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Objective  Arylamine N-acetyltransferases (NATs) are involved in the detoxification of
aromatic amines and hydrazine. In order to explore the possible association of NAT2 polymorphism
with bladder cancer risk in benzidine exposed or non-exposed Chinese individuals, healthy subjects,
subjects with bladder cancer of a former benzidine exposed cohort in Shanghai dyestuff industry and a
group of bladder cancer patients without known occupational exposure to aromatic amines were
genotyped for NAT2 gene polymorphism. Methods NAT2 genotyping was performed with a set of
RFLP procedures at seven major polymorphic loci of gene coding area: G191A, C282T, T341C,
C481T, G590A, A803G and G857A. Results The wild allele NAT2 *4 was the most prevalent
allele (59%) in healthy individuals. The alleles NAT2*6A and NAT2*7B were also frequently
observed (21% and 17%, respectively). In contrast to Caucasians, the percentage of slow acetylators
was lower (12% in Chinese vs. 58% in Caucasians, P<0.001). No relevant differences were observed
for homogenous rapid, heterogeneous rapid/slow and homogeneous slow acetylation genotypes
between the healthy subjects and both groups of bladder cancer patients. Conclusion The present
work did not support the association of slow acetylating genotypes of NAT2 gene with elevated risk of
bladder cancer in Chinese whereas it was documented as an important genetically determined risk
factor in Caucasians. Different mechanisms might play a role in individual susceptibility to bladder
cancer related with aromatic amine exposure in various races or ethnic groups.
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INTRODUCTION

Arylamine N-acetyltransferases (NATs, EC 2.3.1.5) are involved in the detoxification of
aromatic amines and hydrazine®™, NAT2 polymorphism affects individual’s acetylation
ability for these substances’?. Individuals can be phenotyped for the NAT2 status by
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caffeine®®, isoniazid™, or sulphamethazine! as a substrate. NAT2 slow acetylation status
shows various frequencies in different races and ethnic groups, ranging from about 10% in
Asians to over 90% in Moroccans®.

NAT2 polymorphism is based on several point mutations in the coding areal”. A
consensus nomenclature for NATs was first published in 19951 and updated in 2000®!. The
most actual information on the nomenclature of N-acetyltransferases is available in the
World Wide Web (http://www.louisville.edu/medschool/pharmacology/ NAT.html).

There are 28 allelic variants of NAT2 known so far. Using a modification of a
PCR-RFLP based procedure developed by Cascorbi et al.”, seven major mutations in the
NAT2 gene can be detected simultaneously. The NAT2 polymorphism has been reported to
be associated with the susceptibility to various types of cancers™**® or other diseases!**
within certain ethnic populations. Point mutations in the coding region may affect the NAT2
expression and catalysis activity™™. Thus, it is necessary to investigate the frequencies of all
major polymorphic loci in the gene and the role they might play in the individual
susceptibility in different ethnic populations. In some previously published studies only
three of the polymorphic loci of the NAT2 gene, i.e. 481, 590 and 857 were investigated.
Many of the substitutions were linked within single alleles, such as 341, 481 and 803
mutations in allele *5B, 282 and 590 in allele *6A, etc. Because there were discrepancies
between the genotype and the phenotype of some individuals™®, it would be essential to
investigate as many point mutations as possible. In this study, 7 major polymorphic loci of
the NAT2 gene were genotyped.

