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Abstract The effect of genetic polymorphisms for gluta-
thione S-transferase (GST) M1, GSTTI, GSTFPI-I
(GSTPI), cytochrome P450 2E1 (CYP2ET) and aldehyde
dehydrogenase 2 (ALDH?2) on the risk of hepatocellular
carcinoma (HCC) was observed in 78 Japanese patients
with HCC and 138 non-cancer hospital controls. We
found a positive association between cumulative amounts
of alcoho! consumption (= 600,000 ml in a lifetime) and
the risk of HCC (OR=4.52, 95% CI 2.39-8.55). How-
ever, cigarette smoking was not significantly related to the
risk of HCC (OR =1.23, 95% CI 0.57-2.68). The allelic
frequencies of GSTMI, GSTTI, GSTP!, CYP2EI and
ALDH? of HCC patients were not significantly different
from those of controls when odds ratios were only
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adjusted for age and gender except for any 2 alleles of
ALDH? in drinkers (OR=2.53, 95% CI 1.21-5.31).
However, the frequency of any CZaileles of CYP2E7and
any 2 alleles of ALDH2 were significantly higher than
those of controls (OR=5.77, 95% Cl 1.24-27.39,
QR =9.77,95% C11.63-58.60) when covariates including
viremia were selected by using stepwise logistic regression
analysis. We conclude that habitual alcohol drinking is
likely to lead to an increased risk of HCC, and any C2
atleles of CYP2EI as well as any two alleles of ALDH?2
were also associated with an increased risk of HCC.

Keywords Genetic polymorphism - GSTM1
CYP2E] - ALDH?2 - Hepatocellular carcinoma

lntroduction

Primary liver cancer usually complicates several chronic
liver diseases, mainly those induced by hepatitis B virus
{HBV) and hepatitis C virus (HCV) {(Ruiz et al. 1992; Tsai
et al. 1994). Especially, HBV and HCV prevalence was
found to be associated with 95% of hepatoceliular car-
cinema (HCC) patients in Japan (The Liver Cancer Study
Group of Japan 2000). The proportions of HBV and
HCV were 16.5% and 74.8%, respectively. Not only is
HCC an inevitable consequence of chronic HBV or HCY
infection, but also other HCC risk factors, such as to-
bacco smoking, alcohol drinking and afiatoxin exposure
(Ross et al. 1992), are related to susceptibility to HCC.
Epidemiological studies have shown a possible correla-
tion between ethanol abuse and the development of HCC
(Chen et al. 199]1; Mohamed et al. 1992). Otherwise, the
possibilities of a relationship between tobacco smoking
and the occurrence of HCC are controversial (Tricho-
poulos et al. 1987; Tsukuma et al. 1993; Kuper et al. 2000;
Tanaka et al. 1992; Hadziyannis et al. 1995).

Many chemical carcinogens are also metabolically
converted into active forms that have harmful effects
on the liver. The metabolizing enzymes, including
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glutathione S-transferases (GSTs), cytochrome P-450s
{CYPs) and aldehyde dehydrogenase 2 (ALDH2), play
an important role in the detoxification or activation of
carcinogens. This metabolic activation depends on ge-
netic variations, which may be responsible for individual
differences. GSTMI, GSTTI and GSTPI may play a
part in the activation and detoxification of procarcino-
gens in tobacco smoke (Guengerich 1991; Mannervik
and Danielson 1988). Individual variations in enzyme
activities have been demonstrated for several GSTs.
Some of these variations are genetically linked and may
affect individual cancer risk.

When drinking alcohol, some of the proposed
mechanisms for ethanol-related carcinogeunesis are clo-
sely linked to the action of acetoaldehyde. Approxi-
mately half of the Japanese population lacks ALDH?2
activity because of a structural point mutation in the
ALDH?2 gene. This genetic polymorphism, which is seen
in Asians, including Japanese, but not in Caucasians,
results in catalytic deficiency of aldehyde metabolism
{(Harada and Zhang 1993). Besides ALDH2, the ethanol
inducible CYP2E] catalyses the oxidation of ethanol
itself. In addition, CYP2E] is of critical importance in
the metabolic activation of many carcinogens, including
N-nitrosamines, benzene and aniline, that are present in
tobacco smoke. Therefore, previous reports have shown
that CYP2E! might modulate the risk of HCC (Ladero
et al. 1996).

