well as in adjacent normal squamous oesophageal epithelium are established. A
comparison between the expression of GSTs in these two tissues is made. In chapter 5 the
cellular localization of GST Alpha and Pi in (pre)neoplastic oesophageal lesions is studied
by immunohistochemical staining Chapter 6 shows a study on gender and age
dependences of glutathione and glutathione S-transferases in lymphocytes of male and
female blood donors at different age groups Chapters 7 to 12 describe the effects ot
dietary anticarcinogens on glutathione, glutathione S-transferases and glutathione
peroxidases in the rat gastrointestinal tract Chapters 13 and 14 represent summaries ot
this thesis in English and Dutch, respectively
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Biomarkers in Barrett's esophagus

E.M.M. van Lieshout, J.B.M.J. Jansen and W.H.M. Peters
Departments of Gastroenterology, University Hospital St. Radboud, Nijmegen,
the Netherlands

International Journal of Oncology 1998 (in press)

Biomarken in Barrett's esophagus

Abstract
Patients with Barrett's esophagus where squamous esophageal epithelium has been
replaced by columnar epithelium containing goblet cells have an increased risk of
esophageal adenocarcinoma. Unfortunately, most of those adenocarcinomas are detected
at an advanced stage in which they are incurable. Many biomarkers have been studied,
trying to identify the subset of patients who are at very high risk for adenocarcinoma.
Dysplasia is at present the "golden standard" for the risk of adenocarcinoma. However,
overexpression of p53, allelic losses, proliferation indices, flow cytometric abnormalities,
accumulation of acidic fibroblast growth factor, expression of blood group antigens and
sucrase-isomaltase during the Barrett's to adenocarcinoma sequence appear promising.
However, additional information is necessary to justify routine application in clinical
practice and to define their role in surveillance programs.

1. Introduction
Barrett's esophagus is a condition in which a variable length of squamous epithelium in
the distal esophagus has been replaced by columnar epithelium containing goblet cells (1).
The mean age at diagnosis ranges from 40 to 64 years (2-5). The aetiology of Barrett's
esophagus is still unclear. It has been suggested that Barrett's esophagus might be a
congenital or familial disorder (6-8). On the other hand, chronic gastro-esophageal reflux
might be involved (9). Severe and chronic gastro-esophageal reflux may cause esophagitis
with destruction and desquamation of squamous epithelium, resulting in replacement by
columnar epithelium, which is more acid resistant (10). This hypothesis was supported by
studies, showing that columnar-lined esophagus was found in conditions associated with
gastro-esophageal reflux disease, such as scleroderma and Zollinger-Ellison syndrome
(11). In addition, columnar-lined esophagus was found after gastro-esophageal surgery,
such as esophago-gastrotomy, esophago-jejunostomy and Heller myotomy (12,13).
Patients with Barrett's esophagus have a reduced pressure of the lower esophageal
sphincter, and may therefore be predisposed to reflux (14). Reduced esophageal acid
clearance due to poor esophageal contractility or dyscoordination of the peristalsis (13),
or increased exposure of the esophagus to acid due to enhanced basal gastric acid
secretion (15) may also occur. Finally, bile reflux due to duodenogastric reflux was
shown to cause columnar transformation ot the esophagus (16,17).
13
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Three histological
distinguished

types

of

epithel ia found

in Barrett s esophagus

can be

(1) junctional type epithelium resembling the mucosa of the gastric cardia

(18), (и) gastric-fundic type epithelium resembling the mucosa of the gastric body and
fundus, and (in) specialized columnar epithelium with goblet cells which occurs most
frequently and has a villiform surface and crypts that resemble intestinal mucosa
Specialized columnar epithelium represents incomplete intestinal metaplasia

lacking

intestinal absorptive cells and being functionally immature (18)
Barrett's esophagus is considered to be a premahgnant condition The risk ot patients
with Barrett's esophagus to develop adenocarcinoma has been estimated to be increased
30 to 125 fold compared with patients without Barrett's mucosa (5 19-26) This pathway
follows a few stages

The development of dysplasia is increased in Barrett's mucosa

proceeding from mild to moderate and severe, ultimately leading to adenocarcinoma (24)
Within 5 years approximately 32% of the severe dysplastic lesions will have proceeded to
adenocarcinoma (24-29)

Esophageal adenocarcinomas represent approximately 50% of

the total number of esophageal carcinomas Of these adenocarcinomas 20% is associated
with Barrett's esophagus, and this type of cancer in particular has a bad prognosis (30)
Specialized columnar epithelium with goblet cells is the most common type of Barrett's
epithelium and tends to progress to dysplasia and adenocarcinoma at a much higher
frequency than other types of Barrett's epitheha (21,26,30,31)
Often adenocarcinoma arises in Barrett's metaplastic epithelium as multiple toci with
progressive dysplasia However, not every dysplastic lesion progresses to adenocarcinoma
(26,27,33) The length of the Barrett's epithelium appears to have a significant impact on
the development of both dysplasia and adenocarcinoma (23,34,35) dysplasia is not tound
very often in Barrett's segments of less than 8 cm, and a 2-fold increase in length results
in a 1 7 fold increased risk of adenocarcinoma (36 37) Although smoking and alcohol
consumption do not predispose to the development of Barrett's metaplasia, smoking and
to a lesser

extent alcohol consumption are associated with the development ot

adenocarcinoma in patients with established Barrett's esophagus (19 22,32,36,38)
Unfortunately, most Barrett's adenocarcinomas are detected at an advanced stage in
which they are incurable with an overall 5 year survival rate of only 7% (32,39 40) The
incidence of

Barrett's-associated

endoscopic surveillance

adenocarcinoma is

increasing

rapidly

(41), and

of Barrett's epithelial segments > 8 cm is indicated for early

detection of adenocarcinoma (42)

One obstacle to successtul

endoscopic biopsy

surveillance is the difficulty of identifying the subset of patients who are at high risk tor
the development of adenocarcinoma Many studies have been published during the last
14
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decades, trying to find a biomarker that correlates with pathogenesis of Barrett's
adenocarcinoma. This review represents a survey of these studies.

2. Dysplasia
At present the occurrence of dysplasia in Barrett's epithelium is considered to be the
"golden standard" for estimating the risk of adenocarcinoma. Patients who have
specialized columnar epithelium containing goblet cells are most at risk for developing
esophageal adenocarcinoma: often high grade dysplasia or adenocarcinoma is surrounded
by specialized columnar epithelium, and not by gastric-fund ie or junctional type
epithelium (22,26,27,32,34,35,43). At initial endoscopic examination dysplasia without
presence of visible carcinoma is found in 11-37% of the patients with Barrett's esophagus
(24,26,44-46). Twelve to 18% of the patients will develop dysplasia during a mean
follow-up period of 3.0 to 5.2 years (26,45,46), 10 to 25% of the patients progress from
low-grade to high-grade dysplasia, and up to 67% of the patients with low-grade dysplasia
ultimately will develop high-grade dysplasia or adenocarcinoma (26). However, low-grade
dysplasia not necessarily progresses to high-grade dysplasia and adenocarcinoma is not
inevitable, and there are some reports of regression of dysplasia (45,46). Surgical
resection of the esophagus in which severe dysplasia without adenocarcinoma is present
mostly is successful. Dysplasia adjacent to adenocarcinoma is found in 68-100% of the
patients undergoing esophagectomy for Barrett's carcinoma (19,21,27,32,35,43,47,48).
High-grade dysplasia is an important marker for occult malignancy, since invasive
adenocarcinoma is found in resection specimens of 45-75% of the patients undergoing
esophagectomy for high-grade dysplasia (27,49-51).
Undoubtedly, dysplasia in columnar-lined esophagus is the most important indicator
of impending malignant change and at present it is the only reliable histopathological
marker (27,28,52,53). Although high-grade dysplasia can persist for several years without
progressing, the majority of patients with high-grade dysplasia will eventually develop
adenocarcinoma (26,45,46,49,54,55). Inter-observer variability is a problem when the
degree of dysplasia is used as marker of cancer risk. The interobserver agreement for
high-grade dysplasia may be 87%, and an inter-observer agreement of 70% can be
reached for indefinite or low-grade dysplasia (56). However, patients whose biopsies
show histologically abnormal tissue may progress to cancer whereas in other patients
lesions will remain stable or even regress (51,57,58). Therefore, more objective measures
15
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are needed to
adenocarcinoma.

identify

those

patients

at risk

for

subsequent

progression

to

3. Tumor suppressor genes and (proto) oncogenes
Of all molecular changes found in tumors, changes in the tumor suppressor gene p53 are
detected most frequently (59). The human p53 gene is located on chromosome 17p and
encodes a nuclear protein controlling cell growth and division. Several mutations were
demonstrated in exon 5 of the p53 gene (60), all resulting in peptides with growth
stimulating instead of regulating properties. Stability and half-life of the mutant p53
protein are enhanced, resulting in accumulation of the mutant protein and ultimately in
cancer. Therefore, mutations in the p53 gene can be detected as accumulation of this
protein. Alterations in p53 have been shown to be a common event in dysplasia and
adenocarcinoma of the esophagus, but not in nondysplastic Barrett's metaplasia,
overexpression of p53 protein was found in approximately 45-87% of patients with
Barrett's esophagus complicated with severe dysplasia or adenocarcinoma (59-70),
whereas only 2-17% of patients with Barrett's esophagus without dysplasia or carcinoma
showed p53 mutations (65-74). Ramel et al. (64) demonstrated progressive increase in the
percentage of patients with p53 overexpression in parallel with the risk of malignancy:
5% of the patients with non-dysplastic Barrett's epithelium showed p53 overexpression,
15% of the patients with indefinitive or low-grade dysplasia, 45% of those with highgrade dysplasia and 53% of those with Barrett's adenocarcinoma. Fléjou et al. (66) found
that p53 overexpression was limited to carcinoma and high-grade dysplasia, suggesting
that p53 is a relatively late event in the neoplastic transformation of Barrett's esophagus.
In a follow-up study Younes et al. (75) demonstrated that patients with low-grade
dysplasia and p53 overexpression are more likely to develop high grade-dysplasia and
adenocarcinoma. The increase in p53 protein in the metaplasia to adenocarcinoma
sequence might suggest a role of this tumor suppressor gene in neoplastic transformation
(37,63-65,67,71). However, patients with p53 overexpression in Barrett's epithelium not
necessarily progress to carcinoma and a subset of patients developing Barrett's
adenocarcinoma did not show p53 overexpression (67,76). When dysplastic epithelium did
not contain increased levels of p53 protein corresponding adenocarcinoma tissue did not
overexpress p53 either (67). When overexpression of p53 was found, it was only
moderate and increased as the dysplastic reaction progressed or when adenocarcinoma had
16
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developed (67). This suggests that p53 may be involved in the progression of metaplasia
to adenocarcinoma only in a subset of patients with Barrett's esophagus (67). A more
detailed review on p53 overexpression in Barrett's esophagus is given in reference 76.
Ras oncogenes play a role in cell growth and differentiation (77). Mutations in three
ras-genes (Η-ras. Ki-ras and N-ras) were not detected in dysplastic Barrett's epithelium or
adenocarcinoma, indicating no involvement in the pathogenesis of Barrett's adeno
carcinoma. On the other hand, Sorsdahl et al. (68) demonstrated increased H-ras
expression in Barrett's carcinoma. The oncogenes c-src. c-ras. c-jun and c-fos were
detected equally frequent (0-16%) and at comparable levels in all stages of the Barrett'sadenocarcinoma sequence, pointing towards a lack of association in the pathogenesis of
Barrett's adenocarcinoma (63,78-82). Recently, Kumble et al. (83) demonstrated that srcspecific activity was 3-4 fold higher in Barrett's esophagus and 6-fold higher in
esophageal adenocarcinoma than in control tissues. However, different regions in
Barrett's epithelium showed heterogeneity in src activity, which makes scr unsuitable as
biomarker.
Both the c-erbB-1 gene and the epidermal growth factor receptor (EGFR) it encodes
are overexpressed in Barrett's epithelium (84). Expression of the c-erbB-2 (neu) proto
oncogene, encoding a transmembrane tyrosine kinase receptor highly homologous to
EGFR, has been demonstrated in Barrett's mucosa and adenocarcinoma (77,85-89).
Overexpression of the growth factor gene c-erbB-2 was shown in 11-26% of adeno
carcinomas (88,89) and usually occurred with a concomitant overexpression of EGFR
(28,86,87,90). No expression at all or only a marginal overexpression of the c-erbB-2
protein was detected in Barrett's esophagus (86-91) or in dysplastic lesions (88,89). A
possible association between c-erbB-2 gene expression and tumor stage has not been
proven. Hardwick et al. (88) showed that c-erbB-2 overexpression is a relatively late
event in the development of Barrett's carcinoma and it is unlikely to be involved in the
early stages of neoplastic transformation.

4. Chromosomal abnormalities
There is substantial evidence that the pathogenesis of Barrett's adenocarcinoma is
associated

with

a multistep process

of genetic

instability

and clonal evolution

(46,48,60,92,93). The most consistent numerical chromosomal aberration in all patients
with Barrett's esophagus is deletion of the Y-chromosome (60,73,92,93).
17
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Development of Barrett's adenocarcinoma may be associated with allelic losses,
including tumor suppressor genes (94,95). Allelic loss of 17p occurs in diploid cells as
early events and typically precedes the development of aneuploidy and other allelic losses
during neoplastic progression in Barrett's esophagus (62,94-97). There is strong evidence
that the target of 17p allelic loss is the p53 gene (98). Allelic loss of 17p or 5q were
found in aneuploid cell populations from patients with Barrett's esophagus who had highgrade dysplasia or cancer (62,95-98), and were found in 92% and 77% of Barrett's
adenocarcinomas, respectively (96). Allelic losses of 17p typically occurred earlier than
that at 5q during neoplastic progression in Barrett's esophagus (62,94,98). Whether an
association between 17p and 5q mutations and neoplastic transformation in Barrett's
esophagus exists is not clear from the studies performed so far.
Allelic loss of other chromosomal regions harboring known tumor suppressor genes
have been found in Barrett's adenocarcinoma, such as allelic loss of retinoblastoma gene
(13q). deleted-in-colon carcinoma (PCO and deleted-in-pancreatic carcinoma (DPC4)
(J8g) in 38%, MCC (5g) and APÇ (5_g) (95,96,99-102). In addition, allelic losses of 9p_
(cyclin-dependent kinase inhibitor p!6). llq. and 8ß and overexpression of cyclin Dl
were found in Barrett's adenocarcinoma (93,95,103,104). More studies are needed to
assess the significance of these observations.

5. Aneuploidy
Evolution from a normal to a malignant cell may be associated with changes in total DNA
content or ploidy. All cells other than germ-line cells are diploid (2N). Tumor cells
however may have undergone large changes in DNA content. Using flow cytometry it is
possible to provide objective information about the ploidy status and cell cycle events in
cell populations.
In Barrett's esophagus, up to 79-86% of aneuploid cell populations (33,34,105) as
well as an increased G2/tetraploid fraction are found (48,75,106-109). Dysplastic and
adjacent adenocarcinoma tissues often show overlapping aneuploid cell populations,
suggesting that neoplastic transformation in Barrett's esophagus may be associated with
genomic instability (48). The number of aneuploid cell populations generally increases as
metaplasia progresses to dysplasia and adenocarcinoma (48,106-109). A possible
correlation between karyotypic abnormalities and neoplastic transformation however
remains controversial, since discordances between flow cytometric abnormalities and
18
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dysplastic changes have been demonstrated (46,48,107,109) aneuploid cell populations
were found in non-dysplastic as well as in low-grade and high-grade dysplastic lesions
(46), but may also be absent in dysplasia (106,110)
Prospective studies indicate that both aneuploidy and dysplasia may be prognostic
factors for malignant transformation in Barrett's epithelium (54,111) 70% of the patients
with aneuploidy or increased G2/tetraploid fractions in biopsy specimens obtained during
initial endoscopic evaluation developed high-grade dysplasia or cancer (46) However,
none of the patients with flow cytometric abnormalities on initial evaluation progressed to
invasive cancer without first exhibiting high-grade dysplasia (46,111) Although detection
of abnormalities by flow cytometry may be a more reliable marker for cancer
development than dysplasia, at present its routine application in clinical practice is not
achievable

6. Abnormal proliferation
In Barrett's esophagus with dysplasia or carcinoma, increased proliferative activity has
been shown (46,107,108), leading to an expansion of the proliferative zone (112)
Immunohistochemical studies of Barrett's esophagus using monoclonal antibodies that
recognize the proliferation associated antigens Ki-67 and proliferating cell nuclear antigen
(PCNA) showed increased proliferative fractions (113 115) The Ki-67 labelling index
was found to be low in junctional or gastric type Barrett's epithelium, moderate in
intestinal type epithelium and high in severe dysplastic epithelium or adenocarcinoma
(116,117) Staining for PCNA was mainly found in basal cells of the neck and foveolar
regions of Barrett's intestinal type epithelium In tissues showing severe dysplasia the
proliferating zone increased towards more superficial layers of the glands The mean
labelling index was 25% in adenocarcinoma, 26% in Barrett's intestinal mucosa with
severe dysplasia and 20% in Barrett's intestinal mucosa without dysplasia (115) Although
proliferative activity which correlates with the degree of dysplasia seems an objective
measure for malignant transformation in Barrett's epithelium, its diagnostic value remains
to be proven
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7. Growth regulatory factors
Gastrointestinal mucosa synthesizes epidermal growth factor (EGF) and transforming
growth factor (TGF-alpha) which may bind to the EGF receptors, acting as autocrine,
paracrine and humoral growth factors and regulating growth and differentiation of the
gastrointestinal tract (61,116,118). Epidermal growth factor (EGF) is a polypeptide,
secreted by the submandibular glands, duodenal Brunner's glands, small intestinal
Paneth's cells and other exocrine glands such as the pancreas (119) EGF has a
stimulating effect on epithelial proliferation in the gastrointestinal tract (120-123) and has
been demonstrated in several gastrointestinal tumors (13,114,124) Blood capillaries
beneath approximately 80% of the papillae of normal esophageal mucosa contain EGF
EGF overexpression in Barrett's mucosa was demonstrated in these capillaries, and was
parallelled by the appearance of EGF protein in the cytoplasm of epithelial cells Staining
was mainly basolateral and was not associated with the histological type of Barrett's
mucosa (125,126) Overexpression of EGF and EGF receptors in the esophagus correlated
with the degree of mucosal dysplasia and occurrence of adenocarcinoma (115-117,126
128), suggesting that high expression levels may reflect increased malignant
transformation potential in Barrett's mucosa (111,121,124)
Transforming growth factor alpha (TGF-alpha) is a peptide, first isolated trom an
extract of cell cultures transformed by retroviruses (130) It is structurally and
functionally related to EGF (131) and is expressed in many tissues including the
gastrointestinal mucosa (132). TGF-alpha may exert an oncogenic effect by binding to the
EGF receptor leading to activation of the intranuclear proto-oncogenes c-fos and c-myc,
which are involved in regulation ot cell division and differentiation (133) No difference
in expression levels of TGF-alpha was observed in normal and metaplastic esophageal
mucosa (126). Expression of TGF-alpha and EGF receptor were found to be low in
junctional- or gastric type of Barrett's epithelium but high in intestinal type columnar
epithelium or Barrett's epithelium with moderate to severe dysplasia and adenocarcinoma
(115-117,127,134)
Acidic fibroblast growth factor (aFGF), which belongs to a family of polypeptides
involved in differentiation and cellular proliferation, appears to accumulate in the
spectrum of lesions from intestinal metaplasia to (low and high grade) dysplasia and
adenocarcinoma, suggesting that aFGF may be a valuable prognostic marker However,
only one retrospective study was published on this issue (135)
Although the expression of growth factors and their receptors were significantly
20
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enhanced in intestinal type Barrett's metaplasia, dysplastic epithelium or adenocarcinoma
as compared to normal mucosa, their independent prognostic value has not been
demonstrated by prospective studies.

8. Polyamine biosynthesis
Ornithine Decarboxylase (ODO catalyzes the rate limiting step in the biosynthetic
pathway of polyamines, which play an important role in cell proliferation and
differentiation. Barrett's epithelium contains enhanced ODC enzyme activity, which is
even more obvious in dysplasia (136-138). ODC enzyme activity appears to be correlated
with the progression of Barrett's esophagus (138). However, mainly due to its short half
life detection of ODC enzyme activity is prone to methodological problems (139).
Analogous to enhanced ODC enzyme activity,

increased levels of the polyamine

putrescine were found in adenocarcinoma as compared to Barrett's epithelium (140). In
contrast, the polyamines spermidine and spermine, both synthesized from putrescine,
were present at lower levels in adenocarcinoma (140). Polyamine concentrations in
normal esophageal mucosa fluctuated dramatically and no direct relationship between
ODC activity and polyamine content could be demonstrated (136,137,141). Due to the
methodological

problems for

determining levels of polyamines and ODC, these

parameters at present seem no useful biomarkers for neoplastic progression in Barrett's
esophagus (140).

9. Abnormal mucus and mucus production
Reduced or even absent mucus production has been observed in Barrett's dysplastic
epithelium (56,109,142). By three different staining techniques it is possible to identify
intestinal metaplasia in Barrett's esophagus: Periodic Acid Schiff (PAS), Alcian Blue
(AB) and High Iron-Diamine (HID) technique (142). Combining AB and HID staining,
acid mucins can be discriminated into sulphated and non-sulphated mucins. The
predominance of sulphated mucins in specialized columnar epithelium may indicate
increased risk of Barrett's adenocarcinoma, since a correlation with the degree of
dysplasia was noted (116,142-145). However the number of samples examined was
relatively low and further studies are needed. A reduction of O-acetyl-sialomucin in
21
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goblet cells of intestinal type of Barrett's epithelium in the vicinity of dysplastic
epithelium was found (144,146), whereas dysplastic tissue did not contain any detectable
O-acetyl-sialomucin (144). Lapertosa et al (146) suggested that a relative tissue
immaturity might be an early sign of malignancy. However, as yet there are not sufficient
data on the sensitivity or specificity of these methods to be used for detection of dysplasia
or identification of patients at increased risk for Barrett's adenocarcinoma

10. A shared colon epitope
Recently Das et al (147) demonstrated the presence of a colon-specific epitope in
Barrett's epithelium. Using a monoclonal antibody epitopes in both normal colon and
benign Barrett's epithelium were stained, whereas no reaction with 13 other epithelial
tissues such as small intestinal, gastric and esophageal mucosa was noted (148). Positive
immunoreactivity was found in 21/22 Barrett's epithelial tissues and in 12/12
adenocarcinoma samples. No staining was found in esophagitis, normal esophageal
mucosa, squamous cell carcinoma as well as in tissue of the normal gastroesophageal
junction It is not yet known what factors regulate the expression of this epitope, and
whether the cellular distribution pattern or intensity of staining is correlated with
(pre)neoplastic stage (147).

11. Helicobacter pylori
Bacterial infection with Helicobacter pylori is involved in the pathogenesis of gastritis In
addition to other extragastric sites, such as areas of gastric metaplasia in the duodenum
and areas of heterotopic gastric mucosa in the rectum (149), the presence of Helicobacter
pylon has also been reported in Barrett's esophagus (150,151) Helicobacter pylon is a
microaerophilic Gram-negative, curved or spiral shaped bacillus with specific affinity for
gastrointestinal epithelium, probably due to specific growth factors and receptors found on
gastric mucosal cells. Houck & Lucas (152) were unable to detect Helicobacter pylon in
Barrett's esophagus, which is in contrast to studies by others, showing infection in 1944% of patients (149,153-155). Ferreres et al (153) demonstrated Helicobacter pylori in
patients with Barrett's esophagus mainly of the gastric atrophic-fundic type, whereas the
GOSPE-group (154) found that infection with Helicobacter pylori was restricted to cardiac
22
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type of Barrett's epithelium. A small, non-significant reduction in the number of bacteria
was demonstrated in Barrett's epithelium as compared to adjacent normal squamous
epithelium (156) No relation with sex or age of the patient or to the degree of metaplasia
and/or dysplasia was observed (97,153,156)

Infection with Helicobacter pylori therefore

does not seem to play a role in the pathogenesis of Barrett's esophagus or adeno
carcinoma This is supported by the fact that at present the prevalence of Helicobacter
pylon is decreasing whereas the incidence of Barrett's adenocarcinoma is rising

12. Intestinal disaccharidase Sucrase-Isomaltase (SI)
The intestinal enzyme disaccharidase Sucrase-Isomaltase (SI) can be found in a type of
metaplasia strongly associated with gastric cancer (157) mRNA of SI was demonstrated
in 76% of patients with Barrett's esophagus and in 82% of patients with esophageal
adenocarcinoma (158) SI was located near the apical membrane in Barrett's epithelial
cells while

it was homogeneously distributed

in adenocarcinoma cells

(158). In

conclusion, the small intestinal SI can be expressed in both Barrett's epithelium and
adenocarcinoma, but more studies are needed to evaluate the role of SI as a biomarker for
the pathogenesis of Barrett's adenocarcinoma

13. Blood group antigens
Α. В and H blood group antigens are glycoproteins, present not only on erythrocytes but
also on membranes of epithelial cells (159) Complete loss, diminution or inappropriate
expression of blood group antigens have been noted in non-neoplastic mucosa adjacent to
carcinoma in various epitheha (159), and also in premalignant lesions of in the stomach
(160) Dees et al (161) demonstrated Lewis antigens type 1. 2b and Y to be distributed
in a similar manner in Barrett's epithelium and adjacent normal squamous epithelium,
whereas Lewis type A antigens were expressed at a lower level in Barrett's mucosa (162)
Lauwers et al (162) also noted loss of blood group antigens Η, В and Lewis type X and
Y antigens as well as impaired expression of Lewis type A and В antigens in
adenocarcinoma specimens Summarizing, the alterations of blood group antigens noted in
Barrett's esophagus and associated adenocarcinoma warrant further investigation to define
their role in the surveillance of Barrett's patients at risk for developing adenocarcinoma
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14. Vasoactive Intestinal Polypeptide (VIP)
Vasoactive Intestinal Polypeptide (VIP) is a neuropeptide responsible for gut smoothmuscle relaxation with inhibitory neurotransmitter activity in non-adrenergic noncholinergic pathways (163,164). In the gut, neurons containing VIP are concentrated in
the sphincter regions (165,166). Rossiter et al. (167) have shown significantly higher VIP
concentrations and a reduced mean lower esophageal sphincter (LES) resting pressure in
patients with Barrett's esophagus who suffer from severe gastro-esophageal reflux disease
than in patients with moderate reflux. In healthy volunteers the mean VIP plasma
concentrations were lower as compared to in patients with severe reflux, but no
differences were observed as compared to patients with moderate reflux. There was a
significant inverse correlation between LES pressure and VIP plasma level (167). In order
to assess the importance of VIP in the pathogenesis of Barrett's adenocarcinoma, further
research is needed on levels of VIP in patients with Barrett's epithelium with different
grades of dysplasia or adenocarcinoma.

15. Biotransformation enzymes
Biotransformation enzymes such as glutathione S-transferases (GSTs) are found in most
epithelial tissues of the gastrointestinal tract (168-170). Human cytosolic GSTs are a
family of dimeric enzymes, divided into four main classes Alpha, Mu, Pi and Theta
(170). GSTs catalyze the binding of a large variety of electrophiles to the sulphydryl
group of glutathione (GSH), yielding less harmful and more water soluble molecules. A
significant negative correlation was demonstrated between GST enzyme activity in the
mucosa of the gastrointestinal tract and the tumor incidence (169). As compared to
adjacent normal squamous mucosa, Barrett's epithelium contains significantly lower GST
enzyme activity, GST Mu and GST Pi levels as well as a reduced GSH content (169).
Since high levels of GSH and GSTs are correlated with protection against cellular or
cytogenetic damage, the reduction in GSH and GSTs may contribute to the increased
adenocarcinoma risk in Barrett's epithelium (170).
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16. Conclusions
Presence and progression of dysplasia at present is used as "golden standard" for
estimating the risk of Barrett's adenocarcinoma. Many biomarkers have been studied in
order to more objectively identify the subset of patients with Barrett's esophagus who are
at high risk of developing adenocarcinoma. Many of these markers do not have this
potential. Mutation in src, c-jun, c-fos, Η-ras, Ki-ras, N-ras and c-ras are not indicative
for malignant transformation of Barrett's esophagus. The same may be true for deletion of
the Y-chromosome, expression of epidermal growth factor, EGF receptor and TGF-alpha,
ornithine decarboxylase, polyamines, levels of glutathione and biotransformation enzymes
and infection with Helicobacter pylori. Overexpression of the tumor suppressor gene p53
is a common event in dysplasia and adenocarcinoma, but not often occurs in nondysplastic
Barrett's metaplasia. However, p53 mutations occur as late events in the metaplasia to
adenocarcinoma sequence and its involvement in the pathogenesis of Barrett's adeno
carcinoma may be valuable in only a subset of patients.
Development of Barrett's adenocarcinoma is associated with allelic losses on
chromosomes 5q, 8p, 9p, llq, 13q, 17p and 18q. Results of these studies are very
promising, but need further attention. The same can be said about the acidic fibroblast
growth factor, which appears to accumulate as the adenocarcinoma stage approaches. In
addition, cell proliferation index or the number of aneuploid cell populations and
tetraploid cell fractions generally increase as metaplasia progresses to dysplasia and
adenocarcinoma. Changes in the expression of blood group antigens noted during
neoplastic transformation of Barrett's mucosa and expression of sucrase-isomaltase may
also be promising, although additional information is needed to justify routine application
in clinical practice and to define their role in surveillance programs.
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Abstract
Factors determining individual susceptibility to esophageal cancer or premalignant
Barrett's epithelium are still largely unclear An imbalance between phase I drug
metabolizing (e g cytochrome P450; CYP) and phase II detoxification enzymes (e g.
glutathione S-transferases, GSTs) may contribute to development of these diseases
Polymorphic variants in the CYPIA1 gene were described leading to increased levels of
bioactive compounds, whereas polymorphisms in GST genes often result in impaired
detoxification We studied the frequencies of polymorphic variants in CYPIA1, GSTP1,
GSTT1 and GSTM1 genes in 98 patients with Barrett's epithelium and 34 patients with
esophageal cancer The results were compared with those obtained in 247 healthy blood
donors DNA was extracted and polymerase chain reaction-restriction fragment length
polymorphism methods were used to detect genetic polymorphisms. Chi square analysis,
Spearman rank correlation and Wilcoxon signed rank test were used for statistical
evaluation. Polymorphisms in CYPIA1 and GSTM1 and GSTT1 null genotypes occurred
equally frequently in patients and controls Occurrence of the polymorphic GSTPlb
variant in the GSTP1 gene resulted in significantly lower GST enzyme activity (p<0 05)
and was found significantly more often in patients with Barrett's epithelium (70%,
p < 0 001) and patients with esophageal adenocarcinoma (76%; p=0 005) as compared to
healthy blood donors (41%) In conclusion presence of GSTPlb allele, leading to lower
GST enzyme activity levels and consequently to impaired detoxification by this most
important esophageal GST isoform, may contribute to development of Barrett's epithelium
and adenocarcinoma.

