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2 (54) Title; CATALYTIC ANTI-FACTOR VIII ALLO-ANTIBODIES

QO (57) Abstract: The present invention relates to a method of determining the presence of catalytic anti-Factor VIII alip-antibodies
w canable of degrading Factor VIII in a mammal, and of characterising the cleavage sites in said Factor VIII molecule by said catalytic
anti-Faetor VIH allo-antibodies. It also relates to an anti-Factor VIII allo-antibody-catalysed Factor VIII degradation inhibitor; and to
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 further to a pharmaceutical composition comprising said anti-Factor
g VI allo-antibody-catalysed Factor VI degradation inhibitor. Finally, the present invention relates to the application in therapeutics

of said anti-Factor VIII allo-antibody-catalysed Factor VII degradation inhibitor, of a pharmaceutical composition comprising said

catalytic anti-Factor VI allo-antibodies which are capable of degrading Factor VII and which originate from said method of de-

termination, and of a pharmaceutical composition comprising said anti-Factor VIII allo-antibody-catalysed Factor VIII degradation
inhibitor.
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and which originate fromsaid nethod of determ nation; and further to a
phar maceuti cal conposition conprising said anti-Factor VIII

al | o-anti body-catal ysed Factor VIII degradation inhibitor, Final] t he
present invention relates to the application in therapeut§ ¢ahuap2d34 §
anti-Factor VIII allo-antibody-catalysed Factor VIII degradation inhibitor,
of a pharmaceutical conposition conprising said catalytic anti-Factor VIII
al to-anti bodi es which are capabl e of degrading Factor VIII and which
originate fromsaid Ko NTI AP f, -3 roaceuti cal
conposition conprising sard antl - Fac et ysed Factor
VIIl degradation inhibitor. 16 January 2004 CATALYTTC ANTI - FACTOR NM
ALLO- ANTI BODI ES. FI ELD OF THE BTngr The present invention relates to
a nethod of deternmining the pr e-6f NEIQNti - Factor VI

all o-anti bodi es capabl e of degrading Factor VIII in a mamual, and of
characterising_the cleavage sites in said Factor VIII nolecule by said
catal ytic ant ?DF%E’{%PHMHVFHEDB oelates bodi methad) of kieteriésiegt thenyeidricenpl so

relates to an apixg . il 05 gt d pody - tal ysed Factor VI1I
degr adation i nhﬁ)ﬁdg%?& $%%t¥i|c-)r esen ?M'%‘%‘Wﬁﬁt&@éﬂa@%& Eactop Vil in a
phar maceut i calmammpbsind ofvhacaorerising fige Slaivhoeatdd i 464 Bakior Haft !
al | o-anti bodi es V\hd'dé:h ar.e ca&gbl e 15 degrggd_i ng Fact o?&‘\k}f:@?ﬁa’ﬁ le l|cch
originate from <A HAYHLARBIacHy Herenghodighd to a phar maceuti cal
conposition conprising said anti- Factor Viii allo-antibody-catal ysed

Factor VII| dgﬁ}r adation inhibitor. Finally, the present invention relates
to the appli cathcoRresant heveationt atss oflatai b aR0anMBacfRCVI Wid-antibody-

al | o-anti body- E r_ VILl.degradation inhibitor, of a

phar maceut i calcgigEltl eési;%tgmgﬁ'ﬁi}g%%’rrfig‘?w g‘i‘r"atﬁltcgat alytic anti-Factor VIl allo-
anti bodi es which are capabl e -of degrading Factor VIII and which originate
fromsaid nethQd of determ nation, and of a pharnmaceutical conposition

conpri sing sai'dCaRFSeRaJEHNOAN fughen-rglatesh sdya cphatnysedtiEAc tompWitibn 25
degradati on i RBidNrisig said catalytic anti-Factor VIII 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.
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BACKGROUND TO THE | NVENTI ON Haenophilia A is an X chronosomne-1inked
recessive disorder resulting in 30 defective or deficient Factor VIII
nol ecul es, which, in its severe form is a |ife-threat egg UEQ’%@“I {)/Ip:—ll ?g
haenorrhagi ¢ di sease. 16 January 2004 | nfusion of honolo o]
patients with severe haenophilia A results, in 25%of the cases, in the

. . : W
energence of anti-Factor VIII allo- antibodies (Ehrenforth, S., Kreuz, ,
Scha?rer, ., Linde, R, Funk, M, 5 Gungor, T., Krackhardt, B. and

Kor nhuber, B., ((lncidence of devel opnent offactor VIII" and factor |X

I nhi bi [ 4-598), that .inhibit
::22![ glr t S/Ir ]sl | Br%?%gg’& an}%&g;a:ltolg %ﬂg@& Y]ﬁ%i %%%BFaWEE sg¥eretiasmapbiliaé i on
of Factor W I |resllrsaem @6 %h ofttabl tdses,nin rmée;ﬁué@@n&es%?% FEcthan (}zm %i}bgg of
M, Rajal akshnj b G’(af&}'d C nfé% D.ngrolé fjorlaggte RChEO”aIm94
factor VIII irfiiioogies - Véﬁaw C8Ad Wa ‘31@1'5 P . n;k
é?iméﬁ?gl%l@ﬁ“% o1t Sk, . an SRt 10| b Gl
W | ebrand fac? ,acqu W&Wmﬁbﬂoﬂuﬂmeﬂfﬁ %4 E?Lxgcggol\gggl 0. o
R e O L e o

D., and Ho erthe hntechoﬁ%ﬂ\deﬂfEI efB& With fsdRERE m¥dduidst8 éﬂl{?
hunan antlﬁo : _Antj bodj es t hat blndtothefator@‘%rt]f3 t %a’ln

prevent the E’raaé‘@v Srridjaksinio K.V ppdficendgtm dpheld pild'for the GD damam

Lgrgﬁt M ]lgﬁg éﬁ%ﬁé}g% é?@dj '%Sg%grwmfgﬁa'f‘ﬁﬁ‘?%‘?” r’Eéﬁ'}?]i tg?ﬁnés 1|9ﬁf1erfere

with factor VIA49:bil hallRbia0s ; Em:tS)renkéﬁ ;E BLooghuﬁEQQM Q?ﬂbe}@GGlzg) ‘Hﬂ with
activati ng rmlsec ul Lubgp 5 ., Stafford, D.
Rei ser, ndgila g e gp]easq:gf Iﬁﬁf@ﬁb@w@wﬂdc@gmrzw hﬁgom fuman

hem)phl | | c i nhWIéE}End Bc9by 2 monocional and a human antibody Is a novel

mechanism for factor VIII 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

- 2 .



1989, 73: 497-499; and Neuenschwander, P. F., and Jesty, J., < Thronbin 25
activated and factor Xa-activated human factor VIII: differences in
cofactor activity and decay rare, Arc. Biochem Bi ophys1 aln 92 6:
426-434). SUWARY OF THE I NVENTION 30 In an entirely sur p§TJS| ﬁ@’%@ a

di scovery has been made by the Applicants of a degradation of Factor VIII
by allo-antibodies of two high responder patients wth severe haenophilia
A, denonstrating a heretofore unknown mechanism- 2 16 January 2004 by

whi ch Factor VIII inhibitors may prevent the pro-coagul ant function. of
Factor VII1. Thg whighi Baonor VIO ishiviery nefy eat ' gr%?ﬁ{ -
allo-antibodieg is he 5 best of his ykgov‘\?gggiépﬁ&e-&% st t?ﬁelpr)lg%ﬁo% t he
ener gence of c?taﬁq‘?ti -anti bodi es that are | NDUCED upon treatnent of
patients with Factor VIIl. It was heretofore considered very surprising,
even absurd or unbelievable, that antibodies are formed, in the presence
of Factor VIII| Thadirmicantis diseevambf yatatyeiaderti- FAeoWT allo¥ntibo ARk 6Ct tBe

i nactive thgou ti drolysis 10 (" proteolysis "). However, the
catal ytic agnt i gg%i%ggﬂr %‘})Oo‘?'cllegée gl'gz %ﬂ ,repé’i’%‘g%lﬂﬁe emgigshen of ppalysis ansibndiesn t he
course of a di geassepNDERIEDY ugmgmmgqp@fcﬁﬂen&oggﬁ;ﬁgﬁri‘zﬂfg_lsgaimr%guced

antibodies are called ALLO antibodies, the origin
di fferent fronPEW&Br GPRASIdEreAUYEDyameIPbisttigesevien absurdubo-unbelievdlali grase.

