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i nvention relates to a nethod of determ ning the presence of catalytic anti
Factor VIII allo-antibodies capable of degrading Factor VIII in_a mammal,
and of characterising the cleavage sites in said Factor W{34sp( 2084 e by
said catalytic anti-Factor VIII allo-antibodies. It also relates to an
anti-Factor VIII allo-antibody-catal ysed Factor VIII degradation inhibitor,
and to a pharnaceutical conposition conprising said catalytic anti-Factor
VII1 allo-antibodie ) apahi £ Qﬁha' F . and whi ch
originate from sai degﬁ%m@ég?x %a%?lb(}g, d..’g%ﬁﬁ@—fﬁi&

phar maceuti cal conposition conprising said anti-Factor
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5 The present inventon relates to a method of determining the presence of
catalytic anti-Factor VIII allo-antibodies capable of degrading Factor VIIT in a
mammal, and of characterising the cleavage sites in said Factor VIII molecule
by said catalytic anti-Factor VIII alio-antibodies.

10 The present invention also relates to an anti-Factor VIII allo-antibody-
catalysed Factor VIII degradation inhibitor.

The present invention further relates to a pharmaceutical composition
comprising said catalytic anti-Factor VI allo-antibodies which are capable of

15 degrading Factor VII and which originate from said method of
determination, and to a pharmaceutical composition comprising said anti-
Factor VIII allo-antibody-catalysed Factor VIII degradation inhibitor.

Finally, the present‘invention relates to the application in therapeutics of said
20 anti-Factor VI allo-antibody-catalysed Factor VIII degradation inhibitor, of
a pharmaceutical composition comprising said catalytic anti-Factor VIII allo-
antibodies which are capable of degrading Factor VIII and which originate
from said method of determination, and of a pharmaceutical composition

comprising said and-Factor VI allo-antibody-catalysed Factor VIII
25  degradation inhibitor.

BACKGROUND TO THE INVENTION

Haemophilia A is an X chromosome-linked recessive disorder resulting in
30 defective or deficient Factor VIII molecules, which, in its severe form, is a:
life-threatening and crippling haemorrhagic disease.

-1 -



VIl allo-antibody-catalysed Factor VIII degradation inhibitor. Finally,
the present invention relates to the application in therapeutics of said
anti-Factor VIII allo-antibody-catal ysed Factor VII| deg{é;ljlat i_on, inhi bitor,
of a pharmaceutical conposition conprising said catalytit AN +5Ctor VI
al to-anti bodi es which are capabl e of degrading Factor VIII and which
originate fromsaid nethod of de- term nation, and of a pharnmaceuti cal
conposition conprising said anti-Factor VIII allo-antibody-catal ysed Factor
VI1l degradation inhibitor. 16 January 2004 CATALYTTC ANTI - FACTO?I NM
ALLO- ANTI BODI The present invention relates to
a met hod of dgtﬁg%ﬁiloﬁg}gt:rﬂ%ilagf’gggﬁ%% lrtcﬁt? (E%tpélt\gflgcw tSEVeIg iagmophilia A
al | o-anti bodi esswltpainl 85% oflaheaciseg fracherenvtrgenéd) od aﬂ@?ﬁ@{)p \PigfjaﬂB-

nol ecul e by said

characterising_the cl egvage.sites in said Factor VIII
catal ytic anti% 8{%&}3 W%@b-ém@ﬁ&éﬁ ., 3eharres, s ddsde, RnvEmnk,oM.al so
rel ates tosan Gohgofar! RraMitdraa!B RN KiobRtllber B ol Yook PRt oL ML

degradation inhibrtor. The present 1 nvention Turther'r

phar maceut i calofdaeigs N and faxwomiX s'ziifn'gfrazgizﬂ mmmtidiatsa,nLhndéa,Cltgﬁ)g, \12%9! )
al | o-anti bodi ' I 15 _degradi ng Factor VIII an e
originate f I’O%@éél 3‘5 ’ME@’C@%&E‘F&#RE&@%W aé‘ﬁgc?ﬁwa?lbﬁtﬁﬂﬁ@Mﬁn%Df
conposi t1on catw intetagionaiEat: VIFeRhe withistatlidifg MdMsEaA ¥4
Factor VII1 degradation inhjbitor. Finally, the pr%sent I nventi on 1 el ates
to the appli cgthIBWv - fdalakeuni. &s Jornd Scandeltn, I\, kA awe dor Me|T2 domain

al | o-anti hgdy- Fac : I %az{cilgtio I nhi bit-qr, of a
phar maceu'E1 igcal&‘g%?r}p%}zl??{{éﬁ %@%ﬁ igsoi ’r’fgr?salr -%E%I?‘g@f?‘?fd”Jﬁuﬁlgkéb}%?-,\lﬁ% al | o-
anti bodi es whidd¥:al B6MapkiSe afid denad) B Facsmima/ M., Wighephi gh ©rigigate
from sai d net hod af def;erm' atign, and of a pharnaceutical conposition
conpri si ng saiWaBAEHE.FRet 85/ ed Tgleass ghhruabincdeated sEdor a¥Hb oM | von 25
degr adati on i nYWiBEsRRS I e ilia Ais a
chronmosone-1inked recessive ?ﬂ soagle;?o%}ggﬁjl yl)énléggl %Wnﬁ'% g}}%‘m}y is'a ‘novel
mechanism for factor VI inhibition», J. Biol. Chem., 1996, 277: 27424-

15 27431), with molecules essential for its activity (Arai, M., Scandella, D and
Hoyer, L. W., « Molecuiar basis of factor VIII inhibition by human
antibodjes : Antibodjes that bind to the factor VII light chain prevent the
Interaction of factor VIII with phospholipid », J. Clin. Invest., 1989, 83 1978-
1984 ; and Zhong, D., Saenko, E. L., Shima, M., Felch, M. and Scandella,

20 D., « Some human inhibitor antibodies interfere with factor VIIT binding ro
Factor IX'», Blood, 1998, 92: 136-142), or with activating molecules
(Lubahn, B. C., Ware, J., Stafford, D. W., and Reiser, H. M., « Jdentfication
of a FVIII epitope recognized by a human hemophilic mhibitor», Blood,

1989, 73: 497-499 ; and Neuenschwander, P. F., and Jesty, J., « Thrombin-

25  activated and factor Xa-activated human factor VIII ; differences in cofactror

activity and decay rare», Arc. Biochem. Biophys., 1992, 296: 426-434).
SUMMARY OF THE INVENTION

30 In an entirely surprising way, a discovery has been made by the Applicants of
a degradation of Factor VIII by allo-antibodies of two high responder patients

with severe haemophilia A, demonstrating a heretofore unknown mechanism
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30 defective or deficient Factor VIII nolecules, which, inits severe form
iIs a life-threatening and crippling haenorrhagi c di sease. 16 January 2004
I nfusi on of honol ogous Factor VIHto patients with severg. h I{ja A

. PR

results, in 25%of the cases, in the energence of anti-Fat al | o-
anti bodi es (Ehrenforth, S., Kreuz, W, Scharrer, 1., Linde, R, Funk, M, 5
@ungor, T., Krackhardt, B. and Kornhuber, B., ((lncidence of devel opnent
offactor VI11" and factor I X inhibitors in haenmophiliacs ", Lancet, 1992,

339: 594-598), that inhibit Factor VIII procoagulant activity by steric
hi ndrance of bhewhicheFatori VRlohhfa@iroma bfevet | YR
AR AR e

nol ecul es (Sae%ko, %’838#3 Shima, M, Rajalakshm, a

((Arole for t aces in 10 of factor VIIl in binding to von WI I ebrand
factor)), J. Biol. Chem, 1994, 269: 11601-11605; and Saenko, E. L.,
Shima, M, Glbert, G E, and Scandella, D., ((Slowed release of

t hr onbi n- cl eavd@ict/apeplivsants discoveynof cataleil dreioF 2ner VAT a6-2pyiba i Roe @eal

and a humangantj 1S a nqve chanismfor factor VLIl inhibition >,
J. Biol. Chém H:#g:géug %ﬂ‘?‘@&%@? ér%t IEPPEY 91 the emergenee of extalysic amtibatiies or
its activity (&aiareMNDECEDelben tRatm@Af . << ecul ar
basis of factor VII] inhihiti onbby huanan grl:tl ogltselsvm:h\/\ﬁ%ﬁ%o%%s W& bind

to the factor WEFOHPTegﬁ?n@ﬁéﬁeﬁ pey swrprising, evenenbsrioor afnbali¢vaibley! tHatWi t h
phosphol i pi d", : y I v 8 3: 8- : and Zhong, D.
Saenko, E. L., a‘iﬁ?%éﬁﬁe faﬁ@?@hfn h% Q"ﬁag%&a qt%f,l'?’%v U%}C?kWSB}ga%ﬁﬂh

i nhi bi tor anti badieesthentRactorr & TH trhofeasleolindtive BhradbRY aq-ﬁ,g;

Bl ood, 199 9 136-142), I_gqngm th acti vatuilng nol ecul"es ch }_ylﬁitcj:ah , %S’é& ,

Vare, J., Saf f?“b?r&,‘e%fﬂw) CYEEi S5 cafalytq antibodiematpartedi sm fanfare VI | |
epi tope recognhgeds : LWLEe Lahi bi ». Blood 989, 73:

497- 499; and Neuer]s_r?ﬁ\?gf]éggg?ﬂ%hﬁ@?ngﬁ\]%f;?ﬁge%g PLOCTS Gt RBBHOlogiqa) at ed

and factor Xa- gerditigred smaducad anribiies arelcdllet ALIES-ahibedMERGHorigin

activity and dSF%crhairs%lea'?lryCdiﬁgr'e%E Pr%rl% th%l 81%%86f’A[ll%%z-’zzntzi!?OG&iesAfi%GérlAfyB:l)lt'o-
immune disease. ' |
15

The calculated average Km and apparent Vmax for the reaction of anti-
Factor VIII antibodies of one of the patients were 9.46 + 5.62 uM and 85 * 60
fmol.min"I, respectively. The kinetic parameters of Factor VIII hydrolysis

suggest a functional role for the catalytic immune response in the inactivation
20 of Factor VIII in vivo.

The characterisation of anti-Factor VII allo-antibodies as site-specific
proteases hence provide new approaches to the treatment of diseases of a
patient who possess anti-Factor VIII allo-antibodies.

25
Thus, according to a first aspect, the present invention provides a method of
determining the presence of catalytic anti-Factor VIII allo-antibodies capable
of degrading Factor VIII in a mammal, characterised in that it comprises :

30 1) isolating the plasma from a sample of blood taken from sa.id

mammal,



SUMVARY OF THE I NVENTION 30 In an entirely surprising way, a di scovery has
been made by the Applicants of a degradation of Factor VIII

al l o-anti bodi es of two high responder patients wth sever 'Jg% ilia A
denonstrating a heretofore unknown mechanism- 2 16 January y whi ch
Factor VIII1 inhibitors may prevent the pro-coagul ant function of Factor
VIIl. The Applicant's discovery of catalytic anti-Factor VIII

allo-antibodies is to the 5 best of his know edge the first report on the
energence of catalytic antibodies that are | NDUCED upon treatnent of
patients with Factor VIIl. It was heretofore considered very surprising,
even absurd or unbelif) sk adh&herof MY 155 the presence
of Factor VIII, whi Cil’)l vvoul% actual l'y rengjégﬁtiﬂz&ﬁf—‘J ﬂ%bﬁs% ‘ecul e

i nactive through catal ytic hydrolysis 10 (" proteolysis "). However, the

catal ytic anti bodie aut o-.ant i bod| es found in the
course of a di sease%p{@ggéé?' ds‘%ht{ gﬁg&%ﬁi]&%ﬁnné%ﬁ 11 eeRtactT Wity F ﬂqli@ruced
anti bodi es @re call ed'\A[]Lf@ra rioddifeme bificRy I

different fromthe origin 3f rliXUTO ant i bodi gsnltﬁcb nnﬂlftawgdé r%%r?@h I'$8%se.

