HEMOFILI A ve B'NIN

GENETIK HETEROJENITESI



HEMOFILI A HEMOFILI B

e FVIII eksikligi e FIX eksikligi
e ~5000-10.000:1 e ~30.000:1 erkek
erkek

* Xq28 e X(q26.3-g27.1




F VIII F IX

Enzim aktivitesi yok o Kofaktor olarak F VIII'e
ihtiyac duyan serin
proteaz

186 kb * 34 kb

MRNA ~ 9 kb * MRNA 3 kb

Mature proteini 2332 aa | * Mature proteini 415 aa




Intrinsic pathway

Kallikrein o Pre-kallikrein

Factor XIl — Factor Xlla

Factor Xl — Factor Xla

l /Foctor VIl
Factor IX T’ Factor [Xa. Factor Vlla Factor V
i Factor X — Factor Xa. Factor Vo
i . Extrinsic pathway
eemmmee I I Tissve factor. «—— Factor VII
Factor Vlla

Factor || — Factor lla
(prothrombin| (thrombin)

Fibrogen — Fibrin



Klinik
Fleksiyon deformiteleri
Psodotimor
Kas ici kanamalar,
Nadiren hematuri,
Nadiren MSS kanamalar

Kanama sikligi ve siddeti faktor dlizeyine baghdir



o Eksik olan faktorin aktivitesi;
— % 1< ise (<0.01 IU mL1) agir tip hemofili
— % 1-4 (0.01-0.05 IU mL1) orta tip hemofili

— % 5-30 (>0.05 IU mL1) ise hafif tip hemofili



(~180 kb)
CG islond
. F8B
A 5' exon
Intron 22 e -_@ ’ ............. - Infron 22
| |
Int22h-1
(9.5 kb)
Factor VIl gene (Xq28)
26 23 22 1 - -
@reeereeeremmmemen H ) ~0.3 >’<~0'] >'— Xqter
To centromere Int22h-] Int22h-2  Int22h-3

(intragenic) (proximal)  (distal)



Exon Length (bp) Intron Length (kb)
] 313 1 22.9
2 122 2 2.6
3 123 3 3.9
4 213 4 5.4
5 e | 5 2.4
é 117 é 14.2
7 222 7 2.6
8 262 A 0.3
9 172 9 4.8
10 94 10 3.8
11 215 1 2.8
12 151 12 6.3
13 210 13 16.0
14 3106 1 14 22.7
15 154 15 1.3
16 213 16 0.3
17 229 17 0.2
18 183 18 1.8
19 117 19 0.6
20 72 | 20 1.6
21 86 21 3.4
22 156 22 3241
23 145 23 1.4
24 149 24 1.0
25 177 25 22.4
26 1958 1



Factor VIl mRNA (9010 nt)

5'-UTR Factor VIl coding sequence + stop codon 3'-UTR
(150 nt) (7056 nt) (1806 nt)
-19 1 336 719 1691 2025 2332
N E Al A2 B A3 |Cl|C2| C
Arginine 372 Arginine 1689
Arginine 740
N | Al A2 e A3 |Cl|c2| C
Heavy chain Light chain



% Thrombin cleavage site

% hvombin cleavage sie

%k Cleavage ste
for fhrombin activation

% Stes of proteoliic
protein C




thrombin, fXa thrombin, fXa thrombin, fXa Thrombin
(VIII 3|72 740 1689 bind’i’ng site
Me*—1
1 Al | AR AL ) B ARY A3 (1 ;’bZ ' =
N 17/ L) coon
\ / /
- vWI vWI, PL
fTX 1649-1689 2181-2243 vWI, PL
34312 fiXa 553.52:55 lsgx_l‘;ls 2303:2332
484-508 fXa
2253-2270
Activation
* AR3 /
* B-domain
m Melt—
| 372 3713 740 1690 2332
NH,[ Al A2 v | a | @ |coou
ARI AR?
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(~34 kb)

Factor IX mRNA (2803 nt)

5 .UTR Factor IX coding sequence + stop codon 3".UTR
(29 nt) (1383 nt) (1390 nt)
-46-19 1 40 85 415

