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ABSTRACT

Introduction: Gaseous air pollutants can cause oxidative stress, which can lead
to lung damage by inducing inflammation. Polymorphisms in the glutathione
S-transferase (GST) gene are involved in the pathogenesis of many diseases,
including lung disease. Two glutathione S-transferase Mu 1 (GSTM1) and
glutathione S-transferase theta 1 (GSTT1) genes belong to this family, in which
deletions occur and the resulting alleles are unable to produce active enzymes.
Materials and Methods: In this study, 41 steel plant workers with impaired lung
function were selected. Multiplex PCR technique was used to identify the
genotyping of GST M1 and T1.

Results: The results of the frequency of gene deletion among 41 patients showed
that there were 10 individuals (17.2%) with deletion of GSTM1 gene, 4
individuals (11.8%) with deletion of GSTT1 gene. The results of the frequency
of gene deletion among 50 healthy individuals (control group) also showed that
there were 8 individuals (8.5%) with deletion of GSTM1 gene, and 12
individuals (8.3%) with deletion of GSTT1 gene. There were 7 individuals
(14%) without deletion of GSTM1 and GSTT1 removal. The results of Chi-
square test between healthy and sick groups showed no significance at the level
of p < 0.05.

Conclusion: According to the results, it can be concluded that the sensitivity to
lung function abnormalities in steel workers is directly related to the duration of
employment.
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Introduction

Air pollutants may have direct effects on people
that can increase the response to allergens, such as
causing damage to the epithelium that can increase
oxidative stress and inflammation and diverting the
immune system to an allergic reaction® 2
Exposure to smoke and particulate matter (PM,.s)
is associated with various respiratory and

cardiovascular diseases as well as mortality®®.
Exposure to allergens and air pollution causes
DNA methylation, enhances cellular and
inflammatory immune responses to allergens,
alters protein expression in the lungs, and impairs
lung function. Air quality management programs
are essential tools of environmental management to
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protect the health and well-being of the population
and improve the quality of life> ®. Given the need
to evaluate ongoing air pollution control programs,
it is strategic to adopt air quality standards as a
complementary measure and refer to the maximum
emission limits of the pollutants generated.
Continuous exposure to air pollution is one of the
most important factors affecting the side effects of
aging, especially cardiovascular and respiratory
diseases” ® .The workplace could be an important
factor in determining health issue. On average,
adults spends one-third of their life at work. Lung
is the most susceptible organ affected by
environmental factors in the workplace® *°. Toxic
pollutants create free radicals, which results in the
production of oxidative stress. Antioxidants could
be harmful molecules in the presence of absorbed
air pollution through the lungs. Oxidative stress
and chronic inflammation are important factors in
lung disease. Reactive oxygen species (ROS) and
reactive nitrogen species (RNS) are released by
stimulation of environmental H,O,*t 2
Antioxidants counteract the harmful effects of
free radicals in the workplace. Detoxification
enzymes include phase | enzymes (as cytochrome
P450) and Phase Il enzymes as glutathione
S-transferases (GSTs). Glutathione (GSH) is the
main antioxidant in the body with important role in
the fight against harmful pathogens, free radicals,
toxins, pollutants, and other undesirable agents. To
this end, GSTs act the same'® ** . Among GST
polymorphisms, various polymorphisms have been
reported, including glutathione S-transferase alpha
(GSTA), glutathione S-transferase Mu (GSTM),
glutathione S-transferase theta (GSTT), and
glutathione S-transferase Pi (GSTP), in which
GSTM and GSTT are the most important ones.
Thus, polymorphism in GST gene has a great
effect on the development of such disease states™™
8 Contaminants in the workplace can lead to a
variety of lung diseases. The pollutants of the steel
plant include the main pollutants of PM, carbon
monoxide (CO), sulfur dioxide (SO,), nitrogen
oxides (NOX), and the special hazardous pollutant
arsenic (AS). Considering the importance of this
issue and risks of these pollutants in terms of
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coking blast, the present study aimed to investigate
the relationship between genetic polymorphisms of
GSTM1 and GSTT1 and sensitivity to abnormal
lung function in workers of the Steel Plant. Studies
have shown the presence or absence of a
significant relationship between polymorphisms of
the studied genes and lung disease. However, the
relationship between the polymorphism of these
genes and chronic lung disease in people working
in highly polluted environments has not been
investigated. Therefore, considering the possible
role of polymorphism GST in lung diseases in
employees working in the steel plant, the
polymorphism of GSTM1 and GSTT1 genes was
studied in two groups of employees of Isfahan
Steel Plant.

