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Hemoglobinopatiler
Hematopoietik sistemin bir hastaligidir.

Hemoglobini olusturan globin zincirlerinin sentezinde yetmezlik ve/veya fonksiyonunda
anormallikler bu patoloji altinda toplanir.
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Globin genlerinin gelisim evrelerine ve dokuya 6zgiin ekspresyonlari,
«Lokus Kontrol Bélgeleri (LCR)» ile diizenlenir
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Hemoglobinopatiler
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Hemoglobinopatiler

Diinyada en yaygin otozomal resesif tek gen hastaligi
269 milyon insan tasiyici?
Her yil 200.000 hasta bebek dogumu?

Turkiye’de 1.300.000 B-talasemi tastyicisi ve 4.500 talasemi hastasi®

1Angastiniotis M, et al, Ann N Y Acad Sci, 1998
2Wong LP, et al., BMC Public Health. 2011
3Turk Hematoloji Dernegi



Agir seyreden, prenatal tani ve/veya PGD gerektiren
hemoglobinopati formlari

Talasemi major
Bi-allelik HBB mutasyonlari (B°, B*), 6B-talasemi varyantlari, Hb Lepore

Orak hiicre sendromu
HbS/Hb®, HbS/HbC, Hb%/HbRR,HbS/HbP-Puniap HhS/HbO-Arab HbS/Hbterore HbS/HbE

HbE talasemisi
HbE/Hb #

Hb Bart’s hidrops fetalis sendromu
a® (--/--), nadiren HbH hidrops fetalis sendromu (--/a'a, a'a/aa)

Toplumumuzda B-talaseminin saglik yuki a-talasemiye kiyasla ¢cok daha fazla|
Agir formlari daha yaygin |




’ Turkiye’de evlilik 6ncesi hemoglobinopati taramalari 41 ilde var ‘

1I-Balge Olgu sayisi p-talasemi Orak hiicre anemisi Kaynak
tasiyicihg tasiyicihg

Icel

Denizli

Denizli

Hatay

Konya

Erzurum
Kahramanmaras
Kocaeli

Kayseri

Kadirli
(Osmaniye)

6.746
19.804
14.200
10.207
72.918
1.610
11.040
88.888
10.261

1.994

% 3.1
% 2.6
% 2.2
% 3
% 2
% 0.68
% 2.3
% 0.89
% 1.71
% 4,91

% 6.4
% 0.11

% 8
% 0.05
0
% 0.54
%.0.05
% 0.01
% 0.01

Kiling M., et al, 1999
Keskin A., et al, 2000
Bolaman Z., et a,| 2001
Gali E., et al, 2001

Giiler E., et al, 2007
Acemoglu H., et al, 2007
Giiler E et al, 2008
Sarper N., et al, 2009
Karakukcu C ., et al, 2012
Ulutas KT, et al, 2014



Hastalik ve tasiyicilik tanisi biyokimyasal hematolojik testlerle miimkiin |

(1) Tam Kan sayimi

MCV (mean cell volume): Hct/RBC
toplam paketlenmis eritrosit hacmi (hematokrit)/toplam eritrosit sayisi x 10, femtolitre/hlicre
Normal erkek: 89.1+5.01, Normal disi: 87.6+5.5

MCH (mean cell hemoglobin): ort. Hb kitlesi/RBC, pikogram/hiicre
Normal erkek: 30.9+1.9, Normal disi: 30.2+2.1

Yiksek degerler: makrositik anemi (blytk eritrosit, yetersiz hemoglobin)
Vit B, ve folik asit eksikligi (Megaloblastik anemi)
Disuk degerler: mikrositik anemi (klictik eritrosit, yetersiz hemoglobin)
Sideroblastik anemi (Kalitsal ve kazanilmis nedenlere bagli olarak hem sentezinin bozulmasi)
Talasemi
Demir eksikligi
Kronik hastaliklar
RDW (red cell distribution width)
Demir eksikligi T
Kronik hastaliklarda ve kronik hastaliklarda, normal
Talasemide normal ve veya yuksek

(1) Ozgiin hematolojik testler, Talasemi taramasi
HbEPG (Globinlerin elektroforezi): HbA2, HbF, varyant hemoglobinleri (HPLC ve kapiler elektroforez)

(3) Molekiler genetik testler, (HBB, HBA1 ve HBA2)



Beta talasemilerde hemoglobin oranlari (>12 ay) I

Normal Etkilenmis Etkilenmis Minor
Major intermedia Tasiyici
Transfiizyona | Transfiizyona bagimli degil Hafif anemik
bagimli ya da nadiren
Be/B° B/B* talasemi (aco/oat) B/pB°
Be/B* B/B° talasemi (aoio/aLa) B/B*
B/B° (?) B/B(?)
HbA (a,f3,) %96-98 0 % 10-30 % 92-95
HbF (oL,Y,) <%1 % 95-98 % 70-90 % 0.5-4
HbA, (a.,9,) % 2-3 % 2-5 Degisik dizeylerde artma >% 3.5




B-talasemi tasiyiciligi ile tutarli olmayan ve yorumlanmasi gereken bulgular | I

1

Table 4 Interpretations to consider when the haematology is not consistent with typical f-thalassaemia trait

