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T he aim of this study was to investigate the relationship between genetic
polymorphism of metabolic enzymes and DNA adduct levels in lymphocytes of low dose
cigarette smokers (less than 20 cigarettes per day). We previously reported the effects of
cytochrome P4501A1 (CYP1A1) and glutathione S-transferase M1 (GSTM1) on
lymphocyte DNA adducts.  This time we considered not only CYP1A1 and GSTM1 but
also cytochrome P4502E1 (CYP2E1) and glutathione S-transferase T1 (GSTT1). DNA
adducts in lymphocytes obtained from low dose cigarette smokers (n = 41) and non-
smokers (n = 56) were measured by the 32P-postlabelling method. The adduct levels were
compared regarding smoking status and polymorphic genotypes of these four enzymes.
T he mean ± SD of DNA adduct levels in all low dose cigarette smokers and non-smokers
was 1·05 ± 0·83 per 108 nucleotides and 0·85 ± 0·35 per 108 nucleotides, respectively. In low
dose cigarette smokers, adduct levels were higher in the rare homozygous (MM) for
CYP1A1-exon 7 polymorphism compared with the other types such as common
homozygous (WW) and heterozygous (WM). CYP1A1-WM, MM in combination with
G ST M1 null showed highest adduct level among low smokers.  The low smokers with rare
homozygous for CYP2E1 Dra1 polymorphism tended to have lower adduct levels than
wild types. Low dose cigarette smokers with combined GSTM1 null and T1 null had a
higher tendency for adduct levels than others. However none of the differences reached
statistical signi�cance.
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Introduction
Most environmental carcinogens require metabolic activation by Phase I

enzymes; cytochrome P-450 (CYP). Activated metabolites of carcinogens are
detoxi� cated by Phase II enzymes; glutathione S-transferase (GST). CYP and
GST have been known as polymorphic enzymes. Susceptibility markers such as
genetic polymorphism of metabolic enzymes related to higher risk of developing
cancer have attracted much attention in recent years. Several epidemiological
studies reported that the combination of genotypes of a homozygous rare allele of
the CYP1A1 gene and the GSTM1 null was related to high risk of lung cancer
(Hayashi et al. 1992, Alexandrie  et al. 1994). In particular, in low dose cigarette
smokers, the genetic difference in lung cancer susceptibility derived from
combined polymorphism of GSTM1 and CYP1A1 was remarkably large, although
the difference was decreased in high dose smokers (Nakachi et al. 1993).

Recently cytochrome P4502E1 (CYP2E1) or glutathione S-transferase T1
(GSTT1) has been noticed in experimental or epidemiological studies of

BIOMARKE RS , 1998, VOL . 3, N O. 1, 63–71

1354-75 0X /98 $12.00 © 1998 Taylor and Francis Ltd

* To  whom correspondence should be addressed.

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

C
ha

ng
hu

a 
C

hr
is

tia
n 

H
os

pi
ta

l o
n 

11
/1

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



carcinogens. Uematsu et al. (1994) reported that in low smoking exposure, the 
Dra 1 polymorphism of the CYP2E1 gene is associated with susceptibility to lung
cancer. Schröder et al. (1995) reported that GSTT1 polymorphism in�uences
background SCE rate. Deakin et al. (1996) indicated that GSTT1 null genotypes
did not increase in the lung, oral or gastric cancer cases compared with controls, 
but the frequency of this genotype signi�cantly increased in the colorectal cancer
cases.

Hypothetically, the genetic difference of metabolic enzymes occurring as
genetic polymorphism has been thought to lead to the individua l variation of DNA
adduct formation. Studies on the genetic polymorphism are currently extended to
DNA adduct analysis in lung tissue, considering the effects of CYP1A1 and
GSTM1 (Shields et al. 1993, Bartsch et al. 1995), CYP1A1, 2D6, 2E1 and
GSTM 1 (Kato et al. 1995), and in peripheral blood cells, considering the effects of
GSTM1 (Grinberg-Funes et al. 1994), CYP1A1 and GSTM1 (Ichiba et al. 1994 ,
1996, Rothman et al. 1995, Hemminki et al. 1997, Mooney et al. 1997), GSTM1
and NAT2 (Hou et al. 1995, Nielsen et al. 1996a, b). However, the results
concerning the in�uence of genetic polymorphism on DNA adduct levels have not
been consistent.

