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ABSTRACT

Aim: This study aimed to investigate whether glutathione-S-transferase gene polymorphism is a risk factor in children with bronchial asthma and whether it could
serve as a marker for diagnosis.

Materials and Methods: Our study was conducted between May 2004 and May 2005 on patients diagnosed with asthma who presented with respiratory symptoms

at the Pediatrics Clinic. The patients were staged according to the GINA criteria and were compared based on age, gender, age of symptom onset, passive smoking,
hospital admissions, and atopy. All patients underwent hemaogram, sedimentation, PPD, chest X-ray, sinus X-ray, nasal eosinophilia, IgG, A, M, E, skin, sweat, and
pulmonary function tests. For the analysis of GSTM1 and GSTT1 genes, the multiplex Polymerase Chain Reaction (PCR) method was used; for the study of Cytochrome
P4501A1 gene Msp1 polymorphism, the PCR-Restriction Fragment Length Polymorphism (RFLP) method was employed.

Results: Our study was conducted with 105 patients aged 1-15 years and a control group of 30 individuals. There were 38 (36.2%) patients with intermittent asthma,
28 (26.7%) with mild persistent asthma, 28 (26.7%) with moderate persistent asthma, and 11(10.5%) with severe persistent asthma. The average age was 7.36+2.9,
with a gender distribution of 51 females and 54 males. The average age of symptom onset was 3.95+3.1 years. A significant relationship was found between disease
severity and the prevalence of atopy (p<0.05). No significant difference was found in gene polymorphism between the asthma patients and the control group
(p>0.05). When comparing the mild and severe asthma groups for glutathione-S-transferase gene polymorphism, a statistically significant difference was found in
GSTM carrier status (p<0.05).

Conclusion: Although it is still difficult to fully explain the exact role of GST genes in the pathogenesis of bronchial asthma, the results obtained suggest that there is
a relationship between the severity of asthma and the presence of GSTM1 gene deletion.
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BRONSiYAL ASTIMLI GOCUKLARDA RiSK FAKTOR{ OLARAK GLUTATYON-S-TRANSFERAZ GEN POLIMORFiZMi
oOzeT

Amag: Bu calismada bronsiyal astimli gocuklarda glutatyon-s-transferaz gen polimorfizminin bir risk faktéri olup olmadigini ve tani igin bir marker olup
olamayacagini arastirdik.

Gerec ve Yontemler: Calismamiz Mayis 2004-Mayis 2005 tarihleri arasinda Gocuk Sagligi ve Hastaliklar Poliklinigi'ne solunum semptomlari ile gelen astim tanisi
konulmus hastalarda gerceklestirildi. Hastalar GINA kriterlerine gére evrelendirilerek kendi aralarinda yas, cinsiyet, semptomlarin baslangic yasi, pasif sigara igiciligi,
hastane yatisi ve atopi yoniinden karsilastirildi. Biitiin hastalara hemogram, sedimentasyon, ppd, akciger grafisi, siniis grafisi, nazal eosinofili, Ig G, A, M, E, deri
testleri, ter testleri, solunum fonksiyon testleri yapildi. GST-mii-1ve GST-tehtal genlerinin analizi igin multipleks Polymerase Chain Reaction(PCR) yontemi; Sitokrom P
4501A1 geni Mspl polimorfiziminin analizi igin PCR-Restriction Fragment Length Polymorphism (RFLP) yontemi kullanildi.

