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ABSTRACT 

Background: Genetic polymorphisms of Glutathione S-transferase Mu 1 (GSTM1) and Glutathione S-transferase 

Theta 1 (GSTT1) have been associated with altered detoxification capacity and may contribute to the development of 

childhood acute lymphoblastic leukemia (ALL).  

Objective: To determine the frequency of GSTM1 and GSTT1 polymorphisms among children with ALL and 

evaluate their association with hematological parameters.  

Methods: A Case-control study was conducted among 45 children with ALL cases and 45 healthy controls. GSTM1 

and GSTT1 genotypes were detected using multiplex polymerase chain reaction (PCR) with β-globin as an internal 

control. PCR amplification was performed using 2× EasyTaq® PCR SuperMix (TransGen Biotech, UK). The 

observations on hematological parameters such as hemoglobin, total leukocyte count, platelet count and differential 

leukocyte count were obtained and analyzed.  

Results: A total of 90 participants (45 ALL patients and 45 healthy controls) were included in the study. 

Hematological abnormalities typical of leukemia were seen in ALL patients with increased WBC, blast and decreased 

Hb and platelet levels (p < 0.05) when compared to controls. With regards to genetic analysis, the GSTM1 null 

genotype was significantly associated with childhood ALL susceptibility (p = 0.027), while the GSTT1 null genotype 

showed a borderline, non-significant association with childhood ALL susceptibility (p = 0.056). In subgroup analysis, 

GSTT1 showed significant associations, which implies that it may be involved in disease presentation instead of 

overall disease susceptibility.  

Conclusion: There was a significant association between GSTM1 null genotype and childhood ALL, but not for 

GSTT1 which had only a weak, non-significant association. No consistent association was found between the GST 

polymorphisms and the hematological parameters, but in the case of GSTT1, significant association was observed 

with blast percentage and easy bleeding in the subgroup analysis. 
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INTRODUCTION 

Childhood Acute lymphoblastic leukemia (ALL) is a malignant disorder of the hematopoietic system characterized 

by clonal proliferation and accumulation of immature lymphoid progenitor cells in the bone marrow, peripheral blood, 

and extramedullary sites. It is the most common childhood malignancy, but it also occurs in adults with more 

aggressive clinical behavior and poorer prognosis (1). Despite advances in chemotherapy and supportive care, the 

etiology of childhood ALL remains incompletely understood, and it is widely accepted that both genetic susceptibility 

and environmental exposure play a critical role in disease development (2).Leukemogenesis is a multistep process 

involving genetic alterations that disrupt normal hematopoiesis, including activation of oncogenes, inactivation of 

tumor suppressor genes, and impaired DNA repair mechanisms (3,4). Among the various genetic factors implicated 

in cancer susceptibility, polymorphisms in detoxification enzymes have gained significant attention. Glutathione S-

transferases (GSTs) are a family of phase II metabolic enzymes responsible for detoxifying electrophilic compounds, 

including carcinogens, environmental toxins, and oxidative stress by-products through conjugation with glutathione 

(5,6). 
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The GST family includes several classes, among which Glutathione S-transferase Mu 1 (GSTM1) and Glutathione S-

transferase Theta 1 (GSTT1) are the most widely studied in relation to cancer susceptibility (7). A common genetic 

variation in these genes is the homozygous deletion (null genotype), which leads to complete absence of enzyme 

activity. Individuals with GSTM1 and GSTT1 null genotypes are unable to efficiently detoxify carcinogens, resulting 

in increased DNA damage and genomic instability (8). Multiple epidemiological studies have investigated the 

association of GST polymorphisms with various malignancies, including lung cancer, bladder cancer, breast cancer, 

and hematological malignancies. However, findings remain inconsistent across populations due to genetic diversity, 

environmental exposures, and sample size variations (9). In the context of leukemia, impaired detoxification capacity 

may enhance susceptibility to DNA damage induced by environmental carcinogens such as benzene, pesticides, and 

radiation, all of which have been implicated in leukemogenesis (10). 

