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Abstract. Genetic factors influencing Hb F content in adult red blood cells in-
clude β-thalassemia genotypes, co-inheritance of a-thalassemia traits and single 
nucleotide polymorphisms (SNPs). Genotyping of a- and β-thalassemia and five 
SNPs in β-globin gene cluster previously identified in genome-wide association 
studies as being markers of elevated Hb F in β-thalassemia were performed in 81 
subjects diagnosed with β-thalassemia/Hb E. Hb F levels are higher (0.9-7.1 g/dl)  
in subjects (n = 57) with the severe compared to mild β-thalassemia (0.8-2.5 g/
dl) (n = 4) genotypes, and are similarly low (0.7-3.5 g/dl) in those (n = 15) with 
a-thalassemia co-inheritance. Hb F levels in non-thalassemia controls (n = 150) 
range from 0 to 0.15 g/dl. The presence of homozygous minor alleles of the 5 
SNPs are significant indicators of β-thalassemia/Hb E individuals with high  
Hb F (> 4 g/dl), independent of their thalassemia genotypes. Given that re-acti-
vation of γ-globin genes leads to amelioration of β-thalassemia severity, under-
standing how genetic factors up-regulate Hb F production may lead to possible 
therapeutic interventions, genetically or pharmacologically, of this debilitating 
disease in the not too distant future.
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moglobinopathy is usually found among 
Thais with β-thalassemia associated 
hemoglobin E (Hb E: a2β2

26E>K) (β-thal-
assemia/Hb E). Anemia of β-thalassemia 
stems from ineffective erythropoiesis and 
reduced life span of the circulating thalas-
semic red blood cells resulting from  toxic-
ity of unmatched a-hemoglobin molecules 
(Weatherall, 2001).  

In certain circumstances, severity of 
anemia in β-thalassemia is ameliorated 
by a concomitant inheritance of a-thalas-
semia 1 (--/aa genotype) (Winichagoon  
et al, 1985) or by elevated Hb F production 
(HPHF) (Fessas et al, 1961), conditions 
whereby the red cell burden of unmatched 
a-hemoglobins is reduced. In HPFH-6 

INTRODUCTION

β-Thalassemia is an autosomal reces-
sive blood disease common in Southeast 
Asia (and other regions of the world 
where malaria is or has been prevalent) 
caused mainly by substitutions/indels in 
β-globin gene, resulting in impaired β-
globin biosynthesis (Thein et al, 1990). The 
carrier frequency in Thailand is 1%-9% 
(Fucharoen and Winichagoon, 1992). He-
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and dβ0-thalassemia (due to deletion of 
both β- and d-globin genes), level of Hb F 
expression is up-regulated more in HPFH-
6 due to the removal of  BCL11A binding 
site at the upstream region of d-globin 
gene (Prakobkaew et al, 2013). BCL11A 
is the major g-globin gene repressor and 
its loss is associated with increase in Hb 
F level (Ghedira et al, 2013). A number of 
single nucleotide polymorphisms (SNPs) 
in the β-globin gene cluster has been re-
ported also to be strongly associated with 
elevated Hb F levels in β-thalassemia/Hb 
E (Ma et al, 2007).

Herein we report the associations of 
β-thalassemia genotypes, a-thalassemia 
co-inheritance and SNPs in the β-globin 
gene cluster with Hb F levels in β-thalas-
semia/Hb E subjects. 