Bulgular: Calismamiz yaslari 1-15 yas arasinda dedisen 105 hasta ve 30 kontrol grubu ile gergeklestirildi. Intermittan 38 (%36,2), hafif persistan 28 (%26,7),

orta persistan 28 (%26,7), agir persistan 11(%10,5) astimli hasta vardi. Yas ortalamasi 7,36+2,9; cinsiyet dagilimi kiz/erkek: 51/54; semptomlarin baslangig yasi
ortalama 3,95+3,1 yildi. Hastaligin siddeti ile atopi goriilme orani arasinda anlamli bir iligki saptandi (p<0,053. Astim hastalari ile kontrol grubu arasinda gen
polimorfizmi agisindan anlamli fark tespit edilmedi (p>0,05). Hafif ve agir astim gruplari kendi aralarinda glutatyon-s-transferaz gen polimorfizmi agisindan
karsilastirildiklarindaGSTM 1 tastyiciligi agisindan istatistiksel olarak anlamli bir farklilik mevcuttu (p<0,05).

Sonug: GST genlerinin bronsiyal astim patogenezindeki tam roliini aciklamak heniiz cok zor olsa daelde edilen sonuglar astim siddetiyle GSTM1 gen delesyonu varligi
arasinda bir iliski oldugunu géstermektedir.
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GLUTATHIONE-S-TRANSFERASE GENE POLYMORPHISM IN BRONCHIAL ASTHMA

INTRODUCTION

Asthma is a chronic respiratory disease characterized
by symptoms including wheezing, shortness of breath,
and coughing, along with variable expiratory airflow lim-
itation, often triggered by exposure to allergens or viral
respiratory infections(1).

In asthma, the severity of airflow limitation can vary
over time. When uncontrolled, the condition may re-
sult in severe episodes of shortness of breath and even
death. Studies conducted in various countries indicate
that asthma affects between 1% to 29% of the popula-
tion (2).Although asthma can manifest at any age, the
initial symptoms are observed in 80-90% of patients
before the age of 4 to 5 years. However, given that re-
current respiratory symptoms can be associated with
various other diseases, the diagnosis of asthma can be
challenging. Therefore, the prior identification of risk
factors and the pathophysiological changes associated
with asthma, a multifactorial and polygenic disorder, is
of utmost importance (3).

Oxidative stress is a key factor in the pathophysiology
of asthma. Previous studies have reported that reactive
oxygen species (ROS) produced, by immune cells con-
tribute to oxidative damage. The elevated levels of ROS
lead to airway inflammation, cellular damage, and struc-
tural remodeling of the airways, which are critical pro-
cesses in the progression of the disease (4). Glutathione
plays a crucial role in preventing oxidative damage that
occursatthe cellularlevel. The reduced form of glutathi-
one (GSH) has been found to chemically detoxify hydro-
gen peroxide (H,0,), which is highly effective in reducing
damage from free radicals and thereby protecting air-
way epithelial cells (5). Phase | detoxification enzymes
are represented by cytochrome P450 enzymes. Among
these, cytochrome P4501A1 (CYP1AT) is predominantly
found in human lung tissue (6). The metabolites formed
through Phase | chemical reactions, known as glutathi-
one S-transferases (GSTs), are detoxified by the main
Phase Il enzymes (7).

GSTs are a superfamily of enzymes known to have com-
mon functional variant alleles, including two key mem-
bers, GST mu 1(GSTM1) and GST theta 1(GSTT1)(7). Both
GSTM1and GSTT1are involved in the elimination of reac-
tive oxygen species, catalyzing electrophilic substrates
to GSH and thereby preventing oxidative damage (8).
Previous studies indicate that null alleles of the GSTM1

and GSTT1 genes may be associated with respiratory
diseases such as bronchial asthma (7).

This study investigates whether GST gene deletions
(GSTM1, GSTT1, CYPAT1) in patients represent a risk fac-
tor for bronchial asthma in Turkish children and whether
these genetic polymorphisms could serve as markers
for diagnosis in these patients.

MATERIALS AND METHODS

Our study was conducted between May 2004 and May
2005, following the approval of the Ethics Committee
of the Ministry of Health Haseki Training and Research
Hospital on March 28, 2004, and after obtaining con-
sent from the parents of the patients. All practices
in this study were carried out in accordance with the
Declaration of Helsinki.

