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Glutathione S-transferases constitute a superfamily of enzymes that catalyse the inactivat-
ing conjugation of endogenous and environmental substrates involved in the pathogenesis
of hepatocellular carcinoma (HCC) and glutathione. Genes encoding either glutathione S-
transferase Mu-1 or Theta-1 (GSTM1 and GSTT1, respectively) isoforms are polymorphic.
Homozygotes for the mutated inactive alleles of each gene are devoid of any specific enzy-
matic activity (null genotypes). Our aim was to investigate whether individuals with null

Keywords: GST genotypes have a higher risk of developing HCC. A total of 184 Caucasian Spanish

Glutathione S-transferase M1 patients with a diagnosis of HCC and 329 healthy controls of the same ethnic origin were
included. Polymorphisms in GSTM1 and GSTT1 genes were identified through multiplex

polymerase chain reactions, and the dihydrofolate reductase (DHFR) gene was used as
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Hepatocellular carcinoma internal control. No differences were found between the frequencies of GSTM1 (47.8% ver-
sus 45.3%) and GSTT1 (28.8% versus 23.1%) null genotypes in cases and controls, respec-
tively, nor in the proportion of carriers of two, one or no active genotypes. Gender, age at
diagnosis, tobacco use, chronic infection with hepatitis B or C virus and alcohol abuse
did not influence these results. In conclusion, polymorphisms in GSTM1 and GSTT1 genes
are not related to the incidence of HCC in a high-risk Spanish population.

© 2005 Elsevier Ltd. All rights reserved.

crease, limited to men aged over 75 years, has been observed
in the Netherlands [6]. Global data in Spain show a slight de-

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
cancer worldwide, with an estimated incidence rate of more
than 500,000 new cases per year [1]; there are considerable
geographical differences in frequency and aetiological factors
of HCC [2,3]. The incidence of HCC is increasing in the USA [4],
but the picture is more mixed in Europe: the incidence nearly
tripled in France between 1980 and 2000 [5] and a lesser in-
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cline between 1970 and 1996 [7], although there were no
changes in HCC incidence in the autonomous community of
Catalonia in the period 1980-1997 [8]. Some studies suggest
that this neoplasm is the leading cause of death among cir-
rhotic patients in Europe [9], where the most important risk
factor for HCC is liver cirrhosis [10,11], mainly in cases due
to chronic infection with hepatitis C virus (HCV) [12,13],
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alcohol abuse [2,3,13] or haemochromatosis [14]. Environ-
mental or acquired factors, other than alcohol abuse, have
been recognised as risk factors for HCC in cirrhotic patients,
for example, tobacco use [15], diabetes mellitus [16] and obes-
ity [17]. Many of these factors may act synergistically to in-
crease the risk of HCC [15,18].

Interestingly, only a minority of patients at risk develops
HCC. As in many other diseases of multifactorial origin, the
combination of genetic and environmental factors may be in-
volved in the pathogenesis of HCC. Genetic polymorphisms
affecting the metabolic pathways of activation or neutralisa-
tion of carcinogens have been studied in many cancers with
conflicting, but occasionally significant, results [19]. Today,
the influence of genes encoding for drug and xenobiotic-met-
abolising enzymes is recognised, and these are considered
low-penetrance genes in cancer risk. Glutathione S-transfer-
ases (GST) are a superfamily of detoxifying enzymes involved
in the neutralisation of endogenous by-products of oxidative
stress and exogenous chemicals of proven carcinogenicity
[20-24]. It has been suggested that GST enzymes may be in-
volved in susceptibility to cancer [23].

Of the various GST isoenzyme classes identified so far, two
are coded by polymorphic genes: GSTM1 and GSTT1. The for-
mer codes for the GST-p isoform and is located at chromo-
some 1p13.3, whereas the GSTT1 gene locus in 22q11.2
codes for the GST-6 isoform. In both genes, a partial deletion
of the coding sequence causes the total absence of enzymatic
function (null alleles). Both polymorphic traits are inherited
in an independent manner. Homozygotes for null alleles of
either gene are devoid of specific enzymatic activity in all
their organs and tissues [23,24]. There is no evidence of
whether heterozygosity in either GSTM1 or GSTT1 affects gene
function [25].

