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Alpha thalassaemia is an inherited Alpha thalassaemia is an inherited disorder disorder 

(autosomal recessive),(autosomal recessive), in which there is in which there is 

impaired production of the impaired production of the αα--globin chainglobin chains of s of 

haemoglobin.haemoglobin.

DefinitionDefinition

It is associated with It is associated with microcytic hypochromic microcytic hypochromic 

anaemia, and a clinical phenotypeanaemia, and a clinical phenotype varying varying 

from almost asymptomatic to a lethal from almost asymptomatic to a lethal 

haemolytic anaemiahaemolytic anaemia..
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Probably the most common single gene disorder worldwide Probably the most common single gene disorder worldwide 

-- especially frequent in  populations originating from especially frequent in  populations originating from 

the Mediterranean region, SE Asia, Africa, the Mediterranean region, SE Asia, Africa, 

Middle East & Indian subcontinentMiddle East & Indian subcontinent

EpidemiologyEpidemiology
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Outline the molecular basis of common forms of 

αααα-thalassaemia
� Important information to support clinical applications 

e.g. definitive diagnosis, patient management , counseling 

& prevention

Outline rare(r) molecular defects that have been 

associated with αααα-thalassaemia

� Support a deeper understanding of the regulation of 

gene expression

Aim of the talkAim of the talk
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From Harteveld & Higgs, Orphanet J Rare Dis, 2010

Normal structure of alpha gene clusterNormal structure of alpha gene cluster
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Four highly conserved noncoding sequences 

(multispecies conserved sequences, MCS) are located 

~25-65kb upstream to the α-globin genes 



αα00 tthalasshalassaaemiaemia αα+ + thalassthalassaaememιιaa

NNοο αα--globin globin 

produced by produced by 

affected alleleaffected allele

Reduced  Reduced  αα--globin globin 

produced by produced by 

affected alleleaffected allele

Deletion mutationsDeletion mutations
Nondeletion Nondeletion 

mutationsmutations

Common molecular defectsCommon molecular defects
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The normal cluster is denoted αα



DDeletions removing one of the duplicated eletions removing one of the duplicated αααααααα--genesgenes

From Harteveld & Higgs, Orphanet J Rare Dis, 2010
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α+ thalassaemia alleles



From Harteveld & Higgs, Orphanet J Rare Dis, 2010

DDeletions removing one of the duplicated eletions removing one of the duplicated αααααααα--genesgenes
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The opposite chromosome acquires a triplicated The opposite chromosome acquires a triplicated αα--gene arrangementgene arrangement



DDeletions removing both of the duplicated eletions removing both of the duplicated αααααααα--genesgenes
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From Huisman, 1998

α0 thalassaemia alleles



exon1

INITIATION INITIATION 

CODONCODON

DONOR DONOR 

SPLICESPLICE

ACCEPTOR ACCEPTOR 

SPLICESPLICE

FRAMESHIFTFRAMESHIFT

NONSENSENONSENSE

TERMINATION CODONTERMINATION CODON

(elongated globin chains, (elongated globin chains, 

including Hb Icaria,including Hb Icaria,

Hb  Constant Spring etc)Hb  Constant Spring etc)

POLYA SITEPOLYA SITE

αα2 globin gene2 globin gene (denoted (denoted ααTTαα))

αα1 globin gene1 globin gene (denoted (denoted ααααTT))

--αα alleleallele

Nondeletion Nondeletion αα--thalassthalassaaemia mutationsemia mutations

exon2 exon3
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Affect canonical sequences Affect canonical sequences 

