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The present invention is related to a monoclonal anti-idio 
typic antibody directed against a Factor VIII inhibitor anti 
body binding to the C1 domain of Factor VIII, as Well as to a 
cell line producing this monoclonal anti-idiotypic antibody, 
to the use of this monoclonal anti-idiotypic antibody as medi 
cament, and more particularly to the use thereof for manufac 
turing a medicament intended for the treatment of haemo 
philia A. 
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ANTI-IDIOTYPIC ANTIBODIES 
NEUTRALIZING THE INHIBITORY 

ACTIVITY OF AN INHIBITORY ANTIBODY 
DIRECTED AGAINST THE C1 DOMAIN OF 

FACTOR VIII 

PRIOR ART AND INTRODUCTION 

[0001] The present invention is related to a monoclonal 
anti-idiotypic antibody directed against a Factor VIII inhibi 
tory antibody Which binds to the C1 domain of Factor VIII, as 
Well as to a cell line producing this monoclonal anti-idiotypic 
antibody, to the use of this monoclonal anti-idiotypic anti 
body as medicament, and more particularly, to the use thereof 
for manufacturing a medicament for the treatment of haemo 
philia A. 
[0002] Haemophilia A is a hereditary disease linked to an 
anomaly of chromosome X, Which displays itself in the 
affected person by an inability to coagulate. This disease is 
the result of mutations on the gene of a protein involved in 
coagulation, the FactorVIII (FVIII) protein, Which determine 
either a total absence of Factor VIII in the blood, or a partial 
de?cit thereof. 
[0003] Haemophilia A is the most common of insuf?cien 
cies affecting blood coagulation: in France 1 male in 5000 is 
affected, Which represents 80% of patients suffering from 
haemophilia. The other type of haemophilia, haemophilia B, 
affects 20% of patients suffering from haemophilia; it is 
caused by a de?ciency in an other clotting factor, knoWn as 
Factor IX. 
[0004] Present treatment of heamophilia (type A or B) con 
sists of intravenous administration of the de?cient or absent 
clotting factor. In France, Factor VIII for the treatment of 
haemophiliacs is available in form of blood derived medica 
ments provided by the Laboratoire Francais du Fractionne 
ment et des Biotechnologies (LFB) or by international phar 
maceutical laboratories, as Well as in form of recombinant 
medicaments prepared by genetic engineering methods. 
Effectively, the DNA coding FactorVIII has been isolated and 
expressed in mammalian cells (Wood et al., Nature (1984) 
312: 330-337), and its amino acid sequence Was deduced 
from cDNA. 
[0005] Secreted FactorVIII (FVIII) is a glycoprotein With a 
molecular Weight of 300 Kda (2332 amino acids), and plays a 
key role in the activation of intrinsic coagulation pathWay. 
Inactive FVIII consists of six regions: A1 (residues 1-372), 
A2 (residues 373-740), B (residues 741-1648), A3 (residues 
1690-2019), C1 (residues 2020-2172) and C2 (residues 2173 
2332), from the N-terminal extremity to the C-terminal 
extremity. After being secreted, FVIII interacts With the von 
Willebrand Factor (vWF), Which protects the FVIII against 
plasma proteases. FVIII dissociates from vWF upon cleavage 
by thrombin. This cleavage results in the elimination of the B 
domain and the formation of a heterodimer. FVIII circulates 
in plasma in this form. This heterodimer consists of a heavy 
chain (A1, A2) and ofa light chain (A3, C1, C2). 
[0006] When FVIII is infused to a haemophiliac patient, it 
binds to the von Willebrand Factor in the blood circulation of 
the patient. Activated Factor VIII acts as a co-factor of acti 
vated Factor IX, accelerating the conversion of Factor X into 
activated Factor X. Activated Factor X converts prothrombin 
into thrombin. Then the thrombin converts ?brinogen into 
?brin, and clotting occurs. 
[0007] The major problem encountered With Factor VIII 
administration is the appearance of antibodies directed 

