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Abstract

The association between metabolic polymorphisms and cigarette smoking-induced cancers has been documented. However,
the role of DNA repair polymorphism in carcinogenesis is less clear. To investigate if the polymorphisms of metabolic traits
and DNA repair modulate smoking-related DNA damage, we used sister chromatid exchange (SCE) as a marker of genetic
damage to explore the relationship of microsomal epoxide hydrolase (mEH), glutathioneS-transferase M1 (GSTM1), and
X-ray cross-complementing group 1 (XRCC1) and cigarette smoking-induced SCE. Sixty-one workers without significant
exposure to mutagens were recruited. Questionnaires were completed to obtain detailed occupational, smoking, and medical
histories. SCE frequency in peripheral lymphocytes was determined using a standard cytogenetic assay and GSTM1, mEH
(exons 3 and 4), XRCC1 (codon 399) genotypes were determined using polymerase chain reaction-restriction fragment
length polymorphism (PCR/RFLP). Smokers had higher SCE frequency than non-smokers (8.4 versus 7.1,P < 0.05).
Among workers who had smoked equal to or greater than 10 cigarettes each day, those with XRCC1 Arg/Gln+Gln/Gln had
higher SCE frequency than those with XRCC1 Arg/Arg after adjusting for potential confounders (9.0 versus 7.9,P < 0.05).
The interaction of XRCC1 and cigarettes smoked per day on SCE frequency was also observed (P = 0.02). There was no
significant interaction between cigarettes smoked per day with GSTM1 and mEH on SCE frequency. Our results support
previous epidemiological studies that XRCC1 may play a role in cigarette smoking-induced lung cancer.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Cigarette smoking is the major cause of lung can-
cer and is associated with risks for cancers of the
larynx, oral cavity, and urinary bladder[1]. There are
more than 3000 compounds including 30 carcino-
gens in cigarette smoke, such as polycyclic aromatic
hydrogens, aromatic amines, and tobacco-specific

1383-5718/02/$ – see front matter © 2002 Elsevier Science B.V. All rights reserved.
PII: S1383-5718(02)00127-4



94 Y.C. Lei et al. / Mutation Research 519 (2002) 93–101

nitrosamine[1]. However, the exact mechanism of
carcinogenesis caused by cigarette smoke remains
unclear. Results of previous studies have suggested
that genetic susceptibility to cigarette smoke-induced
cancers may result from the polymorphisms in car-
cinogen metabolism[2,3] and DNA repair[4,5]. Thus,
individuals with inherited variant metabolic enzyme
activities and repair capacities might have altered
risks of cigarette smoke-induced DNA damage[6,7].

Epidemiological studies have indicated that sev-
eral important metabolic traits can modulate the risk
of cigarette smoke-induced lung cancers, including
CYP1A1, CYP2D6 and glutathioneS-transferase
M1 (GSTM1) [8–10]. In addition to lung cancer,
GSTM1 was reported to be associated with the risk
of cigarette-related cancers, including cancers of the
larynx and bladder[11]. Moreover, the association
between cigarette smoke-induced DNA damage and
metabolic genes has also been observed. The mod-
ulation of benzo(a)pyrene DNA adduct levels by
CYP1A1 and GSTM1 have been reported[12]. In
addition, GSTM1 was associated with sister chro-
matid exchange (SCE) frequency[6] . Although, the
association of polymorphism in metabolic genes with
cigarette smoke-induced damage has been widely
studied, limited data are available that address the role
of microsomal epoxide hydrolase (mEH) in cigarette-
related carcinogenesis.

Microsomal epoxide hydrolase is an enzyme invol-
ved in the detoxification and activation of highly reac-
tive epoxide intermediates, including benzo(a)pyrene
and other xenobiotics[13], and may play an impor-
tant role in carcinogenesis. Two polymorphisms in
exons 3 and 4 of mEH have been identified[14,15].
One variant is characterized by the substitution of
histidine for tyrosine at position 113 in exon 3
(Tyr113 → His113); another polymorphism in exon
4 results in substitution of arginine for histidine at po-
sition 139 (His139→ Arg139). In a study by Smith
and Harrison[16], they observed that individuals with
slow mEH activity may be more susceptible to COPD
and emphysema. The association between mEH and
lung cancer has also been reported recently[17].
However, the relationship between DNA damage and
mEH in smokers was limited.In addition to metabolic
traits, DNA repair capacity also plays an important
role in smoking-related carcinogenesis[18]. Con-
sequently, DNA repair gene polymorphisms, which