controlling gene expressioncontrolling gene expression



exon1 exon2 exon3

Hb AgrinioHb Agrinio

αα29 Leu>Pro29 Leu>Pro
Hb BronteHb Bronte

αα93Val>Gly93Val>Gly
Hb SalanchesHb Salanches

αα104Cys>Tyr104Cys>Tyr

Hb SuanHb Suan--DokDok

αα109Leu>Arg109Leu>Arg

Hb QuongHb Quong--SzeSze

αα125Leu>Pro125Leu>Pro

Hb UtrechtHb Utrecht

αα129Leu>Pro129Leu>Pro
Hb Sun PrairieHb Sun Prairie

αα130Ala>Pro130Ala>Pro

Hb QuestembertHb Questembert

αα131Ser>Pro131Ser>Pro

Hb HeraklionHb Heraklion

αα37Pro>037Pro>0

Hb TaybeHb Taybe

αα38/39Thr>038/39Thr>0

Hb Adana*

α59Gly>Asp

Hb Aghia SophiaHb Aghia Sophia

αα62Val>062Val>0

Hb WattsHb Watts

αα74/75Asp>074/75Asp>0

Hb TunisHb Tunis--BizerteBizerte

αα129 Leu>Pro129 Leu>Pro
αα1 globin gene1 globin gene
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Nondeletion Nondeletion αα--thalassthalassaaemia mutationsemia mutations

Affect postAffect post--translational stability translational stability 
αα2 globin gene2 globin gene

αα1 globin gene1 globin gene

αα11 & αα11 globin genesglobin genes



1 gene affected1 gene affected

αα++--thal carrierthal carrier

MinimalMinimal/no /no red cell red cell 

abnormalitiesabnormalities

2 genes affected2 genes affected

ααoo--thal carrierthal carrier

Reduced redReduced red cell indices:cell indices:

<78 fl MCV <78 fl MCV 

<27pg MCH <27pg MCH 

3 genes affected3 genes affected
(or equivalent)(or equivalent)

HbH diseaseHbH disease

4 genes affected4 genes affected

Hb BartHb Bart’’s s 

hydrops fetalis hydrops fetalis 

ND

ND

ND

ND

ND = nondeletion allele

Common molecular defects &Common molecular defects &

common common αααααααα--thalassaemia phenotypesthalassaemia phenotypes
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αα--thalassaemia haemoglobinopathies involving thalassaemia haemoglobinopathies involving 

hyperunstable hyperunstable αα--globin variant allelesglobin variant alleles

Besides Hb H disease Besides Hb H disease (when the mutation is classified as nondeletion (when the mutation is classified as nondeletion 

αα--thalassaemia)thalassaemia), s, some hyperunstable ome hyperunstable αα--globin variants in the globin variants in the 

homozygous state or on coinheritance with typical homozygous state or on coinheritance with typical αα--thalassaemia thalassaemia 

mutations may lead to mutations may lead to 

��Thalassaemia intermediaThalassaemia intermedia--like syndrome, and /orlike syndrome, and /or

��Hydrops fetalisHydrops fetalis--like syndrome (Hb Bartlike syndrome (Hb Bart’’s ~35%; s ~35%; 

Hb FHb F + Hb A ~65%)+ Hb A ~65%)

Wajcman et al, Hemoglobin 2008, 32:327-349
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Hb AgrinioHb Agrinio

p. Leu29p. Leu29Pro (Pro (αα11))

Hb Heraklion Hb Heraklion 
p.Pro37delp.Pro37del ((αα11))

Hb Taybe Hb Taybe 
p.Thr38del p.Thr38del ((αα11))

Hb QuestembertHb Questembert

Ser131Ser131Pro Pro ((αα11))

Inhibit correct 

formation of Hb 

tetramer

αα--thalassaemia haemoglobinopathies involving thalassaemia haemoglobinopathies involving 

hyperunstable hyperunstable αα--globin variant allelesglobin variant alleles

Wajcman et al, Hemoglobin 2008

and/or

Affect interaction 

of variant α-globin 

chain with AHSP

(Traeger-Synodinos et al, 1999; Traeger-Synodinos et al, 2000; Oron-Karni et al, 2000 ; 

Stamoulakatou et al, 2004; Douna et al, 2008; Traeger-Synodinos et al, 2010).

Hb AdanaHb Adana
p.Gly60Asp p.Gly60Asp ((αα22 && αα1)1)
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�� Moderate microcytic, hypochromic anaemia (Moderate microcytic, hypochromic anaemia (Hb75Hb75--95g/L)95g/L)

�� No detectable abnormal haemoglobin fractions with normal HbANo detectable abnormal haemoglobin fractions with normal HbA22

& borderline/normal HbF& borderline/normal HbF

�� Features of dyserythropoiesis including erythroblastsFeatures of dyserythropoiesis including erythroblasts

�� Sometimes features of peripheral haemolysisSometimes features of peripheral haemolysis

�� Splenomegaly, thalassaemic facies, bone changesSplenomegaly, thalassaemic facies, bone changes

�� Often Often ββ--thalthal--like biosynthesis ratios!!like biosynthesis ratios!!

