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NAT?2 as phase Il enzyme is involved in the detoxification/activation of various drugs, environmental substances and car-
cinogenic compounds. A genotyping approach has been used to investigate NAT2 genotype with putative relevance in lung
cancer in population of 110 Slovak-Caucasians patients and 167 non-malignant individuals from the same region. Slow
acetylation was not observed to be a significant risk factor of lung cancer development (OR=1.19; 95% CI: 0.71-1.99).
However, one genotype responsible for slow acetylation (NAT2*5B/*6) was observed significantly more frequently in lung
cancer patients with squamous cell carcinoma compared with control subjects (OR=2.24; 95% CI: 1.14-4.34). Stratified
analysis showed an increasing impact of the specific allelic combination NAT2*5B/*6 in non-smokers (OR=6.5; 95% CI:
1.25-15.08). In the case of squamous lung carcinoma an analysis revealed a tendency to adversely affect cancer risk in the
individuals with the mentioned genotype in younger than 60 years (OR=3.14; 95% CI: 0.98-9.72) non-smokers (OR=10.40;
95% CI: 1.35-118.89) and in females (OR=4.25; 1.08-16.25). Additional studies are needed to confirm the results we ob-
served and to assess the impact of other effects (specific allelic combinations, sex differences and histological subtype of

lung cancer) on NAT2 susceptibility in lung carcinogenesis.
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Globally, lung cancer is the most frequent cancer today. In
Slovak republic, its incidence is 80/100,000 in male and
11/100, 000 in female. The etiology of bronchogenic carci-
noma involves the interplay of multiple environmental and
host factors, and the relative contribution of each of them is
not completely clear. Enzymatic activation and detoxifica-
tion is a major principle in chemical carcinogenesis. Bio-
transformation plays a crucial role in carcinogen activity and
many genetic polymorphisms in xenobiotic metabolizing en-
zymes have been associated with an increased risk of cancer
[9, 31]. Acetylation, phase II-pathway, is involved in the de-
toxification of a large number of arylamine and hydrazine
drugs and chemical carcinogens. It also takes part in the met-
abolic activation of a wide range of occupational, food-de-
rived and environmental chemicals into DNA-binding

“This study was supported by Vega grant No.1/0517/03 from the Ministry
of Education of the Slovak Republic.

electrophiles that have been postulated to be the causative
agents in the development of different types of cancers.
This study focuses on the N-acetyltransferase 2 (NAT2),
one of the two NAT isoenzymes in humans, as enzyme partic-
ipating in metabolism of the aromatic/heterocyclic amines in
tobacco, industrial smoke [13, 32] and in diet as protein pa-
ralysis products formed when meat is cooked “well-done” or
in fumes from meat cooking [19, 26]. Polymorphic
N-acetyltransferase-2 locus on the short arm of chromosome
8 has been related to posses several alleles containing point
mutations in coding and non-coding regions, leading to al-
tered rates of metabolism and hence influencing individual
susceptibility to arylamine-induced cancers [4]. The fact that
slow NAT2 status may represent a risk factor for cancer due
to diminished potential to detoxify aryl amine substrates, or
to be protective due to diminished activation of heterocyclic
amine substrates, makes it difficult to specify the relations
between cigarette smoking, NAT2 genotype and risk of lung
cancer. Several case-control studies have compared slow or
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rapid acetylators in lung cancer case series, with its preva-
lence in controls with mixed results. These discrepancies
prompted us to investigate the association of NAT2 polymor-
phism with lung cancer in Slovak population.

Material and methods

Blood samples were collected from 110 patients with
histologically proven diagnosis of lung carcinoma recruited
in the Clinic of Pneumology and Phtiseology at the Teaching
Hospital Kosice. Controls under age of 65 years were healthy
blood donors from the Clinic of Hematology and Blood
Transfusion, those over 65 years from Geriatric Centrum,
both at the Teaching Hospital KoSice. Controls and cases
were interviewed and asked about histories of cancer, chronic
diseases, occupation and smoking status. Only individuals
without history of cancer and chronic respiratory disease
were eligible to participate as controls. The main medical di-
agnoses in the control over 65 years were rheumatological or
cardiovascular diseases. All cases and controls were Slovak
people (Caucasians) from the general population of Eastern
Slovakia. Participants were given an explanation of the na-
ture of the study and informed consent was obtained.