Introduction
Barrett's esophagus is a pathological condition where stratified squamous epithelium of
the esophagus has been replaced by columnar epithelium (1). Compared to the general
population, patients with Barrett's esophagus have a 30 to 125 fold increased risk of
developing esophageal adenocarcinoma (2-4), and therefore Barrett's esophagus is
considered to be a premalignant condition With a 10% yearly rate of increase, the
prevalence of esophageal adenocarcinoma is increasing rapidly and exceeds that of all
other cancers (5)

41

Chapter 3

The reason for this rapid increase in adenocarcinoma of the esophagus is unknown
however a large proportion of human cancers are related to environmental or dietary
chemical compounds, either synthetic or naturally occurring (6,7) Many of those
chemical structures are metabolically activated to forms that have deleterious effects on
organisms (8), and this metabolic activation is an obligatory step in the initiation of many
human cancers Cytochrome P450 isoenzymes play a major role in the oxidation ot
chemical compounds, often resulting in formation of highly reactive compounds that are
ultimate carcinogens (9,10). Cytochrome P450 IA1 (CYPIA1) may be involved in the
initiation of lung cancer and other smoking related cancers since it is able to generate
benzo[u]pyrene-denved mutagens in cigarette smoke (11-14). Two relevant genetic
polymorphisms have been demonstrated in the CYPIA1 gene in the 3' flanking region a
thymine/cytosine point mutation alters protein folding, whereas an isoleucine/valine
substitution may occur in exon 7 (15) Both substitutions result in enhancement of
ethoxyresorufin-0-deethylase enzyme activity (16,17), and may contribute to altered
susceptibility to chemical carcinogens
Human cytosolic glutathione S-transferases (GSTs) are a family of dimenc
biotransformation enzymes comprised of the four main classes. Alpha, Mu, Pi and Theta
(18) They catalyze the binding of a large variety of electrophiles to the sulphydryl group
of glutathione, are involved in the detoxification of (oxygen) radicals and have a main
function in binding and transport of a wide variety of harmfull compounds GSTs take
considerable importance in detoxification of carcinogens (18) GSTs are present in many
species and tissues, also in relatively large amounts in the epithelial tissues of the human
gastrointestinal tract (19-21) In normal esophageal epithelium GSTP1-1 is by far the most
important GST isoform present, at least in a quantitative sense (21). A significant
negative correlation was demonstrated between GST enzyme activity and tumor incidence
in the mucosa along the human gastrointestinal tract, suggesting the importance of GSTs
in tumor prevention (21). GSTM1 or Tl null genotypes have been claimed to enhance the
risk of developing gastric, colonic, colorectal or lung cancer (18,22-26), although other
studies did not show such a genetic predisposition (27-29) An isoleucine to valine
substitution in the GSTP1 gene (GSTPlb variant) was found more often in patients with
bladder and testicular cancer (30)
We now studied the occurrence of genetic polymorphisms in CYP1A1, GSTP1,
GSTM1 and GSTT1 genes in Dutch controls and in patients with Barrett's epithelium and
adeno- or squamous cell carcinoma of the esophagus.
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Materials and Methods
98 patients with Barrett's esophagus (mean age 61 ±2 yr, range 25-93) were included in
this study during a four years period

Biopsies were collected from both normal

esophageal (3 biopsies) and Barrett's epithelium (3 biopsies) at routine endoscopic
inspection Barrett's epithelium was of the intestinal, gastric fundic and junctional type in
95, 2 and 1 cases, respectively

Surgical specimens were obtained from patients with

adenocarcinoma (n=21, mean age 64±2 yr, range 43 74) and squamous cell carcinoma
(n=13, mean age 54 + 3 yr, range 32 70) In all cases, diagnosis was confirmed by a
pathologist All tissues were immediately frozen in liquid nitrogen and stored at -80°C
untili use Blood samples were collected from 247 healthy volunteers (mean age 52±2 yr,
range 18-78) by venapuncture in sterile siliconized EDTA КЗ (15%) 4 ml Vacutainer
tubes (Becton Dickinson, San Jose, CA, USA) Whole blood was stored at -20°C untili
use

The investigations were approved by the local ethical committee on human

experimentation
Genomic DNA was extracted from tissue using phenol/chloroform/isoamylalcohol
according to Maniatis et al (31) Genomic DNA was isolated from whole blood using the
Wizard™ genomic DNA purification kit, according to the instructions of the manufacturer
(Promega Madison, Wl, USA) Genetic polymorphisms were detected by polymerase
chain reaction-restriction fragment length polymorphism (PCR-RFLP) For detection of
null polymorphisms in GSTM1 (primer set G2 and G3, see ref 29) and GSTT1 (primer
set Tl and T2, see ref 32), one primer was situated in the deleted area For studying
genetic polymorphism in GSTP1 a primer set (105F and 105R) was designed so that the
presence of the rare G allele (valine) resulted in the appearance of an Alw26I restriction
enzyme site (30) Genetic polymorphism in exon 7 of CYPIA1 was detected using the
primer set CYP1A1/1 and CYPIA1/2, and the presence of the rare G allele (valine)
resulted in loss of an Ncol restriction enzyme site (15) For demonstrating the genetic
polymorphism in the 3' flanking region of CYPIA1, primer set C44 and C47 was
designed so that the presence of the гаге С nucleotide resulted in the appearance of an
Mspl restriction enzyme site (15) All primers were synthesized by Pharmacia Biotech
(Roosendaal, the Netherlands) All chemicals needed for PCR were purchased from
Promega
Cytosolic tractions from normal squamous mucosal biopsies were prepared, and
protein concentration and GST enzyme activity towards 1-chloro 2,4-dinitrobenzene were
measured essentially as described before (21)
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The statistical significance of differences for individual and combined polymorphisms
between different groups was tested with Chi-square analysis with Yates correction in 2x2
(GSTM1 and GSTT1) or 2x3 (GSTP1 and CYPIA1) contingency tables Spearman rank
correlation test was used for assessing the association between GST enzyme activity and
GSTP1 polymorphism. Wilcoxon rank sum test was used to evaluate differences in GST
enzyme activity of the genetic GSTP1 variants.

Results
Results of determination of genetic polymorphisms in CYPIA1, GSTP1, GSTM1 and
GSTT1 genes are presented in Table I. Presence of rare alleles in exon 7 or the 3'
flanking region of the CYPIA1 gene were found equally often in patients with Barrett's
esophagus, adenocarcinoma or squamous cell carcinoma as compared to the control
population
Deletion of GSTM1 and/or GSTT1 genes was found in 52% and 20% of controls
respectively. This was not different from any of the patient populations studied
Valine substitution in the GSTP1 gene (GSTPlb variant) was found significantly more
often in patients with Barrett's esophagus (59% heterozygous and 11% homozygous,
X2=25.14, p < 0 0001) and adenocarcinoma (71% heterozygous and 5% homozygous,
χ2 = 10 53, p=0.005) as compared to the control group (36% heterozygous and 5%
homozygous) No difference was found between controls and patients with squamous cell
carcinoma and between patients with adenocarcinoma and with Barrett's esophagus
Occurrence of the GSTPlb genotype was significantly correlated with GST enzyme
activity in normal esophageal mucosa (Table II) as studied by the Spearman rank
correlation test, Rs = -0 21 (95%CI -0 38--0 03, p=0 02) GST enzyme activity in normal
esophagus of ile/vai and val/val subjects (GSTPla-lb and GSTPlb-lb, respectively) was
significantly lower as compared to activities in normal esophageal tissue of GSTla la
(wild type) subjects (both ρ < 0.05).
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Table I
Frequency of polymorphisms in CYPIAI, GSTP1, GSTM1 and GSTT1 genes in a control
population and in patients with Barrett's epithelium, adenocarcinoma or squamous cell
carcinoma of the esophagus
Gene

Variant

Control
(n=247)

Barrett's
esophagus
(n=98)

Adenocarcinoma
(n=21)

Squamous cell
carcinoma (n= 13)

CYPIAl
(exon 7)

Ile/Ile
Ile/Val
Val/Val

207 (84)
37(15)
3 ( 1)

78 (80)
16(16)
4(4)

18 (86)
3(14)
0(0)

8(61)
5(39)
0(0)

CYPIAI
(3' flanking
region)

T/T
T/C
C/C

207 (84)
37 (15)
3 ( 1)

85 (87)
12 (12)
1 (1)

14 (67)
7(33)
0(0)

8(61)
5(39)
0(0)

GSTP1

Ile/Ile
Ile/Val
Val/Val

146 (59)
89 (36)
12(5)

29 (30)
58 (59)"
11 (11)

5(24)
15(71)*
1(5)

5(39)
6(46)
2(15)

GSTMI

deletion

128 (52)

43 (44)

12 (57)

5(39)

GSTT1

deletion

49 (20)

24 (25)

4(19)

2(15)

Genetic polymorphisms were detected as described in Materials and Methods Percentages are
given in parenthesis Statistical significance of differences between patient and control group was
assessed in a 2x2 (GSTMI and GSTTI) or 2x3 (GSTP1 and CYPIAI) contingency table with a χ2
analysis, 'p=0 005 and " p < 0 0001 n, number of patients, He, isoleucine, Val, valine

Table II
Relation between GST enzyme activity towards l-chloro-2,4-dinitrobenzene and GSTP1
genotype in normal esophageal mucosa obtained from patients with Barrett's esophagus
GSTP1 genotype

GST enzyme activity (nmol/min mg protein)

Wild type (Ue/Ile)

914+32 (n=29)

Heterozygote (Ile/Val)

817 + 21 (n = 58)*

Homozygote (Val/Val)

780 + 37 (n = ll)*

GSTP1 polymorphism and GST enzyme activity towards CDNB were determined as described in
Materials and Methods GST enzyme activity is expressed as mean + SEM Spearman rank
correlation was used to correlate GST enzyme activity to GSTPI polymorphism Wilcoxon rank
sum rest was used to evaluate the difference in GST enzyme activity between different genetic
GSTPI variants 'p<0 05 as compared to wild type
η number of patients m each group, lie, isoleucine, Val, valine
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Discussion
Individual differences in susceptibility to gastrointestinal cancers may partly be due to
genetic differences in the metabolic balance between activation and detoxification of
procarcinogens The metabolic activation of procarcinogens to carcinogens is an
obligatory step in initiation of human carcinogenesis (8-10) Nakajima et al (33)
demonstrated that several carcinogens can be directly formed or inactivated in human
esophageal epithelium, due to the presence of CYPIA1, GST Alpha, GST Mu and GST Pi
enzyme proteins Genetic polymorphisms in the 3' flanking region and in exon 7 of
CYPIA1, both leading to a more active enzyme, are found equally often in patients with
Barrett's epithelium, adenocarcinoma or squamous cell carcinoma of the esophagus as
compared to a control population This points towards a lack of association of CYPIA1
genotype and development of Barrett's esophagus or esophageal cancer Earlier, Murray
et al. (34) found no difference in the expression levels of CYPIA1 protein between
noncancer and cancerous tissues of the esophagus Similar to our results, Monta et al
(35) did not find an association between CYP1AI genotype and squamous cell carcinoma
of the esophagus (53 patients versus 132 controls) in a Japanese population Nimura et al
(36) showed that the CYPIAl/exon 7 polymorphism was related to esophageal carcinoma
in smokers only (89 patients vs 137 controls)
Glutathione S-transferases are a large family of enzymes involved in the detoxification
of a wide variety of chemicals, including chemical carcinogens (18) Four main
subclasses have been identified in humans Alpha, Mu, Pi and Theta (for review see ref
18) Approximately 40-60% of Caucasians lack a funcional GST Ml gene, due to a gene
deletion (37,38) Previous studies have shown that the GSTM1 gene deletion is more
common among patients with colorectal cancer (22,24,27,39), squamous cell carcinoma
of the lung (25) and other lung cancers (23), although results are conflicting in other
studies on lung cancer (28,29). The GSTT1 null genotype has been correlated with
increased risk of colorectal cancer (24,26), although in another study such a relationship
was not found (27) In our study the GSTM1 and GSTT1 null frequencies did not differ
between patients and controls, which indicates that lack of these enzymes is not crucial
for development of Barrett's esophagus or esophageal carcinoma This agrees well with
data of Monta et al (35), who did not demonstrate an association between GSTM1
deletion and squamous cell carcinoma of the esophagus in the Japanese Nimura et al
(36) however, found an association between GSTM1 null genotype and esophageal
carcinoma in smokers Overall it may be concluded that GSTM1 or GSTT1 null
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individuals may be more susceptible to certain types of cancer, whereas lifestyle and
dietary habits without doubt are of great importance in this respect.
In our study, a base pair substitution at nucleotide 313 of the GSTP1 gene (so-called
GSTPlb variant) was found highly significantly more often in patients with Barrett's
esophagus or esophageal adenocarcinoma. This may point towards a genetic
predisposition to Barrett's esophagus or esophageal adenocarcinoma. Similar rates of
GSTPlb alleles were found in patients with Barrett's esophagus and patients with
esophageal adenocarcinoma, but not in patients with squamous cell carcinoma, which is in
agreement with the fact that esophageal adenocarcinomas but not squamous cell
carcinomas often develop from Barrett's epithelium. Harries et al. (30) demonstrated an
association between the GSTPlb polymorphism and susceptibility to bladder and testicular
cancer, whereas no changes in polymorphic frequencies were observed in breast or colon
cancer. In their control population from the UK (n=155) they found a very similar
percentage of wild type (GSTPla-la) genes (51%) as compared to our Dutch controls
(59%).
Interestingly, in normal esophageal mucosa obtained from patients with Barrett's
esophagus we were able to demonstrate that presence of GSTPlb alleles significantly
correlated with a reduced GST enzyme activity towards CDNB. A similar association was
recently found in normal lung tissues from 34 patients with lung cancer (40). Ali Osman
et al. (41), who expressed the GSTPlb genetic variant in Escherichia coli, also showed a
lower affinity of GSTPlb for CDNB, but not for GSH, resulting in a lower Vmax of this
modified enzyme. In a quantitative sense GSTP1-1 is by far the most important GST
isoform in normal esophageal mucosa (21). The observed reduction in GST enzyme
activity associated with the occurrence of GSTPlb variants in normal esophageal tissue of
patients with Barrett's esophagus may implicate that these patients have a decreased
capacity to detoxify carcinogens, resulting in an increased risk for development of
premalignant and malignant diseases.
In summary, we found no evidence for a possible genetic predisposition to Barrett's
esophagus or esophageal carcinoma due to genetic polymorphisms in CYPIA1, GSTM1 or
GSTT1. It should be noted however that only a limited number of esophageal cancer
cases were studied here. Increased frequencies in the GSTPlb gene variant were shown in
patients with Barrett's esophagus and adenocarcinoma, with concomitant reduction of
GST enzyme activity in normal esophageal epithelium. As a consequence the GST system
in these patients may be partly deficient, leading to an impaired detoxification of
carcinogens and enhanced cancer risk.
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Glutathione S-transferases in Barrett 'i esophagus

Abstract
Patients with Barrett's esophagus, wherein squamous epithelium has been replaced by
columnar epithelium, have an increased risk for developing esophageal adenocarcinoma as
compared to the general population Glutathione S-transferase (GST), a family of
detoxification enzymes consisting of class Alpha, Mu, Pi, and Theta isoforms, is involved
in detoxification of carcinogens and low levels of these enzymes correlated with high
cancer risk. We now compared GST enzyme activity, GST isoenzyme composition and
glutathione (GSH) content of Barrett's mucosa with that of adjacent normal squamous
epithelium Biopsy specimens of 98 patients with Barrett's esophagus were taken from
both Barrett's and adjacent normal squamous epithelium. Herein, GST enzyme activity
towards l-chloro-2,4-dinitrobenzene was measured GST isoenzyme levels were
determined by densitometncal analyses of Western blots after immunodetection with
monoclonal antibodies Total GSH content was determined by high performance liquid
chromatography after conjugation with monobromobimane. Wilcoxon signed rank test and
Spearman correlation analyses were used for statistical evaluation As compared with
adjacent normal squamous epithelium, Barrett's epithelium showed significantly lower
GST enzyme activity (35%), and GST Mu, GST Pi and GSH levels (24%, 30%, and
63%, respectively). However, the minor GST Alpha and GST Theta levels were higher in
Barrett's epithelium (625% and 33%, respectively). High levels of GSH and GSTs in
general are correlated with protection against cellular or cytogenetic damage The
observed reduction in glutathione S-transferases and glutathione in Barrett's epithelium
may therefore contribute to the increased cancer risk in this tissue

Introduction
Barrett's esophagus is a pathological condition in which stratified squamous epithelium
has been replaced by columnar epithelium in the lower part of the esophagus (1-4) This
condition was first described by Dr Norman Barrett in 1950 (3). Three types of columnar
epithelium have been identified gastric-cardiac or junctional type epithelium, gastric
fundic epithelium; and a distinctive type of specialized epithelium with villous surface
lined by columnar epithelium and Goblet cells (4). Compared to the general population,
patients with Barrett's esophagus have a 30 to 125 fold increased risk of developing
esophageal adenocarcinoma (5-9). A 10% yearly rate of increase of adenocarcinomas of
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the esophagus and gastric cardia was found in males, which exceeds that of any other
cancers (10)
A large proportion of human cancers are claimed to be caused by lifestyle or dietary
factors (11). Our diet contains many toxic or potentially carcinogenic compounds which
are absorbed and metabolized in the gastrointestinal tract. Metabolizing or
biotransformation enzymes such as glutathione S-transferases (GSTs) are present in the
epithelial cells along the human gastrointestinal tract (12-14) Human cytosohc GSTs are
a family of dimenc enzymes, divided into the mam classes Alpha, Mu, Pi and Theta (1518). GSTs catalyze the binding of a large variety of electrophiles to the sulphydryl group
of glutathione (GSH), yielding less harmful and more water soluble molecules, which can
be excreted via bile or urine. Since most reactive, ultimate carcinogenic forms of
chemical structures are electrophiles, GST takes considerable importance as a mechanism
for carcinogen detoxification (15,16) Recently, a significant negative correlation was
demonstrated between GST enzyme activity in the mucosa along the gastrointestinal tract
and the tumor incidence (13). Deficiencies of GST Mu and/or GST Theta have been
claimed to increase the risk of developing gastric or colonic cancer (19), or lung cancer
in smokers (20), although other studies deny such a genetic predisposition (21) However,
low or reduced levels of glutathione and glutathione S-transferases may result in a lower
capacity to detoxify carcinogens, which may result in more cytogenetic damage and
account for an increased tumor risk.
We now studied the glutathione and glutathione S-transferase isoenzyme levels in
Barrett's epithelium and compared these with the levels in adjacent normal squamous
esophageal epithelium.

Materials and Methods
Tissues
Tissue samples of 98 patients with Barrett's esophagus (mean age 61+2 year, range 25
93) were obtained during routine endoscopic inspection. Three biopsies were obtained
from the Barrett's epithelium and three biopsies were also taken from the adjacent
squamous epithelium. Biopsies were frozen in liquid nitrogen immediately, and were
stored at -80°C until use. Barrett's epithelium in the lower esophagus was confirmed in
all patients after investigation of biopsy specimens by a pathologist Barrett's epithelium
was of the intestinal, gastnc-fundic and junctional type in 95, 2 and 1 cases, respectively
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In 48 samples of Barrett's epithelium, no dysplastic reaction was evident, whereas mild,
moderate and severe dysplasia was found in 22, 20 and 8 patients, respectively Tissue
was homogenized in an eppendorf tube using a plastic pestle, after dilution in
approximately six volumes of 20 mM Tns/HCl buffer pH 7 4, containing 0 25 M sucrose
and 1 4 mM dithiothreitol Cytosolic fractions were made by centnfugation at 150,000 g
for 50 minutes. The investigations were approved by the local ethical committee on
human experimentation.
Biochemical assays
Protein was assayed in triplicate by the method of Lowry et al (22), using bovine serum
albumin as standard Total glutathione S-transferase enzyme activity was determined in
triplicate according to Habig et al (23), using l-chloro-2,4-dinitrobenzene (CDNB) as
substrate Specific GST isoenzyme levels were determined as described before (24). In
short, cytosolic fractions were subjected to sodium dodecyl sulfate Polyacrylamide gel
electrophoresis (11% acrylamide, w/v), and subsequently to Western blotting, using a
semidry blotting system (Novablot II, Pharmacia, Uppsala, Sweden) Western blots were
incubated with monoclonal antibodies against human GST class Alpha, Mu, Pi and Theta.
Class Alpha antibodies react with human GST Al-1, GST Al-2 and GST A2-2 (24)
Class Mu antibodies recognize human GST Mla-la, GST Mla-lb and GST M lb-lb (25,
26) Class Pi antibodies react with human GST PI-1 (24). Class Theta antibodies react
with GST Tl 1 (27). The specific binding of the monoclonal antibodies to the isoenzymes
was detected by incubation with peroxidase-conjugated rabbit anti-mouse immunoglobulin
(Dakopatts, Glostrup, Denmark) and subsequent development of the peroxidase label with
4-chloro-l-naphthol and hydrogen peroxide (for GST Alpha, Mu and Pi). Staining of GST
Theta was performed m 0.1% 3,3' diaminobenzidine (Sigma) in PBS containing 0.01%
hydrogen peroxide (Merck, Darmstadt, Germany), 0 34 g/L imidazole and 0.26 g/L
cobalt-chloride 6H 2 0 Staining intensity on the immunoblots was quantified using a laser
densitometer (Ultroscan XL, LKB, Bromma, Sweden) Known amounts of purified GSTs
were run in parallel with the experimental samples and served as standards for the
calculation of the isoenzyme levels of GST Alpha, Mu, Pi and Theta in the cytosolic
fractions Detection limit of the Western blot assay is approximately 40 ng/mg protein
Total glutathione was quantified by high performance liquid chromatography after
reaction with monobromobimane, as described before (28). In this assay, oxidized
glutathione present is reduced by adding sodium borohydnde to the reaction mixture
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Statistics
The Wilcoxon signed rank test was used to assess statistical significance of differences of
the various biochemical parameters investigated between Barrett's and adjacent squamous
epithelium Spearman rank correlation analysis was used to correlate the degree of
dysplasia with GST enzyme activity and isoenzyme levels in Barrett's epithelium

Results
Table I shows the GST activity, GST isoenzyme levels and GSH contents of both
Barrett's and adjacent normal squamous epithelium. As compared to adjacent normal
squamous epithelium, the GST enzyme activity towards CDNB is significantly lower
(p<0 0001) in Barrett's epithelium. This decrease was found in 87 patients, whereas in
the remaining 11 patients the GST activity was similar in both tissues No significant
correlation was found between the degree of dysplasia and GST activity in Barrett's
epithelium.
Class Alpha glutathione S-transferases are expressed at low levels in normal
epithelium (274+40 ng/mg protein). In Barrett's epithelium GST Alpha levels are
significantly higher as compared with squamous epithelium (p<0 0001) GST Alpha was
undetectable in squamous epithelium of 44 patients and in Barrett's epithelium ot 8
patients. Seven patients had no detectable GST Alpha levels at either site GST Mu (GST
Ml-1) was undetectable in both tissues of 52 patients (53%) Barrett's epithelium
contained lower levels of GST Mu as compared to adjacent normal squamous epithelium
(p<0.0001) Esophageal GSTs consist mainly of GST Pi (GST Pl-1, 7034+171 ng/mg
protein). This isoenzyme was present at high levels in all samples In Barrett's epithelium
mean GST Pi level was significantly lower (p<0 0001) and lower levels were seen in 89
patients, whereas in the other 9 patients the GST Pi levels of Barrett's and squamous
epithelium were similar. GST Theta levels in Barrett's epithelium were significantly
higher as compared with squamous epithelium. Twenty-four patients (24%) did not
contain any detectable GST Theta (GST Tl-1) in both tissues. No significant correlation
was found between the any of the GST isoenzyme levels and the degree of dysplasia
GSH content of Barrett's epithelium is significantly lower as compared to normal
squamous epithelium (p<0.0001). These lower levels were seen in 95 patients A poor
inverse correlation between the degree of dysplasia and the GSH content of Barrett's
epithelium was found (Rs=-0 23; 95%CI=0 06-0 39; p=0.01) However, no significant
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Table I
Glutathione S-transferases and glutathione in Barrett's and squamous epithelium of patients
with Barrett's esophagus
Squamous epithelium
(n=98)

Barrett's epithelium (n=98)

GST activity (nmol/min mg protein)

826 ± 23 (293-1480)

539 ± 19* (166 1598)

GST Alpha (ng/mg protein)

274 ± 40 (0-2091)

1987 ± 125* (0-6150)

GST Mu (ng/mg protein)

1476 ± 144 (0-4918)

1115 ± 122* (0-7367)

GST Pi (ng/mg protein)

7034 ± 171 (914-12940)

4931 ± 161* (1050-10510)

GST Theta (ng/mg protein)

442 ± 59 (0-4985)

590 ± 30* (0-2271)

GSH (nmol/mg protein)

72 + 3 (17-141)

27 ± 1* (7 116)

GST activity, GST isoenzymes and GSH were determined as described in Materials and Methods
Values are given as mean + SEM Ranges are indicated in parenthesis 'Significantly different
when compared to normal esophageal epithelium (p<0 0001)

correlation was seen if the degree of dysplasia was compared with the difference in GSH
content between Barrett's and normal squamous epithelium (Rs = -0 06, 95%CI=-0 250 13, p = 0 53)

Discussion
Patients with Barrett's esophagus have a 30 to 125 fold increased risk of developing
esophageal adenocarcinoma compared with the general population (5-9)

Glutathione S-

transferases (GSTs) are involved in the protection against chemical carcinogenesis (16)
Four main subclasses of GSTs have been demonstrated in humans

Alpha, Mu, Pi and

Theta (16 18)

Approximately 40-50% of Caucasians lack GST M1-1 due to a gene

deletion (29)

Our observation that approximately half of the patients (53%) did not

contain any detectable GST M1-1 protein agrees well with this

Previous studies have

shown that GSTM1 deletion is more common among patients with colorectal cancer
(19,30), squamous cell carcinoma of the lung (21,31) and other lung cancers (32,33,34),
although results are conflicting in others (35,36)

