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Smoking-associated bulky DNA adducts in bronchial tissue related
to CYP1A1 MspI and GSTM1 genotypes in lung patients
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Relationships between smoking status and levels of bulky
DNA adducts were investigated in bronchial tissue of lung
patients in relation to their GSTM1 and CYP1A1 MspI
genotypes. A total of 150 Hungarian patients undergoing
pulmonary surgery were included in the study, 124 with
lung malignancies and 26 with non-malignant lung condi-
tions. There were significant relationships between smoking
status and bulky DNA adduct levels, as determined by32P-
post-labelling analysis, in macroscopically normal bron-
chial tissues. There was a highly significant difference in
the adduct levels of a combined group consisting of current
smokers and short-term ex-smokers (ø1 year abstinence)
compared with life-time non-smokers and long-term ex-
smokers (.1 year abstinence) (P 5 0.0001). The apparent
half-life was estimated to be 1.7 years for bulky DNA
adducts in the bronchial tissue from ex-smokers. There were
no statistically significant correlations between (i) daily
cigarette dose and DNA adduct levels in current smokers,
(ii) DNA adduct level and histological type of lung cancer,
or (iii) GSTM1 and CYP1A1 MspI genotypes and DNA
adduct levels after adjustment for either smoking status
or malignancy. By multiple logistic regression analysis,
smoking and GSTM1 null genotype were found to be risk
factors for squamous cell carcinoma. However, bulky DNA
adduct levels in bronchial tissue did not appear to be a
statistically-significant risk factor for the major histological
types of lung cancer.

Introduction

Epidemiological studies indicate that tobacco smoking is a
major causative factor for lung cancer (1). Cigarette smoke
has .4000 chemical constituents, of which at least 43 are
animal carcinogens and some are known to be human carcino-
gens. Polycyclic aromatic hydrocarbons (PAHs*), including
benzo[a]pyrene, aromatic amines, such as 4-aminobiphenyl,
tobacco-specific nitrosamines and free radical species may
contribute to the carcinogenic and mutagenic activity of
cigarette smoke (2). Metabolic activation of potentially carcino-
genic chemicals and the covalent binding of the reactive

*Abbreviations: PAH, polycyclic aromatic hydrocarbon; CYP, cytochrome
P450; GST, glutathione S-transferase; PCR, polymerase chain reaction; TLC,
thin-layer chromatography; TBE, Tris–borate and EDTA; AHH, aryl hydrocar-
bon hydroxylase.
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carcinogen metabolites to DNA are considered key events in
tumour initiation (3–5).

Many components of cigarette smoke are both activated and
detoxified by combinations of phase I and phase II enzymes.
The principal enzyme families involved in these reactions are
the cytochrome P-450s, epoxide hydrolases, glutathioneS-
transferases, uridine 59-diphosphoglucuronyltransferases and
N-acetyltransferases (6). There are large interindividual vari-
ations in enzyme activities (7–9), carcinogen–DNA adduct
formation (10,11) and DNA repair activity in target and non-
target human tissues (12–14). The phenotypic and/or genetic
polymorphisms of particular enzymes in the complex of
activating and detoxifying mechanisms (15–17) may affect
particular metabolic pathways and the overall metabolic bal-
ance (18–20). Therefore genetic factors may have a substantial
influence on individual cancer risk (21). Cytochrome P4501A1
activates PAHs by mono-oxygenation (22). In a Japanese
population (23,24) significant correlations were observed
between lung cancer and homozygosity of the rareMspI variant
allele of CYP1A1, and between lung cancer and a point
mutation in the gene that results in a Ile to Val replacement.
However, neither polymorphism was found to correlate with
lung cancer risk in a Finnish population (25). The Mu class
of glutathioneS-transferases has been shown to have a rela-
tively high specific activity towards epoxides (26), andGSTM1
gene deficiency has been found to be a moderate risk factor
for lung cancer development in a meta-analysis (27).

The relationship betweenCYP1A1 and GSTM1 genetic
polymorphisms and the levels of bulky or PAH–DNA adducts
in the lung and in peripheral white blood cells has been the
subject of recent investigations with regard to tobacco smoking
and the interaction with micronutrient antioxidants (28–30).
Those results indicated either weak associations or a lack of
statistically-significant associations between these biomarkers,
and call for further extensive studies in various geographical
populations in order to elucidate the role of genetic factors in
the metabolic activation of tobacco-derived procarcinogens. In
the present work we have investigated the relationships between
CYP1A1 MspI and GSTM1 genotypes, smoking status and
bulky DNA adduct levels in the bronchial tissue in a population
of Hungarian patients undergoing lung surgery.

