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Genetic polymorphisms of tobacco- and alcohol-related metabolizing
enzymes and the risk of hepatocellular carcinoma
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Abstract The effect of genetic polymorphisms for gluta-
thione S-transferase (GST) M1, GSTT1, GSTP1-1
(GSTP1), cytochrome P450 2E1 (CYP2E1) and aldehyde
dehydrogenase 2 (ALDH2) 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 alcohol consumption (3600,000 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 GSTM1, GSTT1, GSTP1, CYP2E1 and
ALDH2 of HCC patients were not significantly different
from those of controls when odds ratios were only

adjusted for age and gender except for any 2 alleles of
ALDH2 in drinkers (OR=2.53, 95% CI 1.21–5.31).
However, the frequency of any C2alleles of CYP2E1 and
any 2 alleles of ALDH2 were significantly higher than
those of controls (OR=5.77, 95% CI 1.24–27.39,
OR=9.77, 95%CI 1.63–58.60)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
alleles of CYP2E1 as well as any two alleles of ALDH2
were also associated with an increased risk of HCC.
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Introduction

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 hepatocellular car-
cinoma (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 HCV
infection, but also other HCC risk factors, such as to-
bacco smoking, alcohol drinking and aflatoxin 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. 1991; 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

J Cancer Res Clin Oncol (2003) 129: 355–360
DOI 10.1007/s00432-003-0439-5

Masahiro Munaka Æ Kiyotaka Kohshi

Toshihiro Kawamoto Æ Shin Takasawa Æ Naoki Nagata

Hideaki Itoh Æ Susumu Oda Æ Takahiko Katoh

M. Munaka
Nissan Motor Health Insurance Society,
Nissan Motor Car Co. Ltd.,
Kyushu Plant, Fukuoka, Japan

K. Kohshi
Department of Neurosurgery, School of Medicine,
University Hospital, Kitakyushu, Japan

K. Kohshi
Division of Hyperbaric Medicine, School of Medicine,
University of Occupational and Environmental Health,
Kitakyushu, Japan

T. Kawamoto
Department of Environmental Health, School of Medicine,
University of Occupational and Environmental Health,
Kitakyushu, Japan

S. Takasawa Æ N. Nagata Æ H. Itoh
Department of First Surgery, School of Medicine,
University of Occupational and Environmental Health,
Kitakyushu, Japan

S. Oda
Divison of Health Care and Promotion Occupational
Health Training Center, University of Occupational
and Environmental Health, Kitakyushu, Japan

T. Katoh (&)
Department of Public Health, Miyazaki Medical College,
5200 Kihara, Kiyotake, 889-1692, Miyazaki, Japan
E-mail: katoht@post.miyazaki-med.ac.jp
Fax: +81-985-856258



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. GSTM1, GSTT1 and GSTP1 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 carcinogenesis are clo-
sely linked to the action of acetoaldehyde. Approxi-
mately half of the Japanese population lacks ALDH2
activity because of a structural point mutation in the
ALDH2 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 CYP2E1 catalyses the oxidation of ethanol
itself. In addition, CYP2E1 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 CYP2E1 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, T1, P1-1), CYP2E1 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 consumption 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 exposure 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.

Genotyping

Genomic DNA was isolated from peripheral leukocytes by pro-
teinase K digestion and phenol/chloroform extraction and ethanol
precipitation. A multiplex polymerase chain reaction (PCR)
method was used to detect the presence or absence of GSTM1 and
GSTT1 (Katoh et al. 1996). The genotype of GSTP1 (A to G
substitution at nucleotide 313) was determined by PCR/RFLP
according to Watson et al. (1998). The genetic polymorphism in the
5¢-flanking region of CYP2E1was determined by PCR amplifica-
tion followed by digestion with Rsa1, using the method described
previously (Adami et al. 1992). The dominant allele (c1) was sen-
sitive to Rsa1 digestion and the c2 allele was resistant to Rsa1
digestion. The genotypes of ALDH2 were identified as the
homozygous genotype of a normal ALDH2 (1/1), the homozygous
genotype of an inactive ALDH2 (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 analysis
with the SPSS for Windows Medical Pack (SPSS Inc., Chicago).
Needing to combine heterozygous genotypes (GSTM1/T1/P1,
CYP2E1ALDH2) 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.

Results

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=5.19, 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% CI 134.37–4,824.52).