Haematological parameters Possible interpretation

Reduced red cell indices (MCV <79 fl, MCH <27 pg), normal Hb (i) lron deficiency
electrophoresis/HPLC/CE, normal %Hb A> & %Hb F) (i) heterozygous a-thalassaemia
(iii) heterozygosity for mild p-thalassaemia variants (sometimes Hb Ao is borderline raised)
(iv) co-inheritance of heterozygous &- with f-thalassaemia
(v) heterozygous eydf-thalassaemia
Normal/borderline reduced red cell indices with raised Hb As  Interaction of a- with f-thalassaemia
Carriers of f-thalassaemia with folic acid or vitamin B12 deficiency or hepatitis
Normal or reduced red cell indices with raised Hb F (> 5%) Heterozygous &f-thalassaemia, Aydf-thalassaemia or HPFH
and normal or low Hb Ao
Normal red cell indices with normal/borderline Hb As Triplication of a-genes (when implicated in family studies), KLF1 variants or mild fi-thalassaemia variant
Severely reduced red cell indices and raised Hb As Multiple a-globin genes (=4) and heterozygous f-thalassaemia

Note 1: Some Hb variants are not detected by electrophoretic or chromatographic procedures, but may be suspected due to the presence of abnormal haematological parameters and/or clinical
symptoms. In such cases it is recommended that samples are analysed using mass spectrometry or DNA methods. Occasionally hyperunstable variants are present and these may only be found by
DMNA methodology as the protein produced is so unstable.

Note 2: When evaluating cases be aware of potential complex genotype interactions.

EMQN (The European Molecular Genetics Quality Network) on haemoglobinopathies-2015



Normal ve/veya sinirda HbA, diizeylerinin gozlendigi HBB varyantlari

Table 5 Genetic variations associated with normal/borderline Hb A2 levels—a guideline of related haematological and biosynthetic
characteristics

Variation HGVS nomenclature NM_000518.4 (HBB) Variation traditional nomenclature MCV {1 MCH pg Hb As a/f ratio
c.—151C=T f —101 (C—-T) 885178 30.1£1.0 31+1.0 1.3+04
c.—142C=T f =92 (C(T) 83.0+6.0 28.3+2.0 3.5+0.4 1.3+0.8
c.—18C=G B +33 (C(G) 82.0+9.2 27.1+3.4 25+1.4 1.3+x06
c.316-7C=0G pIVS2-844 (C—G) 96.0+£4.0 30.3x1.8 3.2+0.2 1.0+x06
c.*6C=G f + 1480 (C—-G) 88.3+95 27.9+6.0 27+0.8 16204
aeacelon 85.5+7.8 30450 28+0.6 1.2+x04
KLF1 variants (29) 827157 27.8x2.2 36+0.2
c.—50A=C Cap+ 1 (A(C) 23-26* 75-80* 3.4-3.8* —
c92+4+6T=>C f IVS1-6 (T—C) 71.0£4.0 23.1x22 3.4+0.2 1.9+1.0
&+ f thalassaemia 64.3x4.0 209x1.4 36+0.2 1.7x06

Values (mean + 25D or range (*)) are a guideline and represent those reported in various studies on carriers of these variants (prepared by R Galanello).

Mote: It is recommended that subjects with borderline Hb A2 levels, particularly if their partner is a typical fi-thalassaemia carrier, should be extensively investigated (« and § gene analysis, globin
biosynthesis), although the majority usually have normal HEB and HEA genes. Borderline-raised Hb A2 levels in normal individuals are usually explained as the extreme distribution of the normal
range of the Hb A2.

Furthermore, in couples where one partner is heterozygous for a severe x-thalassaemia defect and the other is a f-thalassaemia carrier, it is recommended that the HBA gene cluster be fully
characterized in the f-thalassaemia carrier in order to preclude any risk of offspring with severe Hb H disease or Hb Bart’s hydrops.

p-globin gen kiimesindeki, BCL11A (2p16) ve HBSIL-MYB (6q23) gen balgelerindeki polimorfizmler HbF
ekspresyonuna etki eder

Kruppel-like factor (19p13); HBB promotirina baglanarak HBB ifadesini diizenler

EMOQN-Best Practice Guidelines_2015



Yiuksek ve dusuk saptanan HbA, diizeylerinin genetik ve edinsel nedenleri

1

Increase (excluding B-thalssaemia variants) Reduction
Genetic Genetic
KLF1 variants &-thalassaemia
Triplicated o gene d-chain variants
Some unstable variants ot-chain variants
Hb variants eluting with or close VITHQA: Hb Lepore!

ci-thalassaemia®

6P and 0P thalassaemia: some mild

thalassaemia variants

Acquired Acquired
Huvperthvroidism Severe iron deficiencv anaemia
Megaloblastic anaemia Sideroblastic anaemia
Aplastic crisis in HS [ead poisoning
Antiretroviral drugs L eukaemia. aplastic anasmia

Pseudoanthoma elasticum

Note 1: a) In Hb Lepore carriers. the expected parameters are: 2.0-2.3% Hb A, 1-3%
Hb F. 3-3% Hb Lepore-Boston-Washington. However, falsely high Hb A; levels may
be observed (up to 10-15P6) when using HPLC. since Hb Lepore co-elutes with Hb A,

Note 2: Co-inheritance of c¢-thalassaemia. particular Hb H disease may reduce Hb A;

levels.