In this study, we analysed the relationship between DNA adducts and the
genetic polymorphism for not only CYP1A1 and GSTM1 but also other gene
mutations, such as CYP2E1 and GSTT1, particularly in low dose cigarette
smokers.  This is the �rst report dealing with the effect of CYP2E1 and GSTT1
polymorphism on DNA adducts in lymphocytes.

Subjects and methods
T he subjects were 97 adult men, 41 low dose cigarette smokers (36 ± 15 years old, less than 20

cigarettes per day) and 56 non-smokers (38 ± 14 years old), who were selected from our previous study
(Ichiba et al. 1996). Heparinized venous blood and urine samples were obtained from them. DNA was
isolated from lymphocytes by the method using RNAase, protease digestion and ethanol precipitation
(Kendall et al. 1991). DNA samples thus prepared were stored at –80 °C until analysis.

T he nuclease P1 modi�cation of the 32P-postlabelling method (Reddy and Randerath 1986, Ichiba et
al. 1996) was used for the measurement of DNA adducts.  For this measurement, 5 m g of DNA was
digested with micrococcal nuclease, spleen phosphodiesterase and nuclease P1. The digested material
was dried and taken up in a total of 2 m l of T4 polynucleotide kinase labelling mixture containing 
[ g -32P]AT P.  The labelled samples were spotted and developed on polyethyleneim ine-cellulose thin layer
chromatography (TLC) plates (Macherry-Nagel, Germany) using three solvent systems: D1, 1 M

sodium phosphate, pH 6·0; D3, 3·6 M lithium formate, 8·5 M urea, pH 3·5; D4, 0·8 M lithium chloride,
0·5 M Tris, 8·5 M urea, pH 8·0. DNA adducts were detected using a Bio-Image Analyzer (BAS2000;
Fuji Photo Film Co., Tokyo, Japan) after exposing TLC plates to the Fuji imaging plate. A diagonal
radioactive area on the TLC plates was counted and a background level obtained from the same plate
was subtracted. The measurements were performed in duplicate or triplicate for each sample.  The
results were given as a total number of adducts per 108 normal nucleotides.

Restriction fragment length polymorphism of CYP1A1 gene was performed by the methods of
Oyama et al. (1995). For CYP1A1, the Ile-Val polymorphism (exon 7) results in population subgroups
corresponding to genotype Ile/Ile (W/W), Ile/Val (WM) and Val/Val (MM). We missed one subject for
CYP1A1 analysis. Restriction endnuclease Dra1 polymorphism of the 2E1 gene (intron 6) was
performed by the method of Uematsu et al. (1994). Subjects were divided into three groups,
homozygous wild type (DD), heterozygous (CD) and homozygous mutant (CC). We missed three
subjects for CYP2E1 analysis.  The analysis of the GSTM1 gene was performed according to the
method of Groppi et al. (1991). GSTT1 gene was performed according to the method of Nelson et al.
(1995). Polymorphism results in population subgroups corresponding to genotype GSTM1 or T1
present (+) and null (–).

Differences in frequency for genetic polymorphism were assessed by the c 2 test. DNA adducts data
were log transformed before statistical analysis. Difference in adduct levels were assessed by ANOVA
among three groups and Student’s or Welch’s t-test for two groups.
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Results
T able 1 shows the distribution frequencies  for four genotypes in low dose

cigarette smokers and non-smokers.  There was no signi� cant difference in the
frequencies for genotypes between low dose cigarette smokers and non-smokers,
although CYP1A1 showed a difference which approached statistical signi�cance
(p = 0·07).