Carriers of the GSTM1 and/or GSTT1 null genotypes may
have a reduced ability to inactivate electrophilic compounds
and organic hydroperoxides in the liver [26,27] and, more
specifically, polycyclic aromatic hydrocarbons present in to-
bacco smoke [21] and aflatoxin B [28]. This provides a biolog-
ical basis for a putative role of GST polymorphisms in the
risk of developing cancers related to these substances. The
role of GSTM1 and GSTT1 polymorphisms in colorectal, lung,
bladder and other cancers has been studied with conflicting
results [19,25,29]. Our aim was to establish the frequency of
GSTM1 and GSTT1 null genotypes in Spanish patients with
HCC, in order to clarify whether any relationship exists be-
tween these polymorphisms and the risk of developing this
tumour.

2. Patients and methods
2.1. Study population

We studied a cohort of 184 unrelated Caucasian patients of
Spanish ancestry and nationality, diagnosed with HCC at
the Department of Gastroenterology of the Hospital Clinico
San Carlos, Madrid, Spain, between January 1994 and Septem-
ber 2004. One hundred and fifty patients were male (mean
age + SD at diagnosis 65.3+7.0 years) and 34 were female
(70.4 £ 9.0 years).

The diagnosis of HCC was suspected from the identifica-
tion of a mass in the liver and was confirmed by histopathol-
ogical studies (aspirative cytology and/or surgical specimen)
in 79 cases, a blood level of alpha-foetoprotein > 399 ng/dl
(70 cases) or both (35 cases). Data regarding known previous
liver disease, alcohol and tobacco consumption, serum tests
for hepatitis B and C virus (not available in 9 and 6 cases,
respectively) and other diseases were collected. Heavy drink-
ers were defined as individuals drinking more than 50 g of
alcohol per day.

The control group comprised 329 unrelated healthy Cauca-
sian Spanish individuals from the same geographical area
(198 males, mean age 42.1 + 11.5 years and 131 females, mean
age 44.6 + 14.5 years). A medical history and laboratory tests
were obtained from each individual to exclude pre-existing
conditions.

The study protocol was approved by the local ethics com-
mittee and all subjects gave informed consent before inclu-
sion in the study.

2.2.  Molecular analyses

Genotype analyses were carried out in genomic DNA obtained
from blood samples. A multiplex polymerase chain reaction
(PCR) assay was used to determine the GSTM1 and GSTT1
genotypes. The dihydrofolate reductase (DHFR) gene was co-
amplified as an internal control, as described elsewhere [30].
A minor modification in the protocol was as follows: multi-
plex PCR reactions were carried out in a final volume of
12 pl. The primers used were those described by Xiong and
colleagues [30]. PCR products of 480, 215 and 280 base pairs re-
vealed the presence of GSTT1, GSTM1 and DHFR genes, respec-
tively. When none of these bands were present, the samples
were discarded because DHFR is an essential gene that should
amplify in all samples.

2.3. Statistical analyses

Differences between patients and controls in the distribution
of GSTM1 and GSTT1 genotypes, which were considered
dichotomical variables, were analysed by the Mantel-Haens-
zel 4 test with Bonferroni’s correction, or by the Fisher exact
test, when appropriate. The odds ratios with their corre-
sponding 95% confidence intervals (CIs) were calculated
simultaneously. Continuous variables were compared using
the Student’s t-test or the Mann-Whitney U test, when appro-
priate. All tests were two-sided. The calculations were made
with the SPSS 11.5 statistical software package for Windows
and the Epi-Info 6 software package of the Centers for Disease
Control in Atlanta. The null hypothesis was rejected when
P <0.05.

