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Abstract
Hemoglobinopathies are the most com-

mon recessive diseases worldwide. While
the molecular basis of b-thalassemia in
Rosario has been addressed, that of α-tha-
lassemia and α structural alterations, has
not. In this study 105 individuals from dif-
ferent families referred to our center were
investigated for alpha hemoglobinopathies
because of low MCV (<85 fL), low MCH
(<27dg), normal HbA2 (≤3.5%) and trans-
ferrin saturation of >15%. Six of them with
a clinical phenotype of thalassemia interme-
dia were diagnosed as Hb H disease (five
cases) and Hb H like (one case). It also
included one patient with sickle cell trait,
confirmed by hematological and molecular
studies. We were able to identify alpha glo-
bin genes mutations in 92 individuals
(87.6%): 88 patients with alpha tha-
lassemia, 3 patients with structural alter-
ations and one with both. In total, 13 indi-
viduals (12.4%) had no identified α-globin
mutation. This study is the first to deal with
the molecular basis of α-hemoglo-
binophaties in Rosario. 

Introduction
The hemoglobinopathies are a heteroge-

neous group of genetic disorders caused by
mutations affecting the globin-chain genes.
Generically, these mutations can be classi-
fied as structural alterations which result in
the production of abnormal proteins or as
thalassemias characterized by defective
synthesis of α or b globin chain that result in

α-thalassemia and b-thalassemia, respec-
tively. Alpha thalassemia (thal) is probably
the most common single gene disorders
worldwide.1 There is strong evidence from
population data that malaria selection
explains the current distribution of the tha-
lassemia. The one notable exception is
South America, where in evolutionary terms
malaria was introduced only relatively
recently.2 The racial admixture among
native Indians and African and European
descendants in the population of Rosario
has produced hemoglobin (Hb) alterations
which reflect the diversity of racial origins. 

The current Argentinian population was
formed by successive migratory waves.
Amerindians already occupied Argentinian
territory when the Spaniards arrived in
1500. From the 16th to 19th centuries
Africans were brought as slaves, with other
migratory waves of Europeans occurring in
the 19th and 20th centuries, mainly from Italy
and Spain.3

In our country we can also identify
three moments of influx of Chinese immi-
grants. The first was between 1914 and
1949, the second from 1978 and in the early
years of the 80s and the last flow of Chinese
immigrants came from 1990 to about 1999. 

The relative degree to which globin
chain synthesis is impaired reflects the
genetic heterogeneity of α-thal and deter-
mines the clinical phenotype. In contrast to
β-thal, where point mutations predominate,
deletions constitute the bulk of the molecu-
lar defects in α-thal.4 Four clinical condi-
tions of increased severity are recognized:
two carrier states (i.e., α+-thal usually
caused by the deletion or dysfunction of one
of the four normal α globin genes and α°-
thal resulting from deletion or dysfunction
of two α genes) and two clinically relevant
forms [i.e., Hb H disease (only one func-
tioning α gene) and Hb Bart’s hydrops fetal-
is syndrome (no functioning α genes)]. The
diagnosis of the first two phenotypes is not
as straightforward as that of b-thal carrier
states and requires molecular studies for
confirmation.5 Advances in molecular char-
acterization of the α-globin gene cluster
have clarified the genetic basis of these phe-
notypes. While the molecular basis of b-thal
in Rosario has been addressed6 that of α -
thal and α structural alterations has not. This
study is the first to deal with the molecular
basis of α-hemoglobinophaties in Rosario. 

Materials and Methods
In this study 105 individuals from dif-

ferent families of different ethnic origins
referred to our center were investigated for
α hemoglobinopathies because of low MCV

(<85 fL), low MCH (<27 dg), normal HbA2

(≤3.5%) and transferrin saturation of >15%.
Six of them with a clinical phenotype of
thalassemia intermedia were diagnosed as
Hb H disease (five cases) and Hb H like
(one case). It also included one patient with
sickle cell trait, confirmed by hematological
and molecular studies. The study was
approved by the ethical committee at the
Facultad de Ciencias Bioquímicas y
Farmacéuticas, Universidad Nacional de
Rosario and informed consent was obtained
from all enrollees. 

Blood counts were determined using a
hematology analyzer (Beckman-Coulter,
Fullerton, CA, USA). Cellulose acetate
electrophoresis (pH 8.6) was carried out
using standard methods and the Hb A2 and
H was measured by elution from cellulose
acetate strips. Hb F was evaluated by alka-
line denaturation according to the method
described by Betke.7 Isopropanol test8 was
performed. Heinz bodies were investigated
by incubation with methyl violet and Hb H
was demonstrated by incubation with bril-
liant cresyl blue.9 Iron parameters were
measured as previously described.10 DNA
was extracted from whole blood using a
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phenol-chloroform method.11 Alpha thal
deletion analysis was done using Gap-
PCR12 taking into account the ethnic origin
and hematological data of the patients to
detect the -α3.7, -α4.2, —MED-I, —SEA and -
(α)20,5 deletions. Nondeletional α-thal Hph,
Nco and Hb Constant Spring (CS) were
detected with restriction enzymes HphI,
NcoI and MseI respectively.13,14 For point
mutation analysis others than Nco, Hph, Hb
CS and for structural alterations, amplifica-
tion of the α2 and α1 globin genes was per-
formed as previously described by using
oligonucleotide primers (CyberSyn, Lenni,
PA, USA). The amplified genes were subse-
quently purified and analyzed by direct
sequencing. 