Materials and methods
Study population
Hungarian patients (n 5 150) undergoing pulmonary surgery for lung cancer
or other lung conditions were included in the study. The patients were admitted
for lung surgery to the Thoracic Surgical Clinic of the National Institute of
Pulmonology, Hungary, from countrywide, and represent a random subset of
patients operated on by one surgical team during a 2-year period. Information
on smoking history and life-style was obtained from the patients by interview
with informed consent. The study population is described in Table I.

Of the 150 individuals, 84.7% had smoked during a period of their lives,
and 54.7% were current smokers who smoked up to the day of the surgery.
Of the patients, 82.7% had lung malignancy and 40.7% were diagnosed as
having squamous cell carcinoma and 27.3% as having adenocarcinoma. There
were 26 patients with non-malignant lung conditions, which was 17.3% of
the subjects. Of the patients, 24% were women.
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Table I. Descriptive data of the study population

Smoking status Number of Number of males/ Age rangeg Mean age6 Number of cancer patients Number of non-
patients (%) femalesf SD SQ/A/SC/LC/OTd cancer patients

All patients 150 (100) 114/36 22–74 53.16 9.5 124 26
61/40/6/9/9e

Current smokersa 82 (54.7) 66/16 22–68 52.36 9.4 70 12
40/19/3/6/2

Short-term ex-smokersb 25 (16.7) 20/5 38–69 54.86 8.8 23 2
9/7/3/3/2e

Long-term ex-smokersc 20 (13.3) 16/4 34–74 55.76 9.8 17 3
9/6/0/0/2

Life-time non-smokers 23 (15.3) 12/11 30–69 52.16 10.4 14 9
3/8/0/0/3

aCurrent smokers who smoked up to the day of the pulmonary surgery.
bFormer smokers who gave up smoking for a maximum of 1 year before surgery (range: 1 week–1 year).
cFormer smokers who gave up smoking for.1 year before surgery (range: 2–20 years).
dSQ, squamous cell carcinoma; A, adenocarcinoma; SC, small-cell carcinoma; LC, large-cell carcinoma; OT, other types of lung malignancy (carcinoid
tumour, carcinosarcoma, Hodgkin lymphoma, leiomyosarcoma, melanoma metastasis). Non-malignant lung diseases included abscess, pulmonary
actinomycosis, benign adenoma, aspergilloma, bronchiectasis, pulmonary fibroma, pulmonary hamartoma, chronic pneumonitis, tuberculosis, hydatidoma,
cystadenoma, arteriovenous fistula, lymphocytoma, stenosis.
eOne patient with double cancer (squamous cell and small-cell carcinoma).
fThe male/female ratio for malignancy: 95/29; for non-malignancy: 19/7.
gThe age range for malignancy: 22–74; for non-malignancy: 30–67.

Isolation of DNA from bronchial tissue
Samples of macroscopically-normal bronchial tissue (200–600 mg) were
obtained from the resected lobes of patients with malignant and non-malignant
lung diseases, and the tissues were stored at –80°C prior to DNA isolation.
Cartilage was removed and a homogenate was prepared from the combined
mucous membrane and bronchial wall with stroma in 10 mM EDTA.
DNA was isolated by a phenol–chloroform isolation procedure as described
previously (31).

Determination of the levels of bulky DNA adducts by32P-post-labelling
Adduct enrichment by nuclease P1 was applied for sensitivity enhancement
in the 32P-post-labelling procedure. The procedure was performed with 4µg
bronchial DNA as described previously (10,32), except that 35µCi carrier-
free [γ-32P]ATP (end-labelling grade, ICN Biomedicals, CA, USA) was used
for labelling instead of laboratory-synthesized32P-labelled ATP in a T4
polynucleotide kinase-catalysed reaction. The presence of excess ATP
remaining at the end of the labelling reaction was verified by thin-layer
chromatography (TLC) of an aliquot of the reaction mixture. Two-dimensional
chromatograms of the32P-labelled DNA digests were developed as described
elsewhere (33). Autoradiography of the chromatograms was at –80°C for 2–
4 days. Radioactivity present in the characteristic diagonal zones and in
individual spots, as well as of a blank area adjacent to the diagonal zone, was
determined by Cerenkov counting of the excised areas of the chromatograms.
The calculation of the levels of32P-labelled adducts was derived from the
specific activity of [γ-32P]ATP, which was determined by isotope-labelling of
dAp (32). The specific activity of [γ-32P]ATP was within the range of 1460–
3390 Ci/mmol. Values of DNA adduct levels were obtained from two to four
determinations in separate labelling assays. The assay variability was 25.46
19.6% (mean6 SD).

