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ABSTRACT  

Objective: To evaluate the overall progress and contribution of 

candidate gene association to the genetic susceptibility to Leukemia. 

Materials and methods:Study population included patients with 

cancer from Babil province - Iraq. Whole blood 60 cases at consultant 

clinic in Babil province from October 2014 to January 2015. Out of the 

60 cancer patients, there were 37 male and 23 female. The patient's age 

range was from 25 to 70 years. Nominated mutations in CYP2E1 (G-

1259C, in linkage disequilibrium with C-1019T), in MPO (G-463A) 

and in NQO1 (C609T and C465T) were investigated by allele-specific 

oligonucleotide. Results: The frequencies among ALL patients 

differed from those of the control group. In particular, we found that 

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

(11.7% vs. 0% in controls), suggesting that the predicted higher level of CYP2E1 might be 

associated with an increased risk of LEUKEMIA. Similarly, it's revealed that NQO1 variants 

(NQO1*3) were associated with an increased risk of A LEUKEMIA, particularly due to a 

higher prevalence of heterozygous individuals among cases relative to controls. Conclusion: 

It's revealed that genetic polymorphisms in both NQO1 and CYP2E1 play a role in the 

development of LEUKEMIA. This is in accordance with the involvement of these variants in 

other types of leukemia. 
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INTRODUCTION 

The observation that cancers can run in families has been made repeatedly for at least 100 

years. Although such historical evidence is largely anecdotal, several families have been 

described that were impressively large and/or had an unusual and well-defined tumor 

phenotype. For most of the relatively brief time during which cancer genetics has been a 

recognized discipline, these sorts of families have formed the mainstay of the research 

effort.
[1] 

During the last few decades, extensive effort has been invested in identifying sources 

of genetic susceptibility to cancer.
[2]

 Both the International Human Genome Sequencing 

Project and the International Hap Map Project have generated a very large amount of data on 

the location, quantity, type, and frequency of genetic variants in the human genome.
[3]

 

Facilitated by continuing technological advances that allow faster and cheaper genotyping 

results, a large and increasing number of observational studies investigating the association 

between variants in candidate genes and cancer risk have emerged.
[4,5] 

Metastasis is a 

complex process in which cancer cells break away from the primary tumor and circulate 

through the bloodstream or lymphatic system to other sites in the body. At new sites, the cells 

continue to multiply and eventually form additional tumors comprised of cells that reflect the 

tissue of origin. The ability of tumors, such as pancreatic cancer, to metastasize contributes 

greatly to their lethality. Many fundamental questions remain about the clonal structures of 

metastatic tumors, phylogenetic relationships among metastases, the scale of ongoing parallel 

evolution in metastatic and primary sites, how the tumor disseminates, and the role that the 

tumor microenvironment plays in the determination of the metastatic site.
[6]

 All tumors 

accumulate somatic mutations during their development. Most common cancers are 

associated with diverse cancer genes that are mutated at a low frequency. One of the most 

striking observations from large cancer databases is the genetic heterogeneity among cancers 

and even within individual cancer types. However, it appears that a limited number of cellular 

pathways are central to tumor cell biology.
[7,8]

 Comprehensive catalogs of somatic mutations 

are being compiled for various cancer types to better understand the mechanisms that 

underlie this disease.  

 

MATERIALS AND METHODS 

Study population included patients with cancer from Babil province - Iraq. Whole blood 60 

cases at consultant clinic in Babil province from October 2014 to January 2015. Out of the 60 

cancer patients, there were 37 male and 23 female. The patient's age range was from 25 to 70 

years.   
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Genomic DNA Purification Kit, The Wizard® Genomic DNA Purification Kit is designed 

for isolation of DNA from white blood cells, tissue culture cells and animal tissue, plant 

tissue, yeast, and Gram positive and Gram negative bacteria. The Wizard® Genomic DNA 

Purification Kit is based on a four-step process. The first step in the purification procedure 

lyses the cells and the nuclei. For isolation of DNA from white blood cells, this step involves 

lysis of the red blood cells in the Cell Lysis Solution, followed by lysis of the white blood 

cells and their nuclei in the Nuclei Lysis Solution.  