Benzidine, an evident human bladder carcinogen, was introduced for dye synthesis in
Shanghai in 1946 and was widely used until it was officially banned for all industrial
purposes in China in 1976%"*81, Workers occupationally exposed to benzidine were regarded
as a high-risk group for bladder cancer. We have previously investigated the bladder cancer
risk for benzidine-exposed workers in Shanghai dyestuff industry. Our results indicated that
the standardized incidence ratio (SIR) for bladder cancer in workers of Shanghai dyestuff
industry reached 3500 for the entire cohort and was even higher (up to 7500) for those at
highly exposed working positions!"®. The association of susceptibility to bladder cancer
with the status of glutathione S-transferases T1, M1, and P1 or the aryl hydrocarbon
receptor (Ahr) gene in this cohort has been reported elsewhere 78201,

Cartwright et al.¥ first reported a strong association of bladder cancer incidence with
the slow acetylation phenotype (OR=16.7; P=0.00005) in a group of workers in UK exposed
to aromatic amines. Later on, a similar study conducted in former benzidine exposed
workers in several Chinese cities, including Shanghai, failed to confirm such an
association??. In the present study, genotyping for the seven major loci (G191A, C282T,
T341C, C481T, G590A, A803G and G857A) of the NAT2 gene was conducted in three
groups of Shanghai residents to enhance the limited data bases.

MATERIALS AND METHODS

Subjects

All the subjects in this study were ethnic Han Chinese.

The subjects of this study included three groups of Shanghai residents™™: (1) Healthy
individuals in Shanghai (n=112). All the subjects in this group were farmers of a rural area
in Shanghai suburb. A self-designed questionnaire was used to obtain information relevant
for this study from each individual. Subjects reporting diseases such as cancer,
cardiovascular disease, mental disorder or any other serious health problems were excluded.
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(2) Bladder cancer patients occupationally exposed to benzidine in dyestuff industry in the
past (n=29): A research cohort with a total number of 700 former benzidine exposed workers
in Shanghai dye industry was established in 1984. A follow-up study and regular
surveillance had been persisting since then. The number of diagnosed bladder cancer
patients decreased from year to year as subjects were getting aged. Twenty-nine patients
with histologically confirmed bladder cancer from this cohort were investigated. (3)
Non-occupational bladder cancer patients (n=32). The subjects were inpatients in a
urological division of a local hospital. A possible occupational exposure to benzidine or
other aromatic amines was excluded by questionnaire.

DNA Extraction
Genomic DNA was isolated as described elsewhere®*.
NAT2 Genotyping

A modification of the PCR-RFLP procedure based on Cascorbi et al.*% was used for
NAT2 genotyping at loci 191, 282, 341, 481, 590, 803 and 857. Two sets of primers were
used to amplify two segments in the NAT2 gene from genomic DNA. Restriction enzymes
Msp I, Fok I, Dde I, Kpn 1, Taq | and BamH | were used to digest PCR products to determine
the mutation. Individuals with two variant alleles, except NAT2*13/*13 were classified as
slow acetylators. The NAT2*13 allele has a nucleotide substitution at position 282 that does
not result in the change of amino acid. Heterozygous genotypes that showed a wild-type
allele *4 or *13 and one copy of other variant alleles were classified as intermediate
acetylators. Homozygous genotypes (*4/*4 or *13/*13) were classified as rapid acetylators.

Statistics

Chi-square test was used to compare the distribution of NAT2 genotypes in different
groups. Hardy-Weinberg equilibrium was used to calculate the expected frequencies of the
investigated heterozygous genotypes.

RESULTS

Frequencies of the detected NAT2 genotypes and alleles in the three investigated groups
are listed in Tables 1 and 2, respectively. The distribution of the genotypes among healthy
subjects was in Hardy-Weinberg equilibrium.

Eleven genotypes were found in healthy subjects in Shanghai, the most frequent (31%)
genotype was the homozygous wild type *4/*4. Major genotypes containing variant alleles,
*4/*6A and *4/*7B represented 27% and 24% of the individuals, respectively. NAT2*6A/*7B
was the most common genotype with two variant alleles, which accounted for 8% of the
total subjects. On the basis of trichotomous genotype classification, 14 (12.5%) individuals,
61 (54.5%) and 37 (33.0%) individuals were slow, intermediate rapid, and rapid acetylators,
respectively.

