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Highlights of the Study

•	 Sickle cell disease is clinically heterogeneous.
•	 HbF is an important genetic modulating factor; however, several quantitative trait loci modify its ex-

pression.
•	 Kuwaiti patients uniformly express elevated HbF levels, but the factors responsible for this are not clear 

and may be different from published reports.
•	 This review addresses these issues in an in-depth and critical manner.
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Abstract
Sickle cell disease (SCD) is phenotypically heterogeneous. 
One major genetic modifying factor is the patient’s fetal he-
moglobin (HbF) level. The latter is determined by the pa-
tient’s β-globin gene cluster haplotype and cis- and trans-
acting single nucleotide polymorphisms (SNPs) at other dis-
tant quantitative trait loci (QTL). The Arab/India haplotype is 
associated with persistently high HbF levels and also a rela-
tively mild phenotype. This haplotype carries the Xmn1 (C/T) 
SNP, rs7482144, in the HBG2 locus. The major identified 
trans-acting QTL contain SNPs residing in the BCL11A on 
chromosome 2 and the HMIP locus on chromosome 6. These 
collectively account for 15–30% of HbF expression in differ-
ent world populations and in patients with SCD or 

β-thalassemia. Patients with SCD in Kuwait and Eastern Sau-
di Arabia uniformly carry the Arab/India haplotype, but de-
spite this, the HbF and clinical phenotypes show consider-
able heterogeneity. Pain episodes and avascular necrosis of 
the femoral head are particularly common, but severe bacte-
rial infections, stroke, priapism, and leg ulcers are uncom-
mon. Moreover, the HbF modifiers appear to be different; 
the reported BCL11A and HMIP SNPs appear to play insig-
nificant roles. There are probably novel modifiers to be dis-
covered in this population. This review examines the com-
mon clinical phenotypes in Kuwaiti patients with elevated 
HbF and the available information on HbF modifiers. The re-
sponse of the patients to hydroxyurea is discussed. The pre-
sentation of patients with other sickle compound heterozy-
gotes (Sβthal and HbSD), vis-à-vis their HbF levels, is also ad-
dressed critically. © 2020 The Author(s)
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Introduction

The sickle cell disease (SCD) clinical phenotype is 
uniquely heterogeneous, with several genetic and envi-
ronmental modifying factors playing significant roles [1–
4]. Among the former, fetal hemoglobin (HbF) is the 
most recognized, while others include coexistent 
α-thalassemia trait and the β-globin gene cluster haplo-
type. The focus of the current review is the role of HbF in 
this regard, especially as it is reflected among Kuwaiti and 
Gulf Arab patients.

Since Pauling’s description of SCD as the first molecu-
lar disease in 1949 [5], there has been rapid accumulation 
of knowledge about the genotype/phenotype correlations 
in SCD. This was enhanced with the advent of recombi-
nant DNA technology and restriction fragment length 
polymorphisms in the mid-1970s, followed by advances 
in genomic studies. Thus, we know more about the mo-
lecular characterization of SCD than any other disease 
and, in fact, the whole field of molecular medicine is de-
rived from this knowledge.

Hemoglobin Structure and Function

The hemoglobin molecule is a tetrameric protein 
consisting of 2 pairs of polypeptide globin chains, with 
each of the 4 chains attached to a heme group com-
posed of porphyrin and an Fe atom. Because of the dif-
ferences in oxygen requirements at various develop-
mental stages, different hemoglobins are synthesized 
for optimal oxygen delivery to the tissues [6]. Thus, 
while the normal adult hemoglobin is composed of 
α2β2 chains, HbF is made up of α2γ2 and embryonic he-
moglobins are Gower 1 (ζ2ε2), Portland (ζ2γ2), and 
Gower 2 (α2ε2).

The functional integrity of the hemoglobin molecule 
is dependent on the primary sequence of the amino acids 
in the globin chains. The secondary, tertiary, and quater-
nary structures are determined by the contacts between 
the chains (the α1-β1 and α1-β2 contacts) and between 
each of the 2 α and 2 β chains and the 4 heme groups [7–
10]. Other factors that influence oxygen transport include 
the effects of CO2 and different affinities for 2,3-bisphos-
phoglycerate. Thus, the classical sigmoid shape of the ox-
ygen dissociation curve promotes uptake of oxygen in the 
high oxygen tensions available in the lungs and it is read-
ily released in the lower tensions encountered in the tis-
sues.