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 (±SD) 66.1±7.7 67.2±10.5
Range 47–84 34–92

Smoking status Non smokers (%) 20 (25.6%) 50 (36.2%)
Smokers (%) 58 (74.4%) 88 (63.8%)

Drinking status Non drinkers (%) 25 (32.1%) 56 (40.6%)
Drinkers (%) 53 (67.9%) 82 (59.4%)

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 (%) 8 (10.3%) 0 (0%)
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The age- and gender-adjusted frequencies of GSTM1,
GSTT1, GSTP1, CYP2E1 and ALDH2 genotypes
associated with HCC are shown in Table 3. There was no
significant difference between controls and HCC in terms
of frequency distribution of their genes. To evaluate the
interaction between the genotypes, we analyzed the
combination of the genes. No significant association was
observed for any interaction of genes (data not shown).

Furthermore, we calculated the OR for data that was
classified by smoking or drinking to evaluate the effect of
the gene in combination with smoking or drinking. The
summarized data and the ORs are shown in Table 4,
together with the 95% confidence interval. The fre-
quency of any 2 allele of ALDH2 had a significant
correlation with increased risk of HCC among alcohol
drinkers (OR=2.53, 95% CI 1.21–5.31). However, other
genotype distributions of HCC were not significantly
different from those of the controls (data not shown).

Finally, we had a multivariate analysis including
viremias; variables available for selection include age,
gender, drinking status, smoking status, viremia and
each genotype of five enzymes (Table 5). The frequencies
of C2 alleles of CYP2E1 (OR=5.77, 95% CI 1.24–
27.39) and 2 alleles of ALDH2 (OR=9.77, 95% CI

Table 3 Relationship between
GSTM1, GSTT1, GSTP1,
CYP2E1 and ALDH2
genotypes and HCC

Odds ratio of GSTM1, GSTT1,
GSTP1, CYP2E1 and ALDH2
were adjusted for age and
gender.
aThe total number is different
from the total of cases (n =78)
because it was impossible to
obtain PCR products for some
patients

Controls (n =138) Cases (n =78) Odds ratio
% (n) % (n) (95% CI)

GSTM1 Positive genotype 50.7% (70) 61.5% (48) a 1
Null genotype 49.3% (68) 38.5% (29) a 0.59 (0.33–1.05)

GSTT1 Positive genotype 52.2% (72) 48.7% (38) a 1
Null genotype 47.8% (66) 51.3% (39) a 0.97 (0.57–1.76)

GSTP1 A/A 66.7% (92) 76.9% (60) 1
Any G 33.3% (46) 23.1% (18) 0.66 (0.35–1.27)

CYP2E1 C1/C1 homozygote 64.5% (89) 57.7% (45) a 1
Any C2 35.5% (49) 42.3% (32) a 1.22 (0.68–2.17)

ALDH2 1/1 homozygote 55.1% (76) 43.6% (34) 1
Any 2 allele 44.9% (62) 56.4% (44) 1.54 (0.87–2.71)

Table 4 Odds ratio for the
genotypes related to HCC by
drinking or smoking status

ORs were adjusted for age
and gender

Non smokers Smokers

OR (95%CI) OR (95%CI)
GSTM 1 null type vs. positive type 0.48 (0.16–1.48) 0.59 (0.29–1.22)
GSTT1 null type vs. positive type 1.19 (0.41–3.47) 0.93 (0.47–1.87)
GSTP1 A/A genotype vs. any G allele 0.50 (0.15–1.69) 0.73 (0.33–1.59)
CYP2E1C1/C1 genotype vs. any C2 allele 0.89 (0.30–2.61) 1.33 (0.65–2.73)

Non drinkers Drinkers
OR (95%CI) OR (95%CI)

CYP2E1 C1/C1 genotype vs. any C2 allele 2.10 (0.79–5.64) 0.85 (0.40–1.81)
ALDH2 any 2 allele vs. 1/1 genotype 0.75 (0.24–2.34) 2.53 (1.21–5.31)

Table 5 Logistic regression analysis output

Factor Odds
ratio

95% confidence
interval

CYP2E1 C1/C1 genotype vs. any C2 allele 5.77 1.24–27.39
ALDH2 any 2 allele vs. 1/1 genotype 9.77 1.63–58.60

Covariates were selected by using stepwise logistic regression;
variable available for selection include age, gender, drinking status,
smoking status, viremia, GSTM1, GSTT1, GSTP1, CYP2E1 and
ALDH2 genotypes. ORs were adjusted for age, gender, drinking
status and viremia