3. Results

The distribution of GST genotypes in both groups is shown
in Table 1. No significant differences were observed be-
tween cases and controls in the proportion of GSTM1
(47.8% versus 45.3%) and GSTT1 (28.8% versus 23.1%) null
genotypes, nor were differences found in the number of ac-
tive genotypes.
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Table 1 - GSTM1 and GSTT1 genotype distribution and number of glutathione S-transferase (GST) active genotypes in

patients with hepatocellular carcinoma and in normal controls

GSTM1 genotype (%)

GSTT1 genotype (%)

Number of active genotypes (%)

Null Null Active Two One None
Cases 88 (47.8) 53 (28.8) 131 (71.2) 63 (34.2) 101 (54.9) 20 (10.9)
Controls 149 (45.3) 76 (23.1) 253 (76.9) 128 (38.9) 177 (49.3) 24 (7.3)
Statistics OR 1.11 OR=1.35 OR 0.82° OR 1.072 OR = 1.46%
95% CI 0.76-1.62 95% CI = 0.88-2.07 95% CI 0.58-1.21 95% CI 0.73-1.56 95% CI 0.74-2.87

MH 0.31 P=0.58

MH 2.04 P=0.15

MH 1.10 P=0.29

MH 0.13 P=0.72

MH 1.41P=0.24

OR, odds ratio; 95% CI, 95% confidence interval; MH, Mantel-Haenszel y° test.

a After Bonferroni’s correction for two degrees of freedom.

Table 2 - Distribution of GSTs genotypes by gender and aetiological categories

|
.

Group (no. of cases) GSTT1 GSTM1 Double null (%)
Active (%) Null (%) Active (%) Null (%)

Controls (329) 253 (76.9) 76 (23.1 180 (54.7) 149 (45.3) 24 (7.3)
Cases (184) 131 (71.2) 53 (28.8 9 (52.2) 88 (47.8) 20 (10.9)
Male gender (150) 109 (72.2) 41 (27.3 77 (51.3) 73 (48.7) 18 (12)

HCV + (119) 85 (71.4) 34 (28.6 68 (57.1) 51 (42.9) 12 (10.1)
HbsAg + (12) 9.0 (75) 3 (25.0 8.0 (66.7) 4.0 (33.3) 0.0 (0)
Alcohol > 50 g (81) 62 (76.5) 19 (23.5 41 (50.6) 40 (49.4) 9 (11.1)
Alcohol > 50 g virus-free (30) 22 (73.3) 8 (26.7 4 (46.7) 16 (53.5) 5 (16.7)°
Alcohol > 50 g and HCV + (46) 37 (80.4) 9 (19.6 6 (57.8) 20 (43.5) 3 (6.5)

a No significant differences exist between controls, the whole group of patients and the different subgroups.
b P=0.081 (Fisher exact test). HCV, hepatitis C virus; HbsAg, hepatitis B surface antigen; GST, glutathione S-transferase.

Table 2 presents the distribution of individual GST geno-
types and the number of active genotypes in several sub-
groups of patients classified by gender, heavy alcohol
consumption and/or chronic HCV infection. Again, no signif-
icant differences were observed, although the proportion of
heavy drinkers free of chronic viral infection with two null
genotypes was more than twice the frequency present in
the control group (P = 0.081, Fisher exact test).

Age at diagnosis, tobacco use, hepatitis B surface antigen
(HbsAg) status and the absence of any known cause of
chronic liver disease did not influence the distribution of
the studied genotypes (data not shown).

4, Discussion

An increasing body of evidence points to a combination of
environmental factors and genetic susceptibility as a major
determinant for the development of several forms of cancer.
In this context, impairment of detoxifying enzymes seems
to be a relevant genetic factor. It can be hypothesised that indi-
viduals with impaired metabolism of dietary or environmental
carcinogenic substances are at greater risk of developing can-
cer if they are exposed to such carcinogenic substances. In this
regard, it should be pointed out that dietary and environmen-
tal factors related to HCC vary greatly between different hu-
man populations. In Oriental subjects, where aflatoxin B1 is
a common cause of HCC, a preliminary study of GSTM1 poly-