Genetic Control of Globin Synthesis

The genetic control of globin synthesis resides in loci 
on chromosome 11 for β-like genes and chromosome 16 
for α-like genes (Fig. 1) [6]. The former are arranged in 
the order in which they are transcribed at different devel-
opmental stages: 5′-ε-Gγ-Aγ-ψβ-δ-β-3′. In the same fash-
ion, the α-like globin genes are arranged: 5′-ζ-ψζ-ψα1-
α2-α1-3′. It should be noted that ψβ, ψζ, and ψα are pseu-
dogenes of no known functional significance. The globin 
genes contain conserved elements, which are common to 
all mammals and are located in different regions of the 
cluster and play critical roles in the transcription process. 
There are also several sequences that constitute regula-
tory elements within each gene. In addition, each cluster 
has “master” regulatory sequences, which are referred to 
as the locus control region for the β-globin cluster, and 
for the α genes, there is the HS 40, located 40 kb up-
stream.

The interactions of enhancers, elements within the 
gene themselves, and the master control regions ensure 
the control of the erythroid-specific gene expression, 
leading to the production of specific types of globin chains 
for each developmental stage. Thus, the early embryonic 
hemoglobins give way to HbF production within the first 
6–8 weeks of prenatal life (Fig. 2). In the normal newborn, 
HbF is predominant at birth, but its level rapidly declines 
such that by the 6th month of life, it forms <1% of the to-
tal hemoglobin. However, there are many situations when 
the high level persists to varying degrees.

Sickle Cell Disease

The abnormal HbS is inherited in an autosomal reces-
sive fashion. The homozygous condition, HbSS, is the 
most common and severe form of SCD, and it is also re-
ferred to as sickle cell anemia. However, HbS can coexist 
with other abnormal β-globin variants, with which it can 
copolymerize. Examples of these compound heterozy-
gotes are Sβthalassemia, SC, SD, SE, and SOArab, which 
are all in the SCD spectrum. The abnormality in HbS is a 
substitution of valine for glutamic acid at the 6th amino 
acid position in the β-globin chain. This alters the physi-
cochemical properties of the hemoglobin molecule, such 
that in the deoxygenated state, HbS is less soluble and 
forms long fibers. This polymerization is triggered by hy-
drophobic bonds between the valine of 1 HbS molecule 
and alanine, phenylalanine, and leucine from an adjacent 
HbS molecule. The polymers distort the shape of the 
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RBCs into sickle forms. The cells become rigid and less 
deformable, making it difficult to navigate the small blood 
capillaries, hence the recurrent vaso-occlusion that char-
acterizes the disease. The second major consequence is 
that the life span of the RBC is shortened with consequent 
chronic hemolysis.

The release of free heme sets off a cascade of inflam-
matory processes within the intravascular space, which 
culminates in nitric oxide (NO) depletion [12, 13]. NO is 
a critical vasodilator produced mainly by endothelial cells 
from its obligatory substrate, L-arginine. The level of the 
latter is reduced in SCD because of the action of arginase, 
which is released by lysed red blood cells [14]. This im-
paired NO availability in SCD leads to vasoconstriction, 
platelet activation, upregulation of adhesion molecules, 
generation of thrombin, and proliferation of endothelial 
intima, culminating in arterial stenosis and eventual oc-

clusion. In addition, there is activation of neutrophils, 
monocytes, and macrophages [15].

Thus, there are 2 defined subphenotypes of SCD, one 
related to the endothelial dysfunction secondary to he-
molysis and the other related to vaso-occlusion and vis-
cosity (Fig. 3) [12]. While these are 2 ends of a spectrum, 
there is no clear distinction between the 2 and they tend 
to be a continuum. However, endothelial dysfunctionis 
associated with pulmonary hypertension, stroke, leg ul-
cers, and priapism. The relevant biomarkers of hemoly-
sis include free heme, reticulocyte count, serum lactate 
dehydrogenase, and bilirubin. On the other hand, the 
vaso-occlusion subphenotype is associated with recur-
rent painful episodes, acute chest syndrome (ACS), and 
osteonecrosis. Predisposing to this subphenotype are in-
creased blood viscosity, resulting from high hematocrit 
that would be seen in SCD patients with α-thalassemia 
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Fig. 3. The 2 major subphenotypes of sickle cell disease. From: Kato GJ, Gladwin MT, Steinberg MH. Decon-
structing sickle cell disease: reappraisal of the role of hemolysis in the development of clinical subphenotypes. 
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trait, and increased HbF, although both factors have 
overall protective effects for many of the complications 
of the disease. It should be noted, however, that SCD can 
affect any organ in the body. The spleen bears an early 
burden of SCD pathology, and within the first few years 