N Z oro | GLA| EGF | EGF act catalytic C

T T

Arginine Arginine

145 180

S ST

N GLA | EGF EGF catalytic C

Light chain Heavy chain



Matur FIX PROTEINI

XIa
VIla/TF

/

132 145 146
Cys s Arg-Ala

Ex}ruzj///

///, 269 21
289 181 180
Cys Val-Ai

CATALYTIC Vila/TF
365 Xla

15!""""“-.-§1s
Thr




Exon

SO SN O~ b O —

F IX'un ekson ve intron uzunluklari

Length (bp)  Intron Length (bp)
117 l 6206

164 2 188 §

25 § 3 3689

114 4 7163

129 S 2565

203 6 0473 1
1135 7 668

1935 ¢




4

|

~"\ Gla
."'\..r\---’ -

e il
“————_-—____________—__—_—— I

Membrane i 1';"{3 - loop




Infron 18 Intron 122
Intron 13 RFLP ) RFLP Intron 22
== "CAln Bl XbolA  (CAJn (CT)n ™=
1 7 l \ 221 / 26
Factor VIII
------------- HHﬂHFF-Ww
Intron 7 Intron 19 Intron 22 Intron 25 &
SNP mmm) RFLP RFLP RFLP  RFLP
G/A Hindll  Mspl A Bgll  Mspl
5 Infron 3
RFLP RFLP
Msel BamHI
l] 23 l 4 5 6 7
| I | | | I |
| | | | |
Ut aN
5 & Intron 3 Infron4 Intron 4 Exon 6 Exon8 3
SNP RFLP RFLP RFlP RFLP RFLP (RY)n RFLP
=793 BamH| Xmnl Tagl Mspl Ml Hhal
G/A

I |n(t|5$nnl J I Alo/TIhr 148

"Ddel RFLP"



MUTASYONLAR

Point

Nonsense
Missense

MRNA splice site
Delesyonlar
Inseryonlar
Inversiyonlar



Factor VIl gene

26 22 1 1 1
H( ~0.3 M >’<~0.| M >’—qur
Int22h-1 Int22h-2  Int22h-3
(intragenic) {} (proximal)  (distal]
26 23 22 1

To centromere

Homologous
‘ recombination

To centromere

Xqter

26 23 I 22

T T
Int22h-3/1  Int22h-2 Int22h-1/3

(distal)  (proximall (intragenic)



Factor VIII (70 CG)

-19 1 336 719 1691 2025 2332
P
r Al A2 B A3 Cl | C2
2 % 83 8 2 53 o588 D
! < 0 N O 00 —— & &
— —— NN~ N
Factor IX (20 CG)
-46-19 1 40 85 145 180 415
E pro | GLA| EGF | EGF act catalytic
o 0 @ N ™o
& —_ < 0 ™™
- NN ™™

CGA (arginine) # TGA (stop)



Point Mutations

Deletions

Insertions

Exon PMissense [1] | Monsense (Stop) |[Splicing [2] ] Small | Large
1 14 1 4 2 na [
2 5 1 5 = na =2
3 24 [l 3 4 na O
4 24 5 e 1 na 1
5 11 1 7 3 na 1
= = [l 3 4 na =2
7 a2 4 N = ha O
& 21 4 1 = na 1
= 2 3 1 5 na 1
10 10 1 [ 4 na O
11 27 1 3 1 na 1
12 20 5 2 [ na 1
13 23 3 e 4 na 1
14 a7 a4 3 b3 ha 31
15 13 1 4 2 na [
16 18 4 e 5 na O
17 24 3 1 5 na 4
18 25 4 1 3 na 3
19 14 1 5 3 na 1
20 5 1 [ [ na 1
21 5 4 [ [ ha 1
22 1= 5 5 c na 1
23 25 1 4 = na O
24 10 3 3 3 na =2
25 11 2 1 4 na 2
2B 19 3 N 7 na 0
TOTAL 462 100 6.2 152 119 57




Hemofili B Mutasyonlari

Nucleotid
substitution

(splicing);
10%

Delesyonlar; 19%

g Insersiyonlar&

g\ Duplikasyonlar
5%

Nucleotid
substitution; 66%




MOZAIZM

* F VIII geninde;

