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Abstract 

Background: Interleukin-10 (IL-10) is a multifunctional cytokine with both immunosuppressive 

and anti-angiogenic functions and may have both tumor-promoting and -inhibiting properties. 

Association between a single nucleotide polymorphism (SNP) in IL-10 1082 guanine /adenine 

(G/A); (rs1800896) and age and gender incidences in Sudanese patients with sickle cell anaemia 

patients was assessed.                                                                                                                                         

Methods: A total of 40 patients with sickle cell anaemia (SCA) and 40 control subjects were 

enrolled in this study. Blood samples were collected from all patients in EDTA tubes. Genomic 

DNA was extracted from all blood samples using the salting out method. The genotypic variants 

of IL-10 (1082G/A) polymorphism were detected by allele specific-PCR technique.  
Results: 70% of patients were found to have heterogeneous AG genotype, 17.5% to have 

homozygous AA genotype, and 12.5% to have homozygous GG genotype. GA genotype was 

significantly associated with a higher risk of SCA compared with the homozygous genotypes 

(GG and AA). There is no association between IL-10 (1082G/A) polymorphism and age and 

gender incidences.  

Conclusion: GA genotype of IL-10 (1082G/A-rs1800896) polymorphism is a risk factor for 

sickle cell anaemia and G-allele is insignificantly higher than A allele in sickle cell anaemia  

patients.                                               
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Introduction                                                                                                                                                
Sickle cell disease (SCD) is an inherited disorder of hemoglobin (Hb) structure and synthesis. 

SCD is characterized by chronic hemolysis, frequent infections, and recurrent occlusions of the 

microcirculation. These complications cause painful crises and lead to chronic organ damage, 

disability, and ultimately premature death1.  

Direct adherence of sickle red blood cells to endothelium plays a major role in vaso-occlusion. 

The process is the main cause of morbidity and mortality2. Vascular lumen obstruction in SCD 

results from interaction of erythrocyte, leukocytes, platelets, plasma proteins, and vessels walls. 

The disease phenotype is a product of various genes and environmental factors acting in concert 

with the portion lesion underlying the res cell anomaly the severity of SCD increase with 

leukocytes count. The biological basis and therapeutic implications of this relationship was  
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established. Leukocytes contribute to SCD by adhering to blood vessels walls and obstructing the 

lumen by aggregating with other blood cells increasing blockage of the lumen stimulating the 

vascular endothelium to increase its expression of ligands for adhesion molecules on blood cells 

and inflammatory reaction which predisposes to vaso-occlusion. Patients with impaired ability of 

leukocytes to kill microbes are more prone to infections and sickle cell crisis. Reduction in       

leukocytes count ameliorates SCD. Similarly targeted blocked or reduced synthesis of specific 

leukocytes adhesion molecules and their ligands might confer clinical benefit SCD3                            

Interleukins (ILs) are a diverse set of small cell signaling protein molecules, or cytokines, that 

function to alter the immune system in humans4, 5. ILs are predominantly produced by antigen-

presenting cells, monocytes, macrophages, and endothelial cells, which are involved in the 

regulation of the immune cell responses against infections, as well as governing inflammation, 

differentiation, proliferation, and secretion of antibodies for tumor development6. Several 

cytokines are also involved in the chronic inflammatory state that is present in SCA and involved 

in several other cytokines such as IL-18, IL-17, IL-23, IL-12 and IL10 during inflammatory 

responses in SCA patients. IL-10 (also known as human cytokine synthesis inhibitory factor) is 

an anti- inflammatory cytokine. In humans, interleukin-10 is encoded by the IL-10 gene. Signals 

through receptor  complex consist of two IL-10, receptor-1, and two IL-10 receptor (2). The 

functional receptor consists of four IL-10 bindings and induces signaling via the phosphorylation 

of the cytoplasm tails of IL-10 receptor (1) and IL-10 receptor (2) through the JAK(1) and TYK 

(2) respectively.                                                                                                                                                             

Materials and methods                                                                                                                       

In this case-control study, a total of 40 newly diagnosed sickle cell anemia patients attending 

Gafar Ibn Oaf Hospital were investigated during the period from January to May, 2017. 

Additionally, 40 age and gender-matched, apparently healthy control subjects were also included 

in the study. Blood samples (3ml) were collected from each participant in ethylene diamine tetra- 

acetic acid (EDTA) tubes. DNA extraction will performed by the salting-out method through 

protein precipitation at high salt concentration. The traditional protocol involved initial cell 

disruption and digestion with sodium dodecyl sulfate and proteinase K, followed by the addition 

of high concentration of 6M sodium chloride salt. The mixture was then centrifuged to allow 

proteins precipitation to the bottom of the tube; and the supernatant containing DNA was 

transferred to a new vial. DNA was then precipitated using ethanol or isopropanol alcohol8, 9, 10. 