15 The cal cul at ed aver&§er Saé%ﬁﬂﬁé?ﬁtctwﬁémﬁﬂo -antbodieacandn of anti -
Factor VIII antibodies of one of the patients were 9.46 5.62 Mand 85 60

frol. min-1, respectively. The kinetic paraneters of Factor VIII hydrolysis
suggest a functi onaliv)rdgtenfiningt bﬁemh@bémodloﬁﬁilﬂﬁ@ WIRSRE aed Fﬁcﬂo?ﬁml has

I nactivation 20 of Fagi ar VIII VI vo.. The_characterisation of

anti-Factor VII1 allo*8rtH Sgol?e(%‘ r%qe@é’-ysﬁfé@?ﬂﬂcf'acﬁﬂfomgﬁ@-anahc@lem ovi de

new approagfpes to the treatnent of diseases of a patient who possess
anti-Factor VIII allo-antibodies..
According to an embodiment of step ii) of the method of the present

invention, said anti-Factor VIII allo-antibodies are isolated from said plasma
by combining them with said Factor VIII, said Factor VIII being preferably
coupled to a matrix. Advantageously, in step ii), said anti-Factor VIII allo-
15 antibodies are isolated by affinity chromatography. Preferably, in step ii), said

affinity chromatography comprises the use of a Sepharose matrix, preferably
activated with cyanogen bromide.

According to an embodiment of step iii) of the method of the present
20 invention, said Factor VII is labelled with a labeiling agent, preferably a
radio-labelling agent, such as "I in particular. Advantageously, in step iii),
said Factor VIII is placed in contact with the anti-Factor VIII allo-antibodies
for a period of time of between about 0.5 and about 30 hours, preferably
about 10 hours, at a temperature of about 15 to about 40°C, preferably 38°C.
25
According to an embodiment of step iv) of the method of the present
invention, the determination of whether said Factor VIII has effectively been
degraded by said anti-Factor VIII allo-antibodies is carried out by a
determination comprising a separation technique, such as gel electrophoresis,
30  such as SDS PAGE in particular, or gel filtration, such as fast protein liquid
chromatography gel filtration in particular, and a visualisation technique,
such as autoradiography in particular.
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25 Thus, according to a first aspect, the present invention provides a
nmet hod of determning the presence of catalytic anti-Factor VIII

al | o-anti bodi es capable of degrading Factor VIII in a ary 2004
characterised in that it conprises : 30 i) isolating the p asﬁ?%ronla
sanpl e of blood taken fromsaid mamml, 3 16 January 2004 ii) isolating

anti-Factor VIII allo-antibodies fromsaid plasma ; iii) placing said
anti-Factor VIIl allo-antibodies in contact with Factor 5 VIII for a
period of time_sufficient to permt any degradation of said Factor. VIl by

sai d anti - Fact B 20rendages gvihta boghess embadimen) ofi¢hermethodgof ali¢ ereseai d
period of tineg; . 5aI |1 _has . effectively heen degraded by
sai d anti-Factor @Qﬁ{){g’e%f(fg{eg}{f%écgéreagewsgﬂlEbéﬁtdﬁ Iﬁ{)&’FBC%‘ﬁPdei ment of

step ii) of the nethod of the present invention, said anti-Factor VIII

all o-anti bodies are jsolated .fromsaid plasm _ by conbining themwth said
Factor VI, said FRcERATASHRIingdhe filsesyfiersgid FacksuBIE dneleculendeavied. by

Advant ageously, in stgpqhhdi-FaserV1dhhis-EaGhQked! 1] allo 15 antibodies are
isolated by affinity ¢ rorratggréphy.glggﬁgir)%%fesy, in step ii), said

affinity chromatography conprises the use of a Sepharose matrix, preferably
activated with anogen brom de...Accordi ng to an enbodi nent of step iii) of
the method of ARESTSREE dn 2 2 %@mﬁ, &g, W ©4cthsr mpthad jof Hheb g¥esent wi t h
a | abel Iing agenention ofaed aRdricRrikaihPid aekl] bgggﬁl’:mgf;éﬁﬁ&o}ﬁh i
actor Vi | aced in

particul ar. Advantageously, in step iii), sali 'S p
contact with tFREAFWIIEsaigantiviaqon VY allatansibdidies capable af degiadihgoFadtorme of

bet ween abgut ferabl abo 10 h?HES t a

t enper at u PerJ of Q,é-l]g’o ﬁ%ﬁ%ﬂﬁé%% g&“{}f)%@;e“g‘?@f @3%#%{%0? Factor ésulting
therefrom. Advantageously, said separation is carried out using a technique
such as gel electrophoresis, such as SDS PAGE in particular, or gel filtration.

Said sequencing is advantageously carried out using a technique such as N- -

terminal sequencing, such as by using an automatic protein microsequencer

15  in partcular. By using the said sequencing, the following scissile bonds are
located : Arg’™-Ser’™, located between the Al and A2 domains, Tyr'*®-
Asp'®® located on the N-terminus of the A3 domain, and Glu'™-Asp'™
located within the A3 domain of the Factor VIII molecule. |

20 According to a second aspect, therefore, the present invention provides an
amino acid sequence :

Ser Val Ala Lys Lys His Pro ;
25  an amino acid sequence :
Asp Glu Asp Glu Asn Gln Ser ; and

an amino acid sequence :
30

Asp Gln Arg GIn Gly Ala Glu .



25 According to an enbodi nent of step iv) of the nethod of the present

I nvention, the determ nation of whether said Factor VIII has effectively
been degraded by said anti-Factor VIII aIIo-antibodies ' carrlfq)out by a
det-erni nati on conprising a separation technique, such as‘i@ﬁ“aw 004

el ectrophoresis, 30 such as SDS PAGE in particular, or gel filtration, such
as fast protein liquid chromatography gel filtration in particular, and a
vi sual i sation techni que, such as autoradi ography in particular. 4 16
January 2004 In accordance with a further enbodi ment of the method of the
present invention, said nethod is characterised in that it further

conpri ses : er| si,te In sajd Fact I I I m)l ecul e

cl eaved by ?Ige %rsgﬁ{ I‘?g@@ ragglffmﬁwﬁso%%ﬁ'%fﬁ i @5 Ang thip agrany
enbodi ment  ofptiséreqvenad of b\acfmtvm whichhe RhgasRtof mﬁﬂﬁpﬂg% S th
characterisation is carr| ed out pl aci ng sai d Factor H ~Con 5}5‘?
with said anfaciec(dl maleg él"ﬂéiﬂhrﬁ wggmlgeéebamgdmd e gnamitihFadiae VINT 10
VIIl, separa h f Factor VIII resulting
therefrom A g%tng%eogsmtﬁ%gﬁh n@é%%#a%ﬁ :F%t 168 A PHARHhi que

such as gel bkefireaphpies peptidear ﬂen@@ﬁn&é\%alcugueaman%a{o adidl saghence
filtration. acéﬂj afgpenm ng dvant a eous'IgK‘3 arri ed out usi ng

t echni que sulf® %2 WHER l&éﬁu@nmh%te &y YHET mgolegule whactt i<
protein m cr 9sReHsPesb bking Ryseaidy &ﬁlhﬁfwa% W il gﬁ' ol eymg@g%t he

followi ng scissile bonds aré |ocCated :
and A2 domai figh b¢yﬁrﬂxmbdmvm@nméﬂxecanumwm rithepkhofier W@ adavmi n,

?rg?e? ulue %@r 51 Q.% gﬁaws"{ee?%n %&as p@é&%ﬁeg Ptggleﬁl?a%ﬁre@\é/:‘?%‘é‘%nt i on

provi desl@an oahmngeramn g fewopmane® acids (it being possible to obtain such variants by
chemical synthesis or by enzymatic digestion of the naturally occurting
molecule), so long as the variant inhibits any site in the Factor VIII molecule
which is susceptible to being lysed by an and-Factor VIO allo-antibody.

15 Hence, according to a third aspect, the present invention provides an anti-
Factor VIII allo-antibody-catalysed Factor VIO degradation ishibitor,
Advantageously, this inhibitor is characterised in that it comprises a protease
inhibitor. Examples of protease inhibitors that can be used as anti-Factor VIII
allo-antibody-catalysed Factor VIII degradation inhibitors within the context

20  of the present invention, without being limited thereto, are fluorophosphate-
type inhibitors, such as DFP for example, or sulphonyl ﬂuoﬁde-type.
whibitors, such as PMSF or AERSF (4-(2-aminoethyl)benzenesulphonyl
fluoride hydrochloride (notably marketed by Roche Diagnostics GmbH,
Mannheim, Germany, under the wademark Pefabloc®)), for example. More

25 particularly, this iphibitor is characterised in that said inhibitor inhibits
cleavage of the scissile bonds : Axg*?-Ser’”, located between the Al and A2
domains, Tyr'*®-Asp'®* | located on the N-ternuinus of the A3 domain, and
Glu'%-Asp'™ located within the A3 domain of the Factor VITI molecule.
More preferably still, this inhibitor is characterised in that it comprises a

30  peptide or non-peptide analogue of the amino acid sequence :
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Ser Val Ala Lys Lys H's Pro; 25 an ami no acid sequence : Asp Qu Asp GQu
Asn A n Ser ; and an amno acid sequence : 30 Asp G n Arg Gn Ay Ala G u.
5 16 January 2004 The present invention also extends to i,/ﬁri ant s

anal ogues of this or any other sequence of Factor VIII Ij%rwagf%é)@apabl e
of inhibiting any site in the Factor VIII nolecule which is susceptible to
being Iysed by an anti-Factor VIXI allo-antibody. Wthin the context of
the present invention, such a variant can 5 be, for exanple, a peptide or
not -peptide anal cogue of an am no acid sequence described supra which
inhibits any site in the Factor VIII nolecule which is susceptible to

being |ysed by an anti-Factor VS&HVQI]A&\'/\E?é%pPﬁHS P?ﬁ'(:h a variant can be,
C

for exanple, a variant of the sequence IS elthler shorter by a, few
amno acids, at the N -termnal, the Ctermnal, or both termni, for

exanple, 10 or r by a am no_aci i t. being possible to obtain
such variants abég e‘?ﬁ%%'l’ %T%gl{ﬁ'oﬁgleéHEWrﬁﬂdéegpgﬁﬁi on of the
naturally gccurring nolecule), so long as the variant inhibits any site in
the Factor VIIl nolecule which is susceptible to being |ysed by an
anti-Factor VII1 allo-antibod$sP fBuHAsE &lugssotdn fgrier a third aspect, the
present invention provides an anti- Factor VIH allo-antibody-catal ysed
Factor V M degradation inhibitor. Advantageously, this inhibitor is

characteri sed a pepthietori torepemidesarmlagye cfthe aeinb Abid¥eyeenceExanpl es of
protease inhibitors that can be used as anti-Factor VM
al | o-anti body-cat al ysed Factor V degradation inhibitors within the context

20 of the pyesent invention, walRBQYin ‘Qgéa%g%lgq}lhheret o, are
S

fl uorophosphate- type inhibitors;, such or exanpl e, or sul phonyl
fluoride-type

The Factor VII degradation inhibitors as defined supra, as weil as their

addition salts, in particular their pharmaceutically acceptable addition salts,

have a very valuable pharmacological profile in that they pbssess neutralising
15 activity towards anti-Factor VIII allo-antibodies.

These properties justify their application in therapeutics and the inventon

further relates, by way of drugs, to the Factor VIII degradation inhibitors

above, as well as their addition salts, in particular their pharmacentically
20  acceptable addition salts.