In this study, 91 workers of Isfahan Steel Plant
were included due to the high level of toxic
contaminants. After a deep breath by a healthy
person and a person with airway obstruction, they
were asked to exhale immediately. The forced vital
capacity (FVC) test in both was almost identical,
but the healthy person about exhaled 80% of air
and the person with airway obstruction exhaled
47% of the air. The air exhaled in the first second
is an important criterion for distinguishing lungs
with airway obstruction from normal lungs.

Materials and Methods

Sample selection

The present study case-control study was
conducted on workers working in the coking
department of Isfahan Steel Plant due to its high
level of toxic pollutants. The study population was
selected based on clinical criteria. Impaired lung
function was observed in 80% of workers through
the FVC test, 71 workers of whom working in the
coking department were impaired. It was due to the
high level of toxic pollutants in workers working in
the coking plant of Isfahan Steel Plant. At the time
of referral, sufficient explanations were given to
justify and acquaint the workers with the
objectives of the study. People without lung
dysfunction working in the coking department
were considered for the control group.

In this study, having lung disease and lung
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dysfunction in people working in the Steel Plant in
the case group was the inclusion criterion, and not
having lung disease and lung dysfunction in people
working in the Steel Plant in the control group was
the exclusion criterion.

Forced Vital Capacity

The FVC is one of the important factors to
evaluate lung function. It is the volume of air that a
person exhales vigorously and is used to assess
lung function.

In the lungs of a healthy person, about 80% of
the air is expelled in the first second of exhalation,
but in the lungs of a person with airway
obstruction, 47% of the exhaled air is expelled in
the first second. In fact, the percentage of air
output per second of exhalation is an important
diagnostic criterion for distinguishing lungs with
airway obstruction from normal lungs'®.

After a deep breath, the normal person and the
person with airway obstruction were asked to
exhale quickly. The FVC was about the same in
both, but in the normal person's lungs about 80%
of the air was expelled in the first second of
exhalation, and the person with airway obstruction
only exhaled 47% of the air in the first second. In
fact, the percentage of air exhalation per second is
an important criterion for distinguishing lungs with
airway obstruction from normal lungs.

In this study, 5 ml blood containing EDTA
anticoagulant was taken from the participants. DNA
was extracted from peripheral blood using the
PLUS- DNG ”* TM kit (Cinnagen). After extraction,
DNA was evaluated in terms of quantity and quality
(1% agarose gel was used to check
the quality of the genome). Then from primers
F:  5/GAACTCCCTGAAAAGCTAAAGC 3/R:
5/ GTTGGGCTCAAATATACGGTGG 3/Gene
GSTM and GSTT1 genes were used for
amplification R: 5 TCACCGATCATGGCCAGCA
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3'from proprietary primers.

In this study, PCR was used to determine the
sequence of primers and bases) 19 base pairs
between exons of 5 and 6). These primers can also
amplify a 480-nucleotide nucleotide sequence from
the GSTT1 gene, located in the exon region
between exons 2-3.

