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Cytokines TNF-Alpha and IL-8 Gene 
Polymorphisms in Sickle Cell Anaemia 
Patients under Hydroxyurea Treatment
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INTRODUCTION
Sickle cell anaemia is an inherited disorder characterised by 
homozygosis for the mutation that causes Hb S production [1]. 
Genetic problems, together with Sickle Cell Disease (SCD), are very 
commonplace in Saudi Arabia [2,3]. Unfortunately, even though the 
progress of SCD has been decreasing in each location of Saudi 
Arabia, current efforts of Saudi to deal with this disorder was 
inadequate. The first pronounced case of SCD within the Eastern 
province turned into pronounced within the 1960s [2].

Although, the molecular abnormality resulting in the sickle sequence 
is the same to haplotypes, but there was a variation within the 
clinical manifestations and severity associated to SCD. The clinical 
constitution of SCD is claimed to be multigenic [4]. The sickle 
genotype, beta globin haplotype, and alternative genes, unlinked 
to the beta globin locus, participate within the relevant pathological 
events that cause modification of the phenotypic expression of 
the sickle gene [4]. Many other milder diseases such as; alpha 
thalassaemia were associated with increased Hb F [5] and these 
genetic defects were also found in SCD with high frequency in the 
Eastern Saudi Arabia [6,7].

TNF-alpha and IL-8 are pro-inflammatory molecules involved in 
endothelial cell and leukocyte activation, macrophage stimulation, 
affinity of leukocyte surface molecules, endothelial receptors and 
leukocyte chemotaxis and recruitment [8-11]. SCA patients have 
raised serum levels of circulating TNF-alpha and IL-8 and through 

crisis events [12,13]; these inflammatory molecules additionally 
contribute to the advanced mechanisms concerned in vascular 
occlusion events. Thus, aberrations in cell activation and interaction, 
the pro-inflammatory and oxidising agent profiles, genetic 
background and environmental factors presumably end in repeated 
vascular events [14,15].

Changes within the cytokine balance in SCA patients are a crucial 
risk issue for the prevalence of clinical events [16]. Moreover, 
inter-patient variations in cytokine levels can be attributed to gene 
polymorphisms, notably the A alleles of -308 G>A and -251 A>T, 
which are positioned in the promoter regions of the TNF and 
IL-8 genes, respectively, and have been associated with higher 
TNF-alpha and IL-8 transcript levels [17,18]. The present study 
investigated polymorphisms in the TNF-alpha and IL-8 genes and 
their association with their serum levels and haematological changes 
in Saudi SCA patients presented with hydroxyurea treatment or 
without treatment in comparison to healthy individuals.

MATERIALS AND METHODS
A cross-sectional study including 87 (60 Sickle cell anaemia, SCA 
and 27 SCA under hydroxyurea therapy, AHU) patients selected 
from the haematology outpatient clinic of the Hereditary Blood 
Disease Centre (Al-Ahsa; Saudi Arabia) during the period from 
May 2014 to April 2016. Clinical data were collected from the 
patients’ medical records, and demographic data were obtained 
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ABSTRACT
Introduction: Sickle Cell Anaemia (SCA) is an inherited disorder 
characterised by homozygosis for the mutation that causes 
Haemoglobin S (Hb S) production. SCA patients have increased 
serum levels of circulating Tumour Necrosis Factor Alpha 
(TNF-α) and Interleukin 8 (IL-8) during crisis events, occasions 
because of increased production from inflammatory cells, 
glia and neurons, these inflammatory molecules additionally 
contribute to the advanced mechanisms concerned in vascular 
occlusion events.

Aim: This study aimed to investigate polymorphisms in the TNF-
alpha and IL-8 genes, their association with the haematological 
changes, to investigate the association between the TNF-alpha 
and IL-8 gene polymorphisms and the TNF-alpha and IL-8 
serum levels in Saudi SCA patients presented with or without 
treatment in comparison to healthy individuals.

Materials and Methods: The study included 87 SCA patients 
diagnosed as homozygous for Haemoglobin S (Hb S; using 
haemoglobin electrophoresis methods and High-Performance 
Liquid Chromatography (HPLC) and attended at hereditary 

blood disease centre (Al-Ahsa; Saudi Arabia) for follow-up. The 
patients of both genders in all age groups were subdivided into 
two groups; 27 of the patients were undergoing hydroxyurea 
treatment (AHU) and 60 patients without hydroxyurea treatment 
against 30 healthy individual setting as control group. The 
collected data were analysed using the STATA SE 10 and 
GraphPad Prism 5.0. 

Results: TNF-α and IL-8 levels were significantly higher within 
the plasma of SCA individuals compared to control individuals. 
The GG and AA genotypes of TNF-alpha-308G>A were 
associated with the increase in the serum levels of TNF-alpha in 
SCA patients. While, AA and TT genotypes -251A>T IL-8 gene 
polymorphism was associated with increase in the serum levels 
of IL-8 in SCA patients. 

