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Abstract: The superfamily of glutathione S transferase enzymes (GSTs) were collected from several 

enzymes by an important polymorphic functional variance signal. GSTs remove toxins that may 

cause genetic mutations, then toxic and interacting with DNA, and which include the metabolites 

of many chemotherapy administrators, which some suspects are human carcinogens. To report how 

changes in human goods and services tax affect enzyme expressions in carcinogenic susceptibility, 

diagnosis, then treatment. This study included 60 patients with AML, as well as 50 healthy volun-

teers, with genotyping of GSTP 1, GSTM 1, and then GSTT 1 polymorphic gene were utilizing pol-

ymerase chain reaction and restriction polymorphic fraction (PCR - RFLP), then conventional PCR. 

The GSTP 1313 A→G polymorphism (GSTP1 Ile105Val), that the wild genotype (AA) among the 

control subjects was significantly higher (P value = 0.0377) it was established, while the incidence of 

the mutant genotype (AG) then was the mutant G allele (GG + AG) significantly elevated amid 

patients (P-value = 0.050, P-value = 0.026, in contrast). Targeting GSTM1 and then GSTT1gene, high-

lighted a significantly higher incidence among patients with respect to homozygous gene removal 

(P-value = 0.001). Creating the action of antioxidant enzymes may be the way cancer cells protect 

themselves in contrast to increased oxidative stress. 
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1. Introduction 

Cancer has impacted almost 42 million people worldwide, more than doubling its 

rate since 1990 [1]. Since 70% of deaths in developed countries are attributable to cancer, 

developing countries with high cancer incidence have a substantial impact on those na-

tions. On the other hand, lung cancer has one of the highest global death rates [2]. None-

theless, tobacco smoke is regarded as one of the leading causes of lung cancer [3]. In the 

world's population about 30% is unprotected from cancer caused by tobacco smoke [4]. 

Many investigations have discovered that additional mutation sources may contribute to 

lung cancer in nonsmokers as well. Many other factors include workplace pollution, heavy 

metals, second-hand smoking exposure, interaction with industrial pollutants such as ra-

don and asbestos, and the air contamination which caused by fossil fuels such that poly-

cyclic aromatic hydrocarbons [5], [6], [7], found that alcoholic intake components influ-

enced cancer kinds. 

The lung, as a respiratory organ, has always been unprotected from oxygen periph-

eral contamination, which then grounds other pollutants in the surrounding environment. 

There are two steps to fixing these carcinogens, antioxidant defense systems, according to 
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the recommendations. The first stage is when the enzymes cytochrome P450 (CYPs) work 

together to change the structure of substances by oxidizing and hydrolyzing them, as well 

as biotic organisms by reducing them. 

Glutathione S transferases are used in the second stage to inactivate these chemicals 

by combining them with glutathione [8], [9], [10]. By limiting oxidative stress-causing 

chemicals, glutathione S transferases prevent tissue damage and maintain cell structural 

integrity. Glutathione S transferases are very susceptible to polymorphism damage in their 

primary components because its function as sensitive in oxidative stress mitigating [11], 

[12]. The effects of polymorphisms in GSTT1 and GSTp1 on glaucoma disease that caused 

by oxidative stress was investigated [13]. However, as the tobacco smoking prevalence and 

the incidence of lung cancer were increased in Iraq [14].  

The polymorphism distribution in the GSTT1 and GSTp1 genes in patients with lung 

cancer and healthy controls were increased singly and in combination. In a community 

referral sample, researchers looked at a variety of lung cancer types to see if any of the 

polymorphisms increased the likelihood of lung cancer developing. Lung cancer is very 

common in Iraq. 

2. Materials and Methods 

From January to April 2021, the current study included 60 patients with AML who 

were referred to nuclear medicine and then to an oncology unit by patient follow-up, as 

well as 50 healthy volunteers. (WHO) criteria were used to identify cases. AML was diag-

nosed using morphological and then phenotypic data. The patients were divided into two 

groups: 30 before treatment and 30 after treatment, with ages ranging from 19 to 65. And 

