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Abstract                                                                                                                                    

Background: The glutathione S-transferase theta 1 (GSTT1) null polymorphisms had been 

reported to lead to abrogation of enzyme activity. The frequencies of glutathione S-transferases  

(GSTs) polymorphic alleles, especially GSTT1 and GSTM1, had been reported in various cancers.                                                              

Objective: To explore the GSTT1null genotype polymorphism in Sudanese chronic myeloid leukemia 

patients.                                                                                                                                             

Materials and methods: A total of 50 patients with chronic myeloid leukemia (CML) and 50 

control subjects were enrolled in this study. Blood samples were collected from all patients in 

EDTA containers. Genomic DNA was extracted from all blood samples using the salting-out 

method. The genetic polymorphism analysis for the GSTT1 was determined using allele specific 

polymerase chain reaction.                                                                                                                                                    

Results: The frequency rate of patients carrying the GSTT1 null polymorphism was 50% 

significantly higher in CML patients as compared to the frequency rate (22%) among control 

patients (OR = 3.5, 95%; CI = 1.8-4.2. p = 0.04). Therefore GSTT1 null genotype polymorphism 

may be a risk factor for CML.                                                                                                                                 

Conclusion: GSTT1 null polymorphism stands as a risk factor for CML Sudanese population. 
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Introduction                                                                                                                    
 

Chronic myeloid leukemia (CML) is a cancer of blood secondary to the presence of the reciprocal 

translocation t (9; 22) (q34; q11) or BCR-ABL fusion gene causing a malignant proliferation of 

hematopoietic cells. However, the etiology of CML like most of cancers, results from a complex 

interaction between several factors, among others exposure to ionizing and non ionizing radiation, 

carcinogens present in the environment such as benzene, smoke and pesticides1.                                  

Depending on the genetic constitution, it is obvious that the body prevents such a damage. There is 

a set of enzymes which plays a major role in the activation/detoxification of carcinogens, repair of  
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DNA damage and programming of mutant cells to apoptosis. It noteworthy that hereditary 

differences which affect an individual’s ability to metabolize xenobiotics represent significant 

factors in predisposition to develop cancer such as CML. Glutathione S-transferases (GSTs) are 

enzymes of phase II, which participate in cellular detoxification by converting active 

procarcinogenic metabolites of phase I enzymes (cytochrome P450) into inactive metabolites and 

soluble glutathione, easily execretable. There are eight classes of GSTs have been identified, 

including alpha (GSTA), mu (GSTM) theta (GSTT), pi (GSTP), zeta (GSTZ), sigma (GSTS), 

kappa (GSTK) and omega (GSTO)2.                                                                                          The 

GSTM1 and GSTT1 genes, which have been mapped on chromosome 1p13.3 and 22q11.2 

respectively, are the most studied. It is known that deletions in GSTM1 and GSTT1 genes are 

associated with reduced or absence of enzyme activity. Moreover, numerous studies showed the 

link between the lack of enzyme activity in GSTM1 and GSTT1 and the susceptibility leading to 

various types of cancer, such as oral cancer, gastric cancer, bladder cancer, and CML in different 

ethnical groups worldwide3.                                                                                                                         

Due to the absence of data on the frequency rate of GSTT1 genotypes in Sudan, this case-control 

study aimed to explore the possible link between the null genotypes and the occurrence of chronic 

myeloid leukemia in Sudanese patients. 

 

Materials and methods      

 
This was a cross-sectional, case-control study conducted at the Radiation and Isotopes Center 

(Khartoum). This study was approved by the Ethical Committee of Al Neelain University. 

Informed consent was obtained from each participant prior to specimens collection. Confidentiality 

of information obtained from participants investigated was maintained. Complete information 

regarding risk factors, if any, was handed to all participants under the study without concealment. 

