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Abstract 

Background: Sickle cell haemoglobinopathy is a genetic disorder caused by the presence of 

hemoglobin S (HbS) including sickle cell disease (Sickle cell anemia, HbS/β-thalassemia and HbSC 

disease) and sickle cell trait. In Siwa Oasis, the most remote oasis town in Egypt, the prevalence 

rate of Sickle cell haemoglobinopathy is approaching 20%. The Xmn1 polymorphism was reported 

to increase the HbF level ameliorating the severity of the sickle cell disease. The present study 

aims mainly to investigate the genotype frequency of −158 Gγ (C→T) Xmn1 Polymorphism in 

Siwa Oasis in Egypt and to study, if possible, any association with increased HbF expression.  

METHODS: This study was performed on 62 Sickle Cell carriers  (AS), three cases of SCA (SS) 

detected during a screening program conducted on primary school children in Siwa Oasis by 

Alexandria Faculty of Medicine 2011- 2012. Sixty-five age and sex matched healthy controls (AA) 

were included. All enrolled children were subjected to PCR-RFLP for detection of −158 Gγ 

(C→T) Xmn1 Polymorphism using the Xmn1 restriction enzyme.  

RESULT: Genotyping of the −158 Gγ (C→T) Xmn1 Polymorphism revealed that among sickle 

cell carriers (AS), 85.5% were homozygous for the wild-type allele (CC) and 14.5% were 
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heterozygous (CT). However, among sickle cell anemia patients (SS), two cases were homozygous 

for the wild-type allele (CC) and one case was heterozygous (CT). The genotype frequencies 

among controls (AA) were 83.1% homozygous for the wild-type allele (CC) and 16.9% 

heterozygous (CT). None of the studied cases or controls was homozygous for the mutant allele 

(TT). Among both sickle cell carriers and controls there was no significant difference between the 

wild-type and heterozygous genotypes regarding HbF level. 

CONCLUSIONS: Studying the genotype frequency of the Xmn1 γG globin polymorphism (-

158C>T) in Siwa Oasis Egypt can be considered as a starting point for further research targeting 

this community sector. 

However, in our studied cohort, there were only 3 Sickle cell anemia Patients. Furthermore, none 

of the tested cases or controls was found to be homozygous for the mutant allele (TT). In absence 

of any homozygous genotype for the mutant allele (TT) in the studied cohort, any reasonable 

conclusion on effect of the polymorphism on increase in HbF could not be established. Further 

studies with a larger sample size are needed for better understanding of possible association.  

 

INTRODUCTION 

Sickle cell haemoglobinopathy is an autosomal recessive genetic disorder caused by the presence 

of hemoglobin S (HBS) (Clarke and Higgins 2000). HBS is a variant of normal hemoglobin (HBA) 

and is due to a mutation in the β-globin gene where thymidine replaced adenine resulting in the 

substitution of glutamic acid by valine in position (6) of the β-globin chain (Flint et al. 1998). The 

term “sickle-cell disease (SCD)” includes all clinically manifest genotypes of the Sickle cell 

haemoglobinopathy (proportion of HbS >50%). These include homozygous sickle-cell disease (Sickle 

cell anemia, HbSS) and a range of mixed heterozygous hemoglobinopathies (HbS/β-thalassemia, 

HbSC disease, and other combinations) (Steinberg 2008) Sickle cell Trait (HbSA) carriers; however, 

are usually asymptomatic and have normal red cell indices. (Key and Derebail 2010) 

The World Health Organization (WHO) estimated that approximately 5% of the world’s 

population are genetic carriers for hemoglobin disorders, mainly, sickle-cell disease and 

thalassemia. This represents over 300,000 livebirths with severe hemoglobin disorders each year.  
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Sickle cell anemia (SCA) affects millions throughout the world. It is particularly common among 

people whose ancestors come from Sub-Saharan Africa, South America, Cuba, Central America, 

Saudi Arabia, India, and Mediterranean countries such as Turkey, Greece, and Italy (WHO Media 

Centre 2011). The lack of widely available New Born Screening or early access to comprehensive 

preventative care causes the early mortality of SCA in Africa to be strikingly high. Various 

published reports estimate mortality rates between 50% and 90% before the age of 5 years 

(Williams et al. 2009; Grosse et al. 2011). In Siwa Oasis, a closed Egyptian community in the 

Western Desert of Egypt, close to the Libyan border, the prevalence rate of sickle cell 

haemoglobinopathy is approaching 20% (Moez and Younan 2015).  