— Sperm veya oositte (de novo mutasyonu)

— Embriyogenezde germ hucrelerinin gelisim
evresinde

— Germinal veya somatik mozaizm






HA'da inversiyonlarin kokeni
(Ispanya)

e 3 generasyonu mevcut olan inversiyon
tastyicisi olan 22 ailede haplotip analizler;

— Vakalarin % 91'inde de novo mutasyonu
grandpaternal kokenli

— Bu erkeklerde bir X kr olmasi



HA mutasyonlarin kokeni

(Isvec)
Mutasyon n
Inversiyon Tip 1 11
Inversiyon Tip 2 3
Inversiyon Tip 3 1
Delesyon 6 ‘
Insersiyon 2
Nonsense 4
Missense 2
TOPLAM 29

Y

-

C 1063

C 1063

)

T 1063 7 C 1063

T 1063

.

C 1063



29 proband

« 8/29'1 de novo mutasyonu tasimakta

« 21/29 tasiyicl annenin;
— 16’s1 de novo mutasyonu tasimakta
— 1'I maternal grandmother tasiyici
— 4’unun grandparent durumlari incelenememis

* Polimorfizmlerinden yararlanilarak;
— 15/21'nin mutasyonun kokeni paternal
— 1/21°nin mutasyonun kokeni maternal

— 5/21°nin mutasyonun kokeni ise tespit
edilememis




Erkeklerde X faktoru mu?

 Mayozda erkek X kr eslesmeyeceginden
inversiyonlar olusmakta

« Ama 8 de novo mutasyonu tasiyan
propand
— 3 inversiyon
— 2 nhonsense
— 1 missense
— 1 Insersiyon
— 1 delesyon




Bu Calismada

« Paternal yas?

— Bu calismada ayni yaslardaki erkek ve
kadinlar incelenmis

« Somatik veya germinal mozaizm

* Mutasyon cesidine bakilmaksizin E/K: 6/1



Bayanlarda HB

* Oldukca nadir

 Farkli mekanizmalar soz konusudur.

— En ¢ok heterozigot kizlarda normal X kr
iInaktivasyonu
« X kr da translokasyon varsa veya
* Genetik farkliligi iceren X'in inaktivasyonu



2\ lIZ

2,1 2,1

AL

F.IXC (UML) 110 92

F.IXAg (U/dL) 110 93 70 7 28

Mutation T6704C (+) (+) (+) (+) (+)
Mosaic

Mutation T31152C () («) (+) (=) (+)




KOMSULARIMIZDA

HA . HB



BULGARISTAN

» Insidans 1:18.000

« 36 HA'll bireylerde yapilan ¢alismada;
— 23 agir tip (FVIII:C<%1)
— 8 orta tip (FVIII:C%1-5)
— 5 hafif tip (FVII:C>%5

« AQir tip hastalarda inversiyon % 45



PT

* 14 prenatal tani;

— 5Kiz
« 2 taslyici
« 2 tasiyici olmadigi
* 1'i cinsiyet analizinden sonra DNA bitmisg

— 5 saglam erkek

« 1 fetisun FVIII geninde ekstragenik ve intragenik polimorfizm
saptanmis ama DNA bittiginden mutasyon taramasi
tamamlanamamis

— 2 fetus HA hasta

— 1 CVS'te yeterince DNA elde edilememis, Il. girisimde
fetUs kaybedilmis



YUNANISTAN

2002

« 1986'dan itibaren:
— 214 aile
— 338 hasta, 578 akraba incelenmis



- HA’da hastalarin %40’inin mutasyonu tanimlanmisg
— Agir tip hastalarin %35’'inde inversiyon
— Asn280lle (A->T) (71 hafif tip hastada)
— 27 kb del (3 hastada)
— C6977T prematur terminasyon (98 ailede)

« 27/ HB hasta taramasinda
— Frameshift T delesyonu (de novo)
— Cd44 ve Cd252 nonsense mutasyonu

— Missense mutasyonu

« Arg-4 substitution Trp veya GIn
* His221Arg
* Arg248Gin

— Promotor bolgede 1 nokta mutasyonu (FIX Leyden)



PT

« 230 HA ve HB taslyicinda

— %96 basariyla
— Vakalarin % 87’°sinin tanisi konmus

— 69/69 cinsiyet analizi yapilmis



FVIII ~3000

FIX ~900

HB'nin PT'si
RFLP-SSCP
analizi ile
yapimistir.