Childhood Acute lymphoblastic leukemia is characterized not only by malignant proliferation of lymphoblasts but 

also by profound alterations in hematological parameters, including anemia, thrombocytopenia, and leukocytosis. 

These changes reflect bone marrow infiltration and suppression of normal hematopoiesis. However, limited data exist 

regarding the influence of GSTM1 and GSTT1 polymorphisms on hematological profiles in childhood ALL patients, 

particularly in South Asian populations. Pakistan represents a genetically diverse population with significant exposure 

to environmental pollutants, occupational chemicals, and socioeconomic risk factors that may contribute to cancer 

burden. Despite this, limited molecular epidemiological data are available regarding GST gene polymorphisms in 

hematological malignancies in this region. Hence, understanding the distribution of GSTM1 and GSTT1 

polymorphisms and their association with hematological parameters may provide insight into disease susceptibility, 

progression, and biological behavior of childhood ALL (11). Hence, the present study aimed to investigate the 

frequency of GSTM1 and GSTT1 gene polymorphisms in children with ALL and compare with healthy controls. 

Additionally, the study aimed to evaluate the association of these polymorphisms with hematological parameters to 

explore their potential role in disease severity and clinical presentation. 

 

MATERIAL AND METHODS 

This hospital-based case-control study was conducted at Baqai Medical University and National Institute of Child 

Health (NICH), Karachi, while molecular analyses were performed at the Molecular Biology Laboratory of 

Mohammad Ali Jinnah University (MAJU), Karachi." Participants were enrolled after obtaining written informed 

consent from their parents or legal guardians. A total of 90 participants were enrolled, including 45 newly diagnosed, 

untreated children with ALL patients and 45 age- and sex-matched healthy controls. Sample size was calculated using 

OpenEpi for unmatched case-control design, and participants were recruited through purposive consecutive sampling 

based on predefined inclusion and exclusion criteria. A total of 6 mL of venous blood was collected from each 

participant. The blood was divided equally into two 3 mL ethylenediaminetetraacetic acid (EDTA) tubes; one tube 

was used for DNA extraction, while the other was used for complete blood count (CBC) analysis. Complete blood 

count (CBC) parameters were obtained using an automated hematology analyzer.  

Genomic DNA was extracted using the GJC DNA purification kit following the manufacturer's protocol. The extracted 

DNA was assessed for purity via spectrophotometry and agarose gel electrophoresis. GSTM1 and GSTT1 genotypes 

were detected using multiplex polymerase chain reaction (PCR) with β-globin as an internal control. PCR 

amplification was performed using 2× EasyTaq® PCR SuperMix (TransGen Biotech, UK) on a Veriti Applied 

Biosystems thermal cycler, followed by visualization on 3% agarose gel.Data was analyzed using STATA version 17. 

Quantitative variables were expressed as mean ± SD or median (IQR), and categorical variables as frequencies and 

percentages. Normality was assessed using the Shapiro–Wilk test. Independent t-test or Mann–Whitney U test was 

applied for continuous variables, and Fisher’s exact test for categorical variables. Odds ratios with 95% confidence 

intervals were calculated to assess associations, with p ≤ 0.05 considered statistically significant. 

 

RESULTS 

A total of 90 participants were included in the study, comprising 45 childhood Acute Lymphoblastic Leukemia (ALL) 

patients and 45 healthy controls. The demographic characteristics of the study participants are presented to ensure 

comparability between the two groups. As shown in Table 1, no statistically significant differences were observed 

between cases and controls with respect to age and gender distribution (p > 0.05). The mean age was comparable in 

both groups, and the proportion of males and females was also similar, indicating appropriate matching of study 

participants. 