A pair of B-Globin primer was used as the
control gene (Houskeeping gene) to confirm PCR
and detect the genotype of GSTT1 and GSTM1
genes. Pairs of B-Globin primers were designed
based on the following sequence:

F: 55CAACTTCATCCACGTTCACC3

R: 5GAAGAGCCAAGGACAGGTAC3

These primers can be amplified about 268 base
pairs with 1 cycle in 94° and 5 min, 2 cycles in 94°
and 30 Sec, 3 cycles in 55° and 30 Sec, 4 cycles in
72° and 45 Sec, and 5 cycles 5 in 72° and 5 min.
The data were analyzed by t-test and chi-square
tests through SPSS 17 (Version.12.1.4.0) software.

Occupational and industrial pollutants in terms
of coking blasts lead to development of various
pulmonary diseases. Considering the importance of
this issue and the risks of these pollutants were the
main aims of the study. Moreover, the relationship
between genetic polymorphisms of GSTM1 and
GSTT1 and their sensitivity to abnormal lung
function in workers of the Steel Plant were
considered.

Results

In this study, 91 workers of Isfahan Steel Plant
were included due to the high level of toxic
pollutants. They were divided into control and
control groups.

In this study, 41 workers with impaired lung
function and 50 healthy workers as the control
group were studied. Table 1 shows the mean age
and duration of employment (years) in the coking
department of Isfahan Steel Plant in two groups.
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Table 1: Mean age and duration of employment (by year) of the experimental and control groups

Mean Experimental group (FVC 80 %) Control group (FVC normal)
Number 41 50

Age 385174 31.9+17

Duration of employment (year) 13.35+ 3.7 124+45

Figure 1 shows the relationship between
employment duration and lung disease between the
healthy and sick groups. In all cases, the duration
of employment in the experimental group is longer
than in the control group.

After blood sample preparation, genomic DNA
was extracted from peripheral blood leukocytes by
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DNA. The samples were electrophoresed on 1%
agars gel and then photographed by GEL-DOC.
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suitability for PCR testing.
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Figure 2: Genomic DNA extracted from blood (using 1% agar gel). Rows 1-8 are DNA extracted from the control and
experimental groups

In this study, Multiplex PCR was used to detect
the removal of homozygotes in GSTT1 and
GSTML1 genes. In order to evaluate the quality of
PCR products, 1.5% agars gel was used and these
gels were photographed. As shown in Figure 3, the
light bands indicate the amplification of the target
genes by the primers.

In this method, the absence of a band related

to each of the two genes GSTM1 and GSTT1
indicates the deletion of the homozygote of that
gene.

Figure 4 shows the final product of Multiplex
PCR from GSTMI, GSTTI, and B-globin genes.
PCR was performed for the experimental and
control groups and the presence or absence of bands
in both genes was examined.
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Figure 3: PCR products of GSTM1, GSTT1, and B-Globin genes with agars 1.5%. Rows 1-6 with 268 bp indicate -
Globin gene. Rows 7-12 with 480 bp indicate GSTT1 gene. Rows 13-18 with 219 bp indicate GSTM1 gene.
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Figure 4: Results of Multiplex PCR (GSTM1, GSTT1, and B-Globin)

No bands are observed in rows 1 and 2 of
GSTM1 and GSTT1 genes, so both homozygous
genes were deleted. In rows 2 and 4, only GSTM1
gene had homozygous deletion. In row 3, only
GSTT1 gene had homozygous deletion. According
to the figure in rows 5 and 3 of each band, no gene
deletion occurred.