Genotyping was carried out using the polymerase chain reaction (PCR) with allele specific 

primers. The primer sequences for genotyping are shown in Table (1).                                                             

Two separated PCR reaction mixtures of 20 μl were prepared for each sample. PCR was 

performed by the Maxime PCR Premix Kit (iNtRon Biotechnology, South Korea), using 4 μl of 

genomic DNA, 0.5 μl of each primer, and 14 μl distilled water. Beta-globin gene was used as an                                                                                                                                            
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internal control. The PCR technique was started at 94°C for 5 min, followed by denaturation at 

94°C for 30s, annealing at 58°C for 30s, and extension at 72°C for 40s, and a final extension at 

72°C for 5 min. Thermocycling was performed according to Techne Tc-412-UK. The PCR 

thermal cycler was conducted in 96 wells and the amplified products were run on 1.5% agarose 

gel, and then stained with ethidium bromide for visualization under ultraviolet gel documentation 

system (Fig.1).                                                                                                                                              

Data was analyzed using SPSS, version 25. Descriptive statistics were used to describe the study 

variables (age and gender incidences). Chi square was calculated to study the association 

between the IL-10 gene, SCA, and study variables. Significant difference was considered when 

p-value was less than 0.05.   

Results                                                                                                                                
70% of patients have heterogeneous AG genotype, and (17.5%) have homozygous AA genotype 

and (12.5%) have homozygous GG genotype.                                                                                                        

GA genotype was significantly associated with higher risk of SCA compared with the 

homozygous genotypes (GG and AA), there is no association between IL-10 (-1082G/A)                                                                                                                                           

 

Fig. (1): PCR amplified products visualized under ultraviolet gel plot 

polymorphism, SCA, gender, and age incidence. The genotype and allele frequencies for both 

patients and controls are listed in (Table 2), showing a highly statistically significant difference 

in the genotype distribution between cases and controls. GA genotype prevalence rate was 

significantly higher among test group than among controls   (p-value less than 5%).                                                                                                                                              

On the other hand, AA genotype prevalence rate was higher among controls than among SCA 

patients and GG genotype. AA p-value was 0.072 and GG p-value was 0.515.  Also, genotype 

according to gender: gender AA p-value was 0.475 and GG p-value was 0.386. These findings 

were insignificant.  There was no association between age and gender incidences, and 

polymorphism of IL-10 G/A (1082G/A) among SCA patients.                                  
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Table (1): Allele specific primers for IL-10 (1082A/G polymorphism  

Primers Sequence Product size (bp) 

IL-10 A Allele 5’-CTACTAAGGCTTCTTTGGGAA-3’   
 

550 bp IL-10 G Allele  5’-TACTAAGGCTTCTTTGGGAG-3’  

IL-10 common  5’-CAGCCCTTCCATTTTACTTTC-3’  

β-globin-GH20 (Forward)  5’-GAAGAGCCAAGGACAGGTAC-3’   

268 bp 
β globin-PC04 (Reverse)  5’-CAACTTCATCCACGTTCACC-3  

 

 

Table (2): Genotypes and allele frequencies of IL-10 (A-1082 G) polymorphism                                                      

in SCA patients and controls 
 

Genotype Group  Total p-value OR                                       

(CI Lower : CI Upper) Patient Control 

AA 7 (17.5%) 23 (57.5%) 30 (37.5%) 0.000 30.667 (7.117-132.134) 

GG 5 (12.5%) 14 (35.0%) 19 (23.8%) 0.000 26.133 (5.445-125.432) 

AG 28 (70.0%) 3 (7.5%) 31 (38.8%)   

Total 40 (100.0%) 40 (100.0%) 80 (100.0%)   
 

Table (3): Frequency rates of genotypes and allele of IL-10 (A-1082 G)                               

polymorphism according to age incidence  
 

Genotype Age incidence Total p-value OR                          

(CI Lower : CI Upper) 5-10 Years 11-16 Years 

AA 5 (33.3%) 2 (8%) 7 (17.5%) 0.072 0.189 (0.031-1.171) 

GG 1 (6.7%) 4 (16%) 5 (12.5%) 0.515 1.895 (0.184-19.482) 

AG 9 (60%) 19 (76%) 28 (70%)   

Total 15(100%) 25 (100%) 40 (100%)   
 