Identification of genetic polymorphisms
GSTM1genotype was determined by polymerase chain reaction (PCR) using
the three oligonucleotide primers described by Zhonget al. (34) and Hirvonen
et al. (35). The total volume of the PCR reaction mixture was 100µl,
containing 0.6µg genomic DNA, 10µl 103 PCR buffer (Promega, Madison,
WI), 1.5 mM MgCl2, 0.2 mM each of dATP, dCTP, dGTP and dTTP, 0.5µM
of each primer and 1.5 U Taq polymerase (Promega, Madison, WI). Thirty
repetitions of a temperature cycle of 94°C for 1 min, 52°C for 1 min and
72°C for 1 min, were performed. The PCR products were run on 2%
agarose gels in TBE (44.5 mM Tris–borate, 0.8 mM EDTA, pH 8.0)
electrophoresis buffer.

CYP1A1 MspI genotype was determined by PCR using the two oligonucleo-
tide primers described by Hayashiet al. (24). A total volume of 25µl reaction
mixture contained 0.3µg genomic DNA, 2.5µl 103 PCR buffer (Promega),
2.0 mM MgCl2, 200 µg/ml bovine serum albumin, 0.2 mM each of dATP,
dCTP, dGTP and dTTP, 0.5µM of each primer and 0.5 U Taq polymerase
(Promega). After the initial denaturation step at 95°C for 1 min, 35 cycles of
94°C for 1 min and 70°C for 1.5 min were run. The PCR product was digested
at 37°C for 2.5 h in a reaction mixture by adding 1µl 103 RFLP buffer ‘L’
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(Boehringer Mannheim, Germany) and 2.5 UMspI (10 U/µl, Boehringer
Mannheim, Germany) to 10µl PCR product. The PCR products were run on
1.8% agarose gels in TBE electrophoresis buffer.

Statistical analysis

Mann–Whitney’sU-test was used for analysing the differences in DNA adduct
levels in relation to (i) smoking status, and (ii) individualGSTM1 and/or
CYP1A1 MspI genotypes. Linear and non-linear regression analyses were used
for calculations of the time course of elimination of DNA adducts in former
smokers. Multiple logistic regression analysis was performed for the assessment
of possible risk factors for lung cancer. Two-tailedP-values were calculated
for the determination of statistical significance.

Results

Smoking status and bronchial DNA adduct levels
The majority of the autoradiographic maps of32P-labelled
DNA digests showed the characteristic diagonal zone of
radioactivity containing unresolved or partially-resolved spots:
these are the most commonly observed DNA adduct patterns
induced by tobacco-smoke and complex PAH exposure. Eight
typical autoradiographic maps are presented in Figure 1. The
DNA adduct maps of the two current smokers (c,d) and short-
term ex-smokers (e,f) show much higher radioactivity than the
autoradiographs of the two life-time non-smokers (a,b) and
two long-term ex-smokers (g,h), which have similar intensities.

Overall, there were large, 15-fold interindividual differences
in the DNA adduct levels of the patients, in the range of 1.4
to 21.0 adducts/108 nucleotides. DNA adduct level of the
current smokers was 7.86 4.0 adducts/108 nucleotides and of
the short-term ex-smokers 10.66 4.1 adducts/108 nucleotides.
Adduct level determined in the samples from life-time non-
smokers was 6.26 3.8 adducts/108 nucleotides and from the
long-term ex-smokers 5.86 4.0 adducts/108 nucleotides. If
the related smoking-based categories are combined, i.e. current
smokers with short-term ex-smokers (8.56 4.1) and life-time
non-smokers with long-term ex-smokers (5.76 3.2), the
differences between these two combined groups are highly
significant (P 5 0.0001).