Patients aged 1to 15 years who presented to the outpa-
tient clinic with symptoms of episodic cough, shortness
of breath, and wheezing, and who were diagnosed with
asthma based on the criteria outlined in the Asthma
Management and Treatment Report by the NHLBI-
GINA (National Heart, Lung, and Blood Institute, Global
Initiative for Asthma), were included in the study (1).

Child eligibility criteria included: Children aged 1-15
years without congenital or chronic diseases, malnu-
trition, rickets, parasitosis history, recent iliness within
the previous weeks, or history of blood product, corti-
costeroid, immunoglobulin therapy, or immunotherapy
were selected for the study. To include eligible patients
who with a history of recurrent cough and/or wheezing
were required to present to the emergency department
with typical physical findings of an acute asthma ep-
isode, have chest X-rays showing hyperinflation, and
have been hospitalized at least three times for acute
asthma attacks prior to the date of inclusion. In children
under 6 years of age, improvement in physical examina-
tion findings 15 minutes after 2 puffs of salbutamol in-
halation was required, while in children over 6 years of
age, atleasta 15% increase in PEF (peak expiratory flow)
or spirometry values was required.

Patients who did not meet the eligibility and inclusion
criteria and whose parents could not provide informed
consent were excluded from the study.

Children with no known serious or chronic illnesses, no
allergic or asthmatic complaints, no history of recurrent
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infections, no parasites or parasite eggsin the stool, and
who presented to the healthy child clinic for growth and
development monitoring or vaccination, were included
as the control group.

Thus, a total of 135 children (105 children with asthma
group and 30 children with control group) were included
in this study. The patients were classified according to
NHLBI-GINA as stage 1 intermittent, stage 2 mild per-
sistent, stage 3 moderate persistent, and stage 4 severe
persistent. All patients underwent a hemogram, PPD
test, sedimentation, posterior-anterior chest X-ray, si-
nus X-ray, nasal eosinophilia, immunoglobulin G, A, M, E,
skin tests, sweat tests, and pulmonary function tests.
Necessary patients also underwent GER (gastroesoph-
ageal reflux) testing and IgG subgroups analysis. The pa-
tients were further evaluated based on atopy, elevated
IgE levels, and the degree of asthma.

Methods used for determining glutathione
S-transferase gene polymorphis

1- DNA isolation

The blood samples were taken from the subjects in the
study group and red blood cells (RBCs) were processed
with a lysis solution, followed by the addition of protein-
ase K enzyme, sodium dodecyl sulfate (SDS), and nu-
clease solution, and incubated overnight at 56°C. DNA
extraction was completed using the phenol-chloroform
method and stored at +4°C (9).

2- GSTMI, GSTTI1, CYP1AT Mutation Screening
Conducted using the multiplex Polymerase Chain
Reaction (PCR) method. PCR products were evaluated
via agarose gel electrophoresis, with bands observed in
individuals defined as “normal,” and those without bands
as “deleted” (10). Patients and controls with GSTM1 and
GSTT1 gene deletion were denoted as positive (+), and
those without gene deletion were denoted as neg-
ative (-).CYP1A1 Analysis, performed using the PCR-
Restriction Fragment Length Polymorphism (RFLP)
method with the Mspl restriction enzyme. CYP1AT poly-
morphisms were classified as homozygous (+/+), het-
erozygous (+/-), and normal (-/-) genotypes (11).

Statistical Analysis

The statistical analysis was performed using the
Statistical Package for Social Sciences (SPSS) for
Windows. Descriptive statistics of the data included
mean, standard deviation, median, min-max, frequency,

and percentage values. The relationship between vari-
ables was examined using the Pearson chi-square test.
The distribution of variables was measured using the
Kolmogorov-Smirnov and Shapiro-Wilk tests. For the
analysis of quantitative independent data with a normal
distribution, the independent samples t-test was used.
For the analysis of quantitative independent data with-
out a normal distribution, the Kruskal-Wallis and Mann-
Whitney U tests were applied. The chi-square test was
used for the analysis of qualitative independent data.
The results were evaluated within a 95% confidence in-
terval (Cl), and values with p<0.05 were considered sta-
tistically significant.