 MATERIALS AND METHODS

Blood samples
Blood samples from 81 subjects diag-

nosed with β-thalassemia/Hb E and 150 
non-thalassemia individuals of > 1 year of 
age were obtained from the Blood Disease 
Diagnostic Laboratory, Department of Pa-
thology, Faculty of Medicine Ramathibodi 
Hospital, Mahidol University, Bangkok, 
Thailand. Blood samples were identified 
as β-thalassemia/Hb E or non-thalassemia 
using blood cell parameters, hemoglobin 
typing and DNA analysis (Thedsawad et al,  
2012). Complete blood count was con-
ducted using Sysmex XS-1000i analyzer 
(Kobe, Japan). Hb F content was quanti-
fied using a Variant-II high performance 
liquid chromatography (HPLC) system 
equipped with β-thalassemia Short Pro-
gram software (Bio-Rad, Hercules, CA). 
DNA was extracted from 300 ml of EDTA 
whole blood using a Maxwell-16 Blood 
DNA Purification kit (Promega, Madison, 
WI) for SNP genotyping.

The study protocol was approved by 
the Committee on Human Rights Related 
to Research Involving Human Subjects of 
Ramathibodi Hospital (MURA 2011/619), 
and written informed consents were 
obtained from subjects or legal guardian 
prior to enrollment in the study.
Thalassemia genotyping 

Genotyping of a- and β-thalassemias 
were performed using PCR-based meth-
ods as previously described (Thedsawad 
et al, 2012; Siriworadechkul et al, 2014). 
In brief, common a-thalassemia 1 (--SEA, 
--THAI and –FIL deletions), a-thalassemia 
2 (-a3.7 and -a4.2 deletions), Hb Constant 
Spring (CS) (-aCS) and Hb Pakse (-aPakse) 
were detected using multiplex Gap-PCR 
and amplification refractory mutation 
system (ARMS) PCR. β-thalassemia 
mutations were identified by multiplex 
ARMS-PCR.

SNP genotyping
Five SNPs in the non-coding regions 

of the β-globin gene cluster were selected 
from previous genome-wide association 
studies (GWAS) based on significant asso-
ciations with β-thalassemia/Hb E disease 
severity (p-value < 10-8) and percent Hb F  
(p < 0.05) (Table 1) (Nuinoon et al, 2010; 
Sherva et al, 2010). Three SNPs are located 
on up-stream and down-stream regula-
tory regions of Gg-globin gene (rs2855122, 
rs2855125 and rs7482144) and two be-
tween ψβ- and δ-globin genes (rs2071348 
and rs4910543) (Fig 1). SNP genotypes 
were determined employing a multiplex 
ARMS-PCR with primers listed in Table 2. 
ARMS-PCR was carried out in 30-µl vol-
ume containing 5 µl of 5X PCR buffer, 0.2 
mM dNTPs, 1 mM MgCl2, 0.05 U Taq DNA 
polymerase (Promega, Madison, WI), 6.7 
mM dithiotreitol, 27-107 nM primers, 50 
nM β-actin primers (internal control) and 
100-150 ng of DNA sample. Thermocy-
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Fig 1–Schematic diagram of the positions of SNPs in β-globin gene cluster. Arrows depict primer 
locations. Black and white band in gene depicts exon and intron region, respectively. X, SNP 
location.

cling (performed in PCR thermal cycler; 
Eppendorf, Germany) conditions were 
as follows: 95°C for 5 minutes; followed 
by 30 cycles of 97°C for 45 seconds, 60°C 
for 45 seconds, and 72°C for 1 minute; 
with a final step at 72°C for 5 minutes. 
Amplicons were analyzed by 2% agarose 
gel-electrophoresis and ethidium bromide 
staining, then were extracted from gel 
using NucleoSpinÒ Gel and PCR Clean 
Up kit (Machery-Nagel, Germany) and 
sequenced (1st Base Laboratory; Selangor, 
Malaysia).
Statistical analysis

Hardy-Weinberg equilibrium and 
allele frequency were analyzed using 
Haploview software (Broad Institute, 
Camgridge, MA). Associations of SNPs in 
β-thalassemia/Hb E and non-thalassemic 
control samples were analyzed using 
chi-square or Fisher’s exact test. Hb F 
amounts associated with SNPs were 
compared employing Mann-Whitney U 
test with SPSS software version 16 (IBM, 
Armonk, NY). Statistical significance is 
accepted at p < 0.05.