T he mean ± SD of DNA adduct levels in all low dose cigarette smokers and
non-smokers was 1·05 ± 0·83 per 108 nucleotides and 0·85 ± 0·35 per 108 nucleotides,
respectively (�gure 1). The adduct levels were compared among four separate
genotypes in low dose cigarette smokers and non-smokers (table 2). The DNA
adduct levels for each genotype were higher, although not signi�cantly, in low dose
cigarette smokers than in non-smokers, in particular, CYP2E1-DD types (p = 0·16).
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T able 1. Genotype frequencies in low dose cigarette smokers and non-smokers.

Low smoker Non-smoker All p

CYP1A1 W W 29 (71 %) 31 (56 %) 60 (63 %) 0·07
W M 9 (22 %) 23 (42 %) 32 (33 %)
M M 3 (7 %) 1 (2 %) 4 (4 %)

CYP2E1 D D 22 (58 %) 28 (50 %) 50 (53 %) > 0·5
CD 15 (39 %) 25 (45 %) 40 (43 %)
CC 1 (3 %) 3 (5 %) 4 (4 %)

G ST M 1 + 20 (49 %) 33 (59 %) 53 (55 %) 0·32
– 21 (51 %) 23 (41 %) 44 (45 %)

G S T T 1 + 23 (56 %) 33 (59 %) 56 (58 %) > 0·5
– 18 (44 %) 23 (41 %) 41 (42 %)

All 41 (100 %) 56 (100 %) 97 (100 %)

One subject was unknown for CYP1A1 and three were unknown for CYP2E1.

F igure 1 . Lym phocyte DNA adducts in low dose cigarette smokers (LS, n = 41) and non-smokers
(N S, n = 56). Boxes indicate 25th and 75th percentiles with median levels indicated with
horizontal line. Outer horizontal lines indicate 10th and 90th percentiles. Small circles indicate
data over 10th and 90th percentiles.
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In the low dose cigarette smokers, CYP1A1-MM showed the highest level among
CYP1A1 genotypes (p = 0·13). GSTM1 or T1 null had higher adducts than
GSTM1 or T1 positive subjects but the differences were not statistically
signi�cant. The data obtained from non-smokers showed no signi�cant difference
in the DNA adduct levels among each genotype.

DNA adduct levels were compared with respect to the combination of
CYPs and GSTs (table 3). In low dose cigarette smokers, the subjects with 
the combination of CYP1A1-WM, MM and GSTM1 null had the highest 
adduct levels.  The combination of CYP1A1-WM, MM and GSTT1 null was 
also highest in low dose cigarette smokers. But these differences were not
statistically signi�cant. In subjects with the combination of CYP2E1-DD and
G ST T1 null adduct levels were higher than those with CD, CC and null but these
were not statistically signi�cant (p = 0·09). In non-smokers, subjects with the
combination of CYP1A1-WW and GSTM1 null had higher adduct levels than
those with WM, MM and M1 positive but the differences did not reach statistical
signi�cance (p = 0·09). From other comparisons we could observe no signi� cant
difference.

DNA adduct levels for the combination of CYP1A1 and 2E1 genotypes are
shown in table 4. In low dose cigarette smokers, subjects with the combination 
of CYP1A1-WM, MM and 2E1-DD showed the highest adduct levels and 
higher than WM, MM and CD, CC although this difference did not reach
statistical signi�cance (p = 0·09). There was no signi�cant difference among 
non-smokers.

DNA adduct levels for the combination of GSTM1 and T1 genotypes are
shown in table 5. In low dose cigarette smokers, subjects with the combination of
GST M 1 null and T1 null showed the highest adduct levels and higher than those
of GSTT1 positives although not statistically signi�cantly so (p = 0·09). There was
no signi� cant difference among non-smokers.
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Table 2. DNA adducts (mean ± SD per 108 nucleotides (numbers)) with respect to smoking status and
genotypes.