Results
Of the 105 patients studied we were

able to identify alpha globin genes muta-
tions in 92 individuals (87.6%): 88 patients
with alpha thalassemia, three patients with
structural alterations and one with both. In
total, 13 individuals (12.4%) had no identi-
fied α-globin mutation. 

Among the 89 individuals with α-thal
(88 α-thal and one with α-thal and α struc-
tural alteration), a total of 103 α-thal haplo-
types were characterized, the most frequent
among them was the -α3.7 mutation con-
tributing to 73,8 % of the studied alleles,
followed by the -(α)20,5 (6.8%), —MED-I

(4.9%) , —SEA (3.9%), αHphα (3.9%), αNcoα
(1.9%), αCSα (1.9%), αIVSII-142 (G>A)α (1.0%)
and -α4.2 (1.0%) (Table 1). These determi-
nants, along with the normal haplotype (αα)

were observed to interact in different geno-
types as depicted in Table 2. The case with
sickle cell trait was associated with α3.7 thal.
Molecular characterization of the five cases
of Hb H revealed the following genotypes:
-(α)20,5/-α3.7 (two cases), —MED-I/αIVSII-142

(G>A)α (one case), —SEA/-α3.7 (one case). In
the remaining case with Hb H, in one allele
the mutation -α3.7, which involves the loss
of an alpha gene, was detected. Due to the
fact that in the other allele not alpha genes
amplified, a deletion encompassing both
genes was inferred without being able to
detect the extent of it (—del?/-α3.7). The case
Hb H like was characterized as αCSα/αCSα. 

DNA sequencing of the α2 and α1 genes
identified the αIVSII-142(G>A)α mutation and
among the four individuals with α structural
alterations the following hemoglobins: Hb
Hasharon (α247Asp→His), Hb Q-India
(α164Asp→His), Hb Interlaken
(α115Asp→His) and Hb Setif
(α247Asp→Tyr). The case with Hb Q-India
was detected in association with -α3.7 thal
and the one with Hb Interlaken in associa-
tion with b-thal (CD 39). 

Discussion
Ours results show that deletion -α3.7 is

the most common in Rosario, where most
individuals are of Mediterranean origin.
The predominance of the -α3.7 deletion is
consistent with the findings of several stud-
ies in the Mediterranean area and in Buenos
Aires.15,16 This is the first mutation we try to
identify in cases with low MCV (<85 fL),
low MCH (<27 dg), normal HbA2 and

transferrin saturation of >15%, then we take
into account the patient’s ancestors and
hematological data. Patients complete a
form, which in addition to their personal
data, indicate the mother’s maiden name,
the maternal grandmother, paternal grand-
mother and the origin of all of them to help
us to know about their ancestors.

The three —SEA patients were of
Chinese origin, the one with the —SEA/-α3.7

genotype of Taiwanese origin, the one with
—MED/αIVSII-142(G>A)α was of Arab and Italian
ancestry,17 the Hb Hasharon of Romanian
and Polish descent. The remaining 86
patients had Mediterranean origin. These
mutations had a heterogeneous distribution
that varied according to individual ancestry. 

We should consider the study of
Mediterranean mutations because the cur-
rent Argentinian population was formed by
successive migratory waves. Amerindians
already occupied Argentinian territory
when the Spaniards arrived in 1500 and col-
onized the country. From the 16th to 19th
centuries Africans were brought as slaves,
with other migratory waves of Europeans
occurring in the 19th and 20th centuries,
mainly from Italy and Spain.3

We should also consider the study of
alpha SEA thal because in our country we
can identify three moments of influx of
Chinese immigrants. The first was between
1914 and 1949, the second from 1978 and
in the early years of the 80s and the last
flow of Chinese immigrants came from
1990 to about 1999. According to the
Chinese Embassy in Argentina, it is estimat-
ed that today live in our country between
100,000 and 120,000 people of that origin,

                             Brief Report

Table 1. Spectrum of α-gene defects.

Alleles                                  Nº of mutations          Frequency (%)

−α3.7                                                                76                                        73.8
-(α)20.5                                                              7                                          6.8
−−MED-I                                                              5                                          4.9
−−SEA                                                                4                                          3.9
αHphα                                                               4                                          3.9
αNcoα                                                               2                                          1.9
αCSα                                                                 2                                          1.9
αIVS II-142 (G>A)α                                                 1                                          1.0
−α4.2                                                                 1                                          1.0
--del?*                                                                 1                                          1.0
Total                                                                103                                        100
*Mutation not found.