Characteristics of Thalassaemia intermediaCharacteristics of Thalassaemia intermedia--like syndromelike syndrome

Definitive diagnosis is achieved through DNA analysisDefinitive diagnosis is achieved through DNA analysis

αα--thalassaemia haemoglobinopathies involving thalassaemia haemoglobinopathies involving 

hyperunstable hyperunstable αα--globin variant allelesglobin variant alleles
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αα--thalassaemia is considered less of a health problem than thalassaemia is considered less of a health problem than ββ--

thalassaemia, with respect to both patient management & thalassaemia, with respect to both patient management & 

prevention.prevention.

Clinical utility of knowing the molecular basis Clinical utility of knowing the molecular basis 

of of αααααααα--thalassaemia thalassaemia 

Hb BartHb Bart’’s Hydrops Foetalis: s Hydrops Foetalis: Prenatal diagnosis is indicated Prenatal diagnosis is indicated 

since the syndrome since the syndrome causes neonatal death and is associated causes neonatal death and is associated 

with severe toxaemic complications in mother with severe toxaemic complications in mother 

Hb H disease: Prenatal diagnosis NOT indicated for most Hb H disease: Prenatal diagnosis NOT indicated for most 

common forms of Hb H disease  common forms of Hb H disease  (could be considered (?) in (could be considered (?) in 

families with rare genotype interactions associated with families with rare genotype interactions associated with 

severe Hb H disease or Hb H hydrops foetalissevere Hb H disease or Hb H hydrops foetalis))
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Molecular basis of common forms of Molecular basis of common forms of αααααααα--

thalassaemia thalassaemia –– clinical utilityclinical utility

Knowledge of theKnowledge of the

��PopulationPopulation--specific mutations specific mutations 

��PhenotypePhenotype--genotypegenotype

correlationscorrelations

��Appropriate technologies Appropriate technologies 

for molecular diagnosisfor molecular diagnosis

Supports Supports 

��Diagnosis (definitive)Diagnosis (definitive)

��Clinical managementClinical management

��Counseling Counseling 

��PreventionPrevention
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Rare molecular defects and Rare molecular defects and 

rare phenotypesrare phenotypes with with αααααααα--thalassaemiathalassaemia
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Rare deletions removing both Rare deletions removing both αα--globin genesglobin genes

From Harteveld & Higgs, Orphanet J Rare Dis, 2010

In patients with more extensive deletions of >1Mb (monosomic for a large 

segment of 16p13.3) the α thalassemia is associated with developmental 

abnormalities & mental retardation – a syndrome known as ATR-16
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Based on Higgs DR. The molecular basis of a thalassemia. In 

Disorders of hemoglobin. Cambridge University Press, 2009.

Deletions removing the upstream regulatory Deletions removing the upstream regulatory 

elements of the elements of the αα--globin gene clusterglobin gene cluster
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α-globin genes

LUC7LHS-40

Tufarelli et al, Nat Genet, 34: 157-165 (2003)

18kb deletion

x

ζζ θθαα2 2 αα11

ζζ αα22

ζζ αα22

LUC7L

LUC7L

LUC7L

Due to deletion, the 

RNA transcript from 

the truncated LUC7L 

gene expresses across 

the α2 gene and its 

CpG island 

(LUC7L codes a 

putative RNA-binding 

protein)
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This mediates 

methylation of 

the α2 gene CpG 

island and 

silencing of α2 

gene expression

A rare mutation causing A rare mutation causing αα--thalassemia thalassemia 

via an antisense RNAvia an antisense RNA



��Five HbH disease patients from Five HbH disease patients from MMelanesia with likely elanesia with likely 

nondeletion mutations nondeletion mutations 

��In these patients detailedIn these patients detailed mapping and DNA sequence mapping and DNA sequence 

analysis of the analysis of the αα genes and all of the upstream MCSgenes and all of the upstream MCS

elements was normal elements was normal 

��CCommon ommon αααααααα genegene hhaplotype aplotype iin all HbH patientsn all HbH patients indicatiindicatinng g 

cis acting mutation cis acting mutation 

��FFine sequencine sequenciing spang spannning 213kb foning 213kb fouunndd 283 SNPs283 SNPs

