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Abstract                                                                                                                                  

Background: Cytochromes P450 (CYP2E1) proteins are monooxgenases including the 

enzymes family that is able to catalyze oxidative biotransformation of most drugs and other 

lipophilic xenobiotics. Besides the detoxifying role of CYP2E1 for compounds such as 

electrophilic agents, reactive oxygen species, free radical products, and the bioactivation of 

xenobiotics, CYP2E1 is also related in several diseases and pathophysiological conditions. 

Objective: To investigate the association between genetic polymorphisms of cytochrome P450 

2E1 (C1053T) and risk of acute lymphoblastic leukemia (ALL) among Sudanese population.  

Materials and methods: This was a case control study enrolled in 102 patients with acute 

lymphoblastic leukemia, involving both genders at all age groups; and 102 apparently healthy, 

volunteer, control participants with matching gender and age incidence. Complete blood count 

was performed by an automated cell counter. Polymerase chain reaction-restriction fragment 

length polymorphism (PCR-RFLP) was used to detect CYP2E1 (C1053T) genotypes. 

Results: The CYP2E1 (C1053T) genotypes: CC95(93.1%), CT 7(6.7%), and TT were not 

detected in all test group patients investigated. Among the control group participants, the 

CYP2E1 (C1053T) genotypes detected were: 98 CC (96.1%), 4 CT (3.9%), and none TT (0.0%). 

This difference was not statistically significant in both test and control groups among CYP2E1 

genotypes: (p = 0.3524, 95% CI: 0.5117-6.369), as well as among CYP2E1 alleles: (p = 0.3592 

OR=1.776, 95% CI: 0.7289-17.32). CYP2E1 alleles frequency rate for children and adults in 

both test and control groups also showed insignificant association (p = 0.473, OR 1.691, 95% CI 

0.3962-7.220) and (p = 0.559, OR 2.032:95% CI 0.1795-23.00) respectively.  

Conclusion: CYP2E1*5B (C1053T) mutation was not a significant risk factor for developing 

acute lymphoblastic leukemia. 
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Introduction 
 

Organisms have metabolic pathways that are responsible for removing toxic agents. The liver is 

always described as the major organ responsible for detoxification of the body; however this 

process occurs in many other tissues. In the same way, as in the liver, the brain expresses 

metabolic pathways associated with the elimination of xenobiotics. Cytochrome P450 enzymes 

are responsible for most phase I reactions. The efficacy and toxicity of the drugs can be 

enhanced in a person by focusing and investigating phase I and phase II drug metabolism genes 

of cytochrome P450 family1. 

The human CYP2E1 gene is located in 10q24.3-qter region of chromosome 10 and 11,413 base 

pairs with nine axons and a typical TATA box. It encodes 493 amino acid proteins. CYP2E1 

belongs to the cytochrome P450 super family. It is expressed in liver, and comprises 

approximately 10 percent of human liver CYP 450 and to a lesser extent in other organs and 

tissues, including human urothelial cells. It is a natural ethanol-inducible enzyme that is of great 

interest due to its role in the metabolism and bioactivation of many low molecular weight 

compounds, including ethanol, acetone, drugs like acetaminophen, isoniazid, chlorzoxazone, and 

fluorinated anesthetics and many procarcinogens like benzene, N-nitrosamines, vinyl chloride, 

and styrene2.                                                                                                                                                              

This gene contains six restriction fragment length polymorphisms, of these are the two important 

RsaI polymorphism (CYP2E1∗5B; C-1053T substitution) and the 96-bp insertion in its 50-

flanking region have drawn much interest. CYP2E1 is of crucial importance for childhood acute 

lymphoblastic leukemia (ALL) development, because of its role in the metabolism of many 

environmental chemicals including, styrene, vinyl chloride, acryl amide, benzene, and 

chloroform. It is an effective generator of reactive oxygen species (ROS), such as superoxide and 

hydrogen peroxide. For that CYP2E1 it is associated with various cancers. CYP2E1 gene presses 

many polymorphisms in humans; and among them CYP2E1*5B (G1293 A/C1053T) 

polymorphisms are associated with increased risk of developing acute myeloid leukemia and 

acute lymphocytic leukemia3.  

