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Abstract                                                                                                                                  

Background:  Stress constitutes one of the significant causes of vaso-occlusive oxidative 

clinical episodes in sickle cell aneamia (SCA) patients. It brings about the generation of reactive 

oxygen species and consequent damage to DNA. DNA damage repair genes such as hOGG1 

play an important role in the repair of DNA damage during oxidative stress. However, it is not 

known as to the role of these genes in oxidative stress mediated vaso-occlusive clinical 

complications of sickle cell disease (SCD) patients.                                                                                                                               

Objective: To  study the distribution and clinical effect of the human 8-oxoguanine DNA 

glycosylase 1 gene polymorphism (Ser326Cys) among Sudanese sickle cell anemia patients.                                                                                                                   

Materials and methods: This was a descriptive cross-sectional study conducted during the 

period from July to Dec 2016. It was approved by the Ethical Research Committee at Al-Neelain 

University (Khartoum). 5 ml ethylenediamine tetraacetic acid (EDTA) venous blood samples 

were collected from 51patients (test group) presenting with SCA and Hb/SS attending 

Omdurman Teaching Hospital. 30 healthy individuals with Hb/SS were selected as control 

group. All specimens were investigated by performing complete blood count (CBC) and 

analyzed by the polymerase chain reaction (PCR) technique. An informed consent and pre-

designed questionnaire were maintained prior to initiation of the study. Diabetic patients, 

smokers, hypertensive patients, recent blood donors, and patients under anticoagulant therapy 

were excluded from the study. 

Results: SCA patients did not show clinical association with DNA repair gene polymorphisms.        

Conclusion: No clinical association with Sudanese sickle cell aneamia patients and human 8-

oxoguanine DNA glycosylase 1 gene (HOGG1gene) polymorphism.                                                                     
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Introduction 
 

Sickle cell disease (SCD) patients (homozygous sickle cell, Hb SS) are usually associated with 

activation of enzymatic and non-enzymatic sources of reactive oxygen species (ROS) leading to 

oxidative stress. The resultant oxidative stress leads to microvascular dysfunction, tissue injury  
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and vaso-occlusive crisis leading to morbidity and mortality among SCD patients. In higher 

eukaryotes, DNA is prone to oxidative damage by ROS, which leads to replication errors and 

genome instability. This oxidative base damage is highly mutagenic, and if unrepaired it 

produces life threatening malignancies in humans1.                                                                           

Sickle cell traits and sickle cell homozygotes in many parts of the world have been also found to 

be associated with malignancies such as renal medullary carcinoma, multiple myeloma, 

osteosarcoma, malignant fibrous histiocytoma in the distal tibia. The DNA damage repair genes, 

such as HOGG1(human 8-oxoguanine DNA glycosylase 1) gene play an important role in repair 

of DNA damage caused by oxidative stress during DNA replication. HOGG 1gene (codon 

Ser326Cys)  has been variably associated with repair of oxidative stress mediated DNA damage 

in normal humans. Transfused sickle-β-thalassemia patients who did not undergo chelation 

shows significant damage to DNA due to oxidative stress compared to normal individuals2. 

Sickle cell disease patients treated with hydroxyurea showed a higher level of DNA damage than 

controls irrespective of gender, smoking or age. Oxidative stress promotes vaso-occlusive events 

and consequent clinical complications in SCD patients. It is known that DNA damage repair 

genes (enzymes) act as sensitive biomarkers of DNA damage repair efficiency of the cell. 

Although oxidative stress that promotes damage to DNA brings about endothelial dysfunction 

leading to vaso-occlusive complications in SCD patients, it is likely that there is a relationship 

between DNA repair gene polymorphism and clinical complications in SCD patients3.                    

Thus, the present study aims to find out the possible association of DNA repair gene 

polymorphisms with the clinical symptoms of SCD among Sudanese patients.  

Materials and methods  
 

This was a descriptive cross-sectional study conducted during the period from July to Dec 2016. 

It was approved by the Ethical Research Committee at Al-Neelain University (Khartoum). 