RESULTS

Our study included 105 patients diagnosed with asthma
and 30 healthy children. The mean age of the patients
was 7.36+2.9 years, with 51 (48.6%) being girls. The
control group consisted of children with a mean age of
8.23+3.9 years, 13(43.3%) of whom were girls. The com-
plaints in 29.5% of the cases started before the age of
1, while in 73.3%, they started within the first 5 years.
The average age of symptom onset was 3.92+3.1 years.
Among the patients, 59(56.2%) had a history of passive
smoking, and 55 (52.4%) had a history of atopy. The av-
erage number of hospitalizations for wheezing in the
past year was 2.65+2.6. According to the GINA criteria,
the patients were classified into the following stages:
stage Tintermittent (38, 36.2%), stage 2 mild persistent
(28, 26.7%), stage 3 moderate persistent (28, 26.7%),
and stage 4 severe persistent (11, 10.5%). The patients
were compared in terms of age, gender, symptom onset
age, passive smoking, number of hospitalizations, and
atopy (Table 1).

In addition,the patients were compared based on the
presence of atopy history. In the intermittent group, 15
(39.5%), in the mild persistent group, 15 (53.6%), in the
moderate persistent group, 17(60.7%), and in the severe
asthma group, 8 (72.7%) patients had a history of ato-
py, with a total of 55 (52.4%) patients. The prevalence
of atopy was higher in the moderate and severe groups,
and this difference was statistically significant (p<0.05)
(Table 2).

In atopic asthmatic patients, no significant difference
was found when the groups were evaluated in terms
of GSTM1 and GSTT1 gene polymorphism frequency
(p>0.05).Similarly, no significant difference was found in
terms of CYP1A1(Msp1)homozygous gene polymorphism
and CYP1A1 (Msp1) heterozygous gene polymorphism
(p>0.05)(Table 3).

ATLJM 2025; 5(13): 83-90

85



GLUTATHIONE-S-TRANSFERASE GENE POLYMORPHISM IN BRONCHIAL ASTHMA

Table 1: General characteristics of asthmatic patients

intermittent | S (| persstent | porsitent | ™%
n(%) 38(%36.2) 28(%26.7) |28(%26.7) 11(%10.5) 105(%100)
Sex(F/M) 21/17 10/18 15/13 5/6 51/54
Mean age (years) 6,68+2,7 7.43+3 7.64+3 8,82+2,8 7,36+2,9
Average age of symptom onset(years) | 4,03+3 4,04 +3,4 3,71+2,8 4,09+3,4 3,92+3,1
History of Passive Smoking 17(28.8%) 15(25.4%) |18(30.5%) 9(15.2%) 59(%56,2)
Average number of hospitalizaitons 1,76 £1,7 1.71+2,1 4+3,1 4,64+2,5 2,65+2,6
Atopy 15(%27,2) 15(%27,2) [17(%30,9) 8(%14,5) 55(%100)