This study aimed to investigate the association between CYP2E polymorphisms,*5 B(C 1053 T) 

located in the 5-flanking region and risk of acute lymphoblastic leukemia among Sudanese 

population.  
 

Materials and methods                                                                                                                                                                                                                                        
 

This was a case control study conducted among acute lymphoblastic leukemia patients. Blood 

specimens were collected from patients attending Sharg Al Neel Hospital (Khartoum) and 

processed at the Flowcytometery Center (Khartoum, Sudan), The study duration was from June 

2016 to October 2018. Written informed consent was obtained from all participants and parents 

of children. The study was approved by the Ethical Committee of Sudan University of Science 

and Technology and Khartoum State Ministry of Health. Permission to collect the specimens was 

granted by authorities of Sharg Al Neel Hospital (Khartoum). A structural questionnaire for 

gathering clinical and demographic information was designed. Statistical analysis was performed 

by the SPSS program (SPSS), version 25. Chi-square test were used to compare genotypes of the  
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cases and control groups. p value < 0.05 was accepted as statistically significant, and odds ratios 

(OR) were also calculated to give a 95% confidence interval (CI).     

102 patients with acute lymphoblastic leukemia, involving both genders at all age groups were 

enrolled in this study. Another 102 apparently healthy, volunteer, control group participants with 

matching gender and age incidence was investigated. Complete blood count was performed by 

an automated cell counter.  

Molecular analysis: DNA extraction was performed using the innu-PREP blood DNA mini kit 

protocol (Germany). Samples were stored at -20oC until analysis. PCR-RFLP was used for 

detection of CYP2E1*5B (C 1053 T) polymorphism. Primers used for genotyping analysis were:                                                                                                                                                          

F 5-CCAGTCGAGTCTACATTGTCA-3.                                                                                                                

R 5-TTCATTCTGTCTTCTAACTGG -3.                                                                                                         

PCR was carried out in total volume 20 µL. It consist of 4 µL of genomic DNA,1 µL from each 

primer,5 µL of ready to load master mix (intron) and 14 µL distilled water. PCR was initialed by 

denaturation step at 95oC for 5 minutes followed by 35 cycles of denaturation at 95°C for 30 

seconds, annealing temperatures ranged between 56.2°C for 30 seconds, and 63.2°C for 30 

seconds, extension at 72°C for 1 minute and the final extension at 72°C for 5 minutes. After 

amplification, PCR products were electrophoresed on 2% agarose gel containing ethidium 

bromide and visualized under UV.100 bp. DNA ladder was run with each batch of sample PCR 

product 413bp, and then digested by RsaI restriction endonucleases (New England Biolabs Inc-

England). RsaI mixtures were incubated at 37°C for 18 hours for complete digestion and then 

analyzed on 2.0% agarose gel. 5 µL of DNA ladder (50- 1000 bp). Gel was run for 30 minutes, 

digestion with RsaI cuts the PCR product with wild type allele (CC), producing two fragments of 

approximately 351 bp and 62 bp, heterozygote type (CT) 413bp, 351 bp and 62 bp bands and for 

homozygotes mutant type one(TT) 413bpvisualized under UV. 
  

Results  
 
 

As shown in Table (1), the frequency of CYP2E1*5B polymorphism among acute lymphoblastic 

leukemia test group cases (102 cases) were: wild type CC 95 (93.1%), heterozygous CT 7 

(6.7%), and homozygous mutants TT 0 (0%). While the frequency of CYP2E1*5B 

polymorphism among control group participants (102 cases) were: CC 98 (96.1%), CT 4 (3.9%),  

and TT 0 (0%) respectively. Significant heterogeneity was found higher in test group patients as 

compared with control group participants (6.7% and 3.9%, respectively), and the odds ratio was 

1805. However, this finding showed no statistically significant difference (p = 0.3524, 95% CI: 

0.5117-6.369). Also, the *5B T allele was found higher in test group patients than control group 

participants (3.4% and 2%, respectively). This difference showed insignificant association with 

risk of ALL among children (p = 0.3592, OR=1.776, 95% CI: 0.7289-17.32). 