Using a dichotomous classification, 87.5% of the individuals were rapid acetylators and
12.5% of the individuals were slow acetylators. Our study revealed a similar level of
population frequency of slow acetylation genotypes, compared with a Japanese population
(12.5% in Chinese in Shanghai vs. 10.1% in Japanese®, P=0.46, and vs. 10.9% in
Korean®, P=0.65). A significantly higher presentation of the rapid acetylation allele NAT2
*4 was confirmed when compared with a Caucasian population reported by Cascorbi et al.™”
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(58.5% in Chinese and 23.4% in Caucasian, P<0.001).
TABLE 1

NAT2 Genotypes in Three Subgroups of Shanghai Population

NAT2 Healthy Bladder Cancer Patients Bladder Cancer Patients
Genotype Controls Exposed to Benzidine Not Overtly Exposed
(n=112) (n=29) (n=32)
Homozygous — *4/*4 35 (31%) 4 (14%) 9 (28%)
Rapid *4/%13 1 (0,9%) 0 0
Genotype *13/*13 1 (0.9%) 2 (6.9%) 2(6.3%)
Heterozygous *4/*5B 3(2.7%) 2 (6.9%) 0
(Intermediate)  *4/*5pD 1 (0.9%) 0 0
Rapid *4[+6A 30 (27%) 9 (31%) 9 (28%)
Genotype *4%68 0 1(3.4%) 0
*4/*7B 27 (24%) 7 (24%) 5 (16%)
*13/*6A 0 0 0
*13/*7B 0 0 0
*12B/*7A 0 0 0
*11/*6A 0 0 1(3.1%)
Homozygous *5B/*5B 0 1(3.4%) 0
Slow *5B/*6A 1 (0.9%) 0 0
Genotype *5B/*7B 0 0 1(3.1%)
*BAMBA 3 (2.7%) 2 (6.9%) 2 (6.3%)
*6A/*7B 9 (8.0%) 1 (3.4%) 3(9.4%)
*7B/*7B 1(0.9%) 0 0

TABLE 2

Comparison of NAT2 Genotype Distribution in Chinese and Caucasians (Chi-squared test was used to
compare the mutual genotype in the two populations)

Population
Genotype P Value
Chinese® (n=112) Caucasians® (n=278)
*4/*4 35 (31.3%) 14 (5.0%) <0.001
*4/*5B 3(2.7%) 49 (17.6%) <0.001
*4/%6A 30 (26.7%) 39 (14.0%) 0.003
*4/%7B 27 (24.1%) 2 (0.7%) <0.001
*5B/*6A 1 (0.9%) 66 (23.7%) <0.001
*BA/*6A 3 (2.7%) 29 (10.4%) 0.012
*6A/*TB 9 (8.0%) 50 (18.0%) 0.013

Note. *This work. "Cascorbi et al., 1996.
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Population
Alleles . — P Value
Chinese® (n=112) Caucasians’ (n=278)
*4 132 (58.9%) 130 (23.4%) <0.001
*5B 4 (1.8%) 214 (38.5%) <0.001
*6A 46 (20.5%) 173 (31.1%) 0.003
*7B 38 (17.0%) 8 (1.4%) <0.001

Note. *This work. "Cascorbi et al., 1996.

Comparison of NAT2 Genotype Distribution in Chinese Population of Shanghai Area and in Other Populations

TABLE 4

X NAT2 Genotype P
Populations n References
RR RS SS Value
. 37 61 14 i
Shanghai 112 Ref. This Work
(33.0%) (54.5%) (12.5%)
" 95 100 24 -
Korean 219 0.190 Lee et al., 2000
(43.4%) (45.7%) (10.9%)
" 133 134 30 o -”
Japanese 297 0.099 Koizumi et al., 1998
(44.8%) (45.1%) (10.1%)
. 14 102 162 ) "
Caucasians 278 <0.001 Cascorbi et al., 199611
(5.0%) (36.7%) (58.3%)

Note. “Result of assay at 7 loci. “"Result of assay at 3 loci.