 

Table 1: Demographic Characteristics of Study Participants (n = 90) 

Variable Cases (n=45) Controls (n=45) p-value 

Age (Years) Mean ± SD Mean ± SD >0.05 

Gender – Male n (%) n (%) >0.05 

Gender – Female n (%) n (%) >0.05 
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Hematological parameters were compared between childhood ALL patients and healthy controls to evaluate disease-

related blood profile alterations. As shown in Table 2, significant differences were observed between cases and 

controls. Childhood ALL patients demonstrated markedly elevated white blood cell (WBC) counts and blast 

percentages, while hemoglobin and platelet levels were significantly reduced compared to controls (p < 0.05), 

reflecting typical bone marrow suppression associated with childhood all. 

 

Table 2: Comparison of Hematological Parameters between Cases and Controls (n = 90) 

Parameter Cases (n=45) Controls (n=45) p-value 

WBC (×10⁹/L) 10.5 [5.5–19.7] 5.6 [4.3–8.5] 0.003* 

Hemoglobin (g/dL) 8.7 [5.7–9.6] 12.9 [11.6–13.4] <0.001* 

Platelets (×10⁹/L) 43 [25–133] 260.06 ± 89.63 <0.001* 

*Significant at p ≤ 0.05 

 

The frequency distribution of GSTM1 and GSTT1 gene polymorphisms was analyzed in both cases and controls to 

determine their association with childhood ALL. As shown in Table 3, The GSTM1 null genotype was found to be 

more common in children with ALL than in healthy controls (p = 0.027), suggesting that the genotype is linked with 

susceptibility to the disease. No association was observed for the null GSTT1 genotype and childhood ALL (p = 

0.056). 

 

Table 3: Frequency of GSTM1 and GSTT1 Genotypes in Cases and Controls (n = 90) 

Genotype Cases (n=45) Controls (n=45) p-value 

GSTM1 Present 35 (77.78%) 43 (95.56%) 0.027* 

GSTM1 Null 10 (22.22%) 2 (4.44%)  

GSTT1 Present 40 (88.89%) 45 (100%) 0.056 

GSTT1 Null 5 (11.11%) 0 (0%)  

*Significant at p ≤ 0.05 

 

Subgroup analysis was performed among ALL patients to evaluate the association of GSTM1 and GSTT1 

polymorphisms with hematological and clinical parameters. The results demonstrated distinct patterns of association, 

where GSTM1 showed no significant relationship with hematological indices or clinical features, whereas GSTT1 

demonstrated significant associations with selected disease-related parameters. 

 

Table 4: Association of GSTT1 Polymorphism with Hematological Parameters and Clinical Manifestations in 

Children with Acute Lymphoblastic Leukemia (n = 45) 

Parameter P-value 

Blast Percentage (%) 0.027* 

Easy Bleeding (Yes/No) 0.036* 

The study demonstrated significant hematological differences between childhood ALL patients and healthy controls, 

consistent with disease pathology. GSTM1 null genotype was found to be significantly associated with susceptibility 

to childhood ALL, while GSTT1 was borderline and not statistically significant. 

 

DISCUSSION  

In the present study, the frequency of the GSTM1 and GSTT1 gene polymorphisms was evaluated in children with 

acute lymphoblastic leukemia (ALL) and its relationship to hematological parameters. In childhood ALL, there was a 

significantly higher prevalence of the GSTM1 null genotype than in controls, suggesting that the GSTM1 null 

genotype may be associated with susceptibility to ALL (p = 0.027). GSTT1, however, showed a borderline, non-

significant association with susceptibility to childhood ALL (p = 0.056), indicating a limited involvement in the 

disease risk in this population (12). Glutathione S-transferase (GST) enzymes play an important role in cellular 

detoxification processes, detoxifying electrophiles, oxidative stress products and carcinogens. GSTM1 and GSTT1 

deletion polymorphisms lead to a complete loss of enzymatic activity and could lead to a decrease in detoxification 

capacity and DNA damage (13,14). This biological mechanism has been associated with leukemogenesis, especially 

in populations subject to environmental exposure to toxic chemicals like benzene and pesticides (15,16). The 

significant association of GSTM1 null genotype in this study suggests that it is a possible determinant of the 

susceptibility to childhood ALL. As predicted in childhood ALL, differences in the hematological indices were seen 

between patients and healthy controls, indicating infiltration of the bone marrow and suppressed normal 

hematopoiesis. Such abnormalities have never been reported as a new observation but are rather typical findings of 
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childhood ALL and define the study population. The results are in keeping with the known pathogenesis of childhood 

