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Identification of patients with defects in the globin
genes
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Summary

Introduction: hemoglobinopathies constitute a

major health problem worldwide. These disorders

are characterized by a clinical and hematological

phenotypic heterogeneity.

The increase of HbA2 is an invaluable hematologi-

cal marker of the beta-thalassemia heterozygosis

and of double heterozygosis for the alleles of delta

and alpha globin genes or for the alleles of delta

and beta globin genes which can cause the in-

crease of HbA2 up to normal or borderline values.

Case Report: we report the case of a 30-year-old

woman (first pregnant) who was admitted to our

Unit at 12 weeks for a screening for thalassemia.

The outcomes of the biochemical and haematolog-

ical exams (MCV, MCH, HbA2, HbF) highlighted

that the patient was a carrier of a beta-thalassemic

trait. Molecular analysis of the beta globin genes

highlighted a β039C>T heterozygous mutation.

Biochemical and hematological parameters of the

husband (MCV, MCH, HbA2, HbF) were normal ex-

cept for the level of HbA2 (3,6%). The molecular

analysis of the beta globin genes highlighted a

IVS2 nt844 C>G heterozygous mutation. Further-

more, the heterozygous mutation δ+cod.27G>T

was detected in his δ globin gene. For this reason,

he was diagnosed a δ+β Thal.

Conclusions: the aim of this paper is to highlight that

biochemical diagnosis could not exhaustive and a

molecular diagnostic widening is required to detect

the genetic deficiency causing the thalassemic trait.

Key words: HbA2 borderline, β-thalassemia, carrier

screening, prenatal diagnosis.

Introduction

Hemoglobinopathies constitute a major health prob-

lem worldwide with a high carrier frequency particular-

ly in certain regions where malaria has been endemic.

These disorders are characterized by a clinical and

hematological phenotypic heterogeneity. The labora-

tory analysis include the determination of RBC count,

hemoglobin patterns, serum ferritin, quantifications of

HbA2, HbF and detection of Hb variants by HPLC

(High Performance Liquid Chromatography). The in-

crease of HbA2 is an invaluable hematological marker

of the beta-thalassemia heterozygosis and the double

heterozygosis for alleles of delta and alpha globin

genes which can cause the increase of HbA2 up to

normal or borderline values. Family studies and com-

prehensive hematological analyses provide useful in-

sights for an accurate diagnosis of thalassemia with

molecular identification of the globin gene.

Case presentation

The patient was a 30-year-old woman during her first

pregnancy of a naturally conceived child. She was

submitted to our Unit and the first trimester combined

test was performed at 12 weeks of gestation. The final

risk was 1:1000 for trisomy 21. Before carrying out the

tests we carefully compiled the medical history of both

the patient and her husband. The outcomes of the bio-

chemical and haematological exams (Tab. 1) high-

lighted that the woman under observation was a carri-

er of the beta-thalassemic trait (1,2).

Case report
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The husband’s biochemical and hematological para-

meters (Tab. 2) were normal except for the percent-

age of HbA2 (3,6%) (3-5).

In order to remove all doubt the couple repeated the

following exams:

• Blood films for erythrocytes morphology.

• Complete blood count (CBC) with automated cell

counter Sysmex XE 2100 (Dasit Cornaredo, Milan,

Italy): red blood cells count (RBC), hemoglobin

level (Hb), mean corpuscular volume (MCV),

mean corpuscular hemoglobin levels (MCH), mean

corpuscular hemoglobin concentration (MCHC).

• High performance liquid chromatography (HPLC)

to quantify hemoglobin subtypes in the blood sam-

ples through Tosoh HPLC G8 system (Tosoh Bio-

science S.r.l. – Turin, Italy) (6).

• Monitoring serum ferritin assay level by Elecsys

2010 (Roche Diagnostics GmbH).

• Molecular analysis of the beta globin genes.

The following mutations were also studied on the

proband’s partner: the mutation δ+cod.27(G>T) and

21 mutations in the α globin genes.

Blood samples collected in EDTA- K3 were tested for

DNA analysis. The carried molecular analysis envis-

aged the following steps:

1. DNA isolation starting from 25 ul of blood, using

the extraction kit of Promega Italy S.r.l. (DNA IQTM

System, cod.C6701).

2. Polymerase chain reaction (PCR) and reverse-hy-

bridization. The procedure includes two steps:

PCR amplification using biotinylated primers and

hybridization of amplification products to a test

strip containing allele-specific oligonucleotide

probes immobilized as an array of parallel lines.

