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Abstract

The genotype and phenotype correlation between coinheritance of heterozygous

beta-thalassemia with the alpha-globin triplication is unclear. In this study we have

investigated and reviewed alpha triplication frequency in beta-thalassemia carriers,

sickle cell trait, and healthy individuals and its effect on hematological and pheno-

typical changes. In this study, 4005 beta-thalassemia carriers, 455 sickle cell trait,

and 2000 healthy individuals were included. Molecular characterization of beta and

alpha-thalassemiawas performed. The frequencies of alpha-globin triplication in beta-

thalassemia carriers, sickle cell trait, and healthy individuals were 67 (1.67%), 4

(0.88%), and 18 (0.9%), respectively. In total, the frequency of alpha-triplications is

approximately 89 (1.39%) in Khuzestan province, South of Iran population. We have

compared the average hematological parameters of beta-thalassemia carriers, sickle

cell trait, and healthy individuals with andwithout alpha gene triplication.

This mutation did not show any significant effect on the change of blood indices, nei-

ther in healthy individuals nor in sickle cell trait and beta-thalassemia carriers. There-

fore, there is no need to takemore notice of anti 3.7 mutation in beta-thalassemia car-

riers is opposed with some studies reported that the presence of excess alpha-globin

genes inbeta-thalassemia carriers can lead to thephenotypeof beta-thalassemia inter-

media. Therefore, not every individual with triplicated alpha globin coinherited with

beta-thalassemia trait will have a significantly lower Hb than normal, and it is highly

likely that none of themwill need transfusion.

KEYWORDS
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1 INTRODUCTION

Between the major, transfusion-dependent forms of the disease and

the symptomless carrier states is a thalassemia intermedia which is a

milder form of the disease needing fewer or no transfusion and conse-
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quently less or no iron chelation. Generally, the level of hemoglobin in

thosewho are affected by intermediate thalassemia is below 9–10 g/dl

[1]. Beta-thalassemia is further classified into severe (hemoglobin

level as low as 4–5 g/dl, transfusion-dependent, clinical symptoms

similar to β-thalassemia major), moderate (hemoglobin levels between
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6 and 7 g/dl, transfusion-independent, clinical symptoms similar to

β-thalassemia intermedia), and mild (hemoglobin levels between 9

and 12 g/dl, transfusion-independent, usually do not develop clinically

significant problems) clinical forms [2]. Alpha triplication is, in fact,

an increase in alpha genes that occurs on one of the chromosomes.

Alpha triplication mechanism is an unequal crossover during the

recombination of α1 and α2 hemoglobin, which is the establishment

of αααanti3.7 triplicated allele. The clinical and hematological picture

of beta- thalassemia heterozygotes with a triplicate α-globin gene

arrangement is variable, ranging from an asymptomatic presentation

to a mild to moderate thalassemia intermedia phenotype [3–6]. This

study aims to investigate the frequency of alpha triplication mutations

in beta-thalassemia carriers and healthy individuals, and its effects on

the red blood cell indices in the south of Iran.

2 PATIENTS AND METHODS

2.1 Ethical statement

This study was approved by the Ethics Review Committee of Pas-

teur Institute of Iran. Informed consent was signed and obtained from

all participants following a detailed description of the purpose of the

study. All methods were carried out in accordancewith relevant guide-

lines and regulations.

2.2 Study subjects

The peripheral blood was taken from those referred to Narges Genet-

ics Laboratory in Ahvaz city including 4005 beta-thalassemia carri-

ers, 455 sickle cell trait, and 2000 healthy individuals from Khuzes-

tan province, south of Iran. Hematological indices were automatically

measured on a Coulter Counter ABX Micros 60 (Helena Laboratories,

Beaumont, TX, USA). Hemoglobin electrophoresis was performed on

cellulose acetate (Helena Laboratories) using Tris-EDTABorate buffer

(pH 8.4). The Khuzestan Province is located southwest of Iran with a

population of about 4.7 million people based on the 2016 census with

different ethnicities (Arab, Lur, Bakhtiaris, and Fars). In this study 1773

beta-thalassemia carriers and 55 sickle cell trait with different muta-

tions of alpha thalassemia were excluded. So, we just selected beta-

thalassemia carriers, sickle cell trait, and healthy individuals with the

normal genotype of alpha thalassemia to compare with those who had

alpha-triplications

2.3 Molecular studies

Molecular studies were conducted on genomic DNA isolated from

peripheral blood cells by a salting-out procedure [7]. For identifying

α-thalassemia genotype, investigation of common Mediterranean α-
globin gene deletions (-α3.7, -α4.2 -α20.5 and –MED) and αααanti 3.7 tripli-
cationwere performed [8]; the entireα- and β-globin geneswere ampli-

