
From Genotype to Phenotype in Thalassaemia

Renzo Galanello
Pediatric Clinic 2-University  of Cagliari  (Italy)

Ospedale Regionale Microcitemie ASL8

Laboratory of Hematology :
Satta S..
Persu L.

Pediatric Thalassemia Unit:
Giagu N.
Barella S.

Demartis F.R.
Manunza L.
Sollaino C

Dessì  C.
Leoni GB.
Foschini L.

Marceddu G
Anni F.
Danjou F.

Adult Thalassemia Unit :
Lai E.
Vaquer L.

Slides L. Placido



Outline

Introduction,general aspects

Genotype-phenotype in patientsyp p yp p

Genotype-phenotype in carriersGenotype-phenotype in carriers

C l iConclusions 



Current Molecular Medicine 
Volume 8 Issue 7Volume 8 Issue 7 
2008



Relevance of phenotype prediction from 
genotypegenotype 

 diagnosis

 planning appropriate management:

t f i t ti d i‐ transfusion: starting and regime

‐monitoring of disease, complications and treatment  

 provide appropriate genetic counsellingp pp p g g

 reveal new targets for therapeutic intervention



Pathophysiology of β-thalassemiap y gy β
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β-Thalassaemia: 
Renzo Galanello

genotypic/phenotypic heterogeneity

Genotype Heterozygote Homozygote/genetic compound

Phenotype Silent “Haematologic” β Thalassaemia β Thalassaemia

Carrier

Phenotype Silent    Haematologic     β-Thalassaemia        β-Thalassaemia
phenotype           intermedia major

Mild                     Severe: tfx-dependent

tfx = transfusion.

sporadic tfx



Molecular basis of thalassemia intermedia

Homozygous or compound heterozygous state for  thalassemia
fInheritance of mild  thalassemia alleles

Co-inheritance of  thalassemia
Increased Hb F response

Xmn1 G polymorphism p y p
 globin gene promoter mutations
Trans-acting HPFH genetic determinants

H t t t f  th l iHeterozygous state for  thalassemia

Co-inheritance of excess  globin genes
(/, /, /)( , , )
Dominantly inherited  thalassemia
(Hyperunstable  globin chain variants)

C d h f h l i d h i iCompound heterozygotes for  thalassemia and  chain variants
e.g. Hb E/  thalassemia 

Compound heterozygotes for  thalassemia and HPFH or  thalassemia
SL Thein



Mechanisms Of -Thalassemia Intermedia

Mild PhenotypeSevere Phenotype

thalassemia
Mild/silent  alleles


globin
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globin

 thalassemia
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Genome Wide Association Study 
GWAS

D fi iti (NIH)• Definition  (NIH)
study of genetic variation across the entire genome designed to  identify    
genetic associations with observable traits or the presence or absence of  
a disease or condition.

• Aims• Aims 
- increased understanding of basic biological processes  affecting human 
health

- improvement in the prediction of disease  and patient care
- ultimately the realization of the promise of personalized medicine  

• Research tools
high-throughput, cost-effective methods for genotyping



Published Genome-Wide Associations through 6/2010, 
904 published GWA at p<5x10-8 for 165 traits

NHGRI GWA Catalog
/GWASt diwww.genome.gov/GWAStudies
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HBS1L M b 9389268
• - alpha/alpha alpha
• -alpha/-alpha

Blood,2009

• HBS1L-Myb rs 9389268 alpha/ alpha



Cholelithiasis and Gilbert’s syndrome 
in homozygous beta thalassemia

Total Cholelithiasis
Prevalence

patients Cholelithiasis
%

Thalassemia major 261 53 20 3Thalassemia major 261 53 20.3

Thalassemia intermedia 35 20 57 1Thalassemia intermedia 35 20 57.1

Galanello et al,BJH 2001 



M t ti f UGT1A1 tMutation of UGT1A1 gene promoter

5’ 3’Exon 1 2 3               4                       55 3

A(TA) TAA

- 53       - 39

A(TA)nTAA

TATA boxTATA box

Normal subjects A(TA) TAA Normal enzyme activityNormal subjects                                  A(TA)6TAA

Subjects with Gilbert syndrome        A(TA)7TAA

Normal enzyme activity 

Enzyme activity :                    
30% reductionj y ( )7 30% reduction

!



Prevalence of Cholelithiasis And UGT1-A1 
Promoter Genotype In Thalassemia MajorPromoter Genotype In Thalassemia Major 

And Intermedia
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Cumulative proportion of cholelithiasis-free survival in 667 patients with 
β-thalassaemia major according to the UGT1-A1 genotype
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Atypical –thalassemia carriers

Phenotype Genotype

Normal MCV and MCH •Co-inheritance of alpha-thalassemia

Borderline HbA2:
-low MCV •some mild -thalassemia alleles

•co-inheritance of -thalassemiaco e a ce o  a asse a
•-thalassemia
•corfu -thalassemia

-normal MCV •silent -thalassemia
•triplicated  globin genes
•some Hb variant (Hb Hamilton Hb City of Hope)•some, Hb variant (Hb Hamilton, Hb City of Hope)
•mostly unknown

Increased HbF: • thalassemia
-low/normal MCV
-normal MCV

•-thalassemia
•HPFH



HbA2 Distribution in normal and -thalassemia carriers
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Genotype of  53 out of 234 subjects with borderline Hb A2 

d l MCVand normal MCV

/ - 3.7 2
IVS 1 nt 6 20

a+Cd27 7
ti3 7/anti3.7 10

Hb Variantsb 3

Cap + 1570 1

 promoter mutations (-101; -92) 10

a  th l t ti  039 IVS I t 1 IVS I t110a -thal mutations:  039, IVS I nt 1, IVS I nt110
b Hb Variants: Hb Acharnes (cd 53 GCT>ACT; Hb Kolcomo (cd 74 GGC>AGC), Hb Emz (cd 123 ACG>AAC)


