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Objectives: Asthma is a complex multifactorial disease with an obvious genetic predisposition,
immunological aberration, and involvement of noxious environmental factors. Polymorphisms of
the glutathione-S-transferase (GST) genes are known risk factors for some environmentally-related
diseases. In the present study, the hypothesis that polymorphisms in the GSTT1, GSTM1 and GSTP1
genes are associated with atopic and nonatopic asthma was examined.
Methodology: The study population consisted of 103 unrelated healthy individuals and 101
patients with bronchial asthma (64 atopic, 37 nonatopic). Asthma was diagnosed according to the
American Thoracic Society statement. Genotyping of polymorphisms in the GSTT1, GSTM1 and
GSTP1 genes was performed using real time polymerase chain reaction with a Light Cycler instru-
ment and hybridization probes in combination with the Light Cycler DNA master hybridization
probes kit.
Results: Patients with atopic asthma (34.4%) had a higher prevalence of the GSTT1 null genotype
than the nonatopic asthma patients (13.5%; OR = 3.83; 95% CI, 1.24–11.78). Asthma patients (63.4%)
had a higher prevalence of the GSTM1 null genotype than the control group (40.8%; OR = 2.34; 95%
CI, 1.31–4.20). Subjects with the GSTP1 homozygous Val/Val genotype had a 3.55-fold increased risk
of having atopic asthma compared to nonatopic asthma (OR = 3.55; 95% CI, 1.10–12.56).
Conclusions: These results suggest that the GSTT1 and GSTM1 null genotypes and the GSTP1 Val/
Val polymorphism may play important roles in asthma pathogenesis. It is possible that intermediate
electrophilic metabolites, arising in the first phase of detoxification, are not metabolized by GST
enzymes in asthmatic patients and are not excreted. These intermediate metabolites may damage
cells and generate oxidative stress, and so contribute to the pathogenesis of asthma.
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INTRODUCTION

Allergic diseases affect approximately one-third of the
general population. Asthma is a common heteroge-
neous disease, characterised by reversible airway
obstruction and bronchial hyperresponsiveness

(BHR) and is commonly associated with atopy. The
aetiology and pathogenesis of asthma remain poorly
understood. Among the multiple factors that contrib-
ute to asthma, are genetic predisposition, immuno-
logical aberration, and the possible involvement of
noxious environmental factors.1

Advances in asthma management are likely to
depend on a better understanding of how genetic fac-
tors influence susceptibility to and outcomes of this
disease.2 Chromosomes 5q and 11q exhibit the most
consistent association with BHR and atopy.3,4 Candi-
date genes on these chromosomes include the b2-
adrenoreceptor and interleukin-4 cytokine cluster
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on chromosome 5q31–33 and the high-affinity IgE
receptor and Clara cell secretory protein genes that
map to chromosome 11q13.3,5 Although chromosome
11q13 is a ‘hot spot’ for asthma related genes, data on
these candidate genes are not sufficiently convincing
to explain the strength of the linkage of asthma to this
region.3,6 Consequently, there is a need to further
investigate common polymorphisms that are associ-
ated with asthma and that complement existing data
from linkage studies.

Human cytosolic glutathione-S-transferases (GST)
have been well characterised, are polymorphic, and
have polymorphism frequencies that are related to
ethnicity. The mammalian soluble GST are divided
into five main classes, alpha (A), mu (M), pi (P), theta
(T), and zeta (Z).7

GST genes code for enzymes that belong to the
phase II detoxification system that is responsible for
biotransformation and degradation of certain elec-
trophilic compounds such as dichloromethane and
ethylene oxide (GSTT1) or transtilbene oxide and car-
cinogenic metabolites of benzopyrene (GSTM1). Con-
spicuous genetic polymorphisms for both these genes
are confined mainly to the presence of the non-
functional null allele. GSTT1 and GSTM1 null genes
are due to a deletion, which results in a lack of gener-
ation of specific mRNA and protein product. A single
nucleotide substitution (AÆG) at position 313 of the
GSTP1 gene, which results in the replacement of iso-
leucine with valine (Ile105Val), substantially dimini-
shes GSTP1 enzyme activity. In contrast, inherited
homozygous deletions of the GSTT1 or GSTM1 genes
lead to an absence of enzymatic activity.8,9

These genes are known risk factors that predispose
to some environmentally related diseases.10 In the
present study, we examined the hypothesis that poly-
morphisms in the GSTT1, GSTM1 and GSTP1 genes
are associated with atopic and nonatopic asthma.