Jul. 3, 2008 

against Factor VIII in the patient, referred to as <<inhibiting 
antibodies >>. These antibodies neutraliZe the procoagulant 
activity of FactorVIII, Which is inactivated as soon as infused. 
Thus, the administered clotting factor is destroyed before 
bleeding can be stopped, Which leads to a serious complica 
tion thus causing the treatment to be ineffective. Further, 
some genetically non-haemophiliac patients may develop 
inhibitors against endogenous Factor VIII: this is called 
acquired haemophilia. 
[0008] Studies have shoWn that the anti-Factor VIII 
immune response is of the polyclonal IgG type belonging 
mostly to the IgG4 and IgG1 sub-class, and more rarely to 
IgG2. The IgG3 subclass is never represented. The light chain 
is often of Kappa type. The overrepresentation of IgG4 is 
more pronounced With heamophiliacs having a long-term 
established inhibitor. The C2 and A2 domains of the FVIII 
molecule are the favoured targets of the immune response 
although, in some cases, antibodies directed against the A3 
domain are detected. When plasma of haemophiliac patients 
is passed through an immunoadsorption column With immo 
biliZed FVIII, it is possible to purify total anti-FVIII antibod 
ies. The recovered amounts are often higher than 100 pg per 
10 mg of total IgGs (Gilles J G et al. (1993) Blood; 82: 
2452-2461). An animal model has been developed to study 
the formation of inhibitors of Factor VIII; rats immuniZed 
With human recombinant Factor VIII shoW a rapid immune 
response of the polyclonal type (Jarvis et al., Thromb Hae 
most. 1996 February; 75(2):318-25). The mechanisms by 
Which anti-Factor VIII antibodies interfere With function of 
Factor VIII are numerous, and include interference With the 
proteolytic cleavage of Factor VIII and With the interaction of 
Factor VIII With different partners, such as von Willebrand 
Factor (vWF), phospholipids (PL), Factor IX, activated Fac 
tor X (FXa) or APC (Activated Protein C). 
[0009] Several treatments alloWing attenuation of the con 
sequences of this immune response are available, such as for 
example treatments involving desmopressin, Which is a syn 
thetic hormone stimulating the production of Factor VIII, 
coagulation promoting agents, such as concentrates of pro 
thrombin complexes or concentrates of activated prothrom 
bin complexes, recombinant Factor VIIa, plasmapheresis and 
infusions of large or intermediary amounts of Factor VIII. 
Nevertheless, these methods are very expensive and of loW 
e?icacy. 
[0010] Because of the complexity of the in vivo analysis of 
this immune polyclonal response, monoclonal antibodies 
directed against certain domains of Factor VIII have been 
isolated by some research teams. Thus, a human monoclonal 
antibody of the IgG4kappa type, LE2E9, has been isolated. 
This antibody is directed against the C1 domain of FactorVIII 
and inhibits the cofactor activity of FactorVIII and its binding 
to the von Willebrand Factor (Jacquemin et al., (2000) Blood 
95: 156-163). In the same Way, a human monoclonal antibody 
directed against the C2 domain of Factor VIII, referred to as 
BO2C1 1 (IgG4kappa), produced from a library of memory B 
cells of a patient suffering from haemophilia A With inhibi 
tors, has been isolated (Jacquemin et al., Blood 1998 Jul. 15; 
92 (2):496-506). BO2C11 recogniZes the C2 domain of Fac 
tor VIII, and inhibits its binding to von Willebrand Factor and 
to phospholipids. It completely inhibits the procoagulation 
activity of native and activated FactorVIII. A further example 
of monoclonal antibody is the BOIIB2 antibody directed 
against the A2 domain of Factor VIII. The BOIIB2 antibody 
inhibits 99% of Factor VIII activity. By binding to the A2 
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domain, it can interfere With and inhibit the binding of FIXa, 
Which contains a loW a?inity binding site Within this region of 
FVIII, and thus inhibits the enzyme activity of FIXa. The 
second conceivable Way of action is its interference With the 
equilibrium betWeen the heterodimeric form (A2:A1 and 
A3:C1:C2) of FVIII and the heterotrimeric form (A2 and A1 
and A3:C1:C2) of FVIII by accelerating the dissociation of 
the A2 domain of these complexes, rendering them non 
functional. (Ananyeva N M et al., (2004) Blood Coagul 
Fibrinolysis. Mar. 15(2):109-24. Review). 
[0011] With the aid of these neW tools, a further, more 
recent strategic struggle against the FactorVIII inhibitor anti 
bodies has considered administering anti-idiotypic antibod 
ies (antibodies having the ability to interact With the variable 
region of other antibodies) neutralizing the inhibitor antibod 
ies (Saint-Remy J M et al., (1999) Vox Sang; 77 (suppl 1): 
21-24). A mouse anti-idiotypic antibody, knoWn as 14C12, 
disclosed in the document WO 2004/014955, neutralizes in 
vivo, in a do se-dependent manner, the inhibitory properties of 
the anti-Factor VIII target antibody (monoclonal antibody 
BO2C11), Which is directed against the C2 domain of Factor 
VIII. The anti-Factor VIII immune response being poly 
clonal, mouse anti-idiotypic antibodies directed against the 
A2 domain of Factor VIII have also been developed (and 
described in the patent application FR 05 08320). The A2 
domain is a domain of 43 kD, the function of Which is not Well 
knoWn but it has been demonstrated that inhibitory antibodies 
directed against the A2 domain of Factor VIII inhibit the 
function of Factor VIIIa by inhibiting the conversion of the 
complex FXase/FX in the transition state (Lollar et al., J Clin 
Invest. 1994 June; 93(6):2497-504, Fay et al., J Biol. Chem. 
1996; 271(11) 6027-6032). 
[0012] However, the immune response directed against 
Factor VIII is polyclonal, and, therefore, implies that inhibi 
tory antibodies are directed against domains different from 
the A2 and C2 domains. Indeed, even if the study of epitopic 
speci?cities of anti-Factor VIII antibodies has shoWn that the 
majority of the inhibitors recognize limited zones of the Fac 
tor VIII molecule, located on the A2 domain of the heavy 
chain and/or on the C2 domain of the light chain, other 
epitopes are sometimes recognized. Indeed, some plasmas 
from patients contain antibodies capable to bind to the C1 
domain of the light chain of Factor VIII (Moreau et al., 2000; 
95(11):3435-441; Jacquemin et al,. 2000; 95(1):156-162). 
[0013] Thus, there is alWays a need for further tools 
enabling neutralization of other Factor VIII inhibitory anti 
bodies directed against other domains of Factor VIII, in order 
to more completely neutralize the anti-FactorVIII polyclonal 
responses of haemophiliac patients. 
[0014] Thus, the Applicant has attempted to develop a 
novel tool for treating haemophilia A enabling neutralization 
of inhibitory antibodies directed against the C1 domain of 
Factor VIII. 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] Thus, a ?rst object of the invention relates to a 
monoclonal anti-idiotypic antibody directed against a Factor 
VIII human inhibitory antibody, the inhibitory antibody 
being directed against the C1 domain of Factor VIII, this 
anti-idiotypic antibody having at least one CDR region 
(Complementarity Determining Region) of each of the light 
chains of said antibody, in Which the peptide sequence has at 
least 70% identity to a sequence selected from the sequences 
SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14 and at least 
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one CDR region of each of the heavy chains of said antibody, 
in Which the peptide sequence has at least 70% identity to a 
sequence selected from the sequences SEQ ID NO: 9, SEQ ID 
NO: 10, SEQ ID NO: 11. 
[0016] The concerned CDR regions are the CDR1 and/or 
CDR2 and/or CDR3 regions. 
[0017] The sequences SEQ ID NO: 9, SEQ ID NO: 10, SEQ 
ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13 and SEQ ID NO: 
14, are de?ned according to Kabat [Kabat et al., “Sequences 
of Proteins of Immunological Interest”, NIH Publication, 
91-3242 (1991)]. 
[0018] In a particularly advantageous embodiment, the 
identity With each of the above-mentioned sequences is at 
least 80%, preferably at least 90%, 95%, 99%, and more 
preferably 100%. The percentage of identity is calculated by 
aligning the tWo sequences to be compared and by counting 
the number of positions having an identical amino acid, this 
number being divided by the total number of amino acids of 
the sequence. In any case, these sequence differences do not 
affect at all either the a?inity of the monoclonal antibody for 