��RNA from the patientRNA from the patient’’s erythroid cells hybridized to a tiled s erythroid cells hybridized to a tiled 

array and the SNParray and the SNPss were aligned with the expreswere aligned with the expresssion ion pprofile rofile 

(and compa(and comparred a  normal (ed a  normal (αααααααααααααααα//αααααααααααααααα) ) expresexpresssion ion pprofile )rofile )

αα--Thalassemia resulting from competition for Thalassemia resulting from competition for 

upstream regulatory elementsupstream regulatory elements

De Gobbi et al, Science, 312: 1215-1217 (2006)Medical Genetics, Athens University



Normal αα/αα

HbH ααT/ααT

TelomereTelomere

DNase hypersensitive sites DNase hypersensitive sites 

All SNP’s diffs (αα) vs (ααT) ♦

New SNP’s diffs (αα) vs (ααT) ♦

De Gobbi et al, Science, 312: 1215-1217 (2006)Medical Genetics, Athens University

Contains 17 SNPs, 10 previously found in nonthalassaemicsContains 17 SNPs, 10 previously found in nonthalassaemics

Competition for upstream regulatory elementsCompetition for upstream regulatory elements

Pattern of gene 
expression on 
custom tiled 

array 
(Affymetrix)

↑↑↑↑↑↑↑↑ >1000x>1000x



�The new peak of mRNA expression (located between the ζ

and ψζ genes) coincides with a SNP that creates a GATA1 

binding site (’TAATAA3’ (T allele) to 5’TGATAA3’ (C allele) 

�Completely new mechanism causing human genetic disease

Competition for upstream regulatory elementsCompetition for upstream regulatory elements

�It is likely that the new promoter–like element between 

upstream regulatory element and αααα-gene promoters 

significantly downregulates downstream alpha genes
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Unusual phenotypes involving Unusual phenotypes involving αααααααα ThalassemiaThalassemia

Alpha thalassaemia mental retardation syndromes (inherited): 

in which α-thalassemia is associated with multiple 

developmental abnormalities (including mental retardation, MR) 

�ATR-16 [OMIM:141750] 

�ATR-X [OMIM: 301040]

Alpha thalassaemia associated with myeloid malignancy 

(acquired): 

�ATMDS [OMIM: 300448])

The occurrence of α thalassemia in these clinically complex 

syndromes provided the clue to understanding the molecular 

basis of each condition
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XX--linked disorder: mutations in ATRlinked disorder: mutations in ATR--X gene on X gene on 

chromosome Xq 21.1 (36 exons; >300kb)chromosome Xq 21.1 (36 exons; >300kb)

Affected males: Affected males: severe mental retardation & severe mental retardation & 

characteristic facial, genital & other characteristic facial, genital & other 

congenital abnormalities, and often congenital abnormalities, and often mild mild αα
thalassaemia phenotype (although with thalassaemia phenotype (although with 

considerable variation in haematological considerable variation in haematological 

manifestations)manifestations)

Cases from >180 families have been observedCases from >180 families have been observed

αααααααα-- thalassaemia mental retardation Xthalassaemia mental retardation X--lilinnked (ked (ATRXATRX))
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>110 mutations described, mainly >110 mutations described, mainly 

clustering in either the ADD clustering in either the ADD 

domain or the helicase domain.domain or the helicase domain.