of life, there is loss of spleen function, the so-called func-
tional hyposplenia, and in the older patients, the recur-
rent infarction leads to autosplenectomy [16]. Thus, the 
patients are prone to infections with encapsulated or-
ganisms, notably pneumococcus, H. influenzae, and Sal-
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Fig. 4. Age distribution of fetal hemoglobin (HbF) in Kuwaiti patients with sickle cell disease. From: Adekile, AD. 
Limitations of Hb F as a phenotypic modifier in sickle cell disease: study of Kuwaiti Arab patients. Hemoglobin. 
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monella. Older patients are prone to end-organ damage 
and can present with chronic renal failure and lung dis-
ease.

Biochemical and Clinical Evidence of HbF 
Amelioration in SCD

The first evidence that HbF plays a protective role in 
SCD is that affected infants are asymptomatic until after 
∼6 months of life. Biochemical and clinical studies have 
confirmed the role of HbF in ameliorating the sickling 
process. The heterotetramer (α2γβS) that is formed in the 
presence of γ globin chains is much more soluble than the 
homotetramer (α2βS

2); thus, there is an increase in the 
minimum gelling concentration of mixtures of HbF and 
HbS [17,18]. Moreover, the polymerization kinetics are 
modified with consequent increase in the delay time to 
gelation [19]. Irreversibly sickled cells have lower levels of 
HbF [20], and greater numbers of these cells produce in-
creased viscosity of oxygenated whole SS blood [7].

Probably, the earliest clinical study of the influence of 
HbF on SCD phenotype was by Jackson et al. [21], who, 
in 1961, showed that their SS patients with HbF > 12% 
had a significantly lower pathology index than those with 
levels <10%. Ali [22] described “a new form of sickle cell 
disease” in 6 Kuwaiti patients with HbSS from 2 families, 
and all but 1 had HbF levels >20. Although they were aged 
between 10 and 20 years, none had had any significant ill-
nesses related to sickling [22]. Other studies from Eastern 
Saudi Arabia showed that patients with high HbF levels 
were less likely to have stroke, leg ulcers, and priapism 
[23,24]. Brittenham et al. [25], in 1977, reported 7 pa-
tients with HbSS from India, aged 1–63 years with very 
mild disease, one of whom was 28 years old with HbF of 
29%. There was, therefore, accumulating evidence of a 
mild SCD phenotype associated with high HbF levels 
among patients from Arabia and India. Studies from the 
USA have also consistently shown that patients with SCD 
who had relatively high HbF levels had fewer complica-
tions. Indeed, Powars et al. [26] showed that HbF of ≥20% 
is consistently associated with a lowered risk of major 
clinical events including end-organ damage.

Genetic Control of HbF Expression

βS-Globin Haplotype
The βS haplotype is defined by a mapping of restriction 

endonuclease sites along the β-globin gene cluster. There 

are 4 major haplotypes, designated by the world regions 
to which they segregate. Thus, we have the Benin (BEN); 
Central African Republic (CAR), also referred to as Ban-
tu (BAN); Senegal (SEN); and Arab/India (AI) [27]. These 
haplotypes also correspond to the severity of the pheno-
type, with SEN and AI being associated with mild disease 
[28]. Incidentally, these 2 haplotypes are the ones associ-
ated with persistence of HbF and are distinguished from 
the others by the Xmn-1 site at position −158 in the HBG2 
promoter region. The latter, designated rs7482144, is due 
to a C/T polymorphism. Many studies have shown that 
individuals who carry the mutant T allele have persistent 
elevation of the HbF levels. CAR is associated with the 
most severe, while BEN has intermediate clinical severity.

Other Quantitative Trait Loci
Studies have shown that rs7482144 is responsible for 

∼13–32% of the total HbF variance [29, 30]. Indeed, 
there are also SCD and β-thalassemia patients who have 
elevated HbF levels despite being Xmn1-HBG2 C/C (or 
−/−), with studies suggesting that some high HbF deter-
minants segregated independently of the HBB[31] gene. 
Using linkage and genome-wide association studies, oth-
er important QTL with strong HbF determinant single 
nucleotide polymorphisms (SNPs) have been described 
among patients with SCD and β-thalassemia from differ-
ent parts of the world [29]. Some SNPs in the HMIP locus 
on chromosome 6q23 and the BCL11A on chromosome 
2, in addition to the Xmn1 site, together have been shown 
to account for up to 50% of the variance in HbF levels 
[32].