RESULTS

Association of β-thalassemia genotypes 
with Hb F and total Hb levels

Of the 61 β-thalassemia/Hb E samples 
(without concomitant a-thalassemia al-
lele), there were 46 cases of  β0-thalassemia 
[19 with cd41/42 (-TTCT), 20 with cd17 
(A>T), 2 with IVSI-1 (G>T), 2 with cd71/72 
(+A), and 1 each with cd27/28 (+C), cd26 
(G>T) and cd43 (G>T) mutations], 11 of 
β+severe-thalassemia [IVSII-654 (C>T) muta-
tion]  and 4 of β+-thalassemia (nt-28 (A>G) 
mutation]. The ranges of Hb F and total 
Hb levels in β0-thalassemia/Hb E, β+severe-
thalassemia/Hb E, and β+-thalassemia/Hb 
E samples were 0.9-7.1 (median = 2.5) and 
4.9-12.1 (median = 7.2), 1.5-6.1 (median = 
2.4) and 5.0-10.1 (median = 6.7), and 0.8-
2.5 (median = 1.1)  and 8.4-9.5 (median 
= 9.2) g/dl, respectively. Statistically sig-
nificant higher Hb F amounts are found 
in subjects with β0- and β+severe- than β+-
thalassemia genotype, p = 0.017 and 0.040, 
respectively. No difference in Hb F level is 
found between β0- and β+severe-thalassemia 
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Fig 2–Box plots of Hb F levels associated with SNP genotypes in β0-thalassemia/Hb E subjects (n = 
46). Box represents 25% and 75% interval.  Bar in box is median, and the upper and lower bars 
represent maximum and minimum values. P = p-value, with statistical significance at < 0.05.
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Table 1
SNPs in β-globin gene cluster investigated in the study.

SNP ID Position on Gene  Association (p-value)b 
 chromosome 11a  
   Disease severity Percent Hb F

rs4910543 5277723 HBBP1-HBD 2.82E-11 1.05E-18
rs2071348 5264146 HBBP1 2.96E-13 3.03E-19
rs2855125 5273687 HBG2 8.80E-09 0.01
rs7482144 5276169 HBG2 4.40E-09 0.04
rs2855122 5277236 HBG2 2.80E-10 0.17

aNCBI build 37.2 and NC_000011.9. bNuinoon et al (2010); Sherva et al (2010).

Table 2
Primers used in multiplex-ARMS-PCR detection of SNPs.

Primer  Sequence (5’ –– 3’) Tm (°C) GC content  Amplicon 
    (%) size (bp)

F1  AGTTGACTTCCATTCTAACCCAC 57.1 43.5 255
 R1M GAGGTCAGAGGTTAGAAATCAGAG 61.0 45.8 
 R1mi GAGGTCAGAGGTTAGAAATCAGAC 61.0 45.8 
F2  TGAAAGAGGGATTAGCCCG 58.7 52.6 507
 R2M TGGTAAGTGGCCTTCCATTATT 56.5 40.9 
 R2mi TGGTAAGTGGCCTTCCATTATG 58.4 54.8 
F3  GGGGCAATACTATTTCCAACG 57.9 47.6 312
 R3M GCTGACTTGTGAGCTTCTGCG 61.8 57.1 
 R3mi GCTGACTTGTGAGCTTCTGCT 59.8 52.4 
F4  GGGTGCCTACATACATACCTGAA 60.6 47.8 628
 R4M GGTGGAGTTTAGCCAGGGAC 61.4 60.0 
 R4mi GGTGGAGTTTAGCCAGGAAC 59.3 55.0 
F5  GATCCCCTATCTTAAAGAGACCCTA 61.3 44.0 435
 R5M ATCCATGACCTTGGTAGATTATGAT 58.1 36.0 
 R5mi ATCCATGACCTTGGTAGATTATGAC 59.7 40.0 

genotype, p = 0.848. Hb F levels in 150 
non-thalassemic control individuals were 
0-0.15 g/dl.
Co-inheritance of a-thalassemia genotypes 
and Hb F and total Hb levels in β-thalas-
semia/Hb E