‘They will therefore be particularly indicated in the treatment of diseases of,
inter alia, haemophilic nature, more particularly diseases involving
coagulation defects due to Factor VIII insufficiency.

An example of their use which may be mentioned is the treatment of high
responder patients with diseases such as mild or severe haemophilia A, for
example (in the case in which catalytic antibodies are found in these patients),
on the one hand, and/or, on the other hand, patients suffering from auto-

30 immune diseases for example (in the case in which catalytic antibodies are
found in these patients).



i nhi bitors, such as PMSF or AElI3SF (4-(2-.am noethyl)benzeuestdphonyl
fluoride hydrochl oride (notably narketed by Roche Di agnostics GrbH,

Mannhei m Germany, under the trademark Peabl oc")), for effgﬁ?l e. £ 25
particularly, this inhibitor is characterised in that sald i M

inhibits cleavage of the scissile bonds : Axg 72-Ser'3, |ocated between
the Al and A2 donains, i6so0-Asp' 681 , located on the N-term nus of the A3
domain, and G lurisa Asp'795 located within the A3 domain of the Factor
VITI nolecule. Mre preferably still, this inhibitor is characterised !3
that it conprises a 30 peptide or non peptide anal ogue of the am no aci
sequence :WEG&?%U%‘FCW Ogelouttay PripGiPalyasped) sthe presang H;W@Ummﬂéﬂ@ema g
non- pepti de a e @af 1h A0 b d nge . n..G U, Asn n
Ser p or a peg?iiug%ﬂort%noén-goel%{% lgeng%éél ggﬁgg@f %t %haéﬁigg%%lééggi?@WgB 10
Asp G n Arg Gchatcterised iffithat Trenfaisesa phdrimadegcdiyt ¢ﬁhtiilv6|hﬂrﬁtbﬁzﬁr(§f &S
defined supra,_ as well .. t hej dditjon salts, in particular their

phar naceut i cal'l‘?af§888_ al ?Cé‘)fagﬁﬁl@ﬁerﬁ ¥,C3P@m9@fé]ﬂ€&d}ng'éﬁaﬁ%l\§l_n,_as

phar macol ogi c@kfiné@bib, hbrablidks $iEMABRPERINEHUhBY dtlcdibea k2Rl r ey
towards anti-Factor VU allo-antibodies. These properties justify their
appl i cation i ft Wer Hharmagentioally + kecepiatdat iadditionur satsr inedrgbested byn way of

drugs, to the ' inhibitors above, as well as their
addition salt& E%Q%egﬂc%g&ggﬁ?%z% %Qﬁﬁlgﬁﬂgggﬁ% T4 Y20 acceptabl e
addition salts. They will therefore be particularly indicated in the .
treat nent 8f %js ases of, inter alia, haenophilic nature, nore

y di

particul at SACCPHIBE 1 AT RFiRRiPal ABRFL dRIeRIESETA URVANGORAOYide R |
| nsufffi ¢l ency phAfngddiiRa? QbmipdSiion I SeattibeRdRY i9° B ONEFnbRiskhe,

treatnent of high responder patients Wt seases such as "mTd or
haenophi | i a Aphfipmaceutically effective amount of at least one Factor VIII degradation

inhibitor, as defined supra, or one of its pharmaceutically acceptable addition
salts incorporated in a pharmaceutically acceptable excipient, vehicle or
15 carrier.

These compositions can be administered by the buccal, rectal, parenteral,
transdermal, ocular, nasal or auricular route, for example.

20 These compositions can be solid or liquid and can be presented in the
pharmaceutical forms commonly used in human medicine, such as, for
example, simple or coated tablets, gelatine capsules, granules, suppositories,
injectable preparations, transdermal systems, eye drops, aerosols and sprays,
and ecar drops. They are prepared by the customary methods. The active

25 prnciple, which consists of a pharmaceutically effective amount of at least
one Factor VII degradation inhibitor as defined supra, or one of its
pharmaceutically acceptable addition salts can be incorporated therein
together with excipients normally employed in pharmaceutical compositions,
such as talc, gum Arabic, lactose, starch, magnesium stearate, polyvidone,

30 cellulose derivatives, cocoa butter, semi-synthetic glycerides, aqueous or non-
aqueous vehicles, fats of animal or vegetable origin, glycols, various wetting
agents, dispersants or emulsifiers, silicone gels, certain polymers or

- 8 -



exanple (in the case in which catalytic antibodies are found in these
patients), on the one hand, and/or, on the other hand, patients suffering
fromauto 30 i mune di seases for exanple (in the case in _which c% lytic
antibodies are found in these patients). 7 16 January 2B0PMHR0E2 0gccordi ng
to a fourth principal aspect, the present invention provides a solution to
a long-felt need through a pharmaceutical conposition characterised in
that it conprises a pharmaceutically effective anount of at 5 | east one
anti-Factor VIII allo-antibody capable of degrading Factor VIII, as,

defi ned supra, ccmﬂlzamt;s, aproferedtivebl eflavouningse arthocbldescr itigd pp&fé@ed or

one of its ph ceut |y _accept.abl ddition salts incorporated in a
phar maceut i cal %EESBP%B@F%XE;{SC?%F ﬁ?i‘i’ﬁ”&l e or carrier. 10 Further,
according to a fifth principal aspect, the present invention provides a

pharmaceutical conposition characterised in that it conprises a
phar maceut i cal THe énventiqny alsgnenners ef pharmasguticaineompetition With neegaltstiag i on

addi 1 on " s SEBCHERIPEA, o LR EsBecl? af ROETPGTR BRpinled ligen:
vehicle or 15simdrag Memdiﬂﬁhs maﬂmwédmnc@ﬁaﬁ@ﬁ@fﬁrwm %Il@-‘inﬁhﬁ?&@

buccal , rectal tE(l_)jarenter transdernmal, ocul ar, nasal auricu fout e,

for exanple. HBERINE £% PatRsartinh agier SOII @llg«ran[andm (Iahcﬁsc aatdiptic

Cleh as. for t%‘%"np“ﬁe RO e PRI AR, i SO pE St

gr anul es, suppdwacnenm in tl.'mjt etcmhpasqsraam@aahao&WmIly @ﬂﬁ@d@hoﬁﬁﬁb?ﬁﬁ eye
dr ops, aer d 0S. are prepared by the

cust omary %&gn ‘#‘FD g%%?(/e%;g ﬁ%ﬁF&‘{ﬁﬁPQ %gﬁﬁ??rc FR8VSt OTpfong of its

phar maceut i cal biarehdceatically aveptabletiddation 8ABtincAPBrdtas s pHhithadBBEARRL 1 ON

I nhi bitor -as defined supra, or one of its
acceptable excipient, vehicle or carrier.

The invention also covers a method of therapeutic treatment of a mammal
15  suffering from a pathology resulting from the level of Factor VIII in the blood
thereof, characterised in that a therapeutically effective amount of at least one
Factor VHI degradation inhibitor as defined supra or ome of its

pharmaceutically acceptable addition salts is administered to the said
mammai.

This method affords especially a favourable treatment of diseases of

haemophilic nature, in particular a pathology resuiting from a lack of Factor
VIII in the biood thereof,

25  The mvention also covers a pharmaceutical composition with anti-thrombotic
activity which can be used especially as a favourable treatment of diseases
such as thrombosis in particular, said composition being characterised in that
it comprises a pharmaceutically effective amount of at least one anti-Factor
VIII allo-antibody capable of degrading Factor VIII, notably as obtainable

30 from the method described above, or one of its pharmaceutically acceptable

addition salts incorporated in a pharmaceutically acceptable excipient, vehicle
Or carrier.



pharmaceutically acceptable addition salts can be incorporated therein
together with excipients normally enployed in pharnaceutical conposi tions,
such as talc, gum Arabic, |actose, starch, nagne3|un1st ﬁaaR&bMV|done
30 cellul ose derivatives, cocoa butter, sem -synthetic g €S, ‘aqueous
or non- aqueous vehicles, fats of aninal or vegetable orlgln gl ycol s,
various wetting agents, dispersants or enulsifiers, silicone gels, certain
pol ymers or 16 January 2004 copol yners, preservatives, flavourings and
colours. The preferred pharmaceutical formis an injectable form The

I nvention al so covers a pharmaceutical conposition with neutralising 5

activity whi chThelintentitsedlsepoeisas InvetA6d dff @ eﬁﬁl:etréz{tﬁx%h R eases
such as haenophilia A with production of anti -I%g:tor VI r%ot‘%%%‘ff%é% es ;

aut oi mune di s@%é@eWQ%maHﬁt -aFg@f%ﬁeuVFalllY sffeaivnamouat @§ at ileast ape ant-

catalytic ant 8RN p rticul ar

conposi tion bell?%'ggf char ag?-ea?lﬁgg d ?xgbcr%”é)f)og igétb %Hqc@'gﬁ y
ef fecti ve a@npuadcepfabid additibe aaits mladnﬁmte@edtﬂ tHe ﬂ&gfrml@mwn i nhi bi tor
above, or one of its pharmaceutically acceptable addition salts

I ncorporated in a pharnmaceutically acceptable excipient, vehicle or
carrier. The iTHRNM&RCAl 8F0kRY BfchFELh r ' t f a
manmal 15 suffering froma pat hop%ggy@‘f?gﬁfﬁr%rgb{ée @&?ﬁ%hfeé/ﬂéﬁﬁ%ﬁ

VIl in the blédsembhtegafurecimepartcelar said pathology resuitieg érpautheo;adekance of
effective anou or, VI .degradation inhibitor as
defined supra @e@#&?éff?&é} V@ﬁé‘i‘ﬁ%ﬁ?@&?%‘a‘? eQfacceptabl e addition salts is
adm nistergd to the said mammal. 20 This nethod affords especially a

favourabl e treatnent of di seases of haenophilic nature, in particular a
pat hol ogy resulf Rwgianrand znimat kesapeusiss e anti-Fagtar VI Blosardibiodégsanfthe

Factor VIII degradation inhibitors as defined supra can be administered by

themselves or in association with a physiologically acceptable excipient, in
any form, in particular orally in the form of gelatine capsules or tablets, or

15 parenterally in the form of injectable solutions. It is possible to envisage other
forms of administration such as suppositories, ointments, creams, gels or
aerosol preparations.