fied and DNA sequenced, ABI -3130 (Applied Biosystems, Foster City,

CA, USA) [9]. In some cases, multiplex ligation-dependent probe ampli-

fication (MLPA assay) was performed using the SALSAMLPA kit P140-

B4HBA (MRC-Holland, Amsterdam, Netherlands).

2.4 Data analysis

The results were examined using t-test, two tails and were compared

on the p-value< 0.05 significance level.

3 RESULTS

3.1 Frequency of alpha-globin gene triplication

In this study, 4005 beta-thalassemia carriers, 455 sickle cell trait, and

2000 healthy individuals were chosen. The frequencies of alpha-globin

gene triplication in three studied groups including beta-thalassemia

carriers, sickle cell trait, and healthy individuals were 67 (1.67%), 4

(0.88%), and 18 (0.9%) respectively. So, it could be said that about 0.9%

of the normal population, 1.67% of the beta-thalassemia carriers, and

0.88% sickle cell trait have anti 3.7 mutation in the south of Iran with

different ethnicities (Arab, Lur, and Fars). In total, 89 alpha-triplication

mutations have been detected among 6460 individuals tested. There-

fore, in total the frequency of α-triplications is approximately 1.39% in

Khuzestan province, south of Iran population.

3.2 Hematological parameters

The average hematological parameters of every studied genotypewith

alpha gene triplication in three groups were compared with the same

mutations with the normal of the alpha-globin gene. Alpha gene trip-

lication did not show any significant role in the changing of blood

indices, in healthy individuals, sickle cell trait, and beta-thalassemia

carriers. All beta-thalassemia heterozygotes with triplicated α-globin
genes, were clinically asymptomatic, and none of them needed a blood

transfusion. The data are summarized in Table 1. In this study the level

of total hemoglobin in thalassemia intermedia is considered between

6 and 9 g/dl; hence, most of the beta-thalassemia carriers with 19

differentmutations associatedwith alpha triplicationwere higher than

9 g/dl of hemoglobin. We have just had four beta-thalassemia carriers

with alpha triplication (4 of 66, 6%) lower than 9 g/dl of hemoglobin

(one female CD36/37-T/wt, 7.9 g/dl, onemale IVSII-I (G-A)/wt, 8.6 g/dl,

one female CD82-83(-G)/ wt, 8.5 g/dl, and one female CD8(-AA)/ wt,

8.6 g/dl) which none of them received blood transfusion.

4 DISCUSSION

There are different studies which showed the frequency of the alpha-

globin gene triplication in healthy individuals and thalassemia patients.
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TABLE 2 Allele and genotype frequency of αααanti3.7 in normal
subjects in this study and other populations

Population

Number of

chromosomes

studied

Allele

frequency of

αααanti3.7

Genotype

frequency of

αααanti3.7 (%) References

Normal subjects

Mexican 84 0.01 2.4 [20]

Togolese 342 0.011 2.3 [20]

Kenyan 114 0.008 1.6 [20]

South African

blacks

306 0.01 1.96 [20]

Cypriote 990 0.01 2 [20]

Namibian 202 0.01 1.98 [20]

Portuguese 200 0.020 4 [20]

Indian 1856 0.004 0.75 [21]

Indian 536 0.011 2.2 [22]

Indian 2550 0.02 4 [23]

North Indian 416 0.017 3.36 [24]

Chinese 500 0.008 1.6 [20]

Southern

Chinese

2338 0.0047 0.94 [25]

Chinese 1020 0.0098 1.96 [22]

Malay 1014 0.003 0.59 [22]

Thai 430 0.007 1.39 [26]

North

Morocco

3316 0.0006 0.12 [27]

Iranian 794 0.01 2 [28]

Our study 4000 0.0045 0.9

The frequency of the alpha-globin gene triplication is varied, and it is

dependent on the prevalence of thalassemia disease and some selec-

tion mechanisms such as endemic malaria in the studied countries

[3,10].

