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Abstract. A case-control study was conducted for analyzing the genetic polymorphisms of phase II metabolic enzymes in 97

patients with lung cancer and 197 healthy subjects from Han ethnic group of Hunan Province located in Central South China. The

results showed that the frequencies of glutathione S-transferase (GST) M1-null (GSTM1-) or GSTT1-null (GSTT1-) genotype

alone, or combined form of both in lung cancer patients were significantly higher than those of the controls. Genotypes of

combining GSTP1 mutant/GSTM1(-) or GSTP1 mutant/GSTT1(-) led to high risk of lung cancer. Individuals carrying any

two or all three of GSTM1(-), GSTT1(-) and GSTP1 mutant genotypes have a distinctly increased risk of lung cancer when

compared to those with GSTM1 present (GSTM1+: GSTM1+/+ or GSTM1+/−), GSTT1 present (GSTT1+: GSTT1+/+
or GSTT1+/−) and GSTP1 wild genotypes. Furthermore, individuals possessing combined genotypes of N-acetyltransferase 2

(NAT2) rapid acetylator, GSTP1 mutant and both GSTT1(-) and GSTM1(-) have a remarkably higher lung cancer risk than those

carrying combined NAT2 slow acetylator genotype, GSTP1 wild genotype and both GSTT1(+) and GSTM1(+) genotypes. All

these findings suggest that the genetic polymorphisms of phase II metabolic enzymes affect the susceptibility of lung cancer in

the Han ethnic group of Central South China.
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1. Introduction

Both environmental and genetic factors are consid-

ered important in the etiology of human tumors. The

risk of cancer correlated with exposures to exogenous

xenobiotics or endogenous substances may be modified

by genetic variation in metabolic detoxification activ-
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ities [1]. Phase II biotransformation enzymes gener-
ally act as inactivating enzymes to catalyze the bind-
ing of intermediary metabolites to cofactors, trans-
form them into more hydrophilic products and thus fa-
cilitate their elimination. Both GSTs and NATs are
phase II transformation enzymes involved in the detox-
ification of hazardous agents [2]. GSTM1, GSTT1
and GSTP1 are dimeric enzyme members constitut-
ing GST super-family that catalyze the conjugation of
glutathione to biotransform toxic chemicals into non-
toxic substances [3]. The GSTM1 gene is polymor-
phic and is represented by two active alleles and a non-
functional null allele which resulting from the entire
GSTM1 gene deletion mutation. GSTM1 may act as
a determinant factor in susceptibility to the related dis-
ease and may be a risk factor for cancer [4]. In humans,
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GSTT1 is polymorphic and represented by a functional

(wild) allele and a non-functional (null) allele. This

null allele results from total or partial deletion of the

gene and presents two possible phenotypes: GSTT1

null, which is the homozygote of the deleted allele, and

GSTT1-positive, which is the phenotype that at least

one copy of the gene is intact [5]. GSTT1 null phe-

notype appears to increase the susceptibility to some

types of cancer [6]. GSTP1 alleles have been described

in four types, the wild-type allele and three variant al-

leles. These different alleles result from the combina-

tion of two single nucleotide polymorphisms (SNPs)

within the GSTP1 gene, one of which resulting in a

change at codon 105 (Ile/Val), and the other at codon

114 (Ala/Val). The wild-type allele has Ile at codon 105

and Ala at codon 114. However, the residue at codon

105 lies in close proximity to the hydrophobic binding

site of electrophilic substrates [7] and the 105Val vari-

ant has altered specific activity and affinity for elec-

trophilic substrates [8]. Watson et al. [9] investigated

the genotype at exon 5 and exon 6 of the human GSTP1

gene in normal lung tissue obtained from surgical pa-

tients and found that the Ala114Val polymorphism in

exon 6 was less common than the Ile105Val in pop-

ulation, and there was a non-significant trend toward

lower mean GST enzyme activity among individuals

with the 114 valine allele but GST activities in lung

tissue were significantly lower among individuals with

the 105Val allele. Thus, the polymorphism at codon

105 of human GSTP1 gene results in active proteins

with different enzyme activity. The polymorphisms of

human GSTP1 gene for codon 105 present three geno-

types: wild genotype (AA, Ile/Ile), heterozygous mu-

tant genotype (AG, Ile/Val) and homozygous mutant

genotype (GG, Val/Val). GSTP1 enzymes with 105Val

allele showed different catalytic efficiency for various

chemicals or drugs [10]. Individuals with the 105Val

allele have a higher risk of developing lung cancer than

individuals with the 105Ile allele [11].

NATs catalyze the activation (O-acetylation) of het-

erocyclic amine carcinogens and are subject to genetic

polymorphism [12]. In humans, there are two active

genes coding NATs, NAT1 and NAT2, and one non-

coding NATP pseudogene [13]. Excepting the wild-

type allele (NAT2*4), the other 25 variants of NAT2

alleles possess a combination of one to four SNPs at

11 sites within the 870bp coding region. The NAT2

polymorphism is very common in the human popula-

tion and the phenotypes of individuals can be subdi-

vided into three groups, homozygous rapid (with a high

O-acetylation capacity), heterozygous rapid (or inter-

mediate) and slow acetylator [14]. The correlation of

NAT2 genotype with lung cancer risk is quite different

in different populations [15–18].

