HAEMOGLOBIN

Haemoglobin (Hb) is chemically best considered as a duplex

of globin heterodimers. The main adult haemoglobin (HbA) is
composed of two alpha (a) and two beta () chains assembled in
two ap dimers (a p, and a ), while foetal haemoglobin (HbF)
is composed of two alpha-gamma (ay) dimers.' Their main
function is to transport oxygen from the lungs to tissues, but it
also specifically interacts with three other gases, carbon dioxide,
carbon monoxide and nitric oxide.

The a chains are located on the short arm of chromosome 11
while the B chains are located on the short arm of chromosome
16. In the first stages of human development, embryonic
haemoglobin consisting of two heterodimers of e and {-globin
chains is expressed in red blood cell progenitors (figure 1). At
12 weeks post-conception, as the site of erythropoiesis changes
from the yolk sac to foetal liver the first switch in globin
composition occurs. The embryonic haemoglobin is replaced
by HbF consisting of a- and y- globin chains.* Around birth
as erythropoiesis starts taking place in the bone marrow and
spleen, the second globin switch occurs. This results in the
decline of HbF synthesis together with increased synthesis of
adult haemoglobin composed of HbA ((12[32) with a minor HbA2
(a,8,).** Residual amounts of HbF continue to be synthesized
throughout adult life and expressed by F-erythrocytes.* In most
adults, F-erythrocytes contain less than 2% of total Hb, although
there is considerable variation® (figure 1).
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Figure 1: The a-like globin genes are found on chromosome 16 and the p-like
globin genes are found on chromosome 11. During human development, the
composition of haemoglobin changes from an embryonic form made of (- and
e-globin to a foetal form made up of a- and y-globin and finally to an adult form
made up of a- and p-globin (figure adapted from Diepstraten and Hart, 2019).”

HAEMOGLOBINOPATHIES

Mutations in the beta globin gene can give rise to
haemoglobinopathies. Haemoglobinopathies are the
commonest monogenic disorders, affecting about 7% of

the world’s populations.* The haemoglobinopathies can be
classified as (i) the structural variants such as Sickle cell disease
(HbS), haemoglobin C (HbC) and Haemoglobin E (HbE),
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(ii) thalassaemia which can be further sub-classified into a, B, 6B
and ey8p thalassaemia depending on the particular globin chain
or chains that is/are ineffective synthesized, and (iii) Hereditary
Persistence of Foetal Haemoglobin (HPFH) in which there is a
defect in the normal switch from foetal to adult haemoglobin.*

BETA-THALASSAEMIA

B-thalassaemia is most commonly present in persons of
Mediterranean, African and Southeast Asian descent.
B-thalassaemia can be divided into three main forms which
are the B-thalassaemia major also known as Cooley anaemia,
pB-thalassaemia Intermedia and P-thalassaemia minor also
called p-thalassaemia trait or P-thalassaemia carrier. It is the
result of deficient or absent synthesis of beta globin chains
which are controlled by one gene on each chromosome 11.
The degree of globin chain reduction is determined by the
nature of the mutation in the p-globin gene." In the Maltese
population, the most common mutations are the IVS1-6C,
IVS1-110A, IVSII-1A and COD39T." The f+ IVS1-6C mutation
is the most predominant -thalassaemia mutation in the
Maltese population.”

DIAGNOSIS OF BETA-THALASSAEMIA TRAIT

The diagnosis of p-thalassaemia begins with suspicion of

the disease in anaemic patients based on phenotype, family
history and relevant laboratory screening. The detection

and characterisation involve a 3 tier-work up: (1) Complete
blood count and picture, (ii) Special haematological tests, and
(iii) DNA testing.

1. COMPLETE BLOOD COUNT AND PICTURE

For screening of p-thalassaemia, the mean corpuscular volume
(MCV) of less than 80fL and/or mean corpuscular haemoglobin
(MCH) value of less than 26pg are usually used as cut-off
levels for a positive screening result. The mean corpuscular
haemoglobin concentration (MCHC) is usually normal. The
advantages of thalassaemia screening by MCV and MCH are
the rapid, cost effective, reproducibility and accurate analysis."”
One has to keep in mind that several conditions such as iron
deficiency anaemia and anaemia of inflammation can also
results in low MCV and MCH. Also, normal ranges of MCV
vary by age in infants and young children. On the other hand,
the interaction of p-thalassaemia trait with a-thalassaemia trait
alone or together with glucose-6-phosphate dehydrogenase
deficiency may lead to normal MCV and gives a false-negative
result for thalassaemia screening.”