In benzidine exposed bladder cancer patients, and non-occupational bladder cancer
patients, *4/*4, *4/*6A, *4/*7B, *6A/*7B were found to be the most common alleles.
Nevertheless, some genotypes not observed in healthy subjects, such as: *4/*6B, *11/*6A,
*5B/*5B and 5B/*7B have been detected among bladder cancer patients. On the other side,
the genotypes*4/*13, *4/*5D, *5B/*6A, *7B/*7B observed in healthy individuals were
missing in the two different groups of bladder cancer patients.

TABLE 5

Comparison of Homozygous Rapid (RR), Intermediate (RS) and Homozygous Slow (SS) NAT2 Genotypes Among
Healthy Individuals and Two Different Groups of Bladder Cancer Patients in Shanghai Area

Groups Genotypes n (%) P OR (Cl 95%)
Healthy Individuals RR 37 (33.0%) Ref.

In Shanghai RS 61 (54.5%) Ref.

(n=112) SS 14 (12.5%) Ref.

Bladder Cancer Patients, RR 6 (20.7%) 0.198 0.53 (0.20-1.41)
Benzidine Exposed RS 19 (65.5%) 0.284 1.59 (0.68-3.72)
(n=29) sS 4 (13.8%) 0.853 1.12 (0.34-3.70)
Bladder Cancer Patients, RR 11 (34.4%) 0.887 1.06 (0.46-2.43)
Overtly Non-exposed RS 15 (46.8%) 0.448 0.74 (0.34-1.62)
(n=32) sS 6 (18.8%) 0.367 1.62 (0.57-4.61)
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Using a trichotomous classification, no significant deviation in the population frequency
could be confirmed between the healthy subjects and both groups of bladder cancer patients,
though the tendency of lower representation of homozygous rapid genotypes in occupational
bladder cancer groups was found, compared with healthy subjects (P=0.20, OR=0.53). The
over-presentation of intermediate genotypes was also detected in this group of bladder
cancer patients in comparison with normal population (P=0.28, OR=1.59), though the
statistical significance was not reached.

DISCUSSION

Few studies have characterized NAT2 genotype distributions in Chinese population in
the Chinese mainland. In this study, 7 point mutations in the NAT2 gene were detected and
the genotype frequencies observed were compared with other ethnic populations.

Nucleotide substitutions of NAT2 occur at 13 positions, including 111, 190, 191, 282,
341, 434, 481, 499, 590, 759, 803, 845, and 857 (see website for NAT2 nomenclature, Hein
et al., 2003). All individuals were tested for 7 of these substitutions. The mutation at locus
191 was not detected in this study, suggesting that this nucleotide substitution is uncommon
in Chinese. Allele *5 (including 341 mutation) is uncommon in the individuals in this part of
China, too. The most prevalent genotypes in the subjects of Shanghai area were the
homozygous wild type *4/*4 and the genotypes containing variant alleles *4/*6A and
*4/*7B, and genotype with two variant alleles *6A*7B (total coverage is 90%). For all
alleles, the most frequent ones were *4, *6A and *7B, accounting for 58.9%, 20.5%, and
17.0%, respectively.

When the prevalence of rapid, intermediate, and slow genotypes was compared between
Chinese in Shanghai and Caucasian in Germany™”, it revealed that Chinese have a significantly
higher portion of homozygous rapid acetylators than Caucasians.