Table (4): Frequency rates of genotypes and allele of IL-10 (A-1082 G)                                        

polymorphism according to gender incidence  
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Genotype Gender Total p-value OR                                

(CI Lower-CI Upper) Male Female 

AA 5 (19.2%) 2 (14.3%) 7 (17.5%) 0.475 0.618 (0.102-3.765) 

GG 4 (15.4%) 1 (7.1%) 5 (12.5%) 0.388 0.386 (0.038-3.927) 

AG 17 (65.4%) 11 (78.6%) 28 (70%)   

Total 26 (100%) 14 (100%) 40 (100%)   
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Discussion                                                                                                                                     
The contrasting terms genotype and phenotype are used to define the characteristics or traits of 

an organism. The genotype identifies the alleles related to a single trait (e.g. Aa), or to a number 

of traits (e.g. Aa Bb cc). The term can be extended to refer to the entire set of genes of an 

organism (or a taxon). At this comprehensive level, it overlaps somewhat with the term genome, 

which refers to all of the DNA in an organism. However, not all DNA consists of genes. To fully 

write out an organismal genotype would require a set of characters representing the alleles for 

each of the 20,000 or so known genes in the human genome.                                              

The phenotype describes the physical or physiological features of an organism and is the 

consequence of the expression of the genotypes. However, the genotype is not the only factor 

that will determine an individual’s phenotype. Various environmental factors also have a role, 

and these influence the expression of the genes to determine the distinctive phenotype of an 

organism. In most eukaryotes, genes come in pairs called alleles. The paired alleles will occupy 

the same spot on a chromosome (called a locus). They will also control the same trait. The term 

allele refers to a variant of a specific gene. Because most eukaryotes reproduce sexually, each 

parent contributes one of the two alleles for a given gene. Since each parent is the product of a 

different lineage of organisms, random replication errors and environmental interactions with the 

DNA have resulted in different modifications of the genes of each parent.                                                     

This difference is the basis for the term “allele” (allo = other) which implies otherness or 

difference. If the trait follows a simple Mendelian pattern of inheritance, then one of the alleles 

will be expressed while the other will not. The allele that is expressed is said to be the dominant 

allele whereas the allele that is not is described as recessive. In instances wherein the dominant 

allele is absent, the expression of the recessive allele will occur. If the dominant allele is labeled 

as “A” and the recessive allele, “a”, three different genotypes are possible: “AA”, “aa”, and 

“Aa”. The term “homozygous” is used to describe the pairs “AA” and “aa” because the alleles in 

the pair are the same, i.e. both dominant or both recessive. In contrast, the term “heterozygous” 

is used to describe the allelic pair, “Aa”.                                                                                                             

The dominant trait will be expressed in the phenotypes of individuals with genotypes AA or Aa, 

while the recessive phenotype will be expressed in individuals with genotype aa. Not all traits are 

determined by a single gene; many genes have multiple allelic variants and not all gene pairs 

have a simple dominant/recessive relationship. Codominance, incomplete dominance, and 

polygenic inheritance are examples of a non-Mendelian type of inheritance. In humans, many of 

the observable traits are non-Mendelian. Height and skin color, for example, are brought about 

by the interactions of not just a pair of alleles but of genes at several different loci.                                                                   

Interleukin-10 (IL-10) is a multifunctional cytokine with both immunosuppressive and 

antiangiogenic functions and may have both tumor-promoting and -inhibiting properties. We 

examined the association between a single nucleotide polymorphism (SNP) in IL-10 -1082G/A  
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 (rs1800896) in Sudanese SCA patients and to assess the association between polymorphisms in 

IL-10 -1082G/A (rs1800896) and the hematological profile in Sudanese patients with SCA.                              

In this study genomic DNA was extracted from all blood samples and the genotypic variants of 

IL-10 (-1082G/A) polymorphism were detected by allele specific-PCR. The protein encoded by 

this gene is a cytokine produced primarily by monocytes and to a lesser extent by lymphocytes. 

This cytokine has pleiotropic effects in immunoregulation and inflammation.                                

Conclusion                                                                                                                                                 

G/A genotype of IL-10 (1082G/A-rs1800896) polymorphism is a risk factor for sickle cell 

anaemia and G-allele is insignificantly higher than A allele in sickle cell anaemia patients. Our 

study concluded that GA genotype of IL-10 -1082G/A (rs1800896) polymorphism is a risk factor 

for SCA and G allele is insignificantly higher than A allele in SCA patient. No association 

between IL-10 (-1082G/A) polymorphism and SCA sub-type, gender, age group, and mean of 

hematological parameters.                                                                                                                                                     
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