Lung cancer is a major scourge in our time and re-

mains a worldwide healthcare problem. In the past two

decades, the mortality of lung tumor has been doubled

in Hunan population [19]. In human lung, GSTT1,

GSTP1, and, to a lesser extent, GSTM1 are present in

tissue [20–22], and NAT2 is expressed mainly in the

epithelial lining of the bronchi [23]. Thus it is of great

importance to evaluate genetic polymorphism of both

GST members and NAT2 together as putative factors

affecting the susceptibility of human lung cancer. In-

dividuals carrying more than one of the risking poly-

morphisms may have a greater risk of developing lung

cancer [24].

It has been proved that cigarette smoking is an ob-

vious effective modifier, which increases the risk of

lung cancer development. However, only 10–15% of

smokers did develop lung cancer when exposed to a

variety of xenobiotics from both inhalational and non-

inhalational routes. This may be explained as that

hereditary, environmental, occupational, and dietary

factors are involved in influencing the development of

lung cancer. In addition to tobacco smoking, genetic

damage caused by a broad range of chemical carcino-

gens from the contamination of food, water, living and

working air environment, is also considered as the fac-

tor that causes the increase of lung cancer risk [25]. For

example, lung adenocarcinoma is the most common

cell type in females (smokers or non-smokers) and in

non-smoking males [26]. The rate of lung cancer in

China marks one of the highest in the world, mainly in-

cluding squamous cell carcinoma and adenocarcinoma

in non-smoking women [27,28]. It has been reported

that long-term occupational exposure to environmental

tobacco smoke (ETS), both alone or in combination

with exposures at home, conferred an increased risk of

lung cancer among Chinese women who never smoked

in Shanghai area [29]. Yang et al. [30] reported that

CYP1A1 Ile462Val genotype (combined Ile/Val and

Val/Val) was significantly associated with lung cancer

risk in a Chinese population, but the GSTM1 null geno-

type did not. After analyzing combined genotypes,

Ng et al. [31] concluded that CYP1A1 is a suscepti-

bility gene for lung cancer among non-smoking Asian

women and this association can be influenced by ETS

exposure and genetic variation of GST genes. The find-

ing of Nakajima et al. [32] that there is no significant

difference in GSTP1 activity in lung tissue among sam-

ples from smokers and non-smokers provided the direct



H.-c. Chen et al. / Genetic polymorphisms of phase II metabolic enzymes and lung cancer susceptibility 143

evidence that tobacco may not be an effective inducer

of GSTP1 in lung.

The enzyme NAT2 catalyzes the acetylation of ary-

lamines which are ubiquitous chemicals present in in-

dustry, cooked food and as environmental contami-

nants [33]. It has been reported that slow NAT2 acety-

lator genotype associated with increased risk of lung

cancer in female non-smokers [18]. However, Chiou et

al. [34] found that NAT2 fast acetylator genotype was

associated with an increased risk of lung cancer among

never-smoking women in Taiwan. These conflicting

results also suggested that cigarette smoking cannot

fully explain the epidemiologic characteristics of lung

cancer, and some other factors, including hereditary

and other environmental factors, may be also involved

in lung cancer development [35]. To evaluate the risk

factors of lung cancer in non-smoking Chinese popu-

lation, we epidemiologically investigated the relation-

ship of genetic polymorphisms of phase II metabolic

enzyme family members GSTM1, GSTT1, GSTP1 and

NAT2 and risk of lung cancer in non-smoking Han eth-

nic population in Hunan Province of China by PCR

and PCR-RFLP analysis for the first time. The com-

bined genotypes analysis for phase II metabolic en-

zymes family members might provide a rational strat-

egy for lung cancer risk estimation and prevention in

Han ethnic population of Central South China.

2. Materials and methods

2.1. Grouping of subjects

This case-control study included 97 cases with

lung cancer and 197 cancer-free and lung disease-free

healthy controls. All subjects were selected from Han

ethnic group born and living in Hunan Province. The

patients were all pathologically confirmed as primary

lung cancer at Xiangya Hospital, the affiliated teaching

hospital of Central South University in Changsha City,

Hunan Province. 55 among them were females and 42

were males, with an average age of 56.6 years old. They

were non-smokers and mostly suffered from squamous

cell carcinoma (n = 51, 52.6%) or adenocarcinoma

(n = 43, 44.3%), except 3 cases that the subtypes were

undetermined. The 197 controls were recruited from

citizens taking part in a health-screening survey carried

out at Xiangya School of Medicine. All of them were

also enrolled from non-smokers and matched by sex

and age (101 females and 96 males, with an average

age of 55.8 years old) to the patients.