There are many reported pathological consequences of high levels of HbS in SCD, among which 

are vaso-occlusive disease and increased hemolysis. Patients suffering from SCD show increased 

susceptibility to infections, disturbances of growth and development, and chronic end-organ 

damage (Makani et al. 2007). Sickle cell disease represents a heterogenous entity with extremely 

variable clinical severity. Inter-individual variations in HbF levels is thought to be one of the main 

contributors to the clinical heterogeneity observed in sickle cell disease patients. Higher expression 

of HbF in adulthood is reported to ameliorate morbidity and mortality in sickle cell disease 

possibly through interfering with HbS sickling process (Powars et al. 1984; Platt et al. 1994; Steinberg 

2005; Steinberg 2009; Thein and Menzel 2009). 

DNA sequence variations within the β -globin gene cluster, in particular, the (CT) variation at 

position – 158 upstream of the Gγ globin gene is a common genetic alteration, which is reported 

in several clinical studies to predispose carriers to increased HbF production, particularly when 

exposed to erythropoietic stress, as in sickle cell disease. This could explain why carriers of a 

certain β -globin gene mutation may have a disease of different clinical severity. The 

aforementioned genetic variation, also known as rs7482144, is detectable by the Xmn1 restriction 

enzyme (Pandey et al. 2012; Sharma and Mahanta 2013). 

The Siwa Oasis Egypt can be regarded as a closed Egyptian community with a distinct genetic 

background. So far, the genotype frequency of the Xmn1 γG globin polymorphism (-158C>T) has 

not been reported in Siwa Oasis Egypt. The present study aims mainly to investigate the genotype 

frequency of the -158 Xmn1 γG globin polymorphism among a cohort of HbS carriers from Siwa 
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Oasis in Egypt and to study, if possible, any association of the genetic variation with HbF 

expression as a modifier of clinical severity. 

MATERIAL AND METHODS 

This study was done on 62 Sickle Cell carriers (AS) and 3 cases of SCA (SS) detected during a 

screening program conducted in Siwa Oasis during two medical convoys organized by the 

Committee of community services and environment development of the Alexandria Faculty of 

Medicine in collaboration with Rotary King Maryout in 2011 and 2012. Sixty-five age and sex 

matched healthy controls (AA) were included for comparison of results. Written informed consents 

were obtained from parents of all recruited children, before participation, in the presence of a 

doctor and a community leader. The gathered data was kept confidential and details that might 

disclose the identity of the subjects under study were omitted. The study was approved by the 

ethics committee of Alexandria Faculty of Medicine. Mean age of haemoglobin S carriers was 

11.3 ± 2.4 years and that of controls was 10.1 ± 2.5 years. Because of the influence of age on the 

HbF level, children younger than five years were excluded from the study. The demographic data 

of the whole screened cohort was previously published (Moez and Younan 2015). 

Quantitative assessment of hemoglobin HbF, Hb A, Hb A2 and Hb S was performed by Capillary 

Hb electrophoresis which was carried out n MINICAP capillary (SEBIA, France). 

Detection of the Xmn1 γG globin polymorphism (-158C>T) was done by PCR-RFLP, using the 

Xmn1 restriction enzyme. Genomic DNA was extracted from white blood cells by (QIAamp DNA 

Mini Kit). The quantity and purity of DNA for each sample was assayed using UV Nanodrop 2000 

spectrophotometer (Thermo Scientific, USA). A 650-bp fragment 5’ to the γG gene was amplified 

using the primer 5’- AAC TGT TGC TTT ATA GGA TTT T-3’ and 5’- AGG AGC TTA TTG 

ATA ACC TCA GAC-3’. The amplification conditions were as follows; initial denaturation 95°C 

for 5 min followed by 35 cycles of 95°C for 15 sec., 55°C for 15 sec., 72°C 10 sec., with a final 

extension of 5 min at 72°C. The PCR product was digested with 1 µl of Xmn1 restriction enzyme 

and separated by electrophoresis on 2% agarose gel. Recognition sequence for the enzyme is 5'...G 

A A N N↓N N T T C...3', 3'...C T T N N↑N N A A G...5'. 