15 Th | cul - VBx_ for. i f anti -

Foctor Vil | anthioSHel arolifienih ARORIElce (Yo Ot Vil w ki ol aratly 60

frol . nin-1, respect iheeBactGF&/TKi nableculearnastiver shidligfaeh@lyrl 'hhdﬂéﬁggigl ysis
p the

~suggest a 5) nc[i onal .rol fl_?r t he Catablic inmune response-in
i nactivat i ¢¢ « proteolysis »). However, the catalytic antibodies reported so far, are all

auto-antibodies found in the course of a disease process or in physiclogical
conditions. Thus, induced antibodies are called ALLO-antibodiés, the origin

of which is clearly different from the origin of AUTO-antibodies in any auto-
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,



20 of Factor VIII in vivo. The characterisation of anti-Factor VIII

all o-antibodies as site-specific proteases hence provi de new approaches to
the treatnent of diseases of a patient who possess anti; t 4 I

al l o-anti bodi es. 25 Thus, according to a first aspect, Hgﬁ%P%é@%kh

I nvention provides a nethod of determning the presence of catalytic
anti-Factor VIII allo-antibodies capable of degrading Factor VIII in a
manmal , characterised in that it conprises : 30 i) isolating the plasm
froma sanple of blood taken fromsaid mammual, 3 16 January 2004 ii)

I solating anti-Factor VIII allo-antibodies fromsaid plasma ; i1ii) placing

sai d anti-Factor VI i) jedihncdtin-Fasice STy 4 Fag S VIl for a

period of tinme suffi I():i ent tgzé}g)er mt any A%%@é‘%clhégnﬁ%? %gﬁiﬁfasﬁc’t or VIIl by
said anti-Factor VIII allo-antibodies ; and iv) determ ning, after said

period of tinme, wheth Ld. R |l s,, effectively been degraded by
said anti-Factor VIIT. 1F@§B§ﬁﬁ%@?g§/tpr Ll"ﬁﬁ%'&%’raﬂpﬁ £ 1Th RORAFOWT CLeyt
step ii) of5the met hodIHf for heepibasHEtime ket : ot SR LA |

all o-anti bodies are i %ol at q)f romsaid plasma Qﬂpeégilrtr%flzi%ﬁgmfcﬁg%ﬁvaf?é#dsai d
Factor VII1, said Factt@Flopvil byesaid aptidtastemylll abowptbddies; andat ri x.

Advant ageously, in step ii), said anti-Factor VIII allo 15 anti bodies are

i solated by affinity chromatography. Preferably, in step ii), said

af finity chromat ogr aphieteroipinigs eftef fatd peo@of &infe MRBSE IR Faksr VITELR! abl y
activated with cyanogeB. broI‘n' de. dA‘CCOc[di ng to an enbodi nent of step i11i1) of
the nethod of the pre§ peavely been degraded by said anti-Factor VIII allo-antibodies.

10

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.

- 4 .



20 invention, said Factor VIII is labelled with a |abelling agent,
preferably a radio-|abelling agent, such as 1751 in particular.

Advant ageously, in step iii), said Factor VIII is plac i t with
the anti-Factor VIII allo-antibodies for a period of t?%e"éoﬁuggg@v\%en about
0.5 and about 30 hours, preferably about 10 hours, at a tenperature of
about 15 to about 40C, preferably 38C. 25 According to an enbodi nent of
step iv) of the nethod of the present invention, the determ nation of

whet her said Factor VIII has effectively been degraded by said anti-Factor
VIl allo-antiBbdreerdagee afith ad fetkerhpmboditeersr of rthe i mechodnpf itlsé pgesent

separation techni. I trophoresi.s, 30 such .as SDS PAGE in
particul ar, orﬂlggwg?’lﬁ%ﬁeg?ﬁ&gﬁg aggenfsﬁgtlanaétlteﬁuﬁg’ﬂﬁ‘ﬂfpﬁm‘?%ronat ogr aphy

gel filtration in particular, and a visualisation technique, such as
aut or adi ogr aphy in &arti cular,. 4 16 January 2004 In accordance with a
further enbodi ment BfCRATECIRESIAG dhe sitefse 1prsaad MactarnVER uheleculeadleavedtbyod i s

characterisgd in thats%ia aﬁffi-'ﬁaEF'cfr mgé-ﬁﬁﬁbédi@ characterising the site(s)
eaved by d

in said Factor VIII nolecule ¢ sard anti-Factor VIII
al to-anti bodi es. According to an enbodi nent of step v) of the nmethod of the
risation is carried out by placing said

t o ' .sai d ch t
Pactor W11 1 O o0t raaoBimshl | ofpblebor) i heariedboshiafhsim eecseapabl o

of degrading Fawkafiod Osa¥l bharas@piestadn mc@fﬁédtdlﬁrbgfgﬁ&%g?d P PP NRIENT S
u , Sdl

of Factor VIII resulting therefrom Advantageol separation’ls
carried out usfHYH Witk paidqué-FaaienVEd ajjetansibedies eppable of segradirty Bact&DS

carri ed oct0 usy BB sertadl aid terRlddiincinBtd FAERENE ol Facftnay L den e oy

usi ng an aut onﬁtf&ﬁmohﬂh&n@muﬂqm@@@ﬁmﬁon 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 .



15 in particular. By using the said sequencing, the follow ng scissile
bonds are located : Arg372-Ser", |ocated between the Al and A2 donai ns,

Tyr' - Aspl6$l, |ocated on the N-term nus of the A3 donai and

" _Asp"95 located within the A3 dommin of the Factor VI 19J3A%86

According to a second aspect, therefore, the present invention prow des an ..
am no acid sequence : Ser Val Ala Lys Lys His Pro; 25 an amno acid
sequence : Asp Gu Asp Gu Asn A n Ser ; and an ami no acid sequence : 30
Asp G n Arg Gn Gy Ala Ju. 5 16 January 2004 The present invention also
extends to Variants or anal ogues of this or any other sequence of Factor

VIIl which akg ca . n site.l t he actor VIII nol ecule
which is susé@}ﬁ gq%gﬁfgwgg 1?} 1%@ @&B?IE%/FP é’ﬁﬂ“ £\ @lpagquqes off this Latamgody .

Wihin the cwmaxgeqa&nédﬂaf F&@ﬁ:&”VIHIWVEi@h'&&caﬁHSI‘& OF MBBARE £3f15e B ] OF

exanpl e, tide or not -peptide analc mno a seque E}é

descri bed su aEny dh malerue ekighys @Hcgpmlglem@emdwmdwan ani- Eaedoem ch

t = V] tib Such
vari ant ban g A fEBRyT WINAHOABAN 4 BRI edndl Bl vt "
shorter Wy ahef ﬁwexampﬂm speptide at nbhgehkide %ﬂlciﬁ&boﬂaﬁ%ﬁiﬁ&é&k{%&ueﬂée bot h

to obt & n SuCRCPERriatALs Byfict Haihit F i b fae %%c%&'&%&%é colednigedt on of
tsrteen?tnu{ ﬁlal I%%%Fggﬁl\&}:ttalgpmﬁ?le}?&gg@ a\/\%?’gﬁl@s&%ﬁgg%ﬂ bleto be| ngb4 %@%nn%y an
anti - Fact or %% begfarexammleoalyariant of the sequence which is either shorrer by a few
amino acids, at the N-terminal, the C-terminal, or both termini, for example,
10 or longer by a few amino 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 :