its target, or its functionality. <<Inhibitory antibodies >> or 
<<inhibitors >> of Factor VIII refers to antibodies Which 
inhibit all or a part of the procoagulant activity of FactorVIII, 
namely by binding thereto, and particularly an anti-Factor 
VIII antibody the epitope of Which is located on Factor VIII. 
Advantageously, the antibody of the invention has the ability 
to neutralize at least 20%, advantageously at least 30%, 
advantageously at least 40%, advantageously at least 50%, 
advantageously at least 60%, and in an even more advanta 
geous Way, at least 70%, 80%, 90%, 99% or 100% of the 
coagulation inhibitory activity of inhibitory antibodies 
directed against the C1 domain of Factor VIII, Which are the 
targets of the anti-idiotypic monoclonal antibodies of the 
invention. This ability to neutralize the coagulation inhibitory 
activity of inhibitory antibodies can be determined by mea 
suring the activity of Factor VIII in the presence of an inhibi 
tory antibody and of an anti-idiotypic antibody in an assay 
such as the <<FactorVIII chromogen test >> (J acquemin et al. 
(1998) Blood 92. 494-506). 
[0019] The expression <<anti-idiotypic antibody >> refers 
to an antibody directed against the variable region of the 
target inhibitory antibodies. In a particular aspect of the 
invention, the anti-idiotypic antibody of the invention is 
directed against inhibitory antibodies, of Which the variable 
domain of the heavy chain of said antibody is related to the 
germ line DP-10. Such inhibitory antibodies can be obtained 
from humans (for example from serum of patients containing 
inhibitory antibodies) or other animal species such as mouse, 
horse, goat, non-human primates, taken from a non-limiting 
list, by immunization With Factor VIII or fragments derived 
from Factor VIII, and more particularly With a fragment com 
prising all or a part of the C1 domain. 
[0020] Advantageously, the target inhibitory antibody of 
the anti-idiotypic antibody of the invention recognizes the C1 
domain in its native con?guration. Advantageously, the target 
inhibitory antibody of the anti-idiotypic antibody of the 
invention does not recognize the same domain being a 
R2 1 50H mutation. 
[0021] The monoclonal anti-idiotypic antibody of the 
invention can be of human or animal origin. In addition, it can 
be obtained using a variety of different methods. For example, 
cells producing anti-idiotypic antibodies can be obtained 
from peripheral blood lymphocytes of patients having anti 
Factor VIII inhibitory antibodies or from healthy persons. 
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These cells can be immortalized by use of techniques Well 
known to those skilled in the art and selected With regard to 
the ability of the produced anti-idiotypic antibodies to neu 
tralize inhibitory antibodies directed against Factor VIII. A 
further method for producing the monoclonal anti-idiotypic 
antibody of the invention is through the immunization of 
animals, advantageously mice, by injection of Factor VIII 
inhibitory antibodies directed against the Cl domain of Fac 
tor VIII, then by fusion of spleen lymphocytes With a 
myeloma cell line, advantageously mouse myeloma, fol 
loWed by the identi?cation and the cloning of cell cultures 
producing the anti-idiotypic antibodies directed against the 
Factor VIII inhibitory antibodies. 
[0022] In a preferred embodiment of the invention, each 
CDR region of the light chains of the anti-idiotypic antibody 
of the invention contains a peptide sequence having at least 
70% identity With the sequences respectively identi?ed as 
SEQ ID NO: 12, SEQ ID NO: 13 and SEQ ID NO: 14, and 
each CDR region of each of the heavy chains of said antibody 
contains a peptide sequence having at least 70% identity With 
the sequences respectively identi?ed as SEQ ID NO: 9, SEQ 
ID NO: 10 and SEQ ID NO: 11. 
[0023] Thus, the CDRl region of each of the light chains of 
the antibody of the invention contains a peptide sequence 
having at least 70% identity to the sequence SEQ ID NO: 12, 
the CDR2 region of each of the light chains of the antibody of 
the invention contains a peptide sequence having at least 70% 
identity to the sequence SEQ ID NO: 13, the CDR3 region of 
each of the light chains of the antibody of the invention 
contains a peptide sequence having at least 70% identity to 
the sequence SEQ ID NO: 14, and the CDRl region of each of 
the heavy chains of the antibody of the invention contains a 
peptide sequence having at least 70% identity to the sequence 
SEQ ID NO: 9, the CDR2 region of each of the heavy chains 
of the antibody of the invention contains a peptide sequence 
having at least 70% identity to the sequence SEQ ID NO: 10, 
and the CDR3 region of each of the heavy chains of the 
antibody of the invention contains a peptide sequence having 
at least 70% identity to the sequence SEQ ID NO: 11. In a 
particularly advantageous Way, the identity to each of the 
above-mentioned sequences is at least 80%, preferably at 
least 90%, 95%, 99% and more preferably 100%. 
[0024] Advantageously, the variable region of each of the 
light chains of the monoclonal anti-idiotypic antibody of the 
invention is coded by a nucleic acid sequence having at least 
70% identity to the nucleic acid sequence SEQ ID NO: 16, 
and the variable region of each of the heavy chains of the 
monoclonal anti-idiotypic antibody is coded by a nucleic acid 
sequence having at least 70% identity to the nucleic acid 
sequence SEQ ID NO: 15. 
[0025] For the purposes of the invention, a signal peptide 
can be added to sequences SEQ ID NO: 15 and SEQ ID NO: 
16 to yield respectively, for example, the sequences SEQ ID 
NO: 1 and SEQ ID NO: 2, Wherein neither the activity nor the 
speci?city of the antibody of the invention are affected by 
such a signal peptide. 
[0026] In a particularly advantageous Way, the sequence 
identity is at least 80%, and preferably from at least 95 to 
99%. The percentage of identity is calculated by alignment of 
2 sequences to be compared and by counting the number of 
positions containing an identical nucleotide, this number is 
divided by the total number of nucleotides of the sequence. 
Genetic code degeneration lea ds to the fact that the same 
amino acid can be coded by several triplets of different nucle 
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otides. In any case, neither the a?inity of the monoclonal 
antibody for its target nor its ability to neutralize the inhibi 
tory activity of the target inhibitory antibodies are at all 
affected by these sequence differences. 
[0027] In a preferred aspect of the invention, the variable 
region of each of the light chains of the monoclonal anti 
idiotypic antibody is coded by the nucleic acid sequence SEQ 
ID NO: 16, and the variable region of each of the heavy chains 
of the monoclonal anti-idiotypic antibody is coded by the 
nucleic acid sequence SEQ ID NO: 15. 
[0028] In an advantageous manner, the peptide sequence of 
each of the variable regions of the light chains of the antibody 
of the invention is a sequence having at least 70% identity, and 
advantageously at least 80% or 90%, and yet more advanta 
geously at least 99% identity to the sequence SEQ ID NO: 18. 
[0029] For the purposes of the invention, a signal peptide 
can be added to the sequences SEQ ID NO: 17 and SEQ ID 
NO: 18 in order to yield, for example, respectively, the 
sequences SEQ ID NO: 3 and SEQ ID NO: 4, neither the 
activity nor the speci?city of the antibody of the invention are 
affected at by such a signal peptide. 
[0030] Advantageously, the peptide sequence of each of the 
variable regions of the heavy chains of the antibody of the 
invention is a sequence having at least 70% identity, and 
advantageously at least 80% or 90%, and yet more advanta 
geously at least 99% identity to the sequence SEQ ID NO: 3. 
[0031] In a particularly advantageous manner, the peptide 
sequence of each of the light chains of the antibody of the 
invention is a sequence having at least 70% identity, and 
advantageously at least 80% or 90%, and yet more advanta 
geously at least 99% identity to the sequence SEQ ID NO: 4, 
and the peptide sequence of each of the heavy chains of the 
antibody of the invention is a sequence having at least 70% 
identity, and advantageously at least 80% or 90%, and yet 
more advantageously, at least 99% identity to the sequence 
SEQ ID NO: 3. 
[0032] Preferably, the peptide sequence of each of the light 
chains of the antibody of the invention is the sequence SEQ 
ID NO: 4. 