 

Thermal Cycling, Place the tubes in the thermal cycler, and run the recommended program. 

The preferred protocols for use with the Viriti thermal cyclers are provided below. It may be 

necessary to optimize the program with other thermal cyclers. In our study, the Program for 

the Viriti conventional PCR Preheat the thermal cycler to 94°C before placing tubes inside. 

 

Cycling Profile 

94°C for 2 minutes, then 

94° for 1 minute 

57°C for 30 seconds 

72°C for 1 minute 

For 35 cycles, then: 

72°C for 5 minutes 

4°C soak. 

 

Agarose Gel Electrophoresis, For optimal visualization of the amplification products, 

Manufacture Company recommend using a 4% NuSieve® 3:1 Plus TBE buffer precast gel. 

Alternatively, cast a 4% NuSieve® 3:1 agarose gel in 1X TBE buffer containing 0.5μg/ml 

ethidium bromide. 

  

TABLE 1: FEATURES OF THE PCR ALLELE-SPECIFIC OLIGONUCLEOTIDE 

ASSAYS TO IDENTIFY CYP2E1, MPO AND NQO1 VARIANTS 

Locus Mutation PCR primers bp. 

CYP2E1 G-1259C 
F:gtggacgcttagGCCCCTTCTTGGTTCAGGAGA 

R:gtggacgcttagTTCATTCTGTCTTCTAACTGG 
346 

MPO G-463A 
F:CGGTATAGGCACACAATGGTGAG 

R:GCAATGGTTCAAGCGATTCTTC 
350 

NQO1 C-465T 
F:GCAGTGGTTTGGAGTCCC 

R:CAAACACCCCTGCATCAG 
175 
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Genotyping 

DNA was isolated from buccal epithelial cells, peripheral blood in remission as described in 

previous study 9. Nominated mutations in CYP2E1 (G-1259C, in linkage disequilibrium with 

C-1019T), in MPO (G-463A) and in NQO1 (C609T and C465T) were investigated by allele-

specific oligonucleotide. The oligonucleotides and assay conditions used for this analysis are 

given in Table 1. 

 

The PCR conditions consisted of an initial melting temperature of 94°C (5 minutes) followed 

by 35 cycles of melting (94°C, 30 seconds), annealing (65°C, 60 seconds), and extension 

(72°C, 60 seconds), and a final extension for 10 minutes at 72°C. The amplified product was 

subjected to restriction enzyme analysis with BsrDI for 16 hours at 57°C, according to the 

manufacturer’s instructions. The PCR products were separated by 2% agarose gel 

electrophoresis. 

 

RESULTS 

DNA variants in CYP2E1, NQO1 and MPO genes were determined by PCR assays. The 

distribution of the alleles and genotypes in patients with leukemia compared with controls are 

reported in Tables 2 and FIGURE 1. In controls, the frequencies of the polymorphisms tested 

were in agreement with those reported for other populations of European descent.
[10, 11]

  

 

TABLE 2: INCIDENCE OF CYP2E1, NQO1 AND MPO VARIANTS AMONG 

LEUKEMIA PATIENTS AND CONTROLS 

Variant 
Patient (60) Control (25) 

OR 
No % No % 

CYP2E1*5 7 11.7 0 0 2.8 (1.2–6.5) 

NQO1*3 16 26.7 1 4 1.3 (0.7–2.3) 

MPO*2 23 38.3 7 28 1.1 (0.8–1.5) 

 

The frequencies among ALL patients differed from those of the control group (Table 2). In 

particular, we found that carriers of the CYP2E1*5 variant were more frequent among cases 

(11.7% vs. 0% in controls), suggesting that the predicted higher level of CYP2E1 might be 

associated with an increased risk of LEUKEMIA. Similarly, it's revealed that NQO1 variants 

(NQO1*3) were associated with an increased risk of A LEUKEMIA, particularly due to a 

higher prevalence of heterozygous individuals among cases relative to controls. In 

accordance with this finding, a significant decrease in NQO1*1/*1 individuals among 

children with LEUKEMIA pointed to a protective role of the wild-type form of this enzyme. 
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The frequency of MPO*2 carriers did not differ between cases and controls, indicating that 

this variant alone does not modify the risk of patients with LEUKEMIA.  