50 healthy subjects as a control group. These people were volunteers who had not gotten 

any medical treatment for cancer or any other illness and were not in any way connected 

to the patients. The participants' ages range from 18 to 56. Laboratory and clinical findings 

were reviewed in the patients, which included a thorough bet, clinical examination, labor-

atory investigations, and abdominal ultrasonography to detect lymphadenopathy. After 

the patients have been exposed to cytochemistry, immuno-phenotypic analyses should be 

carried out to confirm the diagnosis and partition the individuals into subgroups. Both 

patients and controls were genotyped to detect GSTP1, GSTM1, and then polymorphism 

GSTT1. All study participants had 3 milliliters of blood taken into a sterile EDTA filter. To 

extract DNA from whole blood a DNA extraction kit was used conform to the manufac-

turer's instructions. To confirm the diagnosis and assign the patients to their subtypes, cy-

tochemical analyses and later immunological phenotypic analyses were performed on the 

patients. 

 

Protocols for genomic DNA were isolated 

Deoxyribonucleic acid purification in EDTA from fresh whole blood, no deleterious 

effects on further DNA manipulation, including polymerase chain reaction, were observed 

(PCR). Anticoagulant blood samples can be preserved for up to 2 months at 2-8 °C, how-

ever DNA generation decreases as storage duration increases. 

 

GSTP1313 A → G polymorphism 

We employed the polymorphic fraction length restriction (PCR - RFLP) approach to 

study the GSTP1 polymorphism. PCR was approved using a total volume of 25 l contain-

ing 12.5 mL of Master mix, 2 mL front foundation (20 pmole), 2 mL reverse primer (20 

pmole), 3.5 mL of Nuclease-free water, and 5mL of DNA extracted from the genome, as 

stated in Table 1. The PCR cycling conditions are as follows: a 5-minute denaturation stage 

at 95 °C, followed by 30 cycles of 94 °C for 30 s, 55 °C for 30 s, and 72 °C for 30 s. To finish 

the elongation operations, at 72 °C for 5 minutes a last extension phase was done. The 
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products of PCR (20 L) with 5 units of BsmAI were incubated (New England Biolabs, Hert-

fordshire, UK) for 4 hours at 37 °C and finally loaded onto a 2.5% of agarose gel stained 

with ethidium bromide. The wild type (313AA) showed at 176 bp a single range. The pres-

ence of the "G" allele introduces a restriction site. Three groups of 176, 91, and 85 bp heter-

ozygotes (313AG) were seen. GSTM1 homozygous deletions, ensuing in no specific en-

zymes using conventional polymerase chain reaction (PCR) technology were studied. In-

cluding the BCL-2 housekeeping gene as an internal control. The prefixes used as shown 

in Table 1. 

 

Table 1. Sequences of the primer 

Primer sequence  Annealing 

GSTM1 forward 

GSTM1 reverse 

((5'-GAACTCCCTGAAAAGCTAAAGC-3')) 

((5'-GTTGGC TCAAATATACGGTGG-3')).´ 
62 degrees Celsius 

GSTP1 forward 

GSTP1 reverse 

((5'- TTCCTTACTGGTCCTCACATCTC-3 ')) 

((5'- TCACCGGACATGGCCAGCA-3 ')) 

61 degrees Celsius 

 

GSTT1 forward 

GSTT1 reverse 

5'- GGA ATG  GAG  AAC  CAG  GTC  TT- 3 ' 

5'- GCA TGT  CTT  TGG  GAT  GTG  GA- 3 ' 
62 degrees Celsius 

 

Statistical Analysis 

For data entry, a pre-designed Package for Social Science version 17 file (SPSS and 

IBM SPSS soft) was utilized, followed by analysis. The data was presented in the form of 

a mean value with a standard deviation (SD). The t-test was used for measure statistically 

significant the differences among multiple experimental groups. The unpaired t-test with 

95 percent confidence intervals (95 percent CI) and the odds ratio to attain t by a given 

allele and genotype were employed in the following experiments. A significant AP value 

is less than 0.05. 

3. Results 

The genomic DNA was isolated 

With a DNA concentration chain of 60-500 ng/L, the isolated DNA was put onto an 

agarose gel. After electrophoresis, the isolated DNA was stained with ethidium bromide 

to show that it had migrated to the same DNA locus as the standard chain. There was only 

one well-defined strand with no streaks, indicating that there was no DNA fragmentation. 