may alter the function of efficiency of DNA repair,
may contribute to cancer susceptibility[18]. X-ray
cross-complementing group 1 (XRCC1), a DNA re-
pair protein involved in single-strand breaks and base
excision repair (BER) pathway, has been reported to
be responsible for the efficient repair of DNA damage
caused by active oxygen, ionization, and alkylating
agents[19]. Three polymorphisms of DNA repair
genes XRCC1 have been identified at codon 194 (Arg
to Trp), 280 (Arg to His), and 399 (Arg to Gln)[20].
In particular, XRCC1 Gln399 polymorphism resulting
in single base substitution, which may affect bind-
ing with PARP (poly(ADP-ribose) polymerase), may
lead to deficiency of DNA repair[21]. In cells lack-
ing XRCC1 activity, an increased SCE frequency has
been observed[22]. In addition, defects in XRCC1
Gln399 have been reported to be associated with in-
creased smoking-related cancers, including head and
neck, and lung cancers[5,23]. However, Stern et al.
[4] reported a possible reduction in bladder cancer
risk among subjects with XRCC1 Gln399 allele. A
recent study by Duell et al.[7] revealed that individ-
uals with Gln399 allele might be at greater risk for
tobacco-related DNA damage. It appears that the asso-
ciation between XRCC1 and cigarette smoke-induced
carciniogenesis is not consistent. To further inves-
tigate the role of XRCC1 in smoking-related car-
cinogenesis, we used SCE frequency in peripheral
lymphocytes, a commonly used marker for DNA
damage, to determine the association of XRCC1 geno-
types with cigarette smoking-induced DNA damage.

2. Materials and methods

2.1. Study population

A total of 61 subjects were selected into our current
study from 85 male workers recruited from a resin
synthesis plant, which has been earlier described[24].
Information of smoking history, medical history and
occupational exposure were gathered from interview-
administered questionnaires. Smokers were defined as
those who had been smoking within 1 month of blood
collection. Alcohol drinking greater than once each
week was defined as habitual alcohol drinking. Among
smokers in the previous study population, nine sub-
jects exposed to ECH greater than 1 ppm had mean



Y.C. Lei et al. / Mutation Research 519 (2002) 93–101 95

SCE frequency of 9.3, 19 subjects exposed to ECH
less than 1 ppm had mean SCE frequency of 8.3, and
14 non-exposed subjects had mean SCE frequency of
8.1. Among non-smokers, 12 subjects exposed to ECH
greater than 1 ppm had mean SCE frequency of 7.6,
16 subjects exposed to ECH less than 1 ppm had mean
SCE frequency of 7.1, and 15 non-exposed subjects
had mean SCE frequency of 7.2. To explore the ef-
fects of genotypes on SCE in smokers, we excluded
21 subjects with known ECH exposure greater than
1 ppm. Thirty-five workers with ECH exposure less
than 1 ppm and 29 non-exposed subjects were included
for this study. Three subjects were further excluded as
a result of incomplete questionnaire of smoking infor-
mation, thus, 61 subjects were included in the analysis.

2.2. SCE assay

The SCE in peripheral lymphocytes was performed
according to a standard cytogenetic method[6].
Briefly, 1 ml of whole blood was added to 9 ml of cul-
ture medium with phytohemagglutinin, and the mix-
ture was maintained at 37.5◦C in 5% CO2 for 72 h.
Fifty micromolar 5-bromodeoxyuridine was added
to the culture at 24 h to achieve differential staining.
The lymphocytes were harvested with hypotonic KCl
solution and fixed in methanol:acetic acid (3:1, v/v).
The chromosomes were stained using a modifica-
tion of the fluorescence-plus Giemsa technique by
Perry and Wolff [25]. For each subject, 50 cells at
metaphase were scored to determine the individual
SCE frequency. All slides were scored by one reader
who was blind to the status of the subjects.

2.3. Genotyping of XRCC1 codon 399

XRCC1 polymorphism was determined using
PCR-RFLP assay[7]. Primers used for exon 10 (codon
399) were 5′-CCCCAAGTACAGCCAGGTC-3′ and
5′-TGTCCCGCTCCTCTCAGTAG-3′. The amplifi-
cations were carried out with denaturation at 95◦C
for 30 s, annealing at 60◦C for 30 s, and extension
at 72◦C for 30 s. PCR products were digested with
MspI at 37◦C overnight and analyzed on 2% agarose
gel. Arg/Arg individuals had 94 and 148 bp frag-
ments, Arg/Gln individuals had 94, 148 and 242 bp
fragments, and Gln/Gln individuals had only 242 bp
fragments.