MATERIALS AND METHODS

Subjects

The study population consisted of 204 participants
who were unrelated and lived in southern Turkey.
Healthy individuals who visited Mersin University
Hospital for an annual check up and hospital staff
(n = 103) and 101 patients with bronchial asthma (64
atopic, 37 nonatopic) participated in the study. Con-
trol subjects were randomly selected from the same
geographical regions, were unmatched to cases by
gender, age, and smoking status, and were selected
from among healthy people with no history of cardio-
vascular disease, cancer, chronic degenerative neuro-
logical disease, chronic obstructive pulmonary
disease, hepatitis, diabetes, hypertension, atopy,
autoimmune diseases, allergies in general or alcohol
abuse.

All patients and control subjects provided extensive
histories, and physical examination, chest X-ray
(CXR), complete blood count, routine biochemical
tests, skin prick tests, and pulmonary function tests
were performed. All patients had both a clinical his-

tory of asthma and a positive reversibility test. Asthma
was diagnosed according to the American Thoracic
Society statement.11 All asthma patients were clinically
stable. Pulmonary function tests were performed
using a Vmax 22 D Sensormedix (California, USA).
Atopy was defined by the presence of a personal his-
tory of allergies, seasonal rhinitis, eczema, or allergic
conjunctivitis and a positive skin prick test response
(skin reaction with a mean wheal diameter > 3 mm
larger than that produced with a saline control) to a
panel of 13 common aeroallergens (Stallergenes SA,
Pasteur, France). The demographics of the study pop-
ulation are shown in Table 1. The study was approved
by the Mersin University Ethics Committee on Human
Research and each volunteer gave written informed
consent.

DNA extraction and genotyping of GSTT1, GSTM1 
and GSTP1

Blood was collected in EDTA-containing tubes and
DNA was extracted from the lymphocytes using a
high purity template preparation kit (Roche Diagnos-
tics, GmbH, Mannheim, Germany). The genotyping
of polymorphisms of GSTT1, GSTM1 and GSTP1 was
performed using real time polymerase chain reaction
(PCR) with a Light Cycler instrument and hybridiza-
tion probes in combination with the Light Cycler DNA
master hybridization probes kit (Roche Diagnostics).
Both the PCR primers and hybridization probes were
synthesised by TIB MOLBIOL (Berlin, Germany). The
primer and probe sequences are shown in Table 2.

The PCR conditions were essentially the same as
those described by Ko et al.;12 4 mmol/L MgCl2,
0.2 mmol/L of each hybridization probe, 10 pmol of
each PCR primer, 2 mL of the Light Cycler DNA master
hybridization mix, and 50 ng of genomic DNA in a
final volume of 20 mL. These conditions were the same
for the amplification of all three mutations (Table 3).

The fluorescence signal was plotted against tem-
perature to give melting curves for each sample. The
nature of the mutations was gene deletions for GSTT1
and GSTM1, and single nucleotide substitution
(AÆG) at position 313 of the GSTP1 gene. Peaks were
obtained at 59∞C for the Val105Val and at 63∞C for the
Ile105Ile genotype with a double peak for the

Table 1 Characteristics of the study population

Patients (n,%)
101 (100)

Controls (n,%) 
103 (100)

Age (years) 45.53 ± 11.85 49.12 ± 8.66
Gender

Male 35 (34.7) 57 (55.3)
Female 66 (65.3) 46 (44.7)

FEV1 (% predicted) 92.9 ± 19.8 104 ± 13.1
FVC (% predicted) 96.1 ± 13.5 101.1 ± 10.2
Atopy

Atopic† 64 (63.4) 0
Non-atopic 37 (36.6) 103 (100)

†Compared to nonatopic, P < 0.05.
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Ile105Val GSTP1 genotype. The quantification pro-
gram in the Light Cycler instrument was used to eval-
uate the presence of either of GSTT1 and GSTM1.