The highest carrier frequency of the anti 3.7mutationwas observed

in 4.0% in healthy individuals of Indian, and lowest carrier frequency

was reported in Malay population with 0.59%. In this study from the

2000 healthy individuals, 18 had alpha triplication mutation, it can be

stated that the frequency of this allele in healthy people in Khuzestan

province, particularly in Ahwaz city, equals 0.9% which is lower than

previous Iranian study andmore than the other countries (Table 2). The

following table shows the prevalence of this triplication in the healthy

individuals in Iran and other populations of the world.

Our results also showed that the frequency of the alpha-globin gene

triplication in the Khuzestan population including hemoglobinopathies

and normal individuals is 1.39%; this result is close to the results

obtained from our country in previous studies. The lowest carrier fre-

quency of alpha-globin gene triplication including hemoglobinopathies

and normal individuals was observed in Omani with 0.47%, whereas

the higher frequencies were in other populations, including 10% in

Mexican, Saudi Arabian 3.9% and 3.1% in North Indian population

(Table 3).

TABLE 3 Total frequency of αααanti3.7 in this study and other
populations including hemoglobinopathies and normal individuals

Population

Individuals

studied

Genotype

frequency of

αααanti3.7 (%) References

Turkish 225 5 (2.2%) [33]

Saudi Arabian 104 4 (3.9%) [34]

Omani 634 3 (0.47%) [35]

North Indian 419 13 (3.1) [24]

Indian 1253 15 (1.1) [21]

Dutch 3500 42(1.2%) [10]

Mexican 109 11 (10%) [20]

Iranian 4010 69 (1.7%) [14]

Iranian 1700 20 (1.2%) [19]

Our study 6404 84 (1.31%)

In this study, we also investigated the average hematological param-

eters of every studied genotypewith alpha gene triplication in compar-

ison with the samemutations with the normal of the alpha-globin gene

as well. We did not find any significant role in the changing of blood

indices, only a marginal difference in beta-thalassemia carriers if any

(Table 1). We have just had four beta- thalassemia carriers with alpha

triplication lower than9g/dl of hemoglobin (one femaleCD36/37-T/wt,

7.9 g/dl, one male IVSII-I (G-A)/ wt, 8.6 g/dl, one female CD82-83(-G)/

wt, 8.5 g/dl, one female CD8(-AA)/ wt, 8.6 g/dl); none of them received

blood transfusion.

The general idea about the additional α gene is that the extra

α gene aggravates the mild phenotype of the β-thal carrier to

the thalassemia intermedia of mild severity, but in most stud-

ies, the genotype and phenotype correlation between coinheri-

tance of heterozygous β-thal and the α-globin triplication remains

unclear [11–14].

Previous studies showed that HbA2 and fetal hemoglobin lev-

els were increased and very significantly reduced Hb level in

the presence of α-globin gene triplications in association with β-
thalassemia [12,15,16]. We have not observed a significant role

in phenotype and hematological indices in individuals who carried

different heterozygous β-globin gene mutations with the α-globin
triplication.

Although we expected that extra chains of α globin gene eliminated

by proteolysis did not have a significant effect or very limited effect in

phenotype and hematological parameters.

In this study, our result was similar to some previous reports

[10,15,17,18]. For instance, Giordano et al found that none of the

12 β-thal carriers with six different mutations and in association

with an α-triplication had a history of blood transfusion. Xiong et

al also described 74 individuals co-inheritance β thalassemia in

carrier status and α-triplication all presented the phenotype of the

β-thal trait. Our observations are precisely in keeping with the result

that the presence of a triplicated α-globin allele in ß-thalassemia

heterozygotes is associated with a phenotype of β-thalassemia
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TABLE 4 Previous studies reported similar genotypes of our studies from patients with triplicated α-globin genes and heterozygous
β-thalassemia

Transfusion-dependent

Population β-genotype
Number of

patients

Hb (g/dl)

Mean± SD

Hb Less

than 9

(g/dl)

No. of

patients Regular Irregular Splenectomy References

Iranian IVSII-I(G-A)/ wt 18 9.65± 0.2 ? 14 6 8 2 [14]

Iranian IVSII-I(G-A)/ wt 5 8.56± 0.7 3 4 2 2 2 [19]

Italian IVSII-I(G-A)/ wt 3 11± 1.12 0 0 0 0 0 [29]

