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Learning objectives

Overview of Thalassemia and diagnostic test
Treatment and complication

New coming treatment agents
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Structure of Hemoglobin

Hb consists of 4 subunits
- 2 a-chain/ a-like chain
- 2 3-chain/ B-like chain
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Structure of Hemoglobin o,
b g

Type of “Globin chain”

a(Alpha)-globin chain and ¢(Zeta)-globin chain consist of 141
Amino acids

located on the short arm of Chromosome 16

B(Beta), y(Gamma), o(Delta), e(Epsilon)-globin chain
consist of 146 Amino acids

located on the short arm of Chromosome 11
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Globin gene synthesis A
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Globin gene synthesis
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Deletion of one alpha gene giving rise to alpha*-thalassemia / alpha thal-2 deletion
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Deletion of alpha globin gene
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Deletion of two alpha gene giving rise to alpha®-thalassemia / alpha thal-1 deletion

Ref : Harteveld CL and Higgs DR, Orphanet J Rare 2010;5;13-33.
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Deletion of alpha globin gene
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Deletion of two alpha gene giving rise to alpha®-thalassemia / alpha thal-1 deletion

Ref : Harteveld CL and Higgs DR, Orphanet J Rare 2010;5;13-33.
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Non-deletion of alpha globin gene é

<% Hb H disease VS Hb H-CS disease 6‘
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Non-deletion of alpha gene giving the compensation from another alpha gene
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Thalassemia Major

Tranfusion-Dependent Thalassemia
TDT

- Severe anemia presenting early in life
- Require lifelong RBC transfusion

- If untreated, lead to dead in first decade
of life

Homozygous Beta thalassemia (B%/f39)
Beta thalassemia/Hb E (B%/BE)
Bart’s hydrops fetalis

Thalassemia disease 5,

Thalassemia Intermedia

Non-Transfusion-Dependent Thalassemia
NTDT

- Mild anemia
- Diagnosed usually in late childhood

- Occasional blood transfusion may be
required

Beta thalassemia intermedia (B%/p+* or g*/p*)
Beta thalassemia/Hb E (B%/pEor p+/BE)

Hemoglobin H disease
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Beta thalassemia A

S\
BO-thalassemia mutation B+-thalassemia mutation
Codon 41/42 deletion (-CTTT) Codon 19 (A>QG)
Codon 17 (A>T) IVS I nt-5 (G>C)
Codon 35 (C>A) IVS Il nt-654 (C>T)
Codon 71/72 (+A) Codon 26 (G>A)
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Prevalence of alpha thalassemia

The Application of Clinical Genetics

ORIGINAL RESEARCH

Cllnlcal and molecular genetic features of Hb H
and AE Bart’s diseases in central Thai children
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Boonchai Boonyawat®**
Chalinee Monsereenusorn'
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Prevalence of alpha thalassemia g,

Background: o-l'halassemia, one of the major thalassemia types in Thailand, is caused by
either deletion or non-deletional mutation of one or both a-glohin genes. Inactivation of three
c-globin genes causes hemoglobin H (Hb H) discase, and the combination of Hb H disease
with heterozygous hemoglobin E (Hb E) results in AE Bart’s discasc.

Objective: This study aimed (o characterize the clinical and hematological manifestations of
76 pediatric patients with ITh II and AL Bart’s diseases treated at Phramongkutklao ITospital,

- 76 patients with Hb H and AE Bart's disease
- Non deletional Hb H and AE Bart's disease had severe
symptoms than deletional types.

patients with delctional AE Bart’s disease. Non-deletional AE Bart’s disease also had a history
ofurgent blood transfusion with the average of 6+().9 times comparced to 1+0.3 times in paticnts
with deletional Hb H disease. The diflerence was statistically significant.

Conclusion: This study revealed the differences in clinical spectrum between patients with
Hb H disease and those with AE Bart’s disease in central Thailand. The differentiation of
c-thalassemia is essential for aporopriate management of patients. 1 he molecular diagnosis 1s
useful for diagnostic confirmation and genotype phenotype correlation.