Statistical analysis of the results of the Multiplex
PCR of GSTM1 and GSTT1 genes:

In this test, there were 41 patients with
homozygous GSTM1 deletion, 4 patients with
homozygous deletion of GSTT1, 22 patients with
homozygous deletion combined GSTM1 and
GSTT1, 5 patients without any homozygous
deletion, 8 people with GSTM1 homozygous
deletion from 80 healthy subjects (control group).
Moreover, there were 12 patients with
homozygous GSTT1 deletion, 23 patients with
homozygous deletion combined GSTM1 and
GSTT1, and 7 subjects without any homozygous
deletion. There was no significant difference
between the two groups. In 41 patients, there were
32 patients with GSTM1 homozygous deletion, 26
patients with GSTT1 homozygous deletion, and 5

JEHSD, Vol (7), Issue (1), March 2022, 1594-601

people without any homozygous deletion. There
was no significant difference between the two
groups. In 41 patients, deletion of GSTM1 gene
and deletion of GSTT1 gene were reported 17.2%
and 11.8%, respectively. In 50 healthy individuals
with mean duration of employment, GSTM1 and
GSTT1 gene deletions were reported 8.5% and
8.3%, respectively. To determine if there is a
significant difference, t-test was used, except in
patients with two homozygous deletions P < 0.05.

Discussion

The relationship between the polymorphism of
these genes and chronic lung disease in people
working in highly polluted environments has not
been investigated. Therefore, considering the
possible role of GST polymorphism in lung
diseases in employees of Zobahan factory, in this
study polymorphism of GSTM1 and GSTT1genes
was investigated using Multiplex PCR method in
the experimental and control groups of Isfahan
Zobahan workers. Epidemiological studies have
shown that increasing the concentration of toxic
gases and PM that can be inhaled in the air
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increases the number of hospital admissions and
causes acute respiratory complications, decreased
respiratory capacity and increased mortality.
Therefore, there is a direct relationship between
respiratory diseases and air pollution, according to
data, annually about 800,000 people worldwide die
due to air pollution-related diseases®. Recent
studies have shown that one of the main
mechanisms of toxicity of occupational pollutants
is to increase the production of free radicals and
thus oxidative stress’. GST gene polymorphisms
have been studied in the pathogenesis of many
diseases, including lung diseases®, autoimmune
hepatitis?, diabetes atherosclerosis®®, men with
varicocele?®, as well as cancers, such as colon®,
bladder, larynx®, stomach?, breast® and acute
lymphocytic leukemia cancers®® . Previous studies
have shown that polymorphisms in the GST gene
may impair their ability to defend against oxidative
stress, leading to the development of pulmonary
abnormalities®™. The presence of GST enzyme in
lung tissue, especially bronchi, mucus-secreting
cells, and alveolar cells was confirmed. After
studying GST polymorphisms, it was found that
the highest amount of this protein is present in
bronchial ciliated epithelial cells, which is
GSTP1*. The other GST polymorphism also plays
a role in lung disease. The examination of GSTO
(omega) protein using Western blotting technique
in alveolar macrophages obtained from pulmonary
secretions of patients with COPD compared to
those with healthy lungs showed a decrease in the
presence of this protein®*. Many other studies have
also examined GSTM1 and GSTT1 genes in
different populations and their association with
chronic obstructive pulmonary disease (North
India population)®®* * chronic pneumonia in
children®, and the possibility of obstructive
pulmonary disease® and its role in asthma®. The
relationship  between GST gene family
polymorphism in smokers and its role in lung
damage has been investigated®’. Fourteen studies
confirmed that cigarette smoke carriers of empty
GSTM1/T1 genotypes may increase the risk of
allergic disease and lung  dysfunction®*.
MacNeeW et al. concluded that people who are not
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protected against certain antioxidant genes may
have less antioxidant defense capacity and be more
susceptible to environmental toxins. This may
increase the risk of asthma or lung dysfunction
when exposed to oxidative stress®. The study by
Palmer CAN et al. showed that the presence of
GSTP1 in people exposed to tobacco smoke
increased the risk of decreased lung function®.
Imboden M et al. reported significant interactions
between GSTT1 genotype and lung time and
function in smokers*’,

Conclusion

According to the results, there was no
significant relationship between GSTM1 and
GSTT1 gene polymorphisms and susceptibility to
lung function abnormalities in the Steel Plant
workers. However, given that there was a
significant difference between the employment
duration of the two groups, it can be concluded that
the sensitivity to lung function abnormalities in
steel workers is directly related to employment
duration.