As Hb F and total Hb levels in β-
thalassemia/Hb E have been shown to be 
affected by concomitant inheritance of 

a-thalassemia traits (Sripichai et al, 2008), 
the presence of the latter genotypes among 
the test subjects were identified. There 
were 13 β0-thalassemia/Hb E subjects with 
co-inheritance of a-thalassemia 2 trait (12 
with -a3.7 and 1 with -a4.2) and one subject 
with heterozygous Hb CS, having Hb F 
level of 0.7-3.0 (median = 1.6) and 3.5 g/dl, 
respectively and total Hb level of 6.5-9.9 
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Table 3
Genotype and minor allele frequencies of SNPs in non-thalassemia and β-thalassemia/

Hb E subjects.

SNP ID Genotype  Non-thalassemia (N = 150)  β-thalassemia/Hb E (N = 81)

  n GF MAF n GF MAF

rs4910543 G/G 81 0.540  13 0.160 
 G/C 55 0.367  59 0.728 
 C/C 14 0.093 0.277 9 0.112 0.475
rs2071348 A/A 111 0.740  19 0.235 
 A/C 32 0.213  57 0.703 
 C/C 7 0.047 0.153 5 0.062 0.414
rs2855125 C/C 81 0.540  13 0.160 
 C/A 55 0.367  60 0.741 
 A/A 14 0.093 0.277 8 0.099 0.469
rs7482144   C/C 106 0.707  19 0.235 
 C/T 38 0.253  57 0.703 
 T/T 6 0.040 0.167 5 0.062 0.414
rs2855122 A/A 78 0.520  13 0.160 
 A/G 58 0.387  60 0.741 
 G/G 14 0.093 0.287 8 0.099 0.469

GF, genotypic frequency; MAF, minor allele frequency; N and n, number of subjects.

(median = 8.5) and 8.5 g/dl, respectively. 
Statistically significant lower Hb F levels 
are observed in β0-thalassemia/Hb E sub-
jects with a-thalassemia trait having high 
(> 8.0 g/dl; n = 12) and moderate (6-8 g/dl; 
n = 3) total Hb level compared with those 
with no concomitant a-thalassemia trait 
(11, 26 and 9 having total Hb level > 8.0, 
6-8 and < 6 g/dl, respectively) (p  = 0.009).

Association of SNP genotypes and Hb F 
levels in β-thalassemia/Hb E subjects

Hardy-Weinberg equilibrium values 
among all 5 SNPs genotypes in non-
thalassemia samples are not statistically 
different (data not shown). Frequencies 
of the 5 SNPs in β-thalassemia/Hb E are 
significantly different from those in non-
thalassemia individuals (p  < 0.001) (Table 
3). Homozygosity in minor allele frequen-
cies (MAFs) and heterozygous genotypes 

are higher in β-thalassemia/Hb E, whereas 
homozygosity of the major alleles is found 
mainly in non-thalassemia subjects. Ir-
respective of the thalassemia genotypes, 
statistically significant higher Hb F levels 
are present in β-thalassemia/Hb E sub-
jects with homozygosity of minor alleles 
for all 5 SNPs (p < 0.05) (Fig 2). All those 
carrying homozygous minor alleles have 
total Hb level > 8.0 g/dl and the majority 
(81%-83%) of the cases with heterozygous 
minor alleles have mild (total Hb level > 8 
g/dl) to moderately severe (total Hb level 
of 6-8 g/dl) anemia.

DISCUSSION

It is well accepted that HPHF can 
decrease β-thalassemia severity, but the 
mechanisms by which the two γ-globin 
genes are activated remain unclear (El-
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Beshlawy et al, 2009). However Hb F level 
can be affected by many conditions other 
than those considered in this study, such 
as age < 1 year, pregnancy and recent 
blood transfusion (Boyer et al, 1975; Edoh 
et al, 2006; Mosca et al, 2009), and so such 
individuals were excluded from the study. 

