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ABSTRACT 

Thalassemia is considered a major health 

burden in the Southeast Asian and Indian populations. 

Patients with β-thalassemia display disease 

heterogeneity ranging from nearly asymptomatic to 

severe anemia with complications. Increased levels of 

fetal hemoglobin (HbF) can ameliorate the clinical 

severity of β-thalassemia patients. The HbF production 

is influenced by many quantitative trait loci (QTL). 

Three major HbF-QTLs are the BCL11A gene, the 

HBS1L-MYB intergenic region (HMIR), and the β-

globin (HBB) gene cluster. Therefore, this study aimed 

to evaluate the influence of these genetic modifiers 

(BCL11A, rs766432; HMIR, rs4895411; and HBB 

cluster, rs2071348) on the HbF levels in Bangladeshi 

patients with β-thalassemia/HbE disease. The cohort 

study comprised of 90 patients with β-thalassemia/HbE 

disease from in and around the area of Chittagong, 

Southeast Bangladesh. The HbF levels ranged from 

7.9% to 59.1%. The results showed that levels of HbF 

were primarily influenced by alleles of the HBB cluster 

(rs2071348), and to a lesser extent by rs766432 

HBL11A gene and HMIP (rs4895441) loci. The 

rs2071348 SNP explained 12.5% of the variation in the 

HbF levels, while 3.6% and 3.9% of trait variation were 

explained by rs766432 and rs4895441, respectively. In 

a case-control model of the low and high HbF analysis, 

we found that genotypes AC and AA (p = 2.0×10-4) and 

the allele C (p = 2.0×10-4) of rs2071348, and genotypes 

AG and GG (p = 0.02) and the allele G (p = 0.05) of 

rs4895441were associated with a significantly higher 

frequency with high HbF. However, the rs766432 did 

not exhibit such features. Our results suggest these 

three major HbF-QTLs as the influencing phenotypic 

factors of β-thalassemia in Bangladeshi β-thalassemia/HbE 

patients. 

Keywords: β-thalassemia; HbE; fetal hemoglobin; 

HbF; SNPs 

 

INTRODUCTION 

 β-Thalassemia/HbE is a monogenic disorder 

caused by a compound heterozygous mutation of the β-

globin gene. Patients with β-thalassemia/HbE co-

inherit the β-thalassemia allele with the structural 

variant hemoglobin E (HbE; c.79G>A (p.Glu27Lys)). 

The condition presents with exceptional and variable 

clinical symptoms ranging from a mild asymptomatic 

anemia to a transfusion-dependent thalassemia 

(Sripichai et al., 2008). The reduction of β-globin chain 

synthesis in β-thalassemia causes an excess of 

unbounded α-globin chains, which precipitate in 

erythroid cells, leading to ineffective erythropoiesis 

and a shortened lifespan of red blood cells (Fucharoen 

and Weatherall, 2016). Therefore, the degree of 

imbalance between the α-globin chains and the non-α-

globin chains dictates the phenotypic severity of the 

disorder. Increased production of the γ-globin chains 

can thus modulate the β-thalassemia disease severity 

by reducing the pool of free α-chains (Weatherall, 

2001). In particular, an increase in the levels of fetal 

hemoglobin (HbF; α2γ2) in many studies was shown to 

affect the clinical outcome of patients with β-thalassemia 

(Sripichai and Fucharoen, 2016). Remarkably, the 

diversity of HbF levels is strongly influenced by 

genetic factors.  

Genome-wide association studies (GWAS) 

have identified quantitative trait loci (QTL) harboring 

single nucleotide polymorphisms (SNPs) showing 

strong associations with HbF levels. The major HbF-

QTLs include the BCL11A gene on chromosome 2p16.2 

(Menzel et al., 2007; Uda et al., 2008; Nuinoon et al., 

2010), the HBS1L-MYB intergenic region (HMIR) on 
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chromosome 6q23.3 (Thein et al., 2007; Lettre et al., 

2008; Nuinoon et al., 2010), and the β-like-globin gene 

cluster (HBB cluster) on chromosome 11p15.5 (Lettre 

et al., 2008; Thein et al., 2009; Nuinoon et al., 2010). 