Statistical analysis

Patient ages were compared with Student’s t-test. All
values are presented as mean and standard deviation
(SD). P-values < 0.05 were considered statistically sig-
nificant. The associations of the GSTT1, GSTM1, and
GSTP1 polymorphisms in study groups and control
subjects was modelled using multivariate logistic
regression analysis. For the purpose of the analysis,
asthma was categorised as atopic or nonatopic. Odds
ratios (OD) and confidence intervals (95% CI) were
used to analyse the frequencies of the GSTT1, GSTM1
and GSTP1 genotypes in patients with asthma com-
pared to the control groups. Gene–gene interactions
were evaluated by the likelihood ratio test for nonatopic
or atopic asthma. The reference group consisted of
individuals with three putative low-risk genotypes, that
is the presence of GSTT1 (non-deleted), GSTM1 (non-
deleted) and GSTP1 (homozygous Ile-105) functional
alleles. Significance was assessed by the c2 test and the
Z-test for comparing two independent proportions.

RESULTS

GSTT1, GSTM1 and GSTP1 gene polymorphisms 
in asthma patients and control subjects

There was a 1.20-fold increased risk of asthma in indi-
viduals with the GSTT1 null genotype (OR = 1.20; 95%
CI, 0.62–2.34) when compared to the control group

but this increased risk was not significant. Asthma
patients had a higher prevalence of the GSTM1 null
genotype (63.4%) than the control group (40.8%;
OR = 2.34; 95% CI, 1.31–4.20). For GSTP1, the
homozygous GSTP1 Val/Val genotype was more fre-
quent among the asthma patients than the control
group (22.8% and 7.8%, respectively). Subjects with
the GSTP1 homozygous Val/Val genotype had a 3.68-
fold increased risk of having asthma when compared
to control subjects (OR = 3.68; 95% CI, 1.44–9.38). The
GSTP1 homozygous Ile/Ile genotype was also more
frequent among the control group than the asthma
patients (47.6% and 32.7%, respectively; Table 4).
There was a difference between the patients and the
control subjects in the frequency of GSTP1 alleles.
Asthma patients had a higher prevalence of the
GSTP1 Val allele (45.0%) than the control group
(27.3%), but a lower prevalence of the GSTP1 Ile allele
(P < 0.01; Table 4).

GSTT1, GSTM1 and GSTP1 gene polymorphisms 
in atopic and nonatopic asthma patients

Patients with atopic asthma had a higher prevalence
of the GSTT1 null genotype (34.4%) than the non-
atopic asthma patients (13.5%; OR = 3.83; 95% CI,
1.24–11.78). There was a 1.78-fold increased risk of
atopic asthma in individuals with the GSTM1 null
genotype (OR = 1.78; 95% CI, 0.72–4.39) but this
increase was not significant. For GSTP1, the homozy-
gous Val/Val genotype was more frequent in the
atopic asthma patients than in the nonatopic asthma
group (28.1% and 13.5%, respectively). The GSTP1
homozygous Val/Val genotype was associated with a
3.55-fold increased risk of atopic asthma compared to

Table 2 The sequences of primers and probes

Gene PCR primers Hybridization probes

GSTT1 5¢-TTCCTTACTGGTCCTCACATCTC-3¢ 5¢-LCR640-TCGAAGGCCGACCCAAGCTGGC-3¢
5¢-TCCCAGGTCACCGGATCAT-3¢ 5¢-CCGTGGGTGATGGCTGCCAAGT-FL-3¢

GSTM1 5¢-GAACTCCCTGAAAAGCTAAAGC-3¢ 5¢-LCR640-ATGGCCCGCTTCCCCAGAAACTCTG-3¢
5¢-GTTGGGCTCAAATATACGGTGG-3¢ 5¢-TCACTCCTCCTTTACCTTGTTTCCTGCAAAA-FL-3¢

GSTP1 5¢-ACCCCAGGGCTCTATGGGAA-3¢ 5¢LCR640-TGTGAGCATCTGCACCAGGGTTGGGC-3¢
5¢-TGAGGGCACAAGAAGCCCCT-3¢ 5¢-TGCAAATACATCTCCCTCATCTACACCAAC-FL-3¢

PCR, polymerase chain reaction.

Table 3 Polymerase chain reaction protocol for GSTT polymorphisms

Program Target temperatures Incubation time Temperature transition rate

Amplification
Denaturation 95∞C 0 20∞C/s
Annealing 66∞C 10 20∞C/s
Extension 72∞C 19/7* 20∞C/s

Melting curve
Preconditioning 45∞C 10/15** 20∞C/s
Melting 95∞C 0 0,1∞C/s

*Incubation times are: 19 s for T1, 7 s for M1 and P1 polymorphisms.
** Incubation times are: 10 s for T1, 15 s for M1 and P1 polymorphisms.
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nonatopic asthma (OR = 3.55; 95% CI, 1.10–12.56;
Table 5).