2.2. Determination of genetic polymorphisms

10 ml of heparinized peripheral blood were col-

lected from each individual and stored at −80◦C. Ge-

nomic DNA was purified from the thawed blood sam-

ples by using standard SDS/proteinase K treatment and

phenol-chloroform extraction. The purified DNA sam-

ples were dissolved in Tris-EDTA buffer (TE buffer,

pH 7.4) and adjusted the concentration to 100 ng/µl

by estimation of absorbance at 260 nm. Quality of

the DNA sample was assessed by measurement of the

A260 nm/A280 nm absorbance ratio (1.75 ∼ 1.95) and

agarose gel electrophoresis. DNA samples were stored

in TE buffer at −20◦C till PCR analysis. 1 µl (100 ng)

of each crude DNA preparation was used for per PCR

reaction.

The allele sequences of GSTs and NAT2 polymor-

phic variants were searched from Genbank. PCR

primers (appendix 1) for the various alleles of GSTM1,

GSTT1, GSTP1 and NAT2 variants were designed by

using software Primer Preimer 5 according to the tem-

plate sequence. PCR was carried out in a total vol-

ume of 50 µl containing 100 ng of DNA template,

10 pmole/L of each forward (F) and reverse (R) primers,

200 µmole/L of each dNTP and 2 units of Taq poly-

merase (Roche). The mixture was initially incubated

for 5min at 94◦C to denature the template DNA; And

then the PCR reactions were carried out for 30 cycles

under the conditions of denaturation for 30 s at 94 ◦C,

annealing for 30 s at the optimal temperature (Ap-

pendix 1), and extension for 45 s at 72◦C, and a final ex-

tension period of 5 min at 72◦C was performed after the

PCR cycles finished. 6 µl aliquot of PCR products was

loaded on a 1.5% agarose gel containing 0.5 mg/ml of

ethidium bromide to separate the DNA fragments. The

DNA bands were visualized and photographed under

UV light after electrophoresis.

The absence of GSTM1 or GSTT1 specific fragment

indicated the corresponding null genotype, meanwhile

using β-actin specific primers to amplify the specific

fragment as internal control to confirm the presence of

amplifiable DNA template in the reaction mixture. In

order to further verify the gene deletion, a second PCR

was performed by using another pair of PCR primers

in extension for the same gene.

In order to detect the mutation in GSTP1 and NAT2

allele variants, the related PCR product was digested

separately with Alw26 I (for GSTP1 mutation site),

Taq I, Msp I, Fok I, Aci I, Kpn I, Dde I, Dra III and

BamH I (NAT2 mutation sites showed in Appendix 2) to
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Table 1

Demographic characteristics of the lung cancer cases and controls

Characteristics Cases (n = 97) Controls (n = 197)

Gender, n (%)

Male 42 (43.3) 96 (48.7)

Female 55 (56.7) 101 (51.3)

Age range 28–72 31–69

Mean age 56.6 55.8

Subtype of cancer, n (%)
Squamous cell 51 (52.6)

Adenocarcinoma 43 (44.3)

Non-classified 3 (3.1)

Fig. 1. Agarose gel electrophoresis of PCR products from GST genes and their restriction fragments. M. 100 bp DNA ladder Marker; 1.

GSTM1-F1/R1 (deletion); 2. GSTM1-F2/R2 (deletion)/β-actin; 3. GSTM1-F2/R2; 4. GSTM1-F1/R1/β-actin; 5. GSTT1-F1/R1(deletion);

6. GSTT1-F2/R2 (deletion)/β-actin; 7. GSTT1-F2/R2; 8. GSTT1-F1/R1/β-actin; 9. GSTP1-F1/R1; 10. GSTP1-F1/R1(Alw26 I)/Wild; 11.

GSTP1-F1/R1(Alw26 I)/Heterozygous mutant; 12. GSTP1-F1/R1(Alw26 I)/Homozygous mutant.

analyze the restriction fragment length polymorphism

(RFLP), respectively.

10 µl of PCR product and 10 units of restriction en-

zyme were used for each digestion reaction. All the

reactions were carried out overnight at 37◦C, except

Taq I and Fok I which were performed at 65◦C and

55◦C respectively. All digested products were sepa-

rated and analyzed on ethidium bromide-stained 2% or

3% agarose gels. For PCR/RFLP analysis, the corre-

sponding sequenced PCR products were used as posi-

tive or negative controls.

3. Statistical methods

Allele and genotype frequencies were reported as

percentages. The difference in frequencies between

patients and healthy controls was compared using χ2

test. A value of P < 0.05 was considered statistically

significant. Odds ratios (OR) and 95% confidence in-

tervals (95% CI) were calculated by χ2 test, Fisher’s

Exact Test and unconditional multivariate logistic re-

gression for comparing the difference of genotypes be-

tween patients and healthy controls, thus the correla-

tion between genetic polymorphisms and lung cancer

risk was identified. All calculations were accomplished

with the SPSS version 11.5 statistical package.

4. Results

The demographic characteristics of the lung cancer

cases and healthy controls were shown in Table 1.

PCR products and the restriction map of GSTs and

NAT2 genes were shown in Figs 1 to 3.

