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Definition

Alpha thalassaemia is an inherited disorder
(autosomal recessive), in which there is
impaired production of the a-globin chains of
haemoglobin.

It is associated with microcytic hypochromic
anaemia, and a clinical phenotype varying
from almost asymptomatic to a lethal
haemolytic anaemia.
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Epidemiology

Probably the most common single gene disorder worldwide
- especially frequent in populations originating from

the Mediterranean region, SE Asia, Africa,
Middle East & Indian subcontinent
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Aim of the talk

Outline the molecular basis of common forms of

a-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 o-thalassaemia

» Support a deeper understanding of the regulation of
gene expression
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Normal structure of alpha gene cluster
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From Harteveld & Higgs, Orphanet J Rare Dis, 2010

Four highly conserved noncoding sequences
(multispecies conserved sequences, MCS) are located
~25-65kb upstream to the a-globin genes
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Common molecular defects

Nondeletion

Deletion mutations .
mutations
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The normal cluster is denoted oot
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Deletions removing one of the duplicated o-genes
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Deletions removing one of the duplicated o-genes
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The opposite chromosome acquires a triplicated o-gene arrangement
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Deletions removing both of the duplicated o-genes
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Nondeletion a-thalassaemia mutations

(denoted o' ox)
% ol globin gene (denoted auor’)

* -a allele

Affect canonical sequences
controlling gene expression
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(elongated globin chains,
including Hb Icaria,
Hb' Constant Spring etc)




Nondeletion a-thalassaemia mutations

Affect post-translational stability

al globin gene

Hb Heraklion
037Pro>0 Hb Watts

T a74/75Asp>0

a38/39Thr>0 Hb Aghia Sophia Hb Tunis-Bizerte

ol globin gene ‘ b Ao 062V/al>0 0129 Leu>Pro
a59Gly>Asp
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Common molecular defects &
common o-thalassaemia phenotypes

1 gene affected

} a’-thal carrier
Minimal/no red cell
} abnormalities

} 3 genes affected
} (or equivalent)

HbH disease

j

2 genes affected

} a°-thal carrier

Reduced red cell indices:

<78 fl MCV
} <27pg MICH
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4 genes affected

} Hb Bart’s
hydrops fetalis

ND = nondeletion allele




oi-thalassaemia haemoglobinopathies involving
hyperunstable a-globin variant alleles

Besides Hb H disease (when the mutation is classified as nondeletion
o-thalassaemia), some hyperunstable o-globin variants in the
homozygous state or on coinheritance with typical a-thalassaemia
mutations may lead to

» Thalassaemia intermedia-like syndrome, and /or

» Hydrops fetalis-like syndrome (Hb Bart’s ~35%;
Hb F + Hb A ~65%)

Wajcman et al, Hemoglobin 2008, 32:327-349

A %y 4 Medical Genetics, Athens University




oi-thalassaemia haemoglobinopathies involving
hyperunstable a-globin variant alleles

Inhibit correct " Hb Heraklion

: : p.Pro37del (al)
formation of Hb Pran o 38 Hb Taybe

tetramer > % p.Thr3gdel (o1)

= Hb Agrinio

and/or 7 OV,
- R p- Leu29Pro (al)

Affect interaction

of variant a-globin Hb Adana

chain with AHSP Hb Questembert - p.Gly60ASsp (02 & al)

Ser131Pro (a1) Wajcman et al, Hemoglobin 2008

(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).
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oi-thalassaemia haemoglobinopathies involving
hyperunstable a-globin variant alleles

Characteristics of Thalassaemia intermedia-like syndrome

Moderate microcytic, hypochromic anaemia (Hb75-95g/L)

No detectable abnormal haemoglobin fractions with normal HbAz
& borderline/normal HbF

Features of dyserythropoiesis including erythroblasts
Sometimes features of peripheral haemolysis
Splenomegaly, thalassaemic facies, bone changes
Often -thal-like biosynthesis ratios!!

Definitive diagnosis is achieved through DNA analysis
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Clinical utility of knowing the molecular basis
of a-thalassaemia

o-thalassaemia is considered less of a health problem than [3-
thalassaemia, with respect to both patient management &
prevention.