As for allele frequencies, Chinese in Shanghai and Caucasian in Germany displayed a
clear difference. In Chinese population, the alleles *4, *6A and *7B are the most common
ones, whereas in German Caucasian population *5B, *6A and *4 are the most frequent.
Allele *5B is the most frequent form (39%) in Caucasian population but rare (1.8%) in
Chinese. In this study, only one *4/*5D carrier was identified. Allele *5D is also a rare one.
In two studies of Agundez et al.’?>?] this allele had a frequency of 0.3% in general Spanish
population. Several other alleles such as NAT2*12A and NAT2*13 are also rare in human
populations. In the present study only one NAT2*13/*13 and one NAT2*4/*13 carrier were
recorded, and no NAT2*12A allele was detected in this study. The NAT2 gene spectrum of
Chinese in this part of China (middle coastal area of the Chinese mainland) was quite
different from the well-documented spectrum of Caucasians®?®?%. In the present study, the
slow acetylation genotype carriers only represented 12.5% of the healthy individuals
investigated. It was considerably less profound than in Caucasians (50%-65%). This should
be taken into account when the impact of polymorphism of NAT2 genotypes on certain
diseases such as bladder cancer is concerned.

For the genotyping of NAT2 polymorphism in two groups of bladder cancer patients in
Shanghai area, no significant deviation on the frequency of slow acetylation genotypes was
confirmed compared to healthy individuals. The slow acetylation genotypes were only
found in 13.8% of the histologically confirmed bladder cancer patients in the cohort. This
was in line with the findings of Hayes et al.?? who also found no overall increase in bladder
cancer risk for individuals with the NAT2 slow acetylation genotypes among 38 bladder
cancer cases and 43 controls in several Chinese cities. Five of 38 cancer cases genotyped at
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loci showed the slow acetylation status (13.2%). These results were in contrast to the

situation in Caucasian population where slow acetylation status was proved to be a risk
factor for susceptibility to bladder cancer for those exposed to aromatic amine in the past®",

Al

mong Chinese and other ethnic groups in East Asia area ™, rapid and intermediate rapid

acetylators are the dominant phenotypes, which were in sharp contrast with those among

Caucasians

2831 We conclude that the study on individual susceptibility to various cancers

should take into account genetic factors, which may vary dramatically among different
racial and ethnic populations. Thus, different mechanisms might play a role in individual
susceptibility to bladder cancer related with exposure to aromatic amines in various races or

et

=

N

w

IS

o

o

~

©

©

10

11.

12.

13.

14.

1

16.

17.

1

19.

o

©

hnic groups®,

REFERENCES

Hein, D. W,, Doll, M. A,, Rustan, T. D., Gray, K., Feng, Y., Ferguson, R. J., and Grant, D. M. (1993). Metabolic< - —

activation and deactivation of arylamine carcinogens by recombinant human NAT1 and polymorphic NAT2
acetyltransferases. Carcinogenesis 14,1633-1638.

. Evans, D. A. (1992). N- Acetyltransferase. In: Kalow W., ed, Pharmacogenetics of drug metabolism. New York,

Pergamon Press, pp. 95-178.
Grant, D. M., Tang, B. K., and Kalow, W. (1984). A simple test for acetylator phenotype using caffeine. Br. J.
Clin. Pharmacol. 17, 459-464.

. Eidus, L., Varughese, M. M., and Hodgkin, A. H. E. (1973). Simplification of isoniazid phenotyping procedure to

promote its application on chemotherapy of tuberculosis. Bull. World Health Org. 49, 507-515.
Evans, D. A. (1969). An improved and simplified method of detecting the acetylator phenotype. J. Med. Genet. 6,
405-407.

. Kadlubar, F. F., Butler, M. A., Kaderlik, K. R., Chou, H. C., and Lang, N. P. (1992). Polymorphisms for aromatic

amine metabolism in humans: relevance for human carcinogenesis. Environ. Health Perspect. 98, 69-74.

. Blum, M., Demierre, A., Grant, D. M., Heim, M., and Meyer, U. A. (1991). Molecular mechanism of slow

acetylation of drug and carcinogens in humans. Proc. Natl. Acad. Sci. USA. 88, 5237-5241.

Vatsis, K. P., Weber, W. W., Bell, D. A., Dupret, J. U., Evans, D. A. P,, Grant, D. M., Hein, D. W,, Lin, H. J.,
Meyer, U. A,, Relling, M. V., Sim, E., Suzuki, T., and Yamazoe, Y. (1995). Nomenclature for N-acetyltransferases.
Pharmacogenetics 5, 1-17.