The distributions of three GSTs and NAT2 geno-

types in lung cancer patients and healthy subjects were

shown in Table 2. The frequencies of GSTM1(-) and

GSTT1(-) genotypes significantly elevated in lung can-

cer patients (61.9% and 60.8%, respectively) as com-

pared to those in health controls (45.2%,P = 0.007 and

43.1%,P = 0.004, respectively). Both of the GSTM1(-

) and GSTT1(-) genotypes were correlated with an in-

creased risk of lung cancer (OR = 1.968, 95%CI =

1.198-3.233 and OR = 2.046, 95%CI = 1.246–3.358,

respectively). No obvious variation in frequencies of

GSTP1 genotype (AA and AG+GG) and NAT2 geno-

type (slow and rapid acetylator) existed between pa-

tients and healthy controls (P > 0.05), but a distinct

correlation was observed between lung cancer and the
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Fig. 2. Agarose gel electrophoresis of PCR products from NAT2 gene and their restriction fragments M. 100 bp DNA ladder Marker; 1.

NAT2-F1/R1; 2. NAT2-F1/R1 (Msp I)/Wild; 3. NAT2-F1/R1 (Taq I)/Wild; 4. NAT2-F3/R1(Aci I)/Wild; 5. NAT2-F3/R1(Aci I)/Heterozygous

mutant; 6. NAT2-F3/R1(Aci I)/Homozygous mutant; 7. NAT2-F4/R3(Dde I)/Wild; 8. NAT2-F4/R3(Dde I)/Heterozygous mutant; 9.
NAT2-F4/R3(Dde I)/Homozygous mutant.

Fig. 3. Agarose gel electrophoresis of PCR products from NAT2 gene and their restriction fragments M. 100 bp DNA ladder Marker; 1.

NAT2-F2/R2(Dra III)/ Wild; 2. NAT2-F2/R2(Fok I)/Wild; 3. NAT2-F2/R2(Fok I)/Heterozygous mutant; 4. NAT2-F2/R2(Fok I)/Homozygous

mutant; 5. NAT2-F2/R2 (Kpn I)/Wild; 6. NAT2-F2/R2 (Kpn I)/Heterozygous mutant; 7. NAT2-F2/R2 (Kpn I)/Homozygous mutant; 8.

NAT2-F2/R2 (Taq I)/Wild; 9. NAT2-F2/R2 (Taq I)/Heterozygous mutant; 10. NAT2-F2/R2 (Taq I)/Homozygous mutant; 11. NAT2-F2/R2

(BamH I)/Wild; 12. NAT2-F2/R2 (BamH I)/Heterozygous mutant; 13. NAT2-F2/R2 (BamH I)/Homozygous mutant.

genotypes of combination of GSTM1(-) and GSTT1(-)

(P = 0.000), GSTP1(AG+GG) and GSTM1(-) (P =

0.006), as well as GSTP1(AG+GG) and GSTT1(-)

(P = 0.003).

Combination studies of all three GSTs revealed that

people carrying any two or all three of GSTM1(-

), GSTT1(-) and GSTP1(AG+GG) mutant genotypes

possess prominently increased risk of lung cancer as

compared to those with GSTM1 and GSTT1 present as

well as GSTP1(AA) wild genotypes (Table 3).

NAT2 genotypes were classified into rapid acety-

lators (including homozygous and heterozygous fast

acetylators) and slow acetylators. Individuals possess-

ing NAT2 genotypes were correspondingly classified

into three groups, homozygous rapid acetylators who

possessing two NAT2 alleles associated with high

acetylation activity (NAT2*4, NAT2*12 or NAT2*13),

heterozygous or intermediate acetylators who possess-

ing one of these alleles, and slow acetylators who

possessing none of these alleles [36]. As showed

in Tables 2 and 4, distribution of NAT2 genotypes

did not correlate with the risk of lung cancer sig-

nificantly as compared to the healthy controls (OR

= 1.225, 95%CI = 0.664–2.263, P for trend =

0.516, χ2
= 0.423). However, individuals possess-

ing combining genotypes of NAT2 rapid (homozygous

fast/heterozygous fast or intermediate acetylators) and

GSTM1(-), GSTT1(-) and GSTP1(AG+GG) mutant
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Table 2

Distribution of GSTs and NAT2 genotypes in lung cancer cases and controls

Genotype Cases (%) Controls (%) OR (95%CI) P χ2

GSTM1

Present

Null

GSTT1

Present

Null

GSTP1

AA (Ile/Ile)

AG+GG
(Ile/Val+Val/Val)

NAT2

Slow

Rapid

GSTM1 (+)/GSTT1 (+)

GSTM1 (+)/GSTT1 (−)

GSTM1 (−)/GSTT1 (+)

GSTM1 (−)/GSTT1 (−)
GSTP1 (AA)/GSTM1 (+)

GSTP1 (AA)/GSTM1 (−)

GSTP1 (AG+GG)/

GSTM1 (+)

GSTM1 (−)

GSTP1 (AA)/GSTT1 (+)