Prenatal tani ve/veya PGD Onerilmesi uygun olan B-talasemi formlari | I

Table 1 f-Thalassaemias and fi-globin gene disorders—genotype interactions, disease states and recommendations for prenatal diagnosis and

preimplantation genetic diagnosis (PGD)

Genotype interaction Disorder expected Appropriate to offer PND
Homozygous
\ B° or severe B ' -thalassaemia Thalassaemia major Yes \
Mild g+ -thalassaemia Thalassaemia intermedia Occasionally®
Mild p* *-thalassaemia (silent) Very mild thalassaemia intermedia No
af°-thalassaemia Thalassaemia intermedia Occasionally®
Hb Lepore Thalassaemia intermedia to major (variable) Occasionally?
HPFH Not clinically relevant No
Hb C Not clinically relevant No
Hb D-Punjab Not clinically relevant No
Hb E Not clinically relevant No
Hb O-Arab Not clinically relevant No
Compound heterozygous
| B°lsevere 7 -thalassaemia Thalassaemia major Yes \
Mild g +/p° or severe ' -thalassaemia Thalassaemia intermedia to major (variable) Occasionally?
Mild g+ H/f° or severe i -thalassaemia Mild thalassaemia intermedia (variable) Occasionally?
aplp° or severe i -thalassaemia Thalassaemia intermedia to major (variable) Occasionally?
&7 /mild p*-thalassaemia Mild thalassaemia intermedia Occasionally?
af"/Hb Lepore Thalassaemia intermedia Occasionally®
\ Hb Lepore/fi” or severe fi ' -thalassaemia Thalassaemia major Yes \
Hb C/j or severe ' -thalassaemia f-thalassaemia trait to intermedia (variable) Occasionally?
Hb C/mild ' -thalassaemia Not clinically relevant No
Hb D-Punjab/fi” or severe f ' -thalassaemia Not clinically relevant No
Hb E/j or severe f ' -thalassaemia Thalassaemia intermedia to major (variable) Yes
Hb 0-Arab/g -thalassaemia Severe thalassaemia intermedia Yes
xoa/ i or severe 1 -thalassaemia Mild thalassaemia intermedia No
anaol 7 and aomaxa/fo-thalassaemia Mild to severe thalassaemia intermedia (variable) Occasionally?

Mote: The decision to have prenatal diagnosis belongs to the couple, once they have had comprehensive counselling.
2Couples with genotypes that may lead to offspring with unpredictable phenotypes occasionally select to have prenatal diagnosis or PGD.

EMOQN-Best Practice Guidelines_2015



Orak Hiicre Anemisi
taniicin test tablosu

http://sickle.bwh.harvard.edu/scd_background.html

=~ 2 yas’da ve sonra Hematoloji degerleri

Anormal Globin > 6 aylik, saptanan Fenotip MCV (RBC biiyiikliigii) HbA, (a,,9,)
hemoglobinler >70; 6-12 ayhk Normal; % 2-3
>72; 1-2 yas
>81; yetiskin
SS (BB®) 6-12 aylik hemolitik Normal <3.6%
HbF, Hb S anemi
S B°-thal (BSB°) J >3.6%
S B+-thal (B*B) HbF, Hb S, Hb A, >3.6%
Daha hafif anemi ve Normal / 4
SC (BSBC) (BSBC-PE7LYs) | Hb F,Hb S, Hb C hemoliz <3.6

Orak Hiicre baska varyantlarla da gériilebilir :
BSBD—Punjap, p.GlulZlGlnl BSBOArab, p.GlulZlLysl BS/BLepore, BS/BE, p.Glu27lys yg.




Prenatal tani ve/veya PGD Onerilmesi uygun orak hiicre anemisi formlari | |

Table 2 Sickle cell disorders—interactions and indications for prenatal diagnosis and preimplantation genetic diagnosis (PGD)

Genotype interaction Disorder expected Appropriate to offer PND
Homozygous
| HbS Sickle cell disease Yes \

Compound heterozygous

\ Hb S/f° or severe ' -thalassaemia Sickle cell disease Yes \
Hb S/mild f+-thalassaemia Mild sickle cell disease Occasionally®
Hb S/ép°-thalassaemia Mild sickle cell disease Occasionallys
Hb S/Hb Lepore Mild sickle cell disease Occasionally®
Hb S/HbC Sickle cell disease (variable severity) Yes
Hb S/Hb D-Punjab Sickle cell disease Yes
Hb S/Hb O-Arab Sickle cell disease Yes
Hb S/Hbs C-Harlem, S-Southend, S-Antilles Sickle cell disease Yes
Hb C/Hb S-Antilles Sickle cell disease Yes
Hb S/Hbs Quebec-Chori, C-Ndjamena, O-Tibesi Sickle cell disease Yes
Hb S/Hbs I-Toulouse, Shelby, Hope, North Shore Haemolytic anaemia No
Hb S/Hb E Mild to severe sickle cell disease Occasionally®
Hb S/HPFH Very mild sickle cell disease No

Note: The decision to have prenatal diagnosis belongs to the couple, once they have had comprehensive counselling.
2Couples with genotypes that may lead to offspring with unpredictable phenotypes occasionally select to have prenatal diagnosis or PGD.

EMOQN-Best Practice Guidelines_2015



HBB (NM_000518), reverse strand (Mayis 2017)

835 degisim (410 p talasemi, 312 varyant ve digerleri)

5" gen yakini
bslge
(reglilatdr)

BUTR ve
eksonl

intronl

ekson2

intren2

ekson3 ve

3'UTR

3'genyakini
badlge
(reglilatar)

.................... algtc:ccagttsac:tcctatttgncaccsctgattaccccsttglhagtcacactttgggttltnagtgactttttattlatttgtatttttgactgc
BrraagaggtetetagBreeetaflctortgtrteccannacctalitaagtasctaatfeacagageacartgattegraceractrareettagacataatttat tageatfeatgage
aaattasgassaacaacascasatgastgeatatatatgtat tatgtgtgte!atatacac!tatatatat_tt ttttcttaccagaaggttttaatccaa&tlagga
gaagatatgott agamlgaggtugngl:tttcstccattctgtc taagtattttgoatattotggagacge uggugagatcl:ntctacalatcccuagct gaattatggtagaca
aaactn:l::ccav::t':':l:agl:gcatcnaltccttatttgtg:aat aagamttg!qe.e.mgatcttc«m:atgcttaccnngctgt gar cccaaatattnc!taant acacttgoanagy
aggatgttttt agtagcaatltg'a-: l:gstggtatggggccaagagatltatcttelagggagggctgagggt Itgaagtccaact-:ctaagccagtgﬂ:cegaagagcca&ggacaggta