Hein, D. W,, Grant, D. M., and Sim, E. (2000). Update on consensus arylamine N-acetyltransferase gene
nomenclature. Pharmacogenetics 10, 291-292.

. Cascorbi, I., Brockmoeller, J., Mrozikiewicz, P. M., Bauer, S., and Loddenkemper, R. (1996). Homozygous
rapid arylamine N-acetyltransferase (NAT2) genotype as susceptibility factor for lung cancer. Cancer Res. 56,
3961-3966.

Risch, A., Wallace, D. M., Bathers, S., and Sim, E. (1995). Slow N-acetylation genotype is a susceptibility
factor in occupational and smoking related bladder cancer. Hum. Mol. Genet. 4, 231-236.

Gil, J. P. and Lechner, M. C. (1998). Increased frequency of wild-type arylamine-N-acetyltransferase allele
NAT2*4 homozygotes in Portuguese patients with colorectal cancer. Carcinogenesis 19, 37-41.

Zhou, W., Liu, G, Thurston, S. W., Xu, L. L., Miller, D. P,, Wain, J. C., Lynch, T. J., Su, L., and Christiani, D. C.
(2002). Genetic polymorphisms in N-acetyltransferase-2 and microsomal epoxide hydrolase, cumulative
cigarette smoking, and lung cancer. Cancer Epidemiol. Biomarkers Prev. 11(1), 15-21.

Rocha, L., Garcia, C., Mendonca, A., Gil, J. P, Bishop, D. T., and Lechner, M. C. (1999). N-Acetyltransferase
(NAT2) genotype and susceptibility to sporadic Alzheimer’s disease. Pharmacogenetics 9, 9-15.

Fretland, A. J., Leff, M. A, Doll, M. A, and Hein, D. W. (2001). Functional characterization of human
N-acetyltransferase 2 (NAT2) single nucleotide polymorphisms. Pharmacogenetics 11, 207-215.

Butler, M. A., Lang, N. P, Young, J. F., Caporaso, N. E., Vineis, P.,, Hayes, R. B., Teitel, C. H., Massengill, J. P.,
Lawsen, M. F., and Kadlubar, F. F. (1992). Determination of CYP1A2 and NAT2 phenotypes in human
populations by analysis of caffeine urinary metabolites. Pharmacogenetics 2, 116-127.

Ma, Q. W, Lin, G. F, Chen, J. G, and Shen, J. H. (2002). Polymorphism of glutathione S-transferase T1, M1
and P1 genes in Shanghai population: occupational and non-occupational bladder cancer patient groups.
Biomed. Environ. Sci. 15, 253-260.

Lin, G. F, Ma, Q. W,, Chen, J. G, Shen, J. H., Xiang, C. Q., Golka, K., and Zhang, D. S. (2001). Dependence of
Papanicolaou gradings of exfoliated urothelial cells upon GSTM1 and GSTT1 polymorphism in
benzidine-exposed workers of the Shanghai dye industry. Arch. Toxicol. 75, 544-548.

You, X. Y., Chen, J. G, and Yao, Y. F. (1983). A retrospective prospective investigation on bladder cancer in the

(R 5

o=

%5

Mg |




298

2

2

2

2

2

2

2

2

2

2

3

3

=

[

N

3.

4.

al

o

B

o

©

o

=

MAETAL.

workers exposed to benzidine in Shanghai dyestuff industry. Tumor 3,197-201. (In Chinese)

Zhang, D. S., Lin, G. F,, Ma, Q. W,, and Shen, J. H. (2002). Nonassociation of aryl hydrocarbon receptor
genotypes with susceptibility to bladder cancer in Shanghai population. Acta Pharmacol. Sin. 23, 188-192.
Cartwright, R. A., Glashan, R. W., Rogers, H. J., Ahmad, R. A., Barham-Hall, D., Higgins, E., and Kahn, M.
(1982). Arole of N-acetyltransferase phenotypes in bladder carcinogenesis: a pharmacogenetic epidemiological
approach to bladder cancer. Lancet 2, 842-846.