 

DISCUSSION 

Incidences of CYP2E1, NQO1 and MPO alleles in patients of patients with LEUKEMIA and 

in a control group from same geographic area. The relative homogeneity of this population, 

hereditarily, sociocultural in addition to the way of life is predictable to simplify genetic 

epidemiology studies by at least decreasing the number of mystifying factors related to 

genetic and cultural heterogeneity, which able to stimulus ecological contact by individual 

genetics.
[12]  

 

It was found that patients carrying CYP2E1*5 were at larger threat of LEUKEMIA and this 

associations have been reported for adult cancers of the nasopharynx, breast and lungs.
[13]

 

Conversely, the importance of allele efficient is not clear yet. Other researches have 

designated its association with increased transcriptional activity
[14]

, whereas others did not 

confirm the relationship of this allele and CYP2E1 activity.
[15]

  

 

Previous interpretations of higher frequency of the NQO1*3 allele in therapy-related myeloid 

leukemia
[16]

 as well as in a subset of infant leukemia patients support our results suggesting  

that NQO1 variants might play a role in leukemogenesis. NQO1*3 was also found to be 

associated with an elevated risk of nonhematologic malignancy, like urologic and basal cell 

carcinomas.
[17]

  

 

On the other hand, there was no evidence of involvement of MPO variants in LEUKEMIA 

susceptibility. Interestingly the wild-type allele of this enzyme was reported to be correlated 

with high level of MPO expression in normal and malignant myeloid lineage.
[18, 19] 

  

In conclusion, it's revealed that genetic polymorphisms in both NQO1 and CYP2E1 play a 

role in the development of LEUKEMIA. This is in accordance with the involvement of these 

variants in other types of leukemia.
[20]

 

 



www.wjpr.net                                   Vol 4, Issue 05, 2015.                                            

            

 

 

275 

Al-Marzoqi et al.                                                  World Journal of Pharmaceutical Research 

 

REFERENCES 

1. Lander ES, Linton LM, Birren B, et al. Initial sequencing and analysis of the human 

genome. Nature., Feb 15; 2001; 409(6822): 860–921.  

2. Venter JC, Adams MD, Myers EW, et al. The sequence of the human genome. Science., 

Feb 16; 2001; 291(5507): 1304–1351.  

3. Finishing the euchromatic sequence of the human genome. Nature, Oct 21; 2004 

431(7011): 931–945.  

4. The International HapMap Project. Nature Dec 18; 2003; 426(6968): 789–796.  

5. Lin BK, Clyne M, Walsh M, et al. Tracking the epidemiology of human genes in the 

literature`the HuGE Published Literature database. Am J Epidemiol., Jul 1; 2006; 164(1):  

1–4.  

6. Hsieh A. C., Liu Y., Edlind M. P., Ingolia N. T., Janes M. R., et al. The translational 

landscape of mTOR signalling steers cancer initiation and metastasis. Nature., 2012; 485: 

55-61. 

7. Ellis M. J., Ding L., Shen D., Luo J., Suman V. J., et al. Whole-genome analysis informs 

breast cancer response to aromatase inhibition. Nature., 2012; 486: 353-360. 

8. Pleasance E. D., Cheetham R. K., Stephens P. J., McBride D. J., Humphray S. J., et al. A 

comprehensive catalogue of somatic mutations from a human cancer genome. Nature., 

2010; 463: 191-196. 

9. Baccichet A, Qualman SK, Sinnett D. Allelic loss in childhood acute lymphoblastic 

leukemia. Leuk Res., 1997; 21: 817–23. 