Table 2 Odds ratio of
hepatocellular carcinoma by
drinking, smoking and viremias

Odds ratios were adjusted for
age and gender

Odds ratio
(95% CI)

Drinking status Non drinkers 1
Drinkers 1.45 (0.81–2.60)

Alcohol consumption 1–<200,000 ml 0.31 (0.15–0.62)
2200,000–<600,000 ml 0.79 (0.40–1.57)
3600,000 ml 4.52 (2.39–8.55)

Smoking status Non smokers 1
Smokers 1.23 (0.56–2.67)

Smoking exposure (Blinkman-Coates index) 0–<400 1.14 (0.58–2.25)
4002–<800 1.09 (0.56–2.14)
3800 1.09 (0.56–2.15)

Viremias Non viremias 1
HBV or HCV 438.72 (94.69–2,032.61)
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1.63–58.60) were significantly higher than those of con-
trols (Table 5).

Discussion

We have observed the correlation between habitual
alcohol drinking and the risk of HCC for many years.
Our results showed that there was a significant associa-
tion between heavy alcohol drinking, which is over
600,000 ml in a lifetime, and an increase in the risk of
HCC: the OR for alcohol drinkers was 4.52 (95% CI
2.39–8.55) in our HCC patients (Table 2). This rela-
tionship is in agreement with most of the many previous
reports on this topic (Mohamed et al. 1992; Kuper et al.
2000). This seems to be a valid finding because alcohol
has been assumed to be a promoter or growth enhancer
of HCC (Adami et al. 1992).

We also examined the association between tobacco
smoking and the risk of HCC. Some risk excess was
observed among tobacco smokers (OR=1.23, 95% CI
0.57–2.68) compared with non-smokers, but it was not
significant.

Otherwise, the data on smoking and risk of HCC are
contradictory (Trichopoulos et al. 1987; Tsukuma et al.
1993; Kuper et al. 2000; Tanaka et al. 1992; Hadziyannis
et al. 1995). Our data revealed that there was likely to be
no positive relationship between tobacco smoking and
HCC. If tobacco smoking is one of the causes of HCC,
this discrepancy could be due to some biases. The first
one was that the smoking histories were excessively error
prone. The second was that it was impossible to distin-
guish between two kinds of non-smoker. One of them
had never smoked in their life, and another had quit
smoking, but had a past history of smoking. The last
was that the alcohol habit confounded it in the present
study. We need a further examination without biases
such as smoking history, alcohol and viremia.

We present data on the frequency of the ALDH2
genotype in HCC. A significant relationship between the
occurrence of certain cancers and the ALDH2 poly-
morphism has been reported, particularly in alcoholics
(Hori et al. 1997). Other reports also indicated that the
differences of ALDH2 genotypes has no association
with HCC development (Takeshita et al. 2000). How-
ever, in a multivariate analysis including the viral factor,
the frequency of any 2 allele of ALDH2 was signifi-
cantly different from controls (OR=9.77, 95%CI 1.63–
58.60). Moreover, we found evidence of a significant
effect of drinking depending on the difference of the
genetic polymorphism of ALDH2. Statistically, there
was an association between any 2 allele of ALDH2 and
HCC patients in habitual drinkers (OR=2.53, 95% CI
1.12–5.31). It is likely that alcoholic liver diseases with
the ALDH2 heterozygote (1/2) are more severe than
those with the ALDH2 homozygote (1/1) (Enomoto
et al. 1991), since those with the ALDH2 heterozygote
(1/2) would have higher internal exposure to acetalde-
hyde after drinking alcohol (Takeshita et al. 1997).

Ohhira et al. (1996) studied primary hepatocellular
carcinoma associated with alcoholic liver disease with-
out hepatitis virus infection. In the analysis of genetic
polymorphism of ALDH2, all of the subjects had the
ALDH2 homozygote (1/1 or 2/2). Otherwise, Shibata
et al. (1998) showed that ORs resulting from the
ALDH2 homozygote and some accumulated amount of
alcohol intake by age 40 based on community controls
were statistically significant in HCC. Although it is
inconsistent which is a risk factor, the homozygote or
heterozygote gene, these results might imply that indi-
vidual differences of ALDH2 genotypes change the risk
of HCC by alcohol consumption.