The haemoglobin concentration can be normal or slightly
reduced in p-thalassaemia carriers while the red blood cell
(RBC) count can be elevated. The red cell distribution width

(RDW) is a measure of the degree of variations in red cell size,
and an increase in RDW can be noticed in p-thalassaemia
carriers.'* In B-thalassaemia carriers, the blood film varies
from almost normal, with only mild microcytosis, to markedly
abnormal. In addition to microcytosis abnormal features

can include anisocytosis, hypochromia and poikilocytosis.
Prominent basophilic stippling and target cells can be seen in
individuals with a more severe phenotype.

Screening of thalassemia carriers by using RBC indices alone
in a population with a high prevalence of B-thalassemia is not
sufficient and other techniques such as haemoglobin analysis
and DNA testing are required.

2. HAEMOGLOBIN ANALYSIS

Haemoglobin analysis is an important laboratory evaluation

to provide a presumptive identification and diagnosis of
B-thalassaemia. There are several platforms for haemoglobin
analysis including haemoglobin electrophoresis using cellulose
acetate membrane, acid agarose or citrate agar gel, isoelectric
focusing (IEF), high performance liquid chromatography
(HPLC) and capillary electrophoresis. Each method uses
different principles to separate different species of haemoglobin
molecules.' In Malta for the diagnosis of the B-thalassaemia
trait we use the IEF together with HPLC.

Isoelectric focusing

IEF uses a polyacrylamide or agarose gel containing low
molecular weight molecules. These molecules allow the
establishment of a pH gradient; for separation of haemoglobins
the pH ranges from 6-8. When an electric current is applied

to the gel, the amphoteric molecules migrate through the gel

to their isoelectric points along the gel. In doing so they form

a stable pH gradient. Haemoglobin variants also exhibit this
characteristic. They migrate through the gel until they reach the
area in which their individual isoelectric point is equal to the
corresponding pH on the gel. When these occur the charges on
the variants are 0 and therefore migration ceases. The electric
field counteracts diffusion and the haemoglobin variant forms

a discrete thin band. The different Hb variants have different
isoelectric point and thus they separate out on the gel to form
bands at specific positions. The bands are then stained."* In
p-thalassaemia carriers the HbA is reduced while HbF and
HbA, are slightly increased
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High performance liquid chromatography

HPLC technique is a method used to separate compounds
or molecules on the basis of their chemical characteristics.
Separation of Haemoglobin is carried out using the VARIANT
p-thalassaemia Short Program which utilizes the principles
of cation-exchange HPLC. The HPLC rapidly and accurately
measures HbA, which often provides a diagnostic clue to the
presence of B-tilalassaemia trait especially when this is found
with hypochromic, microcytic erythrocytes.

The increase in HbA, in p-thalassaemia carriers is a result
of both transcriptional and post-transcriptional effects and
an increase of more than 3.2% can indicate the presence of
p-thalassaemia trait (figure 2). In B-thalassaemia carriers the
HbA, levels vary according to the thalassaemia mutation. Small
deletions of the 5 portion of the beta globin gene are associated
with the highest HbA, levels. In fact, an HbA, of 7-9% is seen in
heterozygotes that have deletions that involves the remove of the
beta globin promoter.'s”

From studies it is now clear that increases in HbA  may
not be a constant accompaniment of p-thalassaemia trait.
B-thalassaemia trait patients who also have iron deficiency have
slightly reduced but still elevated HbA, but p-thalassaemia trait
individuals with severe iron deficiency can have reduced HbA,
levels (less than 3.0%).'” On the other hand, individuals with
variants in KLFI can also have an increase in HbA, levels and if
their HbA, levels fall between 3.3% and 3.9% it is important that
these subjects are not classified as p-thalassaemia trait.""

3. DNA ANALYSIS

B-thalassaemia is mainly caused by mutations in globin gene and
therefore the most definitive diagnosis for p-thalassaemia is the
molecular analysis of the beta globin sequence (figure 3). Many
different molecular techniques are used to detect beta globin
mutations. These molecular techniques can be grouped by the
mutation type they target: (i) detection methods for structural
variations such as gene deletion and duplication, and (ii)
detection methods for sequence variations such as nucleotide
substitution, insertion or short insertion/deletions *
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Figmﬁ 2: HPLC result of a f-thalassemia carrier showing an increase in
HbA, and HbF (Source: HPLC chromatogram provided by the Laboratory
of Molecular Genetics, University of Malta)
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Figure 3: DNA sequence of the beta globin gene showing the IVS1-6C mutation
circled in red. (Source: Laboratory of Molecular Genetics, University of Malta)

CONCLUSION

p-thalassaemia mutations are inherited in an autosomal recessive
manner. Two p-thalassaemia heterozygote parents have a 25%
chance of having a p-thalassaemia major child and thus, proper
diagnosis of p-thalassaemia trait is important. Diagnosis of
p-thalassaemia requires a comprehensive evaluation combining red
blood cell phenotypes, haemoglobin profiles and DNA analysis. x
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