At a final concentration of 60 ng/L, the DNA concentration was measured using the con-

centration chain. The absorbance at 260 and 280 nm was measuring and calculating the 

260/280 nm ratio, DNA purity was established. The ratio is 1.8, which is within the neces-

sary range of 1.7-2.0 for DNA utilized in further molecular diagnostics. 
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Figure 1. The products of PCR for GSTT1, GSTM1 and GSTP1 gene polymorph were am-

plified 

The genotype was distributed 

Regarding the PCR-RFLP results for GSTP1 313 A → G (GSTP1 Ile105Val) was poly-

morphic in the patient group, 25 patients (42%) had homozygous for the wild allele (105Ile 

/ 105Ile) (AA), 21 patients (35%) heterozygous for the mutant allele (105Ile / 105Val) (AG), 

then 14 patients (23%) had the homozygous allele for the mutant (105Val / 105Val) allele 

(GG). For the control group, 32 cases (64%) had the AA genotype, 8 cases (16%) had the 

AG genotype, while 10 cases (20%) had the GG genotype. The wild (AA) genotype, it was 

found significantly higher than the control subjects P. value = 0.0377, while the frequency 

of the mutant (AG) genotype and then the mutated G allele (GG + AG) seem to be signifi-

cantly higher among the patients (P = 0.050, P = 0.026 respectively). The deletion rate in the 

GSTM1 gene (GSTM1*0) in the patients was 23 (38%). For the control group, 7 subjects 

(14%) had a homologous genetic deletion with significantly higher frequency among pa-

tients (P-value = 0.0005). The results of the frequency of the genetic makeup are summa-

rized in Table 2. In GSTT1 the control group, 4 subjects (8%) had a homologous genetic 

deletion with significantly higher frequency among patients (P = 0.0001). This meant that 

the frequency of deletions in the GSTM1 gene (GSTM1*0) was significantly higher among 

patients (P = 0.0005). A significantly higher frequency of deletions was also found in the 

GSTT1 gene (GSTT1*0) among patients (P = 0.0001). 

 

Table 2. Genotyping and allele frequencies in Patients and GSTP 313 A - G, GSTM1 and 

GSTT1 gene deletion controls 

Genotyping, alleles 

Patients 

(N = 60) 

(%) 

Controls 

(N = 50) 

(%) 

P value 

GSTP1 

AA 

AG 

GG 

AA / AG 

GG / AG 

25 (42%) 

21 (35%) 

14 (23%) 

40 (67%) 

35 (58%) 

32 (64%) 

8 (16%) 

10 (20%) 

40 (80%) 

18 (36%) 

0.0377 [S] 

0.050 [S] 

0.70 [NS] 

0.80 [NS] 

0.026 [S] 

GSTM1 

Not deleted 

Symmetric deletion 

37 (62%) 

23 (38%) 

43 (86%) 

7 (14%) 

0.0005 [HS] 

0.0005 [HS] 

GSTT1 

Not deleted 25 (42%) 46 (92%) <0.0001 [HS] 
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he is 35 (58%) 4 (8%) <0.0001 [HS] 

Mozygous Delete (0)    

S Value: Significant [S] <0.05, Non-significant [NS]> 0.05, High significance [HS] <0.001 

 

ST genotypes then initial treatment response: After chemotherapy, 35 patients (70%) 

completed while 15 patients (30%) only partially achieved 47 patients (94%) requiring red 

blood cells then platelet transfusions, while 3 patients (6%) did not require red blood cells 

nor platelet transfusions. Adverse drug reactions such as myeloma inhibition, infection or 

toxicity developed in 47 patients (94%). 

Gene frequency in patients and control groups 

In Table 3 with a higher frequency arrival, the GSTP1*105 allele was detected in both 

groups. It was significant, with a patient group individual ratio of 1.06 against 0.61 for the 

control groups (95 % CI: 0.43-0.77). 

GSTT1*0 is only found in 1.26 single-patient groups. With a high individual ratio, 

the patient develops more frequently in the individual carrying the virus than in the bed 

with the allele frequency in individuals who lack it. 