Recently, a null polymorphism in the

Theta class of GSTs was discovered, resulting in the absence of a functional GSTT1 gene
(17) GSTT1 null genotype has been correlated with increased risk of colorectal cancer
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(37) or the age of onset of colon cancer (30), although others deny such a relation (38).
We were unable to detect GST Tl-1 protein in 24 (24%) patients with Barrett's
epithelium, which matches with literature data (39).
We demonstrated considerable differences in GSTs between Barrett's and adjacent
squamous epithelium. Barrett's epithelium showed a significant reduction in GST enzyme
activity (35%), and GST Mu, GST Pi and GSH levels (24%, 30%, and 63%, resp.). GST
Alpha and Theta levels, on the other hand, were increased in Barrett's epithelium (625%
and 33%. resp.). However, these isoforms in a quantitative sense, represent only a small
part of total GSTs. These results match well with a pilot study by us, where 10 patients
with Barrett's esophagus were involved (13). We now studied 98 patients, of which 52%
were GST Mu negative, 46% showed a decreased level, and only 2% showed a slightly
increased GST Mu level in Barrett's compared with squamous epithelium.
Barrett's epithelium is often considered as gastric epithelium moving up into the
esophagus, whereas most Barrett's metaplasias are of the intestinal type (4); in our study
95 of 98 patients had Barrett's tissue of the intestinal type. Therefore it might be expected
that the GST profiles of Barrett's epithelium will resemble those in duodenal mucosa.
Comparing the GST profile of Barrett's epithelium with earlier data on gastric and
duodenal GSTs (presented in Table II) however, did not support this hypothesis. GST
activity and GST Mu levels of Barrett's epithelium correlate well with duodenal values.
GST Alpha and Pi values in Barrett's epithelium mainly resemble those found in gastric
cardia and antrum, whereas GSH levels found in Barrett's epithelium are in between
duodenal and gastric levels.
Since GSH and GSTs are correlated with protection against cellular or cytogenetic
damage, low contents of GSH or GSTs in Barrett's mucosa may be a factor of relevance
for the increased tumor risk in this tissue. GSH levels in Barrett's tissue tended to
decrease slightly as dysplasia progressed. GST activity and isoenzyme levels in Barrett's
tissue on the other hand, did not correlate with the degree of dysplasia, which makes the
GSTs unapplicable as tumor marker in individuals with Barrett's epithelium. Higher
levels of GSH and GST however may be very important in the protection of tissues
against carcinogenesis (13,15,16). Therefore modulation of GSH or GST isoenzyme or
enzyme activity levels by supplementation with glutathione or precursors of glutathione or
by inducers of GSTs however may be of value to prevent malignant transformation of
Barrett's epithelium.
In summary, we demonstrated that as compared to adjacent normal squamous
epithelium, Barrett's epithelium showed lower levels of GST enzyme activity and levels
59

Chapter 4

of GST Mu, GST Pi and GSH, whereas higher levels of the minor GST Alpha and Theta
isoforms were noticed GSTs are involved in the detoxification of potential carcinogens,
and reduction of the major

GSTs as found in Barrett's epithelium

may

therefore

contribute to the increased risk of developing adenocarcinoma in this tissue
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Glutathione S-transferases in oesophageal disorders

Summary
High tissue levels of glutathione S-transferases (GSTs), a family of detoxification enzymes
consisting of class Alpha, Mu, Pi, and Theta isoforms, are inversely correlated with
cancer risk in the human gastrointestinal tract

Patients with Barrett's oesophagus,

wherein squamous epithelium is replaced by columnar epithelium, have an increased risk
for developing oesophageal adenocarcinoma Barrett's epithelium contains reduced levels
of GST enzyme activity as compared with squamous epithelium

GST expression in

oesophageal carcinoma was shown to have great interindividual variation We now studied
the cellular distribution of GST Alpha and Pi in normal squamous epithelium, in Barrett's
metaplastic epithelium as well as in adeno- and squamous cell carcinoma of the
oesophagus Tissues were fixed in formalin and embedded in paraffin Three 4 μτη thick
sections were used, one for hematoxylin and eosin staining, the others for immunostaining
with antibodies against GST Alpha and Pi GST Alpha and Pi were seen in normal
squamous epithelium (0% and 75%, respectively), Barrett's epithelium (75% and 100%,
resp ), adenocarcinoma (25% and 100%, resp ) and squamous cell carcinoma (27% and
91%, resp)

Staining was mainly cytoplasmic, though some nuclear staining with the

GST Pi antibody was apparent The varying expression of GST Alpha and Pi in normal
and (pre)neoplastic oesophagus supports the fact that caution must be taken when
interpreting biochemical data

Introduction
Barrett's oesophagus is a pathological condition in which stratified squamous epithelium
has been replaced by columnar epithelium in the lower part of the oesophagus (Barrett
1950 Pauli et al 1976, Sjogren & Johnson 1983, Spechler & Goyal 1987) Three types
of epithelium have been identified gastric-cardiac or junctional type, gastnc-fundic type
and intestinal type epithelium The latter is a distinctive type of specialized epithelium
with villous surface lined by columnar epithelium and goblet cells (Pauli et al 1976)
Barrett's oesophagus is considered to be a premalignant condition patients suffering from
this metaplastic condition have a 30 to 125 fold

increased risk of

developing

adenocarcinoma of the ooesophagus as compared to the general population (Cameron et
al 1985, Cameron et al 1990, Hameeteman et al 1989, Pera et al 1993, Spechler et al
1989)

In the last 20 years, the incidence of adenocarcinoma of the oesophagus has
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increased 5 to 6-fold in Western Europe and the United States (Blot et al 1991; Pera et
al. 1993).
Glutathione S-transferases (GSTs, EC 2.5.1.18) are a supergene family of enzymes
involved in the detoxification of toxins and carcinogens. GSTs catalyze the binding of a
large variety of electrophiles to the sulphydryl group of glutathione (GSH), generally
resulting in less harmful and more water soluble molecules which can then be excreted
via bile or urine (Beckett and Hayes 1993; Hayes and Pulford 1995) Since most chemical
carcinogens are electrophiles, GSTs play a critical role in the detoxification of xenobiotics
and carcinogens (Hayes & Pulford 1995). Human cytoplasmic GSTs have been grouped
into four main classes; Alpha, Mu, Pi and Theta (Hayes and Pulford 1995; Pemble et al
1994, Tan et al. 1995). The isoenzymes of these classes have a different but partly
overlapping substrate specificity and a tissue specific expression; for instance, GST Alpha
predominates in the adult liver and small intestine, whereas GST Pi is mainly found in
erythrocytes, kidney, placenta and foetal liver (Hayes and Pulford 1995, Nntsu et al
1989).
GSTs are present in most epithelial tissues of the human gastrointestinal tract as
assessed by biochemical methods (Peters et al. 1989; Peters et al. 1990, Peters et al
1991; Peters et al. 1993a) GST enzyme activity and the incidence of gastrointestinal
malignancies are inversely correlated; high GST activity in organs with low tumour
incidence (small intestine) and low activity at sites with high tumour incidence (colon)
(Peters et al 1993a). As compared to adjacent squamous epithelium, Barrett's epithelium
showed a significantly lower GST enzyme activity (35%), and GST Mu, GST Pi and
GSH levels (24%, 30%, and 63%, respectively). GST Alpha and GST Theta levels in
Barrett's epithelium, on the other hand, were increased (625% and 33%, resp.) (Peters et
al 1993a; van Lieshout et al. 1998, unpublished data). No significant differences in mean
GST activity and isoenzymes between normal oesophagus and carcinoma was found
(Peters et al. 1993b).
Biochemical data on GST expression in oesophageal tissues merely reflect overall
levels, whereas no information on the cellular heterogeneity within the specimens is
given. We therefore studied the immunohistochemical localization of glutathione Stransferases Alpha and Pi in normal squamous oesophageal epithelium, Barrett's
metaplastic epithelium as well as in adenocarcinoma and squamous cell carcinoma
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Materials and methods
Barrett's and squamous epithelium from 12 patients with Barrett's oesophagus, tumour
samples from 11 patients with squamous cell carcinoma and 20 patients with adeno
carcinoma are included in this study

Patient characteristics are shown in Table I

Specimens were fixed in formalin immediately after excision and embedded in paraffin
From each specimen one tissue section (4 μΐπ) was used for standard hematoxylin and
eosin staining and two for immunohistochemical determination of GST Alpha and Pi as
described previously (Schipper et al

1996a)

Incubation with primary antibodies was

performed overnight (4°C) with either mouse monoclonal antibody against human GST
Alpha (1 Al 1, Peters et al 1992) or rabbit polyclonal antibody against human GST PI-1
(Biotnn International, Dublin, Ireland), diluted 1 5000 and 1 1750, respectively

Class

Alpha antibody reacts with GST Al-1, Al-2 and A2 2 Peroxidase-conjugated rabbit antimouse (Dakopatts, Glostrup, Denmark, diluted 1 100) and swine ami rabbit immuno
globulins (Dakopatts, diluted 1 40) served as second and third antibodies Antibodies were
diluted in phosphate-buffered

saline (PBS) containing 4% bovine serum albumin

(Boehnnger Mannheim, Germany) and 0 1% Triton X-100 (BDH Chemicals Ltd

Poole,

England) Staining was performed using 0 1% 3,3'diaminobenzidme (Sigma Chemical
Company, St Louis, MO, USA) in PBS containing 0 01% hydrogen peroxide (3 min)
and enhanced in 0 5 % CuS0 4 (5 mm) The sections were counterstained with hematoxylin
and examined by light microscopy

Liver and colon tissue were used as a positive

controls for GST Alpha and Pi, respectively

Omission of primary antibodies and

preimmune serum served as negative controls

Results
GST Alpha and Pi immunoreactivity was seen in none and 75% of the squamous
epithelial specimens, respectively, whereas positive immunostaining for GST Alpha and
Pi was seen in 75% and 100% or Barrett's specimens, respectively The results of scoring
the staining intensity are summarized in Table II From these data it is apparent that the
staining intensity for GST Alpha and Pi was higher in Barrett's epithelium compared to
the adjacent

squamous

epithelium

Figure

1 shows

representative

examples

of

immunostaining in squamous epithelium, Barrett's epithelium, adenocarcinoma and
squamous cell carcinoma GST Alpha immunoreactivity in Barrett's epithelium was seen
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Table I
Patient characteristics
Barrett's esophagus

Adenocarcinoma

Squamous cell carcinoma

Number

12

20

11

Age (years)
Mean + SEM
Range

59 ± 5
2 6 - 78

68 4- 3
43 - 88

59 ± 4
37 75

4
8

15
5

7
4

Dysplasia
No
Mild
Moderate
Severe

2
3
6
1

NA
NA
NA
NA

NA
NA
NA
NA

Differentiation
Well
Moderate
Poor

NA
NA
NA

3
7
10

1
7
3

Sex
Male
Female

NA, not applicable

Table II
Summary of immunohistochemical data of GST class Alpha and Pi in normal oesophageal
tissue, Barrett's epithelium and oesophageal carcinoma
Staining intensity

Normal squamous
epithelium

Barrett's
epithelium

Adeno
carcinoma

Squamous
Cell
Carcinoma

GST Alpha

Negative
Weakly positive
Moderately
positive
Strongly positive

12 (100%)
0 (0%)
0 (0%)
0 (0%)

3
3
3
3

(25%)
(25%)
(25%)
(25%)

15 (75%)
3 (15%)
1 (5%)
1 (5%)

8 (73%)
1 (9%)
2 (18%)
0 (0%)

GST Pi

Negative
Weakly positive
Moderately
positive
Strongly positive

3
0
3
6

0 (0%)
0 (0%)
2 (17%)
10 (83%)

0 (0%)
1 (5%)
10 (50%)
9 (45%)

1 (9%)
1 (9%)
2(18%)
7 (64%)

(25%)
(0%)
(25%)
(50%)

Immunostaimng for GST Alpha and Pi was performed as described in Materials and Methods
Normal squamous epithelium was obtained from the patients with Barrett's esophagus
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Figure 1
Localization of GST Alpha (a,c,e,g) and GST Pi (b,d,f,h) in squamous epithelium (a,b), Barrett's
metaplasia (c,d), adenocarcinoma (e,f) and squam )us cell carcinoma (g,h).
ce, columnar epithelium; ct, connective tissue; se squamous epithelium; t, tumour.
Bars indicate 4 /ш.
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only focally and was localized in both superficial and glandular columnar epithelial cells
GST Pi immunoreactivity was much stronger but showed a similar staining pattern In
addition to cytoplasmic staining, some nuclear staining was found with the GST Pi
antibody. In squamous epithelium, GST immunoreactivity was seen throughout the
epithelium, but mainly in the basal two third. In adenocarcinoma only 25% of the
specimens contained a focal staining of GST Alpha. GST Pi was present in the cytoplasm
and some nuclei of all specimens. In squamous cell carcinoma 27% of specimens showed
a weak to moderate cytoplasmic staining for GST Alpha, whereas the GST Pi antibody
resulted in staining of tumour cells in 91 % of the specimens, mainly differentiated
carcinoma. No immunoreactivity was observed in sections incubated with PBS, normal
rabbit or mouse serum

Discussion
Glutathione S-transferases form part of an inherent protective mechanism against the
development of tumours by detoxifying chemical carcinogens. These carcinogens may be
taken up from the environment (food, drugs, air pollution) or may be formed
intracellularly. The immunohistochemical analysis of GST isoenzymes in tissues from
patients with Barrett's epithelium, adenocarcinoma and squamous cell carcinoma may
provide insight into the variation in expression of these isoenzymes in the different (types
of) cells and ultimately may lead to a better understanding of their role in protecting cells
from cytotoxic or carcinogenic agents No data on cell specific expression of GSTs were
obtained in previous biochemical studies where tissue homogenates were investigated
Another disadvantage of biochemical studies is that non-metaplastic and non-neoplastic
elements, such as stroma and normal tissue, incidently are analysed as being Barrett's
epithelium or tumour tissue, respectively We now studied the cellular distribution of GST
Alpha and Pi isoenzymes in adenocarcinoma, squamous cell carcinoma, Barrett's
epithelium and adjacent squamous epithelium of the oesophagus
Barrett's columnar epithelium contained GST Alpha immunoreactivity, whereas
squamous epithelium did not. This matches well with the GST Alpha contents of these
tissues as found by immunoblot analyses (Peters et al. 1993a, van Lieshout et al. 1988,
unpublished data). All Barrett's epithelial samples contained a moderate to strong GST Pi
immunoreactivity, whereas 25% of the squamous epithelial samples did not Staining with
the GST Pi antibody in squamous epithelium was generally weaker as compared to the
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Barrett's epithelium. On immunoblots, Barrett's epithelium contained less GST Pi as did
squamous epithelium (Peters et al. 1993a; van Lieshout et al. 1998, unpublished data).
Such a discrepancy between biochemical and immunohistochemical data on GST
expression has been shown previously by the analysis of gastric tissue specimens and
several possible explanations were given (Schipper et al. 1996b).
Patients with Barrett's oesophagus have an increased risk of developing oesophageal
adenocarcinoma (Cameron et al. 1985; Cameron et al. 1990; Hameeteman et al. 1989;
Pera et al. 1993; Spechler et al. 1989). One of the possible reasons for this might be an
impaired detoxification capacity due to reduced GST activity and GSH levels (Peters et al.
1993a; van Lieshout et al. 1998, unpublished data). Oesophageal squamous cell
carcinomas are associated with increased carcinogen exposure (Kamionkowski & Fleshier
1965; Martinez 1969). Exogenous factors, such as smoking and drinking of alcohol, have
been implicated as risk factors for oesophageal carcinogenesis (Jankowski & Jankowski
1991). Many carcinogens can be detoxified by conjugation with GSH and catalysed by
GSTs. The aetiology of squamous cell carcinoma is complex and multifactorial and there
is little proof of progression to cancer via intermediate premalignant lesions such as
dysplasia, which hampers their early detection (Färber 1984; Kato et al. 1990).
GST Alpha immunoreactivity was absent in 75 and 73% of adeno- and squamous cell
carcinomas, respectively, whereas GST Pi was present in most cases. Morphologically
normal oesophageal mucosa expressed GST Pi as strongly as did carcinoma cells,
suggesting that GST Pi expression was not related to oesophageal malignancy. Similar
results were seen on immunoblots: GST isoenzyme patterns were generally similar in
normal oesophageal mucosa and tumour, although most tumour GSTs were somewhat
downregulated (Peters et al. 1993b). Other studies showed increased GST Pi mRNA and
protein levels in oesophageal squamous cell carcinoma compared with corresponding
normal squamous epithelium (Ishioka et al. 1991; Sasano et al. 1993; Tsuchida et al.
1989). Niitsu et al. (1989) documented increased serum GST Pi levels in 53% of patients
with oesophageal cancer. Altered expression of GST Pi has previously been associated
with the progression to cancer after exposure to carcinogens (Färber 1984). It is therefore
possible that GST Pi may be a marker of increased carcinogen exposure in oesophageal
mucosa rather than of malignant transformation. To address this issue, squamous
oesophageal epithelium from healthy people should be studied. This however is difficult
to realise.
Nakajima et al. (1996) showed that GST Alpha was expressed on immunoblots in
squamous cell carcinoma of 32.3% of patients (total η =41), whereas GST Pi was found
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in all samples. This correlates well with our lmmunohistochemical results. We found no
apparent differences in staining intensity for GST Alpha between adenocarcinoma and
squamous cell carcinoma This contrasts to a study by Murray et al. (1994), who
demonstrated that the expression of GST Alpha was significantly less in adenocarcinoma
(32% of 25 patients) as in squamous cell carcinoma (76% of 25 patients) This may be
due to a limited number of subjects enclosed in our study As GST Pi is concerned,
Murray et al. (1994) were unable to demonstrate differences in immunoreactivity between
adenocarcinoma and squamous cell carcinoma, which is in accordance with our results
The nuclear staining with GST Pi as found here by us has been previously reported in
health and disease of the oesophagus (Jankowski et al 1992), stomach (Schipper et al
1996a) and uterine cervix (Carder et al 1991) The significance of nuclear staining is
uncertain, but it has been postulated that GSTs are involved in nuclear RNA processing
(Hayes et al. 1989).
In conclusion, we have shown the presence of GST Alpha and Pi immunoreactivity in
normal squamous epithelium, Barrett's epithelium as well as in adeno- and squamous cell
carcinoma. The differential expression of GST Alpha and Pi in normal and (pre)neoplastic
oesophagus supports the fact that caution must be taken when interpreting biochemical
data.
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Glutathione and GSTs in human lymphocytes

Abstract
Glutathione S-transferases (GSTs) are a family of enzymes involved in the detoxification
of a wide range of chemicals including chemical carcinogens. Humans cytosohc GSTs are
divided into four major classes; Alpha, Mu, Pi and Theta. This study was performed to
evaluate the influence of age and gender on the GST isoenzyme expression and
glutathione (GSH) content in lymphocytes. Blood was collected from 124 healthy
controls, which were divided into age groups of 20-40 years (21 females, 20 males), 4060 years (20 females, 21 males) and 60-80 years (20 females, 22 males) Lymphocytes
were isolated by density centnfugation on Histopaque-1077 After homogenization,
cytosolic fractions were isolated Herein, GST isoenzyme levels were determined by
densitometncal analysis of Western blots after immunodetection with monoclonal
antibodies Total GSH content was determined by high performance liquid
chromatography after conjugation with monobromobimane Spearman rank correlation and
Wilcoxon rank sum tests were used for statistical evaluation. Lymphocytic GST Mu and
Pi levels were not correlated to age or gender. GST Alpha was not detectable in
lymphocytes GSH contents were not different in males and females, but decreased with
age in both males and females. In age group 60-80, GSH content was significantly lower
as compared to age groups 20-40 and 40-60 in both sexes. Since high GSH is an essential
factor in the detoxification of many compounds, these data indicate that the detoxification
potential of the GSH/GST system in lymphocytes may decrease with age in man.

Human cytosolic GSH S-transferases (GSTs) are a family of dimenc enzymes, divided
into the main classes Alpha, Mu, Pi and Theta (1-3) GSTs catalyze the binding of a large
variety of electrophiles to the sulphydryl group of glutathione (GSH), generally resulting
in less harmful and more water soluble molecules (1). The GSH/GST system may be a
critical factor in protecting cells and organs against toxicity and disease Glutathione, an
important factor in the normal functioning of the GSH/GST system, is involved in the
detoxification of xenobiotics, carcinogens, free radicals and peroxides (1). Low GSH
contents have been found in several pathological conditions, including alcoholic liver
disease (4), acquired immunodeficiency syndrome (5), xenobiotic-induced oxidative stress
and toxicity (6) and (pre)cancerous lesions (7). From these studies it may be concluded
that the availability of GSH might be a key factor in the maintenance of health, and that
GSH concentration may serve as a useful indicator of disease risk in humans.
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Little is known about the differences in GST and GSH expression between men and
women. Also data on GST and GSH levels with respect to aging in humans are scarce
Loguercio et al. (8) showed that GSH content in body and antrum of the stomach
decreased with age. They did not find a sex-dependency in GSH content To obtain
information on the lymphocytic GSH/GST system during aging, we investigated GST
isoenzyme levels and GSH contents in human lymphocytes from 124 healthy subjects,
aged 20 to 80 years.
Blood was collected by venapuncture into sterile siliconized EDTA КЗ 10 ml
vacutainer tubes (Beckton Dickinson, San Jose, CA, USA) Controls were divided into
three age groups; 20-40 years (21 females, 20 males), 40-60 years (20 females, 21 males)
and 60-80 years (20 females, 22 males)

Lymphocytes were isolated by density

centnfugation on Histopaque-1077, according to the manufacturers instructions (Sigma
diagnostic, St Louis, USA). Lymphocytes were pelleted and stored at -20°C until use
For preparation of cytosolic fractions, lymphocytes were thawed slowly, homogenized in
100 μ\ of 20 mM Tns/HCl buffer pH 7.4, containing 1 mM dithiothreitol using a
glass/glass potter. Homogenates were centnfuged at 12,000 g (4°C) for 20 minutes.
Ahquots of the supernatant were stored at -20°C until use The investigations were
approved by the local ethical committee on human experimentation.
Protein was assayed in triplicate by the method of Lowry et al (9), using bovine
serum albumin as a standard

Specific GST isoenzyme levels were determined as

described before (10). In short, cytosolic fractions were subjected to sodium dodecyl
sulfate Polyacrylamide gel electrophoresis (11% acrylamide, w/v), and subsequently to
Western blotting, using a semidry blotting system (Novablot II, Pharmacia, Uppsala,
Sweden). Western blots were incubated with monoclonal antibodies against human GST
class Alpha, Mu and Pi Class Alpha antibodies react with human GST Al-1, GST A1-2
and GST A2-2 (10). Class Mu antibodies recognize human GST Mla-la, GST Mla-lb
and GST Mlb-lb (11,12). Class Pi antibodies react with human GST Pl-1 (13). The
specific binding of the monoclonal antibodies to the isoenzymes was demonstrated by
incubation with peroxidase-conjugated

rabbit anti-mouse immunoglobulins (Dakopatts,

Glostrup, Denmark) and subsequent staining with 4-chloro-l-naphthol and hydrogen
peroxide. Staining intensity on the immunoblots was quantified using a laser densitometer
(Ultroscan XL, LKB, Bromma, Sweden). Known amounts of purified GSTs were run in
parallel with the experimental samples and served as standards for the calculation of the
isoenzyme levels in the cytosolic fractions

The detection limit of this assay is

approximately 50 ng/mg protein Total GSH content was quantified by high performance
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liquid chromatography after reaction with monobromobimane, as described before (14). In
this assay, oxidized GSH present is reduced by adding sodium borohydnde to the reaction
mixture. Spearman rank correlation test was used to correlate lymphocytic GSH content
and GST isoenzyme expression with age and gender. Wilcoxon rank sum test was used to
assess statistical significance of differences between age groups.
Table I shows the GSH contents and GST isoenzyme levels of all age groups studied.
GST Alpha was not detectable in lymphocytes. In 54 (44%) of the samples no GST Mu
protein was found: in 51% (60% males, 43% females) of age group 20-40 years, in 34%
(38% males, 30% females) of age group 40-60 years, and in 45% (41% males, 50%
females) of age group 60-80 years. GST Mu null phenotype was not related to gender or
age. GST Pi expression was equally distributed among the different age groups, as well
as in males and females. GSH content in lymphocytes was similar in male and female
controls, but expression declined with age: females r s =-0.36 (95% CI -0.56—0.12;
p=0.004); males rs = -0.42 (95% CI -0.61-0.20; p=0.0005). This significant decline in
GSH content with age persisted when males and females were combined: rs = -0.39 (95%
CI -0.53—0.23; p<0.0001). GSH content in age group 60-80 was significantly reduced as
compared to the age groups 20-40 and 40-60 in both sexes, whereas no difference was
observed when comparing GSH contents in age groups 20-40 and 40-60.
GSTs are involved in the protection against potentially harmful chemical compounds
(1). Little data are available concerning age-related changes in the levels of GSH and
GST isoenzymes in humans. This may be relevant with respect to the possible role of the
GSH/GST system in the enhanced cancer rates at elder age. We now showed that the
expression of the Alpha, Mu and Pi GST isoenzymes in human lymphocytes did not
change with age, although in females there was a tendency for lower levels of GST Pi at
older age (p=0.06; 20-40 vs 60-80 group). No gender-related effects were found.
Unfortunately due to lack of sufficient material we were unable to measure GST enzyme
activity and levels of the most recently discovered GST Theta forms. Cebalos-Picot et al.
(15) demonstrated a negative correlation between age and GST activity (r=0 58,
p<0.001) in human erythrocytes (120 females, 65 males), but they found no genderrelated differences.
Several studies have suggested that GSH might be a critical factor in protecting cells
and organs against toxicity and disease, since GSH as an important factor in the
GST/glutathione peroxidase systems is involved in the detoxification of xenobiotics,
carcinogens, free radicals and peroxides (1). However, no information is available on the
variation of GSH in lymphocytes in relation to gender and age in healthy subjects. We
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Glutathione and CSTs ¡n human lymphocytes

noted no differences in GSH levels of human lymphocytes between males and females
Similar results were found previously in human blood by Richie et al. (16) (484 males,
231 females) and Michelet et al (17) (107 males, 94 females), in plasma by Yang et al
(18) (125 males, 157 females) as well as in body and antrum of the stomach by Loguercio
et al (8) (12 males, 10 females). We showed that GSH levels in human lymphocytes
decreased with age in both males and females Similar results were found by Lang et al
(19), who found a significant increase (p<0.001) in the proportion of elderly individuals
with low blood GSH values compared with younger adults. Also plasma GSH levels in
Chinese male and female volunteers were found to decrease with increasing age (18)
Loguercio et al. (8) showed that GSH content in body and antrum of the stomach
decreased with age.
In summary, we demonstrated that GST expression in human lymphocytes was not
related to sex or age GSH content was similar in males and females and decreased with
age in both sexes Since GSH is correlated with protection against cellular or cytogenetic
damage, reduction of GSH content during aging may be a factor of relevance for the
increased risk of developing diseases such as cancer at an elder age
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Modulation of GSTs by dietary antiLaranogens

Abstract
Four anticarcinogens (oltipraz, α-tocopherol, /3-carotene and phenethylisothiocyanate
[PEITC]) were studied with respect to their effects on oesophageal, gastric, colonic, and
hepatic (ƒ) glutathione (GSH) content, (11) glutathione S-transferase

(GST) enzyme

activity, (in) GST isoenzyme levels, and (zv) glutathione peroxidase (GPx) enzyme
activity in male Wistar rats

GST enzyme activity was significantly

increased in

oesophagus (1 9x) and colon (1 2x) by PEITC and in liver (1 4x) by oltipraz GST Alpha
was doubled in the liver by oltipraz, α-tocopherol, and PEITC GST Mu levels were
increased by 0-carotene and PEITC in stomach and liver, by oltipraz in liver and by atocopherol in stomach PEITC induced colonic GST Pi levels (1 3x) GSH content was
induced in liver by oltipraz (1 4x) and α-tocopherol (1 2x) and in colon by PEITC (I 6x)
Each of the anticarcinogens tested increased GPx activity at one or more sites

Se-

dependent and total GPx activities were induced in 31 3% and 37 5% of all possibilities,
respectively

Major induction in total GPx was found in stomach by α tocopherol (1 8x)

In conclusion our data demonstrate that dietary administration of oltipraz, PEITC, atocopherol and β carotene, may exert chemopreventive effects in the digestive tract of the
rat by enhancing GST, GPx, and, to a lesser extent, GSH levels

Introduction
There is considerable interest in identifying synthetic or dietary compounds which may
possess anticarcinogenic properties (1) Vegetables and fruit contain a large number of
inhibitors of carcinogenesis, including phenols, indoles, aromatic isothiocyanates, ascorbic
acid tocopherols and carotenes (2,3) Therefore it is recommended to daily consume a
variety of fruits and vegetables We are in search for a possible mechanism explaining the
anticarcinogenic properties of some of these compounds, in particular those present in
cruciferous vegetables
Phenethylisothiocyanate (PEITC) is a naturally occurring compound, present as its
glucosinolate precursor in certain cruciferous vegetables, such as Chinese cabbage,
Brussels sprouts, watercress and radishes (4,5)
gluconasturtnn by myrosinase (6)

It is formed through hydrolysis of

PEITC was shown to inhibit the metabolism and

carcinogenicity of nitrosamines and polycychc aromatic hydrocarbons in various organs of
the rat, such as lung, oesophagus and liver (3,7-9), and it reduced the incidence and size
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of adenomas and carcinomas (3,10,11)
a Tocopherol, one of the carotenoids, is an antioxidant and free radical scavenger,
but epidemiologic evidence for its chemopreventive action is inconsistent α-Tocopherol
reduced the production of carcinogenic N-nitroso compounds from nitrites and amides
and it is one of the most important antioxidants in lipid membranes It inhibits the
development of chemically induced tumours in experimental animals (12) Conclusions
from the few cross-sectional studies are somewhat contradictory as reviewed by Knekt et
al (13) Several case-control studies showed that a tocopherol levels in blood were
inversely correlated with cancers of breast, lung, stomach, pancreas and urinary organs
(14-17) In prospective studies, a similar correlation was found for liver and lung (18)
while other studies do not show a significant difference between cases and controls
(13,15,17)
в Carotene is the most abundant of the carotenoids, which are found in dark-green
leafy vegetables, carrots, and yellow or red fruits and vegetables

/3-Carotene is a

precursor of vitamin A, which plays a role in vision, growth, reproduction, and control of
epithelial growth and differentiation