Brazilian IVSII-I(G-A)/ wt 2 10.2± 1.6 0 0 0 0 0 [11]

Our study IVSII-I(G-A)/ wt 9 10.65± 1.4 1 0 0 0 0

Total IVSII-I(G-A)/ wt 37 9.94± 1.43 4 18 8 10 4

Total excluding

[14,19]

IVSII-I(G-A)/ wt 14 10.76± 1.26 1 0 0 0 0

Iranian CD15(TGG-TGA)/ wt 1 8.2 1 1 1 0 1 [14]

Our study CD15(TGG-TGA)/ wt 2 10.9± 1.55 0 0 0 0 0

Total CD15(TGG-TGA)/ wt 3 9.55± 1.9 1 1 1 0 1

Greece CD39 (C> T)/ wt 4 10.4± 1.1 0 0 0 0 0 [15]

European

ancestry

CD39 (C> T)/ wt 5 9.1± 0.84 2 2 1 1 0 [30]

? CD39 (C> T)/ wt 9 9.2± 1.6 4 4 0 4 2 [3]

Italian CD39 (C> T)/ wt 18 9.93± 1.01 4 3 0 3 3 [29]

Italian CD39 (C> T)/ wt 1 8.6 1 0 0 0 0 [31]

Dutch CD39 (C> T)/ wt 15 10.1 ? 0 0 0 0 [10]

Greece CD39 (C> T)/ wt 6 9.86± 1.67 2 2 0 2 ? [36]

Our study CD39 (C> T)/ wt 1 11.5 0 0 0 0 0

Total CD39 (C> T)/ wt 59 9.31± 1.22 13 11 1 10 5

? IVSI-110(G>A)/ wt 3 10.1± 2.3 1 0 0 0 0 [3]

Italian IVSI-110(G>A)/ wt 1 8.9 1 0 0 0 1 [29]

Gypsy IVSI-110(G>A)/ wt 1 8.5 1 0 0 0 0 [32]

Dutch IVSI-110(G>A)/ wt 10 11.2 ? 0 0 0 0 [10]

Greece IVSI-110(G>A)/ wt 2 8.7± 0.28 2 0 0 0 0 [36]

Our study IVSI-110(G>A)/ wt 1 10.2 0 0 0 0 0

Total IVSI-110(G>A)/ wt 18 9.6± 1.0 5 0 0 0 0

Iranian IVSI-5(G>C)/ wt 3 7.9 3 2 1 1 1 [14]

Iranian IVSI-5(G>C)/ wt 2 8± 0.42 2 2 1 1 1 [19]

Iranian IVSI-5(G>C)/ wt 2 12.1± 1.7 0 0 0 0 0 [28]

? IVSI-5(G>C)/ wt 2 10.8± 0.5 0 0 0 0 0 [3]

Our study IVSI-5(G>C)/ wt 1 9.0 0 0 0 0 0

Total IVSI-5(G>C)/ wt 10 9.56± 1.83 5 4 2 2 2

Total excluding

[14,19]

IVSI-5(G>C)/ wt 5 10.63± 1.55 0 0 0 0 0

? IVSI-I(G>A)/ wt 2 9± 1.4 1 0 0 0 1 [3]

Greece IVSI-I(G>A)/ wt 8 9.2± 1.3 3 0 0 0 0 [15]

Greece IVSI-I(G>A)/ wt 7 9.1± 1.8 4 4 0 4 ? [36]

Iranian IVSI-I(G>A)/ wt 2 10.1 ? 2 1 1 1 [14]

Italian IVSI-I(G>A)/ wt 6 10.58± 1.2 ? 0 0 0 1 [29]

Our study IVSI-I(G>A)/ wt 1 10.6 0 0 0 0 0

(Continues)
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TABLE 4 (Continued)

Transfusion-dependent

Population β-genotype
Number of

patients

Hb (g/dl)

Mean± SD

Hb Less

than 9

(g/dl)

No. of

patients Regular Irregular Splenectomy References

Total IVSI-I(G>A)/ wt 26 9.76± 1.0 8 6 1 5 3

Total excluding

[14]

IVSI-I(G>A)/ wt 24 9.70± 0.9 8 4 0 4 2

Iranian CD44(-C)/ wt 1 9.6 0 0 0 0 0 [14]

Iranian CD44(-C)/ wt 1 9.8 0 0 0 0 0 [19]