Low smoker Non-smoker p

CYP1A1 W W 1·01 ± 0·85 (29) 0·88 ± 0·26 (31) > 0·5
W M 0·85 ± 0·54 (9) 0·83 ± 0·44 (33) > 0·5
M M 2·01 ± 1·04 (3) 0·60 (1)

p 0·13 0·41

CYP2E1 D D 1·23 ± 0·81 (22) 0·80 ± 0·26 (28) 0·16
CD 0·90 ± 0·95 (15) 0·92 ± 0·41 (25) 0·32
CC 0·53 (1) 0·65 ± 0·48 (3)

p 0·32 0·29

G ST M 1 + 0·90 ± 0·61 (20) 0·86 ± 0·36 (33) > 0·5
– 1·20 ± 1·00 (21) 0·82 ± 0·34 (23) 0·36
p 0·39 > 0·5

G S T T 1 + 0·88 ± 0·62 (23) 0·87 ± 0·35 (33) > 0·5
– 1·27 ± 1·02 (18) 0·82 ± 0·36 (23) 0·26
p 0·23 > 0·5

All 1·05 ± 0·83 (41) 0·85 ± 0·35 (56) > 0·5
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Discussion
T he studies on the genetic polymorphism of some metabolic enzymes are

currently extended to DNA adduct analysis (Shields et al. 1993, Grinberg-Funes et
al. 1994 , Ichiba et al. 1994, 1996, Bartsch et al. 1995, Hou et al. 1995 , Kato et al.
1995, Rothman et al. 1995, Nielsen et al. 1996a, b, Hemminki et al. 1997, Mooney
et al. 1997). Although DNA adduct levels were expected to be higher in CYP
mutant or GST null genotypes, the results of these studies have not been
consistent. We previously reported the data concerning the effect of CYP1A1 and
GSTM1 on lymphocyte DNA adducts from smokers and non-smokers (Ichiba et
al. 1996). In that study, we indicated that CYP1A1 genotype had no signi� cant
effect on adduct levels and unexpec tedly GSTM1 null genotypes had lower adduct
levels than GSTM1 positives in smokers.  This time we considered not only
CYP1A1 and GSTM1 but also CYP2E1 and GSTT1. There have been no reports

68 M. Ichiba et al.

Table 4. DNA adducts (mean ± SD per 108 nucleotides (numbers)) with respect to smoking status
and combined CYP genotypes.

Low smoker CYP1A1

W W W M , M M p

CYP2E1 D D 1·09 ± 0·75 (15) 1·51 ± 0·90 (7) 0·28
CD, CC 0·98 ± 1·04 (12) 0·56 ± 0·33 (4) 0·23

p > 0·5 0·07

Non-smoker CYP1A1

W W W M , M M p

CYP2E1 D D 0·86 ± 0·24 (15) 0·76 ± 0·26 (12) 0·28
CD, CC 0·90 ± 0·29 (16) 0·89 ± 0·56 (12) 0·44

p > 0·5 > 0·5

T able 5. DNA adducts (mean ± SD per 108 nucleotides (numbers) with respect to smoking status and
combined GST genotypes.

Low smoker G S T M 1

+ – p

G S T T 1 + 0·92 ± 0·65 (13) 0·84 ± 0·62 (10) > 0·5
– 0 ·88 ± 0·58 (7) 1·52 ± 1·18 (11) 0·16
p > 0·5 0·09

Non-smoker G S T M 1

+ – p

G S T T 1 + 0·87 ± 0·38 (21) 0·86 ± 0·30 (12) > 0·5
– 0 ·84 ± 0·33 (12) 0·78 ± 0·40 (11) > 0·5
p > 0·5 0·47
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on the effects of CYP2E1 and GSTT1 polymorphisms on DNA adducts in
lymphocytes. Another point of the present study was to consider the smoking
status of subjects. In our previous study (Ichiba et al. 1996) smoking subjects
mainly consisted of heavy smokers. On the other hand, in the present study, low
dose cigarette smokers (less than 20 cigarettes per day) were selected as subjects.
We thought that the genetic effect might be stronger in the group of low dose
cigarette smokers.  The past epidemiological studies indicated that, particularly in
low level cigarette smokers, the genetic difference in lung cancer susceptibility
derived from combined polymorphism for GSTM1 and CYP1A1 was remarkably
large, although the difference was decreased in high dose smokers (Nakachi et al.
1993). Uematsu et al. (1994) reported that in low smoking exposure the Dra 1
polymorphism of the CYP2E1 gene was associated with susceptibility to lung
cancer. Kato et al. (1995) also reported that in low serum cotinine subjects there
was signi�cant difference in the adduct levels between different genotypes for
CYP2E1 or CYP2D6.