Within the context of the present invention, the following terms are used :

20
« catalytic anti-Factor VIII alio-antibodies », which is understood as meaning
antibodies directed to Factor VIII endowed with a catalytic activity induced in
haemophilia A patients upon transfusion with therapeutic preparations of
Factor VIII ;

25

« Factor VIII », which is understood as meaning a co-enzyme of Factor IX in

the enzymatic cleavage of Factor X during the blood coagulation process ;

«degradation of Factor VIII», which is understood as meaning the
30  generation of fragments from Factor VII that do not appear due to a
spontaneous hydrolysis, or due to hydrolysis by physiologically cleaving

- 10 -



25 The invention al so covers a pharmaceutical conmposition with

anti-thronbotic activity which can be used especially as a favourable

treatment of diseases such as thronbosis in particular, | sition
1aq9‘?éynq}3&f cg'

bei ng characterised in that it conprises a pharmaceutic tive
amount of at |east one anti-Factor VIII allo-antibody capabl e of degrading
Factor VIII, notably as obtainable 30 fromthe nethod descri bed above, or

one of its pharmaceutically acceptable addition salts incorporated in a
pharmaceutical |y acceptabl e excipient, vehicle or carrier. 9 16 January
2004 The i nvenenzymesi see.cvembim metivened oFattber Bpe uictivated e Faslnt X0f and

mamal s, charg&él%%ds l%%i.nct_hat a therapeutically effective anpbunt of at
| east one anti-"Factof al |l o-anti body as defined supra or one of its

pharmaceutically 5 acceptable addition salts is adm nistered to the said
mammal . This nmethod, affords especially a favourable treatnment of diseases
of thronboti c«aBidagtorilala-aribedy-caaalysehFadbn §TIrdegm dation ihhibitcrhe

presence ofs |, the.bl god thereof. 10 |n_human and
ani mal t herDapg‘ltnﬁj(%llfagl g@ﬁﬁdgisgldécﬁaféje_gngggﬁg\ﬁ& psq)tlugq, gjﬁfangb%ﬁ Q5 G 19 HE FRelet or
VI11 degradati¥Hl' séquenbe,t @rs pasteaszf iinRibien P tigatC aRe beambe nbﬁts%@gﬁcggy

t hensel ves or in _associatio i th a physiologically acceptabl e excipient,
in any form R WQQC‘SFQVH’EQWEW%&?%“ 3FRager é@#@ﬁ@a@@hﬁ@@ sor
tablets, or 15 parenterally in the formof injectable solutions. It is

possi ble to envi sage other forns of adm nistration such as suppositories,
oi ntments, creans, PEEFRIFTON QE ARRFFERREREMBOREMEWI OF THERRESENEXt of t he
present inMention, the follow ng ternggyggRTesRd : 20 catal ytic anti-Factor
VIIl allo-antibodies " , which is understood as neani ng

Human recombinant Factor VII was radio-labelled with 1. Anﬂ-Faﬁtor
VII allo-antibodies were affinity-purified from the plasma of three
haemophilia patients with inhibitor on a Sepharose matrix to which
15  immunopurified human Factor VIII had been coupled. Affinity-purified
anti-Factor VIII antibodies of patients Bor, Che and Wal inhibited Factor

VII pro-coagulant activity up to 57.0, 64.0 and 43.0 BU/mg of IgG,
respectively.

20  Co-incubation of labelled Factor VIII with the anti-Factor VIII allo-antibodies
resulted, in the case of two patients out of three, in the proteolysis of the
molecule. The specificity of the hydrolysis on the antibody combining sites of
anti-Factor VIII allo-antibodies of the IgG isotype was demonstrated.
Co-incubation of {**I}-Factor VII with affinity-purified anti-Factor VIII IgG

25  of patients Bor and Wal in the presence of the protease inhibitors aprotinin
(O.lS‘u.M), E-64 (28 uM), EDTA (1.3 uM), leupeptin (10 uM), and pepstatin
(10 pM) did not result in inhibition of proteolytic activity.

The Applicants have characterised the major cleavage sites for catalytic IgG
30 in the Factor VII molecule, to be as follows: Arg®™ - Ser’”, located between
the Al and A2 domains of Factor VIII ; Tyr'®® . Asp*® located on the



antibodies directed to Factor VIII endowed with a catalytic activity
I nduced in haenophilia A patients upon transfusion with therapeutic

preparations of Factor VIII ; 25 Factor VIII ", which ig g d as
meani ng a co-enzynme of Factor 11X in the enzymatic cl eavgfsge o%FySF%dgaor X
during the bl ood coagul ati on process ; degradation of Factor VIII ", which

I s understood as neaning the 30 generation of fragnents from Factor VIII
that do not appear due to a spontaneous hydrolysis, or due to hydrolysis by

physi ol ogi calNyegthizai sfothe A8 dokBaihnEan\GROPY. ERpYMERcaledOyithiy GEDAS.
activated Factor | X, activated Factor X, and activated protein C; "
anti - Fact or Vmﬁﬁw@rlo-antibody-catalysed Factor Vi degradation inhibitor)),
5 which is understood as neani ng any peptide, belonging or not to the
Factor VIII1 sequence, or protease inhibitor that are capabl e of

speci fi cal | y Tietitneadnd iioge-ddpentdgncyob§ diertyydaslysisiof F aeforaWV T by agh-Factdr ! |
catal ytic ,ant%{as Dtg?%%el PTON .OF A PREFERRED EMBODI MENT OF THE PRESENT
10 | NVENTFPON G 2RUhAfIcS, bas heenofemppstratad. [B pasticalasl hrdrolysishwass 1,

T e oo sk hvedl i BonBRth Bl Ealloh WIRUTAG Lo FAGM Vi pgore, of

three haenophilia patients wth inhibitor on a ose nmatri X to Wwhic
15 i mrunopur i do-mguhaiednatFautlar ratiod thetdwiee 80c oo @500-folf tower yhaputhdse ed

anti-Factor V|J| t 1 bodi es_of .patients Bor, Che and Wal inhibited. Factor
VIII pro- coag%f{pgﬁ%aatot ?’Q,ﬂ?% IE‘OP%EF_’H,S g&?‘?}aaﬁ‘dg&%%g ygfolysyGis a
respectivel y @@cimibmaufifictar VI inabohtied bl tied padeAry aipiddtitoifs aativoract or

VIIl allo-antibodies resulted, in the case of two patients out of three,
in the prteolysis of the

The Applicants have further investigated the kinetics of antibody-mediated
hydrolysis of Factor VIII by incubating anti-Factor VIII IgG of patient Wal
with increasing concentrations of unlabeled Factor VII in the presence of a
fixed concentration of ['*I]-Factor VIII. The curves of the reciprocal of the

15 velocity plotted as a function of the reéiprocal of the substrate concentration
were linear (r=0.99), suggesting that the reaction conformed to simple
Michaelis-Menten kinetics, as already observed for polyclonal catalytic auto-
antibodies. The apparent catalytic efficiency, Vmax and rate of hydrolysis of
anti-Factor VIII allo-antibodies were calculated in the case of patient Wal.

20 The kinetic parameters of hydrolysis calculated in wvitro, suggest that
proteolysis may be a mechanism of Factor VIII inactivation by patients'
allo-antibodies in vivo.

The association of Factor VIII with von Willebrand Factor (vWF) increases
25  the catalytic rate of thrombin fbr Factor VII, whereas it protects Factor VIII

from hydrolysis by activated protein C (APC). The addition of vWTF to Factor

VII resulted in partial inhibition of hydrolysis of Factor VIII by anti-Factor

VI IgG, 1.e. 36.9%, when purified vWF and Factor VIII were mixed using a

wt/wt ratio similar to that present in normal plasma, Ze. 30 pg/ml of vVWF
30 versus 300 ng/ml of Factor VIII.



nol ecul e. The specificity of the hydrolysis on the anti body conbining sites
of anti-Factor VIII allo-antibodies of the IgG isotype was denonstr at ed.
Co-incubation of [125l]-Factor VIII with affinity-purifi%ddmtdi,y-f tor VIII
1 gG 25 of patients Bor and Wal in the presence of the protease - inhibitors
aprotinin (0.15 .M, E-64 (28 pM, EDTA (1.3 pM, |eupeptin (10 M, and
pepstatin (10 M did not result in inhibition of proteolytic activity. The
Applicants have characterised the major cleavage sites for catalytic 1gG

30 in the Fact VL. .ecul.e, ta be o]l ows; Arg372 - Ser373, located
between the Al*4n %Elf{?‘é?aﬁ%f %}n'gﬁgf)’bw F*lo'?n?y?%g@?ﬁa@ﬁxdefﬂqué@at ed
on the - 11 &@M%gé@@ﬁm’%ﬂﬁtﬂl&ﬂ@hﬁudé‘&sﬁ%&@ﬁﬁf M "ti(?ﬁ'go gra;io-

nd d ency oF the

Aspl95 located within the A3 domain. The time and dose-depen
hydr ol ysi s of TeRetsef hydrolysngantibahiesagainst vagdactivg irvesimal peptide VilBsinbeen

denonst r at ed. Mg € r qiﬁ | ; observed under cqnditions where
anti-Factor VI MngJ %ﬁ%hgaal\(h‘)‘%' ¥E’\$\§g\é\gﬁ%§°$ﬁ% dﬁa?%lf’"gst "Y’r&’f $Lt}|l’ Ados
that were S|O mgr@@ammokptcimh mxjn@ﬂ arfuml' iesefnmepia.@@mf1 owhtR ﬁﬁ]jﬁl%'&iuﬂé“
patients' plaspg, .suggesting. that rolysis is a mechanismof Factor VIII
i nactivation Hﬁ f%élﬂgamgalsoaﬁ%{%hfqp%dﬁ%@ei knoyledge ebthehappiigantscaiht s
have further im|eeshh@rRIesk 4 ERaKtPShLt tljllﬂﬁ %gé ﬂ{ olysis of
Factor VIII by Incubating anti- g%{ng?éw{qﬁ-{ég o&{’platl n %ﬁ&'%epﬁgus
i ncreasi ng conasiministrdtimms obf prokeih edmigefraTher kivetic pm&frﬂaehn@rﬁﬁmer OAllll.a f
fixed concentrat i of . ["1]-Factor. | . The curves of the reciprocal o
the 15 vel oci t@y‘aﬁgg’ﬂseti} zfgiuéf?%ﬂitviﬁn &%ﬁ ?ﬂEbWQSi CABEC RFPPeTHEs Amdstheat e
concent r atjigon est@fied hfantd HOH8RY antHedUlShiiskhd ahobOE r;&?&fd' rmed
to sinple Mchaelis-Mnten kinetics, as al ng_ady ’obg‘gr vg or n%gfc?/g?%lﬁal
catal ytic aut othe;ﬁﬁttﬁlwa@ln@munm&sa@wrlenna@avwm Factef MIHi ianoye. Within and
rate of hydrol y5i&ofhi mixwre of anti-Factor VI allo-antibodies which differ in their
functional properties, catalytic antibodies may inhibit Factor VIH
pro-coagulant activity at faster rates than non-catalysing anti-Factor VIII
15  antibodies. Identification of peptide epitopes that are the targets for
proteolytic anti-Factor VIII antibodies may thus be critical for our
understanding of the pathophysiology of the Factor VIII inhibitor response.
Furthermore, the characterisation of Factor VII inhibitors as site-specific

proteases will provide new approaches to the treatment of patients possessing
20 ant-Factor VIII allo-antbodies.

BRIEF DESCRIPTION OF THE FIGURES

The invention will be better understood and other objects, characteristics and

25  advantages thereof will become more clearly apparent from the following
explanatory description referring to the attached Figures, which are given
solely by way of non-limiting Examples illustrating the specificity of the
cleavage of Factor VIII by anti-Factor VIII allo-antibodies,

30



anti-Factor VIIl alto-antibodies were calculated in the case of patient

Wal . 20 The kinetic paraneters of hydrolysis calculated in vitro, suggest
that proteolysis may be a mechani sm of Factor VIII i naciéyﬁ{da@‘ (fbﬁ
patients' allo-antibodies in vivo. The associ ati on of Factor % wi th von
Wl ebrand Factor (VW) increases 25 the catalytic rate of thronbin for
Factor VII1, whereas it protects Factor VIII from hydrolysis by activated
protein C (APC). The addition of vW to Factor VIIIl resulted in partlal

i nhi bition of gudeol. 3 - 03 . . &

36. 9% when pd0r | i o
simlar to th#gGamebedicsi ahilig %33) ; 2 1ﬁ@lm of vV\F 30 versus
300 ng/ m of Fact or VI . - 12 16 January 2004 The 1 dentification of
anti-Factor VIII ‘allo-antibodies as catalytic antibodies extends the

spect rum of cg‘@%rgt%m)-i nune responses, in addition to previous reports of
hydr ol ysi ng antl bodi es agai nst vasoactive intestinal peptide (VMIP) in

ast hma pat?ents, DNA-hydrol ysing antibodies in pat ients with SLE and 5
t hyrogl obulin £ ti-antibodies in ts Wit h autmm*rune
thyroiditis. W‘a@%@qé?&?{% s"Y Sr&%#’f‘ eEithl W@Hb@f Anfitkactor
Appl i cants of VIIMieG ofpatiéns B (Rreded) yYChe (ﬁﬂ&'@ﬁ%&yadd‘vmeaé}%{@v”i

el net ic

response to exogeneous adm nistration of a prot anti gen
paranmeters of tyffer/ alpne k@ifﬁoliﬁ/sfps Y harati 38°6t tpriorvid ISDEPAGHE hindi ng

catalytic pro t ant i badi es I n
pl asna, suggegﬁfotr}:@aﬁf’a Eb%gng'ﬁ rol e @e'ﬁ}f%gg%%gt@?{ gnp:}&%ﬁ IRGLRYRELT n
i nacti vat g FactoorVIVA ﬂmhnaﬁmg—pu?ﬂeﬁl antpFagter WIONAG réduticdr @ Rfdrolysis
anti - Fact or VI% anI 0-a ich differ in their functional
properties, c8tHeFagon b‘5‘8 eé’% E\;\r@‘i‘/ CPRHRY: the-mdgaroy nrpfileypHhF away YHNt
activity at fwsemnaﬁa dt "@ReMOP=pALBLYS c ega
anti bodies. ldentifi cal'(ti)flpfeon of peBt |E§e epelat (r)‘%aes th@aﬁgtﬁé&ba& et "smpor
anti-Factor VII IgG purified from the plasma of patient Che (lane Che). The
migration profile of Factor VIII was aiso unchanged upon incubation with
15 human monoclonal MO061 anti-digoxin IgG (mAb) or with normal
unfractionated polyclonal human IgG (Sandoglobulin® , IVIg) that exhibit no

inhibitory activity to Factor VIII,

re 1{B):

Flow-throughs of the affinity columns were devoid of anti-Factor VIII
antibodies as determined by ELISA, and did not hydrolyse ['**I}-labelied
Factor VIII.