[0033] Preferably, the peptide sequence of each of the light 
chains of the antibody of the invention is the sequence SEQ 
ID NO: 3. 

[0034] The peptide sequence deduced from the sequence 
SEQ ID NO: 16 is the sequence SEQ ID NO: 18, and the 
peptide sequence deduced from the sequence SEQ ID NO: 15 
is the sequence SEQ ID NO: 17. Preferably, the variable 
region of each of the light chains of the monoclonal anti 
idiotypic antibody of the invention has the peptide sequence 
SEQ ID NO: 18, and the variable region of each of the heavy 
chains of the monoclonal anti-idiotypic antibody of the inven 
tion has the peptide sequence SEQ ID NO: 17. 
[0035] In a preferred manner, the target inhibitory antibody 
of the anti-idiotypic antibody of the invention is the antibody 
RHD5 deposited at the Belgian Co-ordinated Collections of 
Microorganisms/ Plasmid Collection (BCCM/LMBP), Labo 
ratorium voor Moleculaire Biologie, University of Ghent, 
Technologiepark 297, B-9052 ZWijnaarede, Belgium, in 
August 2004, by the Collen Research Foundation, under the 
accession number LMBP 6165CB. This antibody, as Well as 
its nucleotide and peptide sequences are described in the 
patent application WO 2005/016455. The antibody RHD5 is 
a human monoclonal IgGl antibody directed against the Cl 
domain of FactorVIII produced initially from lymphocytes of 
a patient suffering from haemophilia A, namely an acquired 
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severe haemophilia A With a high level of inhibitors. This 
antibody belongs to the sub-class IgG1, and originates from 
the germ line DP-10. The epitope recognized by said antibody 
on FactorVIII is the C1 domain in its native con?guration, but 
not the same domain With a R2150H mutation. The antibody 
RHD5 can inhibit up to 98% of Factor VIII activity. 
[0036] The antibody of the invention refers also to any 
modi?ed antibody having the features of the invention, in 
Which one or more amino acid(s) have been substituted or 
deleted. Such a substitution or deletion can be located on any 
position in the molecule. In the case Where several amino 
acids have been substituted or deleted, any combination of 
substitution or deletion can be considered. Such sequence 
modi?cations of the variable regions of the antibody of the 
invention can be carried out in order to increase the number of 
residues likely to come into contact With the anti-idiotypic 
antibody of the invention and With the target inhibitor anti 
body. 
[0037] In one embodiment of the invention, the anti-idio 
typic antibody is a mouse antibody. 
[0038] Advantageously, this mouse monoclonal anti-idio 
typic antibody is a IgG1kappa. 
[0039] Preferably, the monoclonal antibody of the inven 
tion is a chimeric antibody. By the expression <<Chimeric 
antibody >> it is to be understood that it refers to an antibody 
in Which the variable regions of the light chains and of the 
heavy chains belong to a different species than the constant 
regions of the light chains and of the heavy chains. Thus, the 
antibody of the invention, also contains the constant regions 
of light and heavy chains belonging to a non-murine species. 
In this regard, all non-murine mammalian families and spe 
cies are capable of being used, and in particular, for example, 
man, monkey, muridae (except the mouse), suidae, bovidae, 
equidae, felidae, canidae, as Well as birds. 
[0040] The chimeric antibodies of the invention can be 
constructed using standard techniques for recombinant DNA, 
Well knoWn by those skilled in the art, and more particularly 
through the use of the <<chimeric >> antibody construction 
techniques described, for example by Morrison et al., Proc. 
Natl. Acad. Sci. U.S.A., 81. pp. 6851-55 (1984), Where use is 
made of recombinant DNA technology to replace the constant 
region of a heavy chain and/or the constant region of a light 
chain of an antibody originating from a non-human mammal 
With the corresponding regions of a human immunoglobulin. 
[0041] In a particular aspect of the invention, the antibody 
of the invention is a human hybrid antibody, that is to say a 
chimeric antibody, the constant part of Which is human. This 
embodiment of the invention enables a reduction in the 
immunogenicity of the antibody in humans, and thereby 
improves its e?icacy upon therapeutic administration to man. 
[0042] Advantageously, the antibody of the invention is a 
humanized antibody. Such an antibody can be obtained by 
association of one or more CDR region(s) (Complementarity 
Determining Region) of a monoclonal antibody of a non 
human species With human frameWork regions (highly con 
served regions of variable regions, knoWn as frameWorks), 
such a manufacturing process being taught in the state of the 
art (Jones et al., Nature (1986) 321:522; Riechmann et al., 
Nature (1988) 332:323). Such a humanized antibody directed 
against the variable domain of inhibitory antibodies recog 
nizing the C1 domain of FVIII can contain human frameWork 
regions and one or more CDR regions of the sequences SEQ 
ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, 
SEQ ID NO: 13, SEQ ID NO: 14. A particular humanized 
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antibody of the invention is a humanized antibody directed 
against the variable domain of inhibitory antibodies recog 
nizing the C1 domain of FVIII, the CDR regions of Which are 
regions of sequence SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID 
NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14. 
[0043] In an advantageous Way, the monoclonal anti-idio 
typic antibody of the invention is the antibody 18B6 produced 
by the hybridoma 1 8B6 deposited under the registration num 
ber CNCM I-3559, on Jan. 24, 2006, at the Collection Natio 
nale de Cultures de Microorganismes (CNCM, 25 rue du 
Docteur Roux, 75724 Paris Cedex 15). The variable region of 
each of the light chains of the monoclonal anti-idiotypic 
antibody 18B6 is coded by the nucleic acid sequence SEQ ID 
NO: 16, and the variable region of each of the heavy chains of 
the monoclonal anti-idiotypic antibody 18B6 is coded by the 
nucleic acid sequence SEQ ID NO: 15. The method for 
obtaining the hybridoma 18B6 is described in the 
<<Examples >> section of the present document. 
[0044] The monoclonal anti-idiotypic antibody of the 
invention refers also to any antibody comprising fragments of 
the antibody 18B6, and more particularly any antibody com 
prising the variable region of the light chain and/or the vari 
able region of the heavy chain of the antibody 18B6, or any 
fragment of the variable region of the light chain and/ or the 
variable region of the heavy chain of the antibody 18B6. By 
the expression <<Fragments >>, it is meant a F(ab')2 frag 
ment or a Fab' fragment or a Fab fragment or a CDR region or 
any modi?ed version of any of these fragments or region. 
[0045] In a particular embodiment of the invention, the 
monoclonal anti-idiotypic antibody of the invention is a 
F(ab')2 fragment or a Fab‘ fragment or a Fab fragment or a 
CDR region or any modi?ed version of any of these fragments 
or region. The enzymatic digestion of immunoglobulins With 
papain generates 2 identical fragments called <<Fab frag 
ment >> (Fragment Antigen Binding), and a Fc fragment 
(crystallizable fraction). The Fc fragment is the support for 
the effector functions of immunoglobulins. 
[0046] Using pepsin digestion, a F(ab')2 fragment is gen 
erated Where both Fab fragments remain linked by tWo dis 
ul?de bonds, and the Fc fragment is split into several pep 
tides. The F(ab')2 fragment is formed by tWo Fab' fragments 
(one Fab' fragment consisting of a Fab and a hinge region), 
linked by intercatenary disul?de bonds in order to form a 