In the present study the results suggested that the DNA adduct level in
CYP1A1-MM was higher than those in WW among low dose cigarette smokers,
although this difference was not signi�cant because of small sample numbers
(n = 3). In addition, the adduct levels in GSTM1 null tended to be higher than in
positives, although in our previous study with relatively high dose smokers, the
adduct levels in GST nulls were signi� cantly lower than those in positives (Ichiba
et al. 1996).

For CYP2E1, DNA adduct levels of CD were slightly lower than those of DD
among low dose cigarette smokers.  This result is not consistent with that of a
recent epidemiological study (Uematsu et al. 1994) which indicated that the
frequency of CD in lung cancer was higher than that in the control group.  Kato et
al. (1995) also found higher 7-methyl-dG MP adduct levels in lung tissue of CD
subjects.

In the Japanese population only one report on the frequency of G S T T 1
genotype has been published (Katoh et al. 1996) . They showed that the percentage
of GST T 1 null genotype was 44 %. Our result (42 %) was similar to that of K atoh
et al. (1996). Subjects with the combination of G ST M 1 null and T1 null had
higher adduct levels than others in low dose cigarette smokers. Recently Popp et al.
(1977) found a negative correlation between DNA adducts of mononuclear cells
and GSTT1 activity in erythrocytes of coke oven workers.

In conclusion, we found weak effects of genetic polymorphism on lymphocyte
DNA adducts.  Though the nuclease P1 method was used for DNA adduct analysis
in this study, in future studies we will use the analysis using the butanol extraction
method (Gupta 1985). In addition we should consider not only the balance between
the Phase I and II enzymes but also the additive effects of different enzymes, such
as DNA repair systems. Further studies are necessary to explain interindividual
variations of DNA adduct formation.

Acknowledgements
We thank Mrs K. Takahashi (Saga Medical School) for her technical assistance.

T his study was supported in part by a grant-in-aid for Scienti�c Research from the
Ministry of Education, Science, Sport and Culture, Japan.

DNA adducts and genetic polymorphism 69
B

io
m

ar
ke

rs
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
C

ha
ng

hu
a 

C
hr

is
tia

n 
H

os
pi

ta
l o

n 
11

/1
8/

12
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



References
ALEXANDRIE, A. K., SUNDBERG, M. I., SEIDEGÅRD, J. , TORN LING, G. and RANNUG, A. 1994, Genetic

susceptibility to lung cancer with special emphasis on CYP1A1 and GSTM1: a study on host
factors in relation to age at onset, gender and histological cancer types. Carcinogenesis, 9, 1785–1790.

BARTSCH, H., ROJAS, M., ALEXA NDROV, K ., CAM US, A. M., CASTEG NARO, M., MALAVEILLE, C. ,
AN TT I L A, S., HIRVIO NEN, K., HUSG AFVEL- PURSIA INEN, K., HI E TANEN, E. and VI N IO, H. 1995,
M etabolic polymorphism affecting DNA binding and excretion of carcinogens in humans.
Pharmacogenetics, 5 , S84–S90.

DEAK IN, M., ELDER, J., HEN DR ICK SE, C., PEAKHAM, D., BALDW I N, D., PA N TI N, C., WI L D,  N. ,
L EOPARD, P., BE LL, D. A., JONES, P., DUNCA N, H., BRANNIGAN, K., ALLDERSEA, J.,  FRYER , A. A.
and S TRANGE, R. C. 1996, Glutathione S-transferase GSTT1 genotypes and susceptibility to
cancer: studies of interaction with GSTM1 in lung, oral, gastric and colorectal cancers.
Carcinogenesis, 17, 881–884.