Epidemiological studies have provided strong

evidence for a protective role of 0-carotene against certain epithelial cancers, in particular
those of the respiratory tract and oesophagus (19,20 and references therein) Daily
consumption of vegetables with high levels of /3-carotene was reported to dimmish the
risk of cancer of lung, colon, stomach, prostate, and cervix (21 23) /Î-Carotene protected
rats and mice against experimental tumours at various sites such as stomach, lung, colon,
skin, and buccal mucosa (12,24-26)
Oltipraz. 5-(2-pyrazinyl)-4-methyl-l,2-dithiole 3 thione, is a substituted dithiolthione
which was used in humans as an antischistozomal drug (27)

Dithiolthiones occur in

cruciferous vegetables Oltipraz was shown to protect against acute and chronic toxicities
of structurally diverse agents in multiple target organs (for review see 28) In addition, it
was found to inhibit carcinogenesis induced by benzo[a]pyrene, diethylnitrosamine and
uracil mustard in lung and forestomach of mice (29), and azoxymethane-induced colon
cancer in rats (30,31)
The mechanism of action of above mentioned inhibitors of carcinogenesis are poorly
understood

One method of action may be an enhancing effect

on carcinogen

detoxification systems, such as glutathione S transferases (GSTs) (for review, see 2)
Animals fed diets containing high concentrations of cruciferous vegetables or other
anticarcinogens showed elevated GST activity (32,33) The soluble GSTs are a gene
family of dimenc enzymes comprised of four classes Alpha, Mu, Pi and Theta (34)
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They catalyze the binding of a large variety of electrophiles to the sulphydryl group of
glutathione (GSH) Since the reactive ultimate carcinogenic forms of chemical carcinogens
are electrophiles, GST takes considerable importance as a mechanism for carcinogen
detoxification (34). Enhancement of the activity of this system by dietary anticarcinogens
could result in a more efficient elimination of carcinogens, leading to cancer prevention
Another parameter of importance in inhibiting carcinogenesis is prevention of
oxidative damage by glutathione peroxidases (GPxs). GPxs are enzymes that catalyze the
reduction of organic hydroperoxides and hydrogen peroxide (35). Two major types of
GPxs have been identified (35), a selenium-dependent form which is active with both
organic hydroperoxides and hydrogen peroxide and a selenium-independent form which
has no activity towards hydrogen peroxide and mainly comprises of GSTs (35).
The present study was designed to investigate the effects of dietary oltipraz, atocopherol, /3-carotene and PEITC on glutathione S-transferases, glutathione peroxidase
and glutathione in rat oesophagus, colon, stomach and liver

Materials and methods
Animal treatment
Forty male Wistar rats (178 ± 8 gram, Central Laboratory Animal Centre, University of
Nijmegen, The Netherlands) were housed in pairs on wooden shavings in macrolon cages,
maintained at 20-25°C and 30-60% relative humidity A ventilation rate of seven air
cycles/h and a 12 h light/dark cycle were used. The rats were randomly assigned to one
of the dietary treatment groups All groups were fed powdered RMH-TM lab chow (Hope
Farms, Woerden, The Netherlands) After acclimatization for seven days the animals
were fed either the basal diet (control group) or one of the four experimental diets Food
and water were available ad libitum. Food cups were replenished every 2-3 days. Food
consumption and gain in body weight were recorded daily. After two weeks the rats were
killed by decapitation.
Diets
Compounds and dose levels used were selected based on studies by others, showing
antimutagenic and/or anticarcinogenic properties (9,30,36,37)

The diets were prepared

by supplementation with either 0 03% (w/w) oltipraz (kindly provided by Rhone Poulenc
Rorer

Vary,

Alfortville,

France), 0 02%

(w/w)

α-tocopherol (Sigma Chemical
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Company, St Louis, MO, USA), 0 02% (w/w) /3-carotene (Sigma), or 0 045% (w/w)
phenethyhsothiocyanate (PEITC, Sigma)

A food processor was used to obtain a

homologous mixture of test compound and powdered lab chow
Tissue preparation
All handlings were performed on ice After decapitation the oesophagus, stomach colon
and liver were excised Colon and stomach were slit longitudinally and the contents were
removed by washing with cold buffer A (0 25 M saccharose, 20 mM Tris, 1 mM
dithiothreitol, pH 7 4) The organs were directly frozen in liquid nitrogen and stored at 20°C until use For preparation of the cytosolic fraction the tissue was thawed quickly
using cold running water

The mucosal surface of stomach, intestine and colon was

collected by scraping with a scalpel and the mucosal scrapings were homogenized in
buffer

A (4 ml/gram tissue) in a glass/glass Potter-Elvehjem tube

The liver was

homogenized in buffer A (4 ml/gram tissue) with ten strokes at 1000 r ρ m of a motor
driven glass/Teflon homogenizer (Braun, Germany) The homogenate was centrifuged at
9000 g (4°C) for 30 min The resulting supernatant fraction was transferred to an
ultracentrifuge tube and spun at 150,000 g (4°C) for 60 min The oesophagus was
homogenized in 5 ml buffer A per gram tissue in a glass/glass Potter-Elvehjem tube
These homogenates were centrifuged at 150,000 g for 60 min (4°C)

Ahquots of the

150,000 g supernatant, representing the cytosolic fraction, were frozen in liquid nitrogen
and stored at -80° С
Assays
Protein concentration was assayed in quadruplicate by the method of Lowry et al (38)
using bovine serum albumin as the standard

GST activity was determined in triplo

according to Habig et al (39), using l-chloro-2,4-dinitrobenzene (CDNB) as substrate
GST isoenzyme levels were determined as described before (33)

In short, cytosolic

fractions were subjected to sodium dodecyl sulfate Polyacrylamide gel electrophoresis
(11% acrylamide, w/v), and subsequently to Western blotting, using a semidry blotting
system (Novablot II, Pharmacia, Uppsala, Sweden) Western blots were incubated with
monoclonal antibodies against human GST class Alpha, Mu, and Pi

Class Alpha

antibodies react with rat GST subunit 1, class Mu antibodies recognize rat GST subunits 3
and 4, and class Pi antibodies react with rat GST subunit 7 The specific binding of the
monoclonal antibodies to the isoenzymes was detected with 4 chloro 1-naphthol after
incubation with peroxidase conjugated
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antibody (Dakopatts, Glostrup, Denmark) Staining intensity on the immunoblots was
quantified using a laser densitometer (Ultroscan XL, LKB, Bromma, Sweden) Known
amounts of purified GSTs were run in parallel with the experimental samples and served
as standards for the calculation of the absolute amounts of these isoenzymes in the
cytosohc fragments

Total glutathione was quantified by high performance liquid

chromatography after reaction with monobromobimane, as described before (33) In this
assay oxidized glutathione present is reduced by adding sodium borohydnde to the
reaction mixture Glutathione peroxidase enzyme activity was measured with hydrogen
peroxide and t-butylhydroperoxide (Sigma) as substrates

essentially as described by

Howie et al (40)
Statistical analysis
The Wilcoxon rank sum test was used to assess statistical significance of differences
between experimental and control groups

a

p < 0 05, ь ρ < 0 01 and c p < 0 005

Results
Daily food consumption, anticarcinogen intake and gain in body weight are given in Table
1 In the PE1TC group food consumption was significantly reduced, but total anti
carcinogen intake was high At termination of the experiment, the daily gain in body
weight for the oltipraz and PEITC group was significantly lower as compared to the
control group
Table II shows the eilects of the anticarcinogens on GST activity in the four organs
investigated

PEITC induced GST activity in oesophagus and colon (1 9x and 1 2x,

respectively) and oltipraz had an inducing effect in the liver (1 4x)
In Tables III, IV and V the effects of the anticarcinogens on GST class Alpha, Mu
and Pi isoenzyme levels are given

In control animals GST Alpha (Table III) was

undetectable in oesophagus and colon, low in stomach (198 + 5 ng/mg protein) and high
in liver (8349 ± 225 ng/mg protein) In oesophagus, stomach and colon, none of the
diets significantly influenced the GST Alpha expression

In liver

on the other hand

increased levels of GST Alpha were found after feeding oltipraz, a tocopherol or PEITC
(2 Ox, I 7x and 2 2x, respectively) as compared with controls GST Mu (Table IV) was
expressed at high levels in all tissues examined, but only gastric and hepatic GST Mu
levels were modulated by anticarcinogens Gastric GST Mu levels were increased by
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Table I
Daily food consumption, anticarcinogen intake and gain in body weight of male Wistar rats
receiving diets supplemented with oltipraz, α-tocopherol, /J-carotene or PEITC
Treatment
group (n=8)

Dose
(%w/w)

Food consumption (g/day)

Total anticarcinogen intake
(mg/day.kg body weight)

Gain in body weight
(g/day)

Control

-

20.1 ± 0.7

-

3.9 ± 0.2

Oltipraz

0.030

18.9 ± 0.5

28.5 ± 0.8

2.9 ± 0.3a

α-tocopherol

0.020

18.5 ± 0.2

18.5 ± 0 . 2

34 ±03

/J-carotene

0.020

19.5 ± 0.3

19.4 ± 0.3

3.6 ± 0 4

40.4 + 0.6

2.6 ± 0 3 a

PEITC

0.045

17.9 ± 0.3

a

Values given are means ± SEM. The one-tailed Wilcoxon rank sum test was used to assess
statistical significance of differences between control and treated groups: d P < 0 05, b P<0.01 and
C
P< 0.005.
Table II
Effects of oltipraz, α-tocopherol, /3-carotene or PEITC on oesophageal, gastric, colonic and
hepatic glutathione S-transferase activity in rats
Glutathione S-transferase activity (nmol/min mg protein)
Treatment
group (n=8)

oesophagus

stomach

colon

liver

control

22 ± 3

142 ± 14

68 ± 5

1277 ± 113

oltipraz

27 ± 1

154 ± 9

75+3

1760 + 109'

α-tocopherol

25 ± 4

148 ± 8

74 + 7

1094 ± 68

jS-carotene

27 ± 3

138 ± 12

74 ± 7

PEITC

C

41 ± 3

167 ± 16

84 ± 6

1330 ± 46
a

1376 ± 58

α-tocopherol, j3-carotene and PEITC (1.2x, 1.2x, and l . l x , respectively), and hepatic
GST Mu levels were elevated by oltipraz, 0-carotene and PEITC (1.4x, 1.2x, and 1.5x,
respectively). In control group GST Pi (Table V) was undetectable in oesophagus and
liver, and low in stomach and colon (984 + 55 and 1001

± 27 ng/mg protein,

respectively). Only in the colon PEITC induced GST Pi levels to 1303 ± 65 ng/mg
protein.
Table VI shows the effect of the anticarcinogens on GSH content in the organs
studied. Oesophageal and gastric GSH content was not significantly influenced by any of
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Table HI
Effects of oltipraz, α-tocopherol, /3-carotene or PEITC on oesophageal, gastric, colonic and
hepatic glutathione S-transferase Alpha levels in rats
Glutathione S-transferase Alpha level (ng/mg protein)
Treatment group
(n = 8)

oesophagus

stomach

colon

liver

control

ND

198 ± 5

ND

8349 ± 225

oltipraz

ND

209 ± 16

ND

16702 ± 687c

α-tocopherol

ND

196 ± 10

ND

14583 ± 1786"

/î-carotene

ND

198 ± 6

ND

7921 ± 473

PEITC

ND

199 ± 12

ND

18724 ± 988c

ND = Not Detectable
Table IV
Effects of oltipraz, α-tocopherol, /3-carotene or PEITC on oesophageal, gastric, colonic and
hepatic glutathione S-transferase Mu levels in rats
Glutathione S transferase Mu level (ng/mg protein)
Treatment
group (n=8)

oesophagus

stomach

colon

liver

control

2878 ± 290

11934 ± 735

2603 ± 323

30769 ± 781

oltipraz

3068 ± 622

13992 ± 985

α-tocopherol

3265 + 3 1 2

3290 ± 228

42840 ±2021°

13857 ± 863

a

2807 ± 255

34319 ± 3390

a

3221 + 133

37586 ± 2395a

2961 ± 193

44980 ± 905c

β carotene

2956 ± 411

13757 ± 905

PEITC

3523 ± 313

13399 ± 515a

the anticarcinogens. Elevation of GSH content was seen by oltipraz and α-tocopherol
(1 4x and 1 2x, respectively) in liver and by PEITC in colon (1 6x)

No correlation

between enhancement of GST and GSH levels was found
In Tables VII and VIII, the data of glutathione peroxidase activity (GPx) are
presented

Selenium-dependent (Se-GPx) and total GPx (t-GPx) were measured using

hydrogen peroxide and t butyl hydroperoxide as substrate, respectively

Interestingly,

GPx activities are highest in stomach, slightly lower in liver and lowest in oesophagus
and colon The anticarcinogens tested all increased either one of the activities at one or
more sites
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Table V
Effects of oltipraz, α-tocopherol, /^-carotene or PEITC on oesophageal, gastric, colonic and
hepatic glutathione S-transferase Pi levels in rats
Glutathione S-transferase Pi level (ng/mg protein)
Treatment group
(n = 8)

oesophagus

stomach

colon

liver

control

ND

984 ± 55

1001 ± 27

ND

oltipraz

ND

1028 + 142

1036 + 17

ND

α-tocopherol

ND

1033 ± 80

1035 ± 44

ND

β -carotene

ND

1035 ± 71

1024 ± 48

PEITC

ND

1018 ± 90

1303 ± 65

ND
c

ND

ND = Not Detectable
Table VI
Effects of oltipraz, α-tocopherol, /S-carotene or PEITC on oesophageal, gastric, colonic and
hepatic glutathione levels in rats
Glutathione (nmol/mg protein)
Treatment group
(n = 8)

oesophagus

stomach

colon

liver

control

10 ± 2

18 ± 3

7 ±1

47 ± 3

oltipraz

14 ± 4

16 + 2

9 ±1

64 + 6J

α-tocopherol

12 ± 3

18 ± 2

9±2

58 ± 2"

/3-carotene

12 ± 3

13 ± 3

10 ± 3

PEITC

16 + 3

20 ± 2

11 ± 2

42 ± 2
J

48 + 5

Se-GPx activity (Table VII) was increased by oltipraz in oesophagus (1.4x) and colon
(1.2x), by α-tocopherol and /3-carotene in liver (1.2x and 1.3x.

respectively) and by

PEITC in stomach (1.5x). Total GPx activity (Table VIII) was increased by oltipraz in
oesophagus (1.3x), by α-tocopherol in stomach and colon (1.8x and 1.2x). by ß-carotene
in liver (1.2x) and by PEITC in oesophagus (1 3x) and stomach (1.8x).
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Table VII
Effects of oltipraz, »-tocopherol, 0-carotene or PEITC on oesophageal, gastric, colonic and
hepatic selenium-dependent glutathione peroxidase activity in rats
Selenium-dependent glutathione peroxidase activity* (nmol/min mg protein)
Treatment group
(n = 8)

oesophagus

stomach

colon

liver

control

236 ± 23

1574 ± 165

208 ± 11

1364 + 80

1855 ± 28

244 ± Τ

1598 ± 121

248 ± 20

1698 ± 8 1 "

206 ± 17

1736 ± 32=

244 ± 19

1548 ± 82

a

oltipraz

321 ± 31

α-tocopherol

296 ± 31

2098 ± 294

0-tarotene

284 ± 20

1738 ± 202

PEITC

268 ± 12

2403 + 212

c

* Hydrogen peroxide was used as substrate
Table VIII
Effects of oltipraz, α-tocopherol, /î-carotene or PEITC on oesophageal, gastric, colonic and
hepatic total glutathione peroxidase activity in rats
Total glutathione peroxidase activity* (nmol/min mg protein)
Treatment group
(n = 8)

oesophagus

stomach

colon

liver

control

194 + 10

1213 ± 115

216 ± 16

1148 ± 71

oltipraz

261 ± Τ

1360 ± 114

239 ± 8

1248 ± 46

α-tocopherol

221 ± 11

2176 ± 249

(3-carotene

222 ± 15

PEITC

247 ± 5C

c

a

254 ± 14

1278 ± 56

1646 + 229

218 ± 16

1360 ± 56a

2174 ± 190c

220 ± 23

1334 ± 73

t Butyl hydroperoxide was used as substrate

Discussion
Consumption of vegetables and fruit can significantly decrease the risk of human cancer
(41,42) A relationship between vitamin A and human cancer was first reported in 1941
by Abels et al.

(43), who documented low vitamin A levels in cancer patients,

particularly in patients with gastrointestinal malignancies The human diet contains a large
number of both

(pre)carcinogens as well

as a vanty of compounds that inhibit
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mutagenesis and/or carcinogenesis in laboratory models (44 46) This latter group consists
of structurally diverse compounds, of which the protective mechanisms are generally
unresolved Although prevention of cancer may be due to multiple mechanisms, one way
of action of anticarcinogens may be an enhancing effect on carcinogen detoxification
systems, such as glutathione S-transferases (GSTs) Fruits and vegetables that elevate
tissue phase II enzyme levels in rodents can effectively block experimental carcinogenesis
and increase the clearance of drugs in humans (1,2,32,47)
In rats receiving a diet containing oltipraz or PEITC the daily gam in body weight
was lower as compared to the control group In the PEITC group (receiving 2 7 μπιοΐ/g
diet) reduced food consumption coincided with reduced weight gain Reduced weight gain
after feeding rats 6 μηιοί PEITC per gram of diet has been reported before (9) The
oltipraz group (receiving 300 ppm in their diet) showed a lower daily gain in body
weight, whereas there was a normal food ïniake Rao et al (31) did not find any effect
on body weight of a somewhat lower dose of oltipraz (200 ppm for 2 weeks) No effect
of oltipraz on food consumption has been reported before

During the course of the

experiment no changes in behavioral pattern of the animals were observed In addition to
this, none of the organs studied showed any macroscopical sign of toxicity of the dietary
additive at the end of the experiment Therefore, we believe that the lower gain in body
weight in the oltipraz group, despite a normal food intake may be the result of diminished
absorption of macronutnents in the gastrointestinal tract No effect of β carotene on body
weight gain has been reported (25) in accordance with our results
At present more information about the effects of dietary anticarcinogens on gastric
oesophageal, colonic and hepatic GST activity is becoming available

In our study

oesophageal and colonic GST activity were increased by PEITC This may be important
in the protection against oesophageal and colonic cancer We could not find any effect ot
PEITC on hepatic GST activity, in accordance with earlier results of Smith et al

(37),

who found that dietary intake of PEITC (1 and 3 μπιοΐ/g diet) did not significantly induce
GST activity in liver This suggests that the biological action of PEITC is not due to its
effect on hepatic GSTs under these experimental conditions In male F344 rats on the
other hand, 0 25 mmol/kg body weight of PEITC resulted in a slight increase of liver
GST activity after 24 hours (48), while a single dose of 1 mmol/kg decreased liver GS I
activity by a factor 1 5 (49) These differences might be due to species-specific and/or
concentration dependent effects, which makes it virtually impossible to extrapolate from
one study to another We have not found any reports on effects of PEITC on oesophageal
and/or colonic GST activity
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activity we noticed is in agreement with results reported by others (50,51).
In addition to the measurement of GST activity it may be important to study changes
in levels of isoenzymes, which may have different substrate specificities The isoenzymes
showed a tissue specific distribution. Class Alpha GSTs are abundant in liver and small
intestine, whereas class Pi GSTs are well expressed in stomach, small- and large intestine
(33,34) In contrast, class Mu enzymes seem to be less organ specific since they were
detected at high levels in a wide variety of tissues

In our study, GST Alpha was not

detectable in oesophagus and colon, and GST Pi was undetectable in oesophagus and liver
and none of the anticarcinogens had any effect on this At two sites where GST activity
was induced a significant increase in one or more classes of GST was observed The
increase in colonic GST activity by PEITC was parallelled by a rise in GST Pi level in
the same order of magnitude, and dietary administration of oltipraz resulted in an increase
in hepatic GST activity, showed also higher GST Alpha and GST Mu levels Higher
doses of oltipraz (0 075%) were reported to induce GST Alpha, Mu and Pi levels in
livers of Sprague-Dawley rats (52) In human hepatocyte cultures, GST Alpha, but not
Mu was selectively and specifically elevated by oltipraz (53)

In our study, PEITC

increased oesophageal GST activity, but had no effect on any of the isoenzymes in this
organ In addition, GST isoenzyme levels were induced at some sites without significant
change in overall GST activity. Administration of PEITC induced hepatic GST Alpha and
Mu, and gastric GST Mu levels, α-tocopherol increased gastric GST Mu and hepatic GST
Alpha levels, and /3-carotene increased gastric and hepatic GST Mu levels, although no
effects on GST activity were notified
Only few data on effects on GSH levels of the anticarcinogens tested have been
reported before GSH is an important physiological nucleophile which forms conjugates
with reactive electrophiles, including carcinogenic nitrosamines (54) We found GSH
induction in 3 out of 16 possibilities (/) in colon by PEITC and (it) in liver by oltipraz,
which both parallelized increases in GST activity, and (in) in liver by α-tocopherol
Oltipraz-induced hepatic GSH levels have been reported before by others (51)
Glutathione peroxidase (GPx), which utilizes GSH to catalyze the reduction of
hydroperoxides

is a cellular

defence

system

against

the deleterious effects

of

hydroperoxides (55,56) Each of the four anticarcinogens tested in our study induced GPx
activity at one or more sites at 5 out of 16 (31%) sites for Se-dependent GPx and 6 out
of 16 (38%) sites for total GPx. Therefore increase of GPx levels may significantly
contribute to the overall effect of the compounds tested here Again, there is little
information available in literature Dietary α-tocopherol was reported to increase GPx
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activity in rat muscle but not in liver, lung, kidney and testes (57) In another study
dietary α-tocopherol had no effect on GPx activity in rat liver and intestines (58)
Chemopreventive effects may be mediated by enzyme systems other than GSTs
Inhibition of enzymes involved in the bioactivation of pre-carcinogens may be equally
important. The anticarcmogens tested in our study have previously been shown to be able
to influence the phase I cytochrome P450 (CYP) enzyme system as well

PEITC

efficiently prevented the ethanol-induced elevation of CYP2E1 apoprotein and mRNA
levels in rat liver (59). α-Tocopherol significantly decreased cytochrome P450 in rats
(60) |3-Carotene inhibited the cytochrome P450-mediated benzo[u]pyrene metabolism in
rat liver (61) Finally, inhibition by oltipraz of anatoxin B, metabolism in human primary
cultures of hepatocytes was found to be mediated by inhibiting CYP1A2 and CYP3A4
(62)
It is therefore likely that these effects on cytochrome P450, in combination with
enhancement of glutathione S-transferases, glutathione peroxidase and glutathione, are
responsible for the chemoprotective character of the compounds tested in our study
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Effects of NSA IDs on glutathione

S-transferaw

Abstract
Nonsteroidal anti-inflammatory drugs (NSAIDs) have been demonstrated to reduce cancer
rates m oesophagus, stomach and colon of humans and animals Earlier, we showed that
high human gastrointestinal tissue levels of glutathione S-transferase (GST), a family of
detoxification enzymes consisting of class Alpha, Mu, Pi and Theta isoforms, were
inversely correlated with cancer risk We investigated whether the NSAIDs indomethacin,
Ibuprofen, Piroxicam, acetyl salicylic acid (ASA), and sulindac, supplemented in the diet
tor two weeks at 25, 400, 400, 400, and 320 ppm, respectively, influenced
gastrointestinal GSTs in male Wistar rats In cytosolic fractions of oesophagus, stomach,
intestine and liver, GST activity towards l-chloro-2,4-dinitrobenzene was measured GST
isozyme levels were determined by densitometncal analysis of Western blots after
immunodetection with monoclonal antibodies, and glutathione levels were determined by
HPLC GST activity and GST Mu levels were increased (1 2 to 1 8x) in oesophagus and
small intestine by indomethacin, Ibuprofen, Piroxicam and sulindac GST Alpha levels
were induced (1.2-2 8x) in stomach by piroxicam, in small intestine by indomethacin,
Ibuprofen, piroxicam and sulindac, and in liver by piroxicam GST Pi levels were raised
(1 9-3 6x) in stomach by Ibuprofen, ASA and sulindac, and in small intestine by
indomethacin, piroxicam, ASA and sulindac Glutathione levels were raised (1 2 to 2 3x)
by indomethacin and ASA in small intestine and by piroxicam in oesophagus
Enhancement of GSTs in the upper part of the digestive tract, resulting in a more efficient
detoxification, may explain in part the anticarcinogenic properties of NSAIDs

Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most prescribed drugs
worldwide They have anti-inflammatory, analgesic and antipyretic activities They are
used clinically for the treatment of patients with (e g ) acute and chronic rheumatoid
arthritis, osteoarthritis, ankylosing spondylitis, gouty arthritis, bursitis, tendositis, and
inflammatory arthritis (1)
In addition to their therapeutic use, there is strong epidemiological evidence that
NSAIDs may have anticarcinogenic effects in humans Sulindac caused regression of
adenomatous polyps in patients with familial adenomatous polyposis (FAP) (2-4), whereas
no effect on sporadic colonic polyps was found (5) Epidemiological studies suggest that
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regular, prolonged use of aspirin-based NSAIDs may reduce the risk of development and
mortality of oesophageal, gastric, colonic or rectal cancer (6-9), although in one
prospective study no support for such an association was found (10) Several NSAIDs are
currently evaluated in clinical trials Effects of NSAIDs on neoplastic growth in the colon
of animals and humans, including possible mechanisms involved were recently reviewed
(11 12)
Many animal studies have revealed significant protection against development of
chemically induced cancers by treatment with NSAIDs Ibuprofen inhibited carcinogenesis
in rat colon (13), mouse forestomach and lung (14) Indomethacin inhibited tumongenesis
in rat colon (15-19), stomach (16,20), mammary gland (21), urinary bladder (22,23) and
liver (24,25), as well as in mouse oesophagus (26,27) Piroxicam reduced tumour
incidence in the colon (13,15,17-19,28-31), small intestine (18) and liver (25) of the rat
Dietary acetyl salicylic acid inhibited carcinogenesis in rat colon (32 34) and bladder (35)
whereas suhndac reduced tumour multiplicity in the rat colon (36) and mouse forestomach
(14)
A generally accepted mechanism of action of NSAIDs is the inhibition of
cyclooxygenases, the rate limiting enzymes that catalyse the formation of prostaglandin
precursors from arachidonic acid (12,37) Prostaglandins play a role in the control of cell
proliferation and regulation of immune functions (38-41) However, doses of NSAIDs
required to suppress inflammation may exceed substantially the doses necessary to inhibit
prostaglandin synthesis, suggesting that the anticarcinogenic properties of these drugs may
be achieved through additional unidentified mechanisms (42)
Inhibitors of carcinogenesis often have an enhancing effect on carcinogen
detoxification systems such as glutathione S transferases (GSTs, EC 2 5 1 18) (43 45)
The soluble glutathione S-transferases are a gene family of dimenc enzymes comprised of
four classes Alpha, Mu, Pi and Theta (43,44) They catalyse the binding ot a large
variety of electrophiles to the sulphydryl group of glutathione (GSH) Since most reactive
ultimate carcinogenic forms of chemical carcinogens are electrophiles GSTs take
considerable importance as a mechanism for carcinogen detoxification (43 44)
Enhancement of the activity of this system may result in a more efficient elimination of
carcinogens and may ultimately lead to the prevention of cancer
The present study was designed to investigate the effects of dietary administration of
indomethacin, Ibuprofen, Piroxicam, acetyl salicylic acid and sulindac on glutathione and
glutathione S-transferases in the rat oesophagus, intestine, stomach and liver
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Materials and methods
Animal treatment
Forty-eight male Wistar rats (183 ± 2 gram, Central Laboratory Animal Centre,
University of Nijmegen, The Netherlands) were housed in pairs on wooden shavings in
macrolon cages, maintained at 20-25°C and 30-60% relative humidity A ventilation rate
of seven air cycles/h and a 12 h light/dark cycle were used The rats were randomly
assigned to one of the dietary treatment groups. All groups were fed powdered RMH-TM
lab chow (Hope Farms, Woerden, the Netherlands) from the same batch After
acclimatization for seven days the animals were fed either the basal diet (control group)
or one of the five experimental diets Food and water were available ad libitum Food
cups were replenished every 2-3 days. Food consumption and gain in body weight were
recorded daily
Diets
Selection of NSAIDs as well as feeding period and dose levels were based on studies by
others, showing reduction of tumour incidence in humans and inhibition of chemically
induced carcinogenesis in animal models, where NSAIDs were adjusted 2 weeks prior to
carcinogen treatment (13,18,21,32,36) The following six diet groups (8 animals per
group) were studied: (a) RMH-TM lab chow only or supplemented with (b) 25 ppm
indomethacin, (c) 400 ppm Ibuprofen, (d) 400 ppm piroxicam, (e) 400 ppm acetyl
salicylic acid or (f) 320 ppm suhndac. The NSAIDs were purchased from Sigma
Chemical Company, St Louis, MO, USA. A food processor was used to obtain a
homogenous mixture of test compound and powdered lab chow. After receiving the diets
for two weeks the rats were killed by decapitation The study protocol was approved by
the local ethical committee for animal experiments of the University of Nijmegen
Tissue preparation
All handlings were performed on ice After decapitation, oesophagus, stomach, intestine
(proximal, middle, and distal small intestine and colon) and liver were excised immediately Intestine and stomach were slit longitudinally and the contents were removed
by washing with cold buffer A (0 25 M saccharose, 20 mM Tris, 1 mM dithiothreitol, pH
7 4) The organs were directly frozen in liquid nitrogen and stored at -20°C until use
For preparation of the cytosolic fraction the tissue was thawed quickly using cold running
water The mucosal surface of stomach and intestine was collected by scraping with a
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scalpel and was homogenized in buffer A (4 ml/gram tissue) in a glass/glass PotterElvehjem tube. The liver was homogenized in buffer A (4 ml/gram tissue) with ten
strokes at 1000 rpm of a motor-driven glass/Teflon homogenizer (Braun, Germany). The
homogenate was centrifuged at 9000 g (4°C) for 30 min. The resulting supernatant
fraction was transferred to an ultracentnfuge tube and spun at 150,000 g (4°C) for 60
min The oesophagus was homogenized in 5 ml buffer A per gram tissue in a glass/glass
Potter-Elvehjem tube. These homogenates were centrifuged at 150,000 g for 60 min
(4°C) Aliquots of the 150,000 g supernatant, representing the cytosolic fraction, were
frozen in liquid nitrogen and stored at -20°C.
Assays
Protein concentration was assayed in quadruplicate by the method of Lowry et al (46)
using bovine serum albumin as the standard. GST activity was determined in triplicate
according to Habig et al. (47), using l-chloro-2,4-dinitrobenzene (CDNB) as substrate
GST isoenzyme levels were determined as described before (45)