Several genetic association studies in different 

populations have shown that the impact of each variant 

on the variation of HbF levels could be population-

specific and is dependent on the genetic background 

and frequency of each HbF-associated allele (Menzel 

et al., 2007; Lettre et al., 2008; Galarneau et al., 2010; 

Thein, 2013)   

However, the genetic basis of the β-

thalassemia/HbE disease heterogeneity and the 

genotype-phenotype association are not entirely clear. 

Several HbF-QTLs previously identified in other 

populations have not yet been assessed in Bangladeshi 

individuals. Therefore, the aim of this study was to 

evaluate the associations between genetic variations in 

the major HbF-QTLs, namely BCL11A, HMIR and 

HBB cluster, and the HbF levels in Bangladeshi 

patients with β-thalassemia/HbE disease.  

 

MATERIALS AND METHODS 

Study population 

 A total of 90 unrelated β-thalassemia/HbE 

patients (38.9% were female) with different HbF levels 

were recruited. The patient ages were 1-43 years (mean 

age 11.2  8.2 years; median age 9 years). The HbF 

levels were determined by high performance liquid 

chromatography (HPLC) using the VARIANT™ 

Hemoglobin Testing System (β-Thalassemia Short 

Program, Bio-Rad Laboratories, Hercules, CA, USA). 

The levels of HbF in this cohort ranged from 7.9% to 

59.1%, the mean was 27.3% (SD 13.1) and the median 

was 24.6%. Forty-four subjects with HbF levels > 25% 

were classified as high HbF whereas 46 subjects with 

HbF levels < 25% were categorized as low HbF. The 

study was approved by the Institutional Ethical 

Committee (IEC) in accordance with the Declaration of 

Helsinki; certificate of approval number 

2010/010.0701. Written informed consent was 

obtained from all participants or their respective 

parents in the case of children. 

 

Genotyping 

 Genomic DNA was extracted from peripheral 

blood using the Gentra Puregene blood kit (Qiagen 

Science, Germantown, MD, USA) following the 

manufacturer’s instructions. The quality and quantity 

of DNA were measured by a Nano Drop 

spectrophotometer. The β-thalassemia and HbE 

mutations were confirmed by the GenoFlow Beta 

thalassemia array test kit (DiagCor Bioscience, Hong 

Kong, China). Three SNPs were chosen for this study 

based on the previous studies that reported genetic 

variants most strongly associated with increased HbF 

levels in β-thalassemia/HbE patients; BCL11A 

(rs766432), HMIP (rs4895441), and HBB cluster 

(rs2071348). SNPs were genotyped by a PCR-HRM 

assay using specific primers (oligonucleotide sequences 

available upon request). Allelic discrimination was 

carried out using SsoFast EvaGreen Supermix (Bio-rad 

Laboratories, Hercules, CA, USA) in a CFX Connect™ 

Real-Time PCR machine (Bio-rad Laboratories). 

 

Statistical analysis 

 The genotypic distribution frequencies of all 

polymorphisms were analyzed for Hardy-Weinberg 

equilibrium (HWE). The association between the HbF 

levels and the SNPs was analyzed by linear regression 

under an additive genetic model and by a case-control 

model of low and high HbF levels (the cutoff value was 

set up by the median at 25% HbF). Odds ratio (OR) and 

95% confidence intervals (CIs) were calculated for 

association of high and low HbF phenotypes with 

genotypic and allelic tests. All analyses were conducted 

using the statistical package R, version 2.5.1. A P-value 

below 0.05 was considered statistically significant. 