GRINBERG- FUN ES, R. A., SI N G H, V.  N., PERERA , F. P., BEL L, D. A., YOUNG,  T. L., DICKEY, C., WANG,
L . W. and S ANTEL LA, R. M. 1994, Polycyclic aromatic hydrocarbon–DNA adducts in smokers
and their relationship to micronutrient levels and the glutathione-S-transferase M1 genotype.
Carcinogenesis, 15, 2449– 2454.

GROPPI, A., COUTELLE, C., FLEURY, B., IRON, A., BEGUERET, J. and COUZIGOU, P. 1991, Glutathione S-
transferase class m in  French alcoholic cirrhotic patients. Human Genetics, 87, 628– 630.

GU P TA, R. C. 1985, Enhanced sensitivity of 32P-postlabeling analysis of aromatic carcinogen : DNA
adducts. Cancer Research, 45, 5656–5662.

HAYASH I, S., WAT ANABE, J. and K AWAJIRI, K. 1992, High susceptibility to lung cancer analyzed in
terms of combined genotypes of P4501A 1 and mu-class glutathione S-transferase genes.
Japanese Journal of Cancer Research, 83, 866– 870.

HE M M IN K I, K., DICKEY, C., KARLSSON,  S., BEL L, D., HS U Y.,  TSA I, W. , MOONEY, L. A., SAVELA, K .
and PERERA ,  F. P. 1997, Aromatic DNA adducts in foundry workers in relation to exposure, life
style and CYP1A1 and glutathione transferase M1 genotype. Carcinogenesis, 18, 345–350.

HOU,  S., LAMBERT, B. and HE M M I N K I, K. 1995, Relationship between hprt mutation frequency,
aromatic DNA adducts and genotypes for GSTM1 and NAT2 in bus maintenance workers.
Carcinogenesis, 16, 1913– 1917.

ICHIBA , M., HAGMAR, L., RANNU G, A., HÖG ST E DT, B., ALEXANDRIE, A. K., CAR ST ENSEN, U. and
HE M M IN K I, K. 1994, Aromatic DNA adducts, micronuclei and genetic polymorphism for
CYP1A1 and GST1 in chimney sweeps. Carcinogenesis, 15, 1347–1352.

ICHIBA , M., WANG, Y., OI S H I, H ., IYADOMO, M., SHONO, N. and T O MO K UN I, K. 1996, Smoking-
related DNA adducts and genetic polymorphism for metabolic enzymes in human lymphocytes.
Biomarkers, 1, 211–214.

K AT O,  S., BOWMAN, E. D., HARRIN GTON, A. M., BLOMEKE, B. and S HIEL D S, P. G. 1995, Human lung
carcinogen-DNA adduct levels mediated by genetic polymorphisms in vivo. Journal of the
N ational Cancer Institute, 87, 902– 907.

K AT OH,  T., NAGAT A,  N.,  KURODA, Y., IT OH, H., KAWAHARA, A., KURO KI, N., OOKUMA, R. and BEL L,
D. A. 1996, Glutathione S-transferase M1 (GSTM1) and T1 (GSTT1) genetic polymorphism
and susceptibility to gastric and colorectal adenocarcinoma. Carcinogenesis, 17, 1855– 1859.

K ENDA LL,  T. L., BYERLEY, D. J. and DEAN, R. 1991, Isolation of DNA from blood. Analytical
Biochemistry, 195 , 74–76.

M OONEY, L. A., BE LL, D. A., SANTEL LA, R. M., VAN BE N NE KU M, A. M., OT TM A N, R., PAIK, M. ,
BLANER, W.  S.,  LUCIER, G. W., COVEY, L ., YOUNG,  T., COOPER,  T. B., GLASSMA N, A. H. and
PERERA , F. P. 1997, Contribution of genetic and nutritional factors to DNA damage in heavy
smokers. Carcinogenesis, 18, 503–509.

N AKAC HI, K ., IM AI, K., HAYASHI,  S. and K AWAJIRI, K. 1993, Polymorphisms of the CYP1A1 and
glutathione S-transferase gene associated with susceptibility to lung cancer in relation to cigarette
dose in a Japanese population. Cancer Research, 53, 2994–2999.