Genomic DNA was prepared from peripheral blood leuko-
cytes by salting out method [21]. Genotyping for rapid
NAT2*4 and slow NAT2*5A, NAT2*5B, NAT2*5C,
NAT2*6 and NAT2*7 alleles was carried out using the
PCR-RFLP method [6]. At least 35 variant NAT?2 alleles con-

Table 1. Distribution of NAT2 genotypes and lung cancer risk

sisting of one or more of 13 single nucleotide polymorphisms
have been detected in the human population [3], but the
NAT2*5, NAT2*6, NAT2*7 alleles account for virtually all
of the slow acetylator alleles in Caucasian populations, pro-
viding evidence for a high concordance between genotype
and phenotype [6]. Individuals with both low activity alleles
were classified as slow acetylators, whereas individuals with
at least one rapid allele were classified as rapid acetylators.

The distribution of the NAT2 genotypes between cases and
controls was evaluated using the Fisher’s exact test. The
crude Gart’s odds ratio (OR) and 95% confidence intervals
(CI) was used to approximate relative risk for the case-con-
trol studies. All computations were undertaken using statisti-
cal software Arcus Quickstat Biomedical ver. 1.1.

Results

The data for all calculated genotypes are presented in Ta-
ble 1. The frequency of the investigated alleles varied only
slightly and without statistical significance between cases
and control individuals (Fisher’s exact test, p>0.05). The fre-
quency of individuals with slow acetylators status in control
group is in close agreement with the incidence among Cauca-
sians reported by international collaborative study — GSEC
[8] (Tab. 1). The prevalence of the slow acetylators in lung
cancer patients (56.36%) was similar to that found in the pop-
ulation controls (52.00%) (Fisher’s exact test, p>0.05). Com-
pared with the rapid acetylators, the crude OR of lung cancer

GSEC! study Our study

Genotype Control Control Lung cancer Squamous lung cancer Lung cancer Squamous lung cancer
% N % N % N % OR 95% C.I. OR  95%C.L

4%4 7.25 11 6.58 11 10.00 7 9.45 1.58  (0.59-4.17) 1.48  (0.46-4.39)
4*5a 3.06 4 2.40 0 0.00 0 0.00 - -
4*5b 16 37 22.15 17 15.45 12 16.22 0.64  (0.32-1.25) 0.68  (0.30-1.45)
4*5¢ 1.7 4 2.40 4 3.64 1 1.35 1.54  (0.28-8.43) 0.56  (0.01-5.78)
4*6 13.3 22 13.17 16 14.55 9 12.16 .12 (0.52-2.37) 091  (0.35-2.20)
4*7 1.04 2 1.20 0 0.00 0 0.00 - -
Total rapid 42.35 80 47.90 48 43.64 29 39.20 0.84  (0.50-1.40) 0.70  (0.39-1.27)
5a*5a 5.96 2 1.20 0 0.00 0 0.00 - -
5a*5b 2.40 3 1.80 3 2.73 2 2.70 1.53  (0.20-11.64) 1.52 (0.12-13.53)
5a*6 2.27 3 1.80 3 2.73 2 2.70 1.53  (0.20-11.64) 1.52  (0.12-13.53)
5b*5b 11.70 17 10.18 11 10.00 5 6.77 0.98  (0.40-2.33) 0.64  (0.18-1.91)
5b*5¢ 0.83 2.99 2 1.82 1 1.35 0.60  (0.06-3.75) 0.44  (0.01-4.08)
5¢*5¢ 0.36 6 3.59 0 0.00 0 0.00 - -
5b*6 21.60 31 18.56 29 26.36 25 33.78 1.57  (0.84-2.91) 224 (1.14-4.34)
5b*7 1.74 2 1.20 1 0.90 1.35 0.76  (0.01-14.72) 1.13  (0.02-22.02)
5¢*6 1.60 2.40 2 1.82 2 2.70 0.75  (0.07-5.38) 1.13 (0.10-8.10)
6*6 6.55 14 8.38 11 10.00 7 9.45 1.21 (0.48-3.01) 1.14  (0.37-3.19)
6*7 1.69 0 0.00 0 0.00 0 0.00 - -
Total slow 56.70 87 52.10 62 56.36 45 60.80 1.19  (0.71-1.99) 1.28  (0.70-2.31)
Total 167 110 74
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was 1.19 (95% CI: 0.71-1.99) for slow acetylator status.
Based on the role of tobacco smoking in etiology of
squamous or small cell lung carcinoma an analysis by
histological type of cancer was performed. The slow
acetylator status among the all followed histological sub-
types was similar to that found in the population controls
(data not shown), but only in squamous cell subtype signifi-
cantly higher proportion slow NAT2 allelic combinations
NAT2*5B/*6 (OR=2.24; 95% CI: 1.14—4.34) was observed.
There were no subjects with the mentioned specific genotype
among patients with adenocarcinoma and large cell carci-
noma genotype.