Confidentiality of information regarding patients investigated was maintained. Permission to 

collect the specimens was obtained from the authorities of Omdurman Teaching Hospital. 5 ml 

ethylenediamine tetraacetic acid (EDTA) venous blood samples were collected from 51patients 

(test group) presenting with SCA and Hb/SS attending Omdurman Teaching Hospital. 30 healthy 

individuals with Hb/SS were selected as control group. All specimens were investigated by 

performing complete blood count (CBC) and analyzed by the polymerase chain reaction (PCR) 

technique. An informed consent and pre-designed questionnaire were maintained prior to 

initiation of the study. Diabetic patients, smokers, hypertensive patients, recent blood donors, 

and patients under anticoagulant therapy were excluded from the study.  

Complete blood count:   CBC was performed using EDTA blood samples and analyzed by an 

automated hematology analyzer (Sysmex Corporation, Japan). 

PCR analysis:  HOGG1 (codon 326) polymorphisms were detected by PCR-restriction fragment 

length polymorphism (PCR-RFLP). The HOGG 1 Ser 326 Cys was genotyped using the primers: 

5’TTG CCT TCG GCC CTG TTC CCC AAG GA3’                                                                                       

5’ TTG CTG GTG GCT CCT GAG CAT GGC CG3’                                                                                          

A 168 bp PCR product (denaturation at  95°C 5 min, 35 cycles of 40 sec at 65°C, 40 sec at 60°C 

and 40 sec at 72°C) was cleaved by Msp 1 enzyme (New England Bio Lab) and run in 2%                                                                                    
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agarose gel. The PCR product was 168 bp Msp1 digested were 142, 26 bp for homozygous 

mutant.  

Statistical analysis was performed using the SPSS version 20. P value < 0.05 was considered to 

be significant.    

Results  
 

A total of 51 Sudanese patients were enrolled in this study. 21 patients were females and 30 

patients were males. All patients were diagnosed as cases of SCA/Hb SS. On the other hand, 

there were 30 control participants: 11 of them were males and 19 of them were females.                  

Among the SCA patients, the frequency rate of homozygous wild Ser/Ser allele was 28.4%, 

while homozygous mutant allele Cys/Cys was 40.1%; whereas heterozygous mutant Ser/Cys 

allele was 3.1%.                                                                                                                                     

The highest frequency of codon 326hOOG1 polymorphisms in both SCA patients and control 

participants was Cys/Cys genotype (wild type). The severity of SCA among Sudanese patients 

was associated with codon 326 genotype Ser/Ser (mutant type). The highest leukocytosis was 

observed with codon 326 genotype Ser/Cys (mutant type). The lowest levels of Hb, RBCs count 

and indices were associated with codon 326 genotype Ser/Cys (mutant type).                                   

Comparing with the control group, the frequencies of Ser/Ser allele was 46.6%; while 

homozygous Cys/Cys allele was 36.6%, and heterozygous Ser/Cys allele was 16.6%. No 

significant frequency rates differences were found between patients and controls (p = 0.158).   

The highest frequency rate (41.1%) was found among patients with the homozygous allele 

Cys/Cys; and the highest frequency rate (46.6%) was found among control participants with 

Ser/Ser allele (Table 1).                                                                                                                              

Table (I): Frequency rates of HOGG1 genotypes among the test and control groups 

 

Study groups 
HOGG1 genotypes 

 

Total 
 

p - value 
Ser/Ser Ser/Cys Cys/Cys 

 

SCA test group 
Count 15 16 20 51 

 

 
 

0.158 
% 28.4% 31.1% 40.3% 100% 

 

Control group 
Count 14 5 11 30 

% 46.6% 16.6 % 36.6 % 100% 

 

There was positive correlation  between sickle cell anaemia patients and the CBC indices: 

haemoglobin, packed cell volume, and red blood cells. On the other hand there was negative 

correlation between sickle cell anaemia patients and neutrophil percentage, and neutrophil 

absolute.  Also, there was no correlation with white blood cells, platelets, mean corpuscular 

volume, mean corpuscular hemoglobin, lymphocytes percentage, lymphocytes absolute,                          

M CHM, Mix percentage, and Mix absolute. 
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On the other hand, there was positive correlation between control group and mix absolute; and 

no correlation was detected with other CBC parameters. The association of HOGG1 genotypes 

among the study participants is shown in Table (2).  
 