Bound biotinylated sequences are detected using

streptavidin-alkaline phosphatase and color sub-

strates. The amplification and the reverse hy-

bridization on a strip are obtained with the use of

commercial kits produced by Nuclear Laser Medi-

cine (cod. AC028: genetic test aimed at the check

of 21 mutations in the α globin genes; cod.

AC091: genetic test aimed at the check of 25 mu-

tations in the β globin genes).

3. Amplification, followed by enzymatic digestion for

the research of the mutation δ++cod.27(G>T) (re-

placement of a single base of the codon 27, first

exon of the δ gene). The restriction enzyme used

is the HaeIII (BioLabs, London, New England).

The resulting product is subjected to electrophore-

sis on agarose gel (3%) in TAE 1X buffer and sub-

sequent ethidium bromide staining.

Discussion

Table 1 shows the haematological results of the pa-

tient. In Table 2 are displayed the haematological re-

sults of the partner. Her biochemical and hematologi-

cal data showed features associated with a beta tha-

lassemia trait (MCV↓, MCH↓, HbA2↑, HbF↑). Molecu-

lar analysis of the beta globin genes highlighted the

β039C>T heterozygous mutation (Fig.1a) (7).

Patient’s husband showed a normal biochemical phe-

notype except for HbA2 (3.6%). The molecular analy-

sis of the beta globin genes indicated that he had the

heterozygous mutation IVS2 nt844 C>G (Fig.1b). Fur-

thermore, the heterozygous mutation δ+cod.27G>T

was detected in his δ globin gene (Fig.2). For this rea-

son, he was diagnosed a δ+β Thal. Non mutation

were found in the alpha globin gene showed (8).

Therefore, only a careful HbA2 evaluation allowed us

to highlight a silent mutation in the β-globin gene

(IVS2 nt844 C>G) and a mutation in the δ-globin gene

(δ+cod.27G>T), both in heterozygosity. These muta-

tions may be undetected without performing such mol-

ecular analysis. The identification of the so-called

"silent forms" is of crucial significance especially in

prenatal diagnosis. The correct identification of

healthy carriers is of primary importance, leading to a

subsequent in-depth investigation of the partner.

Conclusions

Our case showed that when a member of the couple

is found having a thalassemic trait and his/her part-

ner is found to be a carrier of δ+β Thal, the couple

should be informed about the possibility of conceiv-

ing a baby with non-transfusion-dependent tha-

lassemia. However it is not our aim to submit to pre-

natal diagnosis at risk couples. Our purpose is to

identify at-risk couples and offer them comprehen-

sive and accurate information on the clinical implica-

tions of the genetic defect.
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Table 1. Blood levels of Mrs. Lo.Gi.

Results Unit Normal values

Erythrocytes 5.33 106/µl 4.0 - 5.60

Hb 11.4↓ g/dl 12.8 - 16.5

MCV 67.9↓ fl 80 - 98

MCH 21.5↓ pg 27 - 32

HbA2 4.4↑ % <3.2

HbF 1.5↑ % <1.0

Serum ferritin 32 ng/ml 22 - 322

Table 2. Blood levels of Mr.La.Gi.

Results Unit Normal values

Erythrocytes 5.69↑ 106/µl 4.0 - 5.60

Hb 16.7↑ g/dl 12.8 - 16.5

MCV 85.2 fl 80 - 98

MCH 29.3 pg 27 - 32

HbA2 3.6↑ % <3.2

HbF 0.5 % <1.0

Serum ferritin 67.2 ng/ml 22 - 322
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Figure 1. Reverse dot blot analysis. 1a.

Mrs. Lo.Gi presents a mutation in het-

erozygosity: β039C>T. 1b. Mr La.Gi.

presents a mutation in heterozygosity:

IVS2 nt844 C>G.

Figure 2. Mutation research δ+cod.27G>T electrophoretic

trace obtained after amplification and digestion with en-

gyme HeaIII. In the presence of the mutation HeaIII enzyme

cuts the fragment amplified in three pieces. In the absence

of mutation the enzyme cuts the fragment in two pieces.

Wells 1 and 2: Amplified DNA and digested subject known

for not having the mutation in the gene δ (presence of two

electrophroretic band). Wells 3: Amplified and digested

DNA of Mr. La.Gi. present mutation in heterozygosity:

δ+cod.27G>T (presence of three electrophroretic bands).
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