None of the known mutations None of the known mutations 

completely abolish  ATRX protein completely abolish  ATRX protein 

production (null mutations are production (null mutations are 

lethal)lethal)

Some association between Some association between 

severity of ATRX syndromic severity of ATRX syndromic 

phenotypes but not thalassaemia phenotypes but not thalassaemia 

expression. Latter influenced by expression. Latter influenced by 

haplotype in haplotype in αα--globin locus rather globin locus rather 

than ATRX gene mutationthan ATRX gene mutation

Medical Genetics, Athens University

Argentaro A et al. PNAS 2007;104:11939-11944

αααααααα-- thalassaemia mental retardation Xthalassaemia mental retardation X--lilinnked (ked (ATRXATRX))



ATRX protein ATRX protein 

ATPATP--dependent dependent 

DNA helicaseDNA helicase
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ATRX protein is an ATPase, ATRX protein is an ATPase, 

required for normal pattern of required for normal pattern of 

DNA methylation, especially of DNA methylation, especially of 

repetitive DNA elements, repetitive DNA elements, 

influencing expression of many influencing expression of many 

genes during development genes during development 

(although (although αα genes are only genes are only 

target identified to date)target identified to date)

Still unknown exactly how ATRX influences α-globin expression

Law et al, 2010

Mitson et al, 2011

αααααααα-- thalassaemia mental retardation Xthalassaemia mental retardation X--lilinnked (ked (ATRXATRX))



The interaction of The interaction of αααααααα --thalassaemia with thalassaemia with 

ββββββββ--thalassaemiathalassaemia

Of major clinical interest Of major clinical interest -- the relative excess the relative excess αα--globin globin 

chains play a key role in the severity of chains play a key role in the severity of ββ--thalassaemiathalassaemia

CoCo--inheritance of inheritance of αα--thalassaemia can ameliorate the thalassaemia can ameliorate the 

clinical course in homozygous and compound clinical course in homozygous and compound 

heterozygous heterozygous ββ--thalassaemia patientsthalassaemia patients

Conversely inheritance of additional Conversely inheritance of additional αα--globin genes can globin genes can 

exacerbate the severity of heterozygous exacerbate the severity of heterozygous ββ--thalassaemiathalassaemia

Medical Genetics, Athens University



PrePre--splenectomysplenectomy PostPost--splenectomysplenectomy

Hb (g/L)Hb (g/L) 5454 7777

Hct (v/v)Hct (v/v) 0.180.18 0.320.32

MCV (fL)MCV (fL) 48.748.7 58.658.6

MCH (pg)MCH (pg) 13.913.9 14.014.0

Retics (x10Retics (x1099)) 76.776.7 313.5313.5

NRBC (/100WBC)NRBC (/100WBC) 66 90.790.7

Billirubin (Billirubin (µΜµΜ/L)/L) 38.338.3 8.58.5

Ferritin (Ferritin (µµg/L)g/L) 500500 708708

Epo (IU/L)Epo (IU/L) 250250 5858

sTfR (mg/L)sTfR (mg/L) 22.122.1 9.89.8

Hb AHb A
22 (%)(%) 15.115.1 16.416.4

Hb F (%)Hb F (%) 10.110.1 4.54.5

Hb BartHb Bart’’s (%)s (%) tracestraces tracestraces

CCoinheritance of severe oinheritance of severe ββββββββ--thalassemia thalassemia && αααααααα--thalassemiathalassemia

Referred at 50 years

Kanavakis et al, 2004

β-genotype

IVS1-1/IVS1-6

(β0/β+)

α-genotype

--/- α

Biosynthesis

α / β globin =1

Provides striking implications for molecular therapyProvides striking implications for molecular therapy
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Characterization of mutations in Characterization of mutations in αα--thalassaemia carriers and  thalassaemia carriers and  

patients has supported the understanding its molecular basispatients has supported the understanding its molecular basis

Concluding remarks

Studies have also defined Studies have also defined 

��the normal structure & variation of the the normal structure & variation of the 

most telomeric region of chromosome 16pmost telomeric region of chromosome 16p

��many aspects involved in controlling many aspects involved in controlling 

developmental & tissuedevelopmental & tissue--specific expression specific expression 

of of αα--globin genes globin genes 

The final aim is to fully understand the control of The final aim is to fully understand the control of αα--globin globin 

expression andexpression and to identify novel approaches for theto identify novel approaches for the treatmenttreatment

of patients with thalaof patients with thalassaemiassaemia

Higgs DR, 2009.
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