2.4. Genotyping of mEH

The primers used for mEH (exon 3) were 5′-GATC-
GATAAGTTCCGTTTCACC-3′, and 5′-ATCCTTAG-
TCTTGAAGTGAGGAT-3′ [16]. Thirty-five cycles
of amplification were performed with denaturation at
95◦C for 1 min, annealing at 55◦C for 60 s, and ex-
tention at 73◦C for 60 s. PCR products were digested
with EcoRV at 37◦C for 8 h and resolved in 2%
agarose gel. The wild type had only 162 bp fragments,
heterozygous variants had 162, 140 and 22 bp frag-
ments, and homozygous variants had 140 and 22 bp
fragments. The primer used for mEH (exon 4) were
5′-ACATCCACTTCATCCACGT-3′ and 5′-ATGCCT-
break CTGAGAAGCCAT-3′. Amplifications were
performed with denaturation at 94◦C for 30 s, anneal-
ing at 56◦C for 20 s, and extension at 72◦C for 20 s.
The PCR products were digested with RsaI at 37◦C
overnight and analyzed on 2% agarose gel. The wild
type had a 210 bp fragment, homozygous variant had
164 and 46 bp fragments, and heterozygous variant
had all three fragments.

2.5. Genotyping of GSTM1

The assay for GSTM1 genotyping has been de-
scribed earlier[24]. Briefly, the primers used for the
GSTM1 gene were 5′-CTGCCCTACTTGATTGATG-
GG-3′ and 5′-CTGGATTGTAGCAGATCATGC-3′.
The human�-globin gene (110 bp) was also amplified
in each reaction as a positive control to confirm
the presence of amplifiable DNA in the samples. The
primers used for�-globin were 5′-ACACAACTGTG-
TTCACTAGC-3′ and 5′-CAACTCATCCACGTTC-
ACC-3′. The amplifications were carried out with
denaturation at 94◦C for 1 min 30 s, annealing at
52◦C for 1 min, and extension at 65◦C for 1 min. The
reaction products were then resolved using electro-
phoresis in 2% agarose gels. Individuals with one or
more GSTM1 alleles had 273 bp fragments.

2.6. Statistical analysis

The SAS 6.11 software was used for data anal-
yses. ANOVA was used to test the differences on
SCE frequency by smoking status, and genotypes.
SCE frequency was further compared using stratified
analysis by smoking (non-smokers, cigarette smoked



96 Y.C. Lei et al. / Mutation Research 519 (2002) 93–101

per day< 10, and cigarette smoked per day≥ 10)
and various genotypes XRCC1, GSTM1, mEH (exons
3 and 4) after adjusting for potential confounders. In-
teraction term of cigarettes smoked per day and geno-
types was also assessed in the general linear model
(GLM).

3. Results

Demographic characteristics and the genotype pre-
valence of study subjects are summarized inTable 1.
The mean age of the subjects was 32.4 ± 5.2 (S.D.)
years. Sixty-one subjects had mean SCE frequency of
7.8 ± 1.2. Smokers had higher SCE frequency than
non-smokers (8.4 versus 7.1, respectively;P < 0.05).
Twenty-seven (44.3%) subjects had GSTM1 func-
tional alleles, 35 (57.3%) had at least one mutation
site in mEH (exon 3) and 13 (21.3%) had one or more
mutation site in mEH (exon 4). XRCC1 codon 399
Arg/Gln + Gln/Gln variants was found in 47.5% of
subjects.

Crude and adjusted mean SCE frequency for the
joint effects of smoking and DNA repair gene XRCC1,
and metabolic traits GSTM1 and mEH (exons 3 and 4)
are shown inTable 2. Heterozygous and homozygous
variants for each genotype were combined to increase
sample size. Among smokers who had smoked greater
than 10 cigarettes per day, mean SCE frequency in
those with Arg/Gln + Gln/Gln of XRCC1 was sig-
nificantly higher than Arg/Arg carrier (9.0 versus 7.9,
P < 0.05), after adjusting for age, GSTM1, and mEH
(exons 3 and 4). To investigate whether the polymor-
phism of XRCC1 codon 399 modulate the effect of
cigarette smoking-induced SCE frequency, we eval-
uated interaction term between XRCC1 and smok-
ing status (non-smoker, cigarette smoked per day<