25  Figure (C):

Removal of IgG from the acid eluates containing affinity-purified anti-Factor
VIII antbodies of patents Wal and Bor by chromatography on protein G,
resulted in the loss of their hydrolytic activity to Factor VIIL

30



proteolytic anti-Factor VIII antibodies may thus be critical for our

under st andi ng of the pathophysiology of the Factor VIII inhibitor response.
Furthernore, the characterisation of Factor VIII inhi bi tﬁ.ﬁan@nﬁ 004
site-specific proteases will provide new approaches to ga% ment of

patients possessing 20 anti-Factor VIII allo-antibodies. BRI EF DESCRI PTI ON
OF THE FI GURES The invention will be better understood and ot her objects,
characteristics and 25 advantages thereof will beconme nore clearly
apparent fromthe foI | ow ng expl anatory descri pt| on referrl ng to t he
attached Fi gufdgirevk; oigeagxslus hramateg XY : napf Exatd

Il lustrating %{Mof t he cI eavage of Factor VI Il by antl-Factor
VII1l allo-anti : - 16 January 2004 Fi 5 Efl 1: Harc | 125 rn

| gG anti bodi es of haenophilia A Patients with inhibitor Figure 1(A): _a in
[ 1251] - | abel | Fact VI1I was incubated with affinity-purified

anti - Fact or M&of patients Bor (lane Bor), Che (lane Che) and Wal
(lane Wal)g or

To further exclude the possibility that the proteolytic activity of the antibodies
was duc to contaminating proteases, affinity-purified anti-Factor VIII
antibodies of patient Wal were treated with 8 M urea and subjected to size
exclusion chromatography. A major peak was isolated in fraction 25 that

10 corresponded to IgG as indicated by ELISA. The hydfolysing activity co-
eluted with the IgG fraction and that the activity was not detected in fractions
in which IgG was not present (e.g., fraction 35).

Fieure 2
15

The major peak that was isolated in fraction 25 corresponded to IgG as
indicated by SDS-PAGE of the radio-labelled content of the fraction.

Figure 3: Dose- and time-dependency of préteolysis of [***I]-Factor VIII by

20  affinity-purified anti-Factor VIII_antibodies of haemophilia A patients with
inhibitor,

The kinetics of the hydrolysis of Factor VIII by anti-Factor VI allo-
antibodies of patients Bor and Wal. The rate of hydrolysis of [***I)-labelled

25 Factor VII by anti-Factor VII IgG of patient Wal was faster than that
exhibited by anti-Factor VIII IgG of patient Bor, suggesting either that
catalytic antibodies of the patients exhibit different kinetic properties, or,
alternatively, that the proportion of catalytic antibodies among the
anti-Factor VIII antibodies differ between the patients.

30



with buffer alone (lane 1) for 10 h at 38C prior to SDS-PACE and
aut or adi ography. In two of the three patients (Bor and Wal), incubation of

10 Factor VIII with affinity-purified anti-Factor VIII | gG 1S in
hydrolysis of the Factor VIII nolecule. In contrast, the mgr tTon profile
of Factor VII1I was unchanged when ["I]]-|abelled Factor VIl was incubated
with anti-Factor VIII 1gG purified fromthe plasma of patient Che (I|ane
Che). The mgration proflle of Factor VI1I was al so unchanged upon

I ncubat i on W t¥ioife UK ] R AT T :

nor mal [ t hat
2 a < . Biig | B 20 FI ow-t hr oughs

of the affini ty coI ums were dev0| d of ant I - Fact or VIIl antibodies as

determ ned by ELISA, and did not hydrolyse ['21]-labelled Factor VIII. 25

figure 1(C): Xinkdopvef amhbbgﬁ;niafdi)meﬁhﬁ yaigie! sratrastos ONHI \%n cuba
affinity-purified_anti- antlbodles of patients I %ng by
chr omat ogr ap hf‘rﬁﬁF Ariet e @ng lﬂaluéat i Yad h@qhogly—Twlmgleqanh&@ath of
activity to Fagligheldl usi on
chr omat ogr aph?fﬁ%f The catal g’ftﬂllé&&%]?f&%é%%@%ﬁ%{& 9@%{%&&1 q% [ﬁﬁft‘ﬁﬁtﬁf es
Figure 5 To fUfiheFheadditide of incrpasg binounys ohatlabdiiedFat@OVIT rguaed iyity
of the anti bOdcﬁs'é de}glgﬁden"femhlomtclgr? to%ycﬁ' iysg‘ &[' ?E”’gl]a]gactor i rt]JIyt g/nnpg‘gcl:t];} ed

anti - Factor VI
VHI IgG. Saturation of Factor VIII hydrolysis was not attained with the

10 maximum concentration of Factor VI that was used (e 1.7 pM). The
curves of the reciprocal of the velocity plotted as a function of the reciprocal
of the substrate concentration were linear (1=0.99), suggesting that | the
reaction conformed to simple Michaelis-Menten kinetics, as already observed
for polyclonal catalytic auto-antibodies.

15

Figure 5: Inhibition of catalytic activity of anti-Factor VIII IgG of patient Wal

The proteolysis of radio-labelled Factor VIII by the anti-Factor VII allo-
antibodies of patient Wal was inhibited to about 62% when the antibodies
20 and Factor VIII were co-incubated in the presence of Pefabloc® (marketed by
Roche Diagnostics GmbH, Mannheim, Germany), indicating the potency of

certain serine protease inhibitor to neutralise the catalytic activity of some of
the catalytic antibodies.

25 AMPL

Exgmple I Affinity-purification of anti-Factor VITI antibodies

Antibodies were isolated from plasma by ammonium sulphate precipitation.
30 Antibodies reactive with Factor VIII were then affinity-purified on 2 CNBr-
activated Sepharose 4B matrix to which immuno-purified commercial human

plasma-derived Factor VII had been coupled (25000 U/3 g of gel). The

- 16 -



anti bodi es of patient WAl were treated with 8 Murea and subjected to size
excl usi on chromat ography. A nmaj or peak was isolated in fraction 25 that 10

corresponded to 1gG as indicated by ELI SA. The hydrol ysi VA co-
eluted with the 1gG fraction and that the activity was nggtg‘!%gjt%g'céfdgé in

fractions in which 1gG was not present (e.g., fraction 35). Figure 2(B):
15 The maj or peak that was isolated in fraction 25 corresponded to |1gG as
i ndi cat ed by SDS- PAGE of the radio-labelled content of the fraction. Figure

3: Dose- and t4 pe- f Lysis of [l]-F M1l by . 20

St ty- por i FSTSERERS S ke FonRhd st Folede Wiickamtensid wepias st wit n

i nhi bi tor. ThepBs p#l o5 aefi-Fdreo VI Qhnvisbaiesfwdra cleted istdg Q}ihﬁgglg;iﬁéﬁ r
ydrorys

VIl allo- antibodies of patients Bor and Wal. The rate o S of
[ 1251] - | abel | €dS28iaksed agawnst PBS angd cpnrerstased with (epGiptfepp Fowentirowghs was

faster than t i<RJ ; tl - Y/ of ti, Bor ,
suggesting eit ereltﬁ §S%%r§%a ﬁ?\%@ %{ﬁg{(‘)ﬁ %ts'zbfc Pﬂgl Bt ipiﬁﬁff’g%%q of
di fferent Ki neriteFactop¥illiaibodics weat pespaaed ¥ehbevidsd) dédegib@d oporti on of

catalytic antibodies anbng the anti-Factor VIII anti’bodies differ between
the patients. 30 - 15 16 January 2004 Figure 4:Hydrolysis of [|]-Factor

VITT by anti - Fried @5ncénbratibd 6f 3RkLIPRWEPTIN TG was 130, 20 and 280 pg per 10 mg
of IgG applied to the column in the case of patients Bor, Che and W:il,

respectively, (Le., 143 + 130 pg/ml of unfractionated plasma), which is in
10  agreement with previous observations. '

xample IT: Factor VIII-neutralisin ivi

The Factor ViII-neutralising activity of anti-Factor VIII antibodies was

15 determined by the method of Kasper er al. and expressed as Bethesda units

- (BU) (ref). BU were defined as the inverse of the concentration of IgG which

causes 50% inhibition of Factor VI procoagulant activity. Residual Factor

VIO activity was measured in a one-stage assay by determination of the

activated partial thromboplastin time using human plasma depleted of Factor

20 VI (Behring) as substrate and human placental pathromtin® (Behring) as

activators. Heated plasma or immunopurified ant-Factor VII IgG to be

tested, were incubated with pooled citrated human plasma for 2 h at 37°C.

The clotting time of four serial dilutions of a reference plasma pool (Immuno

AG, Wien) was compared with the clotting time of three dilutions of each

25 sample to be tested. Dilutions were carried out in Owren-Koller buffer
(Diagnostica Stago). Inter-assay variation ranged between } and 2.5%.

Affinity-purified anti-Factor VIII antibodies of patients Bor, Che and Wal

inhibited Factor VIII pro-coagulant activity up to 57.0, 64.0 and 43.0 BU/m
30 ofIgG, respectively. '



the presence of increasing anounts of cold Factor VIII Ki netics of
anti body- nedi ated hydrol ysis of Factor VIII by incubating 5 anti-Factor

VIIl 1gG of patient WAl with increasing concentrations o nl ab d Fact or-
VIIl in the presence of a fixed concentration of [17S1]-Fa Py I . The
addi tion of increasing anounts of unlabelled Factor VIII resulted in

dose-dependent inhibition of hydrolysis of [A751]-Factor VIII by

anti - Fact or | 1Grr. S Fac V hydr ol ysi s was not
attained with T TELXT 11 ' v tor VIIl that was used (i
e. 1.7 M. The curves of the reC| procal of the velocity plotted as a
function of th remg cal of the substrate concentration were |inear
(r=0.99), sug iah AT regembinash F@@tﬁromctwam Isbetietiewith **] to a

M chael i s- Ment : rve r_pol al ytic
aut o- ant i bodi S?E 15%3&%0@?1 an@‘?’ﬂg gﬁ%glfngc a'lD Pe &%‘#‘9‘31 bﬁﬁaéacmf
anti - Fact o6 VIVII(B& toflfv@amg)ewas \tdubited ipr $0 @DbY S0 MM wmisHICT-pRbEY | ﬁﬂ)
Factor VIII by IEe anti - ﬁf%c VI 11 allo- antihodies of patient Wl

nhi bited to ABYUEYERY, RRA" RueshunroditertdNaicrlge o5 it 17 touts6d nM.
co-incubated idf imewRbgAeRe ohtiPalaR! Vaf Thal WY ¥8ha (310 hours ar 38°C.