Keywords: genotype, phenotvpe, I1b II disease, AL Bart’s disease, Thai children
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Prevalence of beta thalassemia

Molecular analysis of beta-globin gene mutations
among [ hai beta-thalassemia children: results
from a single center study

Boonchai Boonyawat!
Chalinee Monsereenusorn?
Chanchai Traivaree?

'Division of Genetics, Department of
Pediatrics, Phramongkutklao Hospital
and College of Medicine, Bangkok,
Thailand; *Division of Hematology/
Oncology, Department of Pediatrics,
Phramongkutklao Hospital and
College of Medicine, Bangkok,
Thailand

Correspondence: Chanchai Traivaree
Division of Hematology/Oncology,
Department of Pediatrics,
Phramongkutklao Hospital and College
of Medicine, 315 Ratchawithi Road,
Ratchathewi, Bangkok 10400, Thailand
Tel +66 2 644 4130

Fax +66 2 644 4130

Email ctrivaree@yahoo.com
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Prevalence of beta thalassemia

Table | Genotype of 65 clinically manifested beta-thalassemia

patients
Genotype N (%) Table 2 The frequency of beta-thalassemia mutations in 88 alleles
Beta-thalassemia major 6C (92.3) Beta-thalassemia mutations Type Number of

Six common mutations
Codon 41/42 (-TCTT) 33 (37.5)

Codon 17 (A>T) 23 (26.1)
IVS-I-5 (G>=C) 7 (8.0)
IVS-1I-654 (C>T) 6 (6.8)
IVS-I-1 (G=>T) 4 (4.5)
Codon 71/72 (+A) 2 (2.3)

Codon 19 (A>>G) or Hb Malay/beta 1 (1.5) Toal 88 (100)
Beta-thalassemia intermedia 5(7.7) Abbreviation: H>, hemoglobin.
Codon 41/42 (-TCTT)/betz* | (1.5)
3.4 kb deletion/beta’ 2 (3.1)
Codon |7 (A>T)/beta* I (1.5)
IVS-I-1 (G>T)/betat 1 (1.5)
Toul 65 (100)

Abbreviations: HbE, hemoglobin E; Hb, hemoglohin.
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a-thalassemia 30%
al-thal. 5-12%
o'-thal. 19-26%

B-thalassemia 9-10%

Hb E 8%

CENTRAL
a-thalassemia 20-25%
a’-thal. 3.5%
a*-thal. 16%
B-thalassemia 3%
Hb E 13-19%

Prevalence of Thalassemia

VIETNAM
MYANMAR  LADFPDR
Chiang Mai -‘ihon e

THAILAND 4
y&\fﬂm
Bangkok / -

| GULE OF THAILANDG

'

. -
Y

SongKa

a-thalassemla 20%
a%-thal. 3%
af-thal. 12%

p-thalassemia 6%

Hb E 20-60%
SOUTH
a-thalassemla 16%
a’-thal. 2.9%
at-thal. 14%
p-thalassemia 2-4%
Hb E 9-11%

Courtesy of Thalassemia Foundation of Thailanbd
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Prevalence of Thalassemia

A
D @ ié

Couple at risk Birth Living

MRS (per year) (per year) Patient

ANISANEINUIN N193nEEL8 Beta thal/Hb E wil4i1snana

a1gde 30U asidaarsnwnauatiluEy 20,825,000 un

Hb H disease 28,000 7,000 420,000

Total 48,500 12,125 523,750

Ref : uuan1en15ilads Tsasaadiiis WnsAns 1y 2557 Q_?\L@ PedHemOnc-PMK



Prenatal Diagnosis

LLNBHNIENNSASIALN DA AN D

Hb Bart’s hydrop fetalis
Homozygous beta thalassemia

Beta thalassemia / Hemoglobin E

Chorionic Villi Sampling

cells from

. ultrasound chorionic villi
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Prenatal Diagnosis
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95 GA Risk &nla Point
A329
Amniocentesis 16-20 0.5% Cell DNA Study 91 + 2NvRaN LFLan repeat
Chorionic }
Villus 10-13  0.5-1%  Cell DNA Study 81 GA 31nn71il DNA a1 lsidasif
Sampling
Cell +  DNA Study + GA<18 : Cord Lan gagnn