Furthermore, as shown in Table (2), heterogeneity (7.1%) in test group children was found 

higher than that (7.1%) in control group children. This difference was found statistically 

insignificant (p = 0.466, odd ratio 1.718(95% CI 0.3943-7.485). In adults the heterogeneity was 

also found higher (7.1%) in cases than control (6.25% and 3.1%) respectively. This difference 

was also not statistically significant (p = 0.554, odd ratio 2.067(95% CI 0.1778-24.02). 

Frequency of genotypes and alleles among children and adults in test group and control group  
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Table (1):   Frequency of CYP2E1 genotypes and alleles in the study population 

CYP2E1*5B                           

RsaI RFLP 

Test                              

group 

Control                    

group 

p-value OR      

(95%CL) 

 

Genotypes 

CC 95 (93.1%) CC 98 (96.1%)  
0.3524 

 

 

1.805 

(0.5117-6.369) 
CT 7 (6.7%) CT 4 (3.9%), 

TT 0 (0%) TT 0 (0%) 
 

Allele 
C 197 (96.6%) 200 (98%)  

0.3592 
1.776 

(0.5119-6.167) T 7 (3.4%) 4 (2%) 
 

Legend: CC = Wild type.   CT = Heterozygous.    TT = Homozygous mutants. 

 

was: children 70 (68.6%) and adults 32 (31.4%). This difference showed insignificant 

association of genotypes among children and adults respectively (p = 0.446, OR 1.718, 95% CI 

0.3943-7.485; and p = 0.554, OR 2.067:95% CI 0.1778-24.02 respectively). Alleles frequency 

for children and adults in both groups also showed insignificant association (p = 0.473, OR 

1.691, 95% CI 0.3962-7.220; and p = 0.559, OR 2.032:95% CI 0.1795-23.00 respectively).  
 

Table (2): CYP2E1 genotypes and alleles in children and adults                                                                  

among test and control groups 
  

 

Study population 
Genotypes  

p-value 

 

OR                              

(95% CI) Test group Control group 
 

 

Children (No. 70) 

 

CC 65 (92.9%) CC 67 (95.7%)  

0.466 

 

 

1.718              

(0.3943-7.485) 
CT 5 (7.1%) CT 3 (4.3%) 

TT 0 (0%00 TT 0 (0%) 

Adults (No. 32) CC 30(93.75%) CC 31(96.9%)  

0.5543 

 

2.067               

(0.1778-24.02) CT 2(6.25%) CT 1(3.1%) 

TT 0(0%) TT 0(0%) 

Study population 

 

Alleles  

p-value 

 

 

OR                              

(95% CI) Test group Control group 

Children (No. 70) C135(96.4%) C 137(97.9%)  

0.4731 
1.691                      

(0.3962-7.220) T 5 (3.6%) T 3(2.1%) 

Adults (No. 32) C 62(96.9%) C 63(98.4%) 
 

0.5591 
2.032               

(0.1795-23.00) T 2(3.1%) T 1(1.6%) 

 

Legend: CC = Wild type.   CT = Heterozygous.    TT = Homozygous mutants 
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Discussion:    
 

Genotypes of CYP2E in this study showed a high  heterogeneity in both test and control groups. 