Hb' H disease: Prenatal diagnosis NOT indicated for most
common forms of Hb H disease (could be considered (?) in
families with rare genotype interactions associated with
severe Hb H disease or Hb H hydrops foetalis)

Hb Bart’s Hydrops Foetalis: Prenatal diagnosis is indicated

since the syndrome causes neonatal death and is associated
wWith severe toxaemic complications in mother
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Molecular basis of common forms of o-
thalassaemia — clinical utility

Knowledge of the
» Population-specific mutations
» Phenotype-genotype
correlations
» Appropriate technologies
for molecular diagnosis
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Supports

» Diagnosis (definitive)
4 » Clinical management
§ > Counseling

» Prevention




Rare molecular defects and
rare phenotypes with o-thalassaemia
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Rare deletions removing both a-globin genes
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In patients with more extensive deletions of >1Mb (monosomic for a large
segment of 16p13.3) the a thalassemia is associated with developmental
abnormalities & mental retardation —a syndrome known as ATR-16
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Deletions removing the upstream regulatory

elements of the a-globin gene cluster
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A rare mutation causing a-thalassemia
via an antisense RNA

Due to deletion, the ( o201 6

RNA transcript from i1 EEN e This mediates
the truncated LUC7L w2 methylation  of
geENE EXPresses across l l_.....lﬁkb.dﬁl.e.t.ign..___ the a2 gene CpG
the o2 gene and its island and
CpG island ﬁ oz silencing of 2
(LUC7L  codes  a l'm gene expression
putative RNA-binding

protein)
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oi-Thalassemia resulting from competition for
upstream regulatory elements

Five HbH disease patients from Melanesia with likely
nondeletion mutations

In these patients detailed mapping and DNA sequence
analysis of the a genes and all of the upstream MCS
elements was normal

Common o gene haplotype in all HbH patients indicating
cis acting mutation

Fine sequencing spanning 213kb found 283 SNPs

RNA from the patient’s erythroid cells hybridized to a tiled
array and the SNPs were aligned with the expression profile
(and compared a normall(ool/oler) expression profile )

A %y 4 Medical Genetics, Athens University




Competition for upstream regulatory elements
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Competition for upstream regulatory elements

> The new peak of mMRNA expression (located between the T
and YT genes) coincides with a SNP that creates a GATA1l

binding site ('TAATAA3’ (T allele) to 5’TGATAA3’ (C allele)
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> It is likely that the new promoter-like element between
upstream regulatory element and o-gene promoters
significantly downregulates downstream alpha genes

» Completely new mechanism causing human genetic disease
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Unusual phenotypes involving o Thalassemia

Alpha thalassaemia mental retardation syndromes (inherited):

in  which o-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: 3004438])

The occurrence of o thalassemia in these clinically complex
syndromes provided the clue to understanding the molecular
basis of each condition
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o- thalassaemia mental retardation X-linked (ATRX)

X-linked disorder: mutations in ATR-X gene on
chromosome Xg 21.1 (36 exons; >300kb)

Affected males: severe mental retardation &
characteristic facial, genital & other
congenital abnormalities, and often mild o
thalassaemiar phenotype (although with
considerable variation in haematological
manifestations)

Cases from >180 families have been observed
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o- thalassaemia mental retardation X-linked (ATRX)

>110 mutations described, mainly
clustering in either the ADD
domain or the helicase domain.

completely abolishi ATRX protein gl
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o- thalassaemia mental retardation X-linked (ATRX)

ATRX protein Is an ATPase,
required for normal pattern of
DNA methylation, especially of
repetitive  DNA  elements, ™" s
influencing expression of many

. '-Ymr
genes during development __ /[

P-dependent

(although o genes are only ATRX gene Qw
target identified to date)

X-Lhromosome

Still unknown exactly how ATRX influences o-globin expression

Law et al, 2010
Mitson et al, 2011
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The interaction of o -thalassaemia with
B-thalassaemia

Of major clinical interest - the relative excess o-globin
chains play a key role in the severity of [3-thalassaemia

Co-inheritance of o-thalassaemia can ameliorate the
clinical course in homozygous and compound

heterozygous [3-thalassaemia patients

Conversely inheritance of additional oi-globin genes can
exacerbate the severity of heterozygous [3-thalassaemia
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Coinheritance of severe 3-thalassemia & a-thalassemia

Pre-splenectomy  Post-splenectomy Referred at 50 years

Hb (g/L)
Het (v/v) 18 B-genotype
MCV (fL) B 5 IVS1-1/IVS1-6
MCH (pg) 13.8 14. (B°/B*)

Retics (x10°)

NRBC!(/100WBC)

a-genotype

__/_ o

Billirubin (nM/L)

Ferritin (ug/L)
Epo (IU/L) :
STfR (mg/L) 22. : Biosynthesis

Hb A, (%) 16. a /B globin =1

Hb F (%) 10.1

Hb Bart’s (%) traces

Provides striking implications for molecular therapy
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Concluding remarks

Characterization of mutations in o-thalassaemia carriers and
patients has supported the understanding its molecular basis

Studies have also defined
»the normal structure & variation of the
most telomeric region of chromosome 16p

»many aspects involved in controlling IS =
developmental & tissue-specific expression |l
of o-globin genes

The final aim is to fully understand the control ofi e-globin
expression and to identify: novel approaches for the treatment
of patients with thalassaemia
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Thank you!

To my colleagues at the Department of
Medical Genetics, Athens University

To all colleagues in the field who have
contributed to the present knowledge

about the molecular basis of a-thalassaemia

To all patients
and their families for their cooperation
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