-_— 6 -



15 Hence, according to a third aspect, the present invention provides an
anti- Factor VIH allo-antibody-catal ysed Factor V M degradati on inhibitor.
Advant ageously, this inhibitor is characterised in that i n&é es a
protease inhibitor. Exanples of protease inhibitors tha %ed as
anti-Factor VM allo-antibody-catal ysed Factor V degradation inhibitors
within the context 20 of the present invention, without being limted
thereto, are fluorophosphate- type inhibitors, such as DFP for exanple, or
sul phonyl fluoride-type inhibitors, such as PVSF or AElI 3SF ,
(4-(2-.am noet hyl ) benzeuest dphonyl fluoride hydrochl oride (notably

mar ket ed by Roche Di agnostics GybHya; ny, under the trademark
YeLPIEHR B,

Peabl oc")), for exanple. Mre 25 partl C IS inhibitor is
characterised in that said inhi b| tor inhibits cI eavage of the scissile

bonds : Axg 72- : oca onmai ns, i6so0-Asp' 681
., located on f%égwq%egrrﬁ%égpg} et% %@eu%ﬁ@? ﬁmﬁﬂ&mdé,eﬂﬁ?‘?@a Asp' 795 | ocat ed
wi thin thesA3 domain of the Factor VIII m)lecule More preferably still,
this inhibitor is characterised in that it co ises a 30 peptide or non
peptide anal ogue of the am nof8RiHUsA§pénEcAsn Gin Sanvery 2004 Ser Val Al a
Lys Lys H's Pro ; a peptide or non-peptide anal ogue of the amno acid
sequence : Asp GQu Asp Qu Asn G n Ser ; or a peptide or non-peptide

anal ogue of t hepeptidecoramirdpaeiicematogue dfthdamith acireq@nted y Ala G u. The
Factor VII1 degradation inhibitors as defined supra, as well as their '

addition salts, in particular their pharmaceutically acceptabl e addition

salts, haye a very valuabl e phapmagpA in that they possess
neutralising 15 activity towar dg antl g%?gl?v tIfld;]lﬁl o- anti bodi es. These

properties justify their application in therapeutics and the invention
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).



further relates, by way of drugs, to the Factor VIII degradation inhibitors
above, as well as their addition salts, in particular their
pharmaceutically 20 acceptable addition salts. They mﬁl aherefﬁ§4 be
particularly indicated in the treatnment of diseases of, §

haermophilic nature, nore particularly diseases involving coagulation
defects due to Factor VIII insufficiency. An exanple of their use which may
be nentioned is the treatnent of high responder patients with diseases
such as mld or severe haemophilia A for exanple (in the case in which
catal ytic antibodi es are founftgil)I n these patlents) on the one hand,

and/or, on th h&$CoRding, to fafoush RrinGipalaspeg, Ifhﬁdifﬁméﬂ‘@lﬂimldcts geases
for exarrpl e ( se, | h a ant i _hadi und Jn these
bati ontey. o7 TQURR 0% DRETHE ) nB8 tichen 0, SRR e, BHRDn et
t he present i wharaciarisegrinvthaei mm;mxlemtal pimrtrmauthmg éfﬁchvﬁ%@@bﬁﬁtréﬂ&h a

har maceut Fcal45? BRF ant Aty Bllorandboay | Gasnle i degidivg Sacer VAL as
al I'o- ant i body qeninablpel ndeBAR Alafilcofol|tht méfiod dRldted SpRS r it 20! Y

as obtainable fromthe nmethod described supra, or one
phar maceut i caPfy lﬁcmp@l@@&'t jageensable s addxtmnpomhﬂsedncmrparated in a

phar maceuti ca carrier. 10 Further,
according to g’ F-F?lg pr| n p&iﬁa spgﬁ?leﬁﬁ ﬁﬂgges%rnqarpﬁ(/entlon provi des a
pharmaceutical conposition characterised in that it conprises a
phar naceutbcaLEja%meffectl e am)% of at |east one Factor VIII degradatlon
i nhi bi t or ﬁ*e%:cgfféﬂé og PR taép?ﬂrﬁam%é%ﬁﬂté%ﬂﬂfsﬂoacﬁf@mdablae
addithon sal phalMARRARA @Bnipdsitiol" ALRAEHHIER 1Y AREEPIAPLEmPIELP! g
vehicle or 15 carrier.

pharmaceutically 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 -



These conpositions can be adm ni stered by the buccal, rectal, parenteral,
transdernmal, ocular, nasal or auricular route, for exanple. 20 These
conpositions can be solid or liquid and can be presented, in the

phar maceuti cal forms commonly used in human nedicine, sulfh/aquanzfo4
exanple, sinple or coated tablets, gelatine capsules, granules,
suppositories, injectable preparations, transdermal systens, eye drops,
aerosol s and sprays, and ear drops. They are prepared by the custonary
met hods. The active 25 principle, which consists of a pharmaceutically

ef fective anoueapadymars, | gasservasives Fallawouriigsl dadr acbusn iTHei bptederras
defi ned supra, % one of ifts .Sohar rracet\%lyt:i cally acceptable addition salts
can be i ncorpo? rg&actechrzaéiﬂnngO@%J[rH%qa {PF TRy c pients normally enpl oyed in
pharmaceutical conpositions, such as talc, gum Arabic, |actose, starch,
magnesi um st earate, pol yvidone, 30 cellul ose derivatives, cocoa butter,
seni - synt het i c15¢ yiBEeRtifss alsgqerusns aophararaceatjcalocsmpetiiioh ewith hetsalidingni nal

or veget able orl.gqi C | tin agen di spersants or

emul sifiers s{l‘?cﬁ)& nvevglge g%rlsg%\r{-@étlii%%%%h@pg%ﬁav%yaﬁ%gg; %d%n LSFRSEY e s,
preservati ves, sidhaaohasmoshiiadh cvitlo prsduction of A& Fabhr W%ﬂ&%ﬁﬂfub&i@é ;form
Is an injectable form The invention al so covers a pharnaceutica

conposi tion wi tHOHBIYNG ¢185a568 Withagati-Faeipr WLE plle-amntibedigs éh easpaataiytiy as a
favourable tre ; ' \ i | W i h pr.oduction of
e L R

anti-Factor VIII allo-antibodies ; or
VIl allo-antigtaraesriggdincthae iceomprisdsca pharmbeglitiealipeeftnensgmbiont BEae

patients) jh pariJcul ar i d npEsi tjon bei . Characterised in that it
conpri ses iadqph%é#ac‘gljfﬁ i 53‘35& Xﬁ:ﬁeéfeig?éi‘ag’r%urff‘?‘g?mét apeVe.c Lt @ife Phcitor
V11 degradat i pharnidicliitally aeealeqiddhiin oflisih&orpBRAETREE Bhiifdehrically

acceptabl e addition salts incorporated in a pharfraceutically accep
exci pi ent, vehfi¢eBtabic @ginipal; 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.



The invention al so covers a nethod of therapeutic treatnment of a mammal 15

suffering froma pathology resulting fromthe |evel of Factor VIII in the
bl ood thereof, characterised in that a therapeutically e i unt of
at least one Factor VIII degradation inhibitor as defi n{e6f a%’ﬁ%’?@rqoone of

Its pharmaceutically acceptable addition salts is admnistered to the said
mammal . 20 This nmethod affords especially a favourabl e treatnent of

di seases of haenophilic nature, in particular a pathology resulting froma
| ack of  Factor VIII in the blood thereof. 25 The invention also covers a
phar maceuti cal conposition with anti-thronbotic activity which can be used
especi al | y as 'Bhé anesiitnl gisb rc@&&ﬁeiﬂmélﬁodic&%&?a?euﬁk'cd’ea@ﬁlehhb?rm&ﬁhﬁﬁ n
particul ar, said conposjtion being characterised in that 1t conprises a
phar maceut i cal $RAragtedsad ire thatguhieraneusicaliy gffectiveoamount Piat deast ¢k | anti-

al | o-anti body I f -ad] PR , bly..as,obtai nabl e 30
fromthe net hog%gggcrl g'gggg%lgg{w%ﬁ one gf },/;Iﬁé,lé Bﬂ%&'ﬁa‘é%ﬁf ipé‘ig.p'ngc Yabl e
addi tion sdl t sadcapabjeadditon saltsis pdainisteed i tld sidaeephabl e exci pi ent,
vehicle or carrier. 9 16 January 2004 The invention also covers a nethod
of therapeutjc treatnent of mammals, characterised in that a

t herapeuti cal | ypRf feghbNeaggRid Nesliat 1€ | o t

al l o-anti body as defined supra orlﬂa'f(()nrles(ofa ??go%%gﬂrﬁ%:éeaﬁ?ggglﬁ d}%%?c&gt abl e
addi ti on sal t sthrembatt miasires iadparticylae saidipathalogy resulting froet tiedpraidnee ¢F
especially a f | nt of. di ses.of thronbotic nature, in
particul ar sai %Ygﬁqﬁgf‘)ggé&ﬁgmf?ﬁ@sl?lPBal%ﬁ‘T‘FEOEresence of an excess of

Factor VII4p9 in the bl ood thereof.