It was higher in test group patients as compared with control participants, the odds ratio was   

1.805. However, this difference was not statistically significant (p = 0.3524), 95% CI: 0.5117-

6.369). The *5B allele also was not significantly associated with risk of childhood ALL             

(p = 0.3592, OR=1.776, 95% CI: 0.7289-17.32). This finding was similar to the Turkish study, 

conducted by Ulusoy and his colleagues4 in which the odds ratio was 1.7 and the difference was 

not statistically significant (p=0.23, 95% CI: 0.7-4.4).                                                                          

In this study, *5B alleles also were insignificantly associated with risk of childhood ALL                             

(p = 0.24, OR =1.7, 95% CI: 0.7- 4.2). Such a finding was reported in a study conducted by 

Ribeirao Preto and his co-workers (Brazil)5 who found no significant association between the 

CYP2E1*5 B alleles and ALL in children; however, they reported that when the *5 B alleles 

were considered together with risk-elevating genotypes of  GSTM1, GSTP1, and  CYP1A1, the  

risk would be increased further .                                                                                                                     

In contrast, another study conducted in a Turkish population by Aydin and his co-authors6, had 

reported that the difference for *5 alleles frequency was significant for both pediatric and adult 

ALL patients (p = 0.01, OR 3.4, 95% CI 1.3–9.1; and p = 0.01, OR 4.4, 95% CI1.3–14.8 

respectively).                                                                                                                                       

Another study conducted in a French Canadian population by Krajinovic and his colleagues7. 

reported that carriers of the CYP2E1*5 variant were more frequent among patients rather than 

among control participants showing that CYP2E1*5B might be associated with an increased risk 

of ALL (OR 2.8, 95% CI 1.2–6.7).                                                                                                               

Genotype of CYP2E in this study showed a high heterogeneity in both test and control groups. It  

was higher in patients group as compared with control group. The odds ratio was 1.805; 

however, this difference was not statistically significant (p = 0.3524, 95% CI: 0.5117-6.369). 

Also, the *5B allele was found not significantly associated with risk of childhood ALL (p = 

0.3592, OR=1.776, 95% CI: 0.7289-17.32). This finding was similar to the Turkish study 

conducted by Ulusoy and his co-workers4  in which the odds ratio was 1.7 and was not 

statistically significant (p=0.23, 95% CI: 0.7-4.4).                                                                                          

In this study, *5B alleles were also found insignificantly associated with risk of childhood ALL 

(p=0.24, OR=1.7, 95% CI: 0.7- 4.2). The same finding was reported by Ribeirao Preto (Brazil)5, 

who reported no significant association between the  CYP2E1*5 B alleles and ALL in children. 

However, he reported that when the *5 B  alleles were considered together with risk-elevating 

genotypes of  GSTM1, GSTP1, and  CYP1A1, the risk is increased further5.                                                      

In contrast, another study in a Turkish population conducted by Aydin and his co-workers6, 

reported that the difference for *5 genotype frequency was significant for both pediatric and 

adult ALL patients (OR 3.4, 95% CI 1.3–9.1; P 0.01 and OR 4.4, 95% CI1.3–14.8; P0.01) 

respectively. Another Study performed in a French Canadian population by Krajinovic and his 

colleagues suggested that carriers of the CYP2E1*5 variant were more frequent among cases 

than in controls showing that CYP2E1*5B might be associated with an increased risk of ALL 

(OR 2.8, 95% CI 1.2–6.7). [12]   
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Higher odds ratio 4.9 fold increased risk was also observed in the case of postnatal maternal 

alcohol consumption during the nursing period. Ulusoy and his co-authors4, investigated  the 

possible association of CYP2E1*5B,*6 and *7combination  with  increased incidence  risk of 

childhood ALL in a Turkish population and reported that when both CYP2E1*5B and *6 alleles 

were considered together, the risk of childhood ALL have been found to be significantly   

increased to 2.9 fold (95% CI 1.0–8.5).                                                                                                                                                                                       

There is no previous similar studies in Sudan on CYP2E1 polymorphisms. Results of this study 

quite similar to the results found in previous studies and do not point to a large role of this 

polymorphism and the disagreement may be due to the small sample size, the different ethnic 

groups, other genetic factors, and environmental confounding factors. Hence more research and 

more investigations with large sample size is required to clarify the role of CYP2E1 

polymorphisms in the risk of development of ALL.                                                                                    

Conclusion:  CYP2E1*5B (C1053T) mutation was not a significant risk factor for developing 

acute lymphoblastic leukemia. 
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