Table 2: The relationship between asthma stages and atopy in asthmatic patients

Atopy
Patient Groups Total p
(+) (-)
n 15 23 38
Intermittent
% 39,5 60,5 100
>0.05
n 15 13 28
Mild persistent
% 53,6 46,4 100
n 17 1 28
Moderate persistent
% 60,7 39,3 100
<0.05
n 8 3 1
Severe Persistent
% 72,7 27,3 100
n 55 50 105
Total
% 52,4 47,6 100
Table 3: The relationship between atopy and genetic prevalence in asthma patients.
Atopy GSTM1 GSTTI1 CYPA1(Msp1)
Patient Groups Homozygous | Heterozygous | Normal | Total P
CRNOREORNCENCN NN Rt ) Pl
n 15 23 20 18 10 28 1 1 26 38
Intermittent >0,05
% | 395 | 605 | 526|474 | 263|737 2,6 28,9 68,4 100
Mild n 15 13 12 16 5 23 - 7 21 28
. >0,05
persistent | o | 53,6 | 46,4 | 42,9 | 571 [ 179 | 821 - 25 75 100
Moderate n 17 1 9 19 n 17 1 9 18 28 005
. > 1
persistent | o | 60,7 | 39,3 | 32,1 | 67,9 | 39,3 | 60,7 3,6 32,1 64,3 100
. >0,05
Persistent | o [ 72,7 | 27.3 | 54,5 | 45,5 | 36,4 | 63,6 - 54,5 45,5 100
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When comparing the entire asthma group with the con-
trol group in terms of genetic polymorphisms, the asth-
ma group had GSTM1 polymorphism in 50 cases (47.6%),
GSTT1 polymorphism in 30 cases (28.6%), CYP1AT(Msp1)
homozygous polymorphism in 2 cases (1.9%), and het-
erozygous polymorphismin 33 cases(31.4%). Inthe con-
trol group, GSTM1 polymorphism was found in 17 cases
(56.7%), GSTT1 polymorphism in 6 cases (20%), CYP1A1
(Msp1) homozygous polymorphism in O cases (0%), and
heterozygous polymorphism in 7 cases (23.3%). No sig-
nificant difference in genetic polymorphisms was found
between all asthma patients and the control group
(p>0.05)(Table 4).

When the intermittent-mild persistent (group 1) and
moderate-severe asthma groups (group 2) were com-
pared in terms of genetic polymorphisms, no significant
difference was found between the groups regarding
GSTT1and CYPAT carriers (p>0.05), but there was a sta-
tistically significant difference in GSTM1 carrier status
(p<0.05)(Table 5).

DISCUSSION

Asthma is a widespread and complex condition that
shows significant heterogeneity both in terms of phe-
notype and underlying pathophysiology (12).

An important goal of asthma research is to understand
the genetic and environmental triggers of asthma and
the factors that lead to differences in its natural histo-
ry. Recent studies show that many regions in the human
genome containing susceptibility genes are associat-
ed with various asthma phenotypes and do not follow
a simple monogenic pattern (13,14). Numerous studies
on asthma patients have revealed many localizations on
chromosomes 5, 11, and 12 (15).

The presence of inflammation in the airways is a key
biochemical feature of asthma. Oxidative stress, which
leads to the production of reactive oxygen species
(ROS), is a major component of this inflammation.

Table 4: Comparison of genetic polymorphisms between the asthma group and the control group

GSTM1 GSTT1 CYPA1(Msp1)
Patient Groups Homozygous | Heterozygous Normal Total
(+) () (+) (-) (+/4) (+1-) (-/-)

n 50 55 30 75 2 33 70 105
Asthma Group

% 47,6 52,4 28,6 74 1.9 31,4 66,7 100

n 17 13 6 24 - 7 23 30
Control Group

% 56,7 43,3 20 80 - 23,3 76,7 100

P >0,05 >0,05 >0,05

Table 5: Comparison of genetic polymorphisms between the intermittent-mild persistent asthma group and

the moderate-severe persistent asthma group

GSTM1 GSTT1 CYPA1(Msp1)
Patient Groups Homozygous | Heterozygous Normal Total
@ | G| | e ) (1) 1)
Intermittent- n 30 36 15 51 1 18 47 66
Mild
Persistent % 45,5 54,5 22,7 77,3 15 27,3 7.2 %100
Moderate- n 25 14 15 24 1 15 23 39
Severe . .
Persistent A 64,1 35,9 38,5 61,5 2,6 38,5 59 %100
p <0,05 >0,05 >0,05
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Studies have shown that individuals with reduced anti-
oxidant capacity are at an increased risk of developing
asthma (16). Enzymes involved in the detoxification of
reactive oxygen species work in various phases. CYP1A1,
found in human lung tissue, is one of the Phase | detox-
ification enzymes (11). The metabolites produced by
Phase | chemical reactions are transformed by Phase I
enzymes(17). The GSTM1and GSTT1genes are responsi-
ble for the synthesis of enzymes in the Phase Il detoxi-
fication system. The entire enzyme system is responsi-
ble for the biotransformation and degradation of toxic
electrophilic compounds. Therefore, Phase | and Phase
[l reactions must be well balanced (18-21).