Conclusion: The haematological investigations of SCA further 
highlight the contribution of genetic modifications to the risk 
of clinical genotypes to understand the association of serum 
levels of TNF-α and IL-8 in patients under HU compared to their 
gene polymorphism.
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by interviews with patients or their guardians/parents. All patients 
were not in crisis and had not received blood transfusions during 
the previous three months. None of the patients was taking anti-
inflammatory drug medication at the time of the study, while patients 
under hydroxyurea treatment had been taking the dose of 20-30 
mg/kg/day for a minimum of three months. The control group 
included 30 individuals who attended the College of Medicine, King 
Faisal University (Al-Ahsa), and these individuals were in different 
ages- and both sexes as patients group. The control individuals 
had normal haemoglobin profiles and lacked a history of anaemia, 
inflammatory conditions and haematological diseases. Composed 
and verbal consent was obtained from all patients and controls 
within the study in accordance with the Declaration of Helsinki of 
1975, as revised in 2000 and approved by Ethical Committee of 
the college. 

Blood samples were collected from both patients and control 
under aseptic conditions. Haematological analyses were performed 
using an electronic cell counter (Coulter Counter T890, Brea, 
USA). The haemoglobin profile was analysed by HPLC (Bio-Rad, 
USA). Beta S-globin gene haplotypes was isolated from blood 
leukocytes using the GFXTM Genomic Blood DNA Purification Kit 
(AMER sham, USA). The TNF-alpha-308G>A and IL-8-251A>T 
gene polymorphisms were investigated with PCR and Restriction 
Fragment Length Polymorphism (RFLP) techniques as previously 
represented [19-22]. The sequences of the primers used were: 
TNF alpha forward: 5'GCG ACG TGG AAC TGG CAG AAG3'; 
TNF alpha reverse: 5'GGT ACA ACCCATCGG CTG GCA3' and 
IL-8 forward: 5′-CCACCCCAAATTTATCAAAGAA-3′; IL-8 reverse: 
5′-CAGACAGAGCTCTCTTCCATCA-3′. Serum cytokine levels 
of TNF-alpha and IL-8 l were measured with an Enzyme- Linked 
Immunosorbent Assay (ELISA) (BD Biosciences, USA), according 
to the manufacturer’s instructions, with cut-off levels of 67.8 pg/mL 
and 615.0 pg/mL for TNF-alpha and IL-8, respectively.

STATISTICAL ANALySIS
The collected data analysed used Statistical Data Analysis (STATA) 
SE 10 and GraphPad Prism 5.0. A p-value of less than 0.05 was 
considered statistically significant. The baseline characteristics are 
presented as the means and proportions of the selected variables. 
Parametric ANOVA analyses were used to compare the means 
among two or more groups of interval variables that were normally 
distributed and not normally distributed, respectively. Fisher’s-exact 
test and the expected frequency in the tables were considered.

RESULTS
This study included a total of 87 SCA patients with or without 
hydroxyurea treatment subdivided into two groups; 60 SCA patients 
(31 male and 29 females; 33.1±1.3 years) and 27 AHU patients (13 
male and 14 females; 33.7±1.3 years) against 30 healthy individuals 
as control group. The independent haematological analysis shown 
statistically significant variation between the groups and a significant 
difference between the mean serum TNF-alpha level (p=0.0001) and 
the mean serum IL-8 levels (p=0.0001) in SCA patients compared 
to the AHU groups as described in [Table/Fig-1]. 

[Table/Fig-2] shows the GG and AA genotypes of the TNF-alpha 
-308G>A gene polymorphism was associated with the highest serum 
levels of TNF compared to GA genotypes (p=0.0001), while the AA 
and TT genotypes of the IL-8 -251A>T gene polymorphism were 
statistically significantly associated with highest serum levels of IL-8 
compared to AT genotype (p=0.0001) as shown in [Table/Fig-3].

The genotype frequencies were in Hardy-Weinberg equilibrium, 
the frequencies of IL-8-251A>T and TNF-alpha-308G>A gene 
polymorphisms of the 60 SCA patient, 27 AHU patients and 30 
healthy control group were analysed, as evident in [Table/Fig-4].

laboratory 
analysis

mean±SD

Controls 
(n=30)

SCa (n=60) ahU (n=27)

Male/Female 21/9 31/29 13/14

Age (years) 36.6±1.2 33.1±1.3 33.7±1.3 

RBC (×1012/L) 3.9±1.0 2.5±1.6 (0.0001)* 3.0±1.5 (0.0003)

Haematocrit (%) 43.4±2.6 22.3±1.9 (0.0001)* 26.1±1.8 (0.0001)*

Hb (gm/dL) 12.2±1.5 6.8±1.5 (0.0001)* 9.3±2.1 (0.0001)*

Mean corpuscular 
volume (fL)

90.2±2.3 92.2±1.8 (0.0001)* 111.6±2.2 (0.0001)*

Mean corpuscular 
Hb (μL)