IRAN

G20519A

l P

1 2

! 0 0O 00O

4 5

%Eiéiéé

oI on

B9

10 11



FIX:C level in

Nucleotide change

Locatnon in

Amino acid

Family no. the index (IU mL™") codon number exon change

1 <(.01 G30073A g 207G—E

2 <(.01 G30073A g 207G—E

3" <(.01

4 <(.01 T10418 C d 56C—R

5 =0.01 20382-3AAGT f Frame shift

6 <(.01 Te427C b 18C—R

7 <(.01 T10482G d 77F—=C

16365A b —4R—Q

8 <0.01 G30864A hy 248R—()

9 <(.01 T10482G d 77F—=C

10 0.018 16365A b —4R—Q

11 0.11 G31276CY h, 385W—C

12 0,015 10502 or 3ATH d Frame shift

13 0.26 T10449 A4 d 661—IN

14 <(.01 G17692A ¢ 93G—S
G17701A+ ¢ 96E—K

15 0.07 C31326A% h, 4025—=Y

16 <(.01 1647 2A% b 33E—=K

17 <(.01 T20374C f 132C—R




ULKEMIZDE



Mol

Ldent1

ecular pathology of haemo

philia A in

fication of 36 ndependent

mutatior

S

Turkish patients:

A A, TI\dUR " A, GURGEY,# G, AKTUGLU,? K. KAVAKLL D. CANATAN,{ K. OLEK**
ind S, H. CAGLAYAN®

‘Department of Molecula

r Biology and Genetics, Bogazici University, 80815

Bebek, Istanbul, Turkey, t Department of

Paediatric Hematology, Hacettepe University, Ankara, Turkey, { Department of Hematology, Cerrahpasa Medical School,

,sffnbul University, Istanbul, Turkey, §Department of Pacdiatric Hematology, Ege University, Lmir, Turkey; {State

uﬁr

[ of Antalya, Antalya, Turkey, and **Institut fiir Klinische Biochemie, University of Bonn, Bonn, Germany