F(ab')2. 
[0047] Such fragments, Which contain the binding site of 
the antibody, may have lost some of the properties of a Whole 
antibody from Which they are derived, such as the ability to 
activate the complement or to bind the Fcgamma receptors. 
HoWever, these fragments have not lost the ability of the 
Whole antibody to neutralize the inhibitor antibody. Thus, the 
invention refers also to the F(ab')2, Fab‘, Fab fragments, or to 
the CDR region or any modi?ed version of any of these 
fragments or region of the antibody 18B6. Particularly, these 
fragments have preserved the ability of the Whole antibody to 
neutralize RHD5 antibodies. 
[0048] A further object of the invention is a stable cell line 
producing an antibody such as described above. The stable 
cell line of the invention can be of human or animal origin. 
The stable cell line of the invention can originate from human 
immortalized cells. In a further embodiment of the invention, 
this cell line can originate from immortalized cells of animal 
origin, for example mice. A preferred example of a cell line 
obtained in this embodiment of the invention is the line 18B6, 
deposited at CNCM under the number I-3559. In a further 
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embodiment, the stable cell line of the invention is a line 
Which has integrated a genetic construction allowing the 
expression of the antibody of the invention at the desiredpoint 
of the genome. The step consisting of obtaining such a cell is 
a stable transfection. This step can be applied to any type of 
cells as long as they can be maintained in in vitro culture. 
Stable transfection requires integration of the genetic con 
struction, Which can be carried out by homologous recombi 
nation or randomly. The presence of a positive selection cas 
sette in the genetic construction comprising the gene of 
interest Which confers antibiotic resistance to the cell, for 
example, attests to the insertion of the transgene into the cell 
genome. As result of a sub-cloning step, a long term producer 
cell line is obtained from the antibody of the invention, for 
example 18B6, Which can be maintained in in vitro culture. 