The mechanism of action of these SNPs is not quite 
clear. It has been suggested that the rs7482144 has a direct 
effect on HBG2 expression but may require the presence 
of other intermediary factors for action [29]. BCL11A 
correlates most strongly with HbF expression from the 
action of SNPs located within a region of about 14 kb in 
intron 2 of the gene [33–35]. The BCL11A genotype most 
associated with HbF expression correlates with reduced 
BCL11A expression since it acts as a repressor and acts 
directly on the HBB cluster, participating in Hb switching 
at different developmental stages [36]. The mode of ac-
tion of the SNPs in the HMIP intergenic region is not 
quite clear but may be acting through regulation of the 
flanking genes – HBS1L and MYB [29, 37].

Apart from the 3 major QTL described, several others 
have been identified by linkage analysis and/or GWAS in 
different groups of patients, although they are still await-
ing wide reproducibility. A chromosome 8-linked QTL 
has been proposed, first in an Asian Indian kindred and 
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later confirmed in a study of twin pairs [38, 39]. It has 
long been suspected that a codominant FC production 
locus is present on chromosome Xp22.2–22.3[40], which 
would explain the finding of higher HbF and F-cell levels 
in adult female compared to male patients [41]. In a re-
cent study, Liu et al. [42] identified SNPs in the SPARC, 
GJC1, EFTUD2, and JAZF1 genes as novel candidates as-
sociated with HbF levels.

SCD in Kuwait

Kuwait is a small country in the Northeast corner of 
the Arabian Peninsula, with a current population of ∼4.2 
million although Kuwaitis make up only ∼1.5 million 
[43]. It is located in a desert area that was founded by im-
migrants from Eastern Saudi Arabia in the mid-18th cen-
tury. Early settlers also included people from Iraq and 
Iran, hence the considerable gene admixture seen in this 
population [44]. The frequency of the HbS gene is esti-
mated at about 3%, although there is no newborn screen-
ing program. Since the first report by Ali [22] of a mild 
type of SCD in Kuwait, there have been many studies to 
document the phenotype and other characteristics of the 
disease in this population.

About 90% of the patients carry the AI haplotype ei-
ther as homozygotes or as compound heterozygotes with 
the BEN haplotype [45]. They mostly have high HbF lev-
els with a mean of ∼22% (Figs. 4, 5) [46, 47]. Interest-
ingly too, there is a high frequency of the α-thalassemia 
trait, found in ∼40% of the SCD patients [45]. This unique 
situation presents a natural model to study the phenotype 
in this genotypically homogeneous group. One important 
question is how much does the phenotype vary in this 
group of patients with such high HbF levels? Second, is 
there any correlation between HbF levels and observed 
complications?

While there are common trends in the overall pheno-
type, there is still considerable heterogeneity. In a 10-year 
study [48] of the causes of hospitalization, by far the most 
common cause was pain episodes in 63.2%. Although 
most patients had 1–2 episodes over the course of the 
study, there was a small subset that had frequent (>10) 
severe episodes. The next common causes of hospitaliza-
tion were acute splenic sequestration (ASS) in 9.1%, acute 
hemolysis in 8.8%, and ACS in 6.6%.

In an ongoing registry of SCD patients in Kuwait, we 
document the common phenotypes in patients who are 
being followed in major hospitals of the country. The 
most common (∼33%) complication is gallstones, identi-

fied either because the patients were symptomatic or on 
routine abdominal ultrasonography. However, the most 
severe morbidity that we encounter is due to avascular 
necrosis of the femoral head in ∼22% of registered pa-
tients.

The endothelial dysfunction subphenotypes, stroke, 
leg ulcers, and pulmonary hypertension are distinctly un-
common in Kuwaiti patients. Stroke is seen in <1%, which 
is similar to the report from the Eastern Province of Sau-
di Arabia. Leg ulcers are not encountered and priapism is 
also uncommon in ∼3%.