CHGCTGTCATCACTTAGACCTCACER TETGGA TAG cABTE TACTCCCAGGAGCABGGAG TCAGGGCAGAGCCATCTA
1 A A B TETCTTCACTA = cace imgeTE T Eac e GG :

.tg-tcaaggt tEcaagar.'aggtItaaggagacl&atagaaaclg*atgt ggagacagagaagactcttgggtttctgaﬂagqcactﬂaltctctctlﬂctaﬂtﬁgtctaﬂtttc

cocaccck

HEEREER s tagyaclettgatgttffrettteccettettttetatfligaagt teatgteataggaalgogaffasgtasagggt acagt ttagastgygaaacagacgaat gattyea
tr_'agl:gtggaagtct:aggat:%ttI:agtttc:ttl:l:ntttgctgl:tcataacuattgttttcttttgtttaattcl:I:gctttc:ttl:l:I:ttttc:ttctl*;‘caatttttactattatact

taatgocttaacattgbgtBta aaa@ggaaatatctc:gagatacachaagtaacl:I:anaaaaaaa.cl:r.tacacagl:ct.gc:ctagl:acattactal:l:bggaatatn\lgr.gtgcttal:c
tgcatattcataatct‘c ctttattttettttattbttaattgatacataat ttatacatatl:I:atgggttaa!tgtaatgttttaatatgtgtacacatattgﬂccaaat

ggtuatt!bgcatttgbanttttuunnaatgctttcttcttttuutabaﬂtttt tttatcttattbctaatacttbocctaatetettbottte caatunbgaaacautgtat
catgcctcttt@accattctaaa aataacagtgataatttetgggttas aal:agcaatat!ctgcl'tataaatatttct catataaattgt :gaugtaaga gttteata
ttgctﬂatagcagctacaatccaqitm:cﬂctécttttﬂttttatggtt gatugﬂtggattattctgagtccaﬂgcta clttttﬂctaat cacttaictt

cofiBcc-ERg

ETc TCETC TERETECTEES - aangT TR AC TR TCEE T E TERECCRARTEC

GC! TTGECTETCCAATTTC TATTAAA TTICT?HETTCC hAGTCCAACTACTkAACTGGGGGATITT&TG&AGGGCCTTGAICATCIGGRTTfTGCC
ATTTATTTTCARTGEAA

Igatgtabttaaattntttctgautnttttactauaaagggastgtglgaggtcugtgcatttaaancntaaaguantgaagagctnqttcaaacct:lggaasutncactltatcttna
actocatyaaagasgytyagyctgcasacagetaatyeacact qgcam:agcccctqa:!cltatgcc::attcat cecteagasfaygarteaagrafaggettgatttggagyttass
gltttgctatgctgtattttacattacttattgttttagctgtcctcatgaatgtcttttcacta'ccatttgr:ttatcltgcatcl;ctcagccttglctccactcagttctcttgctta
gagutuccaﬂctttcccctgaagtgttccttccutgttbtacgglgagatggtttctcctlgcctggccagtcugccttagttgtctctgttgtcttatagaggtctncltgasguugga
aaaacagggglcatggtttgactqtcctg tgagooccttettoocctgoo Ccccccactcal:aglgacccggaatctgcagcgclagtr:tct:cg!aactatcactctttcaﬂ:agtltqcttc
ggaaggactgggcttngtatgaaaagttaggactgnqaagaatltgaaagglggctttttgtag:ttqntattcactactgtcttattaccctlt:ntag ....................

gtteatac




274 patojenik allelde, 35 farkl bilinen mutasyon + 2 yeni degisim

Mutasyonlar tip 274 (n) % (siklik)
€.93-216>A (IVS1+1106>A; rs35004220 ) pr 76 27
¢.92+16>A ( IVS-I-1, rs33971440) po 26 10
¢.92+6T>C (IVS-I-6, rs35724775) pr 20 7
¢.20A>T (p.Glu7Val, p.E7V, rs77121243, rs334) ps 10 7
c.25_26delAA (rs35497102, p.Lys9Valfs, CD 8 -AA) po 19 7
c.135delC (p.ser45fs, rs80356820, rs35811659) po 17 6
¢.315+16>A (rs33945777; IVS-II-1) pe 1 4
c.-80T>C (rs33980857) po? 10 4
c.118C>T (p.6In39Ter, p.Q40X rs11549407, rs76728603 ) po 8 3
¢.315+745C>6 (rs34690599 IVS-II-745) + c.-31C6T pe 8 3
¢.27dup6 (rs35699606) po 7 3
c.486>A (p.Trpl6Ter, p.W16X, rs34716011) pe 6 2
c.112delT (p.Trp386lyfs, CD 36/37 -T, rs63750532) pe 6 2
Gesitli boyutta delesyonlar (MLPA) ? 5 2
¢.17_18delCT (p.Pro6fs, rs34889882) pe 5 2
¢.-273T>C (rs139703273), (MutationTaster: POLEMORFIZM, MAF % 0,01) ? 3 1
¢.3646G>A (p.6lul22Lys, rs33946267, het N, Hom hafif anemik, HbS birlikteligi agir orak hiicre anemisi),, [6>C LA, Hom, het N) variant Hb O-Arab 3 1
c.-138C>A (c.-88C>A, rs33944208) pr 3 1
¢.90C>T (rs35578002, p.6ly30=; IVS1 ds C-T -3) pr 2 1
¢.196>A (HbC, HbS birlikteligi agir hemoglobinopati) variant HbC 2 1
c*110T>C p* 2 1
¢.85dupC po 1 <1
c.-80T>A p* 1 <1
¢.796>A (rs33950507, p.Glu27Lys, homozigotlugu p/p* tablosu , baska bir mutasyonla birlesik heterozigotlugu p intermedia) p*/ HbE 1 <1
c-78A>C pr 1 <1
c.68_74delAAGTTGG (CD 22/23/24) pe 1 <1
c.32C>A, het N variant HbAnkara 1 <1
¢.316-3C>A (IVSII-848, rs33913413) pr 1 <1
€.316-36C>T (Mutation Taster analizi: POLIMORFIZM) ? 1 <1
¢.315+2T>A (rs63750283) po/ pr 1 <1
c.20delA (p.glufs, rs63749819) po 1 <1
c.1426>A (p.Asp48Asn, rs33932070) variant Hb G Cophenagen 1 <1
c.-137C>A (-87,rs33941377) pr 1 <1
c1146>A (p.Trp37*) po 1 <1
¢.-151C>T (c.-101C>T, rs63751208) p* or silent 1 <1