10, and cigarette smoked per day≥ 10). Signifi-
cant interaction between XRCC1 polymorphisms and
smoking were observed (P = 0.02). Among smok-
ers who had smoked less than 10 cigarettes per day,
subjects with GSTM1 null type had higher SCE fre-
quency than those with GSTM1 non-null type (8.6
versus 7.8). However, the relationship did not reach a
statistical significance. Similar but less prominent rela-
tionship between GSTM1 polymorphism was also ob-
served among smokers who had smoked greater than
10 cigarettes per day and among non-smokers. After

Table 1
Demographic characteristics and prevalence of glutathione
S-transferase M1, microsomal epoxide hydrolase, and X-ray
cross-complementing group 1 among workers stratified by smok-
ing status

Variables Smoking status

No Yes All

Number 31 30 61
Mean SCE frequency 7.1± 1.2a 8.4 ± 1.0 7.8± 1.2

Smoking
Pack-years 0 8.2± 5.1
Cigarette per day 0 11.7± 6.6

Age (year) 32.5± 5.3 32.2± 5.1 32.4± 5.2
Duration of

employment (year)
8.0 ± 5.0 5.4± 3.6 6.6± 4.5

Alcohol drinkingc

Yes 5 (16.1%)b 10 (66.7%) 15 (25%)
No 26 (83.9%) 20 (33.3%) 46 (75%)

GST M1
Null 19 (61.3%) 15 (50.0%) 34 (55.7%)
Non-null 12 (38.7%) 15 (50.0%) 27 (44.3%)

mEH (exon 3)
1–1 10 (32.3%) 16 (53.3%) 26 (42.6%)
1–2 15 (48.3%) 7 (23.3%) 22 (36.1%)
2–2 6 (19.4%) 7 (23.3%) 13 (21.3%)

mEH (exon 4)
1–1 24 (77.4%) 24 (80.0%) 48 (78.7%)
1–2 6 (19.3%) 6 (20.0%) 12 (19.7%)
2–2 1 (3.3%) 0 1 (1.6%)

XRCC1
Arg/Arg 16 (51.6%) 16 (53.3%) 32 (52.5%)
Arg/Gln 14 (45.2%) 11 (36.7%) 25 (40.9%)
Gln/Gln 1 (3.2%) 3 (10%) 4 (6.6%)

a Mean± S.D.
b Number (%).
c Alcohol drinking was defined as drinking greater than once

each week.

adjusting for age, XRCC1 and GSTM1, no signifi-
cant association of mEH exons 3 and 4 with cigarette
smoking-induced SCE was observed.

Further regression analysis between SCE frequency
and cigarettes smoked per day indicated that XRCC1
Arg/Gln + Gln/Gln genotypes had a significantly
steeper slope as compared with the Arg/Arg car-
rier (P < 0.05, Table 3). The association between
SCE and cigarette smoked per day with XRCC1
Arg/Gln + Gln/Gln variants and Arg/Arg carriers
are presented inFig. 1. A similar comparison of the
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Table 2
Crude and adjusted sister chromatid exchange frequency for the joint effect of smoking and DNA repair genes and metabolism traits

Smoking status Genotype N Crude SCE frequency
(95% CIa)

Adjusted SCE
frequencyb (95% CI)

XRCC1 (codon 399)
Non-smoker Arg/Arg 16 7.4 (6.8–8.1) 7.5 (6.9–8.0)

Arg/Gln + Gln/Gln 15 6.9 (6.3–7.4) 6.8 (6.3–7.4)
Cigarette per day< 10 Arg/Arg 2 8.4 (7.8–9.3) 8.5 (7.2–9.7)

Arg/Gln + Gln/Gln 4 8.1 (4.3–11.5) 7.9 (6.8–9.4)
Cigarette per day≥ 10 Arg/Arg 14 7.9 (7.4–8.4) 7.9 (7.4–8.6)c

Arg/Gln + Gln/Gln 10 9.1 (8.3–9.6) 9.0 (8.3–9.6)
P = 0.0003d P = 0.02e

GSTM1
Non-smoker Non-null 12 6.9 (6.3–7.4) 6.8 (6.2–7.5)

Null 19 7.4 (6.8–8.0) 7.3 (6.8–7.9)
Cigarette per day< 10 Non-null 3 7.9 (4.3–11.5) 7.8 (6.5–9.2)