In this study, we have made the hypothesis that
alcohol abuse and/or tobacco smoking is a risk factor
for the development of HCC, and we have examined the
effects of the GSTs (M1, TI, PI-I), CYP2E!] and
ALDH2 polymorphism on the susceptibility of HCC
among Japanese people in relation to their smoking or
alcohol-drinking status.

Materials and methods

Subjects

A total of 78 HCC patients seen in the University of Occupational
and Environmental Health (UOEH) Hospital in Japan from June
1997 to April 1998 were enrolled in the present study. Acid-citrate-
dextrose-anti-coagulated blood was drawn from 78 patients with
HCC and from 138 hospital controls with no evidence of cancer in
any organ. Cases and controls were unmatched. The demographic
data of both case and control groups are shown in Table 1. All
study subjects completed a questionnaire administrated by a
trained interviewer. covering medical, residential, occupational and
smoking and drinking history. The lifetime amount of cigarette
smoking was quantified by the Brinkman-Coates index, which is
the product of the daily number of cigarettes smoked and years of
smoking. The cumulative amount of ethanol gonsumption was
quantified by drink-years, which was calculated by multiplying the
volume of ethanol a year by the number of drinking-years. None of
the subjects had had any exposwre to carcinogens, heavy metals or
radiation in their occupational history.

This study was approved by the ethics committee of medical
care and research of the University of Occupational and Environ-
mental Health (UOEH) under the guidelines of the Ministry of
Education, Culture, Sports, Science and Technology in Japan.

Table 1 Distribution of demographic variables for cases and con-
trols :

Variables Cases Controls
Gender Males (%) 61 (78.2%) 94 (68.1%)

Females (%) 17 (21.8%) 44 (31.9%)
Age Mean age {(£8SD)  66.1£7.7 67.24£10.5

Range 47-84 34-92

Non smokers {%)
Smokers (%)
Non drinkers (%)
Drinkers (%)

20 (25.6%)
58 (74.4%)
25 (32.1%)
53 (67.9%)

50 (36.2%)
88 (63.8%)
56 (40.6%)
82 (59.4%)

Smoking status

Drinking status

Viremias Non viremias (%) 2 (2.6%) 127 (92.0%)
HBV (%) 14 (17.9%) 1 (0.7%)
HCV (%) 54 (69.2%) 10 (7.3%)
HBV+HCV (%) % (103%) 0 {0%)
Genotyping

Genomic DNA was isolated from peripheral lenkocytes by pro-
teinase K digestion and phenol/chloroform extraction and ethanel
precipitation. A multiplex polymerase chain reaction (PCR)
method was used to detect the presence or absence of GSTMJ{ and
GSTTi (Katoh et al. 1996). The genotype of GSTPI (Ao G
substitution at nucleotide 313) was determined by PCR/RFLP
according to Watson et al. {1998). The genstic polymorphism in the
5-flanking region of CYP2EIwas determined by PCR amplifica-
tion followed by digestion with Rsal, using the method deseribed
previously (Adami et al. 1992). The dominant allele (¢7) was sen-
sitive to Rsul digestion and the ¢2 allele was resistant o Rsal
digestion. The genotypes of ALDH2 were identified as the
homozygous genotype of a normal ALDH2 (1/1}, the homozygous
genotype of an inactive ALDHZ2 (2/2) and the heterozygous
genotype of normal and inactive ALDH2 (1/2) by the method of
Harada and Zhang (1993).

Statistical analysis

Statistical analysis was performed by comparing each gene poly-
morphism of five metabolic enzymes in HCC patients with the
hospital controls. Odds ratios and 95% confidence intervals were
adjusted for age and gender by multiple logistic regression anaiysis
with the SPSS for Windows Medical Pack (SPSS Inc., Chicago).
Needing to combine heterozygous genotypes (GSTMI/TI/PI,
CYP2EIALDH2) to examine the interaction between environ-
mental and genetic factors as well as smoking or drinking status, we
carried out stratification analysis of HCC risk associated with
genotypes.

Resulis

Table 2 demonstrates the risk of HCC by drinking,
smoking habits and viremias. The age- and gender-ad-
justed OR of heavy drinkers, who consumed alcohol
above a threshold of 600,000 ml during their lifetime,
was significantly higher (OR=15.19, 95% CI 2.53-10.64)
than in non-drinkers and light drinkers who consumed
alcohol under 600,000 ml during their lifetime. On the
other hand, there was no tendency of increased risk in
the smoker strata (OR=1.23, 95% CI 0.57-2.68). We
also confirmed a strong association between viremia and
HCC (OR=805.17, 95% Cl 134.37-4,824.52).