 

Table 3. The observed numbers and frequency rates gene in patients then controls 

The gene 

Patients       Controls 

Individual 

Rate 
95% CI 

Individual  

  Rate  
   95% CI 

GSTP1*105 

Allele 
1.06 0.77-1.52 0.61 0.43-0.77 

GSTM1*0 1.30 0.66-1.54 1.02 0.72-1.51 

GSTT1*0 1.26 0.62-1.54 1.00 0.61-1.49 

CI: Confidence Interval 

4. Discussion 

Phase II detoxifying enzymes, or GSTs, have been linked to the metabolism of anti-

cancer drugs and carcinogens. They have also been shown to interact with kinase com-

plexes in the course of stress-induced oxidative or chemical apoptosis. We sought to de-

termine whether the polymorphic polymorphisms in these patients could account for their 

susceptibility to chemotherapy-induced differences in outcome. Subsequently, we exam-

ined three GST genes (GSTP1 / M1 / T1) in fifty healthy volunteers (as a control group) and 

sixty patients with (AML). Numerous studies have connected the polymorphism GSTT1 

and the presence of GSTM1 to lymphocytic and then myeloid leukemia [15]. Although 

additional investigations have failed to confirm these findings [16], the GSTT1 deficient 

genotype has been shown to enhance the plastic myeloma syndrome and later acute leu-

kemia [17]. A variety of devices have been created to preserve DNA from both internal 

and external damage. 

GSTs are key components of the system that defends against reactive oxygen species, 

lipid breakdown, and DNA damage. Exposure to foreign compounds can increase GST 

levels in vivo, implying that they are part of the chemical stress adaption process. GST 

polymorphisms were a good candidate because leukemia genes were locus genes [18]. 

GSTs were involved in the metabolism of various carcinogens and then environmental 

pollutants, so polymorphisms in GST loci were a good candidate because leukemia genes 

were locus genes [19]. 
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The patients were followed for 18 months to see how important GST genotypes are 

in the diagnosis of AML. There was no significant difference in RFS or OS between GSTM1 

or GSTT1 null genotypes and normal genotypes, whereas patients with the GSTP1*105 Val 

mutant allele had superior and longer RFS and OS. Our findings were similar to those of 

[20].  

These findings suggest that while the hereditary lack of the GSTT1 and then GSTM1 

detoxification pathways may be linked to malignancy, it was not a significant driver of 

AML diagnosis. Patients with GSTM1 negative genotype had the same survival as those 

with at least one GSTM1 allele, whereas patients with GSTT1 negative genotype had the 

same survival as those with at least one GSTT1 allele, according to another study [21]. 

Consequences [22] that any genotype of GSTT1 or GSTM1 causes significant differences in 

OS, then adjust for other common variables like age, race, gender, cytogenetic in the group, 

previous cancer, FAB and WBC number, and blast rate, and the appearance of AML has 

no effect on HR estimates in a regression analysis [23]. Patients with GSTM1 null genotypes 

lived as long as those who had at least one GSTM1 allele. Given the limited size of the 

samples in many earlier investigations, these contradictory results could be due to chance. 

The dosage and then the type of chemotherapy regimen may also have an impact on the 

outcome. Patients with AML have previously been investigated [24]. 

When compared to patients with intact GST genes, those missing GSTM1, GSTT1, or 

both had a reduced chance of obtaining CR during induction therapy. The fundamental 

causes were discovered to be unknown. GST enzyme expression has been connected to in 

vitro chemotherapy and then to leukemic cells [25]. GST deficit produced by an empty 

genotype would be expected to result in a greater response to chemotherapy. It also 

demonstrated that GSTM1 null or GSTT1 null individuals had a lower risk of relapse in 

acute B-cell lymphocytic leukemia (ALL), whereas in the [26], [27]. GST genotypes had no 

effect on the patient's response to treatment or outcome. The disparity between our find-

ings and those of others could indicate that gene polymorphism has very minor impacts, 

undermining many polymorphism research, particularly those with short follow-up peri-

ods Finally, we demonstrated that GSTM1null or GSTT1 null genotypes may be regarded 

separate variables for AML with no influence on prognosis, and that the GSTP1*105 geno-

type could be used as a predictive factor, providing additional independent information 

to the regular laboratory. 

5. Conclusion 

It was proved that GSTM1 null and otherwise GSTT1 null genotypes might be con-

sidered independent, it was factors for AML with no effect on the diagnosis, then the gen-

otype GSTP1*105 was a prognostic factor, in addition to independent evidence to the la-

boratory of repeated parameters then cytogenetics then changes molecular structure of 

cancer cells. 

6. Conflict of Interest 

For this work there has been no conflict of interest of any kind with the authors. 

7. Ethical Standard 

The research plan of study was officially approved. 