ALL, which is characterized by bone marrow infiltration with a subsequent impairment of normal hematopoiesis (15).  

No significant and consistent association was observed between GST polymorphisms and most hematological 

parameters. However, subgroup analysis demonstrated significant associations between GSTT1 polymorphism, blast 

percentage, and easy bleeding, suggesting a possible influence on certain clinical or disease-related characteristics 

rather than overall disease susceptibility. The relationships between the GSTM1 and GSTT1 polymorphisms and 

leukemia have been found to vary in different populations. Genetic heterogeneity and environmental differences 

between populations are reflected in some studies that demonstrate significant associations with others showing no 

relationship (16,17,18). The lack of significant association with GSTT1 found in this study is consistent with other 

reports indicating a minor contribution to susceptibility to childhood ALL. Differences in the genetic background, in 

environmental exposures and in the sample size may account for these discrepancies. This study has a few strengths, 

such as well-matched case-control design with age- and sex-matched participants. The molecular techniques used 

were standardized and included multiplex PCR that served as a measure of internal control of β-globin (19). 

Automated hematological analysis increased the confidence of the laboratory results. Furthermore, patients with newly 

diagnosed and untreated childhood ALL included limiting treatment-related confounding. There are some limitations 

in the study such as the small number of participants might restrict the generalizability and statistical power of 

subgroups analysis. No environmental exposure data were collected as this would have an impact on GST enzyme 

activity. Mechanistic interpretation was limited as functional enzyme activity and markers of oxidation stress were 

not assessed. Furthermore, research was carried out in a single center, which could limit the generalizability of the 

results. Larger multicenter group could be a good addition to confirm these results in a wider range of cohorts. Gene 

environment interaction assessment, especially exposure to environmental carcinogens is recommended. Further 

studies on the functional activity of GST enzymes and measurement of oxidative stress markers may offer more insight 

into the mechanisms. Further, the assessment of other genes involved in detoxification could contribute to a more 

thorough genetic profile of childhood ALL. 

 

CONCLUSION 

The present study demonstrated that the GSTM1 null genotype is significantly associated with susceptibility to 

childhood acute lymphoblastic leukemia, whereas GSTT1 showed only a borderline, non-significant association. 

Although no consistent relationship was observed between GST polymorphisms and most hematological parameters, 

GSTT1 polymorphism was significantly associated with blast percentage and easy bleeding in subgroup analysis. 

These findings suggest that GSTM1 may contribute to childhood ALL susceptibility, while GSTT1 may have a limited 

role in specific clinical manifestations of the disease. 

 

REFERENCES 

1. Pagliaro L, Chen SJ, Herranz D, Mecucci C, Harrison CJ, Mullighan CG, Zhang M, Chen Z, Boissel N, Winter 

SS, Roti G. Acute lymphoblastic leukaemia. Nature Reviews Disease Primers. 2024 Jun 13;10(1):41. 

http://doi:10.1038/s41572-024-00525-x. PMID: 38871740. 

2. Stoltze U, Junk SV, Byrjalsen A, Cave H, Cazzaniga G, Elitzur S, Fronkova E, Hjalgrim LL, Kuiper RP, Lundgren 

L, Mescher M. Overt and covert genetic causes of pediatric acute lymphoblastic leukemia. Leukemia. 2025 

May;39(5):1031-45. http://doi:10.1038/s41375-025-02535-4. Epub 2025 Mar 24. PMID: 40128563. 

