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Αlpha thalassaemia

Learning Objectives

1. To be able describe the normal arrangement of the α genes

2. To be able to explain the terms α thalassaemia, α+ thalassaemia and α0 thalassaemia

3. To be able to describe the clinicopathological features of α thalassaemia trait, haemoglobin H disease and haemoglobin Bart’s Hydrops fetalis 

4. To be able to explain how mutant or deleted α globin genes inherited from parents can lead to significant abnormalities in children—including being able to calculate the probability of a certain genotype and phenotype in the children of particular parents

5. To be able to work out the answers to the 'questions to think about'.

The globin genes are in two clusters of structurally similar genes, the ( cluster on chromosome 16 and the ( cluster on chromosome 11. These are shown diagrammatically in Figure 1. The diagonal lines indicate a non-existent break in the chromosome, so that the diagram fits onto the page.
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Figure 1.

The alpha chain is essential for formation of all normal fetal and adult haemoglobins while either the alpha (α) chain or the zeta (() chain is essential for formation of all embryonic haemoglobins (Table 1)

Table 1. The normal haemoglobins present at various stages of intra-uterine and extra-uterine life.

	Period of life
	Haemoglobin
	Globin chains

	Embryo
	Gower 1
	(2(2

	
	Gower 2
	(2(2

	
	Portland 1
	(2(2

	Fetus
	F
	(2(2

	Neonate, infant, child and adult
	A
	(2(2

	
	A2
	(2(2


The term α thalassaemia means a condition in which there is a reduced rate of synthesis of α globin chains. The term α0 thalassaemia means that the chromosome in question directs no α chain synthesis. The term α+ thalassaemia means that the chromosome in question directs α chain synthesis at a reduced rate. α0 thalassaemia usually results from deletion of both α genes, with or without deletion of the upstream ζ gene; it can be shown as – – / αα  (heterozygous α0 thalassaemia) or – – /– – (homozygous α0 thalassaemia). Specific deletions can be shown, for example, as – –SEA /αα or – –MED /αα .   α+ thalassaemia usually results from deletion of one of the α genes on a chromosome; it can be shown as – α/αα (heterozygous α+ thalassaemia) or – α /– α  (homozygous α+ thalassaemia).  [n.b. some undergraduate textbooks are wrong—please follow the correct notation given here.] Alpha thalassaemia can also be non-deletional, i.e. due to a mutation in an alpha gene rather than a deletion of an alpha gene. Most non-deletional α thalassaemias that have been recognized affect the α2 gene, which usually directs a higher proportion of alpha chain synthesis. They are indicated by αT α/αα or, if the specific mutation is known, by notations such as αT Saudiα/αα   Non-deletional α thalassaemia can also result from a mutation that leads to a variant haemoglobin being produced at a greatly reduced rate, e.g. haemoglobin Constant Spring or haemoglobin Quong Sze, indicated as αCSα/αα   and αQZα/αα.  The various non-deletional α thalassaemias are generally more severe that a thalassaemia with deletion of the same gene.

The clinical and genetic significance of different types of α thalassaemia is shown in Table 2.

Table 2

	Genotype
	Phenotype
	Clinical significance
	Genetic significance

	– α/ αα
	α thalassaemia trait
	None
	None

	– α /– α  
	α thalassaemia trait
	None
	None

	– – / αα
	α thalassaemia trait
	None
	Major

	– α / – –  
	Haemoglobin H disease
	Moderate
	Major

	– – / – –  
	Haemoglobin Bart’s hydrops fetalis
	Major
	Rather irrelevant


Questions to think about
1. A ( thalassaemia is not of any clinical significance but is potentially relevant to diagnosis. Why is that?

2.Why is deletional α thalassaemia usually less severe than non-deletional α thalassaemia?

3. How would you establish an antenatal screening programme to prevent haemoglobin Bart’s hydrops fetalis (which may be associated with maternal morbidity and mortality as well as production of a non-viable fetus). 
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