The expected frequency of each genotype was evaluated on the basis of Hardy-Weinberg 

equilibrium proportions {p2 +2PQ +Q2 =1 where <p> and <q> represents the frequencies of 

alleles. p added to q always equal one (100%)}. 
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Independent samples t-test and X2: Chi-Square test were used for statistical analysis. Results were 

expressed as mean ± SD. P<0.05 was considered as statistically significant. 

RESULT 

In our study, complete blood count was done for both Sickle Cell carriers and controls and showed 

no significant difference between them regarding Hb concentration, RBCs count, MCV, MCH, 

HCt% and RDW%. The results of haematological parameters in  Sickle Cell carriers compared 

with the controls are presented in supplement 1. 

According to Hb electrophoresis results, the Sickle cell haemoglobinopathy cases enrolled in the 

study were further classified as Sickle cell trait (HbAS) whose HbS level was up to 50% and sickle 

cell anemia (HbSS) whose HbS level ranged from 55 to 90% (Kohne 2011).  

Sickle cell carriers (HbAS) accounted for 62 Cases (95.4%) while sickle cell anemia (HbSS) was 

detected in only 3 cases (4.6%). 

Our results showed that genotype frequencies of the Xmn1 γG globin polymorphism (-158C>T) 

(rs7482144) among sickle cell carriers (AS) were as follows; 85.5% (53 cases) were homozygous 

for the wild-type allele (CC), 14.5% (9 cases) were heterozygous (CT). However, among sickle 

cell anemia patients (SS), two cases were homozygous for the wild-type allele (CC) and one case 

was heterozygous (CT). The genotype frequencies among controls (AA) were as follows; 83.1% 

(54 controls) homozygous for the wild-type allele (CC), 16.9% (11 controls) heterozygous (CT). 

None of the tested cases or controls was homozygous for the mutant allele (TT). (Table 1) 

Table 2 shows the demographic, hematological, HbF% and genotypic characteristics of the three 

sickle cell anemia Patients detected during the screening program. 

Figure 1 shows the Xmn1 polymorphic restriction sites studied in the 2% agarose gel. In the 

presence of the mutant T allele, two fragments of 450- and 200-bp were produced. The presence 

of the wild-type allele C abolishes cleavage site for Xmn1 and thus an intact 650-bp fragment was 

produced. The presence of 650 bp band indicates CC genotype. The presence of 650 bp band, 450 

bp band and 200 bp band indicates heterozygous for the SNP rs7482144 (CT genotype). 

Among screened cohort of children, allele frequency was 0.923 for the (c) allele and was 0.077 for 

the (t) allele. Among controls, allele frequency was 0.915 for the (c) allele and was 0.085 for the 

(t) allele. The distribution of the Xmn1 genotypes among both screened cohort of children and 

controls was in agreement with Hardy-Weinberg equilibrium. (Supplement 2, 3) 
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In Hb AS carriers and AA controls there was no significant difference between the wild-type and 

heterozygous genotypes as regards HbF level (p=0.538, 0.407and 0.412, respectively). (Table 1) 

DISCUSSION  

Siwa Oasis is the remotest Oasis in the Western Desert of Egypt. It represents with its 23,000 

inhabitants a closed Egyptian community with a distinct genetic background.  The Egyptian 

community in Siwa suffers from a high prevalence of Sickle cell haemoglobinopathy 

approximating 20% (Moez and Younan 2015). 

The clinical severity of the sickle cell disease is remarkably variable. Factors underlying such 

heterogeneity are not yet fully understood. The study of various modulating factors, and in 

particular genetic factors, affecting the clinical severity of SCD is an interesting research focus 

especially in communities with a distinct genetic background.  