The DNA adduct levels of the former smokers were analysed
as a function of time of abstinence from smoking. There was
a highly significant linear relationship between DNA adduct
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Fig. 1. Typical two-dimensional autoradiographs of PEI-cellulose TLC sheets of32P-post-labelled digests of DNA from human bronchial tissues. (a, b) Life-
time non-smokers; (c, d) current smokers who smoked up to the day of surgery; (e, f) short-term ex-smokers who stopped smoking,1 year before surgery;
(g, h) long-term ex-smokers who stopped smoking longer than 1 year before surgery. Autoradiography was at –80°C for 3 days, except for (c) and (h) where
it was for 4 days. (The small dots of radioactive ink at the peripheries of the TLC maps served a technical purpose.)

levels and logarithm of time of abstinence from smoking (n 5
45, r 5 –0.471, P 5 0.001). This function suggests an
exponential elimination of DNA adducts from the bronchial
tissue of former smokers with a fast early, and a slower later
phase. We determined the apparent half-life from a one-phase
exponential decay model. The half-life of DNA adducts was
calculated to be 1.7 years from the equation of the model
(Figure 2).

In current smokers, there was no correlation between daily
or cumulative cigarette dose and DNA adduct levels (r 5
–0.0076 and 0.0072, respectively).

Tumour type, gender and bronchial DNA adduct levels
DNA adduct levels were very similar in the various histological
categories. There was no difference between the malignant
and non-malignant group (7.76 4.1 adducts/108 nucleotides,
n 5 124; 7.76 4.3 adducts/108, n 5 26, respectively). DNA
adduct levels did not show statistically significant differences
in the squamous cell, large-cell, small-cell and adenocarcinoma
subgroups. The mean adduct levels were in the range 7.5 to 8.2
adducts/108 nucleotides in those four histological categories.

DNA adduct levels were the same in smoking male and
female patients, with levels of 7.86 4.0 adducts/108 nucleo-
tides in males (n 5 66) and 7.96 3.9 in females (n 5 16).
There was no correlation between the daily or cumulative
cigarette dose and DNA adduct levels in males and females
separately (P-values in the range of 0.45 to 0.81). If data were
adjusted for daily cigarette dose, there was still no significant
difference between DNA adduct levels in males and females
(P 5 0.80).

Genetic polymorphisms and bronchial DNA adduct levels
The frequency ofGSTM1andCYP1A1 MspI genotypes in the
study population is shown in Table II. There was a significant
difference in the ratio ofGSTM1positive and null genotype
between the patients with malignant diseases and non-malig-
nant lung conditions (P , 0.05). The possible influence of
GSTM1and/orCYP1A1 MspI genotypes on the levels of DNA
adducts was investigated in association with four combinations
of the two genetic polymorphisms. The results are given in
Table III. The DNA adduct levels were very similar in each
of the four genotype combinations, without any significant
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Fig. 2. Relationship between levels of bulky DNA adducts in the bronchial
tissue and the time of abstinence from smoking in former smoker
lung-surgery patients. The points represent individual DNA adduct levels
determined from two to four replicate analyses (n 5 45). Equation of the
one phase exponential curve-fitting model for the study population for
elimination of bulky DNA adducts: DNA adduct level5
6.5 3 exp(–0.403 years)1 5.1, half-life: 1.7 years.

Table II. Frequency ofGSTM1andCYP1A1 MspI polymorphisms in a
Hungarian study population

GSTM1genotypesa CYP1A1 MspI genotypes

Positive Null m1/m1 m1/m2 m2/m2

Malignant (n) 52 67 85 25 2
lung disease (%) 43.7 56.3 75.9 22.3 1.8

Non-malignant (n) 25 14 20 5 0
lung disease (%) 64.0 36.0 80.0 20.0 0.0

aP , 0.05 for theGSTM1genotype frequency distribution between the
malignant and the non-malignant disease group.
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Table III. Relationship between combinedCYP1A1 MspI and GSTM1genotypes and levels of bulky DNA adducts, as determined by32P-post-labelling, in
bronchial tissue of lung surgery patients

Genotype DNA adducts/108 nucleotides
Mean values6 SD (number of patients)