 

RESULTS 

The minor allele frequencies (MAF) and 

HWE observed for the three HbF-associated 

polymorphisms in the total sample were displayed in 

Table 1. The minor allele of the HBB cluster SNP 

rs2071348 was C, accounting for 34% of the total 

chromosomes. By contrast, the HMIP SNP, rs4895441 

only had 10% of the minor allele G, with a GG 

homozygosity percentage of 1%. Meanwhile, the C 

allele of the BCL11A SNP rs766432 constituted 1.4% 

of the whole chromosomes examined, whereas 

homozygous CC was not present in this cohort. The 

genotype distributions of rs766432 and rs4895441were 

in agreement with the Hardy-Weinberg equilibrium 

(HWE; P > 0.05), but the rs2071348 was not in HWE 

(P = 0.0007). 

The distribution of HbF levels within each 

genotype group of the three HbF- associated SNPs was 

examined, as shows in box-plots in Figure 1. β-

Thalassemia/HbE patients who were homozygous for 

the major ancestral alleles, AA for rs766432, AA for 

rs4895441 and AA for rs2071348, showed lower HbF 

values when compared to those with the derived 

alleles. The CC and AC genotypes of rs2071348 in the 

HBB gene cluster showed the higher mean HbF levels  
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Table 1. HbF association results for the SNPs BCL11A rs766432, HMIR rs4895441 and HBB gene cluster 

rs2071348 in Bangladeshi patients with β-thalassemia/HbE disease. 

Chr:position Gene SNP Variant 
MAF 

(allele) 

P-

HWE 
β (SE) 

Variance 

explained (%) 
P 

2:60492835 BCL11A rs766432 A/C 0.14 (C) 0.463 6.23 (2.99) 3.63 0.040 

6:135105435 HMIP rs4895441 A/G 0.10 (G) 1.000 6.82 (3.17) 3.94 0.034 

11:5242916 HBB cluster rs2071348 A/C 0.34 (C) 0.0007 5.71 (1.54) 12.47 0.0004 

Abbreviations: MAF: minor allele frequency; p-HWE: P-value for Hardy–Weinberg Equilibrium; HMIR: HBS1L-MYB intergenic region. 

The table includes the effect sizes of the minor allele (regression coefficient beta, β), standard error (SE) and P-values for the HbF levels using 

a linear regression model. Chromosome position (Chr:position) is according Ensembl. 

 

(33.1±11.6% and 33.4±15.2%, respectively) than the 

AA genotype (22.8±11.2%). The AC genotype of 

BCL11A SNP rs766432 showed high HbF levels of 

31.7±13.1 % as compared to the AA genotype 

(25.5±12.7%). Similarly, the AG genotype of HMIP 

SNP rs4895441 showed higher HbF levels 

(35.3±13.0%) in comparison to the AA genotype 

(25.7±12.6%). Regression analysis under an additive 

genetic model was carried out to examine the impact of 

SNPs in modifying levels of HbF in the patients. The 

results showed that rs766432, rs4895441 and rs2071348 

polymorphisms displayed similar correlation coefficient 

values (6.23%, 6.82% and 5.71%, respectively) in 

increasing HbF level. The HbF phenotypic variation 

was explained by the three loci from 23.5% to 30.1%. 
These three SNPs explained more variation in the HbF 

levels than the cumulative sum of the phenotypic 

variance explained by the SNPs individually (7.3% 

compared to 6.8%), although the difference was not 

statistically significant. The rs2071348 SNP was more 

strongly associated with the HbF levels (P = 4.0×10-4) 

than rs766432 and rs4895441 (P = 0.04 and 0.03, 

respectively) and accounted for 12.5% of the trait 

variance. The effect of these three HbF-associated 

SNPs could explain 20% of phenotypic variation in the 

HbF levels.  