Human monoclonal anti-digoxin IgG  M061 (mAb) and normal

| unfractionated human polyclonal IgG IVIg, Sandoglobulin@), were used as
10  negative controls. Samples were mixed 1:1 with Laemmli's buffer without
mercaptoethanol, and were subjected to SDS electrophoresis without boiling,

after loading 20 yl of each sample per lane. Samples were run in parallel on

7.5% and 15% SDS-PAGE under non-reducing conditions, after loading 20 ul

of each sample per lane. Migration was performed at room temperature using
15 2 mini-PROTEAN II system at 25 mA/gel, until the dye front reached the

bottom of the gel. The gels were then dried and protein bands revealed using

X-OMAT AR. Following autoradiography, the Factor VIII bands of apparent

m.olecular weight 200 and 300 kDa that are consistently hydrolysed by =

anti-Factor VIII IgG, were scanned so as to allow for the calculation of the
20  rate of hydrolysis of l1abelled Factor VHI.

A hundred pl aliquot of anti-Factor VITI IgG of patient Wal (740 pug) treated
25  with 8M urea was subjected to gel filtration on a superose-12 column
equilibrated with PBS-0.01% azide at a flow rate of 0.2 mi/min. Five hundred
pl fractions were collected and assayed for the presence of IgG by sandwich
ELISA and for Factor VIII proteolytic activity after ten-fold dilution. The
proteins in fraction 25 were radiolabelled with 'I and subjected to
30 SDS-PAGE under non-reducing conditions in parallel with normal
polyclonal human IgG. The gel was stained with Comassie Blue, and alsb

autoradiographed ; both images were then overlaid. A major peak was

- 18 -



Roche Di agnostics GrbH, Mannheim Germany), indicating the potency of
certain serine protease inhibitor to neutralise the catalytic activity of
some of the catalytic antibodies. 25 EXAMPLES Exanple |;
Affinity-purification of anti-Factor VIl antibodies Ant]hGHUEY e

I solated from plasma by amoni um sul phate precipitation. 30 Antibodies
reactive with Factor VIIl were then affinity-purified on a CNBr activated
Sepharose 4B matrix to which imuno-purified comercial human

o asm-dor v s e ehoSBuBlaY T5E0D, ol iy Th -

16 January 2004 owt hs o

ext ensi ve was /@S PAGE OPE& phﬂaﬁla@cll&htcbnﬁmtdﬂm‘e“ frhordt. i TH@'I%@:&‘I?Elﬁgel ut ed
agai nst PBS and_concentrat w't h

0.2 M | dj
gln? ?. prep. rgrr EC@“?Y?F&SHBH@ “a%ﬂgl Iégregéawér @camaa@m aetivintwas apedetacted20' C
until use. F(aﬂfmanéﬁ@ﬁrwnkﬁrg@wéﬁhbfaﬁ%ﬂg? -, fiac ﬁﬁ pdies were prepared

as previously described. The concentr or VIIl 1gG was 130,
20 and 2803gg per 10 ng of IgG applied to the colum in the case of
patients Bor, {he 3 Al oie.: L €S i €., 143 130 ig/m of
unfractionat e Tert Wi th previous

- observati ons. UExlahﬂleﬁ hhmaﬁa@éc@lmbih&ﬂt F@thfmlsﬁBrdétfoﬁnhYanUﬁe

@Qw
VIII-neutraIrsE{}Eg)zﬁrvrt of antj-Factor VIII antibodi es was £

det erm ned by O‘F% i, B@YeélCO@@&%rE;@kdﬁYagABevmkdatedni ts

\(/\/rl?iuz:h( r gghse?%%&?&n%ﬁ%ﬁa?gbr@ Ilj—lgct orﬁ}ﬁffjlt pr o@ ggranggg@ \%?t@ magsr dual -
Factor VAD| ads-HCk pHWAZ, iﬂhmMeglyame &0.026% stvage-20 w3l 0.02 %ML fopali on of
Fact or 20 vi 1 PoBBLRE 65 9Re ERURRRL Babiad WHTelFebsmetaneare Pt ot Hter)
(Behring) as SDS PAGE at 50 mA under non-reducmg conditions and transferred for 2
hours at 100 mA on a Hybond-P PVDF membrane (Amersham, Little
Chalfont, England) in 10 mM CAPS, 10% ethanol at pH 11.0. Afier staining
15  with cdomassie blue, visible bands were cut and subjected to N-terminal
sequencing, using an automatic protein microsequencer Prosize 492 cLC
(PE-Applied Biosystems, Foster City, CA). The amount of protein sequenced
ranged from 0.5 to 2 pmoles, depending on the fragment.

J

20 The major scissile bonds were as follows: Arg’™ - Ser’® (R® - $*P), located
between the Al and A2 domains of Factor VIIT ; Tyr®® - Asp'® (Y0 _pesty
located in the N-terminus of the A3 domain ; and Glu'™ . Asp'™ (E'.
D'™)located within the A3 domain. Multiple site cleavage of Factor VIII by
anti-Factor VIII antibodies might originate from individual antibodies with

25  polyspecific catalytic activities or polyclonal populations of antibodies, each
exhibiting a unique cleavage site specificity.

30



activators. Heated plasma or immunopurified anti-Factor VIIlI 1gGto be
-tested, were incubated with pooled citrated human plasma for 2 h at 37C
The clotting tine of four serial dilutions of a referenc&ﬁ]ﬁg ol
(I'mmuno AG Wen) was conpared with the clotting tine o re I'l'uti ons
of each 25 sanple to be tested. Dilutions were carried out in Owen-Koller
buffer (D agnostica Stago). Inter-assay variation ranged between | and
2.5% Affinity-purified anti-Factor VIIIl antibodies of patients Bor, Che
and Wal inhibited Factor VIII pro-coagulant activity up to 57.0, 64.0 and
43.0 BUng 30 of 1gG respectively. 16 January 2004 Exanple M Assay for
hydrol ysis of Factor VIII Commercial human reconbi nant Factor VIII was
| abel | ed wi tjh 1251 AshifAo aghesd ctivity of 1I°6 by-ostmg—the~
i odogen net Had..[125 1;-|§mrnﬂﬁgﬁ$ﬁi|4 1.5 to 150 qut?‘éé%§q 1f?ubat ed in
pl| of 50 mMjtris-HCI pH 7.7, 100 mM glycine, 0.025% Tween-20 and 0. 02
NaN3 al one qr w { 667 _NnM. I mmupo-purified apti-Factor VIII |
for 5 nmintq 10 Egﬁ%?%\‘?aég .YSMHom)no:I onal ant iAfﬂé%oﬁ "1 gG W61 (
and normal Junfractio g‘qm{mﬂpfu pol ycl ongl 119G (I VI gpazbangagl obul i n(r)
were. used gs 10 negatr(i ve controls. Sanples were m x 1':§.dalith Laem i
-buf fer withgut nercaptoethanol, and werej subjected to SDS el ectrophoregis

wi t hout boi lfi ng e i f epch sanpl | an Sanpl es
run in parall el ﬁ%ﬁﬁ%ﬁg}gﬁ&%gPAGE under ngﬂgﬁg‘ld' lﬁgsconditio
after loadifg 20 gl @PQRQEGARypPl e per Ipne. M gragg¥. wosper f or med
roomtenperfture using 15 a mni -PROTEAN || system at 25 mA/gel, until ]t he
dye front reached the bottomof the gel.| The gels were then dried and

protein banfls ragpdiedagsiNg Ask M\EeAR  [Fol | owi ng radiegr aphy, the
Factor VIII{bands of a Earent nol ecul ar wei ght 200" and kDa t hat arfe

consi stent |} hydrol ys€ BIENENDI - Factor i1 1gG weF&s@iifled so as t¢

al |l ow for tne Tarcuratriom of—trhe

Example VI: Inhibition stdies were performed using Pefabloc®. a eneric

5 Hydrolysis of ['*I}-Factor VIII by affinity-purified anti-Factor VDI TaG
antibodies of haemophilia A patients with inhibitor in the presence of
Pefabloc®. ["I]-Factor VIII (150 ng) was incubated alone, with 50 pg/ml of
Irnmunopurified anti-Factor VI IgG of patient Wal or in the presence of both
anti-Factor VIII JgG and 4 mM of the serine protease inhibitor Pefabloc®

10 (Boebringer) for 5 h at 38°C. Factor VIII was then analysed by 7.5%
SDS-PAGE under non-reducing conditions. Following autoraaﬁography, the
Factor VIII bands of apparent molecular weight 200 and 300 kDa that are
consistently hydrolysed by anti-FVIII IgQ, were scanned so as to allow for the
caleulation of the % of hydrolysis of labelled Factor VIII.

15
The proteolysis of radiolabelled Factor VIII by the anti-Factor VIII allo-
antibodies of patient Wal was inhibited to about 62% when the antibodies and
Factor VIII were co-incubated in the presence of Pefabloc®, indicating the
_potency of some serine protease inhibitor to neutralise the catalytic activity of

20 some catalytic antibodies.

...20.—



20 rate of hydrolysis of |abelled Factor VIII. Exanple W Fast protein

| i qui d chromat ography gel filtration A hundred pl aliquot of anti-Factor
VIIl 1gG of patient Wal (740 g) treated 25 with 8Mure jeoted to
gel filtration on a superose-12 colum equilibrated w t?%@-@%@?mi de at
aflowrate of 0.2 mM/mn. Five hundred pl fractions were collected and
assayed for the presence of 1gG by sandw ch ELISA and for Factor V1|
proteolytic. activity after ten-fold dilution. The proteins in fraction 25
wer e radi ol abghire@drwi v and subjected to 30 SDS- PAGE under

non-reduci ng conditions in parallel with normal polyclonal human 1gG The
gel was stained with Conassie Blue, and al so autoradi ographed ; both

i mges were t \, ! i - . .16 _January 2004 isol ated
in fraction 2 Igtsg%égrﬂ%%%l@ﬁegoﬁgé gﬂ#%&%}éc}'ﬂ%&?r’éﬂ @&%8% W85s- pAGE
of the radi ol dheropdilto esingo?lrheiofabalied Factor eI e ke YarpAOmoihieyia ¥

co-eluted with the 1gG fraction and that the activity was not detected in
fractions Pn WHABEF Wé@a%‘%ﬁﬁ%ﬂﬂ HieEagratipg pyofile efkagqtemVBEin the asawbsix V-
Anal ysi s of NH2# i : ' . r VI
SUcr oae-for mibaLr e T O H AR B AT b ARAT bR AT

Ber kel ey, CA) indisatertbat eatalytict dnti-FactantVHFantibodivd hie fopBddh gveut 60% Sl (74
gig) in 1500 of .50 MM 10 tris-HCl pH 7.7, 100 mM gl yci ne, 0.025% tween
20 and 0.02% FBRBAFGHIS24 hours at 38C. The resultant Factor VIII fragnents
were run on a 10% SDS-PACGE at 50 mA under non-reducing conditions and
transferred for 2 hours at 100 mA on a Hybond-P PVDF nenbrane (Anmersham
Little Chalfont, England) in 10 nM CAPS, 10% et hanol at pH 11.0. After
staining 15 with coomassi e blue, visible bands were cut and subjected to
N-t er m nal



sequenci ng, using an automatic protein mcrosequencer Prosize 492 cLC
(PE- Appl i ed Bi osystens, Foster City, CA). The anmount of protein sequenced
ranged fromO0.5 to 2 pnoles, depending on the fragnent. JThe
scissile bonds were as follows: Arg372 - Ser373 (R - 837%) ar]u(%y

between the Al and A2 domai ns of Factor VIII ; Tyr1680 - \ A~~sp' 681 (Y168
-D69'") located in the Ntermnus .of the A3 domain ; and Glu" - AsplT95
(E'7- D 795) located within the A3 domain. Miltiple site cl eavage of Factor
VITI by anti-Factor VIII antibodies mght originate fromindividual

anti bodies wth 25 pol yspecific catalytic activities or polyclonal

popul ati ons of anti bodi es, each exhi bi l—ﬂ@r‘ﬁg uni que cl eavage site
specificity. 30 - 19 16 January 2004 Amo avi d sequence Cl eavage site Ser
Val Ala Lys Lys H's Pro (SV KKBP) Asp Gn Arg Gn Gy Ala Gu (DQRGAE)