Association between glutathione-S-transferase 
genotype profile and the development of asthma 
and atopic asthma

To investigate whether profiles of GST genotypes may
be associated with the risk of nonatopic and atopic
asthma, we examined the risk of nonatopic and
atopic asthma associated with combinations of the
genotypes. We found significant gene–gene interac-
tions among the study groups (Table 6). The com-
bined GSTTM1 null, GSTT1 present and GSTP1 Val/
Val genotypes were higher in the asthma than the
control group (P = 0.011). The combined GSTM1
present, GSTT1 present and GSTP1 Ile/Ile homozy-
gous genotypes were higher in the nonatopic than the

atopic asthma patients (P = 0.003). The combined
GSTM1 present, GSTT1 null and GSTP1 Val/Val geno-
types were higher in the atopic than the nonatopic
asthma patients (P = 0.025).

DISCUSSION

Asthma results from the interaction between adverse
environmental factors and constitutional (genetic)
resistance or susceptibility. Inflammatory processes
in the bronchi in atopic bronchial asthma stem from
the interaction of pulmonary epithelium with both
blood cells and xenobiotics. Asthma should be
regarded as a multifactorial disease, involving both a
genetic predisposition and environmental factors.1

The number of genes involved in these complex
genetic disorders has not been fully determined. In
the context of new candidate genes for asthma, the

Table 4 GSTP1 allele frequencies, glutathione-S-transferase genotypes and the risk of developing asthma

Patients (n = 101)
n (%)

Controls (n = 103) 
n (%) OR 95% CI

GSTM1*
Present 37 (36.6) 61 (59.2) 1 (reference) —
Null 64 (63.4) 42 (40.8) 2.34 1.31–4.20

GSTT1*
Present 74 (73.3) 78 (75.7) 1 (reference) —
Null 27 (26.7) 25 (24.3) 1.20 0.62–2.34

GSTP1
Ile/Ile 33 (32.7) 49 (47.6) 1 (reference) —
Ile/Val 45 (44.6) 46 (44.7) 1.47 0.79–2.73
Val/Val 23 (22.8) 8 (7.8) 3.68 1.44–9.38

GSTP1 allele frequencies
Ile 111 (55.0%) 144 (72.7%)**
Val 91 (45.0%) 54 (27.3%)**

Total 202 198

*Carriers of at least one intact allele are used as reference. **P < 0.01.
OR, odds ratio; CI, confidence interval from conditional logistic regression.

Table 5 Glutathione-S-transferase genotypes and the risk of developing atopic asthma

Atopic (n = 64)
n (%)

Non-atopic (n = 37) 
n (%) OR 95% CI

GSTM1*
Present 20 (31.3) 17 (45.9) 1 (reference) —
Null 44 (68.8) 20 (54.1) 1.78 0.72–4.39

GSTT1*
Present 42 (65.6) 32 (86.5) 1 (reference) —
Null 22 (34.4) 5 (13.5) 3.83 1.24–11.78

GSTP1*
Ile/Ile 16 (25.0) 17 (45.9) 1 (reference) —
Ile/Val 30 (46.9) 15 (40.5) 2.40 0.90–6.41
Val/Val 18 (28.1) 5 (13.5) 3.55 1.10–12.56

*Carriers of at least one intact allele are used as reference.
OR, odds ratio; CI, confidence interval from conditional logistic regression.
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presence of inflammation in the airway is an impor-
tant biochemical feature of asthma. Oxidative stress,
with the formation of reactive oxygen species (ROS),
is a key component of inflammation.13 Although host
antioxidant defences should detoxify ROS, individu-
als differ in their ability to deal with an oxidant bur-
den, and such differences are, in part, genetically
determined.13 Inability to detoxify ROS is likely to per-
petuate the inflammatory process, activate bron-
choconstrictor mechanisms, and promote asthma
symptoms. The GST family of genes is critical in the
protection of cells from ROS because they utilize as
substrates a wide variety of products of oxidative
stress.14 GSTT1 utilizes oxidized lipids and DNA, and
GSTP1 catalyses the detoxification of products that
arise from DNA oxidation. GSTT and GSTM demon-
strate activity toward a phospholipid hydroperoxide.15

These GST may also influence the synthesis of
eicosanoids (critical mediators in the asthmatic
response) via modulation of ROS levels.14 Further-
more, the ROS-derived products are essential in the
mobilisation of arachidonic acid, with subsequent
production of pro-inflammatory eicosanoids.15