The Xmn1 polymorphism is a common genetic variation that was reported in previous studies to 

increase the HbF level and therefore ameliorate the severity of the sickle cell disease. In the present 

study, we focused on studying the genotype frequency of the Xmn1 γG globin polymorphism (-

158C>T) in Siwa Oasis Egypt as an example of a closed Egyptian community. Furthermore, we 

tried to study any possible effect of the presence of the Xmn1 polymorphic site on HbF level in 

the Egyptian community in Siwa Oasis. 

However, our study cohort was selected out of a screening program which was conducted on 349 

primary school children in Siwa Oasis by Alexandria Faculty of Medicine during 2011 and 2012. 

Out of the screening program only three sickle cell anemia cases were detected and included in 

our studied cohort of 130 subjects. No single case of sickle thalassemia or sickle HbC disease was 

detected. Therefore, the possible effect of the presence of the Xmn1 polymorphic site on HbF level 

was studied on the cohort consisting of sickle cell carriers. As previously reported, the association 

between the genetic alteration and HbF concentration could be better studied in Sickle cell anemia, 

sickle thalassemia and sickle HbC disease. The three sickle cell anemia patients were described 

individually. 

In the present study, we found that the presence of the Xmn1 polymorphism has no significant 

effect on HbF level in both sickle cell carriers and control groups, and there was a wide range of 

HbF levels independent of the Xmn1 polymorphism status. However, the presented results, 
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obtained mainly out of HbAS subjects, can’t provide conclusive evidence regarding association of 

increased HbF level and Xmn1 polymorphic status. 

In contrast to our results are those of Bhagat et al. (Bhagat et al. 2012), in their study examining 

the association between Xmn1 Polymorphism and HbF Level in Sickle Cell Disease Patients from 

Chhattisgarh. They reported that, In AS cohort and AA controls, the presence of two XmnI 

polymorphic sites (TT) compared with one Xmn1 site (CT) and the presence of one XmnI site 

compared with absent XmnI polymorphic site (CC) was associated with higher HbF level. 

However, patients with HbSS with one Xmn1 polymorphic site (CT), and those with wild-type 

allele genotype (CC) had no significant difference in HbF levels.  

Rahimi et al. (Rahimi et al. 2007), performed a study on Sickle Cell Patients of Iran. They found 

that, Among HbAS individuals, the presence or absence of Xmn1 site did not affect the HbF level. 

Normal individuals with or without Xmn1 site were found to have HbF levels of around 0.5%. 

However, in patients with HbSS, the HbF level was significantly higher in those who had one 

(P=0.04) or two (P=0.01) Xmn1 polymorphic sites as compared to those with absent polymorphic 

site. Similar results were observed in patients with Sickle/Thalassemia, only the presence of two 

Xmn1 polymorphic sites (TT) compared to the absence of the site (CC) was associated with a 

significant increase in the HbF percentage (P=0.009). A positive association was observed between 

the HbF level and the presence of Xmn1 site in SS and Sickle/Thalassemia groups. 

Furthermore, in our cohort, none of the studied cases or controls was homozygous for the mutant 

allele (TT). In absence of any homozygous genotype for the mutant allele (TT) in the studied 

cohort, any reasonable conclusion on effect of the polymorphism on increase in HbF could not be 

established. This is another limitation to the study of the effect of Xmn1 polymorphic site and HbF 

level. 

On the other hand, the study conducted by Pandey et al. (Pandey et al. 2012), on sickles 

homozygous and  sickle/beta thalassemia patients from India showed that the presence of CT 

variation at position -158 in the Gγ increases production of HbF as HbF level in SS patients was 

25.2±4.3, 20.18±3.7 and 13.2±4.5 for Xmn1 (TT),  Xmn1 (CT) and  Xmn1 (CC), respectively and 

in sickle beta thalassemia patients was 36.2±4,7, 32.1±5and 2 17.6±4.8 for Xmn1 (TT),  Xmn1 

(CT) and  Xmn1 (CC), respectively. The HbF level was significantly higher in the presence of the 
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polymorphic site compared to that in its absence. The concluded that the phenotype of the sickle 

cell patients was greatly influenced by the Xmn1 polymorphism. 