GSTP1 (AA)/GSTT1 (−)
GSTP1 (AG+GG)/

GSTT1 (+)

GSTT1 (−)

37 (38.1)

60 (61.9)

38 (39.2)

59 (60.8)

66 (68.0)

31 (32.0)

18 (18.6)

79 (81.4)

14 (14.4)

23 (23.7)

24 (24.7)

36 (37.1)
26 (26.8)

40 (41.2)

11 (11.3)

20 (20.6)

31 (32.0)

35 (36.1)

7 (7.2)

24 (24.7)

108 (54.8)

89 (45.2)

112 (56.9)

85 (43.1)

143 (72.6)

54 (27.4)

43 (21.8)

154 (78.2)

67 (34.0)

41 (20.8)

45 (22.8)

44 (22.3)
74 (37.6)

69 (35.0)

34 (17.3)

20 (10.2)

79 (40.1)

64 (32.5)

33 (16.8)

21 (10.7)

1.968 (1.198–3.233)

2.046 (1.246–3.358)

1.244 (0.733–2.112)

1.225 (0.664–2.263)

2.685 (1.243–5.797)

2.552 (1.194–5.456)

3.916 (1.896–8.085)

1.650 (0.912–2.985)

0.921 (0.480–2.077)

2.846 (1.326–6.111)

1.394 (0.776–2.502)

0.541 (0.216–1.350)

2.912 (1.420–5.971)

0.0071

0.0041

0.4191

0.5161

0.0112

0.0142

0.0002

0.0973

0.8423

0.0063

0.2654

0.1834

0.0034

7.233

8.128

0.654

0.423

6.545

6.032

14.44

2.762

0.040

7.460

1.240

1.769

8.825

1Comparison between lung cancer patients and healthy controls.
2Comparison between GSTM1 (+)/GSTT1 (+) and the other combined genotypes of GSTM1/GSTT1 in

relation to lung cancer.
3Comparison between GSTP1 (AA)/GSTM1 (+) and the other combined genotypes of GSTP1/GSTM1 in
relation to lung cancer.
4Comparison between GSTP1 (AA)/GSTT1 (+) and the other combined genotypes of GSTP1/GSTT1 in

relation to lung cancer.

took higher risk of lung cancer as compared to those

with genotypes of NAT2 slow, both GSTM1 and

GSTT1 present and GSTP1(AA) wild types (OR =

5.500, 95%CI = 1.219–24.813) (Table 5).

5. Discussion

GST and NAT2 metabolize many environmental

and therapeutic agents affecting susceptibility to sev-

eral diseases. Polymorphisms of these enzymes re-

sult in different host phenotypes and contribute to dif-

ferent disease profiles or response to toxic or thera-

peutic agents. These correlations are various accord-

ing to their frequencies in different population. Poly-

morphisms of GST and NAT2 have been investigated

in various populations, including Chinese population.

A number of studies tried to explore the correlations

among genetic polymorphisms of GSTs or NATs and

the risk of lung cancer in different ethnic background

and level of exposure factors. The come outs of these

studies seemed conflicting [15,37–42]. The reason of

these discrepancies is likely that these studies were

conducted in diverse populations with different hered-

itary background and life style or habits (e.g. smok-

ing). As a developing country, China has the peculiar-

ities of explosive population and polluted environment

(especially air pollution). Therefore, analysis of the

correlation between genetic polymorphisms of phase

II metabolic enzymes and lung cancer susceptibility in

the population of Central South China was based on

our consideration of the same race and the same living

environment but not on personal habit of hygiene, such

as smoking.

Previous studies demonstrated that GSTM1(-) geno-

type was significantly correlated with lung cancer in

Chinese population, but GSTT1(-) and GSTP1 mutant

(AG or GG) genotypes were not [43,44]. Also, both

NAT2 slow acetylator genotype and homozygous rapid

acetylator genotype were reported that are correlated
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Table 3

Combined effects of GSTM1, GSTT1 and GSTP1 genotypes in lung cancer

M1 (+), T1 (+), P1 (AA) M1 (−), T1 (−), P1 (AG+GG)

a b c d

Cases (%) 13 (13.4) 32 (33.0) 38 (39.2) 14 (14.4)

Controls (%) 44 (22.3) 88 (44.7) 55 (27.9) 10 (5.1)

OR 1.231 2.338 4.738

95% CI 0.588–2.578 1.111–4.922 1.708–13.147

P 0.582 0.023 0.002

χ2 0.304 5.133 9.592

a: GSTM1 (+), GSTT1 (+) and GSTP1 (AA) genotypes.

b: Any one of GSTM1 (−), GSTT1 (−) and GSTP1 (AG+GG) genotypes.

c: Any two of GSTM1 (−), GSTT1 (−) and GSTP1 (AG+GG) genotypes.

d: All of GSTM1 (−), GSTT1 (−) and GSTP1 (AG+GG) genotypes.