A multivariate analysis showed that an increase of
risk for HCC also was found to a significant degree in
the difference of CYP2E1 genotypes (OR=5.77, 95%
CI 1.24–27.39). The rate of CYP2E1 activity increases in
the liver after alcohol induction. This means that the c2
CYP2E1 gene increases in habitual drinkers, especially
those with chronic liver disease (Ladero et al. 1996;
Tsutsumi et al. 1994a, 1994b). As a result, the activation
of carcinogens increases in the liver. It is possible that
the CYP2E1 activity in the human liver is associated
with the susceptibility of HCC. There are two different
mechanisms that influence its rate of activity. One of
them is the genetic functional difference between c1 and
c2 alleles. The other depends on environmental factors,
mainly ethanol or other inducers, which also frequently
show a carcinogenic potential in the liver. Earlier reports
have suggested the CYP2E1 polymorphisms may play
an important role in smoking-related HCC. Homozy-
gosity for the c1/c1 genotype significantly increased the
risk of developing HCC in cigarette smokers (Yu et al.
1995). In contrast, there was no significant association
between HCC risk and genotype c1/c2 or c2/c2 in all
HCC patients (Lee et al. 1997).

In this study, the possible effects of GSTs metabolic
enzymes in modulating the development of HCC were
not confirmed among alcohol drinkers or tobacco
smokers. Members of the GST family are important
candidates for involvement in susceptibility to com-
monly occurring forms of cancer, because they may
regulate an individual’s ability to metabolize environ-
mental carcinogens. Normal or increased GST enzyme
activity or levels may protect susceptible tissues from
somatic mutations in DNA by facilitating the conjuga-
tion and subsequent elimination of electrophilic carcin-
ogens. Absent or deficient GST enzyme activity may
result in poorer elimination of electrophilic carcinogens,
particularly in the presence of very active electrophilic
activation by phaseI enzymes. If an individual’s inherited
genotype at a GST locus does not permit the efficient
metabolism of compounds involved in carcinogens, then
that individual may be at increased cancer risk.

For example, the GSTM1/ GSTT1 is polymorphic in
humans. GSTM1 has been shown to be polymorphic
and is absent in 35–60% of individuals (Bell et al. 1993;
Katoh et al. 1995). Similarly, GSTT1 is also polymor-
phic and is absent in 10–65% of human populations
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(Chenevix-Trench et al. 1995). The lack of GSTM1
activity is due to the inherited homozygous deletion of
the genes, and GSTM1 deficiency has been linked with
risk for various cancers (Bell et al. 1993; Brockmoller
et al. 1996; Rebbeck 1997). Less is known about the
association between GSTT1 and cancer risk, but per-
sons with the GSTT1 null type show reduced ability to
detoxify metabolites of 1,3-butadiene (Pemble et al.
1994) and ethylene oxide (Wiencke et al. 1995). A report
suggested that the GSTT1 null type might be a risk
modifier in the occurrence of colorectal cancer (Deakin
et al. 1996). Also, the difference of GSTM1/T1 poly-
morphisms may be subject to increased risk of urothelial
cancer in tobacco smokers (Katoh et al. 1998).

The GSTP1 is also widely expressed in normal epi-
thelial tissue and is particularly abundant in the urinary,
respiratory and digestive tracts, suggesting a possible
role for GSTP1 in the detoxification and elimination of
toxic products in these tissues. GSTP1 is a major enzyme
involved in the inactivation of carcinogens in cigarette
smoke, such as benzo(a)pyrene diol epoxide and acro-
lein, as well as other cigarette smoke toxins. The gene is
also suggested to be involved in the development of
acquired resistance towards anti-cancer drugs. The GG
genotype of GSTP1 was significantly more frequent
among patients with oral squamous cell carcinoma and
lung cancer (Katoh et al. 1999; Ryberg et al. 1997).

Overall, the differences of genetic polymorphisms on
GST enzymes have no association with the development
of HCC, although alcohol drinking showed a significant
association with it. The discrepancy between our results
and previous reports could be explained by the following
suggestions: first, there was a racial difference in the
frequencies of each genotype (Kato et al. 1992); for
another reason, the risk of genetic polymorphism to
HCC could be overshadowed by the great etiologic role
of HBV and HCV viremia in the development of HCC
(Tsukuma et al. 1990; Yu et al. 1994; Donato et al.
1998). However, HBV positive patients had significantly
lower GST activity than those who were HBV negative
(Zhou et al. 1997). These results suggest that the risk of
HCC is not only associated with GST polymorphism,
but also GST activity.

In conclusion, we found that there was a significant
association between CYP2E1 and ALDH2 polymor-
phisms with the interaction of alcohol and the risk of
HCC in Japanese people.
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