31.1±1.2 30.5±1.2 (0.0279) 33.0±2.0 (0.0001)*

WBC (×109/L) 6.3±1.1 10.2±1.8 (0.0001) 7.2±1.9 (0.0309)

Hb F (%) 3.3±1.4 6.5±1.7 (0.0001) 11.6±1.8 (0.0001)*

TNF-α (pg/mL) 10.2±5.1 46±1.2 (0.0001) * 26.8±5.8 (0.0001) *

IL-8 (pg/mL) 11.9±3.2 39±1.8 (0.0001) * 24±1.7 (0.0001) *

[Table/Fig-1]: Haematological changes and cytokines of SCA patients and patients 
under hydroxyurea treatment (AHU) compared to healthy controls.
*p<0.05 is significantly different among SCA and AHU patients compared with controls

Genotype
Genotype frequency n (%)

Control (n=30) SCa (n=60) ahU (n=27)

IL-8*-251A>T

AA 4 (13.3) 9 (15.0) 3 (11.1)

AT 15 (50.0) 29 (48.3) 14 (51.9)

TT 22 (36.7) 22 (36.7) 10 (37.0)

p*=0.9753 p*=0.9656

TNF-α-308G>A

GG 21 (70.0) 37 (61.7) 19 (70.4)

GA 6 (20.0) 21 (35.0) 6 (22.2)

AA 3 (10.0) 2 (3.3) 2 (7.4)

p*=0.1921 p*=0.9324

[Table/Fig-4]: The frequencies of IL-8 -251A>T and TNF-alpha -308G>A gene 
polymorphisms in SCA and hydroxyurea treatment patents (AHU) compared to 
healthy controls in Hardy-Weinberg equilibrium.
*Fisher-test for p<0.05 was recorded in IL-8 of SCA and AHU patients compared with controls

[Table/Fig-3]: The mean of IL-8 serum levels compared to IL-8-251A>T gene 
polymorphism in SCA patients.

[Table/Fig-2]: The mean of TNF-α serum levels compared to TNF-alpha -308G > 
A gene polymorphism in SCA patients.
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DISCUSSION
TNF-alpha, that is made by macrophages and T cells. It is a strong 
cytokine with a large range of pro-inflammatory activities as well 
as the activation of epithelial tissue [23]. These characteristics of 
TNF-alpha and its serum levels were related to the risk of SCA. 
Lanaro C et al., discovered an association between circulating 
levels and a rise in mRNA expression of TNF-alpha which 
confirmed the characteristic of a pro-inflammatory state in SCA 
patients [12]. Moreover, Pathare A et al., determined a rise of 
TNF-alpha concentration during SCA crisis [24]. In the present 
study, higher levels of TNF-alpha were detected in SCA patients 
compared with the control group. This result was in agreement 
to the previous researches. A similar study done by Wilson AG 
et al., recommended that A gene of TNF-alpha 308 GA was 
closely associated with transcriptional activity defect, raised its 
expression, which in turn relates to TNF-alpha levels [30]. 

Cytokine IL-8 levels were considerably raised in SCA patients 
compared to the control group (p-value) in which the 
polymorphism frequency and serum levels were increased due 
to its transcriptional activity, these aspects in agreement with 
previous studies of A allele in IL-8 [17,18,31] which confirmed 
A alleles of -251A>T related to higher IL-8 transcript levels 
with clinical importance in SCA patients. In the present study; 
Hb S was correlated to IL-8 which was confirmed by the 
haematological changes in SCA patients and patients under 
hydroxyurea treatment (AHU). SCD crisis, which was supported 
by a previous report could be determined by increased IL-8 
levels because of the different pro-inflammatory markers related 
to SCA in patients throughout vascular occlusion episodes [13]. 
Elevated serum level of IL-8 was a marker of poor prognosis 
among AHU patients. Hb F, Hb level and haematocrit decrease 
in intravascular haemolysis, because of the SCA alternation 
crisis [29,32]. 

LIMITATION
Although, this study was carefully done, there were still limitations; 
the sample size was small and lack of information constitutes 
a shortcoming of the study. Therefore, future studies with large 
sample size are needed in different ethnic groups with carefully 
matched cases and controls to confirm the results of our TNF and 
the -251A>T IL-8 polymorphism and other gene polymorphisms as 
a disease susceptibility factor in SCD. 

CONCLUSION
The results presented here indicate the importance of the 
genotypes of the TNF and the -251A>T IL-8 polymorphism genes 
in the hydroxyurea therapy and patients follow-up during crisis of 
SCA and considering the important roles of these cytokines in SCA 
pathophysiology, further investigations are necessary to identify 
factors that are responsible for increased serum TNF-alpha and IL-8. 
This polymorphism when investigated with other genetic factors may 
unravel the pathogenesis of elevated pro-inflammatory cytokines in 
SCA. The present study emphasises that the identification of new 
genetic biomarkers and their association with classical markers is 
important to identify the different SCA phenotypes and their effects 
on patient outcome. 
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