In short, cytosolic

fractions were subjected to sodium dodecyl sulphate Polyacrylamide gel electrophoresis
(11% acrylamide, w/v), and subsequently to Western blotting, using a semidry blotting
system (Novablot II, Pharmacia, Uppsala, Sweden). Western blots were incubated with
monoclonal antibodies against human GST class Alpha (48), Mu (49), and Pi (50) Class
Alpha antibodies react with rat GST subunit 1, class Mu antibodies recognize rat GST
subunits 3 and 4, and class Pi antibodies react with rat GST subunit 7 (45) The specific
binding of the monoclonal antibodies to the isoenzymes was demonstrated by incubation
with the secondary antibody peroxidase-conjugated rabbit anti-mouse immunoglobulin
(Dakopatts, Glostrup, Denmark) and subsequent development of the peroxidase label with
4-chloro-l-naphthol and hydrogen peroxide Staining intensity on the immunoblots was
quantified using a laser densitometer (Ultroscan XL, LKB, Bromma, Sweden) Known
amounts of purified GSTs were run in parallel with the experimental samples and served
as standards for the calculation of the absolute amounts of the isoenzymes in the cytosolic
fractions Total glutathione was quantified by high performance liquid chromatography
after reaction with monobromobimane, as described before (45) In this assay, oxidized
glutathione present is reduced by adding sodium borohydnde to the reaction mixture
Statistical analyses
The Wilcoxon rank sum test was used to assess statistical significance of differences
between experimental and control groups "р<0.05, b p < 0 01 and c p < 0 005
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Results
Daily food consumption, intake of NSAIDs and gain in body weight are given in Table I
In the sulindac and piroxicam groups food consumption was significantly reduced as
compared to the control group, whereas in the Ibuprofen group the food consumption was
induced. In the piroxicam group the lower food consumption was parallelled by a reduced
gain in body weight During the course of the experiment no changes in behavioral
pattern of the animals were observed In addition, none of the organs studied showed any
macroscopical sign of toxicity of the dietary additive at the end of the experiment

Table I
Daily food consumption, NSAID-intake and gain in body weight of male Wistar rats
receiving diets supplemented with indomethacin, Ibuprofen, piroxicam, ASA or sulindac
Treatment
group (n = 8)

Dose
(ppm)

Food consumption
(g/day)

Total NSAID-intake
(mg/day kg body we ight)

Gain in body
weight (g/day)

Control

-

16 1 ± 0 3

-

24 ± 02

Indomethacin

25

15 9 ± 0 5

Ibuprofen

400

20 ± 0 1

25+03

a

34 0 ± 0 5

2 3 ± 02

a

29 4 + 0 5

12+02"

32 7 + 0 4

26 + 01

29 6 ± 0 7

1 8 ± 02

17 0 ± 0 2

Piroxicam

400

14 7 + 0 3

ASA

400

163 ± 0 5

Sulindac

320

14 8 ± 0 3

a

Values given are means ± SEM The one-tailed Wilcoxon rank sum test was used to assess
statistical significance of differences between control and treated groups a P<0 05, and b P<0 01
Table II shows the effects of the NSAIDs on GST activity in the organs investigated
No change in activity was found with acetyl salicylic acid (ASA). In the oesophagus and
proximal small intestine (PSI), GST activity was induced by indomethacin (both 1 3x),
Ibuprofen (1 3x and 1.2x, respectively), piroxicam (1 8x and 1 2x, respectively) and
sulindac (both 1 3x) In addition, Ibuprofen elevated GST activity in the colon (1 3x)
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In Tables III, IV, and V the effects of the NSAIDs on GST class Alpha, Mu and Pi
isoenzyme levels are given. In control animals GST Alpha (Table III) was undetectable in
oesophagus and colon, low in stomach (222 ± 20 ng/mg protein) and high in liver (12282
+ 1227 ng/mg protein) and small intestine. In middle small intestine (MSI), none of the
diets significantly influenced GST Alpha expression. ASA did not influence GST Alpha
levels. Indometacin increased levels of GST Alpha in PSI and DSI (1.6x and 1.9x,
respectively) as compared to controls. Ibuprofen increased GST Alpha levels in PSI
(1.4x), piroxicam increased levels in stomach, DSI and liver (1.8x, 2.8x, and 1.2x) and
sulindac had an inducing effect on GST Alpha levels in DSI (2.1x). GST Mu (Table IV)
was expressed at high levels in all tissues examined. Parallel to GST activity, GST Mu
levels in oesophagus and DSI were modulated by the same NSAIDs: indomethacin (1.4x
and 1.6x, respectively), Ibuprofen (1.4x and 1.3x), piroxicam (1.6x and 1.4x) and
sulindac (1.5x and 1.4x), whereas ASA did not change GST Mu levels. GST Pi (Table V)
was undetectable in oesophagus and liver, and low in all other organs studied, ranging
from 114 ± 21 ng/mg protein in MSI to 568 + 84 ng/mg protein in PSI in control
animals. All NSAIDs tested increased GST Pi levels at one or more sites: indomethacin
increased GST Pi levels in MSI (2.1x), Ibuprofen in stomach (1.9x), piroxicam in both
MSI and DSI (2.4x and 2.8x, respectively), ASA in stomach, MSI and DSI (1.9x, 3.2x,
and 1.9x, respectively) and sulindac in stomach and MSI (2.6x and 3.6x).
Table VI shows the effect of the NSAIDs on the GSH content in the organs studied.
Gastric, colonic and hepatic GSH contents were not influenced by any of the NSAIDs
tested. Elevation of the GSH content was seen by indomethacin in PSI, MSI and DSI
(1.2x, 2.3x, and 2.3x, respectively), by piroxicam in oesophagus (1.6x), and by ASA in
MSI (1.6x).

Discussion
In the present study we have demonstrated that NSAIDs are able to induce glutathione Stransferases, especially in the upper part of the rat digestive tract.
During the last decade, many studies have shown significant protection against the
development of cancer by NSAIDs. Compelling evidence is presented in several
epidemiological studies, suggesting that NSAIDs have significant protective activity
against human oesophageal, gastric, and colonic cancer (11,12). Regression of colon
adenomas during treatment with NSAIDs, particularly sulindac, occurred in patients with
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familial adenomatous polyposis coli who are at high risk for development of colonic
cancer (2-4) NSAIDs such as aspirin, indomethacm, piroxicam, and sulindac were
repeatedly shown to inhibit chemically induced tumours of the colon (15,17-19,29 31,51
53), oesophagus (26,27), bladder (54), breast (21), and liver (24) in laboratory animals
Several hypotheses have been proposed to explain the mechanism of chemoprevention
by NSAIDs a) NSAIDs reduce the gastrointestinal permeability of carcinogens and their
metabolites (55), b) NSAIDs are scavengers of reactive oxygen species involved in
initiation and promotion of cancer (56), c) NSAIDs can bind to cytochrome P450
monooxygenases, thereby inhibiting P450-mediated activation of procarcinogens to
reactive electrophilic intermediates (57,58) On the other hand, Ibuprofen and
indomethacm are able to induce prokaryotic cytochrome P450HM3 (CYP102) (59) d) In
parallel with the inhibition of tumour growth, aspirin, indomethacm, and piroxicam,
reduce the prostaglandin levels in the colon of rodents treated with carcinogens
(15,17,60), by inhibition of cyclooxygenases, the rate-limiting enzymes in the synthesis ot
prostaglandins (61,62) On the other hand, GSTs are involved in the synthesis ot
prostaglandin D2, E2 and F2„ (63) e) NSAIDs can inhibit the induction of ornithine
decarboxylase activity and tissue levels of putrescine, two markers of tumour promotion
(64,65) f) In addition, NSAIDs may inhibit the activity of enzymes such as
phosphodiesterases or cyclic GMP-AMP protein kinases (66), which may be central to
cancer initiation and promotion
Much of the research on NSAIDs and cancer prevention at this moment is focused on
the hypothesis that prostaglandins may play a key role in the regulation of neoplasia
However, there is no direct evidence that NSAIDs prevent tumour development solely
through inhibition of cyclooxygenases (67), and prevention of cancer could be due to
multiple mechanisms Another way of action of NSAIDs, in addition to the possibilities
cited above, may be the enhancement of carcinogen detoxification by glutathione S
transferases, as shown in this study A more efficient detoxification could lead to a
reduction of biologically active compounds and thus prevent carcinogenesis No
information about the possible effects of NSAIDs on oesophageal, gastric, intestinal, and
hepatic GST enzyme activity has been reported before In our study, GST activity in the
oesophagus and proximal small intestine was increased by indomethacm, Ibuprofen,
Piroxicam, and sulindac This may be of direct significance in the protection against
cancer in these organs However, organs such as the colon could also benefit from a more
efficient detoxification in the upper part of the digestive tract, since lower levels of
carcinogens may now reach the colon
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In human organs at high risk for cancer development low GST levels were measured,
and vice versa (68). Recent data, mostly obtained from animal studies, have indicated that
many naturally occurring dietary anticarcinogens are able to elevate the levels of GSTs
(44,45, and refs therein). Enhancement of GSTs in humans was found after consumption
of cruciferous vegetables with cancer preventing properties such as broccoli and Brussels
sprouts (69.70) and a reduction of oxidative DNA damage in humans was measured after
consumption of Brussels sprouts (71). In this respect the chemopreventive properties of
NSAIDs could very well be mediated in a similar way by the enhancement of GSTs.
In addition to the measurement of GST activity, it may be important to register
changes in the levels of GST isoenzymes, which have different though partly overlapping
substrate specificities. The isoenzymes showed a tissue specific distribution. Class Alpha
GSTs are abundant in liver and small intestine, whereas class Pi GSTs are present in
stomach, small- and large intestine (43,45). In contrast, class Mu enzymes seem to be
less organ specific since they were detected at high levels in all tissues examined. GST
Alpha was not detectable in the oesophagus and colon, and GST Pi was undetectable in
both oesophagus and liver and none of the NSAIDs had any effect on this. The increase
in GST activity in oesophagus and PSI by indomethacin, Ibuprofen, piroxicam, and
sulindac was parallelled by a rise in GST Mu level in the same order of magnitude. This
was expected, since GST Mu is the most prominent of all GSTs in the rat (Tables III-V).
In two of the sites where both GST activity and GST Mu levels were induced, GST Alpha
level was increased as well. The molecular basis for these inductions is not clear yet.
Indomethacin, Ibuprofen, piroxicam, and sulindac each induced the GST enzyme
activity as well as GST Alpha, GST Mu or GST Pi levels in at least one organ.
Indomethacin, Ibuprofen, and sulindac were equally efficient in inducing glutathione Stransferases, in 7 out of 28 possibilities (25%). Piroxicam appeared to be the most active,
with inductions seen in 32% of all possibilities. Acetyl salicylic acid showed an increase
of glutathione S-transferase enzyme activity or isoenzyme levels in only 11% of all
possibilities, which makes it the least active form of the NSAIDs tested. The amount of
NSAIDs consumed by the rats in our study (2-35 mg/day.kg body weight) matches very
well with doses prescribed to patients suffering from rheumatic diseases (3-100 mg/day.kg
body weight; see Table I), suggesting that the effects of NSAIDs on GSTs as found in
rats may be achieved in humans as well. NSAIDs have side-effects in both humans as
well as animals. We observed a decreased food consumption in the piroxicam and
sulindac groups. In these animals, however, none of the organs showed any
macroscopical sign of toxicity at the end of the experiment, suggesting that the induction
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of GSTs are not the consequence of toxic effects of these NSAIDs This is further
supported by the observation that Ibuprofen induced food consumption as well as GST
activity and isoenzymes.
No data on the effects of the NSAIDs tested on GSH levels have been reported
before. GSH is an important physiological nucleophile which is coupled with reactive
electrophiles such as carcinogenic nitrosamines (45), catalysed by the glutathione Stransferases. Significantly increased levels of GSH, however, were found in only 5 out of
35 possibilities: in small intestine by indomethacin, in oesophagus by piroxicam, and in
MSI by ASA In PSI and oesophagus, this increase in GSH level parallelled an induction
of GST activity.
In conclusion, our data demonstrate that NSAIDs are able to elevate the
detoxification potential of tissues from the gastrointestinal tract, by increasing the
expression of glutathione S-transferases. This seems to be a common working mechanism
in the prevention of carcinogenesis
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Effects of dietary anticaranogens on glutathione S-transferuses

Summary
Several dietary compounds have been demonstrated to reduce gastrointestinal cancer rates
in both humans and animals. We showed that high human gastrointestinal tissue levels of
glutathione S-transferase (GST), a family of detoxification enzymes consisting of class
Alpha, Mu, Pi and Theta isoforms, were inversely correlated with cancer risk. We now
investigated whether the sulforaphane analog compound-30, indole-3-carbinol, D-hmonene
or relafen, supplemented in the diet for two weeks at 1450, 250, 10,000, and 200 ppm,
respectively, influenced (i) GST activity, (ii) GST isoenzyme levels, (ili) GSH levels, or
(IV) glutathione peroxidase (GPx) activity in the gastrointestinal tract of male Wistar rats.
Sulforaphane analog compound-30 enhanced GST activity in all organs studied (1.2-2.4x).
It induced GST Alpha levels in small intestine and liver, GST Mu levels in stomach and
small intestine, GST Pi levels in stomach and small and large intestine, and GSH levels in
stomach and proximal and middle small intestine. Indole-3-carbinol induced gastric GST
Mu and hepatic GST Alpha levels. D-limonene induced hepatic GST Alpha, colonic GST
Pi levels and proximal small intestinal GST enzyme activity and GST Pi levels. Relafen
induced hepatic GST Alpha levels, distal small intestinal and gastric GST Pi levels, and
oesophageal and proximal small intestinal GSH levels. GPx activity was enhanced by
relafen in oesophagus, and in distal small intestine by sulforaphane analog compound 30.
Enhancement of GSTs and to a lesser extent GPx and GSH, resulting in a more efficient
detoxification, may explain at least in part the anticarcinogenic properties of sulforaphane
analog compound-30, and to a much lesser extent of indole-3-carbinol and D-limonene.

Introduction
The discovery of naturally occurring anticarcinogenic compounds from edible plants has
been a very productive area for obtaining potential chemopreventive agents. A number of
natural products isolated from these plants have shown anticarcinogenic properties in
several animal models [1-6].
Compound-30 ((±)-exo-2-acetyl-6-isothiocyanatonorbornane) is a ketoisothiocyanate,
synthesized as a structural analog of sulforaphane, a component of broccoli [7,8].
Compound 30 is relatively easily synthesized and it may be more stable metabolically
than sulforaphane [7]. Sulforaphane and several natural and synthetic isothiocyanates were
demonstrated to: (i) have anticarcinogenic properties in rodents [8-12], (ii) induce phase II
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enzymes both in vivo and in cells in culture [3,8,13], and (in) inhibit activation of certain
carcinogens. Sulforaphane analog compound-30 is an equally potent inducer of quinone
reductase as sulforaphane, and is capable of in vivo enhancement of GST in several
mouse organs [8].
Indole-3-carbinol ШС). present as glucosinolate precursor in cruciferous vegetables
(cabbage, broccoli, Brussels sprouts, cauliflower, etc.), is able to inhibit chemically
induced neoplasia in forestomach [14], mammary gland [14,15], liver [16], colon [17],
lung [18] and tongue [19] in rodents. It is noteworthy that I3C, given in capsules at 400
mg/day for three months to female human volunteers, produced no toxic or untoward
effects

and resulted in a change in oestrogen metabolism indicative of a potential

chemopreventive effect against breast cancer [20]. Such chemopreventive effects are well
established in rodent mammary tumour models [14,21].
D-limonene. a monocyclic terpene, is consumed by humans predominantly as an
ingredient of traditional food, e.g. citrus fruit, carrots, coffee, orange, and nutmeg
[1,22]. D-limonene was able to reduce tumour incidence in forestomach, lung and
mammary tissue [1,2,22-25] and caused regression of mammary tumours in rodents
[1,26].
Relafen

is a nonsteroidal anti-inflammatory

drug (NSAID). Nonsteroidal anti

inflammatory drugs are among the most prescribed drugs worldwide. In addition to their
therapeutic use, there is strong evidence that NSAIDs may be anticarcinogenic in humans.
Epidemiological studies suggest that regular, prolonged use of aspirin-based NSAIDs may
reduce the incidence and mortality rates of oesophageal, gastric, colonic and rectal cancer
([27-29], and refs. therein). Many animal studies have revealed NSAIDs to significantly
protect against chemically induced cancers ([27,29], and refs. therein). In clinical trials,
relafen was as effective as aspirin, diclofenac, indomethacin, Ibuprofen, and naproxen in
the treatment of patients with osteoarthritis or rheumatoid arthritis [30]. However, relafen
may be preferred because of its lower incidence of abdominal pain, dyspepsia, gastritis,
gastrointestinal

distress, ulcer, and clinically

meaningful

decreases

in haemoglobin

[30,31]. Furthermore, if necessary, the dose of relafen can be increased without a
concordant increase of adverse effects [32].
The exact mechanism for the chemopreventive

potential of above mentioned

compounds has not been clearly defined yet. However, inhibitors of carcinogenesis often
have an enhancing effect on carcinogen detoxification systems such as glutathione Stransferases (GSTs; EC 2.5.1.18) [33,34]. The soluble GSTs are a family of dimeric
enzymes comprised of four classes: Alpha, Mu, Pi and Theta [34,35]. They catalyze the
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nucleophilic attack of the sulphur atom of glutathione (GSH) on the electrophilic centres
of a seemingly endless variety of xenobiotics Since most reactive ultimate carcinogenic
forms of chemical carcinogens are electrophiles, GSTs take considerable importance in
carcinogen detoxification [34,35] Enhanced GST activity may result in a more efficient
elimination of carcinogens and ultimately lead to cancer prevention
Another important parameter in inhibiting carcinogenesis is prevention of oxidative
damage by glutathione peroxidases (GPxs) GPxs are enzymes that catalyze the reduction
of organic hydroperoxides and hydrogen peroxide [36] Two major types of GPx have
been identified [36], a selenium-dependent form (Se-GPx) which is active with both
organic hydroperoxide and hydrogen peroxide, and a selenium-independent form (t-GPx)
which has no activity towards hydrogen peroxide and mainly comprises of GSTs [36]
The present study was designed to investigate the effects of dietary administration of
compound-30, indole-3-carbinol, D-hmonene and relafen on glutathione, glutathione Stransferases and glutathione peroxidases in rat oesophagus, intestine, stomach and liver

Materials and methods
Animal treatment
Forty male Wistar rats (177 ± I gram, Central Laboratory Animal Centre, University of
Nijmegen, the Netherlands) were housed in pairs on wooden shavings in macrolon cages,
maintained at 20-25cC and 30-60% relative humidity A ventilation rate of seven air
cycles/h and 12 h light/dark cycles were used The rats were randomly assigned to one of
the dietary treatment groups All groups were fed powdered RMH-TM lab chow (Hope
Farms Woerden, the Netherlands) from the same batch After acclimatization for seven
days the animals were fed either the basal diet (control group) or one of the four
experimental diets Food and water were available ad libitum Food cups were
replenished every 2-3 days Food consumption and gain in body weight were recorded
daily
Diets
Compounds and dose levels used were selected on antimutagenic and/or anticarcinogenic
properties [9,10,13,22] or induction of phase II enzymes in rodents [1,7,37-40] Relafen
was selected based on results of a previous study by us, showing enhancing effects of
other nonsteroidal anti-inflammatory drugs on GSTs in male Wistar rats [41], and the
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dose used was based on data on gastrointestinal toxicity [31,42]. The following five diet
groups (8 animals per group) were studied: (a) RMH-TM lab chow only, and lab chow
supplemented with (b) 1450 ppm sulforaphane analog compound-30 (synthesized as
described before, see ref. [7]), (c) 250 ppm indole-3-carbinol (Sigma Chemical Company,
St. Louis, MO, USA), (d) 10,000 ppm D-limonene (Aldrich Chemistry), and (e) 200 ppm
relafen (Sigma). A food processor was used to obtain a homogenous mixture of test
compound and powdered lab chow. After receiving the diets for two weeks the rats were
killed by decapitation. The study protocol was approved by the local ethical committee for
animal experiments of the University of Nijmegen.
Tissue preparation
All handlings were performed on ice. After decapitation, oesophagus, stomach, intestine
(proximal, middle, and distal small intestine and colon) and liver were excised
immediately. Intestine and stomach were slit longitudinally and the contents were
removed by washing with cold buffer A (0.25 M saccharose, 20 mM Tris/HCl, 1 mM
dithiothreitol, pH 7.4). The organs were directly frozen in liquid nitrogen and stored at 20CC until use. For preparation of the cytosolic fraction the tissue was thawed quickly
using cold running water. The mucosal surface of stomach and intestine was collected by
scraping with a scalpel and was homogenized in buffer A (4 ml/gram tissue) in a
glass/glass Potter-Elvehjem tube. The liver was homogenized in buffer A (4 ml/gram
tissue) with ten strokes at 1000 rpm of a motor-driven glass/Teflon homogenizer (Braun,
Germany). The homogenate was centrifuged at 9000 g (4°C) for 30 min. The resulting
supernatant fraction was transferred to an ultracentrifuge tube and spun at 150,000 g
(4CC) for 60 min. The oesophagus was homogenized in 5 ml buffer A per gram tissue in
a glass/glass Potter-Elvehjem tube. These homogenates were centrifuged at 150,000 g for
60 min (4°C). Aliquots of the 150,000 g supernatant, representing the cytosolic fraction,
were frozen in liquid nitrogen and stored at -20°C.
Assays
Protein concentration was assayed in quadruplicate by the method of Lowry et al. [43]
using bovine serum albumin as the standard. GST activity was determined in triplicate
according to Habig et al. [44], using l-chloro-2,4-dinitrobenzene (CDNB) as substrate.
GST isoenzyme levels were determined as described before [33]. In short, cytosolic
fractions were subjected to sodium dodecyl sulfate Polyacrylamide gel electrophoresis
(11% acrylamide, w/v), and subsequently to Western blotting, using a semidry blotting
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system (Novablot II, Pharmacia, Uppsala, Sweden) Western blots were incubated with
monoclonal antibodies against human GST class Alpha [45], Mu [46], and Pi [47] Class
Alpha antibodies react with rat GST subunit 1, class Mu antibodies recognize rat GST
subumts 3 and 4, and class Pi antibodies react with rat GST subunit 7 [33] The specific
binding of the monoclonal antibodies to the isoenzymes was demonstrated by incubation
with peroxidase conjugated rabbit anti-mouse immunoglobulin (Dakopatts, Glostrup,
Denmark) and subsequent peroxidase staining with 4-chloro-l-naphthol and hydrogen
peroxide Staining intensity on the immunoblots was quantified using a laser densitometer
(Ultroscan XL, LKB Bromma, Sweden) Known amounts of purified GSTs were run in
parallel with the experimental samples and served as standards for the calculation of
absolute amounts of the isoenzymes. Glutathione was quantified by high performance
liquid chromatography after reaction with monobromobimane, as described before |33| In
this assay, total glutathione is measured since oxidized glutathione present is reduced by
adding sodium borohydnde to the reaction mixture Glutathione peroxidase enzyme
activity was measured using both hydrogen peroxide and t-butylhydroperoxide as
substrates, essentially as described by Howie et al [48]
Statistical analyses
The Wilcoxon rank sum test was used to assess statistical significance of differences
between experimental and control groups a p<0 05, b p<0 01 and 'p-cO 005

Results
Daily food consumption, intake of the anticarcinogens and gain in body weight are given
in Table 1 D limonene and relaten did not show any significant impact on food
consumption and gain in body weight, as compared to the control group In the
sulforaphane analog compound-30 and indole 3 carbinol groups a reduced food intake
(approximately 15%) was found, resulting in a significant reduction in body weight gain
(37%) in the sulforaphane analog compound 30 group
Table 2 shows the effects of the anticarcinogens on GST activity in the organs
investigated Sulforaphane analog compound 30 enhanced GST enzyme activity in all
organs studied, ranging from 1 2x in middle small intestine to 3 lx in distal small
intestine D-limonene induced GST enzyme activity only in the proximal small intestine
(15x)
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In Tables 3, 4 and 5 the effects of the anticarcinogens on GST class Alpha, Mu and
Pi isoenzyme levels are given. In control animals GST Alpha (Table 3) was undetectable
in oesophagus and colon, low in stomach (197 ± 40 ng/mg protein) and distal small
intestine (203 + 43 ng/mg protein) and high in liver (11583 ± 671 ng/mg protein) and
proximal and middle small intestine None of the diets significantly influenced gastric
GST Alpha expression. Sulforaphane analog compound-30 induced GST Alpha levels in
proximal, middle and distal small intestine (4.3, 2.2 and 11 lx, respectively) and in liver
(1 6x) In liver GST Alpha levels were induced by indole-3-carbinol (1.6x), D-hmonene
(1 3x) and relafen (1.4x).
GST Mu (Table 4) was expressed at high levels in all tissues examined. Sulforaphane
analog compound-30 induced GST Mu levels in the stomach (1.2x) and small intestine
(1 7 to 2 9x), and indole-3-carbinol induced gastric GST Mu levels (1.2x).
GST Pi (Table 5) was undetectable in oesophagus and liver, and relatively low in all
other organs studied, ranging from 171 ± 15 ng/mg protein in distal small intestine to
1088 ± 62 ng/mg protein in stomach in control animals. All compounds tested, except
for indole-3 carbinol, increased GST Pi levels at one or more sites, sulforaphane analog
compound-30 induced gastric (1.5x) and intestinal (2 3 to 5 4x) GST Pi levels. Dlimonene induced GST Pi levels in proximal small intestine (1.3x) and colon (1 6x), and
relafen enhanced GST Pi levels in stomach (1 3x) and distal small intestine (1.7x).
Table 6 shows the effect of the anticarcinogens on the GSH content in the organs
studied Distal small intestinal, colonic and hepatic GSH contents were not influenced by
any of the compounds tested. Elevations of GSH were only seen by sulforaphane analog
compound-30 in the stomach (1.3x) and proximal and middle small intestine (2 4x and
1 4x, respectively), and by relafen in oesophagus and proximal small intestine (1.3x and
1 8x, respectively).
In Tables 7 and 8 the data of glutathione peroxidase (GPx) enzyme activity
measurements are presented. Total (t-GPx) and selenium-dependent GPx (Se-GPx)
activities were measured using t-butylhydroperoxide and hydrogen peroxide as substrates,
respectively GPx activities are highest in liver and stomach, and lowest in small and
large intestine Indole-3-carbinol and D-hmonene had no effect on GPx enzyme activity,
whereas sulforaphane analog compound-30 induced both t-GPx and Se-GPx enzyme
activity in distal small intestine (1 6x and 2 lx) and Se-GPx enzyme activity (1 3x) in
colon Relafen slightly enhanced oesophageal Se-GPx enzyme activity (1 2x).
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Discussion
Consumption of fruits and vegetables reduces the risk of gastrointestinal cancer The
discovery of naturally occurring anticarcmogenic compounds in edible plants is a very
productive area for obtaining potential chemopreventive agents A number of natural
products with great diversity in chemical structure, showing inhibitory activity in several
types of animal tumongenesis assays, were isolated from fruits and vegetables [1-6]
Although the mechanisms of this protection are unclear, feeding of fruit and vegetables
induces enzymes involved in the xenobiotic metabolism, thereby accelerating the
metabolic disposal of xenobiotics ([9,13,33,34,49], and refs therein) Phase 11
detoxification enzymes like GST, NAD(P)H quinone reductase, UPD glucuronosyltransferase and epoxide hydrolase [41,50,51] can modulate the response of animal cells
to carcinogen exposure Recent data, mostly obtained from animal studies, have indicated
that many naturally occurring dietary anticarcinogens are able to elevate the levels of
GSTs ([3,7,8,13,33,34,38-40], and refs therein) In human organs at relatively high risk
for cancer development such as colon, low glutathione S-transferase (GST) levels were
measured [52] Enhancement of GSTs was found in humans after consumption of
cruciferous vegetables such as broccoli and Brussels sprouts [49,53] In addition, a reduction of oxidative DNA damage was measured after consumption of Brussels sprouts |54|
In view of these results, we studied the effect of several dietary anticarcinogens on GSTs
Compound-30 is a structural analog of sulforaphane, which is present in broccoli
[7,8] Sulforaphane has chemopreventive properties against mammary carcinogenesis in
rats [55] In the sulforaphane analog compound-30 group reduced food consumption
coincided with reduced body weight gain, which was not reported in an earlier study
using the same dose [7] During the course of the experiment no changes in behavioral
pattern of the animals was observed In addition, none of the organs studied showed any
macroscopical sign of toxicity Therefore we believe that the lower body weight gain in
the sulforaphane analog compound-30 group may be the result of diminished absorption of
macronutnents in the gastrointestinal tract, and not due to any kind of toxicity
In our study sulforaphane analog compound-30 induced GST activity throughout the
gastrointestinal tract, ranging from 1 2 in MSI to 3.1 in DSI This result is in agreement
with an earlier study in mice, showing that daily administration of 7 5, 15 or 30 /¿mol of
sulforaphane analog compound-30 for 5 days induced GST activity in liver (2-4x),
forestomach (2-4x), glandular stomach (2-4x) and PSI (14 16x) m a dose-dependent
manner [7] Using a concentration of 15 μίτιοΙ we now found slightly lower induction
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rates in rats, which may be due to species differences