In human and animal therapeutics, the anti-Factor VI alic-antibodies or the
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 -



10 In human and ani mal therapeutics, the anti-Factor VIII allo-antibodies
or the Factor VIII degradation ' inhibitors as defined supra can be

adm ni stered by thenselves or in association with a physi ' y
acceptabl e excipient, in any form in particular orall y%l ‘ﬁelr{%%é'%glﬂm of

gel atine capsules or tablets, or 15 parenterally in the formof injectable
solutions. It is possible to envisage other fornms of adm nistration such
as suppositories, ointnments, creans, gels or aerosol preparations. Wthin
the context of the present invention, the following terns are used . 20
catal ytic anticrzgsmeass A4 | thrambin,antivadd eFadtor B cetivatedn¥acst oXd a8d
meani ng anti bogi lrected to Factor VIII endowed with a catalytic
activity i nduc%cg‘ivgﬁedd%ég%gﬂ’i lia A patients upon transfusion with

t herapeutic preparations of Factor VIII ; 25 Factor VIII ", which is
understood as neaning a _co-enzyne of Factor I X in the enzymatic cl eavage
of Factor X duf ARrFageriibola-enghodncasalypedFacter Vilaipgaatiationinafbifeact or

VITT ", which $; | 3 eneration of fragments from
Factor 1% iR oS TR ARNES AERRIAP Bondar JE1SalaPOndt e IROFREGE 1o
hydrol ysi s by WHYsbeuegeealory pebteass righibic® tHA %@@Ué‘édpﬁb?é)oéf %@é&ﬁ%&u . e.

t hronmbi n, actiyvat ed. Factﬁ.lo X, activated Factor X, and activated pro)t( ein C
© " anti - Fact oW SEHHEQ%%H%&%\{% Qlanti-Faetop VI catrd g aatibhasties ;

inhibitor)), 5 which is understood as neani ng any pepti de, bel ongi ng or

not to the Factor VIII| sequence, or protease inhibitor that are capabl e of
specifically - DESCRIPTON OF A PREFERRED EMBODIMENT OF THE PRESENT
10 : INVENTION

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



neutralising the hydrolysing activity of anti-Factor VIII catalytic
ant i bodi es DESCRI PTON OF A PREFERRED EMBCODI MENT OF THE PRESENT 10

| NVENTI ON Human reconbi nant Factor VIII was radio-labellféiéMJQ& :
Anti-Factor VIII allo-antibodies were affinity-purified tromthe plasma of
three haenophilia patients with inhibitor on a Sepharose matrix to which
15 i mmunopurified human Factor VIII had been coupled. Affinity-purified
anti-Factor VIII antibodies of patients Bor, Che and Wl inhibited Fact or
VI 11 pro- coagyltanhimstéfviheyABridmaim/; Qnd@l-u@”afi?\s@ #0108 el Rhin! &
respectively 20 Co-incubation of |abelled Factor VIII wth the anti-%actor

VIT1 allo-ant4B@iles resulted, in the case of two patients out of three,
in the proteolysis of the nolecule. The specificity of the hydrolysis on
the anti body conbining sites of anti-Factor VIII allo-antibodies of the

| gG i sot ype Viise thareparat deaeedhpenﬁencynoﬂﬁ&thmolqﬁls[ofﬁbiorl’\am B%af:ﬂx-liFiacﬁMrt E
and Wl i n the

ff t ti-F VI G 25 of t t B
o esoncy ot YT Bl ehiticn et ttsen SemeRHrAtEL. (D BETCR, Ey@wli(szsswawi_,
EDTA (1.3 pM@bsEﬁ}éﬁeiEﬁdé? ohBithns @H&‘re%r&?-i?ﬁﬁ&b? VIﬂlfg]CManﬁ' A6t vig In

inhibition of proteolytic activity I cant s have aracteri $ed the
maj or cl eavage-gicubatefloat outlal yaties Ligls WBﬂ: BO- thedFacdohl 1odvéd thanl dmske, to

be as foll ovvs Ser3 | ocat et ween t he Al omai ns of
Factor VI1lI r&geé’ be RISSeRin patied dp Grmie SUSESHEng 55@@@3}95%0&
N-t erm nus Ofmb&ﬁarﬁ&ndﬁﬂmlcfbr,\fﬂnﬁla@twanon%m@ﬁaﬂuﬁﬁﬁtaﬂ@ MBS U 6783
domain. The tine and dose-dependency of the hydrolysis.of Factor VIII by

anti-Fact®t 5 VIl allo-antibodies has been denpnstrated. In particul ar,

hydrolysi s Wape Appiicants 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 reciprocal 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.



observed under conditions where anti-Factor VIII 1gG and Factor VIII were
co-incubated at nolar ratios that were SO to 9500-fold | ower than those

expected to be present in patients' plasma, suggesting tﬁjaﬂgﬂ;%j sisis a
mechani sm of Factor VIII inactivation by the patients' allo-antibodies in

vivo. 10 The Applicants have further investigated the kinetics of
anti body-nedi ated hydrolysis of Factor VIII by incubating anti-Factor VIII
| gG of patient Wal with increasing concentrations of unlabeled Factor Vii

in the presen of. .a_.Jfixed conceptrati 0 "I]-Factor VII1. The curves
of the recipr g@éff 1‘3‘?““(4?5%(19% cheq%’c'?f‘?%m @ﬁo-ggltlg digh@p atalpic angbodies

reci procal of ddienduidstdpabumOsIC@RAlat iRk ' i ting
that the reaction conf oﬁrijéned_to si__np?’g M c%%%fe?géﬁh%ﬁ’?{gnéﬁﬁ%%?i}%g?é@%%s

al ready obser VEROTS pf Bydspiysingantibadi¢s againss waspactive irsestinabpephde (RiPginent

catalytic effigl y r . hydral vsis.of _anti-Factqr. VII|
al t o- anti bodi e%%%ep%%/%l g}g‘é %ﬁ?ﬁgmgaggg%qdﬁﬁ%ﬂ?emne\ﬂgﬁ w1 38dneti c
par anet er s Sof thydrgibiysdirsspaifilcatatgid nandbiodtes $t/0pesdntt haith BLIRiRGHE S MYy

be a mechanismof Factgr . VIII| inactivation by patients' allo-antibodies in
Vivo. The asSdtVHRIAH: QPSS D115t (GROR: 1ofpemaviaremer Pc pplicanueyt

brot oot s Faot or VR i bon foArfyRe ZntbptPibe Athaf 3 Binoli Lo b fFhERR,
addi tion of vveEminifteasicor of ¥ priotinsaritiged. Thepidnetiaipatarhétbist dfoRacbr ViI
nyr oLyt s o SR R RE 5, b Sunhi e o o
bl or | S lyBasr hoepBdt oty i it D 00
VI11 allo-ant i ¥H6dasalyHe imamune resporset inbsarieating Factor VI in vivo, Within a
‘ polyclonal mixture of anti-Factor VIII 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



extends the spectrum of catalytic i mune responses, in addition to previous
reports of hydrolysing anti bodi es agai nst vasoactive intestinal peptide
(VIP) in asthma patients, DNA-hydrol ysing anti bodies i n16’§£ﬂﬁw§%dﬁi th SLE
and 5 thyrogl obulin-specific catalytic antibodies in patients wt

autoi mune thyroiditis. This is also the first report to the know edge of
the Applicants of the induction of a catalytic antibody in the human, in
response to exogeneous administration of a protein antigen. The kinetic
paraneters of gragtor. gihdr O @ds St gt - Factor VIA 1 | gG exhibiti

catal ytic propettiesd and THe—1c T LR RHBHYe
pl asma, sugge§
i nactivating Factor VI1 in vivo.