Figure1: Gel 

electrophoresis of 

CYP2E1 and NQO1 

PCR products. Lane 

No. 1 shows the DNA 

marker; Lane No. 2-7 

shows the 346 bp for 

CYP2E1 (up) and 175 

bp for NQO1 (down) 

PCR products. 



www.wjpr.net                                   Vol 4, Issue 05, 2015.                                            

            

 

 

276 

Al-Marzoqi et al.                                                  World Journal of Pharmaceutical Research 

10. London S, Lehman T, Taylor J. Myeloperoxidase genetic polymorphism and lung cancer 

risk. Cancer Res., 1997; 57: 5001–3. 

11. Longuemaux S, Delomenie C, Gallou C, et al. Candidate genetic modifiers of individual 

susceptibility to renal cell carcinoma: a study of polymorphic human xenobiotic-

metabolizing enzymes. Cancer Res., 1999; 59: 2903– 8. 

12. Sinnett D, Krajinovic M, Labuda D. Genetic susceptibility to childhood acute 

lymphoblastic leukemia. Leuk Lymphoma., 2000; 38: 447– 62. 

13. Hildesheim A, Anderson LM, Chen CJ, et al., CYP2E1 genetic polymorphisms and risk 

of nasopharyngeal carcinoma in Taiwan. J Natl Cancer Inst., 1997; 89: 1207–12. 

14. Taspinar M, Aydos SE, Comez O, et al. CYP1A1, GST gene polymorphisms and risk of 

chronic myeloid leukemia. Swiss Med Wkly. 2008; 138: 12-17. 

15. Farker K, Lehmann M, Oelschlagel B, et al. Impact of CYP2E1 genotype in renal cell and 

urothelial cancer patients. Exp Toxicol Pathol., 1998; 50: 425–31. 

16. Schulz W, Krummeck A, Rosinger I, et al. Increased frequency of a null-allele for NAD 

(P) H: quinone oxidoreductase in patients with urological malignancies. 

Pharmacogenetics., 1997; 7: 235–9. 

17. Nishimura M, Naito S. Tissue-specific mRNA expression profiles of human phase I 

metabolizing enzymes except for cytochrome P450 and phase II metabolizing enzymes. 

Drug Metab Pharmacokinet., 2006; 21: 357-374. 

18. Dong LM, Potter JD, White E, et al. Genetic susceptibility to cancer: The role of 

polymorphisms in candidate genes. JAMA., 2008; 299: 2423-2436. 

19. Ali Hussein Al-Marzoqi, Nisreen Kaddim Radi, et,al,. HUMAN GENETIC VARIATION 

SUSCEPTIBILITY ASSOCIATED WITH HBV: ANALYSIS OF GENETIC 

MARKERS SUSCEPTIBILITY TO HEPATITIS B AMONG PATIENTS IN 

BABYLON PROVINCE.  World Journal of Pharmaceutical Research., 4(4): 102-113. 

20. S. A. Kamal, H. A. Al-Jaryawi, Ali H. Al-Marzoqi. Phenotypic and Genotyping Study of 

Aspergillus Niger: Molecular Detection of Calmodulin, 18srRNA and Pepsin like 

Protease Genes Based on Multiplex PCR. Food Science and Quality Management, 35:      

1-6. 

 

 

 

 

http://scholar.google.com/citations?view_op=view_citation&hl=en&user=DHMrUOIAAAAJ&citation_for_view=DHMrUOIAAAAJ:ML0RJ9NH7IQC
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=DHMrUOIAAAAJ&citation_for_view=DHMrUOIAAAAJ:ML0RJ9NH7IQC
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=DHMrUOIAAAAJ&citation_for_view=DHMrUOIAAAAJ:ML0RJ9NH7IQC
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=DHMrUOIAAAAJ&citation_for_view=DHMrUOIAAAAJ:ML0RJ9NH7IQC
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=DHMrUOIAAAAJ&citation_for_view=DHMrUOIAAAAJ:XD-gHx7UXLsC
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=DHMrUOIAAAAJ&citation_for_view=DHMrUOIAAAAJ:XD-gHx7UXLsC
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=DHMrUOIAAAAJ&citation_for_view=DHMrUOIAAAAJ:XD-gHx7UXLsC