Three genetic factors influencing Hb 
F levels in adult red blood cells, namely, 
β-thalassemia genotype, a-thalassemia 
co-inheritance and 5 SNPs in β-globin 
gene cluster were investigated in 61 β-
thalassemia/Hb E subjects. Higher levels 
of Hb F were detected in β-thalassemia/
Hb E samples with severe β-thalassemia 
genotypes compared to the less severe 
forms and this phenomenon may be due 
to a compensatory effect. This is consistent 
with reports of low Hb F levels present in 
β0-thalassemia/Hb E individuals whose 
anemia severity are ameliorated by co-
inheritance of a-thalassemia 2 trait or 
Hb CS (Winichagoon et al, 2000; Sripichai  
et al, 2008). 

Independent of the thalassemia geno-
types, homozygosity of the minor al-
leles of all 5 SNPs located in β-globin 
gene cluster, chosen for their significant 
association with high Hb F level and 
disease severity from a previous GWAS 
(Nuinoon et al, 2010; Sherva et al, 2010), 
are significant genetic markers of high  
Hb F. Remarkably, one case of β0-thalas-
semia/Hb E [cd43(G>T)] with homozygous 
minor alleles for all 5 SNPs had normal 
total Hb level (12 g/dl) and high Hb F level 
(7.1 g/dl). The rs7482144 (-153 Gg XmnI 
polymorphism) is known as a quantita-
tive trait locus for high Hb F production in 
β-thalassemia (Thein et al, 2009; Nuinoon  
et al, 2010; Oberoi et al, 2011), and the other 
SNPs may be linked (haplotype) or are 
independent informative genetic markers 
of HPHF.

In summary, among β-thalassemia/
Hb E subjects in this study higher levels 
of Hb F are associated with β-thalas-
semia/Hb E carrying severe than mild 
β-thalassemia mutations, co-inheritance 
of a-thalassemia trait or heterozygous 
Hb CS. Homozygosity of the five minor 
SNP alleles located in the β-globin gene 
cluster are independent genetic markers 
of elevated Hb F levels in β-thalassemia/
Hb E individuals. An understanding of 
these and other genetic (and epigenetic) 
factors underlying HPHF should lead to 
possible therapeutic interventions, either 
genetically or pharmacologically, to ame-
liorate the severity of this debilitating 
hereditary anemic disease that affects a 
sizeable population of Southeast Asia.

ACKNOWLEDGEMENTS

This study was supported by a re-
search grant from the Faculty of Medicine 
Ramathibodi Hospital, Mahidol Uni-
versity. The authors thank Prof Prapon 
Wilairat for correcting the English of the 
manuscript.

REFERENCES

Boyer SH, Belding TK, Margolte L, et al. Varia-
tions in the frequency of fetal hemoglobin-
bearing erythrocytes (F-cells) in well 
adults, pregnant women, and adult leuke-
mics. Johns Hopkins Med J 1975; 137: 105-15.

Edoh D, Antwi-Bosaiko C, Amuzu D. Fetal he-
moglobin during infancy and in sickle cell 
adults. Afr Health Sci 2006; 6: 51-4.

El-Beshlawy A, Hamdy M, El Ghamrawy M. 
Fetal globin induction in beta-thalassemia. 
Hemoglobin 2009; 33 (suppl 1): S197-203.

Fucharoen S, Winichagoon P. Thalassemia in 
Southeast Asia: problems and strategy for 
prevention and control. Southeast Asian J 
Trop Med Public Health 1992; 23: 647-55.

Fessas P, Stamatoyannopoulos G, Karaklis A. 