¢*111A>6 (rs63751128) p 1 <



Beta Talasemi Major Tanisinda Dizi Analizi Testi

c.93-216>A (IVS1+1106>A)

| Ame | indeks | Baba

Mutasyon Heterozigot Homozigot Heterozigot
Genotip B/B B+/B* B/B

Hb elektr.

HbA 95,5 74,7 95,8
HbF 0,8 23,7 0

HbA, 47 2,7 42



HBB#122

Gelis endikasyonu:
Anemi, HbE, HbA, yiiksekligi

c.79G>A
HbE

B+

1

|

2
||c.316-35C>A

m

1

c.79G>A

novel

2
et ||c.316-36C>A | ITF'
Pediatrik Hematoloji
Anne (I:1) Olgu I:1 (22 aylik) Kardes (IT:2) (28 aylik) Baba (I:2)
Red Blood Cell (x108/ml) 537 (M) 52 (1) 58 (1) 5.6
MCV fl 67 (V) 60.1 ({) 56.1 (V) 86.2
Normal E:89.1+5.01 Normal K:87.6+5.5
Major:50-70, Minéri<79
MCH pg 22 (V) 19.8 (V) 179 () 28
Normal E:30.9+1.9 Normal K:30.2+2.1
Major:12-20, Minor:<27
Hemoglobin g/dI 11.8 10.4 10.3 14.2
Normal E:15.9+1.0 Normal K:14.0+0.9
Major: <7, Minor E:11.5-15.3 Minor K:9.1-14
Hemoglobin A 75.8 () 69 () 92.8 96.6
Normal: 96%-98% 75.6—~Dogum
b°/b°: 0, b°/b* ve b*/b*:10%-30% Minor:92%-95%
Hemoglobin F 05 (1) 25 (M 2.0 -
Normal: <1% (1.5—>dogum)
b°/b°:95%-98% , b°/b*ve b*/b*:70%-90%,
Miner:0.5%-4%
Hemoglobin A2 2.2 47 (M 34 33
Normal: 2%-3%
b°/b°:2%-5% , b°/b* ve b*/b*:2%-5% , Minor:>3.5%
Hemoglobin E 22.2 17 -

(22.1—>dogum)

*Literatiirde B talasemi major tanili bir olguda kodon33/34delGTG ile cis, c.796>A ile trans pozisyonda gosterilmistir
(Nuntakarn L, et al, Blood Cells, Molecules & Diseases, 42(1), 32-5, 2009).




HBR#63 c-31CT .315+1G>A
c.315+745C>G
Gelis endikasyonu:
BTalasemi major
Inadir varyant —>c.-31C>T o
C.315+1G>A B
B* c.315+745C>G
(11-745)
Olgu (5 ayhk)
[c.-31C>T + ¢.315+745C>6] + [c.315+16>A]
Nadir varyant B* o

Red Blood Cell (x108/ml) 3.66
MCV fl 741 ()
Normal E:89.1+5.01 Normal K:87.6+5.5 , Major:50-70, Minor:<79
MCH pg 26 (V)
Normal E:30.9£1.9 Normal K:30.2+2.1 , Major:12-20, Mingr:<27
Hemoglobin g/dI 9.53 ()
Normal E:15.9+1.0 Normal K:14.0:0.9 , Major: <7, Mindr E:11.5-15.3 Minér K:9.1-14
Hemoglobin A
Normal: 96%-98%, b°/b°: 0, b°/b* ve b*/b*:10%-30% Minor:92%-95%
Hemoglobin F 85
Normal: <1%, b°/b°:95%-98% , b°/b+ ve b+/b+:70%-90%, Minor:0.5%-4%
Hemoglobin A2 2.2
Normal: 2%-3%, b%/b°%:2%-5% , b°/b+ ve b+/b+:2%-5% , Minor:>3.5%




Kompleks Talasemiler

"HBB gen kiimesindeki delesyonlar ile iliskilidir.
*Delesyona ugrayan genin adi ile isimlendirilir (5° talasemi).

*0f3° olan homozigotlarda & ve B globin zinciri tretilmez (HBFT*). Bu durumu y ekspresyonu
kompanze etmeye calisir. Talasemi intermedia klinigi beklenir.

5’ bolgesini ortadan kaldiran delesyonlar >HBF + HBA2, hafif anemik.