Wthin a polyclonal m xture of

anti-Factor VIII :allo-antibodies which differ in their functional
properties, c@&al¥tirg)y-anti bodies may inhibit Factor VIII pro-coagul ant
activity at faster rates than non-catal ysing anti-Factor VIII 15

antibodi es? Identification of peptide epitopes that are the targets for
proteol ytic apldcrf I Ihodi es thus be c¢ritical for _our
under st andi ngﬁt(%ﬂf %@E% f&ﬁ@% oy chug‘ﬂaédFﬁ’ E%W‘Ty_rpli‘fiﬁﬁdoiaﬂﬁrlzmponse.
Furthernore, WIH RiRofeheéns BorqhrelB&3ctRE (Mhle'ch%)rﬁrm W%ls(ifrﬁe Wal), or

e trea Nt of

site-specific _proteases will provide new approachés to t
patients poss®ddy byifeprlane i lanectiprio) 10 halato38h6l iminti ez . SBRIIEGBESGR PTI ON

OF THE FI GURE i i il ter.u st 00 ot her .objects,
characteri sti ?ggggﬁ%[bgﬁh é(d\?lgr#v ggéafsﬁllt%h@? cﬁ“&ﬁ‘ﬁﬁ%@%&ﬂa %&e IE‘F@%“PE} of
appar ent 10 onFatrer VAl withngffiaiy!mmifiedrantEFsebr MIDIEG ebailfeds hfirbRis
attached Fi gurﬁgti jgm Ch\@ile %Lﬂ\égn solely by way of non-limting EXanples
i Ilustrating PhESPRTPEICHt S {endn cenEaathe prgragendrofiie of BycranMILFact or
VITT allo-ant Waedi@ghariékd Wilen ['*I}-labelied Factor VI was incubated with
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



16 January 2004 Fi 5 Efl 1: Harc | 125 rn 1gG anti bodi es of haenophilia A
Patients with inhibitor Figure 1(A): _a in [1251]-1abelled Factor VIII was
i ncubated with affinity-purified anti-Factor WVIII 119G 6 !aﬁ}% Bor
(lane Bor), Che (lane Che) and Wal (lane Wal), or wth er “al one (I ane
1) for 10 h at 38C prior to SDS-PACE and autoradi ography. In two of the
three patients (Bor and Wal ), incubation of 10 Factor VIII wth

affinity-purified anti-Factor VIIl 1gGresulted in hydrolysis of the
Factor VIII rmlecule In contrast the m gration proflle of Factor VIl
was unchanged MEHE L vt e QI atogran b ghé Aigtic ;
anti-Factor V . .’:r'ﬁt. fromthe pI asna of pat | ent Che (I ane Che)

The mgratio | or VIIl was al so unchanged upon incubation
wi th 15 human nonocl onal M)61 anti-digoxin 1gG (mb) or with nornmal

unfractionate onI nal human 1 gG (Sandogl obulin(r) , 1VIg) that exhibit
no inhibitor to Factor VIII, EiMarg IB: 20

5
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).

Figure 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



Fl ow-t hroughs of the affinity colums were devoid of anti-Factor VIII

anti bodi es as determ ned by ELISA, and did not hydrolyse ['21]-1abelled
Factor VIII1. 25 figure 1(C): 30 Renoval of Ingromthe196cEﬂ_l§1 &S
containing affinity-purified anti-Factor VIII antibodies of patients Wl
and Bor by chromatography on protein G resulted in the loss of their
hydrol ytic activity to Factor VIIl. - 14 16 January 2004 Figure 2: Size
excl usi on chronmat ography of the cat al ytlc activity of anti- Factor VIII

anti bodi es Fi dEigareb:TK : . Is?i?' ytic

affinity-puri fiREgIEs B SN ANf 8 ent V\al vveretreated
with 8 Murea and subj ect ed to size exclusion chromat ography. A mmj or peak
was isolated in fraction 25 that 10 corresponded to 1gG as indicated by

ELI SA. The hydfimeyiss nof antiboiy-ymetiated! hyeebiis hoft E@cdo@Gvf[[{a%t}d Hudadn s hat
I n which | gG was ™ not present

the activity was. E Qﬁtfgg-?ln fractians
(e.g., fracti A ?Cm?eg Bt PP@etheW@éJ withp énkeasieg  aomsensaticnsedfi n
fraction 25 cqffigsaRadests Oy f
radi o- | abel | ed content of the fractr féﬁ@ﬁ%a‘féﬁgrig%d §@g§é§§8§ |[E§1 HaF8hdency
of proteol ysi sVl Thq additionof dreasilyg amounts of unlabelled Factor VIII resulted in
dose-dependent inhibition of hydrolysis of [**1)-Factor VIII by anti-Factor
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 -



20 affinity-purifed anti-Factor VIII antibodies of haenophilia A patients
with inhibitor. The kinetics of the hydrolysis of Factor VIII

anti-Factor VIII allo- antibodies of patients Bor and V4 ]:@%‘,3;2}109
hydrol ysis of [1251]-1abelled 25 Factor VIII by anti- Fact or G of
pati ent WAl was faster than that exhibited by anti-Factor VilI IgG of
patient Bor, suggesting either that cat alytic antibodies of the patients
exhibit different kinetic properties, alternatively, that the

proportion of t es armn nti.-Factor VIIIl antibadies
di ffer .between (ﬁg?’}&{%ﬁ@%@ dlgﬁiumﬁ% wef% Cj’ﬂﬁﬁ&%%ﬁﬁf&mwmmﬂys. s
of [1]-Factor p$ lpH)Y Qahti-FaRedoVIYlantibbafes apdr té@l&‘ﬂeﬁ%sir% 0.2 M glycihf8H
presence of increasing amounts _of cold Factor
, dialysed against PBS and concentrated w1t11 Centriprep. Flow-throughs
and eluates were aliquoted and stored at -20'C until use. F(ab'), fragments of

5 anti-Factor VIII antibodies were prepared as previously described.

The concentration of anti-Factor VIIT IgG 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, (f.e., 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/mg
30 ofIgG, respectively.



Ki netics of antibody-nedi ated hydrol ysis of Factor VIII by i ncubat i ng 5

anti-Factor VIIlI 1gG of patient Wal with increasing concentrations of
unl abel l ed Factor VIII in the presence of a fixed conce {)6; t| onbﬁ
[17S1]-Factor VIII. The addition of increasing anounts PH Y ed
Factor VIII resulted in dose-dependent inhibition of hydrolysis of

[ A751] - Factor VIII by anti -Factor VI I I IgG Saturation of Factor VIII
hydrol ysis wasg ) A : U concentration of Factor

VI that was U36€d \ t he reci procal of the
velocity plotted as a functlon of the reci procal of the substrate
concentration re lin (r=0.99), suggesting that the reaction conforned
to sinple M cHa@Mmerge thé’rm‘?éi HEE9R maaé(‘i’aam owselatealled! witho&fly b anal

catal ytic aut 1 | hi bj.tion of ca t tivity of
anti - )Iéact or VIQS I E%igg&g i?Egatfl glnfg %/ﬁ%gy :51? ?EQ %Fg?é tlaggg
Factor VI |5 byVHRELArpi L3ang)oway/lindubatddoin $M{d apsI) eAMP I HIAIGH Ml (RS

i nhi bited to about, 62% e an ies 20_and Factor VIII were
co-i ncubat ed i ﬁ@%?e@@ﬁ?’"e’@ FCER Q@Pg@(Q%“oMk@@@@lowimbzﬁelwa@dostics

