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Abstract

Non-transfusion dependent thalassemia (NTDT) is an inherited he-
moglobin disorder characterized by an α/non-α globin chain imbal-
ance of variable severity, resulting in a wide spectrum of clinical 
manifestations. The coinheritance of additional α genes with a beta-
thalassemia heterozygous mutation has a well-known negative effect. 
Triplication or quadruplication alone are mostly found by chance, but 
the coinheritance with β mutations can worsen the very mild anemia 
to a more severe hematological and clinical phenotype causing NTDT, 
depending on the severity of beta mutations. We describe a case of a 
38-year-old β-thalassemia trait, pregnant woman at 33 weeks of ges-
tation with supernumerary α-globin genes and two β-globin defects.
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Introduction

Non-transfusion dependent thalassemia (NTDT) [1] is an in-
herited hemoglobin disorder characterized by an α/non-α glo-
bin chain imbalance of variable severity, resulting in a wide 
spectrum of clinical manifestations. Phenotype reflects the 
genetic heterogeneity which depends on different molecular 
mechanisms, the most important of which are: 1) The coinher-
itance of two β-globin defects (homozygous or compound het-
erozygous for mild β+ mutations or compound heterozygous 

for β0 and β+ mutations) with relative excess of unmatched 
alpha chains [2, 3]; 2) The imbalance of α/non-α globin-chain 
synthesis ratio due to the coinheritance of a β mutation with 
supernumerary α-globin genes, resulting in an absolute excess 
of unmatched α chains [4-8]. Excess α-globin chains precipi-
tate damaging erythroid membrane structures and increase 
destruction of erythroid cells by peripheral hemolysis and pre-
mature destruction of precursors in the bone marrow, resulting 
in anemia and ineffective erythropoiesis [2]. The mechanism 
of α-globin gene copy number alterations is based on a mis-
alignment and reciprocal crossover involving α-globin gene 
cluster, due to the high homology of HBA1 and HBA2 genes. 
This recombinant event generates both alleles with a common 
α deletion (3.7 kb I, II, III, 4.2 kb) and alleles with three active 
α-globin genes (αααanti-α3.7; αααanti-α4.2) [8].

A second unequal crossover within a normal chromo-
some and a chromosome bearing the triplication, causes the 
quadruplication (ααααanti-α3.7; ααααanti-α4.2) of α-globin genes 
[9]. During evolution these rearranged chromosomes undergo 
positive selection in the population [10]. The negative effect of 
additional α genes coinheritance with a beta-thalassemia het-
erozygous mutation is well known [2, 11].

Case Report

We describe a case of a 38-year-old β-thalassemia trait, preg-
nant woman at 33 weeks of gestation referred to the Rare 
Diseases Centre of Fondazione IRCCS Ca’ Granda Ospedale 
Maggiore Policlinico, Milan, Italy, for severe anemia requiring 
blood transfusion support.

Her anamnesis was not clinically relevant before pregnan-
cy; she referred an average hemoglobin (Hb) level of 9.5 g/dL; 
the clinical picture showed normal spleen and liver size.

To better explain the worsening of Hb level during preg-
nancy, hematological and hemoglobin patterns were assessed, 
showing Hb 7.2 g/dL, red blood cell (RBC) 3.44 × 106/mm3, 
mean corpuscular volume (MCV) 70.1 fL, HBA2 4.9%, HbF 
3.8% (high-performance liquid chromatography (HPLC) Bio-
rad D100, Biorad Laboratories, Hercules, CA, USA), and glo-
bin genes molecular analysis was performed (BigDye Termi-
nator Cycle Sequencing Ready Reaction Kit v.1.1).

