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Genetics of hemophilia



The message ........

The mutation should be characterized in all patients with
hemophilia A or B regardless of the clinical severity since

" It predicts the risk of developing an inhibitor and may
thus have an impact on the clinical management

" It allows carrier- and prenatal diagnosis in the family

" It predicts anaphylactoid reactions in hemophilia B

" It is needed for research purposes
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Double stranded DNA

Two antiparallel strands
which can be >melted’ and
’reannealed’

One strand contains the
information to create a
complete DNA copy
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gene
/ Messenger RNA is
transcribed from
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the genetic code to
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Mutation = sequence change in DNA

e Pointmutation

—"missense” 0@ — O®®  ="new code’
—"non-sense” O@@® —— OO@ | =stopsignal

e Deletion CO® — O @
. 2 DNA bases are
* |Insertion OCOO® — OCO0O® ising
“Null mutations” = will cause disease

”Point mutations” = severe/mild disease or neutral
polymorfism



Exon Intron exon
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Approx. 40% of patients with severe hemophilia A have
inversion 22 — no FVIII protein can be produced although
nothing is missing in the F8 gene on sequencing.

DNA
Inversion 22
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Factor VIII — Hemophilia A
- gene 26 exons

- protein 2332 aa
IIl Gene location

FVII

1516 17 18 1920 21 22 23 24 25
234 56 TB9 101112 13 14 26
s_I_I.LLII_I.lI_Lu_I | __3' DNA with exons 1-26

and introns (186 kb)

mRMNA (9 kb)
intervening

sequences (introns)
cleaved of
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Factor IX — Hemophilia B
- gene 8 exons
- protein 415 aa

FIX

d
DNA with -h
g O o - o 3 adintons BikE)

mRNA (2.8 kb)

3 intervening
sequences (intron)

l cleaved of

Protein domains
activation :

iH'Iz Sig/PP Gla EGF1 |[EGF2 peptide P+1HH!B domain COOH Hﬂﬂﬂﬂldlnl
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Diagnostic approach F8 gene:

Inv 22 =inv 1= sequening all 26 exons =
MLPA | = vWD2N = ”new inversion” | =

mMRNA /cDNA = LR-PCR = NGS of the

whole F8 gene/exome/genome

=routine =research

Gen FVIII (~186 kb)

Cromosoma X
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Diagnostic approach F9 gene

Sequencing all 8 exons (a-h) in the F9 gene
'MLPA NGS

Gen FIX (~34 kb)

P1 23 4 5 6 7 8
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GTCTATGGATTCTGGGGTGCCACAACTCAGACTTTC AACAGAGGCATGACCGCCTTACTGAAGGT
GTCTATGGATTCTGGGGTGCCACAACTCAGACTTTCRGAACAGAGGCATGACCGCCTTACTGAAGGT
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AATTG GC CA AATCG GC CA

~——

e 110 ¥
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Hemophilia B His sister does not carry
CGG-TGG mutation — non-carrier
AATTG GCCA
110 :

His mother carries both
the mutant and normal
allele — i.e. she is carrier




Sporadic cases of hemophilia
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No mutation
found
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Sporadic cases of hemophilia
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~50% of new cases are
# Arg 116 stop sporadic !
His 257 Tyr




The origin of mutation in sporadic
cases of hemophilia?

9
*\ ™ @’

No mutation
\@/ found
|
70-80% of
mothers to a XX
sporadic case
are carriers
o (o]

. 20-30% of mothersto a

XY sporadic case are not carriers
.... But may be a mosaic =
partial carrier

© =identical mutation



28/45 mothers 23/28 5/28

were carriers
T o

178 171 171 171 176 | 171
320 322 322 322 320 | 322
387 381 381 379 387 | 379
203 201 201 201 203 | 201
241 231 231 231 231 | 231
O o
178 | 171 176 | 171
320 | 322 320 | 322
387 | 381 387 | 379
203 | 201 203 | 201
241 | 231 231 | 231
178 176
320 320
387 387
203 203
241 231

In 17/23 mothers carrying a de novo mutation the mutation
was of grandpaternal origin (8/17 were inversion 22).

Madrtensson et al., Clin Genet 2015; Dec 10 [Epub ahead of print]



17/45 (38%) of the mothers of a true sporadic case of
haemophilia A did not carry the mutation...

Is this true or might the mother be a mosaic?

Previous studies — with insensitive techniques — have shown:

13% (Beckeretal., Am J Hum Genet 1996; 58: 657)

27%  (Ljung et al., Br J Haematol 1999; 106: 870)

19% (Leueretal., Am J Hum Genet 2001, 69: 75)

of mothers being mosaics. Depends on type of mutation?!



What is the risk of mosaicism In
hemophilia B ?

» "a non-carrier mother of a sporadic child with
haemophilia B should have a risk < 6.2% of
manifesting gonadal mosaicism by
transmission of the mutation to a second
child”

(Green et al, Am J Hum Genet 1999, 65: 1572)



ldentification of the mutation in carrier diagnosis -
limitations

» neutral mutation

> mosaicism

> total deletions



IXC 48%

.

IXC 121 %

IXC < 1%

Cutler et al. Am J Med Genet
2004, 129A, 13.



Grandfather somatic

and germline mosaic

IXC 48%

Severe
although
ancestor
mild

IXC < 1%

IXC 121 %

"genetic obligate
carrier’ may not
be carrier!