Asp Gu Asp G u Asd-On FermelhoDERE 2 5373) G ul7s4
1795 ( 174 i i P s, ﬁ?@léaér{nz’f TRt VTV

- Apl795 Tyr 16s1 1688
st udi es Wer e éﬂe]ézll 93,3588@5 FP?SDF‘P’efO blﬁﬁgﬂacﬁ'@nd:cm‘tcn nkIimbi jror gof m%‘?ﬁthF
protealses s:haractensed in that it compriges :

i) isolating the plasma from a sample of hlood taken from said
mammai,

ii) isolating anti-Factor VIII allo-antibocies from said plasma ;
I

iti) placing said anti-Factor VIII alio- -antibodies in contact with
Factor VIII for a period of time sufficient to permit any

degradation of said Factor VIII by said anti-Factor VIII allo-
antibodies ; and

iv) determining, after said period of time, whether said Factor Vill

has effectively been degraded by said anti-Factor vin allo-
antibodies.

2. The method according to claim 1, characterised in that in
step u), said anti-Factor VIIT allo-antibodies are isolated from sald plasma

by combining them with said Factar VIII, said Factor VIII being preferably
coupled to a matrix. '

3. The method according to claim 1. or 2, characterised in that

in step if), sald anti-Factor VIII allc-antibodies are isolated by amety
chromatography

- A2



5 Hydrolysis of [1151]-Factor "Il by affi ity-ptutified anti -Factor VIII
ZgG antibodi es of haenophilia A patients with inhibitor in the presence of
Pef abl oc(r). [1151]-Factor VIII (150 ng) was incubated ai)ér)d % 509/ m .

of inamunopiuified anti-Factor VIII 1gG of patient Wl iy a4 pr esence
of both anti-.Factor VIII 1gO and 4 m M of the serine protease inhibitor
Pef abl oc(r) 10 (Eoehringer) for 5 h at 3800. Factor VAC was then anal ysed
by 7.5% SI DS- PAGE under non-reduci ng conditions. Foll ow ng

aut or adi ogr aphy, the Factor VII bands of apparent nol ecul ar wei ght. 200 and

300 kDa that are -&.onsiihenﬂédedcmrﬂ&%t@gﬁl%?i Eygﬁ%{&aﬁgﬁg&?\eﬁégs%ﬁanned
0

so as to allow for th(-%- cal cul ati on of
Factor vm 1827hedldr GfERikY sraramaiosrpiabermptiseactior  \se | oby Faber VI

anen the. ant BSAIEN spElad ) %, SaotfbueChali, HiBeerably advatedcnid of

Pef abl oc(r) cyadoganlmgmldj@ potency of sone serine protease |nh| bitor to
neutralise the catalytic activity of 20 sone catalytic antibodies. - 20 1
6 January 2004 Further Observation : Upon screening the purified I1gG of TEN

hi gh responder patg ent t usin 25| - r.adj Iabelled Fact or
VITI as the target5 nol (Sa-{:mf H]Etﬁgag%ggéfjg l@%p‘toob@@?\/gael 9f ¢ ﬁ Wegriatitorft,
profile of Faharactitited im thdteincstep i), stid Fa@l%#'\.ﬁ[mlﬁslamﬁé& ? i %;'rbp lling
substanti ate the Ag Ilcant S previous observatlons cate ﬁ f

catal yti c anf@eRhcPEeADY adadinbielingagents sudh s * ompastiwlaf t he
patients. 16 January 2004 CLAMS 1. A nethod of determ ning the presence of
anti-Factor VIII

B, The method according to any one of claims 1 to 5,
characterised in that in step iif), said Factor VIII is placed in contact with
the anti-Factor VIII allo-antibodies for a pericd of time of between about
0.5 and about 30 hours, preferably about 10 hours, at a i:emperature i::f
about 15 to about 40°C, preferably 38°C.

7. The method according to anv one of claims 1 to 6,
characterised in that step Iv) is carried out by a determination comprising
a separation technique, such as gel electrophoresis, such as SPS PAGE in
particular, or gel filtration, such as fast protela liguid chromatography gel
fittration in particular, and & visualisation technique, such as
autoradiography in particular. |

8. The method according to any one of claims 1 to 7,
characterised in that it further comprises :

v) characterising the site(s) In said Factor VIII molecule cleaved by
said anti-Factor VIII allo-antibodies.



al to-anti bodi es capabl e of degrading Factor VIII in a manmal,

characterised In that it conprises : i) isolating the plasma froma sanple
of blood taken fromsaid mamml, ii) isolating anti-Fa I

al so-anti bodies fromsaid plasma ; iii) placing said anﬁsﬂggﬁ%’@rzq(}ﬁl I
allo-antibodies in contact wwith Factor VIII for a period of tine
sufficient to permt any degradation of said Factor VIII by said
anti-Factor VIII allo- antibodies ; and iv) determ ning, after said period
of time, whether said Factor VIII has effectively been degraded by said

anti-Factor VIII t o- TN | TN Hale) I |,
characterised in ?ﬁat I n m%ggyﬁc,cog%'i § tz?n'?l%ﬁlﬂa%t gﬁﬁlﬁcfé[ﬁ%c% g]- gﬁﬁ %go‘éi es
are i sol at edchamnrtetigation &Esoarricdyoubinyi placmg baich Fadtbr SATT ifFgohesctMivith,
said Factor VI]I being preerrabI coupled to a matrix. 3., The et hod
accor di ng t oS@ifagpti-Facger VIlE nelirantbediea capatiat of idedpdpy ifacteradIl,

anti - Fact or W to=aRt | i S tﬂ%fb( Vsl fobe i phy.
16 January Zg%rgﬁ%hgﬁﬁetﬁg S%@'é‘%{lﬁpggﬁi% C rﬁlﬁ? % EEFF&%%%E[ ‘evrﬁlgg%@ﬂﬁghat
step 1ii), sthaleftbinnity chromat ography conprises the use of Factor VIII
covalently coupled to a Sepharose matrix, preferably activated with
cyanogen bromi de. 5. The nethod according to any one of clains 1 to 4,
characterised in at i i ' lod-ly i AN a

| abel i ng agent, tlgf ef eT:h ggfrf‘/éigbgaacﬁcg?@ggeﬁgﬁgha%/ght?’ @ualcrﬁegésris%ggﬁ' '%hlr%t
particul ar. SaidThsepmratiod dscaraitied tautanysioge of tetlmiomel swwchb, as gel

electrophoresis, such as SDS PAGE in pariicular.

11. The method according to any one of claims 8 tofi(),
characterised in that said sequencing is carried out using a technique such
as N-terminal sequencing, such as by using an automatic prdtein
microsequencer in particular,

12, The method according to any one of claims 8 to 11,
characterised in that said sequencing locates scissite bonds @ Arg*%-Ger®™,
located between the Al and A2 domains, Ty-'®-Asp'® | located on the
N-terminus of the A3 domain, and Glu'™%Asp*® located within the A3
domain of the Factor VIII molecule.

13. An amino acid sequence :

Ser Val Ala Lys Lys His Pro .

14. An amino acid sequence :

Asp Glu Asp Glu Asn GIn Ser ,

- 24 -



characterised in that in step iii), said Factor VIII is placed in contact

with the anti-Factor VIII allo-antibodies for a period of tinme of between
about 0.5 and about 30 hours, preferably about 10 hours,,6 U Ia,t erature
of about 15 to about 40C, preferably 38C. 7. The nethod accoraing to any

one of clainms 1 to 6, characterised in that step iv) is carried out by a
determ nati on conprising a separation technique, such as gel

el ectrophoresis, such as SOS PAGE in "particular, or gel filtration, such

as fast protein |idlf,d cﬂm@mﬁhgg@pgéqg@hm filtration in particular, and a
vi sual i sation techni que, such as autoradiography In particular. 8, The

nmet hod according to any one of clains 1 to 7, characterised in that it
further conprises v) characteriai n%ﬂt he site(s) in said Factor VIII

mol ecul e cl eaved by said anti-f8R{8h A8 GIndhlyAlariiubodi es. 16 January 2004
9. The nethod according to claim@8, characterised in that said
characterisation is carried out by placing said Factor VIII in convict with

e anti JFactor VER alf opepYdsodr enoompegide odnsloglecop aech i b
t her ef rom 10. g%%ﬁﬂgﬁg@ﬁ@f ﬁ'é"l‘%ai%n W i’gecmfaﬁeﬁﬁ% icthati it ésicapatilbat
sai d separ at i oh inlsibitng BA¢ Sitd iV IhRJ | - el .

el ectrophoresis, such g{as gDStéP,&néEhiénFa}gétP?gQi gﬁ"’%gr\*ﬂ@ﬁﬁ fusreptibls (t]‘i)ng
to any one of b@ingilyged byan anti-racterviBEllseshtibncyhat sai d sequencing is

carried out using a technique such as Nterm nal sequencing, such as by
using an automatic protein mcrosequencer in particular, 12. The net hod

according to any omg. of gkaEn SnticFdctor VIII allo-antibody-catalysed Factor VIIT

degradation inhibitor for neutralising catalytic anti-Factor VIITI allo-
antibadies.

18. The use according to claim 17, characterised in that said
inhibitor  comprises a  protease inhibitor, such as 4-(2-
aminoethyl)benzenesulphony! fluoride hydrochloride in particular.

19. The use according to claim 17 or 18, characterised in that
said inhibitor inhibits cleavage of the scissile bonds - Arg**-Ser’”, |ocated . .
between the Al and A2 domains, Tyr**®%-Asp'®!  |ocated on the N-
terminus of the A3 domain, and GuY*-Asp** |ocated within the A3
domain of the Factor VIII molecule. |

20. The use according to any one of claims 17 to 19,
characterised in that said inhibitor comprises a peptide or non-peptide
analogue of the amino acid sequence :

Ser Val Ala Lys Lys His Pro ,



characterised in that said sequencing | ocates Scissile bonds :

Arg372-Ser3n, |ocated between the Al and A2 donmins, Ty' 68- Asp , located
on the N-termnus of the A3 domain, and d ul' 94 AaplQC?J ﬁ)dz thlnthe
A3 domain of the Factor VIII nolecule. 13. An am no aci d sequence er

Val Ala Lys Lys Hs Pro . 14. An amno acid sequence : Asp G u Asp GI u Asn
Gn Ser . 16 January 2004 15. An amino acid sequence Asp Gn Arg Gn Gy
A, GQu . 16. A peptide or non-peptide anal ogue of an ami no acid sequence
of any one of clains 13 to 15, characterised in that it is capable . of
inhibiting any site in the Factor VIII nol ecule which is susceptible to

bei ng | ysed by an amti - fpet qggeVIédmad;,hgdacer tatri' 0@.“?/I 0% E}alMg 1%f ﬁnn?\?fbi Cor

anti-Factor VIII alto-antibody-catal act degr a
for neutral i stharackarisedt inc that |salchmlubxtmr lcomprizelzoa pesbmd@fbreﬁanlp?eptl use

according to aracterised in that said inhibitor conprises a
prot ease i nhl%{'i%ﬁbéé‘ﬁ ﬁgggmﬁlo Etcﬁ SEHEYE hyl ) benzenesul phonyl fluori de
hydrochl oride in particular. 19. The use according to claim17 or 18,
characterised in that said inhibitor inhibits cleavage of the scissile
bonds : Arg372-Ser"3, |ocated AfeGheoksp Ghi At 8ig S&2 .donai ns,

Tyre'-A. sple8 , |located on the N term nus of the A3 donain, and
G ul711-ASl ) 1795 |l ocated within the A3 donmain of the factor VIII nol ecul e.