Our study CD44(-C)/ wt 5 10.4± 0.1 0 0 0 0 0

Iranian CD8(-AA)/ wt 2 9.4± 3.7 1 1 1 0 1 [14]

Iranian CD8(-AA)/ wt 1 7.8 1 1 1 0 0 [19]

Our study CD8(-AA)/ wt 3 10.2± 1.1 0 0 0 0 0

Iranian CD36/37-T/wt 3 8.5± 1.83 2 2 1 1 0 [14]

Iranian CD36/37-T/wt 1 10.1 0 0 0 0 0 [19]

Our study CD36/37-T/wt 15 10.5± 1.6 1 0 0 0 0

Iranian Indian deletion/wt 1 7.3 1 1 1 0 0 [14]

Our study Indian deletion/ wt 3 12.± 0.2 0 0 0 0 0

Dutch CD5(-CT)/ wt 11 8.7 ? 0 0 0 0 [10]

Our study CD5(-CT)/ wt 1 10.2 0 0 0 0 0

Dutch IVSI-6(T-C)/ wt 15 14 0 0 0 0 0 [10]

Our study IVSI-6(T-C)/ wt 2 12.± 0.3 0 0 0 0 0

Total 218 9.9± 1.2 42 45 17 28 17

Total excluding

[14,19]

177 10.3± 1.0 28 15 1 14 7

minor. This information is of importance in terms of genetic

counseling.

In this study, we also evaluated previous data reported similar geno-

types of our studies from patients with triplicated α-globin genes

and heterozygous β-thalassemia for Hb (g/dl), transfusion-dependent,

and splenectomy. Of 37 affected persons who coinheritance of the β-
thalassemia heterozygotes (IVSII-I (G-A)/ wt) with triplicated alpha-

globin genes, 18 (48.6%) were transfusion-dependent, four underwent

splenectomy, and four had Hb less than 9 g/dl. In comparison with

previously reported mutations, the results of previous Iranian studies

[14,19] reported from the same centers were different significantly. If

we exclude these studies [14,19], the results are changed fundamen-

tally, where no one of individuals coinheritance of the β-thalassemia

heterozygotes (IVSII-I (G-A)/ wt) with triplicated alpha-globin genes

was transfusion-dependent, no one underwent splenectomy, and just

one had Hb less than 9 g/dl. It is suggested that the results of these

two articles [14,19] necessary to be re-evaluated by a hematologist-

oncologist and verification of hematology analyzers (automated blood

cell counters) are required.

In addition, of 59 β-thalassemia heterozygote (CD39 (C > T)/ wt)

with triplicated alpha-globin genes, 11 (18.64%) were transfusion-

dependent, five (8.5%) underwent splenectomy, and 13 (22.0%) had

Hb less than 9 g/dl. Due to comparing reported mutations in the pre-

vious studies, it can be recommended that the mutation of codon 39

needs to be taken into consideration and can have a clinical effect

(Table 4).

Finally, we evaluated all reported mutations in this and previous

studies, for Hb (g/dl), transfusion-dependent, and splenectomy. Of 218

β-thalassemia heterozygote with triplicated alpha-globin genes, 45

(20.64%) were transfusion-dependent, 17 (7.8%) underwent splenec-

tomy, and 42 (19.26%) had Hb less than 9 g/dl.

If we omit these studies [14,19], the results are altered. The total

numbers of studies persons are reduced to 177. Of 177 affected per-

sons, 15 (8.47%) were transfusion-dependent, seven (3.95%) under-

went splenectomy, and 28 (15.82%) had Hb less than 9 g/dl where

most of them coinheritance of the β-thalassemia heterozygotes (CD39

(C > T)/ wt) with triplicated alpha-globin genes. The data are summa-

rized in Table 4.

In conclusion, the genotype of triplicated α-globin gene and het-

erozygosity for β-thalassemia mutation is not necessary to be consid-

ered as a cause of β-thalassemia intermedia in our locality. Therefore, it

is not essential to offer a prenatal diagnosis test to families and cou-

ples carrying an α-globin gene triplication and a heterozygosity for

β-thalassemia. Therefore, not every individual with triplicated alpha

globin coinherited with beta-thalassemia trait will have a significantly

lowerHb than normal, and it is highly likely that none of themwill need

transfusion. Due to previous studies, it can be recommended that the

mutation of codon 39 needs to be taken into consideration.
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