Acknowledgment

Thanks are owed to the staff of the laboratory of
Isfahan University of Medical Sciences and the
Genome Genetics Center.

Funding
The authors declare no funding sources or grants
were attributed to this study.

Conflict of interest
The authors have no conflict of interest.

This is an Open-Access article distributed in
accordance with the terms of the Creative Commons
Attribution (CC BY 4.0) license, which permits others
to distribute, remix, adapt, and build upon this work for
commercial use.

References

1.Pavanello S, Campisi M, Mastrangelo G, et al.
The effects of everyday-life exposure to
polycyclic aromatic hydrocarbons on biological
age indicators. Environ Health. 2020;19:128.

2.Kudhair BK, Alabid NN, Taheri-Kafrani A, et al.
Correlation of GSTP1 gene variants of male Iraqi

JEHSD, Vol (7), Issue (1), March 2022, 1594-601

Jehsd.ssu.ac.ir

-
Ul
O
«©


http://dx.doi.org/10.18502/jehsd.v7i1.8969
https://dor.isc.ac/dor/20.1001.1.24766267.2022.7.1.8.7
https://jehsd.ssu.ac.ir/article-1-346-en.html

[ Downloaded from jehsd.ssu.ac.ir on 2026-04-27 |

[ DOR: 20.1001.1.24766267.2022.7.1.8.7 ]

[ DOI: 10.18502/jehsd.v7i1.8969 ]

A1°08°NSS PSyar

1600

The Relationship between Genetic Polymorphisms and Susceptibility to Lung Functional Abnormalities

waterpipe (Hookah) tobacco smokers and the

risk of lung cancer. Mol Biol Rep.
2020;47(4):2677-84.
3.Dai X, Bowatte G, Lowe AJ, et al. Do

glutathione S-transferase genes modify the link
between indoor air pollution and asthma,
allergies ,and lung function? A systematic
review. Curr Allergy Asthma Rep. 2018;18(3):1-
15.

4.Lam HC, Jarvis D, Fuertes E. Interactive effects
of allergens and air pollution on respiratory
health: a systematic review. Sci Total Environ.
2021;757:143924.

5.Slovic AD, Ribeiro H. Policy instruments
surrounding urban air quality: The cases of Sdo
Paulo, New York City and Paris. Environ Sci
Policy. 2018;81:1-9.

6.Silveira C, Roebeling P, Lopes M, et al.
Assessment of health benefits related to air
quality improvement strategies in urban areas:
An Impact Pathway Approach. J Environ
Manage. 2016;183:694-702.

7.Howard DB, Thé J, Soria R, et al. Health
benefits and control costs of tightening
particulate matter emissions standards for coal
power plants-The case of Northeast Brazil.
Environ Int. 2019;124:420-30.

8.Meo SA, Abukhalaf AA, Alomar AA, et al.
Effect of environmental pollutants PM-2.5,
carbon monoxide, and ozone on the incidence
and mortality of SARS-COV-2 infection in ten
wildfire affected counties in California. Sci Total
Environ. 2020;757:143948.

9.Waseem S, Mobarak MH, Islam N, et al.
Comparative study of pulmonary functions and
oxidative stress in smokers and non-smokers.
Indian J Physiol Pharmacol. 2012;56(4):345-52.

10. Dai X, Bui DS, Lodge C. Glutathione s-
transferase gene associations and  gene-
environment interactions for asthma. Curr
Allergy Asthma Rep. 2021;21(5):1-8.

11. Kim JH, Hong YC. GSTM1, GSTT1, and
GSTP1 polymorphisms and associations between
air pollutants and markers of insulin resistance in
elderly Koreans. Environ Health Perspect.
2012;120(10):1378-84.

JEHSD, Vol (7), Issue (1), March 2022, 1594-601

Tousizadeh S, et al.