Studies have reported that glutathione-S-transfer-
ase (GST) genes and other genes involved in oxidative
stress are associated with asthma and atopy (22, 23).
The ability to combat inflammation caused by exces-
sive amounts of reactive oxygen species varies from
person to person and is genetically determined.Genetic
differences may be a useful method for classifying long-
term levels of oxidative stress(24). Since the members
of the glutathione S-transferase supergene family (Mu,
Theta, and Pi) use many products of oxidative stress
as substrates, they are critical in protecting cells from
reactive products (25). Another function of glutathione
S-transferase is the binding and transport of steroid
hormones. A problem in this pathway could lead to im-
paired transport of steroid hormones and an increase in
eosinophil infiltration (26).

In addition to genetic factors, age, gender, ethnic fac-
tors, atopy, and smoking habits are also thought to con-
tribute to the onset of asthma (27). In asthma, symp-
toms begin before the age of 1in approximately 20% of
cases, before the age of 5in 60%, and in late childhood
in 10%. In these age groups, the frequency of asthma
is approximately twice as high in boys as in girls. This
ratio decreases as adolescence approaches, and in
adulthood, the gender ratio reverses (28). In our study,
symptoms began before the age of 1in 23.8% of cases
and within the first 5 years in 72.4% of cases. The av-
erage age of symptom onset was 3.4 years. These find-
ings were consistent with the literature, but there was
no gender difference. Previous studies have shown that
passive smoking increases allergic sensitivity and IgE
production, which is an important triggering factor in
the development of asthma attacks in children (29).In
our study, 56.2% of the patients were passive smokers.

The presence of atopy is an important risk factor in the
development of persistent asthma and the increase in
the severity of symptoms(30). Kulig et al demonstrated
that the persistence of sensitivity in children and the
presence of a positive family history of atopy increased
the risk of developing asthma within 5 years by 67% (31).
The early sensitization of children to food and aeroaller-
gens, the presence of eczema and elevated IgE levels,
as well as a positive family history of atopy, increase the
risk of asthma development and persistence. However,
atopy should not always be considered in association
with asthma in every patient (32). In our study, 52.4%
of the 105 patients (55 patients) had a history of atopy,
and atopy was detected in 72.7% of patients with severe
persistent asthma. There was a significant relationship
between the severity of the disease and atopy (p<0.05)
(Table V).

When planning the treatment and follow-up of patients,
the first step is to determine the severity of the disease.
According to the NHLBGI-GINA Asthma Follow-up and
Treatment Report, patients are categorized into four
groups: intermittent, mild persistent, moderate per-
sistent, and severe persistent (33). 70-75% of cases are
intermittent or mild persistent, and 5-7% are severe per-
sistent asthma (34). In our study, there were 38 (36.2%)
patientsin the intermittent group, 28(26.7%)in the mild
persistent group, 28(26.7%) in the moderate persistent
group, and 11(10.5%) in the severe persistent group.

In a study conducted by Ivaschenko et al, GSTM1 gene
deletion was found in 47.8% of the control group and
76.1% of the asthmatic patients. It was observed that
the risk of developing asthma was approximately 3.5
times higher in individuals without the GSTM1 gene, and
the absence of both GSTM1 and GSTT1 gene activities
was more than four times higher in asthmatic patients
compared to the control group, the polymorphism of the
CYP1A1gene was similar(35). In our study, no significant
difference was found between the asthma and control
groups in terms of GSTM1, GSTT1, and CYPTA1 gene de-
letions (p>0.05). However, when comparing mild per-
sistent asthma with severe persistent asthma in terms
of glutathione-S-transferase gene polymorphisms, we
found a significant relationship between GSTM1 gene
deletion and increased disease severity (p<0.05).