Smokersa Non-smokersb Malignant Non-malignant

CYP1A1 MspI m1/m1 & GSTM1positive 8.46 3.8 (40) 7.46 4.0 (10) 8.36 3.8 (37) 8.26 4.0 (13)
CYP1A1 MspI m1/m1 & GSTM1null 8.7 6 4.4 (36) 5.56 3.2 (18) 7.86 4.2 (48) 6.76 4.6 (6)
CYP1A1 MspI m1/m2 or m2/m2 &GSTM1positive 9.06 5.3 (10) 5.66 2.1 (4) 7.36 4.8 (11) 10.96 4.3 (3)
CYP1A1 MspI m1/m2 or m2/m2 &GSTM1null 9.5 6 4.1 (12) 5.16 3.0 (6) 8.36 4.1 (16) 6.0 (2)

aSmokers: current smokers, who smoked up to the day of surgery and short-term ex-smokers, who stopped smoking,1 year before surgery.
bNon-smokers: life-time non-smokers and long-term ex-smokers, who stopped smoking.1 year before surgery.

quantitative influence being exerted by the genotypes. There
was a trend of slight increase related toGSTM1null genotype
for smokers (line 1 versus 2, line 3 versus 4) but the opposite
trend was obtained for non-smokers. There was also a trend
of slight increase related to the presence ofCYP1A1m2 allele
for smokers (line 1 versus 3, line 2 versus 4), however, the
opposite trend was observed for non-smokers. If the group of
malignant cases was subdivided for smoking status, the trend
for GSTM1null genotype was unchanged but the trend for the
m2 allele disappeared.

Multiple logistic regression analysis was performed in order
to identify the contribution of proposed major risk factors to
the development of lung cancer. The variables of the statistical
analysis were positive smoking history, which included all
subjects who had ever smoked at least for a period of
their lives, GSTM1 null genotype, theCYP1A1 MspI rare
heterozygous and rare homozygous genotypes, and bulky DNA
adduct level. DNA adduct level in the bronchial tissue was
not found to be a statistically significant risk factor for lung
malignancy in the total lung patient population (OR, 0.98;
95% CI, 0.87–1.10) or for the histological categories of
squamous cell carcinoma, large-cell carcinoma and adeno-
carcinoma. The results of the analysis suggested that smoking
andGSTM1null genotype were risk factors for lung malignancy
involving all histological categories (P 5 0.002; OR, 6.23;
95% CI, 1.97–19.8 andP 5 0.02; OR, 3.31; 95% CI, 1.20–
9.09, respectively), and for squamous cell carcinoma (P 5
0.001; OR, 22.8; 95% CI, 3.44–151.2 andP 5 0.004; OR,
6.44; 95% CI, 1.83–22.7, respectively).

Discussion

The genetic polymorphisms of cytochrome P450s and gluta-
thione S-transferases have been the subjects of many recent
investigations in association with various human cancers
(27,36–41). Smoking-related DNA adducts have also been
widely investigated in attempts to identify exposure–response
relationships in target and non-target human tissues (42). In
the present work we have examined the influence ofGSTM1
and CYP1A1 MspI genotypes on bronchial aromatic DNA
adduct levels in patients with malignant and non-malignant
lung diseases.

The autoradiographs of the32P-labelled digests of bronchial
DNA samples showed the characteristic broad diagonal zone
of radioactivity, which has been observed in many other studies
on smoking-associated DNA damage in human tissues (43,44).
The components present in the DNA adduct patterns have not
been identified so far. Some of the components of the DNA
adduct mixtures found in smokers might be expected to
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originate from carcinogens possessing bulky structures, and
that include PAHs. The radioactive zone often seen in auto-
radiographic maps from life-time non-smokers, as shown in
Figure1a and b, could derive from many environmental sources
except active smoking. The presence of PAH–DNA adducts
in human lung and white blood cells has been demonstrated
by immunoassay (45), and benzo[a]pyrene–DNA adducts have
been identified in smokers’ lung tissue by physico-chemical
analyses (46–48).

Higher levels of bulky DNA adducts have been found, using
32P-post-labelling, to be present in many tissues of smokers,
including bronchus (10,12,49), peripheral lung (50), larynx
(51), oral cavity (52), nasal mucosa (53), bladder (54) and
cervix (55), compared with non-smokers. Our results are in
agreement with these findings. We calculated an apparent half-
life of ~1.7 years for bulky DNA adducts in the bronchial
tissue from ex-smokers. This value involves some uncertainties
concerning the self-reported length of abstinence from smoking
and the large interindividual variation in adduct levels in
short-term ex-smokers. A 4-year post-smoking elimination of
smoking-induced DNA adduct levels in bronchial tissue was
demonstrated by Dunnet al. (12), and the association between
years since quitting smoking and bronchial DNA adduct levels
was also statistically significant in that study. The presence of
DNA adducts in former smokers’ bronchial tissue may depend
in part, on the long persistence of particular DNA adducts,
but may also be a consequence of the slow release and
activation of PAHs from tar and particulate material that
persists in the lungs.