Interestingly,

15 μίτιοΙ

sulforaphane daily for 5 days induced GST activity in liver (1 9x), forestomach (2 Ox),
glandular stomach (3 Ox), PSI (2 lx) and lung (1 2x) of mice as well [8]
No data were available on the changes in the levels of GST isoenzymes as a result of
feeding sulforaphane analog compound-30 The isoenzymes showed a tissue specific
distribution Class Alpha GSTs are abundant in liver and small intestine, whereas class Pi
GSTs are present in stomach, small- and large intestine [13,33,41] GST Alpha was not
detectable in the oesophagus and colon, and GST Pi was undetectable in both oesophagus
and liver and none of the compounds tested had any effect on this In contrast, class Mu
enzymes seem to be less organ specific since they were detected at high levels in all
tissues examined In the sulforaphane analog compound-30 group, enhancement of GST
activity was parallelled by a rise in GST Alpha levels in small intestine and liver a rise
in GST Mu levels in stomach and small intestine, and a rise in GST Pi levels in stomach
and intestine In the oesophagus an enhanced GST activity was found without any effect
on the GST isoenzyme levels measured here, which may suggest that other classes of
GSTs, e g Theta class, or other isoenzymes of the GST Alpha, Mu and Pi classes are
involved
The second compound tested was 13C. present as glucosinolate precursor in
cruciferous vegetables

It has anticarcinogenic effects in several organs [14 21] Rats

receiving I3C had a lower daily food consumption as compared to the control group
However, body weight gain in these rats was similar to the control group In addition
Bradfield & Bjeldanes [40] showed that 50 to 500 ppm I3C did not effect food intake or
body weight gain [40] We found no effect of I3C on rat gastrointestinal GST activity,
which is in contrast to results by others, showing an induction of hepatic and proximal
small intestinal GST activity in both mice [56 57] and rats [58,59] However, Bradfield &
Bjeldanes [40], in accordance with our results, showed that 250 and 500 ppm of I3C did
not change GST activity in liver and gastrointestinal tract In our study I3C incidently
induced GST isoenzymes such as gastric GST Mu and hepatic GST Alpha levels Few
data on the effect of I3C on GST isoenzymes are available in the literature Stresser et al
[39] showed a 4-fold induction of rat hepatic subunit 10 by 0 2% I3C, and Kim et al
[38] noticed GST Pi positive foci in the liver after 0 25% I3C in the diet for 2 weeks In
male CD-I mice, hepatic GST Mu levels were elevated by I3C (750 mg/kg body weight)
whereas 250 and 500 mg/kg did not show any effect [60]
The monocyclic monoterpene D-hmonene is a natural product constituting up to 95%
of orange peel
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chemopreventive and chemotherapeutic activity without toxicity in rodents [22-26,61,621
We only found an enhancing effect of D-limonene on GST activity and GST Pi levels in
the proximal small intestine, and on GST Alpha and GST Pi levels in liver and colon,
respectively Previously, induction of hepatic GST activity was demonstrated in mice after
feeding 1% of D-limonene for 10 days [63] or of 20 mg/animal for 2 days [64|, and in
liver of rats after feeding 5% (2.4x) or \% (1.6x) of D-limonene [65] No effect of Dlimonene on GST activity was found in small intestine and forestomach of the mouse
[64,66] In female Wistar Fürth rats, Elegbede et al. [65] showed that 5% D-limonene
induced hepatic class Alpha rat GST subunit 1 They also demonstrated an increase m rat
liver subunits 3 and 4, and an induction of GST activity, which was not noticed in our
study, possibly due to a lower dose given by us.
The NSAID relafen induced GST Alpha levels in liver and GST Pi levels in stomach
and DSI, without showing an effect on GST activity. GST Mu is the most abundant class
of GSTs in the rat gastrointestinal tract with the highest specific enzyme activity It is
possible that the minor increases in GST Alpha and Pi levels do not give rise to a
significant increase in GST activity NSAIDs may protect against both human and animal
oesophageal, gastric, and colonic cancer We recently demonstrated that the NSAIDs
indomethacin, Ibuprofen, piroxicam and sulindac induced GST activity and isoenzyme
levels m the rat gastrointestinal tract [41 ], which could be a common working mechanism
for cancer prevention by NSAIDs Since the NSAIDs mentioned above [41] may have
severe adverse effects, we now studied relafen, which is as effective as aspirin,
diclofenac, indomethacin, Ibuprofen, and naproxen in the treatment of patients with osteoarthritis or rheumatoid arthritis [30], but may have less side effects [30,31], even at
higher doses [32] No anticarcinogenic properties of relafen have been demonstrated so
far, and therefore it is striking that relafen only has minor effects on GSTs.
GSH is an important tripeptide thiol which in addition to being the substrate for
GSTs, maintains cellular oxidation-reduction balance and protects cells against free radical
species [67] A number of inducers of GST also enhanced GSH levels in a variety of
tissues [13,33,41] Thus, determination of tissue GSH levels in combination with GST
activities was used to evaluate the detoxifying potential of anticarcmogens Until now, no
data on the effects of sulforaphane analog compound-30, I3C and relafen on GSH levels
were published Sulforaphane analog compound 30 induced GSH in stomach, PSI and
MSI, and relafen induced GSH levels in oesophagus and PSI. D-limonene and I3C did not
influence GSH levels In Swiss Webster mice, 1 % D-limonene slightly induced hepatic
GSH levels (1.2x) (63), whereas in female A/J mice, 20 mg D-limonene per day for three
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days resulted in a reduction of GSH in forestomach (0 49x), whereas no effect was seen
in liver, small intestine, lung and colon [66]. In female Wistar-Furth rats, 1 % D-limonene
did not change hepatic GSH levels [65].
GPx, which utilizes GSH to catalyze the reduction of hydroperoxides, is a cellular
defence system against the deleterious effects of hydroperoxides [68,69] Compound-30
induced Se-GPx in DSI and colon and t-GPx in DSI, and relafen induced oesophageal SeGPx activity. Increase of GPx levels may therefore also contribute to the overall
anticarcmogenic effect of these compounds, however probably to much lesser extent as
compared to the GSTs. Again, there is little information available in the literature In
male Wistar rats, 50 mg of I3C per kg body weight per day for 10 consecutive days
resulted in a 19% reduction of GPx activity [58]
In conclusion, our data demonstrate that dietary administration of sulforaphane analog
compound-30 and to a lesser extent indole-3-carbinol and D-limonene may exert their
chemopreventive effect in the digestive tract of the rat by enhancing GST and, to a lesser
extent, GPx and GSH levels.
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NSA¡Ds enhance GST Theta levels in rat colon
Abstract

Nonsteroidal anti-inflammatory drugs (NSAIDs) have been claimed to reduce cancer rates
in oesophagus, stomach and colon of humans and laboratory animals. Recently we
showed that dietary administration of NSAIDs enhanced glutathione S-transferase (GST)
class Alpha, Mu and Pi levels m the upper part of the rat gastrointestinal tract, with
minor effects in the colon. Enhancement of GSTs, a family of detoxification enzymes
consisting of class Alpha, Mu, Pi and Theta isoforms, might be one of the mechanisms
leading to cancer prevention. The recently cloned GST class Theta levels have not yet
been studied in this respect. We now investigated whether the NSAIDs lndomethacin,
relafen, sulindac, Ibuprofen, Piroxicam, and acetyl salicylic acid (ASA), incorporated
individually into the diet at 25, 200, 320, 400, 400 and 400 mg/kg, respectively, affect
gastrointestinal GSTT1-1 and GSTT2-2 levels in male Wistar rats. GSTT1-1 and GSTT22 levels were determined in cytosolic fractions of oesophagus, gastric, small intestinal and
colonic mucosa and liver by densitometncal analyses of Western blots after immunodetection with a monoclonal (GSTT1-1) or a polyclonal (GSTT2-2) antibody. Gastric
GSTT2-2 levels were induced by Ibuprofen (1 6x) and lndomethacin (1 5x), and colonic
levels were induced by ASA (1 7x). Colonic GSTT1-1 levels were elevated by all
NSAIDs tested except for relafen (1.5 to 6.4x). In conclusion, enhancement of colonic
GSTTl-1 levels seems to be a common working mechanism of NSAIDs Enhanced
enzyme activity, which may result from these higher GSTTl-1 levels, might lead to a
more efficient detoxification of potential carcinogens and hence contribute to the
prevention of colon carcinogenesis

Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most prescribed drugs
worldwide In addition to their anti-inflammatory, analgesic and antipyretic activities [1],
there is strong epidemiological evidence that NSAIDs may reduce the risk of development
and mortality of oesophageal, gastric, colonic or rectal cancer in humans [2-8]. Many
animal studies have revealed significant protection by NSAIDs against chemically induced
gastrointestinal cancers: acetyl salicylic acid (ASA) inhibited carcinogenesis in rat colon
[9-11|, Ibuprofen in rat colon [12] and mouse forestomach [13], lndomethacin in rat
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Chapter 10

colon, stomach, liver [14-19] and murine oesophagus [20,211, piroxicam in rat colon,
small intestine and liver [12,17,22-26], whereas sulindac reduced tumour multiplicity in
rat colon [27] and murine forestomach [13]
The exact mechanisms for the chemopreventive potential of NSAIDs may be
multifactorial [28] and have not been clearly defined yet Much of the research on
NSAIDs and cancer prevention at this moment is focused on the hypothesis that
prostaglandins may play a key role in the regulation of neoplasia A generally accepted
mechanism of action of NSAIDs is the inhibition of cyclooxygenases, the rate limiting
enzymes that catalyse the formation of prostaglandin precursors from arachidonic acid
[3,29] Prostaglandins play a role in the control of cell proliferation and regulation of
immune functions [30 33] However, the effects of NSAIDs on the suppression of
inflammation and the inhibition of prostaglandin synthesis do not fully explain their
anticarcinogenic effects, suggesting that the anticarcinogenic properties of these drugs
may be partly achieved through additional mechanisms [34]
We recently demonstrated that the NSAIDs Ibuprofen, ïndomethacin, piroxicam, and
sulindac enhanced glutathione S transferase (GST, EC 2 5 1 18) enzyme activity and GST
Alpha, Mu and Pi protein levels in the upper part of the rat gastrointestinal tract, with
little effect in the colon [28| The soluble GSTs are a family of detoxification enzymes
divided into four classes Alpha, Mu, Pi and Theta, each consisting of one or more
isoforms [35-38] GSTs catalyse the conjugation of glutathione (GSH) to a variety of
electrophilic compounds including carcinogens [35,36] Although induced GST enzyme
activity may sometimes result in high levels of bioactivation, it generally results in more
efficient elimination of carcinogens, ultimately leading to cancer prevention [36] The
enhancement of GST enzyme activity and protein levels seems to be a more or less
common working mechanism of anticarcinogens [35,36] and might partly explain the
anticarcinogenic properties of NSAIDs in the upper part of the gastrointestinal tract [28|
We were, however, unable to demonstrate increased expression of class Alpha, Mu or Pi
GST protein in the colon [28], a site where protection by NSAIDs was clearly
demonstrated (see above) Therefore we were especially interested in effects of NSAIDs
on colonic GST Theta levels
The present study was designed to investigate the effects of dietary administration of
NSAIDs on GSTT1-1 [37] and GSTT2-2 [38] levels of rat oesophagus, stomach, small
intestine, colon and liver
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Materials and methods
Animal treatment
Male Wistar rats (178 ± 2 gram; Central Laboratory Animal Centre, University of
Nijmegen, The Netherlands) were kept and treated as described recently [28]. The following seven diet groups (8 animals per group) were studied: (1) RMH-TM lab chow
only or supplemented with (2) 400 mg/kg ASA, (3) 400 mg/kg Ibuprofen, (4) 25 mg/kg
ìndomethacin, (5) 400 mg/kg Piroxicam, (6) 200 mg/kg relafen or (7) 320 mg/kg
suhndac. Selection of NSAIDs as well as a feeding period and dose levels were based on
studies by others, showing reduction of tumour incidence in humans and inhibition of
chemically induced carcinogenesis in animal models [9,12,23,27]. NSAIDs were
purchased from Sigma Chemical Company, St. Louis, MO, USA. After receiving the
diets for two weeks the rats were killed by decapitation. Oesophagus, stomach, intestine
(proximal, middle, and distal small intestine and colon) and liver were excised
immediately Intestine and stomach were slit longitudinally and the contents were
removed by washing with cold buffer A (0 25 M saccharose, 20 mM Tris, 1 mM
dithiothreitol, pH 7 4) The organs were directly frozen in liquid nitrogen and stored at 20°C until use. For preparation of the cytosolic fractions tissues were thawed quickly
using cold running water The mucosal surface of stomach and intestine was collected by
scraping with a scalpel and was homogenised in buffer A (4 ml/g tissue) in a glass/glass
Potter-Elvehjem tube The liver was homogenised in buffer A (4 ml/g tissue) with 10
strokes at 1000 rpm of a motor-driven glass/Teflon homogenizer (Braun, Germany) The
homogenate was centnfuged at 9000 g (4°C) for 60 min. The oesophagus was
homogenised in 5 ml buffer A per gram tissue in a glass/glass Potter-Elvehjem tube.
These homogenates were centnfuged at 150,000 g for 60 min (4°C) Aliquots of the
150,000 g supernatant, representing the cytosolic fraction, were frozen in liquid nitrogen
and stored at -20°C The study protocol was approved of by the local ethical committee
for animal experiments of the University of Nijmegen.

Determination of GST Theta levels
Protein concentrations were assayed in quadruplicate by the method of Lowry et al. [39]
using bovine serum albumin as standard GST Theta levels were determined on Western
blots. In short, cytosolic fractions (GSTTl-1, 10 í¿g cytosolic protein for stomach and
liver, 50 μ% for oesophagus and colon, GSTT2-2, 100 μg for stomach and liver, 50 μg
for oesophagus and colon) were subjected to sodium dodecyl sulfate Polyacrylamide gel
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electrophoresis (11% acrylamide, vv/v), and subsequently to Western blotting, using a
semidry blotting system (Novablot II, Pharmacia, Uppsala, Sweden)

Control and

experimental samples were run on the same blots Western blots were incubated with a
monoclonal antibody against human GSTT1-1 (MAb 1A2, purchased from Dr E
Juronen, Tartu, Estonia, [40]) or a polyclonal antibody against human GSTT2 2
(purchased from Prof

Ρ Board, Canberra, Australia), diluted 1 10,000 and 1 1,000

respectively, in phosphate buffered saline (PBS) containing 0 05% Tween-20 and 1%
gelatin (buffer A) The specific binding of the primary antibodies to the isoenzymes was
quantified after incubation with secondary antibody, peroxidase-conjugated rabbit anti
mouse immunoglobulin (Dakopatts, Glostrup Denmark), diluted 1 1,000 in buffer A, or
peroxidase-conjugated swine anti-rabbit immunoglobulin (Dakopatts), diluted 1 2,000 in
buffer A, for GSTT1-1 or GSTT2 2, respectively

Subsequently staining was performed

using 0 1% 3,3'-diaminobenzidine (Sigma) in PBS containing 0 01% hydrogen peroxide
(Merck, Darmstadt, Germany) as peroxidase substrate, and imidazole (0 34 g/L) and
cobalt-chloride 6H 2 0 (0 26 g/L) for enhancement of the staining intensity

Staining

intensity on the immunoblots was quantified using a laser densitometer (Ultroscan XL,
LKB, Bromma, Sweden) Known amounts of cytosolic protein from human liver (10 μg
for GSTTl-1 and 100 μg for GSTT2-2) were run in parallel with the experimental
samples and served as standards for the calculation of the relative amounts of GSTTl-1
and GSTT2 2 in the samples
113%

Interassay variability of the immunoblot procedure was

Values were calculated as relative absorbance units (RAU) per mg cytosolic

protein
Statistical analyses
Wilcoxon rank sum test was used to assess statistical significance of differences between
treated and control groups

Results
GSTTl-1 was present in all animals mainly in liver (122 2 + 6 8 Relative Absorbance
Units/mg protein, mean+SEM, n=8), and lower in stomach, oesophagus and colon of
control animals (23 1±8 3, 2 1±0 7, and 1 1±0 1 RAU/mg protein, respectively) Small
intestinal GSTTl-1 levels were near the detection limit, which is approximately 0 3
RAU/mg protein, and could not be quantified in a reliable way In Table I the effects of
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Table I
Effects of ASA, Ibuprofen, indomethacin, piroxicam, relafen or sulindac on rat alimentary
tract glutathione S-transferase Tl-1 levels
Treatment
group (n = 8)

Glutathione S-transterase Tl--1 levels (ratio treated/control·)
oesophagus

stomach

colon

liver

ASA

07

08

2 0"

11

Ibuprofen

10

12

1 5'

08

Indomethacin

16

10

6 4"

11

Piroxicam

13

07

1 9"

10

Relafen

12

12

13

10

Sulindac

05

09

2 6'

11

GST Tl-1 levels were assayed and calculated as described in Materials and Methods Results are
given as ratio treated/control for 8 rats in each group Wilcoxon rank sum test was used for
statistical evaluation, "P<0 05, "P<0 01
the NSAIDs on GSTTl-1 levels in the rat gastrointestinal tissues are presented as ratios
treated/control None of the NSAIDs studied had any effect on oesophageal, gastric and
hepatic GSTTl-1 levels. Colonic GSTTl-1 levels were induced by ASA (2 Ox), Ibuprofen
(1 5x), indomethacin (6.4x), piroxicam (1.9x) and sulindac (2 6x), but not by relafen.
GSTT2-2 was present in all rat gastrointestinal tissues: in control animals, hepatic
levels (42.8 + 3 1 RAU/mg protein) were higher as compared to oesophageal, gastric and
colonic levels (22 6+4 5, 18 1+3 1 and 10.5+2 6 RAU/mg protein in controls). Small
intestinal levels were near the detection limit of the assay (approximately 1.3 RAU/mg
protein) and could not be quantified Table II shows the ratios of rat GSTT2-2 levels in
treated groups as compared to control values of all NSAIDs studied. None of the NSAIDs
studied had any effect on oesophageal and hepatic GSTT2-2 levels. Gastric GSTT2-2
levels were induced by Ibuprofen (1.6x) and indomethacin (1.5x) and colonic GSTT2-2
levels were induced by ASA (1 7x).
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Table II
Effects of ASA, Ibuprofen, indomethacin, piroxicam, relafen or sulindac on rat alimentary
tract glutathione S-transferase T2-2 levels
Treatment
group (n=8)

Glutathione S-transferase T2-2 levels (ratio treated/control)
oesophagus

stomach

colon

liver

ASA

09

12

1r

11

Ibuprofen

12

ι ό-

13

10

Indomethacin

1 1

ι 5'

12

10

Piroxicam

13

14

08

10

Relafen

10

11

10

10

Sulindac

09

12

08

1 1

GST T2-2 levels were assayed and calculated as described in Materials and Methods Results are
given as ratio treated/control for 8 rats in each group Wilcoxon rank sum test was used for
statistical evaluation, "P<0 05 and *"P<0 01
Discussion
Multiple epidemiological studies have suggested that NSAIDs may be protective against
the development of human oesophageal, gastric, and colonic cancer [2,3]

Several

mechanisms were postulated to explain the anticarcinogenic properties of NSAIDs (for
review see [28]): they reduce gastrointestinal permeability of carcinogens and their
metabolites, they are scavengers of reactive oxygen species involved in the initiation and
promotion of cancer and they can bind to cytochrome P450-monooxygenases, thereby
inhibiting

P450-mediated

intermediates

activation

of

procarcinogens

to

reactive

However, none of these was completely explanatory

electrophilic
We recently

demonstrated that the NSAIDs Ibuprofen, indomethacin, piroxicam and sulindac enhanced
GST enzyme activity and GST Mu levels in rat oesophagus and proximal small intestine
[28].

A more efficient

detoxification

of carcinogens by enhanced gastrointestinal

glutathione S-transferase activity and protein levels could lead to reduced levels of
biologically active compounds and thus to prevention of carcinogenesis. In addition to
NSAIDs, many naturally occurring dietary amicarcinogens were also shown to elevate
GST enzyme activity or isoenzyme levels in animals ([30,41,42], and references therein)
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Aspirin, indomethacin, piroxicam, and sulindac, however, which have repeatedly
been shown to inhibit chemically induced colonic tumours [14,18,19,22-27,43-45], were
unable to demonstrate major effects of NSAIDs on GST class Alpha, Mu or Pi protein
levels in the colon [28]. This was disappointing to us, since it seems to plead against an
intermediate role of GSTs. In addition, treatment with NSAIDs, particularly sulindac,
resulted in regression of colon adenomas in patients with familial adenomatous polyposis
coli who are at high risk for development of colon cancer [46-48]
We earlier speculated that the colon could also benefit from a more efficient
detoxification by induction of GST enzyme activity and/or increased expression of GST
isoenzyme protein in the upper part of the digestive tract, resulting in lower levels of
carcinogens reaching the colon [28]. However, the possible involvement of the GST Theta
isoenzymes was not studied until now GSTT1-1 is reactive towards l,2-epoxy-3-(pnitrophenoxy)propane, 4-nitrophenyl-bromide, ethylene oxide, methyl bromide, methyl
chloride and ethylene dibromide in humans [36,49]. In rats GSTT1-1 is involved in the
metabolism of epoxyeicosatnenoic acid, l,4-dibromo-2,3 epoxybutane, dibromomethane,
1,3-dichloroacetone, dichloromethane, 1,2,3,4-diepoxybutane, 1,2-epoxy-4-bromobutane
and ethylenedibromide [36] Activation of halomethanes by GSTT1-1 has been described
as well [36] GSTT2-2 has specific activity towards 1-menaphthyl sulfate and eumene
hydroperoxide [36] Interestingly, all NSAIDs studied here, except for relafen, induced
GSTTI-1 and GSTT2-2 levels at one or more sites Most striking is the enhancement of
GSTTl-1 levels in colon by ASA, Ibuprofen, indomethacin, piroxicam and sulindac
Levels of detoxifying enzymes are much lower in the intestine, and most especially in the
colon, as compared to the liver [50,51] and the levels in the colon may be critically low
[50] As found here, GSTTl-1 levels in colon are approximately 100-fold less than in
liver, and therefore the induction by NSAIDs might significantly contribute to their
anticarcinogenic properties in colon. GSTTl-1 detoxifies substrates which are not at all or
only marginally detoxified by the other GST isoenzymes The higher colonic GST Theta
levels do not result in an enhancement of GST enzyme activity towards the classical
substrate l-chloro-2,4-dinitrobenzene previously used by us [28], since this is not a
substrate for the GST Theta class isoenzymes [37].
Recently the role of GSTTl-1 in the carcinogenesis of gastrointestinal cancers has
been studied Deakin et al |52] showed that the GSTT1 null genotype, where no GSTT11 protein expression is detectable, was associated with an increased susceptibility to
colorectal cancer Chevenix-Trench et al. [53] reported that GSTT1 null homozygotes
were significantly more common in colon cancer patients diagnosed before the age of 70
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years than in patients diagnosed at older age, suggesting that the GSTT1-1 genotype might
be important in the age of onset of colorectal cancer Katoh et al [54] on the other hand
did

not find

susceptibility

an association

between

GSTTl-1 genotype

and colorectal

cancer

This, however, may partly be due to the high proportion of 44% GSTT1

null homozygotes in their control population as compared to 16% and 8% as found by
Chevenix-Trench et al [53] and Deakin et al [52], respectively

On the other hand the

prevalence of the GSTT1-1 null genotype vanes very much between ethnic groups,
ranging from 10 to 64% [55], and it is therefore difficult to correctly interprete these
epidemiological data
In conclusion, increased expression of colonic GSTTl-1 protein may be relevant in
the chemoprotection of NSAIDs Enhanced enzyme activity as a result from these higher
GSTTl-1 levels, might lead to a more efficient detoxification of specific carcinogens and
hence contribute to the prevention of colon carcinogenesis.
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Effects of dietary anticarcinogens on rat GST Theta levels

Abstract
Several naturally occurring food components or nonsteroidal anti-inflammatory drugs
(NSAIDs) may reduce gastrointestinal cancer rates. Recently we showed that dietary
administration of such compounds enhanced the glutathione S-lransferase (GST) enzyme
activity and class Alpha, Mu and Pi isoenzyme levels in the rat gastrointestinal tract.
Elevation of the levels of GSTs, a family of biotransformation enzymes with many
functions, such as detoxification of carcinogens, might be one of the mechanisms leading
to cancer prevention. We now investigated whether the anticarcinogens a-angelicalactone,
α-tocopherol, 0-carotene, coumann, ellagic acid, flavone, indole-3-carbinol, d-limonene,
oltipraz, phenethylisothiocyanate (PEITC) and the sulforaphane analogue compound-30
affect gastrointestinal rGSTTl-1 protein levels in male Wistar rats. rGSTTl-1 protein
levels were determined in cytosolic fractions of liver and oesophageal, gastric, small
intestinal and colonic mucosa by densitometncal analyses of Western blots after
immunodetection with an anti humanGSTTl-1 monoclonal antibody, that cross-reacts with
rGSTTl-1 In control Wistar rats, gastrointestinal rGSTTl-1 protein levels were highest
in the liver and decreased in the order liver > stomach > colon > oesophagus > small
intestine

Gastric rGSTTl-1 protein levels were enhanced by α-angelicalactone, a-

tocopherol, coumann, ellagic acid, oltipraz, PEITC, and the sulforaphane analogue
compound-30. Oesophageal rGSTTl-1 protein levels were elevated by α-angel icalactone
and coumann, whereas colonic rGSTTl-1 protein levels were elevated by coumann
Ellagic acid, on the other hand, reduced hepatic rGSTTl-1 protein levels to 53% of
control In conclusion, dietary anticarcinogens are capable of inducing rGSTTl-1 protein
levels in the rat gastrointestinal tract, most pronounced in the stomach. Enhanced
rGSTTl-1 protein levels might lead to increase of enzyme activity and to a more efficient
detoxification of carcinogens and thus could contribute to prevention of carcinogenesis.