*yA3P3° heterozigotlarda y© ekspresyonu vardir. ey53° ve yoB° heterozigotlari anemik tablo
sergilerler.

*HPFH
*c.-210C>T (Gy-158C>T) (en yaygin)
- [B/B, B/B*, B/B°] + eritropoetik stres > HBF* (Talasemi major fenotipi)

*Bazi HBB varyantlari ile birlikteligi hafif fenotipe yol acar.



MLPA ekzon ve daha bliylik boyuttaki delesyon/duplikasyonlari gosteren |
en gecerli yontemdir

Klinik RBC Mcv MCH Hg Hb A, % HbF, % HbA2 %
I-2 Sekonder
66yas  Hemokromatozis 57 g4y 27y 99 CURAPM e7an 18
Hemoglobinopati 9
4?;35 halsizlik/solgunluk 5,51 68, 2164 119 8564 1224 2,2
II-3 halsizlik/solgunluk 5 5 5 5 5 5 5
41 yas ' '
: O
Indeks '
v 66 yas
v HFE'de mutasyon yok
v Eritrosit transfiizyonu almamis
: )
2 4
ITT
2
— SMPD1 HBE1 pum HBG2 HBG1 we=m HBBP1 m=m HBDC HBB —

Gy Ay By(5p)°



ic
O
RBC MCV MCH  Hb HbA  HbF  HbA2
| S IT:2 528 624, 205, 108, 874, 911 34
1 2
o =11 2 B HBE1 HBGZ po HEG] v HBBFP] e HBLC HBB
Sy(AyByoB)°
EB
r O—11
1 2
” ﬁ RBC MCV  MCH Hb  HbA  HbF  HbA2
! I2 68 469, 226, 155 2 1021 23

II.2 57 59] 18,9] 98/ 792L 1851 2,3

p— SMP D1 : HBE1 HBGZ p=m HBG1 HBBP1 = HBD HBB

Gy Ay By(5p)°

| Y.B
1 . 2
@ RBC MCV  MCH Hb  HbA  HbF  HbA2
6 yas I:1 4,18 84,9 29,1 12,2 97.1 ? 2,8
B talasemi tagiyicihgi ? IT:1 51 59,61 19.7 10.1} N ? 3,1

HM'—( HBE1 el HBGZ ol HBG1 = HBBP1 et HED e HBB |—‘

|
HBB promoter (2,5-1,8 kb ?)
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Beta globin gen bdlgesi icin yapilan MLPA
Lepore varyanti ile

analizinde HBD geni ekzon 3’den
Bu sonug, heterozigot HBD-HBB gen

flizyonu ve Hb-

baslayarak HBB geni intron 1 bolgesine
uyumludur.

kadar uzanan heterozigot delesyon

saptandi.



Beta talasemide fenotip-genotip korelasyonu

-gok etmenli ve kompleks-

1. diizey
Mutasyon gesitliligi ve etki glicii
Hafif — Agir
beta globinin az lretilmesinden hig lretilmemesine kadar genis bir
spektrum
(B*/B*, B*/B°, B°/B°, BE/BE, B/B°, BE/B*)
2. diizey
HBA dozu
HbF perzistanshgi
modifiye edici genler
3. diizey

Globin genleri disindaki faktaorler




Guclli HBB mutasyonlari beklenen B talasemi fenotipini agirlastirir

Genelde ekson 3 de
cerceve kaymasi, ‘dur’ kodonu ve ‘indel” mutasyonlari

Hiper unstabil hemoglobin
(inkltizyon cisimcikli B talasemi )




‘o0 globin doz artis’
beklenen B talasemi fenotipini agirlastirir

a-globin gen kiimesi duplikasyonu
‘aaa /aad’ ya da ‘aaaa/ad’

+ p/p

|

b talasemi intermedia




Fenotipin Genotip ile Uyumlu Olmadigi Durumlarda Baska Testler Onerilebilir

Endikasyon: Beta Talasemi intermedia

heterozigot

B/B*

c.93-21G>A (IVS-I-110)

0

oms
[N |
[N |
HHE
= |

(=]

LI
AT T R

HHE

H E
AT

HHE
HnE
HnE

-
G T C

[nN |

[nN |

———on

Alfa triplikasyon

Ratio

P140 C1 0415

EEEEEEEgi?ifizii;iii;iiiiiii

éaes:-:EEﬁEE—IEEﬁ=EE==E:as'=EEBEE‘=E—IEEHEEE?EEEHiEE?éiﬁEgEQ

o gen dozundaki artis oo/B oraninin artmasina yol agacagindan, bu incelemede elde edilen sonuglar
Beta Talasemi intermedia klinigi ile uyumludur.



HBA1 (NM_000558), forward strand
193 farkli mutasyon (HGMD-Mayis 2017) et e
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HBA2 (NM_000517), forward strand
259 farkli mutasyon (HGMD-Mayis 2017)
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o. TALASEMI

Iki énemli klinigi vardir

Hemoglobin Barts (y,)
En agir formudur.
a genlerinin dordi de yoktur.
ABO ve Rh uyumsuzlugu sorunu yokken
13-14 GH da isaret verir
22-28 GH da USGde belli olur:
Odem
Asit
Plevral ve perikardiyal efiizyon
Agir hipokromi
Neonatal periyotta fetal kayip.

Affected
Hemoglobin Type Normal

Hemoglobin H (B,4)

Bebeklik, cocukluk ya da yetigkin evrede
ortaya ¢ikabilir.

Bir o geni vardir.