3. Kwok M, Agathanggelou A, Stankovic T. DNA damage response defects in hematologic malignancies: 

mechanistic insights and therapeutic strategies. Blood. 2024 May 23;143(21):2123-44.  

4. http://doi:10.1182/blood.2023019963. PMID: 38457665. 

5. Zhang S, Xiao X, Yi Y, Wang X, Zhu L, Shen Y, Lin D, Wu C. Tumor initiation and early tumorigenesis: molecular 

mechanisms and interventional targets. Signal transduction and targeted therapy. 2024 Jun 19;9(1):149. 

http://doi:10.1038/s41392-024-01848-7. PMID: 38890350; PMCID: PMC11189549. 

6. Peng J, Yang S, Ng CS, Chen GG. The role of FOXP3 in non-small cell lung cancer and its therapeutic potentials. 

Pharmacology & Therapeutics. 2023 Jan 1;241:108333.  

7. Allocati N, Masulli M, Di Ilio C, Federici L. Glutathione transferases: substrates, inihibitors and pro-drugs in 

cancer and neurodegenerative diseases. Oncogenesis. 2018 Jan 24;7(1):8. http://doi:10.1038/s41389-017-0025-3.  

PMID: 29362397; PMCID: PMC5833873. 

8. Zhang J, Li Y, Zou J, Lai CT, Zeng T, Peng J, Zou WD, Cao B, Liu D, Zhu LY, Li H. Comprehensive analysis of 

the glutathione S-transferase Mu (GSTM) gene family in ovarian cancer identifies prognostic and expression 

significance. Frontiers in oncology. 2022 Jul 28;12:968547. http://doi:10.3389/fonc.2022.968547. PMID: 35965498; 

PMCID: PMC9366399. 

9. Nakanishi G, Pita-Oliveira M, Bertagnolli LS, Torres-Loureiro S, Scudeler MM, Cirino HS, Chaves ML, Miwa 

B, Rodrigues-Soares F. Worldwide systematic review of GSTM1 and GSTT1 null genotypes by continent, ethnicity, 

and therapeutic area. Omics: a journal of integrative biology. 2022 Oct 1;26(10):528-41. 

http://doi:10.1089/omi.2022.0090. Epub 2022 Sep 16. PMID: 36112350. 

10. Wang Q, Cai Z, Sheng Y, Jiang Z, Cui W, Chen Z, You X. Evaluation of the association between glutathione S-

transferase polymorphisms and susceptibility to cutaneous melanoma: a systematic review and meta-analysis. 

http://doi:10.1038/s41572-024-00525-x
http://doi:10.1038/s41375-025-02535-4
http://doi:10.1182/blood.2023019963
http://doi:10.1038/s41392-024-01848-7
http://doi:10.1038/s41389-017-0025-3
http://doi:10.3389/fonc.2022.968547
http://doi:10.1089/omi.2022.0090


Genetics and Molecular Research 25 (9s): 2026                    5 

Advances in Dermatology and Allergology/Postępy Dermatologii i Alergologii. 2024 Feb 1;41(1):20-31. 

http://doi:10.5114/ada.2023.135619. Epub 2024 Feb 28. PMID: 38533372; PMCID: PMC10962381. 

11. Reynoso-Noverón N, Santibáñez-Andrade M, Torres J, Bautista-Ocampo Y, Sánchez-Pérez Y, García-Cuellar 

CM. Benzene exposure and pediatric leukemia: From molecular clues to epidemiological insights. Toxicology letters. 

2024 Oct 1;400:113-20. http://doi:10.1016/j.toxlet.2024.08.010. Epub 2024 Aug 22. PMID: 39181343. 

12. Tiongco RE, Cayanan ND, Catacata M, Dominguez MJ. Ile105Val polymorphism in the GSTP1 gene is associated 

with susceptibility to acute myeloid leukemia: an updated systematic review and meta-analysis. Biomarkers. 2024 Apr 

2;29(3):134-42. http://doi:10.1080/1354750X.2024.2326538. Epub 2024 Mar 13. PMID: 38428950. 