There is growing evidence that diets containing abundant vegetables and fruits reduce
the risk of several cancers, especially cancers of the gastrointestinal tract (1,2).
Vegetables and fruits contain a large number of compounds that inhibit mutagenesis
and/or carcinogenesis

in animal models (3-7). Among

these compounds are a-

angelicalactone (3,8), α-tocopherol (9), 0-carotene (9,10), coumann (3,8,11), ellagic acid
(12 14),

flavone

(15),

indole-3-carbinol

(I3C,

3,16),

d-hmonene

(17-19)

and

phenethylisothiocyanate (PEITC, 13,20). Oltipraz, a substituted dithiolthione (21,22) and
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compound-30, an analogue of ketoisothiocyanate sulforaphane (23,24), also were shown
to have anticarcinogenic properties in the gastrointestinal tract

A more detailed

description of the food source of these compounds and the sites where they posses their
anticarcinogenic effect has already been published (25-28)
The mechanisms of protection of these structurally very diverse compounds may be
multifactorial

Consumption of

fruit

and vegetables,

however,

often

results

in

enhancement of enzymes involved m the metabolism of xenobiotics and carcinogens,
thereby accelerating their metabolic disposal (25-30, and refs

therein) Of particular

interest in this respect are the glutathione S-transferases (GSTs, EC 2 5 1 18), a family of
phase II biotransformation enzymes (29) In mammals four main classes of cytosolic GST
enzymes have been described Alpha, Mu, Pi, and Theta, each class consisting of one or
more isoforms (29-32) GSTs catalyze the conjugation of glutathione (GSH) to a variety
of electrophilic compounds including carcinogens (29,30) A more efficient detoxification
of carcinogens by enhanced levels of gastrointestinal GSTs could lead to a more efficient
detoxification of biologically active compounds and thus to prevention of cancer It should
be notified however that GSTs such as GSTTl-1 are also capable of toxication of certain
xenobiotics (33,34), and thus enhancement of these enzymes occasionally could lead to
the opposite effect
We previously demonstrated that many dietary anticarcinogens enhanced glutathione
S-transferase enzyme activity and GST Alpha, Mu and Pi levels in several parts of the rat
gastrointestinal tract (25-28)

GST class Theta enzymes in this respect were hardly

studied Recently a specific monoclonal antibody directed against human GSTThetal-1
(hGSTTl-1) that crossreacts with rGSTTl-1 has become available (35) The present study
was designed to investigate the effects of naturally occurring and synthetic anticarcinogens
on GSTTl-1 levels of rat oesophagus, stomach, small intestine, colon and liver
Male Wistar rats were kept and treated as described before (25 28) The following
diet groups (for selection and sources of anticarcinogenic compounds, see references 25
28) were studied [1J RMH-TM lab chow only or supplemented with |2) 5,000 mg exangel icalactone/kg lab chow, [3] 200 mg α-tocopherol/kg, [4] 200 mg 0-carotene/kg, [5]
2,500 mg coumarin/kg, [6] 10,000 mg ellagic acid/kg, [7] 5,000 mg flavone/kg, [8] 250
mg I3C/kg, [9] 10,000 mg d-limonene/kg, [10] 300 mg oltipraz/kg, [И] 450 mg
PEITC/kg, or [12] 1,450 mg compound-30/kg Cytosolic fractions of oesophagus, liver,
small intestinal, gastric and colonic mucosa were prepared

Herein, rGSTTl-1 protein

levels were determined on Western blots, essentially as outlined before (25-28) Cytosolic
fractions (10 μg cytosolic protein for stomach and liver, 50 μg for oesophagus and colon)
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were subjected to sodium dodecyl sulfate Polyacrylamide gel electrophoresis (11%
acrylamide, w/v). Western blots were incubated with a monoclonal antibody against
human GSTT1-1 (MAb 1A2, purchased from Dr E. Juronen, Tartu, Estonia; ref. 35).
This antibody on Western blot cross reacts with rGSTTl-1, but not with rGSTT2-2 or
GSTs of class Alpha, Mu and Pi (results not shown). Purified rGSTTl-1, kindly provided
by Dr Ρ J. van Bladeren and J.J.Ρ Bogaards (TNO Nutrition Zeist, The Netherlands)
served as standard for the calculation of the amounts of rGSTTl-1 protein in the samples.
Values were calculated as ng rGSTTl-1/mg cytosolic protein. Interassay variability of the
immunoblot procedure was 113%. Wilcoxon rank sum test was used to assess statistical
significance of differences between treated and control groups.
Rat GSTTl-1 protein was present in all control animals·

mainly

in liver

(21814+1697 ng rGSTTl-1/mg protein), and lower in stomach, colon and oesophagus
(5349±674, 325+47 and 102+14 ng rGSTTl-1/mg protein, respectively)

Small

intestinal rGSTTl-1 levels were below the detection limit, which is approximately 50 ng
rGSTTl-1/mg protein and could therefore not be quantified in a reliable way

In

comparison with earlier data on expression levels of rat GST proteins, our data reveal that
Wistar rat GST hepatic and gastric protein levels in a quantitative sense are decreasing in
the order GSTMu> GSTTheta> GSTAlpha> GSTPi, whereas levels in colon and
esophagus are GSTMu> GSTPi/GSTTheta >

GSTAlpha (25-28). This means that

rGSTTl-1 is one of the major rat gastrointestinal GST proteins. In comparison with data
on human small intestinal hGSTTl-1 levels (34) rat small intestinal GSTTl-1 levels are
surprisingly low In Table I the effects of the anticarcinogenic compounds on rGSTTl-1
gastrointestinal protein levels are presented as ratios treated/control Gastric rGSTTl-1
protein levels were enhanced by α-angelicalactone, α-tocopherol, coumann, ellagic acid,
oltipraz, phenethyhsothiocyanate, and the sulforaphane analogue compound-30 (1 201 97x)

rGSTTl-1 protein levels were furthermore elevated in oesophagus by ev

angel icalactone (2 24x) and coumann (1.70x) and in colon by coumann (1.46x). Ellagic
acid, on the other hand, reduced hepatic rGSTTl-1 levels to 53% of the control value
Several studies have stressed the role of hGSTTl-1 in gastrointestinal carcinogenesis
Deakin et al

(36) showed that the hGSTTl null genotype, where no expression of

hGSTTl-1 protein and enzyme activity is detectable, was associated with an increased
susceptibility to colorectal cancer. Chevenix-Trench et al. (37) reported that hGSTTl null
homozygotes were significantly

more common in a group of colon cancer patients,

diagnosed before the age of 70 years, suggesting that the hGSTTl genotype might be
important in the age of onset of colorectal cancer. Katoh et al. (38) on the other hand did
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Table I
Effects of dietary anticarcinogens on rat gastrointestinal tract glutathione S-transferase Tl-1
levels
Dose
(mg/kg)

rGSTTl-1 levels (ratio treated / control)
Oesophagus

Stomach

Colon

Liver

a-Angelicalactone

5,000

2 24"*

1 20*

1 08

0 92

α-Tocopherol

200

1 37

1 59*

0 74

0 93

/3-Carotene

200

0 52

1 13

0 65

1 06

Coumann

2,500

1 70*

16

1 46"

0 88

Ellagic acid

10,000

1 56

Ι

23*

1 36

0 53"*

Flavone

5,000

1 46

1 14

0 87

0 99

OC

250

0 73

0 88

1 40

1 08

D-Limonene

10,000

1 00

1 20

0 77

0 92

Oltipraz

300

0 86

1 97***

0 96

1 09

PEITC

450

0 97

1 84*"

1 03

1 11

Compound-30

1,450

1 52

1 34*

1 62

0 96

Anticarcinogen

Γ

Dose is expressed as mg/kg lab chow In the control group GSTT1 I levels (mean±SEM) were
21814±1697, 5349±674, 325±47, and 102±14 ng rGSTTl-1/mg protein in liver, stomach,
colon and oesophagus, respectively Results are given as ratios treated/control Wilcoxon rank
sum test was used for statistical evaluation, 'p<0 05, "p<0 01, "*p<0 005
not

find

an association

susceptibility

between

hGSTTl

null genotype

and colorectal cancer

This however may partly be due to the relative large number of 44%

hGSTTl null homozygotes in their control population, as compared to 16% and 8% as
reported by Chevenix-Trench et al (37) and Deakin et al (36), resp The occurrence of
the hGSTTl null genotype varies very much among different ethnic populations, ranging
from 10 to 64% (39) It is therefore difficult to correctly interprete these data
Alterations in rGSTTl-1 protein levels do not result in changes of GST enzyme
activities towards the classical substrate l-chloro-2,4-dinitrobenzene used in our previous
studies (28,29), since CDNB is no substrate for GST Theta class isoenzymes (31,34)
Most dietary anticarcinogens tested here enhanced the rGSTTl-1 protein levels at one or
more sites of the gastrointestinal tract (ranging from 1 20 to 2 24 fold as compared to
control values), but gastric rGSTTl-1 protein levels clearly were most involved, here
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induction was demonstrated by 7 out of 11 anticaranogens Recently Sherratt et al (40)
demonstrated an induction of hepatic rGSTTl-1 levels by coumann and I3C The effects
on hepatic rGSTTl-l levels differed with respect to the localization of induction Some
anticaranogens induced rGSTTl-1 in the centrolobular region of the liver, whereas others
only influenced levels in bile duct epithelium. In addition, higher levels of induction were
most often seen in male livers, most probably since females had higher basal levels of
rGSTTl-1 (40)
In the liver we found lower rGSTTl-1 protein levels after feeding of ellagic acid,
which is in agreement with results from Das et al (41) who, after ellagic acid feeding,
demonstrated a significant lowering of rat liver GST activity towards the specific GSTT11

substrates

p-nitrobenzyl

chloride and

l,2-epoxy-3-(p-nitrophenoxy)propane

We

previously showed that ellagic acid reduced hepatic rGSTPl-1 levels (25), which is in
accordance with the reduced GST activity towards CDNB as found by Das et al (41).
In conclusion, dietary anticaranogens from vegetables and fruit are capable of
inducing rGSTTl-1 protein levels in the gastrointestinal tract, and more especially in the
stomach. The enhancement of rGSTTl-1 protein levels might lead to elevated GST
enzyme activity and to a more efficient detoxification of specific carcinogens, which may
contribute to the prevention of cancer
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Effects of dietary anticarcinogens on rat GPx activity

Abstract
Several naturally occurring and synthetic food components reduce gastrointestinal cancer
Many of these compounds are scavengers of free radicals, formed during oxidative stress
Glutathione peroxidases

(GPxs) protect against

free

radicals

by

catalysing

their

inactivation, thereby consuming glutathione (GSH) This might be one of the mechanisms
leading to cancer prevention. We now studied the effect of several dietary anticarcinogens
on gastrointestinal GPx enzyme activities in male Wistar rats Total as well as seleniumdependent and non-selenium-dependent GPx (t-GPx, Se-GPx and nSe-GPx) enzyme
activities were determined in cytosohc fractions of oesophagus, gastric and colonic
mucosa and liver d-Limonene induced all three types of GPx activities in the oesophagus
d-Limonene and PEITC induced colonic t GPX and nSe GPx activity /3-Carotene induced
all three colonic GPx activities and hepatic t GPx and Se-GPx activity Coumann and atocopherol induced gastric t-GPx and colonic nSe-GPx activity

Oltipraz enhanced

oesophageal and gastric t-GPx and oesophageal, gastric and colonic Se-GPx All other
anticarcinogens induced one GPx activity at one site

In conclusion, the specific

enhancement of GPx enzyme activities by dietary anticarcinogens might lead to a more
efficient reduction of organic hydroperoxides and hydrogen peroxide and thus add to
prevention of carcinogenesis in these organs

Introduction
It is generally accepted that consuming a diet containing abundant vegetables, fruits and
grains may reduce the risk of cancer of the gastrointestinal tract (1,2) Vegetables and
fruits contain a large number of compounds that inhibit mutagenesis and/or carcinogenesis
in animal models (3-7)

Among these compounds are α-angelicalactone (3,8), a-

tocopherol (9), /3-carotene (9,10) coumann (3,8,11), ellagic acid (12-14), flavone (15),
indole 3 carbinol (I3C, 3.16)

d-hmonene (17-19) and phenethylisothiocyanate (PEITC,

13,20) Oltipraz, a substituted dithiolthione (21,22) and sulforaphane analogue compound30 (23,24) also have anticarcinogenic properties in the gastrointestinal tract A more
detailed description of the food source of these compounds and the sites where they
posses their anticarcinogenic effect has been published before (25-28)
The exact

mechanisms

for

the chemopreventive

potential

of

these dietary

anticarcinogens may be multifactorial and have not been clearly defined yet

However,
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many dietary anticarcinogens are scavengers of free radicals, formed during oxidative
stress (29) In aerobic metabolism the generation of energy ideally results from the four
electron reduction of 0 2 to H 2 0 However, incomplete reduction to reactive forms of
oxygen such as superoxide anion (one electron reduction) and H 2 0 2 (two electron
reduction) occurs H 2 0 2 can react with reduced metal ions, yielding hydroxyl radicals
(three electron reduction) These can subsequently abstract hydrogen and form carbon
centred radicals, which can initiate further radical reactions, including combination with
oxygen to give oxy radicals and other hydroperoxides

This succession of radical

reactions is the basis of oxidative stress (29) Oxidative stress may arise endogenously as
a specialized response of the immune system

polymorphonuclear leucocytes and

eosinophils can be stimulated by bacterial invasion, viral infection or tumour cell antigens
to give an "oxidative burst" composed of various forms of reduced oxygen including 0 2 ,
H 2 0 2 , OH

and HOX (hypohalous acids) (30)

Oxidative stress may also arise

exogenously hydroperoxides may be present in the diet and high energy irradiation may
produce OH by radiolysis of water (31) Oxidative stress may result in lipid peroxidation
and, hence, destruction of the lipid component of biological membranes (32) In addition,
free radical attack on protein, RNA and DNA has been described (29) The latter may
result in DNA strand breaks and mutation (29) Without intervention oxidative stress
may therefore result in cytotoxicity and genotoxicity
Glutathione (GSH) and GSH dependent enzymes such as glutathione peroxidases
(GPxs, glutathione hydrogen peroxide oxoreductase, EC 1 11 1 9) are very important for
the protection of organisms against oxidative stress (29,33-35) Glutathione peroxidase is
a selenoprotein which catalyses the reaction of organic hydroperoxide (ROOH) with GSH
ROOH -I- 2GSH -и· ROH + GSSG + H 2 0 (29,36) This reduction of hydroperoxides is a
cellular defence system against the deleterious effects of these reactive compounds
(34,35) Two major types of glutathione peroxidase have been found (36) A seleniumdependent enzyme (Se-GPx), containing covalently bound selenium in its active site, is
active with both organic hydroperoxides and hydrogen peroxide (35,36) The second type
of glutathione peroxidase consists of proteins that do not depend on selenium for catalysis
(nSe-GPx) and have negligible activity with hydrogen peroxide (37)

This class is

constituted mainly by glutathione S-transferases (GST, EC 2 5 1 18) (36,37)
The present study was designed to investigate the effects of several naturally
occurring and synthetic anticarcinogens on glutathione peroxidase activities of rat
oesophagus, stomach, colon and liver
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Materials and methods
Animal care and diets
Male Wistar rats were kept and treated as described before (25-28). The following diet
groups (for selection and sources of anticarcinogenic compounds see references 25-28)
were studied· a) RMH-TM lab chow only or supplemented with b) 5,000 mg/kg erangel icalactone, c) 200 mg/kg α-tocopherol, d) 200 mg/kg /3-carotene, e) 2,500 mg/kg
coumann, f) 10,000 mg/kg ellagic acid, g) 5,000 mg/kg flavone, h) 250 mg/kg I3C, ι)
10,000 mg/kg d-limonene, j) 300 mg/kg oltipraz, k) 450 mg/kg PEITC, or 1) 1,450
mg/kg compound-30 After receiving the diets for two weeks the rats were killed by
decapitation

Organs of the gastrointestinal tract were excised

Cytosolic fractions of

oesophagus, liver, gastric and colonic mucosa were prepared as described before (27).
Determination of GPx activities
Cytosolic GPx activities

were

measured at 340 nm (37°C)

on a Lambda 12

spectrophotometer (Perkin Elmer, Germany) at intervals of 1 minute and a total analysis
time of 5 minutes

as described by Howie et al. (38). The assay solution contained 60

mM Tns-HCl buffer pH 7 6, 0.12 mM EDTA, 1 mM sodium azide (NaN3), 0 33 mM
NADPH, 1 3 mM reduced glutathione and 1 3 Units glutathione reductase The reaction
was started with the addition of substrate. The final concentrations of the substrates were
1 2 mM for t-butyHydroperoxide (tBOOH), 10 mM for eumene hydroperoxide (CuOOH),
and 0 6 mM for hydrogen peroxide (H 2 0 2 ) A blank containing Tns-HCl, EDTA, NaN3
and glutathione was run in parallel and subtracted from each determination

Specific

activity is expressed as nmol of NADPH oxidized per min per mg total cytosolic protein
and expressed as the mean + standard error of the mean (SEM) The within batch
coefficient of variation (CV) was below 5% and the between batch CV was below 10%
All measurements were performed in duplicate
Statistical analyses
Wilcoxon rank sum test was used to assess statistical significance of differences between
treated and control groups Differences were considered significant if ρ < 0 05
Chemicals
a Angelicalactone and d-hmonene were purchased from Aldrich Chemistry (Germany),
glutathione reductase from Boehnnger Mannheim (Germany), and EDTA and NaN3 from
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Merck (Darmstadt, Germany)

α-Tocopherol, /3-carotene, coumann, CuOOH ellagic

acid, flavone, H 2 0 2 , I3C, NADPH, PEITC, reduced GSH and tBOOH were purchased
from Sigma (Sigma Chemical Company, St Louis, MO, USA) Sulforaphane analog
compound-30 was kindly provided by G H Posner

Oltipraz was kindly provided by

Rhone Poulenc Rorer (Vitry, Alfortville, France)

Results
Table I shows the effects of the anticarcinogenic compounds on the total glutathione
peroxidase enzyme activity (t-GPx), measured towards t-butyl hydroperoxide

In control

animals t-GPx activity was highest in liver (627±77 nmol/min mg protein), lower in
stomach and oesophagus (424±63 and 212±31 nmol/min mg protein, respectively) and
lowest in the colon ( 102±13 nmol/min mg protein)

a-Angelicalactone, α-tocopherol

coumann and flavone induced gastric t-GPx activity (1 5x to 1 8x) /3-Carotene induced
colonic and hepatic t-GPx activity (1 4 and 1 2x, respectively) d-Limonene and PEITC
induced oesophageal

and colonic t-GPx activity

(13

to 1 5x)

Oltipraz induced

oesophageal and gastric t-GPx activity (1.3x and 1 8x, respectively)
Table II shows the effects of the anticarcinogenic compounds on the seleniumdependent glutathione peroxidase enzyme activity (Se-GPx), measured towards hydrogen
peroxide In control animals Se-GPx activity was highest in liver (760±112 nmol/min mg
protein), lower in stomach and oesophagus (566+65 and 264 + 35 nmol/min mg protein,
respectively) and lowest in the colon (127±51 nmol/min.mg protein) Oltipraz induced
Se-GPx activity in oesophagus, stomach and colon (1.4x, 1 5x and 1 2x, respectively) β
Carotene enhanced colonic and hepatic Se GPx activity (1 3x and 1 5x, respectively)
Enhancement of Se-GPx activities were furthermore found by ellagic acid in liver (I 7x),
d-limonene in oesophagus (1 4x) and by compound-30 in colon (1 3x)
Table III shows the effects of the anticarcinogenic compounds on the non-seleniumdependent GPx enzyme activity (nSe-GPx), measured towards eumene hydroperoxide In
controls nSe-GPx activity was highest in liver (905+96 nmol/min mg protein), lower in
stomach and oesophagus (515±49 and 306±33 nmol/min mg protein, resp ) and lowest
in the colon (104± 13 nmol/min mg protein) In the oesophagus nSe-GPx activity was
enhanced by I3C and d-limonene (1 2 and 1 4x, resp ) Colonic nSe GPx activity was
induced by α tocopherol, jS-carotene, coumann, d Mmonene, and PEITC (1 4x) No effect
on gastric and hepatic nSe-GPx activities was found by any of the anticarcinogens
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Table I

Effects of dietary anticarcinogens on rat gastrointestinal tract total glutathione peroxidase
activity
Anticarcinogen

t-GPx activity (ratio treated / control)
Oesophagus

Stomach
a

Colon

Liver
096

a-Angelicalacione

ND

1 50

0 99

a Tocopherol

0 81

1 81"

1 02

^-Carotene

1 09

0 97

Compound-30

1 23

0 97

1 41

a

1 01
c

1 23a

1 18

0 88

Coumann

ND

1 66

0 89

0 83

EllagiL acid

ND

1 10

1 04

1 18

1 52

0 72

0 73

0 86

1 06

1 10

0 94

1 48J

1 33

0 93

0 87

a

Flavone

ND

I3C

1 17

d Limonene
Oltipraz
PEITC

a

1 27

1 31
a

1 30

a

1 83
0 99

b

a

1 30

1 00

t-GPx activities were assayed and calculated as described in Materials and Methods, using t-butyl
hydroperoxide as substrate In the control group t-GPx activities (mean±SEM) were 212 + 31,
424±63, 102±13 and 627±77 nmol/min mg protein for oesophagus, stomach, colon and liver,
respectively Results are given as ratio treated/control Wilcoxon rank sum test was used for
statistical evaluation, a p<0 05, bp<0 01, zp<0 005 ND, not determined
Discussion
In recent years, there has been a growing body of evidence that diets containing abundant
vegetables, fruits and grains can reduce the risk of cancer and more specifically
gastrointestinal cancer (1,2) The human diet contains a large number of both
(pre)carcinogens as well as a variety of compounds that inhibit mutagenesis and/or
carcinogenesis in animal models (3-6) Although the mechanisms of protection of these
structurally diverse compounds are generally unclear, feeding of fruits and vegetables may
induce enzymes involved in the metabolism of xenobiotics, thereby accelerating their
metabolic disposal (7,25-28,42,43, and refs therein). The glutathione S-transferase (GST)
enzyme system, which is involved in the detoxification of many carcinogens, may have an
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Table II
Effects of dietary anticarcinogens on rat gastrointestinal tract selenium-dependent glutathione
peroxidase activity
Anticarcinogen

Se-GPx activity (ratio treated / control)
Oesophagus

Stomach

Colon

Liver

a-Angelicalactone

ND

1 04

0 88

1 21

α-Tocopherol

1 02

0 95

1 24

/3-Carotene

1 26

099

1 05
a

1 53"

a

0 92

1 28

Compound-30

1 12

1 06

1 29

Coumarin

ND

1 31

090

1 15

Ellagic acid

ND

1 07

1 09

1 73e

Flavone

ND

1 06

0 87

1 05

I3C

1 17

0 96

1 03

1 02

d-Limonene

1 4P

1 00

1 22

Ohipraz

1 40

PEITC

1 11

a

1 50"

1 22

1 06

1 20

1 20
a

090
0 98

Se-GPx activities were assayed and calculated as described in Materials and Methods, using
hydrogen peroxide as substrate In the control group Se-GPx activities (mean±SEM) were
264±35, 566+65, 127±51 and 760±112 nmol/min mg protein for oesophagus, stomach, colon
and liver, respectively Results are given as ratio treated/control Wilcoxon rank sum test was
used for statistical evaluation, 'p<0 05, b/><0 01, cp<0 005 ND, not determined

important role in the mechanism of action of anticarcinogenic compounds from fruits and
vegetables. It has recently been demonstrated that the anticarcinogens used in the present
study were able to enhance GST enzyme activity and the protein levels of the classes
Alpha, Mu or Pi isoenzymes at one or more sites of the gastrointestinal tract (3,25-28,3941, and refs. therein). For α-angelicalactone, coumarin, oltipraz, PEITC and compound30 this was demonstrated throughout the gastrointestinal tract (3,25,26,39,40,

and refs

therein). α-Tocopherol and /3-carotene induced gastric and hepatic GSTs (27), whereas
I3C enhanced GSTs in stomach, small intestine and liver (3,39), and d-limonene in colon
and liver (3,25,26,39).

Flavone enhanced GSTs in oesophagus and liver (25,26,41)

Another protection mechanism is scavenging of free radicals, formed during oxidative
stress (29). In addition to attack on protein and RNA, free radicals may attack DNA,
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Table ΠΙ
Effects of dietary anticarcinogens on rat gastrointestinal tract non-selenium-dependent
glutathione peroxidase activity
Anticarcinogen

α Angelicalactone
α-Tocopherol

nSe-GPx activity (ratio treated / control)
Oesophagus

Stomach

Colon

Liver

ND

1 32

1 22

0 87

0 94

0 98

1 38

a

1 02

a

1 18

/3-Carotene

1 07

0 92

1 38

Compound-30

1 25

1 06

1 08

0 87
a

1 14

Coumarin

ND

1 06

1 40

Ellagic acid

ND

0 85

1 19

0 80

Flavone

ND

1 01

1 03

1 20

1 06

1 08

I3C

a

1 18

d Limonene

1 39

Oltipraz

1 23

PEITC

e

1 00

a

1 11

1 40

0 87

1 10

066

1 44

a

0 95
0 95
090
0 95

nSe-GPx activities were assayed and calculated as described in Materials and Methods, using
eumene hydroperoxide as substrate In the control group nSe-GPx activities (mean±SEM) were
306±33, 515+49, 104+13 and 905±96 nmol/min mg protein for oesophagus, stomach, colon
and liver, respectively Results are given as ratio treated/control Wilcoxon rank sum test was
a
ъ
c
used for statistical evaluation, p<0 05, р<0 01, /7<0 005 ND, not determined
which may result in DNA strand breaks and mutation (29). Without intervention, this may
lead to cytotoxicity and genotoxicity
GPxs catalyse the reaction of hydrogen peroxide or organic hydroperoxides to water
of hydroxyl compounds, respectively, thereby consuming GSH (34-36). Most of the
anticarcinogens tested enhanced t-GPx activity at one or more sites (ranging from 1.2-1.8
fold as compared to control values). In general gastric t-GPx activities were most
sensitive to induction by dietary anticarcinogens (12 out of 40 sites investigated, Table I)
Enhancement of Se-GPx by dietary anticarcinogens was found in 8 out of 40 sites,
whereas nSe-GPx was enhanced in 7 out of 40 sites In contrast to t-GPx, the enhancing
effect of anticarcinogens on nSe-GPx was most obvious in the colon. At 5 out of 8 sites
where Se-GPx was enhanced and in 4 out of 7 sites where nSe-GPx was enhanced, co-
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induction of t-GPx also occurred. Both t-GPx, Se-GPx and nSe-GPx showed a tissuespecific activity in the rat gastrointestinal tract The activities were highest in liver and
lower in stomach, oesophagus and colon. A very similar trend has been shown before by
Chu et al. (44), who showed that GPx activity towards hydrogen peroxide in rat
gastrointestinal tract towards was highest in liver (2 3-2 7 ptmol/min mg), followed by
decreasing activities in

stomach (1.2 μιηοΐ/min.mg), oesophagus (0 8 /¿mol/min mg),

colon (0 4 μΐηοΙ/min.mg) and intestine (0.3 μΐτιοΙ/min.mg)
The ratio between Se-GPx and nSe-GPx was lowest in liver (0 84), followed by
oesophagus (0.86), stomach (1.10) and colon (1.22). Previously Mannervik (36) showed
that this ratio varied between animal species and also in the various tissues of a partivular
species In rat testis the highest relative contribution of GSTs to t-GPx was found (45)
The expression of both Se-GPx and t-GPx in matched normal and tumour tissue was
studied in breast (46), lung (47,48), head and neck (49), colon (38), kidney (38), and
stomach (38). In all cases, significant elevations (— 2-fold), in Se-GPx and t-GPx were
observed in the tumour tissue as compared to the normal tissue In these studies the levels
of Se-GPx and t-GPx were highly correlated in normal lung, colon, stomach and breast
cytosols, indicating that the selenium-dependent enzyme plays a predominant role in
detoxification of organic hydroperoxides in these tissues
In conclusion we have shown that many dietary anticarcinogens are capable ot
inducing glutathione peroxidase activities in the rat gastrointestinal tract In addition to the
enhancing effect of these compounds on GST enzyme activity and isoenzyme levels, the
enhancement of glutathione peroxidase activities suggests an important role of such
detoxificating enzymes in the protection against gastrointestinal cancer by consumption ot
vegetables and fruits

Enhancement of glutathione peroxidase activity may result in a

more efficient detoxification of organic hydroperoxides and hydrogen peroxide, which
may ultimately result in a decreased risk of gastrointestinal cancer

Acknowledgements
This work was supported by grant KUN 94-715 from the Dutch Cancer Society.