Hayes, R. B., Bi, W,, Rothman, N., Broly, F., Caporaso, N., Feng, P., You, X., Yin, S., Woosley, R. L., and
Meyer, U. A. (1993). N-acetylation phenotype and genotype and risk of bladder cancer in benzidine-exposed
workers. Carcinogenesis 14, 675-678.

Ma, Q. W,, Lin, G. F,, Lu, D.R,, Xiang, C. Q., Golka, K., Geller, F., Chen, J. G., and Shen, J. H. (2003).
GSTP1 A1578G (lle105Val) polymorphism in benzidine-exposed workers: an association with cytological
grading of exfoliated urothelial cell. Pharmacogenetics 13, 409-415.

Koizumi, A., Nomiyama, T., Tsukada, M., Wada, Y., Omae, K., Tanaka, S., Miyauchi, H., Imamiya, S., and
Sakurai, H. (1998). Evidence on N-acetyltransferase allele-associated metabolism of hydrazine in Japanese
workers. J. Occup. Environ. Med. 40(3), 217-222.

. Kim, W. J,, Lee, H. L., Lee, S. C., Kim, Y. T,, and Kim, H. (2000). Polymorphisms of N-acetyltransferase 2,

glutathione S-transferase mu and theta genes as risk factors of bladder cancer in relation to asthma and
tuberculosis. J. Urol. 164, 209-213.

. Agundez, J. A., Olivera, M., Martinez, C., Ladero, J. M., and Benitez, J. (1996a). Identification and prevalence

study of 17 allelic variants of the human NAT2 gene in a white population. Pharmacogenetics 6(5), 423-428.

. Agundez, J. A., Olivera, M., Ladero, J. M., Rodriguez-Lescure, A., Ledesma, M. C., Diaz-Rubio, M., Meyer, U.

A., and Benitez, J. (1996b). Increased risk for hepatocellular carcinoma in NAT2-slow acetylators and
CYP2D6-rapid metabolizers. Pharmacogenetics 6(6), 501-512.

Taylor J. A., Umbach D. M., Stephens E., Castraino T., Paulson D., Robertson C., Mohler J. L., and Bell, D. A.
(1998). The role of the N-acetylation polymorphisms in smoking-associated bladder cancer: evidence of
gene-gene-exposure three-way interaction. Cancer Res. 58, 3603-3610.

Golka, K., Prior, V., Blaszkewicz, M., and Bolt, H. M. (2002). The enhanced bladder cancer susceptibility of
NAT2 slow acetylators towards aromatic amines: a review considering ethnic differences. Toxicol. Lett. 128,
229-241.

Kontani, K., Kawakami, M., Nakajima, T., and Katsuyama, T. (2001). Tobacco use and occupational exposure
to carcinogens, but not N-acetyltransferase 2 genotypes are major risk factors for bladder cancer in the
Japanese. Urol. Res. 29, 199-204.

Okkels, H., Sigsggard, T., Wolf, H., and Autrup, H. (1997). Arylamine N-acetyltransferase 1 (NAT1) and 2
(NAT2) polymorphisms insusceptibility to bladder cancer: the influence of smoking. Cancer Epidemiol.
Biomarkers Prev. 6, 225-231.

(Received July 30, 2003 Accepted April 7, 2004)



	Institute of Plant Physiology and Ecology, Shanghai Institutes for Biological Sciences, Chinese  Academy of Sciences, Shanghai 200025, China; *Municipal Center for Disease Prevention        and Control, Shanghai 200236, China; #Institute for Occupational Physiology at the        University of Dortmund, 44139 Dortmund, Germany 