We did not find a correlation between daily or cumulative
cigarette smoking and bulky DNA adduct levels among current
smokers. This is in contrast to earlier analysis of a smaller
study population (10), and to previous findings in peripheral
lung (50). Dunnet al. (12) observed a positive trend between
cigarette consumption and bronchial DNA adduct levels, which
was, however, not significant. In a Norwegian population of
patients with non-small-cell lung cancers, the correlation
between adduct levels and the number of cigarettes smoked
daily had only low significance (29). In the study by Ryberg
et al. (29), higher DNA adduct levels were detected in smoking
women than in smoking men, but the difference was of
borderline significance. In the present study, there was no
significant difference between the adduct levels of smoking
males and females; however, the female patients smoked
significantly less than the male patients. We did not find
statistically significant differences between the bronchial DNA
adduct levels of lung-cancer and non-cancer patients, which
is in contrast to other investigators’ findings in bronchial tissue
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(12). In the study by Tanget al. (56), PAH–DNA adduct levels,
as determined by immunoassay, did not show a statistically
significant difference in either tumour or non-tumour lung
tissues in relation to smoking status. It is conceivable that,
with increasing target dose of tobacco carcinogens, a saturation
of DNA adduct levels occurs, whereby higher levels of
damage increase the probability of cell death, or DNA repair
mechanisms are induced.

Pulmonary drug metabolism can be altered by tobacco
smoking (7). Smoking was the most important factor found to
be related to the presence of P4501A and aryl hydrocarbon
hydroxylase (AHH) activity in lung tissue (57), and a positive
linear correlation was found between AHH activity and bulky
DNA adduct or benzo[a]pyrene diol-epoxide–DNA adduct
levels (48,58). The association betweenCYP1A1genetic poly-
morphisms and functional significance is not well understood
(59). On the other hand, many environmental carcinogens may
be inactivated by conjugation with glutathione, which prevents
their binding to DNA. GSTs of the Mu class showed the
highest activities towards most epoxides, including benzo[a]-
pyrene 7,8-diol 9,10-epoxide (26,60). GSTM1 is only present
at low levels in the lung (61) and therefore, its effect on DNA
adduct formation in the lung might be indirect through,
for example, distant metabolism and/or in association with
other GSTs.

In the present work no obvious correlation was found
between the combinedCYP1A1 MspI and GSTM1genotypes,
and DNA adduct levels in bronchial tissue in any of the
applied statistical evaluations. DNA adduct level was not
found to be a statistically-significant risk factor for lung cancer.
Ryberg et al. (62) demonstrated a marginally significant
difference betweenGSTM1 null genotype and bulky DNA
adduct levels, as determined by the32P-post-labelling tech-
nique, in lung tissue from lung cancer patients.

Kato et al. (63) used a combination of32P-post-labelling
and immunoaffinity chromatography to enhance the specificity
for PAH–DNA adduct determination in human lung tissue.
CYP1A1Ile/Val rare genotypes did not correlate with the DNA
adduct levels. Only nine out of 90 samples had detectable
amounts of PAH–DNA adducts, and a significant association
was reported between adduct level and theGSTM1 null
genotype.CYP2D6and CYP2E1genotypes were associated
with 7-methyl–dGMP adduct levels, particularly in subjects
who had low serum cotinine levels, which indicates that they
were not current smokers. Other studies on the relationship
between genetic polymorphisms and PAH–DNA adducts, or
bulky DNA adducts in blood lymphocytes, or total white blood
cells have not indicated an association (30,64,65), apart from
a single small study of chimney sweeps (66).

In conclusion, our present study and related research do
not suggest the existence of close quantitative relationships
between smoking-related, bulky hydrophobic DNA adducts
andCYP1A1 MspI andGSTM1genetic polymorphisms. In the
multifactorial process of tobacco-derived carcinogen activation
and the induction of lung cancer, the specific role of these
genotypic differences in carcinogen metabolizing enzymes
remains to be established.
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