[0049] The stable cell line expressing an antibody of the 
invention can be selected from the group consisting of a 
human cell line, a rodent cell line, for example a mouse cell 
line, SP2/0, YB2/0, IR983F, a human myeloma such as 
NamalWa, or any other cell of human origin such as PERC6, 
CHO cell lines, namely CHO-K-l, CHO-LeclO, CHO-Lecl, 
CHO-Lecl3, CHO Pro-5, CHO dhfr- (CHO DX B11, CHO 
DG44), or further cell lines selected from Wil-2, Jurkat, Vero, 
Molt-4, COS-7, 293-HEK, BHK, K6H6, NSO, SP2/0-Ag l4 
and P3X63Ag8.653. 
[0050] A further particular subject matter of the invention is 
the hybridoma 18B6 deposited under the registration number 
CNCM I-3559 at the Collection Nationale de Cultures de 
Microorganismes (CNCM). The variable region of each of 
the light chains of the monoclonal anti-idiotypic antibody 
produced by the hybridoma 18B6 is coded by the nucleic acid 
sequence SEQ ID NO: 16, and the variable region of each of 
the heavy chains of the monoclonal anti-idiotypic antibody 
produced by the hybridoma 18B6 is coded by the nucleic acid 
sequence SEQ ID NO: 15. The antibody produced by the 
hybridoma 18B6 is the antibody 18B6, and a method for 
obtaining the hybridoma 18B6 is described in the 
“Examples” Section of the present document. 
[0051] A further subject matter of the invention is a DNA 
fragment of the sequence SEQ ID NO: 15 encoding the vari 
able region of the heavy chain of the antibody of the invention 
such as previously described. This DNA fragment can be 
inserted into a vector enabling the expression of a polypep 
tide, preferably of an antibody, the variable region of the 
heavy chain of said antibody is coded by the nucleic acid 
sequence SED ID NO: 15, the derived peptide sequence of 
Which is the sequence SEQ ID NO: 17, in order to be intro 
duced and maintained in a host cell. This vector enables the 
expression of this foreign nucleic acid fragment in the host 
cell because it contains the sequences (promoter, polyadeny 
lation sequence, selection gene) essential for this expression. 
Such vectors are Well knoWn to those skilled in the art, and can 
be an adenovirus, a retrovirus, a plasmid or a bacteriophage, 
this list is not being limitative. In addition, any mammalian 
cell can be used as the host cell, that is as the cell expressing 
the polypeptide or the antibody of the invention, for example 
SP2/0, YB2/0, IR983F, a human myeloma such as NamalWa, 
or any other cell of human origin such as PERC6, CHO cell 
lines, namely CHO-K-l, CHO-LeclO, CHO-Lecl, CHO 
Lecl3, CHO Pro-5, CHO dhfr-(CHO DX B1 1, CH0 DG44), 
or other lines selected from Wil-2, Jurkat, Vero, Molt-4, COS 
7, 293-HEK, BHK, K6H6, NSO, SP2/0-Ag l4 and 
P3X63Ag8.653. 
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[0052] A further object of the invention is a DNA fragment 
of the sequence SEQ ID NO: 16 coding the variable region of 
the light chain of an antibody of the invention such as previ 
ously described. This DNA fragment can be inserted into a 
vector enabling the expression of a polypeptide, preferably of 
an antibody, the variable region of the light chain of said 
antibody is coded by the nucleic acid sequence SED ID NO: 
16, the deduced peptide sequence thereof is the sequence 
SEQ ID NO: 1 8, in order to be introduced into and maintained 
in a host cell. This vector enables the expression of this 
foreign nucleic acid fragment in the host cell because it con 
tains the sequences (promoter, polyadenylation sequence, 
selection gene) essential for this expression. Such vectors are 
Well knoWn to those skilled in the art, and can be an adenovi 
rus, a retrovirus, a plasmide or a bacteriophage, this list not 
being limitative. In addition, any mammalian cell can be used 
as host cell, that is as the cell expressing the polypeptide or the 
antibody of the invention, for example SP2/0,YB2/0, IR983F, 
a human myeloma as NamalWa, or any other cell of human 
origin as PERC6, CHO cell lines, especially CHO-K-l, 
CHO-LeclO, CHO-Lecl, CHO-Lecl3, CHO Pro-5, CHO 
dhfr-(CHO DX B11, CHO DG44), or other lines selected 
from Wil-2, Jurkat, Vero, Molt-4, COS-7, 293-HEK, BHK, 
K6H6, NSO, SP2/0-Ag l4 and P3X63Ag8.653. 
[0053] A further object of the invention is a pharmaceutical 
composition comprising an antibody of the invention and at 
least an excipient and/ or at least one pharmaceutically accept 
able carrier. Preferably, the monoclonal anti-idiotypic anti 
body contained in the pharmaceutical composition of the 
invention is the antibody 18B6, a fragment or a region derived 
from 18B6, or even a chimeric or humaniZed antibody com 
prising the variable regions or the CDRs of 18B6, and such as 
previously described in the present document. The pharma 
ceutical composition of the invention can be formulated into 
any excipient Which can be tolerated by a patient to be treated. 
Examples of such excipients include Water, saline solutions, 
Ringer’s solution, dextrose solutions, and any other suitable 
aqueous physiological solution. The excipient can also con 
tain loW amounts of additives, such as substances increasing 
the isotonicity and the stability of the composition. Such 
excipients include phosphate buffer, bicarbonate buffer, and 
Tris buffer. Such excipients are Well knoWn to those skilled in 
the art. Standard formulations can be in the form of liquids for 
injection or solid formulations Which can be resuspended in a 
suitable liquid prior to administration. The useful carriers for 
preparing the pharmaceutical composition of the invention 
advantageously have the function of increasing the half-life 
of the therapeutic composition in the animal or patient, or 
enabling the controlled release of the active ingredient. Such 
carriers can be organic and synthetic polymers and further 
chemical compounds capable of disseminating the medica 
ments at a normal rate or disseminating them only in certain 
environments, and can also be liposomes, this list being not 
limitative. 