Null 3 8.6 (7.8–9.3) 8.6 (7.3–10.0)
Cigarette per day≥ 10 Non-null 12 8.2 (7.6–8.6) 8.3 (7.6–9.0)

Null 12 8.6 (7.8–9.3) 8.6 (7.9–9.2)
P = 0.0032d

mEH (exon 3)
Non-smoker 1–1 10 6.8 (6.3–7.3) 6.8 (6.0–7.5)

1–2/2–2 21 7.3 (6.7–7.9) 7.3 (6.8–7.8)
Cigarette per day< 10 1–1 3 7.8 (4.6–10.9) 7.9 (6.6–9.3)

1–2/2–2 3 8.7 (7.4–10.0) 8.5 (7.2–9.8)
Cigarette per day≥ 10 1–1 13 8.4 (7.6–9.0) 8.4 (7.8–9.0)

1–2/2–2 11 8.3 (7.5–9.1) 8.4 (7.7–9.1)
P = 0.0035d

mEH (exon 4)
Non-smoker 1–2/2–2 7 6.6 (5.2–8.3) 6.7 (5.8–7.6)

1–1 24 7.4 (6.9–7.7) 7.2 (6.8–7.7
Cigarette per day< 10 1–2/2–2 1 8.1 (–) 8.1

1–1 5 8.9 (6.8–9.4) 9.2 (6.9–11.5)
Cigarette per day≥ 10 1–2/2–2 5 8.5 (8.0–9.0) 8.3 (7.2–9.4)

1–1 19 8.0 (6.4–9.5) 8.5 (8.0–9.0)
P = 0.003d

a CI: confidence interval.
b Adjusted SCE frequency adjusted for age, XRCC1, GSTM1, mEH (exon 3), and mEH (exon 4).
c P < 0.05, between XRCC1 Arg/Gln + Gln/Gln and Arg/Arg.
d P-value based on ANOVA test.
e Test for interaction between smoking status and XRCC1 polymorphisms.

regression lines obtained by cigarette smoked per day
and genotypes GSTM1 and mEH exons 3 and 4 did
not indicate a significant difference.

4. Discussion

We investigated the relationship between polymor-
phisms of DNA repair gene and metabolic traits, and

cigarette smoke-induced DNA damage. The results re-
vealed that DNA repair gene XRCC1 codon 399 mod-
ulated the relationship between cigarette smoking and
SCE frequency.

The prevalence of genetic polymorphisms of
XRCC1 Gln399 allele (27.8%) in the current study
was consistent with the study conducted by Lunn
et al. (26.0%) in a Taiwanese population[26]. The
prevalence of GSTM1 null genotype (55.7%) was
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Table 3
Effect of XRCC1, glutathioneS-transferase M1, microsomal epox-
ide hydrolase exons 3 and 4 on the relationship between sister
chromatid exchange and cigarette smoked per day

Intercept
(SCE)

Slope (SCE per
cigarette per day)

Slope difference
(P)a

XRCC1
Arg/Arg 6.86 0.022
Arg/Gln

+ Gln/Gln
9.17 0.11 0.02

GSTM1
Non-null 8.89 0.76
Null 8.93 0.08 0.4333

mEH exon 3
1–1 8.93 0.086
1–2/2–2 7.31 0.06 0.4530

mEH exon 4
1–1 9.23 0.0737
1–2/2–2 6.07 0.023 0.4567

a Comparison with the corresponding genotype.

similar to a previous study conducted in Taiwanese
descendants (60.6%)[27]. The prevalence of mEH
exon 3 (37.7%) and exon 4 (11.4%) alleles were also
close to a previous study with Asian control subjects
(mEH exon 3: 36.7%, mEH exon 4: 9.3%)[28].

Fig. 1. SCE frequency in study subjects with XRCC1 Arg/Arg and XRCC1 Arg/Gln+ Gln/Gln genotypes.