12. Du Y, Zhang H, Xu Y, et al. Association
among genetic polymorphisms of GSTP1, HO-1,
and SOD-3 and chronic obstructive pulmonary
disease susceptibility. Int J Chron Obstruct
Pulmon Dis. 2019;14:2081.

13. Roberts ES, Richards JH, Jaskot R, et al.
Oxidative stress mediates air pollution particle-

induced acute lung injury and molecular
pathology. Inhal Toxicol. 2003;15(13):1327-
46.

14. Abbas M, Verma S, Verma S, et al
Association of GSTM1 and GSTT1 gene
polymorphisms with COVID-19 susceptibility
and its outcome. J Med Virol. 2021;93:5446—
5451.

15. Wu D, Cederbaum Al. Alcohol, oxidative
stress, and free radical damage. Alcohol Res
Health. 2003;27(4):277.

16. Andredo WL, Pinto JA, Pedruzzi R, et al.
Quantifying the impact of particle matter on
mortality and hospitalizations in four Brazilian
metropolitan areas. J Environ  Manage.
2020;270:110840.

17. Lobo V, Patil A, Phatak A, et al. Free radicals,
antioxidants and functional foods: Impact on
human health. Pharmacogn Rev. 2010;4(8):118.

18. Cui J, Li G, Yin J, et al. GSTP1 and cancer:
Expression, methylation, polymorphisms and
signaling. Int J Oncol. 2020;56(4):867-78.

19. Higashijima M, Shiozu H, Ueda T, et al.
Utility of a simple expiratory pressure
measurement device in the evaluation of
pulmonary function. Int J Gerontol. 2018;
12(3):208-11.

20. Reszka E, Wasowicz W, Rydzynski K, et al.
Glutathione S-transferase M1 and P1 metabolic
polymorphism and lung cancer predisposition.
Neoplasma. 2003;50(5):357-62.

21. Lakhdar R, Denden S, Knani J, et al.
Association of GSTM1 and GSTT1
polymorphisms  with  chronic  obstructive

pulmonary disease in a Tunisian population.
Biochem Genet. 2010;48(7):647-57.

22. Savolainen V, Pajarinen J, Perola M, et al.
Glutathione-S-transferase  GST M1 “null”
genotype and the risk of alcoholic liver disease.


http://dx.doi.org/10.18502/jehsd.v7i1.8969
https://dor.isc.ac/dor/20.1001.1.24766267.2022.7.1.8.7
https://jehsd.ssu.ac.ir/article-1-346-en.html

[ Downloaded from jehsd.ssu.ac.ir on 2026-04-27 |

[ DOR: 20.1001.1.24766267.2022.7.1.8.7 ]

[ DOI: 10.18502/jehsd.v7i1.8969 ]

Tousizadeh S, et al.

Alcohol Clin Exp Res. 1996;20(8):1340-5.

23. Aydemir B, Onaran |, Kiziler AR, et al.
Increased oxidative damage of sperm and
seminal plasma in men with idiopathic infertility
is higher in patients with glutathione S-
transferase Mu-1 null genotype. Asian J Androl.
2007;9(1):108-15.

24. lzzotti A, Cartiglia C, Lewtas J, et al.
Increased DNA alterations in atherosclerotic
lesions of individuals lacking the GSTM1
genotype. FASEB J. 2001;15(3):752-7.

25. Beaumont PO, Moore MJ, Ahmad K, et al.
Role of glutathione S-transferases in the
resistance of human colon cancer cell lines to
doxorubicin. Cancer Res. 1998;58(5):947-55.

26. Jourenkova N, Reinikainen M, Bouchardy C,
et al. Larynx cancer risk in relation to glutathione
S-transferase M1 and T1 genotypes and tobacco
smoking. Cancer Epidemiol Biomarkers Prev.
1998;7(1):19-23.