The type of mutation
Distribution of F8 genotypes - An important

determinant of inhibitor
development

Unknown
5%

Large deletion
3%

Splice site mutation
3%

Missense
15%

75% are "null
mutations”

Intron 1 inversion
2%

Gouw S C et al. Blood 2012;119:2922-2934



100% Hemophilia A The type of mutation
- an important
determinant of inhibitor
development

Multi domain 88%

Large del 40% Light chain 40%
/
‘ Non-sense 30%
Non-A run 20%

Single domain 24% / Intron 22 inversion /

_&NO
20-60%  small del 15%
Heavy chain 17% C1C210%
/ Missense 5%
A-run Non C1 C2 Splice site 3%

0%

Oldenburg et al. Haematologica, 2000, HAMSTeRS database hemophilia A mutations



Why is the risk for inhibitors very low when mutation is a
small deletion in a "poly-A run”?

“mm Normal F8 gene

‘ Mutant F8 gene

Deletion 1 bp

By "misstake” a “correct” transcript may occur — translates to a
normal FVIII protein which is presented to the immune system.



Pooled ORs of high-titer-inhibitor development according to the F8 genotype
Meta-analysis of 30 studies with 5383 patients incl. 1029 with inhibitors

Large deletions
Multiple exon
Single exon

Nonsense
Nonsense light chain
Nonsense non-light chain

Intron 22 inversion

Intron 1 inversion

Small deletions/insertions
In poly-A-runs
Outside poly-A-runs

Missense
Missense light chain
Missense non-light chain

Splice site mutation
Conserved splice site
Non-conserved splice site

Unknown
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OR (95% confidence interval)

Gouw S C et al. Blood 2012;119:2922-2934

Pooled OR (Cl)

5.18 (3.35-7.99)

14.79 (7.79-28 11)

1.20 (0.54-2.68)

1.23 (0.76-2.00)
1.54 (0.96-2.48)
0.77 (0.31-1.92)

Reference
0.88 (0.42-1.84)

0.58 (0.42-0.81)
0.37 (0.19-0.72)
0.64 (0.44-0.94)

0.24 (0.13-0.46)
0.31(0.14-0.72)
0.14 (0.06-0.35)

0.74 (0.41-1.36)
0.21 (0.02-2.01)
0.39 (0.02-7.07)

0.41 (0.24-0.71)



A1

A2

A

Eckhardt et el. INSIGHT Study Group, Blood, 2013, 122,1954

Heavy chain

Leud12Phe

Arg531Cys
Arg593Cys
Asn618Ser

A3

C2

Light chain

Pro1761GIn
Phe1775Val
Arg1781Gly

Pro1354Leu

Arg1997Trp

Asp2074Gly
Phe2101Cys
Tyr2105Cys

Arg2150His
Arg2159Cys

Glu2228Asp
Trp2229Cys
Val2232Ala

His2309Asp
Stop2333Cys

Patients with non-
severe hemophilia A
(2-40 1U/dL) have a
cumulative risk of
5.3% (95%Cl: 4.0-6.6)
to develop inhibitor
after 26 ED.

Certain mutations
causing mild
hemophilia show
discrepancies in
one/two stage FVIII
clotting assays!



20- ”Non-severe” hemophilia A

—— End of follow-up
L1 L1l L1l L1l L1l Ll L1 11 ]
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- L= 13,3% (95% Cl, 9.6-17.0)
g \
o
©
@
T ol 13.3 % risk after 100 ED
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£
=
E
=
6.7% (95% Cl, 4.5-8.9)
5
Wr 3,5% (95% CI, 2.1-4.9)
n | | | | | ] | )
No. of exposure days 0 25 50 75 100 125 150 175 200
Patients under observation 1112 487 348 297 33 18 11 6 0
Inhibitor development 0 26 41 43 58 59 59 59 59

Figure 2. Cumulative inhibitor incidence in 1112 nonsevere hemophilia®A patients, acconrding to cumulative exposure days to factor VIl concentrates.

Eckhardt et el. INSIGHT Study Group, Blood, 2013, 122,1954



HemophiliaB ?

®* 2-5% of patients with severe hemophilia B
develop inhibitors

® Risk group — deletions, nonsense mutations
In Sweden — approx 20% of severe hemophilia B

developed inhibitors due to a high frequency of
‘risk mutations’ (large deletions).



Swedish Haemophilia A Registry

212 presumably unrelated families with haemophilia A

- 54% (115/212) had a mutation that was not present in any
other family

- 46% (97/212) had a mutation that was also present in
another family/ies

Do these 97 families carry mutations? .......

" IBD = ‘identical by descent’, i.e. related without knowing it
(‘founder effect’)?

Or

" RM = ‘recurrent mutation’, true unigue mutations
(‘independent mutational events’)?



F8 gene region was haplotyped in the 97 families using 70
SNPs and 5 microsatellites (M1-M5).
285 healthy controls.

it

Halldén et al., ] Thromb Haemost 2012; 10: 2505.



Of the 97 families with the same mutation...

" 47/97 (48%) were IBD (i.e. related to each
other)

" 50/97 (52%) were RM (i.e. new mutations)
The IBD mutations were 2-35 generations old

(700—800 years old) — the older the mutation, the
milder the variants

Halldén et al., ] Thromb Haemost 2012; 10: 2505.



The message ........

The mutation should be characterized in all patients with
hemophilia A or B regardless of the clinical severity since

" It predicts the risk of developing an inhibitor and may
thus have an impact on the clinical management

" It allows carrier- and prenatal diagnosis in the family

" It predicts anaphylactoid reactions in hemophilia B

" It is needed for research purposes