Table 4

Designation and frequency of NAT2 alleles in lung cancer

Genotype Cases (%) Controls (%)

NAT2

Rapid acetylators
Homozygous

fast acetylators

Heterozyous

fast acetylators

Slow acetylators

subtotal
subtotal

NAT2 *4/*4

NAT2 *13/*13

NAT2 *4/*13

subtotal

NAT2 *4/*5A

NAT2 *4/*5B

NAT2 *4/*5C
NAT2 *4/*6A

NAT2 *4/*6B

NAT2 *4/*7A

NAT2 *4/*7B

NAT2 *4/*11A

NAT2 *13/*6A

NAT2 *13/*7B
NAT2 *13/*5B

NAT2 *7B/*12C

subtotal

NAT2 *5B/*5B

NAT2 *5B/*7B

NAT2 *6A/*5B

NAT2 *6A/*7B

NAT2 *6A/*6A
NAT2 *6A/*6B

NAT2 *6B/*6B

NAT2 *6A/282.481

NAT2 *6B/282.481

NAT2 *6B/*7A

NAT2 *6B/*7B

NAT2 *6E/282.481

NAT2 *7A/*7A
NAT2 *7A/*7B

NAT2 *7A/282.481

NAT2 *7A/*11A

NAT2 *7B/*7B

97

79 (81.4)
26 (26.8)

0

0

26 (26.8)

53 (54.6)

0

2 (2.1)

1 (1.0)
23 (23.7)

0

2 (2.1)

22 (22.7)

1 (1.0)

0

2 (2.1)
0

0

18 (18.6)

1 (1.0)

1 (1.0)

3 (3.1)

7 (7.2)

3 (3.1)
0

0

0

0

1 (1.0)

2 (2.1)

0

0
0

0

0

0

197

154 (78.2)
46 (23.4)

41 (20.8)

2 (1.0)

3 (1.5)

108 (54.8)

0

6 (3.0)

2 (1.0)
40 (20.3)

1 (0.5)

3 (1.5)

39 (19.8)

1 (0.5)

7 (3.6)

5 (2.5)
1 (0.5)

3 (1.5)

43 (21.8)

0

1 (0.5)

3 (1.5)

12 (6.1)

6 (3.0)
4 (2.0)

2 (1.0)

2 (1.0)

1 (0.5)

3 (1.5)

2 (1.0)

1 (0.5)

0
2 (1.0)

0

1 (0.5)

3 (1.5)

with an increased risk of lung cancer [16,18]. These
studies mainly focused on establishing the contribu-

tion of a single genotype or combination of two geno-

types of GST or NAT members to the risk of lung can-

cer [16,45], and most of the investigators emphasized
to separately investigate the links between genotypes

of either GST or NAT family members and lung cancer

susceptibility [3,39,40,46]. Recently, a few published
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Table 5

Combined effect of NAT2 and GSTs genotypes in lung cancer

NAT2 (S), M1 (−), T1 (+), P1 (AA) NAT2 (R), M1 (−), T1 (−), P1 (AG+GG)

a b c d e

Cases (%) 4 (4.1) 15 (15.5) 28 (28.9) 38 (39.2) 12 (12.4)

Controls (%) 11 (5.6) 49 (24.9) 82 (41.6) 49 (24.9) 6 (3.0)

OR 0.842 0.939 2.133 5.500

95% CI 0.234–3.305 0.277–3.187 0.629–7.226 1.219–24.813

P 1.000 1.000 0.216 0.037

χ2 0.000 0.000 1.529 5.241

S: NAT2 slow acetylator, R: NAT2 rapid acetylator.
a: NAT2 slow acetylator, GSTM1 (+), GSTT1 (+) and GSTP1 (AA) genotypes.

b: Any one of NAT2 rapid acetylator, GSTM1 (−), GSTT1 (−) and GSTP1 (AG+GG) genotypes.

c: Any two of NAT2 rapid acetylator, GSTM1 (−), GSTT1 (−) and GSTP1 (AG+GG) genotypes.

d: Any three of NAT2 rapid acetylator, GSTM1 (−), GSTT1 (−) and GSTP1 (AG+GG) genotypes.

e: All of NAT2 rapid acetylator, GSTM1 (−), GSTT1 (−) and GSTP1 (AG+GG) genotypes.

works explored the combination effects of NAT and

GST polymorphisms in breast cancer [47,48]. These
reports documented that some combinations of GST

and NAT genotypes possessed an evident dose-gene

effect on the occurrence of breast cancer. In present
study, we conducted investigation to evaluate the poten-

tial correlation between GSTs/NAT2 polymorphisms

and the risk of lung cancer, including both separated in-
vestigation and combined analysis of GSTM1, GSTT1,

GSTP1 and NAT2 genotypes. The results showed that

there was no correlation between GSTP1/NAT2 geno-
types and the risk of lung cancer, but GSTM1(-) and

GSTT1(-) genotypes were correlated with an elevated

risk of lung cancer (1.968 fold and 2.046 fold, respec-
tively) when they were analyzed separately. On the

other hand, combined analysis of GSTM1, GSTT1 and

GSTP1 revealed that the risk of lung cancer of individu-
als with genotypes of any two of GSTM1(-), GSTT1(-)

and GSTP1 mutant (AG+GG) combination was 2.338

fold, whereas with the genotypes of all of GSTM1(-),
GSTT1(-) and GSTP1 mutant (AG+GG) combination

was 4.738 fold over the controls. Hence, it is obvious

that correlation between the risk of lung cancer and the
genotypes of either the combination of two GST mu-

tants or the combination of these three GST mutants is

more prominent than that of anyone alone. Moreover,
a higher lung cancer risk was found when the NAT2

rapid genotype was combined with any two (by 2.133
fold) or three (by 5.500 fold) of GSTM1(-), GSTT1(-)

and GSTP1 mutant (AG+GG) genotypes.