To further analyze the distribution 

frequencies of genotypes and alleles, the β-

thalassemia/HbE patients were divided into two 

groups, a high HbF group (n = 44; range 25.5% to 

59.1%, mean HbF = 37.8±10.2%), and a low HbF 

group (n = 46; range 7.9% to 24.7%, mean HbF = 

17.2±5.1%) according to the cutoff value of 25% HbF 

(Table 2). The mean HbF levels differ significantly 

between the two groups (P = 1.2×10-17). The case-

control study showed significant associations between 

levels of HbF and the HBB cluster SNP rs2071348 (OR 

= 5.56; 95% CI, 2.27–14.29; P = 2.0×10-4) and HMIP 

SNP rs4895441 (OR = 4.35; 95% CI, 1.41–16.67; P = 

0.02) (Table 2). We found that the C allele of 

rs2071348 and the G allele of rs4895441 had a 

significantly higher frequency in the high HbF group 

than the low HbF group (P = 7.0×10-4 and 0.05, 

respectively). Although, the linear regression models 

revealed a statistical significant association between 

BCL11A SNP rs766432 and levels of HbF, this SNP 

was not found to correlate with the HbF levels in the 

case-control model of low and high HbF analysis. 

 
Figure 1 Box plots showing the distribution of HbF 

levels within genotypes of the SNPs BCL11A 

rs766432, HMIR rs4895441 and HBB gene cluster 

rs2071348 in Bangladeshi patients with β-thalassemia/HbE 

disease. Each rectangle represents the data between the 

25th and 75th quartiles, and the bar within each 

rectangle is the median value for HbF.
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Table 2. Distribution frequencies of genotypes and alleles for the SNPs BCL11A rs766432, HMIR rs4895441 and 

HBB gene cluster rs2071348 in the high and low HbF groups of Bangladeshi β-thalassemia/HbE patients. 

SNPs 
HbF 

Group 
Genotypes P OR (95% CI) 

Alternative 

allele 

Reference 

allele 
P OR (95% CI) 

rs766432  AC+CC AA   C A   

 High 14 30 0.545 1.32 (0.53-3.33) 14 74 0.549 1.32 (0.53-3.34) 

  Low 12 34     8 80     

rs4895441   AG+GG AA     G A     

 High 13 31 0.017 4.35 (1.41-16.67) 13 75 0.047 3.05 (1.08-10.14) 

  Low 4 42     5 87     

rs2071357  AC+CC AA   C A   

 High 28 16 0.0002 5.56 (2.27-14.29) 44 44 0.0007 2.64 (1.54-4.79) 

  Low 11 35     17 75     

Abbreviations: SNPs: single nucleotide polymorphisms; HbF: fetal hemoglobin; OR (95% CI): odds ratio (95% confidence interval). 

 

DISCUSSION 

The reactivation of γ-globin expression in β-

thalassemia patients is a response to the reduced level 

of β-globin synthesis due to the β-thalassemia 

mutation. The high levels of HbF production contribute 

to the amelioration of the β-thalassemia clinical 

manifestations and disease severity. In this study of 90 

Bangladeshi β-thalassemia/HbE patient cohort, the 

range of HbF levels was 7.9–59.1%. According to a 

systematic review, this level was in accordance with 

previous studies where HbF levels were found to be 7–

70% (Sripichai and Fucharoen, 2016). Genetic variants 

in three modifier loci; the BCL11A gene, the HBS1L-

MYB intergenic region and the β-globin like gene 

cluster, have been proved to be the major factors that 

can regulate the expression of HbF in different ethnic 

populations. Similarly, SNPs rs766432 in the BCL11A 

gene, rs4895441 in the HMIR and rs2071348 in the 

HBB cluster were identified to be significantly 

associated with the HbF levels in our cohort. This is the 

first report on the association between these modifier 

loci and HbF values in Bangladeshi population. 