8. Informed Consent 

Was taken before being enrolled in the study from all the participant patients. 

 

 

 



 612 
 

  
Central Asian Journal of Medical and Natural Science 2024, 5(3), 606-613.                 https://cajmns.centralasianstudies.org/index.php/CAJMNS 

REFERENCES 

[1] G. Ritchie, H. Gasper, J. Man, S. Lord, I. Marschner, M. Friedlander, and C. K. Lee, "Defining the Most Appro-

priate Primary End Point in Phase 2 Trials of Immune Checkpoint Inhibitors for Advanced Solid Cancers: A 

Systematic Review and Meta-analysis," JAMA Oncology, vol. 4, no. 4, pp. 522, Apr. 2018, doi: 

https://doi.org/10.1001/jamaoncol.2017.5236  

[2] WHO Organization, "Cancer [online]," World Health Organization, 2018. Available: http://www.who.int/news-

room/Fact-sheets/Details/Cancer 

[3] F. Islami, L. A. Torre, and A. Jemal, "Global Trends of Lung Cancer Mortality and Smoking Prevalence," Trans-

lational Lung Cancer Research, vol. 4, no. 4, pp. 327-338, Aug. 2015. 

[4] UK CR., "Worldwide Cancer Statistics," Cancer Research UK, 2012. Available: https: //www.cancerre-

searchuk.org/health-professional/cancer-Statistics/worldwide-cancer#collapseFour 

[5] J. M. Samet, E. Avila-Tang, P. Boffetta, L. M. Hannan, S. Olivo-Marston, M. J. Thun, and C. M. Rudin, "Lung 

Cancer in Never Smokers: Clinical Epidemiology and Environmental Risk Factors," Clinical Cancer Research, 

vol. 15, no. 18, pp. 5626–5645, Sep. 2009, doi: https://doi.org/10.1158/1078-0432.ccr-09-0376  

[6] C. Clément-Duchêne, J.-M. Vignaud, A. Stoufflet, O. Bertrand, A. Gislard, L. Thiberville, G. Grosdidier, Y. 

Martinet, J. Benichou, P. Hainaut, and C. Paris, "Characteristics of Never Smoker Lung Cancer Including En-

vironmental and Occupational Risk Factors," Lung Cancer, vol. 67, no. 2, pp. 144–150, Feb. 2010, doi: 

https://doi.org/10.1016/j.lungcan.2009.04.005  

[7] J. A. García-Lavandeira, A. Ruano-Ravina, and J. M. Barros-Dios, "Alcohol Consumption and Lung Cancer 

Risk in Never Smokers," Gaceta Sanitaria, vol. 30, no. 4, pp. 311–317, Jul. 2016, doi: 

https://doi.org/10.1016/j.gaceta.2016.03.017 

[8] J. Hukkanen, O. Pelkonen, J. Hakkola, and H. Raunio, "Expression and Regulation of Xenobiotic-Metabolizing 

Cytochrome P450 (CYP) Enzymes in Human Lung," Critical Reviews in Toxicology, vol. 32, no. 5, pp. 391–411, 

Jan. 2002, doi: https://doi.org/10.1080/20024091064273  

[9] X.-Y. Jiang, F.-H. Chang, T.-Y. Bai, X.-L. Lv, M.-J. Wang, and G. Wang, "Susceptibility of Lung Cancer With 

Polymorphisms of CYP1A1, GSTM1, GSTM3, GSTT1 and GSTP1 Genotypes in the Population of Inner Mon-

golia Region," Asian Pacific Journal of Cancer Prevention, vol. 15, no. 13, pp. 5207–5214, Jul. 2014, doi: 

https://doi.org/10.7314/apjcp.2014.15.13.5207 

[10] P. Mota, H. C. Silva, M. J. Soares, A. Pego, C. R. Cordeiro, and F. J. Regateiro, "Genetic Polymorphisms of 

Phase I and Phase II Metabolic Enzymes as Modulators of Lung Cancer Susceptibility," Journal of Cancer Re-

search and Clinical Oncology, vol. 141, no. 5, pp. 851–860, Nov. 2014, doi: https://doi.org/10.1007/s00432-014-

1868-z  

[11] J. D. Hayes, J. U. Flanagan, and I. R. Jowsey, "Glutathione Transferases," Annual Review of Pharmacology and 

