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Haemophilia

* From ancient Greek: aipa haima: blood
' From the Greek: @iAia philia: tendency

 Hemophilia: hereditary disease in which blood
clotting is disturbed

* Blood from wounds does not clot or coagulates only
slowly

» Spontaneous bleeding occurs without visible wounds

Source: World Federation of Hemophilia
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History of haemophilia

> 2nd century:  First reports in Talmud
> 17t century: Therapeutic attempts with sheep blood, Dionys

> 1803: Description of the Shepard family with hemorrhagic disposition, only men affected, JC Otto
> 1813: Description of a family with hemorrhagic disposition, only men affected, J Hay
> 1828: Term hemorrhaphilia is coined, later haemophilia, F Hopff

> 19t century: Therapy experiments with whole blood transfusions, SD Lane
> around 1900: Life expectancy of haemophiliacs 14-16 years (Zarewitsch Alexej)

> 1926: First description of hereditary pseudo hemophilia, "women and men equally affected” (E.A. von
Willebrand)

Otto JC: An account of an hemorrhagic disposition existing in certain families. Med. Repository 6:1-4, 1803

Hay J: Account of a remarkable haemorrhagic disposition, existing in many individuals of the same family. N Engl J Med Surg 2:221-225, Jul 1813
Lane SD: Haemorrhagic diathesis: successful transfusion of blood. Lancet 1:185, Oct 31, 1840

Von Willebrand EA: Hereditar pseudohemofili. Finska Lak Sallsk Handl 67(2):87-112, Feb 1926
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Types of Haemophilia

> Haemophilia A, lack of F VIII activity, X-linked recessive
> Haemophilia B, lack of F IX activity, X-linked recessive
> Von Willebrand’s disease, deficiency or defect in vVWF, autosomal dominant (type 1, type 2) or autosomal recessive (type 3)

F VIII deficiency F IX deficiency . o

Haemophilia A Haemophilia B ey BTG EReS ElEEESE
Secondary Haemostasis Primary haemostasis
(plasmatic coagulation) (thrombocytic coagulation)
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Heredity of Haemophilia A and B

> X-linked recessive
> The feature-bearing gene is located on the X chromosome

XY XX XY XX
hdl hd

I I I I I I I I
XX N A XY || XY || XX | XX N A XY XY || XY || XX || XX

> Recessive means "withdrawing”

[ [ [ | 1 [ | Spontaneous mutation
XY || XY || XX || XX XY || XY || XX || XX In up to 50% of the cases

spontaneous mutation in the
generation of grandparents
or parents.

X-chromosomal inheritance

XX = Female conduktor XY = Haemophilic man XX = Haemophilic woman
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The Royal Disease

Outgoing from Queen Victoria of England (1819-1901)

Distribution of haemophilia in various royal families of
Europe

Prince Albert d Q Queen Victoria

Friedrich I I N I
. Ludwig v Alice Beatrice
Hesse v Engl. v Engl.
Heinrich v Battenber
Victoria 9
Leopold Helene '
jun. v Albany Waldeck

._,_|

! Irene leolaus Alexander
Heinr. Allx \t Ilce Victoria

P v T-A.
v r Alfons X1
v Spanien
Fnednch Montz Leopold

v Hessen v Battenberg
Juan de
Borbon
Maria de
las Mercedes
Gonzalo \'s

Wald Hi h Al Ri ht . . . . . .
uPreeu':L‘:; ulfrlgzlll;en uRuse:I‘:L'nd Hppres Alfonso deJI;Ic.)?l‘:én Beatrix Maria  Borhon u. Queen Victoria mit Prince Albert und ihren Kindern.
v Spanien Isabel  Christina Battenberg https://www.zdf.de/assets/queen-victoria-eine-koenigliche-familiensaga-
d 102~768x432?cb=1464736865097, Jan 2017
Juan Carlos
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The "Royal Disease” was Haemophilia B

Analysis of bone fragments of the family Romanoy,
murdered in 1918, shows splice site mutation on the
F9 gene leading to severe haemophilia B.

Genotype Analysis ldentifies the
Cause of the “Royal Disease’

Evgeny |. Rogaev,*?>**t Anastasia P. Grigorenko,**-** Gulnaz Faskhutdinova,*
Ellen L. W. Kittler,” Yuri K. Moliaka*
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Genotype Analysis Identifies the
Cause of the “Royal Disease”

BREVIA I

combination with MPS (fig. S4). We found that
99.98% of transcripts from the mutant F9 alele
were generated by splicing at the mutant site.
Hemophilia manifests in a severe form ifless than
1% of factor VHI or IX is functional (35).

‘We conclude that the royal disease is a severe
form of hemophilia B, known also as “Christmas

122+ Gulnaz " 1 disease,” caused by a mutation creating an ab-

Evgeny I. Rogaev,*?34*t Anastasia P.
Ellen L. W. Kittler, Yuri K. Moliaka®

NA variations underlying a specific phe-
Dnnlype or pathology from the past may
vanish into history along with carrier in-
dividuals o populations. Occasionally, however,
these “mutation relics™ can be recovered from
biological remains and used to reconstruct his-
torical events or solve medical mysteries.
The “royal disease.” a blood disorder trans-
mitted from Queen Victoria (1819-1901) to

nomnal splicing site in the F9 gene (4).
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Fig. 1. The royal disease was likely caused by a point mutation in F9, a
gene on the X chromosome that encodes blood coagulation factor IX. (A)
Partial pedigree of the royal family, showing transmission of the
mutation from Queen Victoria to Empress Alexandra and from Alexandra
to Prince Alexei, her hemophilic son. Alexei was hemizygous for the

www.sciencemag.org SCIENCE

mutation, whereas Alexandra and one of her daughters, putative Grand
Duchess Anastasia, were heterozygous carriers. (B) The A-to-G mutation
occurs just upstream of exon 4 in the F? gene and is predicted to create a
new splice acceptor site that could lead to production of a truncated
factor IX protein (6). WT indicates wild type.
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Rogaev El, Grigorenko AP, Faskhutdinova G, Kittler ELW, Moliaka
YK: Genotype Analysis Identifies the Cause of the ,Royal Disease”.
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Mutations in haemophilia

Inversions: reverse transcription

telomere F8 centromere
e 1 2 _ 2 26 ~
F—/— —@
In22h3 5 TR >
in22h2
l Intra-chromosomal recombination
~300 Kb
Intron 2.2 inversion: mtnrachromosomal 1 —/—=e
recombination, disruption of the F8 gene,
and inverse attachment of the introns 1-22
—t "
l Inversion of exons 1-22 centromere
telomere —_—
< oy ou ! <« 23 26
<110 T mam _——1m
in22h3 ; £ 5 In22h2/1 5 3

http://www.nibsc.org/image.ashx?assetid=2248a950-d4f1-4798-bf52-df3a104fb3e9, Jan 2017
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Forms of severity of haemophilia

: FVIII/FIX _
Severity activity Clinical phenotype
Severe haemophilia <1% Severe bleeding, tendency to spontaneous bleeding
Moderate 1.5y Less pronounced tendency to bleed;
haemophilia ° with residual activity >3% joint bleeding is rare
Mild haemophilia 5 _ 159 BIgeng usually only in risk situations (eg: surgery,
Injuries)
Subhaemophilia 15 -50 % No spontaneous bleeding

Oldenburg J, Pétzsch B, Madlener K. Hdmostaseologie, 2. Auflage, S. 335-345
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