Further investigation of the CNS involvement showed 
mostly normal transcranial Doppler values among the 
patients [49]. Indeed, in a collaborative study with other 
countries in the region (Oman, Iraq, and UAE), transcra-
nial Doppler values were generally normal [50]. It was 
also shown that silent brain infarcts are seen in about 3% 
of Kuwaiti children with SCD, while in adults, the preva-
lence is ∼20% [51, 52]. This is the reverse of what is seen 
among American patients, in whom the prevalence of si-
lent infarcts is up to 20% in children but rare in adults 
[53]. We have also observed that neurocognitive function 
in these children is comparable to that in their unaffected 
siblings (unpublished data).

As a consequence of the common presentation with 
recurrent pain episodes, AVN is particularly common. 
In a 4-year prospective study, we showed that it is an 
unrelenting, progressive, chronic debilitating complica-
tion. The majority (65%) of patients with AVN lesions 
on MRI showed progression over the study period, while 
the prevalence of AVN increased from 32.3 to 64% [54]. 
Interestingly, HbF level and α-thal trait did not influ-
ence the occurrence of AVN. The only associated factors 
were male gender and frequent vaso-occlusive episodes 
[55].

Unlike the situation among African and American 
children with SCD, bacterial infections, especially pneu-
mococcal sepsis, are rare among Kuwaiti patients. Studies 
from other places have shown that splenic dysfunction 
contributes significantly [56] to the predisposition to in-
fections in SCD. By the age of 2 years, most patients in 
America or Europe would have lost their spleen function 
(functional asplenia) [57]. Recurrent infarction causes 
autosplenectomy in the older children, usually starting 
from about 8 years [58]. However, among our patients in 
Kuwait, spleen function (phagocytosis and/or filtration) 
is retained in >80% up to the age of 16 years and those 
with coexisting α-thal trait were favored in this regard 
[16, 59]. It is therefore not surprising that we see ASS 
among our adult patients [60].
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SCD is indeed, relatively mild among Kuwaiti chil-
dren; they are usually not symptomatic until the age of 
3–4 years, probably because, up to this age, their HbF lev-
els are ≥30%. On the other hand, the phenotype in adults 
is quite severe. Thus, many of the complications encoun-
tered are more common among adults. The same pattern 
has been reported from Eastern Saudi Arabia by Alsultan 
et al. [61], with the adults having frequent ACS, ASS, os-
teonecrosis, gallstones etc. Therefore, although children 
are protected by the HbF levels, the cumulative effects of 
polymerization start to be evident in the older patients. It 
is this group of patients that have the crippling chronic 
organ changes.

HbSβ-Thalassemia and HbSD Phenotypes

Although HbSS is the most common phenotype seen 
in SCD patients in Kuwait, other phenotypes are quite 
prevalent. This is because of the ancient migrations and 
genetic admixtures that have taken place in the region for 
millennia. HbSβ-thalassemia is found in about 30% of 
Kuwaiti SCD patients, and depending on the β-thal muta-
tion and the level of adult hemoglobin, it is classified as 
Sβ0 or Sβ+. In a previous study [62], we showed that the 
most common β-thal mutations are the cd 39 (C/T) and 
IVS1-110 (G/A) for β0 and β+, respectively. Overall, the 
Sβ0 phenotype is similar to that in HbSS, and indeed, the 
rate of pain crises and splenic sequestration tend to be 
more frequent in Sβ0 patients. This is despite the fact that 
the hematology, including HbF levels, is similar in the 2 
phenotypes. The phenotype among patients with Sβ+ is 
also very variable depending on the β-thal mutation; pa-
tients with the IVS-I-6 (C/T) have very mild phenotype, 
while those with IVS-1-5 (G/A) are severe and virtually 
indistinguishable from the patients with Sβ0 phenotype 
[62].

The third most common SCD phenotype in Kuwait is 
HbSD-Punjab. The patients carry the Xmn1 polymor-
phism on the HbS chromosome and have HbF levels of 
>20%, HbD of 30–45%, and HbS of 25–30% [63]. In spite 
of this low level of HbS, the patients have a uniformly se-
vere clinical course, much worse than in the average HbSS 
patient. It appears, therefore, that these patients are not 
protected by their high HbF levels, probably because the 
Glu/Gln substitution at codon 121 with a GAA/CAA at 
the DNA level creates strong pro-sickling bonds, with en-
hanced SD copolymerization that is not affected by FD 
hybrids. This theory is supported partially by the work of 
Adachi et al. [64].