13. Zhao Y, Wang D, Zhang CY, Liu YJ, Wang XH, Shi MY, Wang W, Shen XL, He XF. Individual and combined 

effects of the GSTM1, GSTT1, and GSTP1 polymorphisms on leukemia risk: An updated meta-analysis. Frontiers in 

Genetics. 2022 Oct 31;13:976673. http://doi:10.3389/fgene.2022.976673. PMID: 36386807; PMCID: PMC9659912. 

14. dos Anjos LR, Pedrino GR, da Silva Santos R, da Silva Reis AA. Impact of Oxidative Changes and Possible 

Effects of Genetics Polymorphisms of Glutathione S-Transferase. Glutathione in health and disease. 2018 Oct 31:47.  

15. Sadafi S, Choubsaz P, Kazemeini SM, Imani MM, Sadeghi M. Glutathione S-transferase theta 1 (GSTT1) deletion 

polymorphism and susceptibility to head and neck carcinoma: a systematic review with five analyses. BMC cancer. 

2024 Jul 22;24(1):885. http://doi:10.1186/s12885-024-12618-7. PMID: 39039477; PMCID: PMC11264357. 

16. Hu T, Zhou G, Li W. Association Between the Individual and Combined Effects of the GSTM1 and GSTT1 

Polymorphisms and Risk of Leukemia: A Meta-Analysis. Frontiers in Genetics. 2022 Jul 22;13:898937. 

http://doi:10.3389/fgene.2022.898937. PMID: 35938012; PMCID: PMC9355274. 

17. Nourozi MA, Neghab M, Bazzaz JT, Nejat S, Mansoori Y, Shahtaheri SJ. Association between polymorphism of 

GSTP1, GSTT1, GSTM1 and CYP2E1 genes and susceptibility to benzene-induced hematotoxicity. Archives of 

toxicology. 2018 Jun;92(6):1983-90. http://doi:10.1007/s00204-017-2104-9. Epub 2017 Dec 4. PMID: 29204680; 

PMCID: PMC6002464. 

18. Rahimian E, Amini A, Alikarami F, Pezeshki SM, Saki N, Safa M. DNA repair pathways as guardians of the 

genome: Therapeutic potential and possible prognostic role in hematologic neoplasms. DNA repair. 2020 Dec 

1;96:102951. http://doi:10.1016/j.dnarep.2020.102951. Epub 2020 Aug 15. PMID: 32971475. 

19. Hu Q, Li C, Huang Y, Wei Z, Chen L, Luo Y, Li X. Effects of Glutathione S-Transferases (GSTM1, GSTT1 and 

GSTP1) gene variants in combination with smoking or drinking on cancers: A meta-analysis. Medicine. 2024 Apr 

5;103(14):e37707. http://doi:10.1097/MD.0000000000037707. PMID: 38579033; PMCID: PMC10994484. 

20. Goulart LR, Colombo BF, Lima MI, de Andrade MS, São Julião J, Neves AF, Pereira SR. Expanded HPV 

genotyping by single-tube nested-multiplex PCR May explain HPV-related disease recurrence. Microorganisms. 2024 

Nov 15;12(11):2326. http://doi:10.3390/microorganisms12112326. PMID: 39597715; PMCID: PMC11596377. 

 

http://doi:10.5114/ada.2023.135619
http://doi:10.1016/j.toxlet.2024.08.010
http://doi:10.1080/1354750X.2024.2326538
http://doi:10.3389/fgene.2022.976673
http://doi:10.1186/s12885-024-12618-7
http://doi:10.3389/fgene.2022.898937
http://doi:10.1007/s00204-017-2104-9
http://doi:10.1016/j.dnarep.2020.102951
http://doi:10.1097/MD.0000000000037707
http://doi:10.3390/microorganisms12112326