Many members of the GST superfamily, particularly the
glutathione-S-transferase P1gene (GSTP1) and the glu-
tathione-S-transferase M1 gene (GSTM1), are expressed
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in the respiratory tract and share common functional
variant alleles (18-21,36). A common homozygous dele-
tion polymorphism (null genotype) in GSTM1 eliminates
enzyme activity and may increase the respiratory tract's
sensitivity to oxidative stress. Several negative stud-
ies have also been identified regarding the relation-
ship between GSTM1 polymorphisms and respiratory
diseases. These contradictory results may reflect the
heterogeneity in ethnic groups and phenotypic defini-
tions, and thus the complex nature of asthma(37-40). In
our study, no significant difference was found between
asthma patients and the control group for the GSTM1
polymorphism (p>0.05). However, when comparing mild
and severe persistent asthma patients to identify the
relationship between disease severity and glutathione
S-transferase gene polymorphisms, we found a signif-
icant relationship between GSTM1 gene deletion and in-
creased asthma severity (p<0.05). There was no signif-
icant relationship between GSTT1 and CYPAT deletions
and disease severity (p>0.05).

In recent studies,Karam et al. reported that the prev-
alence of the GSTM1 null genotype was significantly
higher among Egyptian children with asthma compared
to the control group. Furthermore, lung function was
found to be significantly impaired in individuals carry-
ing the GSTM1 null genotype as well as the GSTP1 lle/
lle genotype (41).Conversely, El Rifai et al., in another
study conducted in Egypt, concluded that no correla-
tion existed between GSTT1and GSTM1 polymorphisms
with atopic conditions or asthma severity (42). These
findings highlight the variability in results even with-
in studies conducted in the same country.Meanwhile,
Stepanova et al. in Ukraine observed that children liv-
ing in radioactively contaminated regions exhibited a
significantly increased risk of developing asthma due to
oxidative stress, which was associated with GSTT1and
GSTM1 gene deletion genotypes (43). In India, Kumar et
al. reported similar findings, noting the higher preva-
lence of GSTM1/GSTT1 null genotypes in children with
asthmal(44).Additionally, a meta-analysis conducted by
Su et al., which encompassed 41 studies, demonstrated
a significant association between GSTM1and GSTT1 null
genotypes and increased asthma risk (45). In our study,
while no differences were detected in gene deletions
between asthma and control groups, a significant cor-
relation was observed between GSTM1 gene deletion
and disease severity (current study).This findings high-
lights the need for a more in-depth examination in the
context of gene-environment interactions.

There are some limitations in our study. First, the study
focused only on GSTM1, GSTT1, and CYPAT genes. The
effects of other genetic variations were not evaluated.
Second, the study was conducted on the pediatric pop-
ulationin Turkey; therefore, it is unclear whether similar
results would be obtained in different ethnic and geo-
graphic groups.

Our study data suggest that there may be a relationship
between GSTM1 gene deletion and increased disease
severity, and that this may be useful in evaluating asth-
ma severity. However, despite recent studies, it is still
not easy to fully explain the exact role of GST genes in
the pathogenesis of bronchial asthma. Future large-
scale studies will reveal the interactions of GST genes
with environmental oxidative exposures, antioxidant
pathways and other genes.

Ethical Declaration

Our study was conducted between May 2004 and May
2005, following the approval of the Ethics Committee
of the Ministry of Health Haseki Training and Research
Hospital on March 28, 2004, Number: 16-2004 and after
obtaining consent from the parents of the patients.
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