Hafif ve orta siddette Mikrositik,
hipokromik, hemolitik anemi, hafif
talasemik kemik degisimleri

Carrier

Hb Bart hydrops fetalis syndrome ' HbH disease ? Alpha-thalassemia trait® Alpha-thalassemia silent carrier *

HoA (0B,  96%-98% 0
HDF  (ogy, <% 0O
Hb Bart (va) 0 85%-90%
HH (B O 0

Hoa2  (0282)  9op 99, g

60%-90%
=1.0%
2%-3%
0.6%-40%
<2.0%

96%-98% 96%-98%
=1.0% =1.0%

0 0

0 0
1.5%-3.0% 2%-3%

hT‘rp://www.ncbi.nlm.nih.gov/books/NBK1435/



NON-ALLELIK Homolog Rekombinasyon (NAHR)

a-Talasemide a globin gen delesyonu, tekrarlayan X ve Z dizilerinin mayozda

yanlis eslesmesi sonucu ortaya cikar

ba a a
Yo = — 0
— I

—— X tekrarlari
————1 Z tekrarlari
Yanlis hizalanma arasinda crossover

1

normal o-talasemi
tastyici

HbH hastalig
Hemoglobin H

(B4)

hafif anemi
ottalasemi trait

Hidrops fetalis
Hemoglobin
Barts (y,4)

Rekombinasyonda, yanls eslesme farkli kromozom bdlgesinde ayni diziye sahip boélgeler arasinda

gerceklesir.

Hastalikla iligkili mutasyonlarin % 90 1 delesyon (MLPA), % 10 u HBA1 ve HBA2 (Dizi) genlerindeki

mutasyonlarla iliskilidir.




o, Talasemi tanisina molekiler yaklasim

MLPA ve dizi analiz uygulamalari ile etkili sonuclar almak mimkin

-a3.7° delesyonlari kendi arasinda ne kadar klinik degisiklik gosteriyor ?
-a3.7° ve -a?%> delesyonlarini tasiyan bireyler arasinda fenotipik benzerlik ?
Duplikasyonlarin alfa talasemi fenotipindeki agirhgi?

ol

01
(]
(]

NE ORPRN

. G.T.
shift alan 3. Talasemi ve
Hemoglobinopatiler Kongresi -
Antalya-2017



71 olgu; Alfa talasemi, mikrositer anemi, hipokromik mikrositer anemi, anemi
32 olguda mutasyon %45; % 6,4 nokta mutasyonu, % 93,6 delesyon

I P e ey S e g

59,9
12* Het. del -a205 --/aa Trait 23 77,5 0,3 0 54 104 (55,9- 189 31,5
62,4)
69,6
8  Het.-a3.7P - o/oa Sessiz 2,1 974 04 0 50 11,5 (66,5- 22,9 32,8
72,9)
2  Homozigot -a3.7° -a/-a Trait 2,05 97,95 - - 53 11,65 68,8 21,85 31,75
1 o 4,28/MED? -af-- HbH 1,9 98,1 0 0 5,1 7,8 54 15,3 28,3
1 -03.7%/-a20.5 -af-- HbH 1,5 984 0,1 0 5,7 9,9 57,2 17,4 30,5

HBA2 intronl heterozigot
1  c.95+2_95+6del (rs41474145) Alpha- - -/aats HbH 1,7 983 0,8 - 55 99 62,4 18,1 29
thal-2 (-5nt) /het del -a2%>

2 Triplication type a3.7 A ooa/ao o/B bozulma 2,75 96,8 O 0 45 10,7 75,5 47,4 31,4
HBA2 intron1 heterozigot

2 c.95+2 95+6del (rs41474145) Alpha-  aa/aa t5m) Sessiz 26 963 08 53 9,4 59,9 17,9 29,0
thal-2 (-5nt)

2 hetc.226G>c (p.Asp76Hi5) Hb Q-iran  aa/aofP@iran  Hhvaryant 0,3 78,7 1,9 19,1 5,09 13 79,5 26,1 32,8

oooo/aooo

e

ML/
06/66

1 dup 159 kb/ large dup2 >360 kb o/B bozulma 2,8 950 1,2 0O 499 11,5 703 23,1 32,8

*HBA1 5’ regilator bolgede heterozigot novel varyant (c.-235G>A) ve biyik

delesyonu (02°9)) birlesik heterozigot formda G. T., 3. Talasemi ve Hemoglobinopatiler Kongresi - Antalya-2017



Klinigi agir olan ve prenatal tani 6nerilmesi gereken a-talasemi formlari | I

Table 3 x-Thalassaemias—interactions and indications for prenatal diagnosis and preimplantation genetic diagnosis

Genotype interaction Disorder expected Appropriate to offer PND
Homozygous
| a-thalassaemia (/) Hb Bart's hydrops fetalis Yes \

a2t -thalassaemia ( —a/ —a) Nat clinically relevant No

z*-thalassaemia (aTo/aTa) Severe x-thalassaemia carrier to severe Hb H disease Occasionally?

Compound heterozygous
a°-thalfz ™ -thal {—/—a) Hb H disease No

Mote: The decision to have prenatal diagnosis belongs to the couple, once they have had comprehensive counselling.
3Couples with genotypes that may lead to offspring with unpredictable but potentially severe phenotypes occasionally select to have prenatal diagnosis or PGD. Reported examples of potentially

severe phenatypes include genotype combinations involving variants in the polyadenylation signal in the HBAZ gene, Hb Adana, Hb Agrino, Hb Constant Spring and Hb Taybee (see Supplementary
Table S1 for HGYS nomenclature).