r n i 18'22 25% . [} o 1 ' Y %
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NHSO Protocol s

n1silaenNunasAIuAN 13A laknaes1aaziis

Screening : OF/ DCIP/ MCV and MCH
If abnormal : checked husband

Confirmation : Hb typing for Bart’s hydrop fetalis, Homo Beta, B thal/Hb E
Confirm with DNA : alpha thal-1 del, beta thal

Prenatal diagnosis : CVS, Amniocentesis, Cordocentesis

sudlszanei 197l : 2557 28M // 2558-2559 37M // 2560 40M
%@ PedHemOnc.PMK



NHSO Protocol ;

nsEuaNRAnEBUSNIsame sy
 dihelsalainaesnaadisriaguuss
naasla3uiaanilszdn (regular transfusion)
INB5n®152AY Hb 9.5-10.5 g/dI

5 UIUNLE qgﬂﬁzmm
(379) (§1%LN)
2557 4532 10
2553 9835 40
2559 11940 40
2560 11439 130
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Spectrum of Thalassemia

Phenotype
Non-transfusion-dependent thalassemias:
NTDT Transfusion-dependent
I thalassemias: TDT (TM)
Transfusions Occasional Intermittent I Regular, lifelong '
seldpm transfu_sions transfusions transfusions
required required required required

a-thalassemia trait Mild HbE/B-thalassemia Deletional HbH Non-deletional HbH

B-thalassemia minor Moderate HbE/B- B-thalassemla major

HbC/B-thalassemia thalassemia Severe HbE/B-
thalassemia

B-thalassemia intermedia

Genotype

'"Muncie HL et al. Am Fam Physician 2009;80:339; 2Galanello R et al. Orphanst J Rare Dis 2010, J:11; *Harteveld C et al. Orphanst J Rare Dis 2010,
5:13; 4Cohen AR et al. Hematology Am Soc Hamatol Educ Program 200414






Screening Test

Screening test for Thalassemia (2 tests for screening)
- Red cell Indices (MCV, MCH)
- One tube osmoatic fragility test
- DCIP - DiChlorophenolindoPhenol preparation test

BIGSTOCK

Ussinnet



Confirmation Test

Confirmation test for Thalassemia
- Hemoglobin typing
- Molecular testing




g 3
3 A

lTranscription

UCA || GAG || GUG || AAA || UGC |[UAU || GGU

lTranslation
M C

— Ser Glu val Lys Cvs Twr Gly —

DNA coding strand

DNA Template strand e

mRNA

Peptide chain
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Hemoglobin typing

ARALYTE 10 % IME ARTH

F i. . 32713
F2 . 22 H4862
Unknown | -4 . V7745
P3 . 6 181971
Ao 2, .43 1548798
A2 en. J.060 6870643

TOTAL AREA 2302232

1.3% A2 28.1%

Hb E uas Hb A,

\\\\\\\\\\\ NAANS

Hemoglobin Electrophoresis

s
T ;”ll|¥"’“ffi";;’i|"£“—'l [T

Fractions % Ref. % Ref. g/dl

Hb A
Hb E
Hb A2

High Pressure Liquid Chromatography Caillary Electrophoresis
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Hemoglobin typing

c

Hb A a2 2 Hb H B4
Hb A2 a2 02 Hb Bart’s Y4
Hb F a2 Y2

A. Decrease production : Uyannow Hb
Normal : (aa,aa)(B,B) B. Abnormal production (amino acid)
Variant Hb Ex; Hb E, Hb Cs
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Thalassemia

Hb type: Criteria for diagnosis

A>A (A22.5-3.5%)
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Interpretation!!!