Stratified analysis by age, smoking status and gender
(Tab. 2) showed an increasing impact of the specific slow
acetylator allelic combination NAT2*5B/*6 in non-smokers
(OR=6.5; 95% CI: 1.25-15.08). In the case of squamous lung
carcinoma an analysis revealed a tendency to adversely affect
cancer risk in the individuals younger than 60 years (OR=3.14;
95% CI: 0.98-9.72) in non-smokers (4 out of 6; OR=10.40;
95% CI: 1.35-118.89) and in females (7 out of 14; OR=4.25;
1.08-16.25), although the last two subgroups were small.

Discussion

The relevance of drug metabolism polymorphisms for can-
cer risk, as shown in several studies, is likely to be based on
the ability of the polymorphic enzymes to activate and deacti-
vate carcinogens and mutagens. Several cytochrome P450
enzymes are involved in the activation of environmental and
food carcinogens. These include mutagens and carcinogens
such as polycyclic aromatic hydrocarbons, heterocyclic
amines and nitrosamines that can induce lung cancer. Lung
tissue plays important role in metabolism of inhaled foreign
compounds. The relevance of the NAT2 polymorphisms in
lung cancer risk is of particular importance since that enzyme
is expressed in lung [33] together with others drug-metabo-
lizing enzymes including CYP1Al, CYP1A2, CYPIBI,
CYP2B7, CYP2EIL, CYP2A, CYP4B1, NADH cytochrome
P450 reductase, aryl sulfotransferase and glutathione
S-transferase [10, 23, 27, 30].

This study presents the first data on the frequency of the
NAT2 acetylator genotype among Slovak Caucasians lung

cancer patients. By molecular genetic analysis was found that
NAT?2 specific slow acetylator genotype NAT2*5B/*6 might
have been a risk factor for development of the squamous cellu-
lar lung cancer. The association of specific NAT2 genotypes
and lung cancer risk has not been extensively reported in other
studies. The Spanish study described higher prevalence of mu-
tant allelic variants 590A and 341C+481T+803G i.e. alleles 6
and 5B (nomenclature by VATSIS et al [28]) in lung cancer pa-
tients [20]. /n vitro assessment showed that defective NAT2 al-
leles have different significance on function of enzymes. As an
example, for NAT2*5B allele reduced enzyme activity and for
NAT2*6 allele reduced half-life of protein [4] has been
showed. This might explain the suggested link of some allelic
variants of NAT2 gene to cancer [1, 20, 29].

In our study, the NAT2*5B/*6 genotype occurred more fre-
quently in younger squamous lung cancer patients and in
non-smokers. The impact of age and/or smoking dose on lung
cancer risk was demonstrated in some recent studies. HOU et al
[16] have reported a clear association between the slow NAT2
genotype and non-operable tumors in younger individuals
who smoked less. Japanese study described a prevalence of
slow acetylators among younger non-small-cell lung cancer
patients [24]. ZHOU et al [34] in their gene-environment inter-
action analysis revealed that the adjusted ORs of the rapid
versus slow NAT2 genotype increased significantly as
pack-years increased. For non-smokers, the fitted OR for
rapid acetylators was 0.66 (95% CI: 0.44-0.99). The
NAT2-rapid homozygote genotype was associated with an
increased risk only in a German lung cancer patients, how-
ever NAT2*4/*4 genotype was significantly over repre-
sented in patients with higher smoked dose [7]. In non-smok-
ers, environmental pollutants or professional exposure may
impact on the role of NAT2 polymorphism in the develop-
ment of lung cancer. This enzyme catalyses the acetylation of
arylamines, that are ubiquitous chemicals present in industry,
cooked food and as environmental contaminants. Examples
include heterocyclic arylamines formed during heat process-
ing of meat, polycyclic nitroaromatic hydrocarbons in diesel
exhaust or 4-aminobiphenyl and 2-naphthylamine 4-amino
in dye manufacturing and in cigarette smoke [13—15]. For
non-smokers, NAT2 appears to provide a competitive path-
way to the cytochrome P4501A2 and P4501A1-catalyzed