Table (2):  Association of HOGG1genotypes among study participants 

 

HOGG1 genotypes 

 

Odd Ratio 
Confidence interval 95 %  

p - value 
Lower Upper 

Ser/Ser 0.476 0.167 1. 215 0.118 

Ser/Cys 0.438 0.142 1. 351 0.145 

Cys/Cys 0.897 0.354 2. 277 0.820 

  

Discussion   
 

In 2015, Nishank, and his colleagues (India) reported no significant differences in the clinical 

impact of clinical impact of  HOGG1, P53, and XRCC1 gene polymorphism among SCD 

patients4.  
In 2008, Fen Wua (China) reported that oxidative damage of DNA induced by benzene is an 

important mechansim of its genotoxicity which leads to chronic poisoning5.                                                

In 2001, Janssen documented that DNA repair activity of 8-oxoguanine DNA glycosylase1 

(HOGG1) in human lymphocytes is not dependent on genetic polymorphism Ser326\Cys3266.  

Sickle cell anemia is a chronic hemolytic anemia characterized by vaso-occlusive crisis. The 

main complication involves generation and impairment of oxidative stress.                                  

Autoxidation of sickle hemoglobin (HbS) along with repeated cycle of sickling and unsickling 

cause premature destruction of erythrocytes and generation of reactive oxygen species (ROS) 

leading to oxidative stress. Oxidative products such as MDA and 8-OHDG are known to be 

mutagenic and cause damage to DNA. The most recent researches trend to discover the 

relationship between these complications and the markers or genes responsible for this oxidative 

stress. DNA repair protein HOOG1 also known as Human 8-oxoguanine DNA glycosylase1 

 is a protein that in humans encoded by the hOOG1 gene.                                                                      

However, DNA repair genes play a significant role in the repair of DNA damage caused by 

oxidants. Polymorphisms in this gene are associated with variations in the repair efficiency 

which might predispose individuals to development of various cancers. Two variants of 

HOOG1gene (at codon 326), Ser/Cys and Cys/Cys, have been shown to be related to lowered 

DNA repair capacity and increased genomic instability in multiple studies.                                                     

The present study found that patients with sickle cell anemia (Hb SS) tend to have lower values 

for RBC, HB, PCV and MCV and higher values for TWBS. Moreover the study observed that 

SCA patients had codon 326 genotype Cys HOOG1 polymorphism (13.7%). Mutant type had 

obvious severe anemia and inflammation resulting in leukocytosis followed by Cys/Cys 

genotype. This finding was in accordance with Sudhansu (2015)4 who reported an association of 

DNA damage repair gene polymorphisms HOGG1, XRCC1, and p53 with Indian sickle cell 
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disease patients.                                                                                                                                               

It appears that there is no association between DNA repair gene polymorphisms and the clinical 

symptoms as reported in the present study. The frequency rate of HOGG1 326 Cys allele found 

in our study is different from other countries. This discrepancy may imply variation in ethnicity, 

and environmental factors.                                                                                                                                 

On the other hand, there was no association between HOGG1 codon 326 alleles and the risk of 

sickle cell anemia predisposition. Interestingly our data also exhibited a relation between the 

high absolute lymphocytes and the codon 326 genotype HOGG1 polymorphism. Although the 

frequency rate of codon 326 genotype Cys/CyshOOG1 polymorphism was the lowest among the 

other genotypes in the test and control groups, and patients are at risk to develop severe SCA. 

From this study it may be recommended to adopt annual follow up of SCA patients and 

monitoring the clinical variations between SCD patients with and without mutations with respect 

to the incidence of chest pain, joint pain, fatigue, fever, blood transfusion along with the degree 

of splenomegaly and age onset of disease.                                                                                         

Conclusions:  No clinical association with Sudanese sickle cell aneamia patients and human 8-

oxoguanine DNA glycosylase 1 gene (HOGG1gene) polymorphism.  
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