Hb
Hct
MCV
MCH
RDW

Hb A
Hb A2

15.5
45.0
92.3
31.3
14.1

97.0
3.0

Y%
%



Interpretation!!!

\Q’\ PRSI G T  Isavw na e - AN M
Y DERARTMINT OF Bty Hb 0 dl
() el 11. d

“\ - 7 PRANIONS G T VO TIONIT 1A

e . b Hct 32.7 %
MCV 73.8 fl

HB TY2ING RLPORY SQORM

e MCH 24.8 Pg
. RDW 16.0 %

Hb A 94.5 %
Hb F 0.4 7
Canifarys Flectrophores!s

94
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Interpretation!!!
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Interpretation!!!
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TV 627 200 0

v CH 19 r

RDvY

INTFRPRETATION H b F 43 . 8 %
EXTENDED COMMENT b = stain : Posetive H b E 49 %
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Interpretation!!!

P NDANUITI YN TS 1 12 : s
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Others Detecting Techniques @

Alpha globin gene Beta globin gene
Alpha thal-1 deletion Deletion of beta gene
Multiplex Gap PCR ARMS PCR
Alpha thal-2 deletion Reverse dot blot
Uncommon large deletion or Uncommon large deletion

alpha-globing gene triplication

Multiplex ligation-dependent probe amplification (MLPA)

Deletion

Non-deletion
Common known point mutation; CS, PS, QS Common known point mutation
The amplification-refractory mutation ARMS PCR
system (ARMS) PCR High resolution melting (HRM) analysis
Point mutation Point mutation
Uncommon point mutation; Unknown Uncommon point mutation; Unknown
Alpha-globin gene sequencing Beta-globin gene sequencing @_F\L T S







Treatment

Curative treatment

Hematopoietic stem cell transplantation
Gene therapy

Standard treatment

Education and genetic counseling

Regular blood transfusion to maintain Hb 13-14 g/dL post
transfusion and 9-10 at all time

Supportive treatment : Folic acid, MTV
Iron chelation

U bedbiamonc ik



» 1 blood unit contains 200 mg iron

« A 60 kg patient with thalassemia receiving
45 units of blood annually has

transfusional iron intake of 9 g iron/year
* 0.4 mqg iron/kg body wt/day

» In addition, up to 4 mg/day may be
absorbed from the gut

» Upto 1.5 g iron/year

e Qverload can occur after 10-20
transfusions

200-250 mg iron:
Whole blood: 0.47 mg iron/mL
‘Pure’ red cells: 1.16 mg iron/mL

Porter JB. Br J Hasmatol/ 2001;115:239-252

@\ | Fediatric Cancer & | ematclogic Discrder
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Transfusion regimen
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Gene Therapy

MBa(:':ce)w CD34+ stem cells cene Carrller 1:?;::“;::.;‘
Harvest
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Inmunosuppression

“[{) PedHemOnc-PMK




Novel therapy

New therapeutic targets in B-thalassemias: (A,D) impaired a:B-globin ratio, (B) ineffective
erythropoiesis, and (C) iron metabolism and hemolysis.

A D
Impaired a:f globin
/ ratio \

*HSCT

+ Gene therapy » Alpha chain
* HDOF induction synthe‘sis
Erythroid cell pathology reduction
Ineffective / \ o
erythropoiesis Hemolysis *

NN g

Iron overload
* Hepcidin analogs
\_

' b - TMPRSS inhibitors
B =

M. Domenica Cappellini, and Irene Motta Hematology
2017;2017:278-283

+ JAK2 inhibitors
+ Stotatercept
* Luspatercept

.
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GDF-11 Antagonists

\

3’:3 60:11 Red blood cells
% » -. “l‘
f TGDF11-
/’-—: expressing cells )

a Erythroid grogenitors

THypoxia v
f | Inefficient erythropoiesis
"*“?m'a Stotatercept
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