GrbH, Mannhei rof feemiBByPurificdd@IHper VAT ARELRGY 5 Shin G5 fPhBuse 5%55"%

protease inhibitor to neutralise the catalytic act|V|t of "Sofe
catal ytic antilBBEia8s. mpnoeiomeb FRitEdigopine [gGAf MOGL t y(mAb) f iaealt | @BrmA!

ot o Su SRS RIS e D et 1
mlrght P(ranr]ﬂ}g]:)f L)!fjﬁrglhﬁ@égbtgggﬁgrsg%ﬁﬂ%%%& g??rgq’gerl veg Eact or I[‘Hté?é\td been
coupl ed (25000M€caPWetiangd) and weee 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 -



- 16 16 January 2004 flowthroughs of the colums were collected. After
extensi ve washing with PBS pH 7.4, anti-Factor VIII antibodies were el uted
using 0.2 Mglycine pH 2.8, dialysed against PBS and c ﬁ)cznt rat WI th
Centriprep. Flowthroughs and eluates were aliquoted an 420 C
until use. F(ab')2 fragnents of anti-Factor VIII| antibodies were prepared
as previously described. The concentration of anti-Factor VIII 1gG was 130,
20 and 280 gg per 10 ng of 1gG applied to the colum in the case of

atients Bor : 143...130
5nf racti onat eé ?[gggg) on %fag?%hhg%ﬁdg gﬁ%ﬁt awqqﬁcaﬁ?%bgoﬁsxsofk and
observat i ons. %M@EI of tlEeicradmla‘iszlld:d reutehel dfsthedfraciid | THe Tﬂﬁrcﬁ?ﬁhgr
VIll-neutralising actiyity of ant ctor VIII antibodi es was
det er ni ned by aFH%WrE‘P‘ﬁﬁH %F‘“@a%efﬁc}e&a‘élon anthak ﬁh@%“é‘d%ﬁfass@@héstdatedm ts
(BU) (ref). thmegoﬂﬁrm&ﬁhquﬂss hae/;?r\gﬁt?%g E%cﬁBﬁ%B tration of 19G

whi ch causes 50% i nhi bition of Factor ocoagul ant” activity. Residual
Factor VIPIl activi ty was measured in a one-stage assay by determ nation of
the activateg,p : u3| ng human plasma depl eted of

Factor 20 VI | eaierepl acent al pathromtin(r)

© (Behring) as Imab@i&{dohamahb@éc@)dntﬁh&&nﬁa@cbrlm%ﬁﬁwsbffo?ﬁuﬁ{ﬁd gﬁﬁﬁ?{ Vi ”
lgG to be ih_gﬁ re incubated with pool ed citrated human & sma for
at 37C. The ?d@) E8necteeog aliz. Bayar éﬁO@prathIblﬁerbﬂeﬁ. Qéf)athreaqadasrra

pool (I mmuno A ¥ eh- Vﬁg do i

dilutions of each 25 sar?g? to gé@esﬁ'\%%ﬁk%r\?afl(g%@ggg? e‘sggr”? d"rbo I n

O en- Kol M8r  toeis-FEZI pHLY. &gh@f‘sHiMeglﬁtiagd).OZS%ttWEememd\/aUR%t NaN,rfapgad

between | and . 2 g% ?8\/@ ,h?/ E e% anti - cfl or VIII antibodies ofn

patients Bor, THE &h b AT tf””éﬁ BEY of L ITA8TeRys cCB&gurdm©enast 1%ty up

to 57.0, 64.0SMBIPAGE #EOA under non-reducing 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. After staining

15 with coomassie 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.

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



30 of 1gG respectively. 16 January 2004 Exanple M Assay for hydrol ysis of
~Factor VIII Commercial human reconbi nant Factor VIII was |abelled with 1251

to a specific activity of 11.6 nCi/g, by using the iod 4 [ 125
1]-Factor 5 VI1l (1.5 to 150 ng) was incubated in 50 pl O%fe%gﬁh{\ﬂbﬁi s- HCl
pH 7.7, 100 mM glycine, 0.025% Tween-20 and 0.02% NaN3 alone or with 17 to
1667 nM of immuno-purified anti-Factor VIIlI IgGfor 5 mn to 10 hours at
38C. Human nonocl onal anti-digoxin | gG M)61 (mAb) and nor mal
unfractionated human pol yclonal 1gG (1Vlg, Sandoglobulin(r)), were.. used as
10 negative controls. Sanples were mxed 1:1 with Laemmli's buffer w thout
nmer capt oet hanol, and were subjected to SDS el ectrophoresis w thout boiling,
after |oading 20 0 AfiRaGh er Tang. Sanpres T par-atd-ed -
on 7.5% and-15% SDS- PA(gﬁﬁ%—gﬁgﬁ;rﬁdUC' ng condit i%iﬁéﬁé?stl t | oadi ng 20
gl of eachjsanple per lane. Mgration wa$ performed at roomtenpérature
using 15 a ini- |} _syst 25 mp/ gel, until e dye front reagthed
the bottom]of tgg%gM%L¥3§3P%?FB theh dried and\ r%t 8enbands revehl ed
using X- T AR Fol I(gwmpr adi ogr aphy, the Facgg.m_\/dqi bands of
0

appar ent | ecul ar wei ght 200 ‘and 300 kDa that are nsisteéntly hydrol ysed
-by anti-Fag¢tor VIII 1gG were scanned sojas to allow for the cal cul atipn

of the 20 fate | f | ed| Fact or VL1 {25.EX W Fast
protein liqgid é%})o@rr%{j‘égéap Flg'eﬁldafalaf ratj on A hun&lFIEngﬁ %wguot of

anti-Factor [VI11 19G GPORQCAE)Y Wl (740 p) treatedrES whttsy 8M urea was
subjected td gel filtration on a superoser12 colum equilibrated with
PBS-0.01% agide at a flowrate of 0.2 m/jmn. Five hundred pl fractions
were coll ecjed Agf Glssayedih Nsrt 38y BELSeNce of I g mggﬁfgmh ELI SA gnd

for Factor M || proteqglytic. activity aftjer ten-fold dilutron. The
EDENGS) (yiéso . Tyt

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.—



proteins in fraction 25 were radiolabelled with '251 and subjected to 30
SDS- PAGE under non-reducing conditions in parallel wth normal polycl onal
human 1gG The gel was stained with Comassie Blue, and

aut or adi ogr aphed ; both inages were then overlaid. A na?{osrs'?aﬁlgngv\%]g - 18

16 January 2004 isolated in fraction 25 that corresponded to 1gG as

i ndi cated by ELISA and SDS-PAGE of the radiol abelled content of the
fraction. The hydrolysing activity co-eluted with the 1gG fraction and
that the acti\wmected in fractions in which I gG was not
present (e.g., fraction 35). 5 Exanple V: Analysis of NH2-term nal
sequences Unl abel | ed human reconbi nant Factor VIII sucrose fornulation
(rDNA- BHK) ( , _ | £ a; r ti.on, Berkeley,.. CA S
treated with Oergasﬁl%hé%ggg %qéaaéébo&p’ggmﬁ?&\*I@F Wﬁ’ebi%‘yegﬁ ’f’?%o pl
of 50 mM 10 t rhiaemidphilpHAY using T80-radlobibylied & actbrOVHY ok WeE Pargét Midtkcl1) 2% NaN3
for 24 hours at 38C. The resultant Factor VL]I fra(%ments were run on a 10%

SDS- PAGE aP SEAREGIHAE CPSINEE SRS AUSBRAi RIPEsofmeter YHE ir Hieense of six

hours at 100 aTa W1 - 1}@5.] i mbl | font,
England) in 1 %IV%AEEQ%{)%I)J% ano ﬂ%;@ gﬁn%fgﬁgﬁkf% P@‘r@1 8%1 g%ﬁ%eﬁ‘éa@%vé@h
coonmssi e bl uendivite thihe chtats awti-Eactor \dlD antibpdiet ek foanl-Hinesboundd% of
sequenci ng, ust'hn an automatic protein m crosequencer Prosize 492 cLC
(PE- Appl i ed Bi %@é‘f‘%‘ﬁ%, Foster City, CA). The anmount of protein sequenced
ranged fromO0.5 to 2 pnoles, depending on the fragnment. 20 The mmj or
scissile bonds were as follows: Arg372 - Ser373 (R - S373), |ocated

bet ween 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. Miultiple site cleavage of Factor VIII
by anti-Factor VIII antibodies mght originate fromindividual antibodies

with 25 polyspecific catalytic activities or polyclonal ul at i of
anti bodi es, each exhibiting a unique cleavage site specﬁ)gﬂuta{y.% - 19

16 January 2004 Amo avid sequence Cl eavage site Ser Val Ala Lys Lys His
Pro (SV KKBP) Asp Gn Arg Gn Ay Ala Qu (DQRGAE) Asp Qu Asp Gu Asn On
Ser (I DEDENQS) Asg372 ,. S 73 W72 - 5373) Qul7s4 - Apl795 ( 1744 D1793)
Tyr' 68 - 16s1 1688 - D1"i) Examle VI: InhibitiMstudies were yezi'c~r ed
using Pef blac | a cne e inh ibi or of_serine protealses 5 Hydrolysis of
[1151]-Factor "Il1 by affi ity-ptutifi e@'—éﬁﬁg,- Factor VIII ZgG antibodies
of haermophilia A patients with inhibitor in the presence of Pefabloc(r).