The incidence of lung cancer has been increasing in
very recent years. Several factors could be count in

that cause this change. First of all is the improvement

of the medicare situation and the molecular and patho-
logical techniques. This change enables more patients

to be diagnosed. Second is due to the changes of en-

vironmental factors, such as smoking, ETS, diet and

cooking, pollution, occupational exposure, and other

environmental factors. These changes have probably
induced a true increase in incidence of lung cancer.

Cigarette smoking is one major environmental factor

that causes lung cancer. The role of cigarette smoking
in the etiology of the disease is widely accepted and, in

the West countries, trends in lung cancer have closely

paralleled trends in smoking [49]. However, epidemi-
ological data suggest that there are important ethnic

and geographic differences in the relationship between

smoking and lung cancer. The observed differences in
risk indicate that risk factors, including genetic factors

and environmental factors, apart from cigarette smok-

ing, influence individual susceptibility to lung cancer.
Air pollution is one of the environmental causes of

lung cancer. Air pollution is a mixture of solid parti-

cles, liquids, and gases, each varying in size, composi-
tion, and original source [50–52]. Indoor air pollution

due to burning, cooking and smoking has been impli-

cated in the genesis of lung cancer. Chinese people
traditionally like to make diet by burning wood, smoky

coal or gas. Therefore exposure to inhalants, including

smoke from combustion and the cooking fumes, is of
particular significance in the Chinese population, espe-

cially the Han group in Hunan Province because they

cook meat and hot cayenne pepper using oil at high
temperature everyday. Furthermore, there has been a

large population exposed to passive smoking because
of many Chinese smokers smoking in living room, bed

room and even in the shared offices and buses. It has

been indicated that ETS is a mixture of nearly 5000
chemical compounds, including at least 43 known hu-

man or animal carcinogens [53]. It is not surprising

that ETS causes the same diseases as active smoking,
such as lung cancer, although the risk is reduced in pro-

portion due to the dilution in the environment. The ob-

servation that nonsmokers may expose to ETS outside
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the home indicates that carcinogens have no thresh-
old and ETS may cause lung cancer in exposed non-
smokers [54]. Outdoor air pollution caused by high
level of industrial and constructional pollution has led
to the increasing rates of lung cancer in the south area
of China recently, where the economic development is
in high rates. The airborne particulates contain soot,
acid condensates, sulfate, and nitrate particles and can
be deeply inhaled. It can be concluded from above
that either indoor or outdoor air pollution increases the
incidence of lung cancer [55,56].

Lipid may also accelerate the development of lung
cancer. The results of a case-control study revealed
that there is a correlation between risks of lung cancer
and consumption of dietary cholesterol. It has been
reported that high animal-fat consumption results in
higher risk of lung cancer in females [57]. Also, high
fat intake, especially high cholesterol intake has been
demonstrated to be associated with an increased risk of
lung cancer [58]. The similar results also were reported
in other studies [59,60]. Several years ago, Sugita et

al. [61] forecasted that the incidence of lung cancer
in Chinese population would increase in the future be-
cause of economic growth. So far, the Chinese people
have been changing their lifestyle to eat more animal-
fat with the progress of socioeconomic status. It may
also be the one of the causes of increasing lung cancer
incidence in Chinese people, including Hunan popula-
tion.

Genetic factor is another import factor that influences
the risk of lung cancer. A genetic predisposition to
lung cancer is suggested by the observation that only
10–15% of smokers develop lung cancer. The differ-
ences in genotype and allele frequencies suggest the
possibility of differences in susceptibility to exposure
to environmental carcinogens.

In general, mechanisms by which these agents cause
lung cancer are not fully illustrated, but partly due to
their effects on the DNA or by promoting the growth
of initiated cells.

The toxic and carcinogenic effects of xenobiotic
agents are, however, governed by biological uptake
and distribution, metabolic activation and detoxifica-
tion processes and the mechanisms of DNA repair, that
are different from individual to individual. Biotrans-
forming toxic xenobiotics to non-toxic form is consid-
ered as the first line of defense in the process of the po-
tentially toxic chemical substances towards their sub-
sequent elimination. Therefore, the effective dose re-
ceived by an individual must be evaluated in terms of
the level of biological damage induced by the carcino-
genic exposures [62,63].