The results of our study support previous epi-
demiological studies that XRCC1 may play a role in
cigarette smoking-induced cancers. XRCC1 protein
participates in the BER pathway with DNA ligase
III, PARP and POL� (DNA polymerase�) [20]. It is
biologically plausible that the amino acid substitution
at codon 399 may alter the enzyme complex structure
leading to a deficiency of binding between PARP and
XRCC1 protein which may cause deficiencies in the
DNA repair capacity[20]. According to a study by
Sturgis et al.[23] on head and neck cancers, there
are increased risks for the XRCC1 Gln399 homozy-
gous variants compared with those with one or more
copies of the common allele. The odds ratio of head
and neck cancers between patients and control sub-
jects was more prominent in those who were current
smokers. A positive association of XRCC1 Gln399
allele with adenocarcinoma of lung and gastric cancer
have also been reported[5,29]. However, Stern et al.
[4] reported that the possible reduction in bladder
cancer risk among subjects with XRCC1 Gln399. A
recent study suggested that bladder cancer could be
modulated by XRCC3, but similar impacts were not
observed for XRCC1 and XPD[30]. Butkiewisz et al.
suggested that the polymorphisms in XPD repair gene,
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which involved in nucleotide excision pathway, may
be related to the risk of lung cancer[31]. It appears
that the association between DNA repair genotypes
and smoking-related cancers were less consistent.
Recently, Duell et al.[7] revealed that individuals
with XRCC1 Gln399 allele might be at greater risk
for tobacco-related DNA damage, which was con-
sistent with our findings. Cigarette smoke contains
not only potent carcinogens, such as benzo(a)pyrene
and 4-methylnitrosamino-1- (3-pyridyl)-1-butanone
(NNK), but also a large amount of reactive oxygen
species (ROS). Studies have shown that bulky adducts
induced by specific chemical carcinogens were re-
paired through nucleotide excision repair (NER)
pathway[32], whereas, single strand breaks and ox-
idative damage were repaired by base excision repair
(BER) pathways[21]. Thus, it seems plausible that
DNA damage caused by ROS in cigarette smoke may
be repaired by XRCC1. Furthermore, the increase
of 8-hydroxydeoxyguanine in DNA may be repaired
through the BER pathway[33,34]. XRCC1 gene
polymorphism also appeared to be associated with
reduced repair of NNK-induced genetic damage[35].

Earlier studies have indicated that the GSTM1 null
genotype is associated with lung cancer, and that
the risk of lung cancer increased with the amount of
cigarette smoking[36,37]. Other investigators also
found that cigarette-related DNA adducts and chromo-
some breakages were higher in GSTM1 null genotype
individuals than GSTM1 non-null individuals among
smokers[38,39]. In this study, subjects with GSTM1
null genotype had higher mean SCE frequency than
subjects with GSTM1 non-null genotype particularly
in smokers who smoked less than 10 cigarettes per
day, although the association did not reach a statisti-
cal significance because of small sample size. Similar
finding was also observed in a earlier study which
revealed that the effect of GSTM1 null type on lung
cancer was more prominent in those with low dose of
cigarette smoking[40]. It is thus conceivable that de-
ficiency in GST activity may modulate susceptibility
to smoking-induced cancers.

Effects of mEH exons 3 and 4 were not observed
on cigarette-related SCE frequency in this study.
mEH metabolizes polycyclic aromatic hydrocarbons
and carcinogens found in cigarette smoke[13]. Poly-
morphisms in exons 3 and 4 of the mEH gene have
been found to alter mEH activity[14]. However,

the relationships between mEH genotype and lung
cancer risk has been inconsistent. Wu et al. reported
that the mEH exon 4 polymorphisms may be asso-
ciated with an increased lung cancer risk[41], and
Benhamou et al. found significant association be-
tween mEH activity and lung cancer[17]. However,
Zhou et al. suggested that there was no relationship
between mEH genotypes and lung cancer[42]. More-
over, Smith and Harrison[16] suggested an increased
risk of smoking-induced emphysema for those with
low activity of mEH exon 3. Another study indicated
that the polymorphism of mEH is not associated with
susceptibility to emphysema in Japanese population
[43]. Further study is needed to clarify the role of
mEH in smoking-related carcinogenesis.

Other metabolic traits including CYP1A1 and
CYP2D6 may also modulate the SCE frequency
caused by cigarette smoke. Because these metabolite
traits usually catalyze bulky chemicals, which are less
relevant to XRCC1, and their prevalence is relatively
low, they were not considered in the current analysis.

Although based on relatively small numbers, our
results suggest that XRCC1 polymorphisms may
play an important role in cigarette smoke-induced
DNA damage. Our study also supports previous epi-
demiological studies that XRCC1 may play a role
in cigarette smoking-induced cancers.This study was
supported by Grants NSC 86-2621-B-002-010, NSC
87-2621-B-002-010, and NSC 89-2314-B-002-389
from the National Science Council, Taiwan.
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