182

Effects of dietam anticarcinogent on rat GPx actnity
References
1

Steinmetz KA and Potter JD Vegetables, fruit and cancer I Epidemiology

Cancer Causes

and Control 2 325 357, 1991
2

Trock B, Lanza E and Greenwald Ρ Dietary fiber, vegetables and colon cancer a critical
review and meta-analysis of the epidemiologic evidence J Natl Cancer Inst 82 650-661,
1990

3

Wattenberg LW Inhibition of neoplasia by minor dietary constituents Cancer Res 43 2448s
2453s, 1983

4

Carr BI Chemical carcinogens and inhibitors of carcinogenesis in the human diet Cancer 55
218-224, 1985

5

Ames Η Dietary carcinogens and anticarcinogens Science 221 1256-1264, 1983

6

Hayatsu H, Arimoto S and Negishi Τ Dietary inhibitors of mutagenesis and carcinogenesis
Mutat Res 202 429-446, 1988

7

Wattenberg LW

Inhibition of carcinogenic effects of polycyclic hydrocarbons by benzyl

isothiocyanate and related compounds J Natl Cancer Inst 58 395-398, 1977
8

Wattenberg LW, Lam LKT and Fladmoe AV

Inhibition of chemical carcinogen-induced

neoplasia by coumanns and α angelicalactone Cancer Res 39 1651-1654,1979
9

Tsuda H, Uehara N, Iwahon Y, Asamoto M, Ligo M, Nagao M, Matsumoto К, Ito M and
H irono I Chemopreventive effects of /3-carotene, α-tocopherol and five naturally occurring
antioxidants on initiation of hepatocarcinogenesis by 2-amino-3-methylimidazo[4,5-/]quinoline
in the rat Jpn J Cancer Res 85 1214-1219,1994

10 Azuine MA, Goswami UC, Kayal JJ and Bhide SV

Antimutagenic and anticarcinogenic

effects of carotenoids and dietary palm oil Nutr Cancer 17 287-295, 1992
11 Maucher A and von Angerer E Antitumour activity of coumann and 7 hydroxycoumarin
against 7,12-dimethylbenz|a]anthracene-induced rat mammary carcinomas

J

Cancer Res

Clin Oncol 120 502-504, 1994
12 Daniel EM, Krupnick AS, Heuer YH, Binzler JA, Nims RW and Stoner GD Extraction,
stability and quantitation of ellagic acid in various fruits and nuts J Food Comp Anal 2
338-349, 1990
13 Sighn JC, Barch DH and Stoner GD Effects of dietary phenethyl isothiocyanate, ellagic acid,
sulmdac and calcium on the induction and progression of N-nitrosomethylbenzylamine induced
esophageal carcinogenesis in rats Carcinogenesis 16 1101-1106,1995
14 Akagi K, Hirose M, Hoshiya T, Mizoguchi Y, Ito M and Shirai Τ Modulating effects of
ellagic acid, vanillin and quercetin in a rat medium term multi-organ carcinogenesis model
Cancer Lett 94 113-121, 1995
15 Hirano T, Oka К and Akiba M Antiproliferative effects of synthetic and naturally occurring
flavonoids on tumor cells of the human breast carcinoma cell line, ZR-751 Res Commun
183

Chapter 12

Chem Pathol Pharmacol 64 69-78, 1989
16 Schut HAJ and Dashwood RH Inhibition of DNA adduct formation of 2-amino-l methyl 6
phenyhmidazo[4,5-i>]pyrene (PhIP) by dietary indole-3-carbinol (I3C) in the mammary gland
colon and liver of the female F 344 rat Ann Ν Y Acad Sci 768 210-214 1995
17 Elson CE and Yu SG The chemoprevention of cancer by mevalonate-denved constituents ot
fruits and vegetables J Nutr 124 607-614, 1994
18 Wattenberg

LW,

Sparnins

VL

and

Barany

G

Inhibition

of

N-mtrosodiethylamine

carcinogenesis in mice by naturally occurring organosulfur compounds and monoterpenes
Cancer Res 49 2689-2692, 1989
19 Wattenberg LW and Coccia JB Inhibition of 4 (methyI-nitrosamino)-l-(3-pyndyl) 1 butanone
carcinogenesis in mice by d limonene and citrus oils Carcinogenesis 12 115 117, 1991
20 Sones К, Heaney RK and Fenwick GR An estimate of the mean intake of glucosinolates trom
cruciferous vegetables in the UK J Sci Food Agrie 35 712-720, 1984
21 Wattenberg LW and Bueding E Inhibitory effects of 5-(2-pyrazinyl)-4 methyl-1 2 dithiol 3
thione (oltipraz) on carcinogenesis induced by benzo|a]pyrene, diethylnitrosamine and uracil
mustard Carcinogenesis 7 1379 1381,1986
22 Rao CV, Tokomo K, Kelloff GJ and Reddy BS Inhibition by dietary oltipraz of experimental
intestinal carcinogenesis induced by azoxymethane in male F344 rats

Carcinogenesis 12

1051-1055, 1991
23 Posner GH, Cho С G, Green JV, Chang Y and Talalay Ρ

Design and synthesis ot

bifunctional isothiocyanate analogs of sulforaphanc correlation between structure and potency
as inducers of anticarcinogenic detoxification enzymes J Med Chem 37 170 176, 1994
24 Zhang Y, Talalay P, Cho С G and Posner GH A major inducer of anticarcinogenic
protective enzymes from broccoli

isolation and elucidation of structure Proc Natl Acad

Sci USA 89 2199 2403, 1992
25 Nijhoff WA, Groen GM and Peters WHM Induction of rat hepatic and intestinal glutathione
S-transferases and glutathione by dietary naturally occurring anticarcinogens Int J Oncol 3
1131-1139, 1993
26 Nijhoff WA and Peters WHM Quantification of induction of rat oesophageal
pancreatic

glutathione

and

glutathione

S-transterases

by

dietary

gastric and

anticarcinogens

Carcinogenesis 15 1769-1772, 1994
27 van Lieshout EMM, Peters WHM and Jansen JBMJ

Effect of oltipraz, α-tocopherol, β

carotene and phenethylisothiocyanate of rat oesophageal

gastric, colonic and hepatic

glutathione, glutathione S-transferase and peroxidase Carcinogenesis 17 1439 1445

1996

28 van Lieshout EMM, Posner GH, Woodard BT and Peters WHM Effects of sulforaphanc
analog compound 30, indole 3 carbinol, d-limonene or relafen on glutathione S transferases
and glutathione peroxidase of the rat digestive tract Biochim Biophys Acta, in press, 1998
29 Ketterer B, Meyer DJ, Taylor JB, Pemble S, Coles В and Fraser G GSTs and protection
184

Effects of dietary anttcaranogens on rat GPx activity
against oxidative stress

In Glutathione S-transferases and drug resistance JD Hayes, CB

Pickett and TJ Mantle, eds Taylor and Francis Press, London, 1990, pp 97 109
30 Gohil K, Vignie C, Stanley WC, Brooks GA and Packer L Blood glutathione oxidation
during human excercise J Appi Physiol 64 115-119,1988
31 Tan KH, Meyer DJ, Gillies N and Ketterer В Detoxification of DNA hydroperoxide by
glutathione transferases and the purification ot glutathione transferases of the rat liver nucleus
Biochem J 254 841-845, 1988
32 Mannervik В The isoenzymes of glutathione transferase

Adv

Enzymol Relat Areas Mol

Biol 57 357-417, 1985
33 Mannervik В Glutathione and the evolution of enzymes for detoxification of products of
oxygen metabolism Chemica Scripta 26B 281 284, 1986
34 Flohe L, Gunzel WZ and Scheck HM Glutathione peroxidase

a selenoenzyme

FEBS lett

35 Rotruck J, Pope A, Ganther H, Swansen A, Hafeman О and Hoekstra W

Selenium

32 132-134, 1973
biochemical role as a component of glutathione peroxidase Science 179 588-590, 1973
36 Mannervik В Glutathione peroxidase Meth Enzymol 113 490-495, 1985
37 Prohaska JR and Ganther HE Glutathione peroxidase activity of glutathione S-transferases
purified from rat liver Biochem Biophys Res Commun 76 437-445, 1977
38 Howie AF, Forrester LM, Glancey MJ, Schlager JJ, Powis G, Beckett GJ, Hayes JD and
Wolf CR Glutathione S-transferase and glutathione peroxidase expression in normal and
tumour human tissues Carcinogenesis 11 451 458, 1990
39 Sparnins VL, Venegas PL, Wattenberg LW Glutathione S transferase activity enhancement
by compounds inhibiting chemical carcinogenesis and by dietary constituents J Natl Cancer
Inst 68 493-496, 1982
40 Sparnins VL, Chuan J and Wattenberg LW Enhancement of glutathione S-transferase activity
ot the esophagus by phenols, lactones, and benzyl isothiocyanate Cancer Res 42

1205-1207,

1982
41 Brouard C, Siess MH, Vernevaut MF and Suschetet M Comparison of the effects of feeding
quercetin or flavone on hepatic and intestinal drug-metabolizing enzymes of the rat Food
Chem Toxic 26 99-103, 1988
42 Hayes JD and Pulford DJ The glutathione S-transferase supergene family

regulation of GST

and contribution of the isoenzymes to cancer chemoprevention and drug resistance Crit Rev
Biochem Mol Biol 30 445-600, 1995
43 Beckett GJ and Hayes JD Glutathione S-transferases

Biomedical applications

Adv

Clin

Chem 30 281-380, 1993
44 Chu F-C, Doroshow JH, and Esworthy

RS

Expression, characterization, and tissue

distribution of a new cellular selenium-dependent glutathione peroxidase, GSHPx-GI* J Biol
Chem 268 2571-2576, 1993
185

Chapter 12

45 Lawrence RA and Burk RF. Species, tissue and subcellular distribution of non Se-dependent
glutathione peroxidase activity. J. Nutr , 108, 211-215, 1978.
46 Di Ilio С, Sacchetta P. Del Boccio G, La-Rovere G and Federici G· Glutathione peroxidase,
glutathione transferase and glutathione reductase activities in normal and neoplastic human
breast tissue. Cancer Lett. 29· 37-42, 1985.
47 Carmichael J, Forrester M, Lewis AD, Hayes JD, Hayes PC and Wolf CR: Glutathione Stransferase isoenzyme and glutathione peroxidase activity in normal and tumour samples from
human lung Carcinogenesis 9: 1617-1621, 1988.
48 Di Ilio С, Del Boccio G, Casaccia R, Aceto A, Di Giacomo F and Federici G· Selenium level
and glutathione-dependent enzyme activities in normal and neoplastic human lung tissues
Carcinogenesis 8: 281-284, 1987.
49 Mulder TPJ, Manni JJ, Roelofs HMJ, Peters WHM and Wiersma A. Glutathione peroxidases
in human head and neck cancer Acta Otolaryngol. 115. 331-333, 1995

186

Chapter 13

Summary and general conclusions

Summary and general conclusions

In patients with Barrett's oesophagus the squamous epithelium of the oesophagus has been
replaced by columnar epithelium Barrett's oesophagus is considered to be a premahgnant
disease, resulting in a 30 to 125 fold increased risk of developing oesophageal
adenocarcinoma The aim of surveillance programs is to identify those patients at
increased risk of malignant transformation
Chapter 1 shows the general introduction and aims of this thesis
In Chapter 2 a literature overview on biomarkers in Barrett's oesophagus and
Barrett's adenocarcinoma is presented The use of dysplasia, chromosomal aberrations,
oncogene activation, tumour suppressor genes, biotransformation enzymes and many other
potential markers for the risk of malignant transformation in Barrett's epithelium are
discussed Although many of these changes appear to be related to the presence of
Barrett's oesophagus, none of them unequivocally identify those lesions at highest risk for
malignant transformation Until now the degree of dysplasia is used as "golden standard"
In chapter 3 possible genetic predisposition for Barrett's oesophagus or oesophageal
carcinoma is studied The frequencies of polymorphic variants in cytochrome P450 IA1
(CYPIA1), and glutathione S-transferase (GST) GSTP1, GSTT1 and GSTM1 genes in
patients with squamous cell carcinoma, adenocarcinoma and Barrett's epithelium in the
oesophagus were estimated by PCR-based techniques and compared with frequencies m
healthy blood donors Polymorphisms in CYPIA1, and the GSTM1 and GSTT1 null
genotypes occurred equally frequent in patient and control groups Polymorphic variants
in the GSTP1 gene however were found significantly more often in patients with
Barrett's oesophagus or adenocarcinoma Presence of rare alleles in GSTP1 results in a
reduction of enzyme activity and consequently to a partly deficient detoxification Since
GST Pi is the most important oesophageal GST isoform the presence of this polymorphic
variant may contribute to development of Barrett's epithelium and/or adenocarcinoma
In chapter 4 GST enzyme activity, GST isoenzyme composition and glutathione
(GSH) content of Barrett's mucosa are compared with those of adjacent squamous
epithelium in a total of 98 patients As compared to adjacent squamous epithelium,
Barrett's tissue showed significantly lower GST enzyme activity (35%), and levels of
GST Mu, GST Pi and GSH (24%, 30% and 63%, respectively) On the other hand, the
minor Alpha and Theta class of GSTs were expressed at higher levels (625% and 33%,
resp ) in Barrett's epithelium High levels of GSH and GSTs are correlated with better
protection against cellular or cytogenetic damage The observed low levels of glutathione,
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glutathione S-transferase enzyme activity and several glutathione S-transferases isoforms
in Barrett's epithelium may therefore contribute to the increased cancer risk in this tissue
In chapter 5 the cellular distribution of GST Alpha and Pi was studied in tissue
sections of normal squamous oesophageal epithelium, Barrett's metaplastic epithelium
adenocarcinoma and squamous cell carcinoma Immunoreactivity of GST Alpha and Pi
was seen in normal squamous epithelium, Barrett's epithelium, adenocarcinoma and
squamous cell carcinoma Staining was mainly cytoplasmic, though some nuclear staining
with the GST Pi antibody was apparent The differential expression of GST Alpha and Pi
as seen in normal and (pre)neoplastic oesophagus yielded additional information with
respect to the cellular localization of these enzymes
In chapter 6 GSH content and GST isoenzyme composition in lymphocytes of 124
healthy controls was studied in relation to their gender and age GST Alpha was not
detectable in lymphocytes GST Mu and GST Pi levels were not correlated to age or
gender GSH content was not different in males and females, but decreased with age in
both males and females In age group 60-80 yrs GSH content was significantly lower as
compared to age groups 20-40 and 40-60 in both sexes These data indicate that the
detoxifying potential of lymphocytes may decrease with age in man, and this may
contribute to the higher cancer risk at older age
During the last decades it has become clear that regular consumption of vegetables
and fruits may give significant protection against many cancers, including cancer of the
gastrointestinal tract Many compounds, isolated from vegetables and fruits give
significant protection towards chemically induced gastrointestinal cancers of laboratory
animals One of the mechanisms explaining this anticarcinogenic action is an enhanced
expression of glutathione S-transferases, resulting from the consumption of fruits and
vegetables This enhanced expression of GSTs may lead to a more rapid and better
detoxification of toxins and carcinogens and in this way inhibit carcinogenesis
In chapter 7 to 12 the effects of potential anticarcinogenic compounds on GSH
content, GST enzyme activity and GST isoenzyme levels (class Alpha, Mu, Pi and Theta)
in the gastrointestinal tract of male Wistar rats were studied In addition selenium
dependent, non-selenium-dependent and total glutathione peroxidase (Se-GPx, nSe-GPx
and t-GPx) enzyme activities were determined The following compounds, present after
consumption of cruciferous vegetables, were studied oltipraz (a substituted dithiolthione),
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phenethylisothiocyanate (PEITC; a degradation product of glucosinolates), compound-30
(a sulforaphane analog) and indole-3-carbinol (a degradation product of glucosinolate). In
addition α-angelicalactone, coumarin, ellagic acid, flavone and the carotenoids atocopherol and /3-carotene (all naturally occurring compounds of vegetables and fruits)
were studied, as well as D-limonene, isolated from citrus fruits

All anticarcinogens

studied were shown to enhance glutathione and/or glutathione related enzymes at one or
more sites in the gastrointestinal tract. Compound-30 was the most potent compound,
enhancing GSH, GST enzyme activity as well as GST isoenzyme levels throughout the
gastrointestinal tract. Oltipraz and PEITC primarily enhanced GSH, GSTs and GPxs in
liver and colon, organs where specific anticarcinogenic effects of these compounds have
been reported From these studies it may be concluded that dietary anticarcinogens may
exert their chemopreventive effects

in the digestive tract of the rat by enhancing

glutathione and glutathione related enzymes. Enhancement of GSH and GSTs might lead
to a more efficient elimination of carcinogens, whereas the specific enhancement of GPx
enzyme activities might lead to a more efficient reduction of organic hydroperoxides and
hydrogen peroxide. The combined effect of dietary anticarcinogens on GSH, GSTs and
GPxs may therefore contribute to the prevention of cancer in the gastrointestinal tract.
A second type of compounds studied are the nonsteroidal anti-inflammatory drugs
(NSAIDs). NSAIDs have been shown to diminish carcinogenesis in humans as well as in
experimental animals. After supplying NSAIDs in the diet of rats, major results observed
were enhancement of GST enzyme activity and GST Mu levels in oesophagus and small
intestine by indomethacin, Ibuprofen, Piroxicam and sulindac This enhancement of GSTs
in the upper part of the digestive tract, resulting in a more efficient detoxification, may
explain

in part the anticarcinogenic properties of NSAIDs in this part of the

gastrointestinal tract. In the colon GSTT1-1 levels were elevated by all NSAIDs tested
except for relafen, suggesting that enhancement of colonic GSTTl-1 levels seems to be a
common working mechanism of NSAIDs. Enhanced enzyme activity, which may result
from these higher GSTTl-1 levels, might lead to a more efficient detoxification of
potential carcinogens and hence contribute to the prevention of colon carcinogenesis
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General conclusion
In this thesis it is demonstrated that Barrett's oesophageal epithelium has a reduced
potential for the detoxification of toxic and carcinogenic compounds. This is mainly due
to a reduced GST enzyme activity and concomitant decreases in GST Mu and Pi levels. A
possible genetic predisposition for Barrett's oesophagus and oesophageal adenocarcinoma
might be the result of an isoleucine to valine substitution in the GSTP1 gene, leading to a
reduction of GST enzyme activity, also in the normal oesophageal squamous epithelium.
The increased risk of malignant transformation in Barrett's epithelium may be due in part
to the changes in the GSH/GST system as mentioned above.
Vegetables and fruits contain a large variety of compounds which might prevent
cancer of the gastrointestinal tract. In the second part of this thesis several anticarcinogens
were studied with respect to their effects on glutathione and glutathione-related enzymes.
Many of the compounds studied indeed enhanced GSH, GSTs or GPxs in the oesophagus
and other parts of the gastrointestinal tract. Whether the results of these studies performed
in laboratory animals are of significance in humans needs to be verified in human
intervention studies.
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Bij patiënten met Barrett's slokdarm is het meerlagig plaveiselcelepitheel in de slokdarm
vervangen door eenlagig cylinderepitheel Barrett's slokdarm is een premaligne afwijking,
met een 30 125 maal verhoogd risico op het ontwikkelen van een adenocarcinoom in de
slokdarm Het doel van surveillance-programma's is het identificeren van die patiënten
met een verhoogd risico op maligne ontaarding
Hoofdstuk 1 toont een algemene inleiding, waarin het doel van dit proefschrift
uiteengezet is.
In hoofdstuk 2 wordt een literatuuroverzicht gegeven van biomarkers in Barrett's
slokdarm en Barrett's adenocarcinoom Het gebruik van dysplasie, chromosomale
afwijkingen, oncogen activatie, tumorsuppressorgenen, biotransformatie-enzymen en
andere markers als potentiële markers voor het risico op maligne ontaarding van Barrett's
epitheel worden bediscussieerd Alhoewel een aantal van de veranderingen in biomarkers
een relatie lijkt te vertonen met de aanwezigheid van Barrett's slokdarm, is er op dit
moment nog geen enkele die onomstotelijk die lesies identificeert die een verhoogd risico
op maligne ontaarding hebben Een aantal lijken veelbelovend, maar er is nog aanvullend
onderzoek nodig Tot op heden wordt dysplasia gebruikt als "gouden standaard"
In hoofdstuk 3 wordt de mogelijkheid van een genetische predispositie voor Barrett's
slokdarm of slokdarmkanker bestudeerd De frequenties van polymorfe varianten in genen
van een aantal biotransformatie-enzymen (CYPIA1, GSTP1, GSTTl en GSTM1) in
patiënten met plaveicselcelcarcinoom, adenocarcinoom en Barrett's epitheel in de
slokdarm zijn bestudeerd met behulp van PCR-gebaseerde technieken en vergeleken met
frequenties in gezonde bloeddonoren Polymorfismen in CYPIA1 alsmede GSTM1 en
GSTTl nul genotypen komen even vaak voor bij patiënten en controles Echter,
polymorfe vananten in het GSTP1 gen werden vaker gevonden bij patiënten met Barrett's
slokdarm of adenocarcinoom De aanwezigheid van zeldzame allelen in GSTP1 resulteert
in een afname van de enzym activiteit, met als gevolg een gedeeltelijk deficiente
ontgifting Aangezien GST Pi het belangrijkste GST isoenzym is in de slokdarm, zou de
aanwezigheid van polymorfe varianten bij kunnen dragen aan de ontwikkeling van
Barrett's slokdarm en/of adenocarcinoom
In hoofdstuk 4 worden de GST enzymactiviteit, de GST isoenzym samenstelling en
de glutathion (GSH) concentratie van Barrett's mucosa vergeleken met het ernaast gelegen
plaveiselcelepitheel bij 98 patiënten Vergeleken met het plaveiselcelepitheel bevat het
Barrett's epitheel een significant lagere GST enzym activiteit (35%), en GST Mu, GST Pi
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en GSH spiegels (respectievelijk 24%, 30%, en 63%) Spiegels van GST Alpha en GST
Theta, isoenzymen die minder van belang zijn in de slokdarm, waren daarentegen in het
Barrett's epitheel verhoogd aanwezig (resp 625% en 33%) Hoge GSH en GST spiegels
worden gecorreleerd met betere bescherming tegen cellulaire of cytogenetische schade
De waargenomen lagere spiegels van glutathion S-transferasen en glutathion in Barrett's
epitheel zou daarom bij kunnen dragen aan het verhoogde risico op kanker in dit weefsel
In hoofdstuk 5 is de cellulaire verdeling van GST Alpha en Pi bestudeerd in
weefselcoupes van normaal plaveiselcelepitheel, Barrett's epitheel, adenocarcinoom en
plaveiselcelcarcinoom van de slokdarm lmmunoreactiviteit voor GST Alpha en Pi was
zichtbaar in normaal plaveiselcelepitheel, Barrett's epitheel, adenocarcinoom en
plaveiselcelcarcinoom. De aankleunng was voornamelijk cytoplasmatisch, alhoewel enige
kernkleunng zichtbaar was met het GST Pi antilichaam Het verschil in expressie van
GST Alpha en GST Pi tussen verschillende blokjes van normaal en (pre)neoplastisch
slokdarmweefsel levert waardevolle informatie over de cellulaire verdeling van deze
enzymen
In hoofdstuk 6 zijn de GSH concentratie en GST isoenzym samenstelling van
lymfocyten van 124 gezonde controles bestudeerd in relatie tot hun geslacht en leeftijd
GST Alpha was met detecteerbaar in lymfocyten GST Mu en GST Pi spiegels waren niet
gecorreleerd met leeftijd en geslacht Er was geen verschil in GSH concentratie tussen
mannen en vrouwen, maar bij beide geslachten nam de GSH concentratie af met de
leeftijd In de leeftijdsgroep 60-80 jaar was de GSH concentratie significant lager
vergeleken met de leeftijdsgroepen 20-40 en 40-60 Deze data duiden erop dat bij de
mens de ontgiftmgscapaciteit van lymfocyten kan afnemen met de leeftijd en dit kan een
bijdrage leveren aan het hogere risico op kanker op oudere leeftijd
In de afgelopen jaren zijn er steeds meer aanwijzingen gekomen dat regelmatige
consumptie van groenten en fruit bescherming biedt tegen een aantal vormen van kanker,
waaronder kanker van het maagdarmkanaal Verscheidene stoffen, geïsoleerd uit groenten
en fruit bieden significante bescherming tegen chemisch geïnduceerde carcinogenese van
het maagdarmkanaal van proefdieren Een van de mechanismen waarmee deze stoffen hun
amicare moge ne werking uit kunnen voeren is een verhoging van de expressie van
glutathion S transferase Deze verhoogde expressie van GSTs kan leiden tot een snellere
en betere ontgifting van toxinen en carcinogenen, waardoor het carcinogenese proces
geremd kan worden
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In hoofdstuk 7 tot en met 12 zijn de effecten van potentieel anticarcinogene
verbindingen op de GSH spiegel, de GST enzymactiviteit en de GST isoenzymspiegels
(klasse Alpha, Mu, Pi en Theta) bestudeerd in het maagdarmkanaal van mannelijke
Wistar ratten. Daarnaast is de selenium-afhankelijke, met-selenium-afhankelijke en totale
glutathion peroxidase (t-GPx, Se-GPx en nSe-GPx) enzym activiteit bepaald De volgende
stoffen, aanwezig na consumptie van crucifère groenten, zijn bestudeerd· oltipraz (een
gesubstitueerde dithiolthion), phenethylisothiocyanaat (PEITC; een afbraakprodukt van
glucosinolaat), compound-30 (een synthetische analoog van sulforaphaan) en indol-3carbinol (een afbraakproduct van glucosinolaat) Verder zijn de effecten van evangel ïcalacton, coumanne, ellagic acid, flavon en de carotenoiden α-tocopherol en ßcaroteen (natuurlijke stoffen uit groenten en fruit) bestudeerd, alsmede D-hmoneen,
geïsoleerd uit citrusvruchten. Alle anticarcinogenen waren in staat om de glutathion en/of
de glutathion gerelateerde enzymen in een of meerdere plaatsen in het maagdarmkanaal te
induceren. Compound-30 was de meest potente verbinding: het verhoogt GSH, de GST
enzymactiviteit en de GST isoenzymspiegels in het gehele maagdarmkanaal Oltipraz en
PEITC verhoogden GSH, GSTs en GPx voornamelijk in de lever en het colon, organen
waar specifiek anticarcinogene effecten van deze stoffen beschreven zijn. Uit deze studies
kan de conclusie getrokken worden dat anticarcinogene componenten uit groenten en fruit
hun beschermende werking in het maagdarmkanaal van de rat kunnen uitvoeren door een
verhoging van glutathion en glutathion gerelateerde enzymen. Verhoging van GSH en
GSTs kan leiden tot een efficiëntere ontgifting van carcinogenen, terwijl de specifieke
verhoging van de GPx enzym activiteiten kan leiden tot een efficiëntere eliminatie van
organische hydroperoxiden en waterstof peroxide. Het gecombineerde effect van deze
anticarcinogenen op GSH, GSTs en GPx kan derhalve bijdragen aan de preventie van
kanker in het maagdarmkanaal
Een tweede categorie stoffen die bestudeerd zijn zijn niet-steroide antiontstekingsmiddelen (nonsteroidal anti-inflammatory drugs, NSAIDs) NSAIDs hebben
een beschermend effect op carcinogenese bij zowel de mens als proefdieren. Na
toediening van NSAIDs aan het dieet van ratten was het belangrijkste effect een verhoging
van de GST enzym activiteit en de GST Mu spiegels in de slokdarm en de dunne darm
door ïndomethacine Ibuprofen, piroxicam en sulindac. Deze verhoging van GSTs in het
bovenste deel van het maagdarmkanaal, leidend tot een efficiëntere ontgifting, kan ten
minste gedeeltelijk de anticarcinogene eigenschappen van NSAIDs in dit deel van het
maagdarmkanaal verklaren In het colon worden de GSTTl-1 spiegels verhoogd door alle
bestudeerde NSAIDs met uitzondering van relafen. Dit suggereert dat verhoging van
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GSTTl-1 spiegels in het colon een algemeen werkingsmechanisme van NSAIDs is De
verhoogde GSTTl-1 spiegels kunnen leiden tot verhoging van de enzym activiteit wat
vervolgens kan leiden tot efficiëntere ontgifting van potentiële carcinogenen Dit kan
vervolgens bijdragen aan de preventie van colonkanker

Algemene conclusies
In dit proefschrift is aangetoond dat Barrett's epitheel in de slokdarm een verminderde
mogelijkheid heeft voor de ontgifting van toxische en carcinogene verbindingen Dit is
voornamelijk het gevolg van een gereduceerde GST enzym activiteit met parallel daaraan
een afname van GST Mu en GST Pi spiegels Een mogelijke genetische predispositie voor
Barrett's slokdarm en adenocarcinoom kan het gevolg zijn van een isoleucine valine
substitutie in het GSTP1 gen, wat resulteert in een afname van de GST enzym activiteit,
ook in het normale plaveiselcelepitheel van de slokdarm Het verhoogde risico op maligne
ontaarding van het Barrett's epitheel kan, gedeeltelijk, te wijten zijn aan de hiervoor
beschreven veranderingen in het GSH/GST systeem
Groenten en fruit bevatten een breed spectrum aan stoften met een preventieve
werking tegen kanker van het maagdarmkanaal In het tweede deel van dit proefschrift
zijn de effecten van een aantal van deze stoffen bestudeerd op glutathion en glutathiongerelateerde enzymen Alle stoffen die bestudeerd zijn waren in slaat GSH, GSTs of GPx
te induceren in de slokdarm en andere delen van het maagdarmkanaal Of de resultaten
van deze studies die zijn uitgevoerd bij proefdieren ook van belang zijn voor de mens
moet bevestigd worden door middel van humane interventiestudies
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STELLINGEN
behorend bij het proefschrift
Biotransformation enzymes in the gastrointestinal tract
and their role in prevention of cancer
With special reference to Barrett's oesophagus
Esther van Lieshout 4 november 1998

1

Barrett's mucosa in de slokdarm bezit een verminderd ontgiftend

vermogen

vergeleken met de mucosa van de gezonde slokdarm
Dit proefschrift
2

Niet-steroide

anti ontstekingsmiddelen

oefenen

in

het

maagdarmkanaal

hun

kankerremmende werking uit door middel van een verhoging van glutathion Stransferasen en glutathion peroxidasen
Dit proefschrift
3

Daling van de ontgiftingscapaciteit van lymfocyten gedurende het leven van de mens
kan een bijdrage leveren aan het hogere kankerrisico op oudere leeftijd
Dit proefschrift

4

De stijging van het AiO salaris gedurende 4 jaar is noodzakelijk om uiteindelijk de
promotie te kunnen betalen

5

Invoering van de 36-unge werkweek betekent voor veel onderzoekers vooral meer
onbetaald overwerk

6

Toename van

het aantal communicatie middelen komt de kwaliteit

van het

communicatie-proces vaak niet ten goede
7

De voortdurend sneller wordende tekstverwerkers zijn nog steeds net zo langzaam als
de denk- en typesnelheid van de gebruiker

Stellingen
8

Dienstverlening als alternatieve straf is een belediging voor alle mensen die
vrijwilligerswerk verrichten

9

Voor veel deelnemers aan de Nijmeegse Vierdaagse is het krijgen van blaren een
grotere zekerheid dan het verkrijgen van het Vierdaagse-kruis

10 Zonder moeite bereik je alleen wat de moeite niet waard is