[0054] Advantageously, the pharmaceutical composition 
of the invention, moreover, comprises at least an anti-idio 
typic antibody directed against the inhibitory antibody bind 
ing to a domain different from the Cl domain of Factor VIII. 
This other antibody canbe an anti-idiotypic antibody directed 
against an inhibitor antibody binding to the Al, or A3, or B, 
A2 or C2 domains of Factor VIII. Indeed, a patient suffering 
from haemophilia A, having developed inhibitory antibodies, 
exhibits most frequently several types of inhibitory antibod 
ies. In addition, the amounts and the nature of the different 
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types of inhibitory antibodies are not ?xed but may change 
during the patient’s life. The different inhibitory antibodies of 
a same patient are thus directed against the different domains 
of Factor VIII, and it is particularly advantageous to treat the 
patient not With one but With several types of anti-idiotypic 
antibody, directed against the different inhibitory antibodies. 
[0055] Preferably, the pharmaceutical composition com 
prises a monoclonal anti-idiotypic antibody directed against 
an inhibitory antibody binding to the C2 domain of Factor 
VIII and/ or an inhibitory antibody binding to the A2 domain 
of Factor VIII, and the monoclonal antibody of the invention. 
Indeed, the A2 and C2 domains are the main targets of the 
anti-Factor VIII immune reaction. Thus, a pharmaceutical 
composition comprising a mixture of anti-idiotypic antibod 
ies directed against inhibitory antibodies binding to the Cl 
domain of Factor VIII and of anti-idiotypic antibodies 
directed against inhibitory antibodies binding to the C2 
domain, enables neutralization of at least 70%, and advanta 
geously at least 80% or 90% of all inhibitory antibodies 
present in a patient. In a preferred embodiment of the inven 
tion, the pharmaceutical composition of the invention com 
prises the antibody l4Cl2 (deposited under the number 
LMBP 5878CB at the Belgian Coordinated Collections of 
Microorganisms) and/or the antibody 30Dl (deposited at 
CNCM under the number I-3450). In a further preferred 
embodiment of the invention, the pharmaceutical composi 
tion comprises the chimeric antibody l4Cl2 deposited at the 
CNCM under the number I-35 l 0 and/or a chimeric or human 
ized antibody derived from the antibody 30Dl, that is an 
antibody comprising the variable regions of the antibody 
30Dl. 
[0056] A further object of the invention is the use of the 
antibody of the invention as a medicament. 
[0057] A further object of the invention is the use of the 
antibody of the invention for manufacturing a medicament. 
Advantageously, such a medicament is used for reducing 
and/ or preventing and/ or treating bleeding in a patient suffer 
ing from haemophilia comprising inhibitory antibodies 
directed against the Cl domain of Factor VIII. 
[0058] A further object of the invention is the use of the 
antibody of the invention for manufacturing a medicament 
intended for the treatment of type A haemophilia. 
[0059] Advantageously, the thus treated type A haemo 
philia is a haemophilia With inhibitors. This type of haemo 
philia treated With the antibody of the invention can be inborn 
or acquired. By neutralizing the inhibitory antibodies, the 
antibody of the invention makes treatment by injection of 
Factor VIII to a patient effective, since the activity of Factor 
VIII is no longer inhibited by inhibitory antibodies. 
[0060] A further object of the invention is the use of the 
antibody of the invention for neutralisation of the in vitro or in 
vivo inhibitory activity of an inhibitory antibody directed 
against the Cl domain of Factor VIII. This process can be 
carried out in order to deplete the inhibitory antibodies 
directed against the Cl domain of Factor VIII from the blood 
of a patient, and afterwards to re-inject the treated blood to 
said patient. 
[0061] A further obj ect of the invention is related to a medi 
cament comprising an antibody of the invention, preferen 
tially the antibody l8B6. 
[0062] A further object of the invention is the use of the 
antibody for adsorption of the inhibitory antibodies, by Way 
of example in order to purify Factor VIII inhibitory antibod 
ies. 
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[0063] Finally, a further object of the invention is the use of 
the antibody of the invention for detection and/ or puri?cation 
of Factor VIII inhibitory antibodies. The general processes 
carrying out such methods of detection and puri?cation are 
Well knoWn to those skilled in the art. By Way of example, the 
use of an immuno-puri?cation column containing beads With 
the antibody of the invention grafted on their surface, can be 
mentioned. Only the molecules recognized by the antibody 
Will af?x themselves to the beads. The others Will pass 
through the column. In order to recover the molecule, an 
increase of the ionic strength of the solvent is su?icient. 
[0064] Further aspects and advantages of the invention Will 
be described in the folloWing examples, Which are to be 
considered by Way of illustration and not of limitation to the 
scope of the invention. 

DESCRIPTION OF FIGURES 

[0065] FIG. 1: increase (mean value) for the 4 mice in the 
binding of anti-idiotypic antibodies to RHD5. 
[0066] FIG. 2: direct binding of the anti-idiotypic antibody 
l8B6 to the insolubilized antibody RHD5. 
[0067] FIG. 3: inhibition of the binding of the antibody 
RHD5 to insolubilized recombinant FVIII (recFVIII). 
[0068] FIG. 4: neutralisation of RHD5 by l8B6. 

EXAMPLES 

Example 1 

Production of a Human Monoclonal Antibody 
Directed Against the Cl Domain of Factor Viii 

(<<Anti-Cl Antibody >> 

[0069] The human lymphoblastoid cell line RHD5 
described here beloW Was obtained by immortalization of B 
lymphocytes of a patient suffering from acquired haemo 
philia A having developed an immune response to Factor 
VIII, according to the procedure described in the document 
Jacquemin et al. (1998), Blood 92, 496-506 and in the patent 
application WO 2005/016455. 
[0070] The cell line producing the monoclonal anti-Cl 
RHD5 antibody Was deposited at the Belgian Co-ordinated 
Collections of Microorganisms/ Plasmid Collection (BCCM/ 
LMBP), Laboratorium voor Moleculaire Biologie, Univer 
sity of Ghent, Technologiepark 297, B-9052 ZWijnaarede, 
Belgium, in August 2004, by the Collen Research Founda 
tion, under the accession number LMBP 6165CB. 
[0071] The nucleotide sequence of the variable region of 
the heavy chain of the RHD5 antibody is sequence SEQ ID 
NO: 5, and the nucleotide sequence of the variable region of 
the light chain of the RHD5 antibody is sequence SEQ ID 
NO: 6. The peptide sequence corresponding to the sequence 
SEQ ID NO: 5 is sequence SEQ ID NO: 7, and the peptide 
sequence corresponding to the sequence SEQ ID NO: 6 is 
sequence SEQ ID NO: 8. 
[0072] Optionally, antibodies exhibiting the required prop 
erties can be produced by immunization of animals. In this 
case, human Factor VIII is injected into mice With an adju 
vant. Monoclonal anti-human antibodies are obtained by 
fusion of spleen lymphocytes With a mouse myeloma cell 
line. Cell supernatants producing the anti-Factor VIII anti 
bodies are identi?ed and cloned by limiting dilution. A gen 
eral description of such methods can be found in <<Current 
Protocols in Immunology, Chapter 2, John Wiley & Sons, Inc, 
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1994>>. Further selections of inhibitors exhibiting the 
desired properties are described hereafter. 

Example 2 

Production of Anti-Idiotypic Antibody 18B6 

[0073] I. Mice immunization 
[0074] Four 6 Week old Balb/c female mice Were sub-cu 
taneously injected (SC) thrice in the footpad, With 10 pg of the 
human anti-C1 domain of FVIII RHD5 antibody suspended 
in a complete Freund’s adjuvant (ACF) (1st immunization) 
then in an incomplete Freund’s adjuvant (AIF). 
[0075] The ?rst bloodletting (bloodletting 0) Was per 
formed prior to immunization (bleeding Day 0 (D0)), then the 
injections and bloodletting proceeded as folloWs: 
D1: Injection N°1 (10 pg of RHD5 antibody in the presence of 
complete Freund’s adjuvant) 

D15: Bloodletting N°1 

[0076] D16: Injection N°2 (10 pg ofRHD5 antibody in the 
presence of incomplete Freund’s adjuvant) 

D28: Bloodletting N°2 

[0077] D29: Injection N°3 (10 pg of RHD5 antibody in the 
presence of incomplete Freund’s adjuvant) 