Haemophilia (2001), 7, 475-481



59 HA

e 24 agir tip

e 15 orta tip e 22 yeni mutasyon
tanimlanmistir

e 16 hafif tip



Family [rarnain/ Base Amino acid FVILLC
number  exon—intron change change [ %) Severity Comments
1 A1TVSL IVE1-10— A 22 Severe Acceptar splice site
2 ALExan2 C A G—C Lys48 Asn ? ? 3° structure,” new M-glvcosvlatdon site
3 A1 Exan 3 CHYCST Leu%s Phe 20 Mild Cydic side chain effects His%: metal**-hinding?
4 AL Exan 4 CH9 A Thrils Ala 0.z Severe 3 structure, reduced glycosylation?
3 AVExan 4 c.514-515 - 0.3 Severe frameshift and premature termination at
s TCAAGATA codon 154
[ AlExan 7 CBG—A Cys248 Tyr 3 Moaoderate Loss of a disulphide bond; 37 structure
7 ALExan 7 cHNC—=T Arg 28X Cvs 0 Severe
] A Exan 7 c 2 G—A Arg28F His 25 Severe
) AExan B M AG—A Cys329 Tyr r Mild
110 AExan B cANEIC—=T Arg 336 Ter 21 Severe
11 Al/Exan B c A063C=T Arg 336 Ter 1 Severe
12 A2 Exaon 4 C 14235 0—=A Glu456 Lys 3 Moaoderate 3% structure; FIXa and thrombin hinding ?
13 A2 Exan 11 c. 1736 A= Aspiel Ala 7 Mild 3° structure; FIXa binding
14 AExon 12 c AR C—=T Arg 383 Ter ¢ ?
15 A2 Exan 12 cAB3AC—=T Arg 393 Cys 1.5 Maoderate
16 A2 Exan 13 c 2048 A= Tyraed Cys 2a Severe Extra disulphide bond; 3 structure, binding to
FlXa, thrombin, and other A ddomains?
17 A2 Exan 13 AN 2T = Phe& 7Y Leu ¢ ?
C2Exon 25 CHETHIC-T Leu22 30 Leu Variant?
18 AZExon 13 ST A Serbll Ter = 2 Severe—Moderate Premature termination
19 AZ-AVExon ? - 1.2 Severe
14 del—2.8kh
20 A2 Exon 14a C A 2RG—=T Clya91 Trp ? ? 3° structure?
z1 Ad/Exan 14b cS1220=T Arg 1689 Cys [ Mild
22 AExan 15 CA362G— (0 Aspl7eY His 7 Mild 3% structure; FIXa and meral®*-binding?
13 A Exon 17; c IR 0G—0; VallE37 Leu i1 Mild
ALSIVES IVEI-9C =T Variant?
24 A Exan 19 cAEeC—T Arg 1997 Trp 29 Maoderate
25 A3 Exan 20 c.B120T—=A Cys2021 Ter 2 Severe Premature termination
6 C1/Exan 20 c.Bl340—A Cily2026 Gilu 75 Mild 37 structure
7 C1/Exon 22 CAIHAC—T Gln2113 Ter ? Severe Fremature termination
28 ClExon 23 CATIICST Arg 2139 Cys 5 Mild
29 Cl/Exan 23 CATH4C—T Arg 2163 Cys 1 Severe
A0 ClUExan 23 CAF45G—A Arg 21635 His L5 Maderate
31 C1/Exan 23 BT G—A Arg 2163 His L5 Moderate
£ ClU/Exan 23 CA54 50— Arg 2163 Pro 3 Maoderate 3° structure
i3 CLExan 23 CAT4FG—A Argllas His 1 Levere
34 CHExan 25 c.o882 del T 15 Severe— Frameshift and premature termination
Maoderate at codon 2286
e CHExon 26 CADRD A AspllEE Ala 4 Mild 3 structure; phospholipid binding?
36 CHExan 26 CAHERG—T Arg 2304 Leu 4.4 Mild 3 structure; phospholipid hinding




Family ~ Mutation Generation Mother’s Mutation Allele
number  type number carrier status Origin Origin

1 Splicing 2 Non-carrier Mother Mother
3 Missense 2 Carrier ? ?

5 [nsertion 2 Carrier ? ?

10 Nonsense (CpG) 2 Non-carrier Mother Mother
11 Nonsense (CpG) 2 Carrier 7 ?

15 Missense (CpG) 2 Carrier ? ?

13 Missense 3 Carrier MGF MGF
16 Missense 2 Carrier ? ?

25 Nonsense 3 Carrier MGM MGM
29 Missense (CpG) 2 Non-carrier Mother Mother
31 Missense (CpG) 2 Carrier ?

32 Missense (CpG)* 3 Carrier MGF MGFEF
34 Small deletion 3 Carrier MGF MGF
35 Missense 3 Carrier MGF MGF




Molecular pathology of haemophilia B in Turkish patients:
identilication of a large deletion and 33 independent point
mutations

U, VENi's ONAY, ™ KaaN KAvAkLL YURDANUI t KILING, M'] M1z Giraey, GELTEN AKTUGLD,

SABRT Kemanzr, UGur Ozeek” AND S, HANDE CAGLAYAYN! D{pr’{J‘UHH![ of Molecular Biology and Genetics,
Bogazici University, Istanbul, ‘)prm"lmmt u[ Paediatric Haematology, Ege University, Izmir, D{pm tment of Paediatric
Haematology, Cukurova University, A Adana, * Department of Paediatric Haematology, Hacettepe University, Ankara,
*Department of Haematology, Cerrahpasa Medical School, Istanbul University, Istanbul, *Department of Paediatric
Haematology, Ankara University, Ankara, and ' Detam, Istanbul University, Istanbul, Turkey