[ 1151 ]-Factor VIII (150 ng) was incubated alone, with 50g/m . of

i namunopi ui fi ed antli - Fadk anetidd of g@etetrmashie | nethe. presence of
both —anti-.Fagtatld |90 a'rbc? 4 m M of t hg g?a% }ﬁﬂ’és%ﬁ:oq rébgs%ﬁ"%rﬁF ft ¥HI
Pef abl oc(r) Bodies “capable © of degrading Factor VIII in a  mammal

characterised in that it comprises :

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

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

i) placing said anti-Factor VIIT allo-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 ii), said anti-Factor VIII 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 . or 2, characterised in that

in step if), sald anti-Factor VIII allc-antibodies are isolated by affinity
chromatography. '
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10 (Eoehringer) for 5 h at 3800. Factor VAC was then anal ysed by 7.5%
SI DS- PAGE under non-reduci ng conditions. Follow ng autoradi ography, the
Factor VII bands of apparent nol ecul ar wei ght 200 and SOgBEDa tgyhﬁ? are

consistently hydrolysed by anti.-FVI, Il 1gG were scanne iz 4a| | ow

for the calculation of the %of hydrolysis of lab ,ed Factor vm 15 The
proteolysis of radiolabelled Factor VIII by the anti-Factor VIII alto-
anti bodi es of patient WAl was inhibited to about 62% when t he anti bodi es
and Factor VIII were co incubated in the presence of Pefabloc(r),

indi cating the pofencyThé rmethmdsaccoreimy ob efim BN ehBIH@Erita ﬁ’??ﬁé@gf t he
catal ytic acti)vi t% of 20 sone catalytic antibodies. - 20 1 é anuary 2004
Further ObserWat $@ -2flipin sbrseaiogaphye pomirises thes use TBR Ragiorr &gponder

patients wt I Ssing-. 25| -radi ol abel | ed Factor VIII as the
target nol ecB:IC'(\é’,g a @ gﬂr?é'h)geéﬁ s aogé%‘ﬁaéaﬁ' n“ﬁ’i’é"fm%"ﬁg?'ﬁgfv pREivated owithact or
VIIl in the Q;yaapgén.d,jmmm@t I ents. These results substantiate the .

Applicant's previous observations and indicate that catalytic anti-Factor
VIl antibodies are found in about 60% of the patients. 16 January 2004

CLAMS 1. A nethod f d L1 t nce of anti-Factor VIII
al t o- anti bodi es ca%abl ghgé nhgéggﬁg%i %Scérgﬁir&ill i gng ﬁ’g s 1 to 4,
char act er i se¢hbradtérised In tatpin step i), Said Fabesirivial iRbBIIAE With HoELaRE™! ©

of blood taken fromsaid nmamual ) :
agent, preferably a radio-fabelling agent, such as **1 in particular.

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.



i) isolating anti-Factor VIII also-antibodies fromsaid plasma ; iii)

placing said anti-Factor VIII allo-antibodies in contact with Factor VIl
for a period of time sufficient to permt any degradatlﬂpa& Factor
VII'l by said anti-Factor VIII allo- antibodies ; and iv) dJ e n| ng, after

said period of tinme, whether said Factor VIII has effectively been
degraded by said anti-Factor VIII alto-- antibodies. 2. The nethod
according to claiml1, characterised in that In step ii), said anti-Factor
VIIT alto-antibodies are isolated fromsaid plasma by conmbining themwth

sai d Factor VI, ceal d Fie il dcchpRg 5 BIoREB! ¥naGeuahelt Pt BT X

3. The net hod accordl ng to aim ;. char act'er’ s

ii), said anthamatersatidn ls eamdaont Ihxydpla&my Baldsﬁdi@;bedllbl’ irafchbntadrywith
chromat ography. 16 _Januar nmet hod according to claim 3,

char a](c:t eri se8diFh apki a@?%p\mil ?'ic"éatlﬁo‘a'ﬁﬁl reRapble neb redgenshFastimnMIEks t he
Fact
noti vat ed i FEParelingC B! Bkl eOaepct) bR TadRIAORE ) Yl EaRlAg, Y

claims 1 to therefriofiacterised in that in step iii), said Factor VIl is
| abelled with a labelling agent, preferably a radio-I|abelling agent, such
as 125X in particul ar. 6. The nethod according to any one of clains 1 to 5,

characterised in at i [ lorlg act

with the anti- Fat(::LtBor Jﬁqshgefipbaa%%cpﬁﬁgg i!‘::fa&a%afyf):’gr| O@&%&E‘@?fé&ﬁﬁp% ween

about 0.5 agaidabseparatiohouss,camriefierautl yusihguta 1Gebimigse aguch t agpaggit ure
f

° 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¥%-Ser’™,
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 ,
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about 15 to about 40C, preferably 38C. 7. The nethod according to any one
of claine 1 to 6, <characterised in that step iv) is carried out by a
determ nation conprising a separation technique, such a‘ﬁ}ﬁﬂﬁ"{ua 2004

el ectrophoresis, such as SOS PAGE in particular, or gel Ti FiTon, such
as fast protein liquid chromatography gel filtration in particular, and a
vi sual i sation techni que, such as autoradi ography In particular. 8, The
met hod according to any one of clains 1 to 7, characterised in that it

further conprises \@5-Chahﬁqimhb%idinéaﬁeﬁqé e(s) in said Factor VIII.
nol ecul e cl eaved by said anti-Factor Vi all o-anti bodi es. 16 January 2004

9. The nethod according to claim8, characterised in that said

characterisation is carried out glé(ﬁl acing said Factor VIII in convict with
said anti-Factor VII1 alto-anti08di@8 Agda GlyoMadeyr.adi ng Factor VIIl,
separating and then sequencing the fragnents of Factor VIII resulting

therefrom 10. The nethod according to claim8 or 9, characterised in that
sai d separation isJ@arrilbdpeptidﬁsbngna)nt-m;btiﬂmumﬁggheas)fg@ amino  acid
el ect.r ophor esgé %h @Esi &% PA‘GEI in Fig“iﬁ' a]%a 11. The maﬂhodmaccordl ng
to any one of Rk 8" fBY fite oLHaimg et day £ feRtarises i thafut e capggtile
carried out usf hshibiti BAl O] i LOak i such, as by
usi ng an automatic ptrrgfeig %@fgggqmétﬁﬂﬁmﬁﬁﬁgf}@&% %.suﬁq‘?@t'ﬁ& kad
accordi ng to Bepddsedbyarant-factar YIII alloksmtiricer i sed in that said
sequenci ng | ocates Scissile bonds : Arg372-Ser3n, |ocated between the Al
and A2 domains, Ty'68-Asp' , located on the