Carcinogens are metabolized typically in a two-

phase activation-deactivating sequence. In Phase I, car-

cinogens were activated mainly by the enzymatic ac-

tivity from the cytochrome P450 (CYP) family; and in

Phase II, usually under the catalyzing of conjugation

enzymes, like GST and NAT, the activated carcinogen

is processed and rendered more hydrophilic, thus exc-

retable.

Some genetic polymorphisms of metabolic enzymes

significantly alter the catalytic activity of the enzyme.

GSTM1, GSTT1, GSTP1 and NAT2 are involved in

the same biological pathway. The genetic mutations of

them produce defective, partially defective enzymes or

ones with altered specificities to the substrates. These

variations may lead to a reduced Phase II function,

which gives rise to higher levels of activated carcino-

gens. In turn, these activated carcinogens destroy

DNA-repair genes, oncogenes and/or tumor suppres-

sor genes by forming DNA adduct. The DNA adduct

formation results in accumulated DNA damage, and

consequently evokes cell damage and carcinogene-

sis [24]. Thus, inter-individual variability in xenobi-

otic metabolism has been associated with different sus-

ceptibility to toxicity or cancer risk in response to the

same exposure to a given environmental pollutant. In-

dividuals with certain genotypes are inherently more

susceptible environmental carcinogens and have higher

risk of cancer owing to the increased metabolic acti-

vation of carcinogens, decreased detoxification, and/or

decreased DNA repair [45,64–66].

In summary, both GSTM1 and GSTT1 polymor-

phisms may be independent genetic determinants of the

risk of lung cancer in non-smoking Chinese popula-

tion studied in this work. Genetic polymorphisms of

GSTP1 and NAT2 exert no independent effect on the

risk of lung cancer but they modulate lung cancer risk

in combination with GSTM1(-) and GSTT1(-) geno-

types. Further studies are required to assess the car-

cinogenesis role of passive smoking, diet and cooking,

pollution, occupational exposure, other environmental

factors and potential newer risk factors, in addition to

genetic factors, and establish a risk profile for each in-

dividual or sub-group in affirmation of the prevention

scope.
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Appendix

1. PCR primers and the amplified fragment size of GSTs and NAT2 genes

Name of Sequence of primer Size of Annealing

primer amplified product temperature

GSTM1-F1 5’-TCAGCGGGATTCTTTGTC-3’ 926 bp 56◦C

GSTM1-R1 5’-CACTTGGAGGATGAATGG-3’

GSTM1-F2 5’-GCAGGAAACAAGGTAAAGG-3’ 994 bp 60◦C

GSTM1-R2 5’-AGGCAGTAGAATCGCTTG-3’

GSTT1-F1 5’-CAAGGGTGCCAAGTGTAG-3’ 845 bp 56◦C

GSTT1-R1 5’-TAGAGTCGCCTTACTTGCC-3’

GSTT1-F2 5’-GAGTAGAGGAAAGGGAATGG-3’ 491 bp 60◦C

GSTT1-R2 5’-TGCACGATAGGTCACCTGAG-3’
GSTP1-F1 5’-CCAATACCATCCTGCGTCAC-3’ 717 bp 58◦C

GSTP1-R1 5’-CGTTACTTGGCTGGTTGATG-3’

NAT2-F1 5’-TTTCCTTACAGGGTTCTG-3’ 675 bp 58◦C

NAT2-R1 5’-TGTCAAGCAGAAAATGCAAGGC-3’

NAT2-F2 5’-TTCTGTACTGGGCTCTGAC-3’ 892 bp 62◦C

NAT2-R2 5’-AGATAATCACAGGCCATCC-3’

NAT2-F3 5’-CACCTTCTCCTGCAGGTGACCG-3’ 141 bp 58◦C

NAT2-R1 5’-TGTCAAGCAGAAAATGCAAGGC-3’
NAT2-F4 5’-TGAGGAAGAGGTTGAAGAAG-3’ 120 bp 55◦C

NAT2-R3 5’-AAGGGTTTATTTTGTTCCTTATTCTAAAT-3’

2. Mutation sites and restriction fragments of NAT2 gene

Mutation Site Restriction site change PCR primers and Restriction fragments Restriction fragments

product size (bp) from wild type (bp) from mutant type (bp)

T→C 111 Gain of TaqI site F1/R1 675 578,97 327,251,97

G→A 191 Loss of MspI site F1/R1 675 312,93,270 312,363

C→T 282 Loss of FokI site F2/R2 892 62,429,288,95,18 491,288,95,18

T→C 341 Gain of AciI site F3/R1 141 141 120,21

A→C 434 Gain of MspI site F2/R2 892 892 213,679

C→T 481 Loss of KpnI site F2/R2 892 636,256 892
G→A 590 Loss of TaqI site F2/R2 892 142,226,170,354 142,396,354

C→T 759 Loss of TaqI site F2/R2 892 142,226,170,354 142,226,524

A→G 803 Gain of DdeI site F4/R3 120 120 97,23

A→C 845 Gain of DraIII site F2/R2 892 892 630,262

G→A 857 Loss of BamHI site F2/R2 892 636,256 892
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