Toxicology, vol. 45, no. 1, pp. 51–88, Sep. 2005, doi: https://doi.org/10.1146/annurev.pharmtox.45.120403.095857 

[12] S. Tsuchida and T. Yamada, "Glutathione Transferases☆," in Reference Module in Biomedical Sciences, Elsevier, 

2014, doi: https://doi.org/10.1016/b978-0-12-801238-3.04351-8  

[13] F. K. Safa, G. Shahsavari, and R. Z. Abyaneh, "Glutathione S-Transferase M1 and T1 Genetic Polymorphisms 

in Iranian Patients With Glaucoma," Iranian Journal of Basic Medical Sciences, vol. 175, no. 5, pp. 332–336, May 

2014. 

[14] Z. Almasi, H. Salehiniya, N. Amoori, and M. Enayatrad, "Epidemiology Characteristics and Trends of Lung 

Cancer Incidence in Iran," Asian Pacific Journal of Cancer Prevention, vol. 17, no. 2, pp. 557–562, Mar. 2016, doi: 

https://doi.org/10.7314/apjcp.2016.17.2.557  

[15] C. Carlsten, G. S. Sagoo, A. J. Frodsham, W. Burke, and J. P. T. Higgins, "Glutathione S-Transferase M1 

(GSTM1) Polymorphisms and Lung Cancer: A Literature-Based Systematic HuGE Review and Meta-Analy-

sis," American Journal of Epidemiology, vol. 167, no. 7, pp. 759–774, Feb. 2008, doi: 

https://doi.org/10.1093/aje/kwm383  

[16] C. Clément-Duchêne, J.-M. Vignaud, A. Stoufflet, O. Bertrand, A. Gislard, L. Thiberville, G. Grosdidier, Y. 

Martinet, J. Benichou, P. Hainaut, and C. Paris, "Characteristics of Never Smoker Lung Cancer Including En-

vironmental and Occupational Risk Factors," Lung Cancer, vol. 67, no. 2, pp. 144–150, Feb. 2010, doi: 

https://doi.org/10.1016/j.lungcan.2009.04.005  

 

https://doi.org/10.1001/jamaoncol.2017.5236
http://www.who.int/news-room/Fact-sheets/Details/Cancer
http://www.who.int/news-room/Fact-sheets/Details/Cancer
http://www.cancerresearchuk/
http://www.cancerresearchuk/
https://doi.org/10.1158/1078-0432.ccr-09-0376
https://doi.org/10.1016/j.lungcan.2009.04.005
https://doi.org/10.1016/j.gaceta.2016.03.017
https://doi.org/10.1080/20024091064273
https://doi.org/10.7314/apjcp.2014.15.13.5207
https://doi.org/10.1007/s00432-014-1868-z
https://doi.org/10.1007/s00432-014-1868-z
https://doi.org/10.1146/annurev.pharmtox.45.120403.095857
https://doi.org/10.1016/b978-0-12-801238-3.04351-8
https://doi.org/10.7314/apjcp.2016.17.2.557
https://doi.org/10.1093/aje/kwm383
https://doi.org/10.1016/j.lungcan.2009.04.005


 613 
 

  
Central Asian Journal of Medical and Natural Science 2024, 5(3), 606-613.                 https://cajmns.centralasianstudies.org/index.php/CAJMNS 

[17] N. N. Chakova, E. P. Mikhalenko, S. N. Polonetskaya, N. V. Chebotareva, Y. E. Demidchik, A. A. Zhilko, O. 

V. Kvitko, and E. V. Krupnova, "GST Polymorphism and Cytogenetic Changes in Lung Tissues of Lung Cancer 

Patients," Cytology and Genetics, vol. 43, no. 1, pp. 38–41, Feb. 2009, doi: 

https://doi.org/10.3103/s0095452709010071  

[18] A. Demir, S. Altin, D. Pehlivan, M. Demir, F. Yakar, E. Seyhan, and S. Dincer, "The Role of GSTM1 Gene 

Polymorphisms in Lung Cancer Development in Turkish Population," Journal of Carcinogenesis, vol. 6, no. 1, 

pp. 13, 2007, doi: https://doi.org/10.1186/1477-3163-6-13  

[19] S. Garte, E. Taioli, T. Popov, I. Kalina, R. Sram, and P. Farmer, "Role of GSTT1 Deletion in DNA Oxidative 

Damage by Exposure to Polycyclic Aromatic Hydrocarbons in Humans," International Journal of Cancer, vol. 