DNA sequencing of β-globin gene revealed β+ IVS-I-110 
(c.93-21G>A) and β++/+ IVS-II-726 (c.316-125A>G) muta-
tions; the second mutation is very rare and was reported in 
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Database of Human Hemoglobin Variants and Thalassemia 
mutations (HbVar Database http://globin.bx.psu.edu/hbvar/
menu.html) both as β+ and βsilent thalassemia mutation [12, 
13]. HBB gene analysis was inconclusive to solve the proband 
clinical picture. An α-globin genes cluster study with multi-
plex ligation-dependent probe amplification (MLPA) method 
was performed according to the manufacturer’s instructions 
(SALSA MLPA kit P140B2 HBA; MRC-Holland, Amster-
dam, The Netherlands). MLPA probe set resulted in a com-
plex rearrangement of HBA1 and HBA2 gene spanning from 
probe HBA2-up (373) to HBA1-intr.2 (165) (Fig. 1) with a 
different ratio which could be interpreted as a combination of 
ααααanti-α4.2 quadruplication and αααanti-α3.7 triplication, result-
ing in seven active genes.

To study the allelic segregations, family hematologi-
cal and hemoglobin pattern were investigated (Table 1). The 
mother and brother’s hematological phenotype was consistent 
with β-thalassemia carrier, while the father’s was normal. Be-
sides the patient, only the mother showed slightly higher HbF 
levels, resulting in heterozygosity of -158Gγ (C→T) Xmn1 
polymorphism detected by sequencing analysis of gamma 
globin genes; the same alteration was found in the proband. 
Even if the HbF level was normal in the father and the brother, 
gamma-globin gene analysis was performed; the c.227T>C in 
HBG1 globin gene (HbF-Sardinia) was identified only in the 
father, known to be associated with increase of 10% of the 
total HbF.

HBB direct sequencing and MLPA analysis of the α-globin 
gene cluster revealed that the mother was a carrier of β+ IVS-
I-110 associated with a ααααanti-α4.2 quadruplication, while the 

father was a carrier of β++ IVS-II-726 and αααanti-α3.7 triplica-
tion. Molecular analysis was also extended to the proband’s 
brother and showed the presence of β+ IVS-I-110 in heterozy-
gous state and αααanti-α3.7 triplication. All the relatives were 
asymptomatic.

Triplication or quadruplication alone are mostly found by 
chance, but the coinheritance with β mutations could worsen 
the very mild anemia to a more severe hematological and clin-
ical phenotype causing NTDT, depending on the severity of 
beta mutations [4]. Although HbF is usually slightly increased 
in these molecular patterns, we underline that in this case HbF 
levels are not significant and are sustained by gamma-globin 
genes alterations.

In the proband’s partner HBB gene was studied by se-
quencing analysis and HBA cluster by MLPA technique, re-
sulting both negative.

Discussion

To define reproductive risk in these cases, hematological 
screening and molecular analysis of beta-globin mutations and 
α-globin genes rearrangement are strongly recommended in 
the partner, even if he has a normal hematologic profile, to 
exclude the presence of genetic alterations potentially worsen-
ing offspring’s hematologic phenotype. Although the partner 
had no evidence of hemoglobin disorder, the couple still had a 
reproductive risk of having offspring with NTDT: specifically 
all their children would inherit one β mutation in association 
with supernumerary α genes. Therefore, the clinical picture of 

Figure 1. Profile of MLPA probemix P140 HBA cluster of the proband carrying a multiplication of HBA genes. The triangles 
represent the probe ratio of about 2 corresponding to alpha genes quadruplication; the dots represent the probe ratios of about 
1.5 corresponding to alpha genes triplication, while the squares correspond to overlapping probes. MLPA: multiplex ligation-
dependent probe amplification.
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the offspring could vary from a very mild form, likely asymp-
tomatic, deriving from the coinheritance of β++/+ IVS-II-726 
and αααanti-α3.7 triplication to a mild/moderate form, if the child 
inherits the β+ IVS-I-110 with ααααanti-α4.2 quadruplication. In 
this molecular pattern, even if the reproductive risk is 100%, 
all the possible genotype combinations result generally in mild 
form of NTDT, without major or early onset complications.
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