It worth mentioning that the analysis of βS haplotypes enables a better understanding of the 

heterogeneous clinical severity of sickle cell anemia. The different types of haplotypes are reported 

to contain a range of fetal hemoglobin concentrations that act as inhibitors of hemoglobin S 

polymer formation (Powars 1991; Flint et al. 1998; Inati et al. 2003). Patients with a Bantu or 

Central African Republic (CAR), haplotype are reported to have the lowest HbF. On the contrary, 

those with a Senegal or Arab-Indian (ARAB) haplotype have the highest Level. Persons with a 

Benin haplotype have HbF levels that are intermediate (Nagel et al. 1987; Lapoumeroulie et al. 

1992; Adekile 1997; Rahimi et al. 2007). Green et. al. reported that the presence of the Xmn1 

polymorphism in the haplotype background of Arab-Indian and Senegal in sickle cell anemia and 

sickle beta thalassemia patients results in higher level of HbF (Green et al. 1993). From genetic 

epidemiological studies of sickle-cell patients across different regions it was found that the 

predominant β haplotype in Egypt is the Benin haplotype (Gabriel and Przybylski 2010). In our 

study we did not perform an analysis for β-globin gene haplotype, this is another limitation to our 

study. No possible correlation between βS haplotype and HbF level could be done. 

Furthermore, three major HbF quantitative trait loci (QTLs) have recently been identified based 

on several genetic association studies; (Xmn1- HBG2, HBS1L-MYB intergenic region on 

chromosome 6q23, and BCL11A on chromosome 2p16). These single nucleotide polymorphisms 

were reported to account for 20–50% of the common variation in HbF levels in patients with SCA 

and sickle β thalassemia, and in healthy adults (Thein et al. 2007; Lettre et al. 2008; Creary et al. 

2009). 

The study of other possible genetic modifiers of the HbF expression in a large cohort increasing 

the possibility of including sickle cell anemia and sickle β thalassemia as well as performing 

genome-wide association studies that simultaneously analyze hundreds of thousands of SNPs in 

the Siwa Oasis population aiming at closer identification of their βS haplotype background could 

be helpful in better understanding of the pathophysiology of sickle cell disease and the modifiers 

of its clinical severity. 

CONCLUSIONS Studying the genotype frequency of the Xmn1 γG globin polymorphism (-

158C>T) in Siwa Oasis Egypt as an example of a closed Egyptian community with a distinct 
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genetic background can be considered as a starting point for further research targeting this 

community sector 

However, in our studied cohort of 130 subjects, there were only 3 Sickle cell anemia Patients in 

whom the association between the genetic alteration and HbF concentration could be better 

studied. Furthermore, none of the tested cases or controls was homozygous for the mutant allele 

(TT).  

In absence of any homozygous genotype for the mutant allele (TT) in the studied cohort, any 

reasonable conclusion on effect of the polymorphism on increase in HbF could not be established. 

Further studies with a large sample size as well as analysis of βS haplotypes among the Siwa Oasis 

population are needed for better understanding of possible association. 
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Table 1: The HbF percentage and XmnI status in SS, AS and AA group 

Genotype 

Pattern 

AS 

(n=62) 

HBF 

(Mean ± 

SD) 

SS 

(n=3) 

HBF 

(Mean ± 

SD 

AA 

(n=65) 

HBF (Mean 

± SD) 

Wild-type 
53 

(85.5%) 
1.84±1.12 

Two 

cases 
1.65±0.21 

54 

(83.1%) 
0.42±0.24 

Heterozygous 
9 

(14.5%) 
2.64±2.61 

One 

case 
1.30±0.0 

11 

(16.9%) 
0.5±0.35 

t (P)  
0.67 

(0.538) 
 

1.3 

(0.407) 
 0.64 (0.715) 

 t: independent samples t-test 

 

 

Table 2: Data of the three detected SCA patients 

Age 

(years) 
Sex 

Hb 

(g/dl) 

MCV 

(fl) 

MCH 

(pg) 