EMOQN-Best Practice Guidelines_2015



Globin genlerinde kiguk mutasyonlarin taranmasi icin kullanilan yontemler

Reverse dot blot hibridizasyon

ARMS-PCR (amplification-refractory mutation system)

RE+PCR

rtPCR

DGGE (Denaturing gradient gel electrophoresis)

HRMA (High-resolution melting analysis)

Sanger dizileme - Klicik mutasyonlarin saptanmasinda jenerik, otomatize yontem
Pyrosequencing

Globin genlerinde bliyik delesyon/duplikasyon saptama yontemler I

GAP-PCR

MLPA = Basit, hizli, otomatize yontem (DNA kalitesi, RNA kontaminasyonu kritik)
Mikro-array
Southern blot



Mutasyon analizine molekiler yakla§|m||

ekzon 1 ve intron l'in dizisi
tim mutasyonlarin ~%73'lind saptar

%27
c.93-2165A
IVS1+11065A +

¢.27dup6 ,
%3 ekzon 2, intron 2
 — promoter, 5' ve 3' dizisi
mutasyonlarin ~%98'ini saptar

%10 +

c.92+16>A

c.315+16>A e MLPA mutasyonlarin
> . ~%100'tinG saptar

% %7

c.135delC . €.92+6T>C
%7 U IVS-I-6

c.20A>T
c.25_26delAA

CD 8 -AA



B-Talasemi (Akdeniz)

(coverage

; o/o 871)

- 101 [C>T] (%0.4)

- 87 [C>6G]

- 30 [T>A]

codon 5 [-CT] (%1.4)
hemoglobin C (% 0.4)
hemoglobin S (% 4.7)
codon 6 [-A]

codon 8 [-AA] (%12)
codon 8/9 [+6] (% 2.8)

codon 15 [tgG>1tgA] (7% 2.8)
codon 27 [6>C] [Hb Knossos]

IVS 11[6>A] (% 7.5)
IVS 15 [6>C]

IVS 1.6 [T>C] (%6.1)
IVS 1.110 [6>A] (% 31.7)
IVS 1.116 [T>G]

IVS 1.130 [6>C]

codon 39 [C>T] (% 2.8)
codon 44 [-C] (%6,6)
IVS 2.1 [6>A](% 4,2)
IVS 2.745 [C>6G] (% 3.3)
IVS 2.848 [C>A](7%:0.4)

B-Talasemi (SEA-Giiney Asya)
(coverage: % 7.4)

-31 [A>G] IVS11[6>T ]
- 29 [A6] IVS 15 [6>C]
- 28 [A>6G] codon 41/42 [-TTCT]

cap+1 [A>C]

init codon [ATG>AGG ]
codon 8/9 [+G] (% 2.8)
codon 17 [A>T]

codon 15[ tGa>tAg] codon 95 [+A]

codon 19 [A>G] (Malay) IVS 2.1 [6>A)(% 4,2)
codon 26 [G>A] (HbE) (% 0,4) IVS 2.654 [C>T]
codon 27/28 [+C] codon 121 [6>T]

codon 43 [6>T]
codon 71/72 [+A]
codon 89/90 [-GT]
codon 90 [6>T]

B-Talasemi (IME-Hint-Ortadogu)

(coverage: % 85.4)

cap+1 [A>C]

codon 5 [-CT] (% 1.4)
hemoglobin S (% 4.7)
codon 8 [-AA] (% 12)

codon 8/9 [+6G] (7% 2.8)

codon 15 [tGa>tAg]
codon 16 [-C]

Codon 22 [7 bp del]
codon 30 [6>C]

IVS 1.1[ G>A] (% 7.5)
IVS 11 [65T]

IVS 15 [6>C]

IVS 1.6 [T>C] (% 6.1)
IVS 1.110 [6>A] (% 31.7)
TVS 1- 25 [25bp del]
codon 36/37 [-T] (% 2,3)
codon 39 [C>T] (% 2.8)
codon 41/42 [-TTCT]
codon 44 [-C] (%6,6)
IVS 21[6>A)(% 4,2)
IVS 2.745 [C>6] (% 3.3)
619 bp del [exon 3]
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Tartisma

-

Genetik analizden 6nce hematolojik testler mutlaka yapilmis olmali. Tasiyicilik tanisiicin genetik teste
ihtiyag yoktur.

Hemoglobinopatiler arasinda beta Talasemi llkemizde en sik goriileni, cok cesitli mutasyonlarin varligi ile
klinigi heterojen olan bir hastaliktir. Genetik analizde saptanan mutasyondan beklenen genotip ve fenotip
ile uyum mutlaka degerlendirilmelidir.

Mutasyon HGVS oOnerilerine gore yazilmali ancak tradisyonel yazim sekli de parantez icinde belirtilmelidir.
Sanger dizide tek yonden okuma yapilabilse de, ileri ve geri primerlerin her ikisi ile de dizi yapilmalidir.

Genetik analiz kompleks olan, hematolojik /biyokimyasal testlerle agiklanamayan olgulara, prenatal tani,
PGD gibi olanaklardan yararlanmak isteyen tasiyici giftlere 6nerilmelidir.

Mutasyon saptanan ailelere genetik danisma verilmeli, detayli aile agaci degerlendirmesi yapilmali, olasi
tasiyicilar arastirilmali ve riskli ciftlere prenatal tani olanaklari sunulmalidir.

Birlesik heterozigotluk saptanan olgularda parental analizlerle biparental kalitim gosterilmelidir.

Prenatal tani planlanan olgularda, ebeveynlerdeki tasiyicilik testleri gebelikten dnce tamamlanmis
olmalidir.

Prenatal tanida maternal kontaminasyon dislamasi testi mutlaka yapilmahdir (CVS ve AS, direkt ya da
kaltdr)

Hastalarin tanisinda, son dort ay icinde kan transflizyonu yapilmamis olmasina dikkat edilmelidir.
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