17. Use of an anti-Factor 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 ,



N-term nus of the A3 domain, and G ul' 94 Aapl' 95 |located within the A3
domain of the Factor VIII nolecule. 13. An am no acid sequence : Ser Val
Ala Lys Lys Hs Pro . 14. An amino acid sequence : Asp ‘@Jﬁrﬁ%&ﬁﬁ Asn G n
Ser . 16 January 2004 15. An ami no acid sequence Asp Gn Arg n &y A,
Gu . 16. A peptide or non-peptide anal ogue of an am 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 nolecule which is susceptible to
being lysed by an anti-Factor VIII alto-a rttiboc y. 1.7. Use of an
anti-Factor VIII alto-antibody-catal ysed Factor VIII degradation inhibitor

for neutralising catal ytfi | - Vithl | 1.0= ti i.e 18. JThe use
according to claiml?, gﬁgr ggéer%gﬂpﬁ tthatam ai d(%I%i E’ [ glﬁlﬁ)@'; (Sflgnp s%élf a
prot ease i nhi ghargeterisaghiraghat st if#ﬁbihoetbmp)rmgzanp@pﬂidm@yho,f,.lpt?ﬂ'd@e
hydr ochl ori de IJlEﬂ @ﬁét if%géar.. 19.Cﬁhe use according to claim17 or 18,

char act eri sed®HPEHAL iFAVPRAGH FEAUERES bits cl eavage of the scissile
bonds : Arg372-Ser"3, located between the Al and A2 domains,

Tyre' -A sple8 , located on the N term nus of the A3 domain, and

G ul711- ASlI ) 1795 | ocat ed wit hiAsp iy ABsp GhrAsm G Sdre factor VI nol ecul e.

20. The use according to any one of clains 17 to 19, characterised In that
said inhibitor conprises a peptide or non-peptide analogue of the am no

aci d sequence 22. The use according to any one of caims 17 to 19,
characterised In that said inhibitor comprises 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 particular. |



Ser Val Ala Lys Lys H's Pro . 16 January 2004 21. The use according to any
one of clains 17 to 19, <characterised in that said inhibitor conprises a
pepti de or non-peptide analogue of the am no acid seque Asp G u
Asn G n Ser. 22. The use according to any one of clains ﬁ%‘"@%‘%ﬁdﬁ
characterised In that said inhibitor conprises a peptide or non-peptide
anal ogue of the amno acid sequence : Asp Gn Arg Gn dy Ala Au . 23. A
pharmaceutical conposition characterised in that it conprises a

pharmaceutically effective anount of an anti-Factor VIII allo- antibody
capabl e of degrading Factor VIII, naably a$ obtainable fromthe method of
any one of clains 1 to 6. 24. Use of anti-Factor VIII alto-antibodies

capabl e of degradi E Jooif : | f har maceuyt i cal
conposition for t hgg’ Pk rﬂn@rﬁghg#alaﬁﬂhﬁg“ﬁ %B%%ﬁ'g%&%%%&%@@ﬁs
resul ting framphabmaceaticdllyveffeativeFaebant ¥ bl Fadiok MIbhégﬁhddtWrﬁﬁﬁibiﬁﬁ- Use
according' to claim?24, char %cterl sed in that said pathology results from

the presence MACORHNGIOAANBAOFactor VI11 In the blood thereof. 26. The use
according to claim24 or 25, wherein said pathology is of thromnbotic
nature, such as thronbosis in particular. - 26 16 January 2004 27, A

pharmaceutical conp®sit Use ¢fhaFactioevI¥ededradation inkibRe¥or %ﬁér?rép ration .

pharmaceutical ]y effective apount O a Factor VI degradation I n?n brtor
of a pharmaceutical composition, in particular for the treatment of a
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 tté‘\ge%rfu @m

sub- physi ol ogi cal |evel of Factor VIII in the blood there 9. The 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_Ser-3v3, Jgﬁgat ed betvaeen he Al and A2, domai ns,
Tyrf 63- Asspz6al , THcat ed®oSEndHETd TR ab glgiasn28arfe 30,

T Sopiebadiensed dnitiidy Sath iidtordeamihisal 4 NSadiRfd O Ybh-bellRiiRCy] o

31. The use according to any one o al ms

sai d i nhi bi t ginadeays O e amiepEcitbsequanea-pept | de anal ogue of ' the anino
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 anal og Qj;nt & g sequence ; Asp Gu Asp
Gu Asn Gro Ser 27 16 January fgﬁ ﬁe@us@Sa(%cordl ng to any one of
clains 28 to 30, characterised | n that sai d | nhibitor corrprl ses a peptide

o " pertide angl ope gk dARARB 85 Snd S ERs 24 838, Wiierdin sl
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 .



34. The use according to any one of clainms 28 to 33, wherein said

pat hol ogy is of haenophilic nature, nore particularly diseases involving
coagul ati on defects due to Factor VIII insufficiency, SLTéUéﬁaa philia A
In particular. 35. An and-Factor VIII allo-antibody-catalyse actor VIII
degradation inhibitor, Characterised in that it conprises a peptide or non-
pepti de anal ogue of the ami no acid sequence: Ser Val Ala Lys Lys H's Fro .
36. An anti-Factor VIII allo-antibody-catalysed Factor VIII degradation

i nhibitor, 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 alkko, ' 5 : t eqr tion .

i nhi bi tor, charact ?F}‘i. gg@ﬁ?rﬁﬁﬁ]@s&% ﬁ%ﬂ%@ﬁgﬁlﬁgg’s%a%gﬁqsgg 'grtéﬁ%gﬁt- CBptiRER
anal ogue of t Bephannmacenticelly effeetive wwpuld of Ahda@ivFactor Ma Q_I&antigédfw
January 2004 3%.51 A E'I(}arqqace |Cg%|r conﬁgsl tion, characterised in that ft
conprises a PRAMNE &'%Vﬁil RGN INMWRIGR: of an anti-Factor VI

all o-anti body catalysed Factor VIII degradation inhibitor. 39. The
pharmaceutical conposition according to claim38, <characterised in teat it

conprises a proteas8. i Whebipharmagenticals chnijiosition naetdidinderaefsitl phgnyi
fluoride hydrc I de in ul ar. .40. The pharmaceutical conposifion

according to &?ag':‘?’o_efg@?gr g g E‘Iciciﬁa‘F%P'éﬁ%é‘d Arateasat IWpIgon, nBieh tas 4-0% bits
cleavage of LAMIRELAINLERIRARIDoAY PRISHEE hidrbert Al ffpbifictfig the A and

AZ domai ns, Tyr'68

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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| ocated on the N-term nus of the A3 domain, and G ui 794- ASpl' 5 | ocated
within the A3 domain of the Factor VIII nolecule, 41. The pharnmaceuti cal
conposition according to any one of clains 38 to 40, chtrsueni2l¥d in that
it conprises a peptide or non-peptide analogue of the am no acid sequence:
Ser Val Ala Lys Lys H's Pro . 42. The pharnmaceutical conposition according
to any one of clainms 38 to 40, characterised in that It conprises; a

pepti de or non-peptide .anal ogue of,the am no acid sequence; Asp G u Asp
G u Asn G n Ser 43. The pharnmaceutical conposition according to any one of
claims 38 to 40, Characterised In that it conprises a peptide or

non- pepti de anal ogue of the am no acid sequence: Asp Gn Arg Gn Ay Ala
Gu . 2g 16 January 2004 44. An anti-Factor VIII alto-antibody,

h terised in that,jt lytic.activit bl e. of tal yzi
dogr adal - i on of " Fatrcht At Fader I ghoreReRBtyy cltiechiisest ihthaolnampon | s
obt ai nabl e b)ta@alyﬂ@hhﬁ@?t@_@ﬁﬁéﬁbﬂﬁ da@a@ﬂ“gq@{?g?ﬁ?@?ﬁa@f&%ﬁ . 46..The.

anti-Factor VIII alto-antibody according™t char acteri sed
inthat it cleaves the follow ng scissile bonds In the Factor VIII

I |l e: Arg372- 3% ., t he, Al A2 d ins, 1680
PembBs 1 ooat od T B AEEEIPr Ltrh St fiatt menich 46 cOBRIa by A pi * 80
| ocat ed wi t hinetHes A%ofeRe © Sty bhe dFasifis M 2ol ecul e.

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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