RBC 

(106/µl) 

HCT

% 

RDW

% 

HbA 

% 

HbA2

% 

HbF 

% 

HbS 

% 
Genotype 

12 W 10,7 73,6 24 4,46 36,8 15,4 24,3 4,7 1,3 69,7  CT 

9 M 8,4 62,8 18,2 4,62 29 15,5 23 4,4 1,5 71,1  CC 

9 M 6,1 86,6 24,1 2,35 21,9 24,4 13,3 3,2 1,8 81,7  CC 
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Supplement 1: Comparison between the studied groups according to hematological data 

    

Group 

t p 

Sickle cell Trait  

(n=62) 

Controls  

(n=65) 

Hb g/dl 

  

  

  

  

Min 9,2 10,3 0,31 

  

  

  

  

0,76 

  

  

  

  

Max 14,0 14,0 

Mean 11,4 11,4 

SD 1,0 0,8 

Median 11,4 11,2 

RBCs (106/µl) 

  

  

  

  

Min 4,1 2,9 0,66 

  

  

  

  

0,51 

  

  

  

  

Max 6,0 6,1 

Mean 4,9 4,8 

SD 0,5 0,5 

Median 4,9 4,8 

HCT% 

  

  

  

  

Min 32,2 20,2 0,23 

  

  

  

  

0,82 

  

  

  

  

Max 47,4 47,4 

Mean 37,9 38,0 

SD 3,0 3,3 

Median 38,5 38,2 

MCV 

 (fl) 

  

  

  

Min 67,7 62,9 0,26 

  

  

  

  

0,79 

  

  

  

  

Max 89,8 88,5 

Mean 77,1 79,7 

SD 4,7 4,3 

Median 78,4 80,3 

MCH (pg) 

  

  

  

  

Min 19,5 16,6 0,12 

  

  

  

  

0,91 

  

  

  

  

Max 24,3 29,4 

Mean 22,6 23,1 

SD 1,3 1,7 

Median 22,9 23,3 

RDW% 

  

  

  

  

Min 12,9 2,9 

0,10 

  

  

  

0,92 

  

  

  

Max 16,1 16,8 

Mean 14,5 14,6 

SD 0,7 1,8 

Median 14,6 14,8 

t: independent samples t-test                                                                      * P < 0.05 (significant)  
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Supplement 2: Hardy Weinberg equilibrium among screened cohort of children 

Genotype Observed Frequency Expected Frequency (O-E)^2/E 

Wild-type  55 55.4 0.002671 

Heterozygous 10 9.2 0.064103 

Homozygous 

mutant 
0 0.4 0.384615 

Total 65 65 0.45 

    

f(c) 0.923   

f(t) 0.077   

f(CC) 0.852   

f(TT) 0.006   

f(CT) 0.142   

Exp (CC) 55   

Exp (CT) 9   

Exp (TT) 0   

X2 significance 0.798 (N.S) 

N.S: Not Significant, f : frequency, O: observed, E: expected 
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Supplement 3: Hardy Weinberg equilibrium among controls 

Genotype Observed Frequency Expected frequency (O-E)^2/E 

Wild-type 54 54.5 0.003977 

Heterozygous 11 10.1 0.086037 

Homozygous 

mutant 
0 0.5 0.465385 

Total 65 65.0 0.56 

    

f(c) 0.915   

f(t) 0.085   

f(CC) 0.838   

f(TT) 0.007   

f(CT) 0.155   

Exp (CC) 54   

Exp (CT) 10   

Exp (TT) 0   

X2 significance 0.758 (N.S) 

N.S: Not Significant, f : frequency, O: observed, E: expected 
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Figure (1) legend: Agarose gel electrophoresis of RCR-RFLP PCR digestion products. Lane 1; 

100 bp DNA ladder. The sample genotype was CC for Cases 32, 33,35, 36, 38, 39, 40, 41, 42, 43, 

45, 46 and controls 1, c2, c3, c4, c6 shown as a single band at 650bp. The sample genotype was 

CT for cases 34,44 and controls c5, c7 shown as three bands at 650, 450 and 200 bp. 

 