The rs2071348 A/C polymorphism, located at 

the intergenic region between the HBPB and the HBD 

genes in the HBB cluster, has shown the strongest 

association with the HbF levels in the cohort of 618 

Thai patients with β-thalassemia/HbE (Nuinoon et al., 

2010). Another study in Indonesian patients also 

showed that rs2071348 was associated with HbF levels 

(Nuinoon et al., 2010). High-risk genotypes and alleles 

of SNP rs2071348 (CC and AC, allele C) were 

determined to be susceptible to having high HbF levels 

in this study, which demonstrated that there was no 

difference in racial difference for this variant. In 

addition, the C allele of rs2071348 was significantly 

more frequent in mildly affected β-thalassemia/HbE 

patients than in severely affected patients, suggesting 

that this SNP may help to predict the disease severity 

(Sherva et al., 2010). 

Studies in populations in Europe and Asia 

showed that several polymorphisms in the HBS1L-

MYB intergenic region had a strong relationship with 

high HbF levels in both β-hemoglobinopathy patients 

and normal individuals (Thein et al., 2007; Sherva et 

al., 2010; Makani et al., 2011). In this study, the 

rs4895441 SNP was selected to evaluate the effect on 

HbF levels, and the significant effect was observed by 

the G allele. We found the rs4895441 SNP had 

significant correlation with the HbF levels in both 

regression analysis and the case-control study, 

replicating previous findings in Thai and Indonesian 

patients. The frequency of the G allele in our study was 

10%, which is lower than approximately 18% in Thai 

and Indonesian. However, this study is carried out in a 

small cohort of Bangladeshi β-thalassemia/HbE 

patients. Disruption in the intergenic region between 

the HBS1L and MYB leads to elevated HbF expression 

(Farrell et al., 2011; Suzuki et al., 2013) through the 

reduction of transcription factor bindings that affect 

long-range interactions with MYB, resulting in reduced 

MYB expression (Stadhouders et al., 2014). MYB is an 

erythroid transcription factor, whose down-regulation 

in adult erythroid cell was reported to result in 

increased γ-globin expression with reduced cell 

expansion and accelerated erythroid differentiation 

(Jiang et al., 2006; Soza-Ried et al., 2010), suggesting 

that levels of MYB might affect HbF production 

through its influence on the cell cycle. HBS1L is a G-

protein/elongation factor involved in a variety of 

cellular processes. But overexpression of HBS1L in 

K562 erythroid cells did not affect the γ-globin 

expression (Jiang et al., 2006).  

Our data in β-thalassemia/HbE patients 

showed nominal statistically significant associations 
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between BCL11A SNP rs766432 and the HbF levels. 

rs766432 is known to correlate with the levels of HbF 

in various cases of β-hemoglobinopathies in Thai, 

Chinese, Middle East, European, and African 

populations (Sedgewick et al., 2008; Nuinoon et al., 

2010; Akinsheye et al., 2012; Pule et al., 2015). Thus, 

our finding is in line with previous studies, confirming 

that the rs766432 SNP has a significant correlation 

with increasing HbF levels among thalassemia 

patients. However, case-control models that assess the 

correlation of variants in patients with HbF levels 

between high and low HbF (the considered cutoff point 

of 25%) did not show significant association between 

HbF and rs766432. The absence of significant 

association between rs766432 and the HbF levels may 

be explained by the low population frequency of this 

variant, with a 1.4% frequency for the minor C-allele 

in the cohort. BCL11A is a regulator responsible for γ-

globin to β-globin gene switching (Sankaran et al., 

2008). BCL11A interacts with other repressor factors 

to form a repressor complex, thereby silencing the γ-

globin gene in adult erythroid cells. The rs766432 SNP 

is located within an erythroid-specific enhancer of 

BCL11A and likely to influence BCL11A expression 

(Bauer et al., 2013).  

In conclusion, our results suggest that the 

level of HbF in Bangladeshi β-thalassemia/HbE 

patients is strongly associated with the HBB gene 

cluster rs2071348, but also with BCL11A rs766432 and 

HMIR rs4895441. The effect of these three HbF-

associated SNPs explained for 20% of the variance in 

HbF levels in this cohort. A larger sample size is 

needed and the mechanistic function(s) of these 

modifier loci should be explored in future studies. 
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