Table 2. Percentage of patients with alpha thalassemia, genotypes
and phenotypes.

Genotypes                         Nº of patients (%)      Phenotypes
                                                 (Total=89)                      

−α3.7/αα*                                               56 (62.9)                             α+

−α3.7/−α3.7                                                 7 (7.9)                               α0

-(α)20.5/αα                                             5 (5.6)                               α0

−−MED/αα                                                 4 (4.5)                               α0

−−SEA/αα                                                  3 (3.4)                               α0

−α4.2/αα                                                    1 (1.1)                               α+

αHphα/αα                                                 2 (2.2)                               α+

αNCOα/αα                                                2 (2.2)                               α+

−α3.7/αHphα                                              2 (2.2)                               α0

−α3.7/ααHbQ-India                                        1 (1.1)                               α0

-(α)20.5/−α3.7                                             2 (2.2)                              HbH
−−SEA/−α3.7                                                1 (1.1)                              HbH
−−MED/αIVS II-142 (G>A)α                              1 (1.1)                              HbH
−α3.7/--del?                                                     1 (1.1)                              HbH
αCSα/αCSα                                                1 (1.1)                          HbH like
*One case in association with HbS.
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thus forming one of the largest recent immi-
grations. While most are installed in Buenos
Aires, they are also found in cities such as
Rosario, Mar del Plata and La Plata.

We have identified nine different muta-
tions in the studied samples, six of which
are α+ defects (-α3.7, -α4.2, αNco, αHph, αIVSII-

142(G→A) and Hb CS), the others are α0 defects
(—MED, -(α)20,5 and –SEA). According to our
data, 68.5% (n= 61) of patients with α- thal
have a single α-globin gene defect (-α/αα or
αtα/αα), 24.8% (n= 22) have thalassemia
trait (−α/−α, —/αα or αtα/-α) and 6.7% (n=
6) have thalassemia intermedia (—/-α, —
/αtα or αtα/αtα).

The case with sickle cell trait and -α3.7

(MCV 80.3 fL), the one with Hb Hasharon
(MCV 81.6 fL) and the one with Hb Setif
(MCV 78.9 fL) had mild microcytic red
blood cells.18 The patients with Hb
Interlaken (MCV 62.4 fL, MCH 19.7 pg)
and Hb Q-India (MCV 71 fL, MCH 22 pg)
had microcytic and hypochromic red blood
cells because of the association with b (Hb
Interlaken) and α-thalassemia (Hb Q-
India).19,20

Thirteen (12,4%) of our 105 cases
remained uncharacterized even after
sequencing, and this maybe due to rare α-
globin gene deletions, gene duplications,
mutations of the regulatory region and large
α-globin deletions, which would require
further molecular studies. While we do not
know how many of the cases that were
undiagnosed are really alpha thalassemia,
our service does not have the possibility to
employ other techniques that probably
would have allowed us to expand the num-
ber of diagnosed cases. 

Conclusions
Of the 105 patients studied because of

low MCV (<85 fL), low MCH (<27dg),
normal HbA2 (≤3.5%) and transferrin satu-
ration of >15%, we were able to identify α
globin genes mutation in 92 individuals
(87.6%): 88 patients with α-thal, three
patients with structural alterations and one
with both. In total, 13 individuals (12.4%)
had no identified α-globin mutation. The
most frequent mutation was the -α3.7 con-
tributing to 73,8 % of the studied alelles,
followed by the -(α)20,5 (6.8%), —MED-I

(4.9%) , —SEA (3.9%), αHphα (3.9%), αNcoα
(1.9%), αCSα (1.9%), αIVSII-142(G>A)α (1.0%)

and -α4.2 (1.0%). We diagnosed a case with
sickle cell trait that was associated with α3.7

thal. Molecular characterization of five
cases of Hb H revealed: -(α)20,5/-α3.7 (two
cases), —MED-I/αIVS II-142(G>A)α (one case), —
SEA/-α3.7 (one case). In the remaining case
with Hb H, in one allele the mutation - α3.7

was detected; in the other allele we were not
able to identified the extent of the deletion
(—del?/-α3.7). One case Hb H like was char-
acterized as αCSα/αCSα. DNA sequencing of
the α2 and α1 genes identified the αIVS II-142

(G>A)α mutation and four α structural alter-
ations: Hb Hasharon, Hb Q-India, Hb
Interlaken and Hb Setif. The case with Hb
Q-India was detected in association with -
α3.7 thal and the one with Hb Interlaken in
association with β-thal (CD 39). 

Our knowledge about α structural alter-
ation and our findings on the prevalence of
α-thal mutations will provide a valuable
basis for carrier screening, genetic counsel-
ing and prenatal diagnosis and may be we
will be able to help prevent the passing on
of these mutations to future generations.
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