N EL SON, H. H., WIENCKE , J. K., CHR IST IANI, D. C., CHENG,  T. J., ZUO, Z., SCH WARTZ, B. S., LEE, B. ,
S PITZ, M. R., WANG, M., XU, X. and K ELSEY,  K . T. 1995, Ethnic difference in the prevalence of
the homozygous deleted genotype of glutathione S-transferase theta. Carcinogenesis, 16, 1243–1245.

N IEL SEN, P. S., OK K E L S, H ., SIGSGAARD,  T. , KYRTOPOULOUS,  S. and AUT RU P, H. 1996a, Exposure to
urban and rural air pollution: DNA and protein adducts and effect of glutathione-S-transferase
genotype on adduct levels. International Archives of Occupational and Environmental Health, 68,
170– 176.

N IEL SEN, P.  S., PATER,  N. D., OK K E L S, H. and AU TRU P, H. 1996b, Environmental air pollution and
DNA adducts in Copenhagen bus drivers—Effect of GSTM1 and NAT2 genotypes on adduct
levels. Carcinogenesis, 17, 1021– 1027.

OYAMA,  T., MI TS UD OM I,  T. , KAWAMO TO,  T., OHGAM I, A., OSA K I, T ., YASU M OTO K . and KODAMA, Y.
1995, Detection of CYP1A1 gene polymorphism using designed RFLP and distributions of
CYP1A1 genotypes in Japanese. International Archives of Occupational and Environmental
Health, 67, 253–256.

70 M. Ichiba et al.
B

io
m

ar
ke

rs
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
C

ha
ng

hu
a 

C
hr

is
tia

n 
H

os
pi

ta
l o

n 
11

/1
8/

12
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



POPP, W., VAHRENHOLZ, C.,  SCH EL L, C., GR IMM ER, G., DETTBA RN, G.,  KRAU S, R., BRAUKSIEP E, A.,
S C HM EL IN G, B., GU TZE IT,  T., VON BÜLOW, J. and N ORPOTH, K. 1997, DNA single strand
breakage, DNA adducts, and sister chromatid exchange in lymphocytes and phenenthrene and
pyrene metabolites in urine of coke oven workers. Occupational and Environmental Medicine, 54,
176– 183.

RED DY, M. V. and RANDERAT H, K. 1986, Nuclease P1-mediated enhancement of sensitivity of
32P-postlabeling test for structurally diverse DNA adducts. Carcinogenesis, 7, 1543– 1551.

ROTHMA N, N., SHIE LDS, P. G., POIRIER, M. C., HARRING TON, A. M., PAT R IC K FORD, D. and
S TR ICK LAN D, P.  T. 1995, The impact of glutathione S-transferase M1 and cytochrome P450 1A1
genotypes on white-blood-cell polycyclic aromatic hydrocarbon-DNA adduct levels in humans.
Molecular Carcinogenesis, 14, 63–68.

S CHRÖDER , K. R., W IEBEL,  F. A., REICH , S., DANNAPPEL, D., BOLT, H. M. and HALLIER, E. 1995,
Glutathione-S-transferase (GST) theta polymorphism in�uences background SCE rate. Archives
of Toxicology, 69, 505–507.

S HIE LDS, P. G., BOWMAN, E. D., HARRIN GTON, A. M., DOAN, V.  T. and W E S TON, A. 1993, Polycyclic
aromatic hydrocarbon-DNA adducts in human lung and cancer susceptibility genes.  Cancer
Research, 53, 3486–3492.

UEMAT S U, F.,  IKAWA,  S. , KIK UC HI, H., SAGAM I, I., KANAMURA, R., ABE,  T. , SATH O, K ., MO TOMIYA,
M . and WATANABE, M. 1994, Restriction fragment length polymorphism of the human CYP2E1
(cytochrome P4502E1) gene and susceptibility to lung cancer: possible relevance to low smoking
exposure. Pharmacogenetics, 4, 58–63.

DNA adducts and genetic polymorphism 71
B

io
m

ar
ke

rs
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
C

ha
ng

hu
a 

C
hr

is
tia

n 
H

os
pi

ta
l o

n 
11

/1
8/

12
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.