120, no. 11, pp. 2499–2503, Mar. 2007, doi: https://doi.org/10.1002/ijc.22477  

[20] Y. Zhao, B. Wang, K. Hu, J. Wang, S. Lu, Y. Zhang, W. Lu, E. Zhao, and L. Yuan, "Glutathione S-Transferase 

Θ1 Polymorphism Contributes to Lung Cancer Susceptibility: A Meta-Analysis of 26 Case-Control Studies," 

Oncology Letters, vol. 9, no. 4, pp. 1947–1953, Feb. 2015, doi: https://doi.org/10.3892/ol.2015.2948  

[21] L. Fontana, L. Delort, L. Joumard, N. Rabiau, R. Bosviel, S. Satih, A. Kwiatkowski, V. Bignon, and F. Bernard-

Gallon, "Genetic Polymorphisms in GSTT1, GSTM1, and GSTP1 and the Risk of Hormone-Dependent Cancer," 

Anticancer Research, vol. 29, no. 11, pp. 4769–4774, Nov. 2009. 

[22] Y. Gao, F. Gao, T.-T. Hu, G. Li, and Y.-X. Sui, "Combined effects of glutathione S-transferase M1 and T1 poly-

morphisms on risk of lung cancer: evidence from a meta-analysis," Oncotarget, vol. 8, no. 17, pp. 28135–28143, 

Mar. 2017, doi: https://doi.org/10.18632/oncotarget.15943  

[23] S. Garte, E. Taioli, T. Popov, I. Kalina, R. Sram, and P. Farmer, "Role of GSTT1 deletion in DNA oxidative 

damage by exposure to polycyclic aromatic hydrocarbons in humans," International Journal of Cancer, vol. 120, 

no. 11, pp. 2499–2503, Mar. 2007, doi: https://doi.org/10.1002/ijc.22477  

[24] J. D. Hayes, J. U. Flanagan, and I. R. Jowsey, "Glutathione Transferases," Annual Review of Pharmacology and 

Toxicology, vol. 45, no. 1, pp. 51–88, Sep. 2005, doi: https://doi.org/10.1146/annurev.pharmtox.45.120403.095857  

[25] R. Hezova, J. Bienertova-Vasku, M. Sachlova, V. Brezkova, A. Vasku, M. Svoboda, L. Radová, I. Kiss, R. 

Vyzula, and O. Slaby, "Common polymorphisms in GSTM1, GSTT1, GSTP1, GSTA1 and susceptibility to col-

orectal cancer in the Central European population," European Journal of Medical Research, vol. 17, no. 1, Jun. 

2012, doi: https://doi.org/10.1186/2047-783x-17-17  

[26] H. N. Honma, E. M. De Capitani, M. W. Perroud, A. S. Barbeiro, I. F. C. Toro, D. B. Costa, C. S. P. Lima, and 

L. Zambon, "Influence of p53 codon 72 exon 4, GSTM1, GSTT1 and GSTP1*B polymorphisms in lung cancer 

risk in a Brazilian population," Lung Cancer, vol. 61, no. 2, pp. 152–162, Aug. 2008, doi: 

https://doi.org/10.1016/j.lungcan.2007.12.014  

[27] G. Adibhesami, G. R. Shahsavari, A. Amiri, A. N. Emami Razavi, M. Shamaei, and M. Birjandi, "Glutathione 

S-transferase M1 (GSTM1) and T1 (GSTT1) polymorphisms and lung cancer risk among a select group of Ira-

nian people," Asian Pacific Journal of Cancer Prevention: APJCP, vol. 19, no. 10, pp. 2921–2927, Oct. 2018. 

 

 

https://doi.org/10.3103/s0095452709010071
https://doi.org/10.1186/1477-3163-6-13
https://doi.org/10.1002/ijc.22477
https://doi.org/10.3892/ol.2015.2948
https://doi.org/10.18632/oncotarget.15943
https://doi.org/10.1002/ijc.22477
https://doi.org/10.1146/annurev.pharmtox.45.120403.095857
https://doi.org/10.1186/2047-783x-17-17
https://doi.org/10.1016/j.lungcan.2007.12.014