Permission to collect the specimens was obtained from the Radiation and Isotopes Center 

(Khartoum). All statistical analyses were performed by the SPSS software program. P-value < 0.05 

was considered significant. Demographic and clinical data were collected from all participants 

using a structured questionnaire. Sampling was a non- probability purposive sampling type, and 

sample strategy was convenience where participants were chosen on the basis of accessibility.                                                                                                                                               

Sample size was 100 blood specimens: 50 were collected from patients with chronic myeloid 

leukemia; and 50 were collected from apparently healthy volunteers. Blood specimens (3ml) were 

collected in ethylene diamine tetra acetic acid (EDTA) containers and genomic DNA was extracted 

by the salting-out method.                                                                                                                                             

Detection of GSTT1 polymorphism: The GSTT1 genotyping was performed by Allele-specific 

polymerase chain reaction (PCR- Techne, TC412, UK). Three microliter (μl) of DNA was 

amplified in a total volume of 20 μL PCR mixture containing 1μl of each primer (Table 1).                                          

Then 4μl Matser mix (GoTaq® Green Master Mix, Promega, USA) and 10μl sterile distilled water 

were added. The amplification process consisted of initial denaturation at 94°C/10 min. 35 cycles 

each consist of 95°C for 1 minute, 62°C for 1 minute, and 72°C for 1min. Final extension at 72°C 

for 10 minutes was performed. 5 μl of PCR product was electrophoresed on 3% agarose gel  
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containing ethidium bromide. 3 μl of 100 bp DNA ladder was applied with each batch of samples.   

A PCR product of 480 bp fragment was consistent with normal GSTT1, while absence) null) of band 

of 480pb was consistent with GSTT1 null. 

Table 1: Primers sequence for GSTT1 

Product size bp 
 

Primer sequence 

Primer  

direction  GSTT1 null GSTT1 

 

Absence 

 

480 

  5’-TTC CTT ACT GGT CCT ATC TC-3’ Forward 

5’-TCA CCG GAT GCC AGC A-3’ Reverse 

 

Results 

This study included 100 participants, 50 of them were patients with CML and 50 were apparently 

healthy volunteers control group. The patients' age ranged from 21-74 years (Mean 46). The age 

of control group volunteers ranged from 25 to 55 years (Mean 40 years). 44 (96%) of the patients 

were males and 2 (4 %) of them were females. Also, 34 (68 %) of control volunteers were males 

and 16 (32%) were females. The frequency rate of individuals carrying the GSTT1 null mutation 

was found higher in CML patients (50 %) than that of controls (22%). Statistically, OR = 3.5, 

95% CI= 1.8-4.2; p = 0.04). Hence GSTT1 null genotype may be considered a risk factor for 

CML. The gender distribution of the overall positive GSTT1 null genotype among CML patients 

was 30% males and 20 % females. There was no significant association between gender and the 

presence of mutations (p = 0.29).  

   Discussion        

Homozygotes for the null alleles (deletion) of GSTM1 and GSTT1 lack activity of the respective 

enzymes. This showed a decrease in the reactivity of electrophilic substrates, which may affect 

the functions within cellular macromolecules, such as nucleonic acid, lipid, and protein. So, the 

genetically determined differences in metabolism, related to GST enzymes, have been reported 

to be associated with various cancer susceptibilities.                                                                                            

Positive association was found in certain types of cancers; and not found in others. In this study, 

the GSTT1 null genotype was found to be significantly associated with increasing risk for CML 

(OR = 3.5, 95% CI= 1.8-4.2, p = 0.04), and without relation in age range and gender. This 

finding was in disagreement with other studies, in which other cancers were studied.                                                                   

A study in China on leukemic patients showed no significant association of GSTT1 with acute 

myeloid leukemia, acute non-lymphoblastic leukemia, & chronic myelogenous leukemia 

(CML)4. Another study in China reported no interaction in oral cancer, smoking, and GSTT1 null 

polymorphisms5.                                                                                                                                                                        
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In contrast many studies reported positive findings in association of GSTT1 null genotype with 

various types of diseases and cancers. A case-control study in India reported that GSTT1 was 

significantly associated with male infertility6.                                                                                                     

All these xenobiotic-metabolizing enzymes and other related enzymes should be studied in 

different populations and in larger numbers. The limitation of our study was the small sample 

size, hence it is recommended that further studies with increased sample size need to be 

conducted in future.                                                                                                                                                               

Conclusion: GSTT1 null genotype is a risk factor for CML among Sudanese patients. 
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