Table 2. Distribution of specific allelic combination NAT2*5B/*6 stratified by age, smoking and gender

Controls Lung cancer Squamous cell cancer
Total N % Total N % OR  95%C.. | Total N % OR  95%C.L
Age <60 years 79 12 15.19 45 10 22.22 1.60 (0.56-4.48) 25 9 36.00 3.14 (0.98-9.72)
>60 years 88 19 21.59 65 19 29.23 1.50 (0.67-3.35) 49 16 32.65 1.76 (0.74-4.13)
Smoking st. Non-smokers 124 20 16.13 9 5 55.56 6.50 (1.25-35.08) 6 4 66.67 10.40 (1.35-118.89)
Smokers 43 11 2558 101 24 23.78 0.91 (0.37-2.30) 68 21 48.84 1.30 (0.51-3.41)
Gender Males 83 15 18.07 87 20 22.99 1.35 (0.60-3.10) 60 18 30.00 1.94 (0.82-4.61)
Females 84 16 19.05 23 9 39.13 2.73 (0.87-8.20) 14 7 50.00 4.25 (1.08-16.25)
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N-oxidation pathway for reactive hydroxylamines without an
alternative mechanism [2]. NAT2 N-acetylates and detoxifies
these aromatic amine compounds and it is a possible explana-
tion why the rapid acetylator genotypes showed a possible
protective effect in non-smokers. The hypothesis of associa-
tion of NAT2 phenotype and air quality has been indirectly
confirmed in Scandinavia. Non-smokers with the combina-
tion of NAT2 slow and GSTM1-negative genotype among
bus maintenance workers exposed to diesel exhaust demon-
strated higher aromatic DNA adducts levels in peripheral
blood [17]. In Denmark study, the NAT2 slow genotype
alone, showed elevated chromosomal aberration counts not
only in bus drivers but also in postal workers. Authors sug-
gest that NAT2 genotype effect is not due to exposure to
high-level urban air pollution but due to something else com-
mon to all subjects [18].

Our preliminary data outlined significant increasing of
lung cancer risk for squamous lung cancer in females. Sev-
eral epidemiological studies have indicated that for given
number of cigarettes smoked, females may be at higher risk
of lung cancer compared with males. The data sets from the
studies of BROWNSON [5], HARRIS [11] and RISCH [25] and
their collaborators show that women were at 1.3 to 2.9-fold
risk to develop lung cancer than men. In addition, MOLLERUP
et al [22] found that female smokers exhibited a significantly
higher expression level of lung CYP/A I than men and simul-
taneously, the level of PAH-DNA adducts were related to ex-
pression of CYPIAI mRNA in target tissue. These findings
indicate that the CYP/AI expression may be an important
factor in influencing sex difference in aromatic/hydrophobic
DNA adducts levels in the lung. HAUGEN et al [12] outlined
that although the mechanisms of sex difference are still un-
known, important elements in lung carcinogenesis may be
hormonal regulation of genes involved in the metabolism of
tobacco carcinogens and DNA repair, interactions of smok-
ing and hormone status, hormones and the activation of
growth promoting pathways, cross talk between various sig-
nalling pathways and the interaction between stroma and epi-
thelial cells during tumor development.

In conclusion, our finding suggests that NAT?2 acetylator
polymorphism probably affects susceptibility to lung cancer
in Slovak region. Age and/or smoking status appear to play a
role in altering the direction of the association between NAT2
polymorphisms and risk of lung cancer. Additional studies
are needed to confirm the results we observed and to assess
the impact of other effects (specific allelic combinations, sex
differences and histological subtype of lung cancer) on NAT2
susceptibility in lung carcinogenesis.
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