morphism including only 30 HCC patients showed no differ-
ences in the frequency of null genotypes between patients
and controls [31]; only 1 year later, however, study of the same
group suggested that both the GSTM1 and GSTT1 null geno-
types might increase the risk of HCC in chronic HbsAg carriers
if they are simultaneously exposed to aflatoxin B [32]. A third
study including 79 HCC patients detected a higher risk associ-
ated with the GSTT1 null genotype in combination with afla-
toxin exposure, but the influence of GSTM1 null genotype
was not significant [33]. Subsequently, the same group re-
ported that the influence of the GSTT1 null genotype was
higher in carriers of the -399 GIn allele of the XRCC1 gene,
which is involved in DNA repair. The mutated XRCC1 allele is
associated with lower efficiency of DNA repair and with ele-
vated aflatoxin B1-DNA adduct levels; surprisingly, the GSTM1
null genotype was associated with a decreased risk of early-
onset HCC [34]; all the patients included in that study (577)
were also chronic hepatitis B virus (HBV) carriers. All these
studies were performed in Taiwan and suggest that GST poly-
morphisms, mainly GSTT1 null genotype, may be related to
the risk of HCC in chronic HBV carriers exposed to aflatoxin,
especially if they are associated to other predisposing genetic
traits. Studies carried out in Sudan revealed a positive associ-
ation between consumption of peanut butter, which suppos-
edly contains significant amounts of aflatoxin, and the risk
of HCC only in GSTM1 null genotype patients [35], but not in
those carrying the GSTT1 null genotype [36].
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Other studies also performed in Far Eastern countries,
which did not evaluate aflatoxin exposure, failed to show
any relationship [37] or only a minimal influence of the
GSTM1 null genotype on the risk associated with a combina-
tion of smoking, drinking and low plasma carotenoid levels
[38].

The aetiology of HCC in Western countries is completely
different from that found in Eastern Asia and sub-Saharan
Africa. Aflatoxin exposure is negligible and the role of chronic
HBV infection is relatively small. In contrast, the majority of
patients in Western countries suffer from cirrhosis due to
HCV chronic infection and/or alcohol abuse. Both these fac-
tors may generate highly reactive compounds that induce
oxidative damage in the liver, as demonstrated by increased
levels of malonyl dialdehyde and 4-hydroxy-nonenal found
in chronic hepatitis C [39,40] and in alcoholic liver disease
[41]. The detoxifying action of glutathione S-transferases
may neutralise these toxic by-products [41,42]. Thus, a
decreased detoxifying rate linked to the GST null genotypes
may be related to the risk of developing HCC as the most
severe form of liver damage induced by chronic HCV infection
or alcohol abuse.

In a recent report by Gelatti and colleagues [43] on a study
performed in Italy, no relationship was found between GSTM1
and GSTT1 genotypes and the risk of HCC. The specific aim of
that study was to establish whether the polymorphisms stud-
ied influence susceptibility to HCC in relation to smoking,
though the authors did not analyse in detail the role of alco-
hol abuse in subjects lacking other HCC risk factors, as we did
in the present study.

We found no relationship between GSTM1 and GSTT1 ge-
netic polymorphisms and the risk of HCC in the population
studied. However, the increased proportion of double null
genotypes found in patients in whom alcohol abuse was the
only identified risk factor for developing the disease is in
agreement with our previous finding of an excess of double
null genotypes among alcoholic cirrhotics who had not devel-
oped hepatocellular carcinoma [44], although this difference
does not reach statistical significance due to the small size
of the group.

From our observations, we conclude that polymorphisms
of both glutathione S-transferase pl and 61 genes are not
related to the risk of hepatocellular carcinoma in a high-risk
Spanish population, and in particular among patients who
developed HCC after chronic HCV infection. In contrast,
our findings suggest that in certain individuals who devel-
oped HCC as a consequence of alcohol abuse only, null
genotypes may influence the risk of developing HCC, and
this concurs with the hypothesis for a combined effect of
genetic and environmental factors. Once we have shown
that GST null genotypes do not influence the risk of devel-
oping HCC in the majority of subjects, further studies will
be necessary to establish the role of null genotypes in a lar-
ger group of HCC patients with no risk factors except alco-
hol abuse.
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