Response to Hydroxyurea in Kuwaiti Patients

One-third of the patients in the Kuwait National SCD 
registry are on hydroxyurea (HU), mainly because of fre-
quent severe pain episodes or anemia [60]. Patients with 
previous ACS or stroke are also started on HU at a non-
escalating dose of 20 mg/kg per day. In a review of 38 pa-
tients on HU [65], we reported brisk clinical and hema-
tological response, with a strongly significant positive 
correlation between the pre- and post-HU HbF levels 
with increases of 10 to >400% over the baseline values.

There has always been a concern that HU may predispose 
these patients to osteonecrosis because of increased viscosity 
with elevated hematocrit following treatment. Our experi-
ence has, however, shown that this fear is not justified. We 
have followed many patients on HU for upwards of 15 years. 
Pre- and post-HU MRI of the hips have not suggested any 
increased predisposition to avascular necrosis of the femoral 
head; if anything, it tends to deter the appearance of new or 
progression of existing necrotic lesions [54, 55, 66].

Correlation of HbF to Clinical Phenotypes

While it appears that as a group, patients with elevated 
HbF levels have a mild phenotype, we have not found a 
direct correlation between HbF and clinical phenotypes. 
There were no significant differences in HbF levels in pa-
tients with AVN, gallstones, spleen dysfunction, or ACS 
[16, 55, 60]. Accounting for this may be the fact that most 
of the patients have high HbF levels, so that this is no lon-
ger a discriminating factor; large prospective studies 
would be needed to validate this hypothesis. Moreover, 
apart from absolute HbF levels, its cellular distribution 
(F-cell number) is very important in determining the 
pathophysiological role of HbF; the more pancellular, the 
better. Indeed, Steinberg et al. [67] suggested that rather 
than the total number of F-cells or the concentration of 
HbF, the HbF/F-cell and the proportion of F-cells that 
have enough HbF to thwart HbSpolymerization is the 
most critical predictor of the likelihood of severe SCD. 
Thus, the HbF distribution among our patients should be 
examined from this point of view.

Locally Relevant Genetic HbF Modifiers

It is quite evident that, even among patients carrying 
the AI haplotype, there is still considerable variation in 
the HbF levels. The questions, therefore, are what are the 
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relevant modifiers and are these similar to what have been 
reported from other parts of the world [32, 68–70]? In 
particular, are the other widely recognized QTL – BCL11A 
and the HMIP polymorphisms – relevant in this popula-
tion or are there other novel modifiers still to be uncov-
ered? Although the studies in this regard are sparse, there 
are some reports from Saudi Arabia and Kuwait. Ngo et 
al. [71] studied a group of patients from Saudi Arabia and 
noticed that they had a Gaussian distribution of HbF lev-
els. They found that variants in the BCL11A accounted for 
7.5% of HbF variance, while SNPs in the HMIP locus were 
not associated with HbF. They posited that although the 
patients were all homozygous for the HBB cis-acting ele-
ments studied, these alone could therefore not account 
for the heterogeneity in the HbF levels. The experience 
from Kuwait is similar, where SNPs in these 2 loci did not 
significantly influenceHbF expression in response to HU 
[65]. The rs7482144, which characterizes the AI haplo-
type, is associated with high HBG2 expression, but its 
functional role has never been fully determined, and there 
may be other SNPs that are also important. Indeed, al-
though Galarneau et al. [32] were able to replicate the as-
sociation between this SNP and HbF levels, another SNP, 
rs10128556 in the HBG1 locus, was more strongly associ-
ated by 2 orders of magnitude among their American pa-
tients.

Conclusions

There is, indeed, overwhelming biochemical and clini-
cal evidence that HbF ameliorates pathophysiological and 
clinical consequences of the sickling process. This is am-
ply illustrated with the SCD phenotype among Kuwaiti 
patients, who uniformly have elevated HbF levels. What is 
also evident from this group of patients is that in spite of 
these elevated HbF levels, the clinical phenotype is still 

quite heterogeneous. The factors responsible for this are 
multiple and still to be fully understood. By the same to-
ken, the recognized cis- and trans-acting QTL that modify 
HbF expression have not been shown to be that important 
among patients with the Arab/Indian haplotype. This in-
dicates that novel ethnocentric or haplotype-specific ge-
netic factors are still to be discovered. This makes research 
in this area quite challenging and fascinating.
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