British Journal of Haematology, 2003, 120, 656-65Y9



MNucleotide Armiro
FIX:C (%) change acid change FIX Domain CpiG

1 M (=B, ATEO)

2 B 112G = A Cys- 19Ty Signal pep. it
3 1-3 H3I6s5G =T Arg-4l.eu C5la Y]
< 2 B3In50G = A Arg-4Gln Gla 'y
5 1-7 A3 = LeubSer sla Y]
i 3 1043 166G = A Gly e 0Asp EGF1 i
7 = 1 1B s G = A Trp7 2Stop EGFEF1 Y]
= -1 108 4G = A Glu 7 8Lyvs EGF1 i
L 176786G = A CysS 8 Tvr EGEF2 M
Loy 122 2051 8C = G Are 1 S0OG Ly Activation peptide i
11 Moderate 2051 8C = G Arg 180Gy Activation peptide Iy}
12 = 1 2051 8C =T Are 180T rp Activation peptide 'y
13 205190G = A Arg 1 830GIn Activation peptide b
1<t 1 20563C = A Gl 195Lws Catalytic it
15 78 007006 = A Cyvs206T vr Catalvtic Y]
1 & 1 3010 4ins AMNT MNe2s515top Catal ytic gt}
17 308450G = T Glu24 2S5 top Catalytic g}
1L s F3O0O863C =T Arg 3488top Catalytic Y
1< <} 30H64L = A Arg 2485GI1In Catalytic b
20 -2 3086406 > A Arg 24858GIn Catalytic Y
21 1 F3ORT5C =T Arg 2525top Catalytic b
22 30929 A =T MNe2 7O0OPhe Catalytic i
23 3093671 = G Leu272Arg Catalytic gt}
24 31118C =T Arg 3335top Catalytic 'y
25 311195 = A Arg 333G1Ly Catalytic b
26 3-8 311300 = A Leu337le Catalytic i
27 2 311300 =1 Leu337Phe Catalytic g}
28 31133C =T Arg 3385top Catalytic 'y
29 31166T = AF Phe 3491le Catal ytic Y]
30 75 311706 =T Cyvs3 50 he Catalytic gt
31 1<k F1LLF1T = A~ Cys3 508top Catalytic M
32 5 31202T > C Cyvs36l1lArg Catalytic M
33 2-2 3121 86G = A Gly 3 660G 1Ia Catal ytic N
34 -5 3121 8G = A Gly 3 a6G1la Catalytic M




Mutations Associated With Hemophilia B
in Turkish Patients

5 : [y v A | A i 2 e j
5. Hande Calayan,  Yesim Gokmen,” Giilten Aktuglu,” Aytemiz Giirgey;,” and Steve 8. Sommer

Department of Molecular Biolgy and Genetics, Boguzic Universiy, Istanbul, ey, Fax: 490-212.263 9778
“Department of Hematology, Cerrahpasa Medlcal School, sanbud University, Itanbul, Turkey
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“Department of Biochemistry and Molecular Biobgy, Mayo Clvic/Foundaton, Rocheser, Mimesota 55905

HUMAN MUTATION 10:76-79 (1997)



HX  Clinical ~ Nucleotide - Nucleotide
Datient activity' seuerity" Change No.  AtCpG  Structural change

HB367 | 5 del, Deletion of exons d-f

B304 (Istanbull) <3 S (=C 6707 No  donor splice I3
HB298 (Antalya) 12 Mi [-A 10453 No  Asn”=lys
HB363 11 Mi C=l 31008 Yes Thrz“}f—,Met
HB365 1.5 Mo (-4 3220 No  Gly"'=An

§

1B360 (Istanbul2) <1 T=G 31253 No  Phe'—Val




[ntron 22 inversions in the Turkish haemophilia A patients:
prevalence and haplotype analysis

OSMAN EL-MAARRL* KAAN KAVAKLIt and 5. HANDE {I'.'r\{thr'le'iN”
*Department of Molecular Biology and Genetics, Bogazici University, Bebek 80815, Istanbul, Turkey; tDepartment of
Paediatric Hematology, Faculty of Medicine, Ege University, Lzmir, Turkey.

Haemophilia (1999), 5, 169-173

¢141 HA vakasinda
Genel olarak % 29 oranda inversiyon

agir tip hastalarin % 42’si inversiyon tasimaktadir.



F VIl

II

II1

D

F Yl

FVIl /| FIX

E F IX Deficiency

. F VIII Deficiency

X,



tesekkdrler....