27. Lan Q, Chow WH, Lissowska J et al.
Glutathione S-transferase genotypes and stomach
cancer in a population-based case—control study
in Warsaw, Poland. Pharmacogenet Genomics.
2001;11(8):655-61.

28. Hashemi M, Eskandari-Nasab E, Fazaeli A, et
al. Association between polymorphisms of
glutathione S-transferase genes (GSTM1, GSTP1
and GSTT1) and breast cancer risk in a sample
Iranian population. Biomark Med.
2012;6(6):797-803.

29. Saadat |, Saadat M. The glutathione S-
transferase mu polymorphism and susceptibility
to acute lymphocytic leukemia. Cancer Lett.
2000;158(1):43-5.

30. Faramawy MM, Mohammed TO, Hossaini AM,
et al. Genetic polymorphism of GSTT1 and
GSTML1 and susceptibility to chronic obstructive
pulmonary disease (COPD). J Crit Care.
2009;24(3):e7-e10.

31. Minelli C, Wei I, Sagoo G, et al. Interactive
effects of antioxidant genes and air pollution on
respiratory function and airway disease: a HUGE
review. Am J Epidemiol. 2011;173(6):603-20.

The Relationship between Genetic Polymorphisms and Susceptibility to Lung Functional Abnormalities

32. Yanbaeva DG, Wouters EF, Dentener MA, et al.
Association of glutathione-S-transferase omega
haplotypes  with  susceptibility to chronic
obstructive pulmonary disease. Free Radic Res.
2009;43(8):738-43.

33. Shukla RK, Kant S, Mittal B. Association of
GSTT1 & M1 gene polymorphism with ageing in
Northern Indian COPD and lung cancer patients.
Eur Respiratory Soc. 2012;40:4793.

34. Ahmad N, Kumar SA, Husain MK. Association
of xenobiotic metabolizing gene polymorphisms
and chronic obstructive pulmonary disease in
Indian  population. J Adv Res Med
2016;3(1):5-14.

35. Korytina G, Akhmadishina L, Victorova E, et al.
Polymorphisms of genes involved in extracellular
matrix ~ remodeling,  xenobiotic  metabolism,
antioxidant pathways and chronic lung disease in
children. Eur Respiratory Soc. 2012;40:4803.

36. Tamer L, Calikoglu M, Ates NA .t al
Glutathione-S-transferase  gene  polymorphisms
(GSTT1, GSTM1, GSTP1) as increased risk
factors for asthma. Respirology. 2004;9(4):493-8.

37. Senthilkumar K, Thirumurugan R. Impact of
tobacco on glutathione S transferase gene loci of
Indian ethnics. Asian Pac J Cancer Prev.
2012;13(10):5037-42.

38. Dai X, Bui DS, Perret JL, et al. Exposure to
household air pollution over 10 years is related to
asthma and lung function decline. Eur Respir J.
2020;59(2).

39. MacNee W , Rahman |. Is oxidative stress
central to the pathogenesis of chronic obstructive
pulmonary  disease?. Trends Mol Med.
2001;7(2):55-62.

40. Palmer CN, Doney AS, Lee SP, et al
Glutathione S-transferase M1 and P1 genotype,
passive smoking, and peak expiratory flow in
asthma. Pediatrics. 2006;118(2):710-6.

41. Imboden M, Downs SH, Senn O, et al
Glutathione S-transferase genotypes modify lung
function decline in the general population:
SAPALDIA cohort study. Respir Res. 2007;8(1):1-
17.

JEHSD, Vol (7), Issue (1), March 2022, 1594-601

Jehsd.ssu.ac.ir

-
(2]
o
—


http://dx.doi.org/10.18502/jehsd.v7i1.8969
https://dor.isc.ac/dor/20.1001.1.24766267.2022.7.1.8.7
https://jehsd.ssu.ac.ir/article-1-346-en.html
http://www.tcpdf.org