20. The use accordpng t%ényﬁen%&g&gﬁhﬁonﬁ %ly 8”.;1&9 ofCE@frﬁgt (il’7l st(ad Isp t hat

said inhibitor conprises a pepti
characterised In that said inhibitor compnse* a peptide or non-peptide

analogue of the amino acid sequence :
Asp GIn Arg Gln Gly Ala Glu .

23. A pharmaceutical composition characterised in that it
comprises a pharmaceutically effective amount of an anti-Factor VIIT allo-
antibody capable of degrading Factor VIII, noably as obtainable from the
methed of any one of claims 1 to 6.

24,  Use of anti-Factor VIII allo-antibodies capable of degrading
Factor VIII for the preparation of a pharmaceutical composition for the
treatment of a mammal suffering from a pathology resulting from
abnormal level of Factor VIIT in the blood thereof,

25. Use according to claim 24, characterised in that said
pathology results from the presence of an excess of Factor VII in the
blood thereof.

26. The use according to claim 24 or 25, wherein sald pathology is
of thrombotic nature such as thrombosis in perticular.



anal ogue of the am no acid sequence Ser Val Ala Lys Lys His Pro . 16
January 2004 21. The use according to any one of clains 17 to 19,
characterised in that said inhibitor conprises a peptide jad@ iﬁﬁyl

anal ogue of the am no acid sequence Asp G u Asp G u Asn n The
use according to any one of clainms 17 to 19, characterised In that said

I nhi bitor conprises a peptide or non-peptide analogue of the amno acid
sequence : Asp Gn Arg Gn Ay Ala Qu . 23. A pharnmaceutical conposition
characterised in that it conprises a pharmaceutically effective amunt of
an anti-Factor VIII allo- antibody capable of degrading Factor VIII, naably
a$ obtai nable fromthe met hod of any one of clainms 1 to 6. 24. Use of

repar at i on of a phat AabEFERERRCSIRNLG 0 LR ILERN I e el
suffering f roanp@amanemm!yraﬁdtmembuntmf abmrrtaawlemagra&adﬁ\pmﬁb&q]r' I in
t he bl ood t hereof cording' to claim?24, characterised In

e a
sai d patholdﬁ%nﬁéﬁgﬁpéhb the presence of an excess of Factor VIII| In
the blood thereof. 26. The use according to claim24 or 25, wherein sai d
pat hology is of thronbotic nature, such as thronbosis in particular. -

16 January 2004 2728A phise wceRaton VIEaRSRalioN IAHRKRR FBF L5 brifarh

conprises a %b ceutically effective amount O a Factor VIII egra atlon

i nhi bitor a pnarmaceutical composition, in particular- for the treatment of &
mammal suffering from a pathology resulting from the sub-physiological

level of Factor VII in the blood thereof,

29. The use according to claim 28, characterised in that said
inhibitor  comprises a protease  inhibitor, such as 4-(2-
aminoethyl)benzenesulphonyl fluoride hydrochloride in particular.

30. The use according to claim 28 or 29, characterised in that
sald inhibitor inhibits cleavage of the scissile bonds : Arg®-Ser®”, located
between the Al and A2 domains, Tyr'**®-Asp™® _ {ocated on the N-
terminus of the A3 domain, and Glu¥®-Asp¥® |ocated within the A3
domain of the Factor VIIT molecule, |

31. The use according to any one of claims 28 to 30,
characterised In that said inhibitor comprises a peptide or non-peptide
analogue of the amino acid sequence :

Set Val Ala Lys Lys His Pro .
32. The use according to any one of claims 28 to 30,
characterised in that said inhibitor comprises a peptide or non-peptide

analogue of the amino acid sequence ;

Asp Glu Asp Glu Asn Glri Ser ,
_ 27 —



according to claim 16, 28. Use of a Factor VIII degradation inhibitor for
the preparation of a pharnaceutical conposition, in particular for the

treatment of a mammal suffering froma pathol ogy resul tigg ik e
sub- physi ol ogi cal |evel of Factor VIII in the blood ther e%% .u %i.dd%he use

according to claim 28, characterised in that said inhibitor conprises a
protease Inhibitor, such as 4-(2- am noethyl)benzenesul phony[ fluoride
hydrochl oride in particular. 30. The use according to ciairn 28 or 29,
characterised in that said inhibitor inhibits cleavage of the scissile
bonds : Arg3' a_Ser3y3, t@gated bet%fen Ehe Al and A2 _domai ns,

Tyrf 63- Asspz6al , T8cat ed® o FhdILTYRE mAusNyr ke A8 albHBFn 28arte 30,

G ul7"*' - As tpAH Baih ah r I l,ecul e.
51 The use AnaracieRgb tn et Sall mibitorCeBBIphses b 1erthie o, dor-pelftE°! ha
sai d i nhi bi t Ginaleoys OF &e anpoptacibsequanme-pept i de  anal ogue of ' the ami no

acid sequence : Ser Val Ala Lys Lys His Pro . 32. The use according to any
one of clainms 28 to 30, <characterised in that said inhibitor conprises a

pepti de or non-peptide analog int AW i gk sequence ; Asp GQu Asp
Au Asn Gro Ser 27 16 January%§804 fgﬁ Tﬁe@@sﬁsa(%gdrdi ng to any one of

clains 28 to 30, characterised in that said Inhibitor conprises a peptide
or non-peptide a f the amno acid seqguence : Asp_ Gn Arg Gn Gy
Ala Gu . 34 Therﬂgﬁi"gé@?cﬁq‘?@&ﬁg BhENGrOlcFIgimg 28gtq 333 whewgler said sai d
pathology 13 of haemophilic nature, more particularly diseases involving
coagulation defects due to Factor VIII insufficiency, such as haemophilia A
in particutar.

35. An anti-Factor VIII allo-antibody-catalysed Factor  VIIX
degradation inhibitor, characterised in that it comprises a peptide or nan-
peptide analogue of the amino acid sequence:

Ser Val Ala Lys Lys His Pro.

4

36. An anti-Factor VIII allo-antibody-catalysed Factor VIII
degradation inhibitor, characterised in tharf it comprises a peptide or non-
peptide analogue of the amino acid sequence:

Asp Glu Asp Glu Asn Gln Ser .
37. An anti-Factor VIII allo-antibndy-catalysed Factor VIIT

degradation inhibitor, characterised in that it comprises a peptide or non-
peptide analogue of the amino acid sequence :

Asp Gln Arg Gin Gly Ala Glu .



pat hol ogy is of haenophilic nature, nore particularly diseases involving
coagul ation defects due to Factor VIII insufficiency, such as haenophilia A
In particular. 35. An and-Factor VII| aIIo-antibody-catakyﬁﬁﬂaﬁqgggr VI |
degradation inhibitor, Characterised in that it conprises a peptide or non-
pepti de anal ogue of the am no acid sequence: Ser Val Ala Lys Lys His Fro .
36. An anti-Factor- VIl allo-antibody-catalysed Factor VIII degradation
inhibitor, characterised in that it conprises a peptide or non- peptide
anal ogue of the am no acid sequence: Asp Gu Asp GQu Asn Gn Ser . 37. An
anti-Factor VIII allo-antibody-catalysed Factor VIII degr adat i on

i nhi bitor, characteag e tide
anal ogue of the amgsi:;o%agtl.l séé&%glﬁérecﬁgga%ha ’Ar@arasﬁérg%g '&I t(g%%ntucgmggsq%
January 2004 aaahaqmpﬂmmmt ald!)uteffm]lc:wﬁtcammmﬁ of)rap an}?ﬁ%@t@{ w%dalltldlah@ﬁfsfwl
conpri ses maceut i. ca ective amount of an anti-Factor

al | o-anti bodygr}@bﬁg fsﬁé&oFQtﬁ RS EWENEI- on i nhibitor. 39. The
pharmaceutical conposition according to cIa|n138, characterised in teat it
conprises a protease inhibitor, such as 4-(2- am noethyl)benzenesul phony|

fluori de hydr ochl oBBdeThe nﬂwarnméatlcal4050n1'[bwsmixbmr aeesidling alto C YRS 880
according to ¢ a 3@ Qaracterlsed in that said Inhibitor in |b|ts
cl eavage of t §r‘-‘ ellhdfiat: it qqroaBrsessa, prateassc hiidtoe: weeh ahel-f2- and

Qﬁ?d&”?i 794- X%"Eh"""p%hf'i FRhesurRAR! fole NiSGIR B Bsdiasd? o o™ ™

40. The pharmaceutical composition according to claim 38 or 39,
characterised in that said inhibitor inhibits cleavage of the scissile honds:
Arg*?-Ser'?, located between the Al and A2 domains, Tyr$®-pgphet
located on the N-terminus of the A3 domain, and Glu'**-Asp™® located
within the A3 domain of the Factor VIII molecule,

41. The pharmaceutical composition according to any one of claims
38 to 40, characterised in that it comprises a peptide or non-peptide
analogue of the amino acid sequence: ’ '

Ser Val Ala Lys Lys His Pro .

42. The pharmaceutical composition according to any one of claims
38 to 40, characterised in that it comprises a peptide or non-pentide
analogue of the amino acid sequence;

Asp Giu Asp Glu Asn GIn Ser ,

43. The pharmaceutical composition according to any one of claims
38 to 40, characterised in that it comprises a peptide or non-peptide
analogue of the amino acld sequence:

Asp GIn Arg Gin Gly Ala Glu .
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41. The pharmaceutical conposition according to any one of clains 38 to
40, characterised in that it conprises a peptide or non-peptide anal ogue
of the ami no acid sequence: Ser Val Ala Lys Lys His Pro 16 ghuaifhzd04
pharmaceutical conposition according to any one of clains 38 to 40,
characterised in that It conprises; a peptide or non-peptide .anal ogue
of ,the am no acid sequence; Asp Gu Asp GQu Asn G n Ser 43. The
pharmaceutical conposition according to any one of clains 38 to 40,
Characterised In that it conprises a peptide or non-peptide anal ogue of
the am no acid sequence: Asp Gn Arg Gn Ay Ala Qu . 2g 16 January 2004
44, An anti-Factor VIII alto-antibody, characterised'in that- it has a
catalytic activity capable of catal yzing degradal:ion of Factor VIII. 45.

Sccording to any ok 6h SRAFHER,lf afic-antipRdy TaecEeretiny B lihas o
al t 0- ant i body-agglgaE Aty @a@éﬁérﬂ%t&n?ﬁiﬂg hdee@aéﬁaﬁ %?iﬁgfbr{; Yfm.h at it

cl eaves the followi ng scissile bonds actor VI ecul e:
Arg372-Ser37 , |ocated between the Al and A2 domains, 1680 - Aspx681,

LER B0 0 o e TRt WA e o8B g

methad according to any one of claims 1 to 12,

46. The anti-Factor VITI allo-antibody according to claim 44 or 45,
characterised in that it cleaves the following sdissile bonds In the Factor
VIIT molecule: Arg¥>-Ser’”, located betweer: the Al and A2 doméins,
Tyr**-Asp™®®, [ocated on the N-terminus of the A3 domain, and GiuY*-
Asp™™ located within the A3 domain of the Factor VITI molecule.
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