Genetic Factors and Hb F in β-Thalassemia/hb e

Vol  47  No. 1  January  2016 91

Hereditary persistence of foetal haemoglo-
bin and its combination with alpha and be-
ta-thalassaemia. 8th Congress of European 
Society of Haematology. Vianna: European 
Society of Hematology, 1961: 302. 

Ghedira ES, Lecerf L, Faubert E, et al. Estimation 
of the difference in HbF expression due 
to loss of the 5’ d-globin BCL11A binding 
region. Haematologica 2013; 98: 305-8.

Ma Q, Abel K, Sripichai O, et al. Beta-globin 
gene cluster polymorphisms are strongly 
associated with severity of HbE/beat(0)-
thalassemia. Clin Genet 2007; 72: 497-505.

Mosca A, Paleari R, Leone D, Ivaldi G. The rel-
evance of hemoglobin F measurement in 
the diagnosis of thalassemias and related 
hemoglobinopathies. Clin Biochem 2009; 
42: 1797-801.

Nuinoon M, Makarasara W, Mushiroda T, et al. 
A genome-wide association identified the 
common genetic variants influence disease 
severity in beta0-thalassemia/hemoglobin 
E. Hum Genet 2010; 127: 303-14.

Oberoi S, Das R, Panigrahi I, Kaur J, Marwaha 
RK. Xmn1-G gamma polymorphism and 
clinical predictors of severity of disease in 
beta-thalassemia intermedia. Pediatr Blood 
Cancer 2011; 57: 1025-8.

Prakobkaew N, Fucharoen S, Fucharoen G, 
Siriratmanawong N. Phenotypic expres-
sion of Hb F determinants in Thailand: 
roles of a-thalassemia, 5’ d-globin BCL11A 
binding region and 3’ β-globin enhancer. 
Eur J Haematol 2013; 92: 73-9.

Sherva R, Sripichai O, Abel K, et al. Genetic 
modifiers of Hb E/beta0 thalassemia identi-
fied by a two-stage genome-wide associa-
tion study. BMC Med Genet 2010; 11: 51.

Siriworadechkul S, Jindadamrongwech S, 
Chuncharunee S, Auparakkitanon S. 
Implication of globin gene expression, 
hemoglobin F and hemoglobin E levels on 
β-thalassemia/Hb E disease severity. Ann 
Clin Lab Sci 2014; 44: 437-42.

Sripichai O, Munkongdee T, Kumkhaek C,  
Svasti S, Winichagoon P, Fucharoen S. Co-
inheritance of the different copy numbers 
of alpha-globin gene modifies severity of 
beta-thalassemia/Hb E disease. Ann Hema-
tol 2008; 87: 375-9.

Thedsawad A, Jindadamrongwech S, Chuncha-
runee S, Butthep P. Multiplex ARMS-PCR 
analysis for nineteen β-thalassemia mu-
tations. J Hematol Transfus Med 2012; 22: 
31-40.

Thein SL, Winichagoon P, Hesketh C, et al. The 
molecular basis of beta-thalassemia in 
Thailand: application to prenatal diagno-
sis. Am J Hum Genet 1990; 47: 369-75.

Thein SL, Menzel S, Lathrop M, Garner C. 
Control of fetal hemoglobin: new insights 
emerging from genomics and clinical im-
plications. Hum Mol Genet 2009; 18(R2): 
R216-23.

Weatherall DJ. Phenotype-genotype relation-
ships in monogenic disease: lessons from 
the thalassaemias. Nat Rev Genet 2001; 2: 
245-55.

Winichagoon P, Fucharoen S, Chen P, Wasi P. 
Genetic factors affecting clinical sever-
ity in β-thalassemia syndromes. J Pediatr 
Hematol/Oncol 2000; 22: 573-80.

Winichagoon P, Fucharoen S, Weather-
all DJ, Wasi P. Concomitant inheritance 
of a-thalassemia in β0-thalassemia/Hb E 
disease. Am J Hematol 1985; 20: 217-22.