In the present study, we investigated the GSTT1,
GSTM1 and GSTP1 gene polymorphisms in patients
with asthma and healthy individuals. We also com-
pared patients with atopic and nonatopic asthma.
Atopic asthma patients had a higher prevalence of the

GSTT1 null genotype than nonatopic asthma
patients, while asthma patients as a whole had a
higher prevalence of the GSTM1 null genotype than
controls and the GSTP1 homozygous Val/Val geno-
type was associated with a 3.6-fold increased risk of
having asthma. The combined GSTTM1 null, GSTT1
present and GSTP1 Val/Val genotype was more com-
mon in the asthma group than the control group,
while the GSTM1 present, GSTT1 null and GSTP1 Val/
Val genotype was more frequent in the atopic asthma
patients.

Other investigators have observed a variety of
associations between asthma and glutathione-S-
transferase gene polymorphisms.1,2,16 In particular,
Spiteri et al.17 demonstrated that there was a signifi-
cant decrease in the GSTP1 Val/Val (with a parallel
increase in the GSTP1 Ile/Ile) genotype frequency
with increasing severity of airflow obstruction/bron-
chial hyperresponsiveness.

In contrast, Freidin et al.18 demonstrated that there
was no association between GST and bronchial
asthma severity and GST null alleles were not proved
to be important in bronchial asthma. The frequencies
of human cytosolic glutathione-S-transferase gene
polymorphisms are related to ethnicity7 and the dif-
ferences in these studies may be due to geographic
location, socioeconomic status, environmental fac-
tors and ethnicity.

Table 6 Association between glutathione-S-transferase genotype profile and the development of asthma and atopic
asthma†

GSTM1 GSTT1 GSTP1
Patients (n = 101)

n (%)
Pairwise

P-values*
Controls

(n = 103) n (%)
Pairwise 

P-values**

Present Present Ile/Ile Atopic
Non-atopic
Total

3 (4.7)
9 (24.3)

12 (11.9)

0.003 22 (21.4) 0.069

Null Present Ile/Ile Atopic
Non-atopic
Total

12 (18.8)
4 (10.8)

16 (15.8)

0.292 18 (17.5) 0.754

Present Null Ile/Ile Atopic
Non-atopic
Total

1 (1.6)
2 (5.4)
3 (3.0)

0.273 5 (4.9) 0.488

Present Present Ile/Val or Val/Val Atopic
Non-atopic
Total

8 (12.5)
6 (16.2)

14 (13.9)

0.603 21 (20.4) 0.216

Null Null Ile/Ile Atopic
Non-atopic
Total

5 (7.8)
2 (5.4)
7 (6.9)

0.646 4 (3.9) 0.335

Null Present Ile/Val or Val/Val Atopic
Non-atopic
Total

19 (29.7)
13 (35.1)
32 (31.7)

0.571 17 (16.5) 0.011

Present Null Ile/Val or Val/Val Atopic 8 (12.5) 0.025 13 (12.6) 0.269
Non-atopic 0 (0)
Total 8 (7.9)

Null Null Ile/Val or Val/Val Atopic
Non-atopic
Total

8 (12.5)
1 (2.7)
9 (8.9)

0.096 3 (2.9) 0.069

†Interaction tests (likelihood ratio test, 1 d.f ): P = 0.03.
*Pairwise P-values between atopic and nonatopic asthma patients.
**Pairwise P-values between patients and control subjects.
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Various hypotheses can be proposed to explain our
findings. The enzymes of the detoxification pathway,
which transform xenobiotics entering the body, oper-
ate in several successive phases of detoxification and
these phases need to be well balanced.19 It is possible
that intermediate electrophilic metabolites, arising in
the first phase of detoxification, are not metabolised
by GST enzymes in asthmatic patients and are not
excreted. These intermediate metabolites may, there-
fore, damage cells and provoke oxidative stress,
thereby contributing to the pathogenesis of asthma.

Our results and those of others1,17,18,20–22 suggest that
GST gene polymorphisms may play an important role
in asthma pathogenesis. Although some of our data
were statistically significant, we acknowledge that the
findings presented here are preliminary because of
the small number of subjects and that the study
requires confirmation in a separate, larger cohort. We
suggest that although a single defective gene could
be associated with development of the disease,
combined GST gene polymorphisms should be
considered.
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