D44: Bloodletting N°3 

II. Evaluation of the Immune Response of Mice 

[0078] In order to evaluate the presence of the anti-RHD5 
antibodies in the different bloodlettings, an ELISA assay With 
direct binding is performed. To this end, either the RHD5 
antibody, or a control IgG1 at 3 ug/ml Were insolubilized, 50 
ul/Well, un Glycine buffer, over night at 40 C. (Glycine 
buffer:0.1M Glycine, 0.17M NaCl, pH 9.2). Three Washings 
are performed With PBS/TWeen (PBS:140.0 mM NaCl, 2.6 
mM KCl, 1.4 mM KH2PO4, 8.1 nM Na2HPO4.2H2O, pH 
7.4). The system is left at saturation for 30 minutes at room 
temperature (RT) With 100 ul/Well of Magic Buffer (Magic 
BuffeFSO mM Tris, 0.17M NaCl, 1% BSA, pH 7.2). After 
Wards, the bloodlettings Were diluted to 1/1o, 1/100, 1/1000 and 
1/10000 in Magic Buffer and incubated for 2 hours at room 
temperature (50 ul/Well). Then, 3 Washings are carried out in 
PBS/Tween. Subsequently, the system is incubated With a 1 
ug/ml solution of goat polyclonal mouse anti-IgG antibodies 
labelled With HRP (horseradish peroxidase) (Bio-Rad) for 2 
hours at room temperature (50 ul/Well) (dilution in Magic 
Buffer). Then, the system is Washed 3 times With PBS/Tween, 
and revelation is carried out With a chromo gen (Ortho -phenyl 
diamine) and the intensity of the obtained coloration is read 
using a reader With ?lters corresponding to Wavelengths 490/ 
650 nm (reader Emax Molecular Devithese, Sunnyvale, 
Calif.). 
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Result of optical densities obtained With the control IgG1: 

TABLE 1 

Dilution 
1000X Mouse 1 Mouse 2 Mouse 3 Mouse 4 

Bloodletting 0 0.031 0.019 0.018 0.018 
Bloodletting 1 0.019 0.020 0.025 0.028 
Bloodletting 2 0.026 0.023 0.169 0.045 
Bloodletting 3 0.027 0.063 0.150 0.024 

[0079] Result of optical densities obtained With RHD5: 

TABLE 2 

Dilution 
1000X Mouse 1 Mouse 2 Mouse 3 Mouse 4 

Bloodletting 0 0.047 0.020 0.012 0.018 
Bloodletting 1 0.446 0.188 0.142 0.157 
Bloodletting 2 0.632 0.685 0.648 0.911 
Bloodletting 3 0.570 0.708 0.778 0.852 

[0080] The results obtained are depicted in FIG. 1. Conclu 
sion: Each mouse responded correctly and reacted similarly 
to the injection of the RHD5 Fab fragment. In an arbitrary 
manner, mouse n°4 Was selected to carry out the fusion. 

III. Fusion and Screening 

[0081] The fusion of spleen lymphocytes of mouse n°4 
With cells of a myeloma SP2/0 Was carried out. The fusion 
Was carried out in a conventional Way for those skilled in the 
art (I. G. Gilles et al., Blood (2004) 103: 2617-23; P. Comelis, 
<<Les anticorps monoclonaux >>, Revue IRE, vol. 7, N°4, 
1 983). 
[0082] The cells Were successively expanded in a DMEM 
medium (Dulbecco’s Modi?ed Eagle Medium) containing 
hypoxanthine and thymidine according to the principle of 
limit dilutions and the clones tested positive detected in direct 
binding ELISA assay, such as previously described in point 
II. 

[0083] The speci?city of the binding Was con?rmed by 
insolubilizing a human IgG1 antibody having an irrelevant 
speci?city, and produced in the Laboratory. 
[0084] In order to determine hybridoma stability, the 
epitope screening tests (tests 1 to 3) Were repeated during 
clones expansion, in different volumes of medium from 200 
[1.1 to 5 ml. 
Test 1:measurement in Well of 200 [1.1 
Test 2:measurement in Well of 1 ml 
Test 3:measurement in bottle of 5 ml 

Results obtained during different epitope screenings are 
resumed in the folloWing Table 

TABLE 3 

Screening Inhibition: Neutralization: 

Screening 1 Screening 2 Screening 3 3/IgG1 Elisa functional test 

1A1 + — — — 

1P3 + + + — + (92.5%) + (100%) 

2A1 + — — — 

2C9 + + + + 
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TABLE 3-continued 
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Inhibition: 
Elisa 

S creenin g 
Screening 1 Screening 2 Screening 3 3/IgGl 

Neutralization: 
?anctional test 

+++|+ + (93.6%) 

3H3 |+++++++++|++|+ + (93.6%) 

+ (90.9%) 
+ (93.6%) 

+ (83.6%) 

+ (94%) 

+ (92.4%) 

- +(93.1%) |+++++++++++|+++++++++++|++|+++|+++++|+|+++++ 
- + (93.8%) 

+/- (56.3%) + l 

,_ 4;. U H ,_ +++++++++++++++++++++++++++++++++++++++++++++++++++++++ ||++|++|+| ll+ II 

+ (100%) 

+ (100%) 

+ (95.6%) 
+ (100%) 

+ (100%) 

+ (90.9%) 

+ (100%) 

+ (100%) 

+/- (76.9%) 

IV. Inhibition Assay with Culture Supernatants 
[0085] As shown in Table 3, a test of inhibition was carried 
out with the culture supernatants. This assay was carried out 
in order to select, from the clones, the anti-idiotypic antibod 
ies which exactly recognize an epitope determinant located at 
the paratope level of the RHDS Ab. The anti-idiotypic anti 
bodies were tested in an ELISA assay for inhibition of bind 
ing of the RHDS to the insolubiliZed FVIII. 
[0086] Recombinant Factor VIII (recFVIII) (Baxter) at 2 
ug/ml in a glycine buffer, 50 ul/well, was insolubiliZed, then 
left for 2 hours at room temperature. The RHDS antibody (or 
an irrelevant IgGl) at 0.6 ug/ml ?nal concentration was pre 
incubated over 2 hours with the culture supernatants in a 

dilution 1/1, 1/2 and 1A1 in Magic Buffer. The wells were washed 
3 times with a PBS/Tween buffer, then saturated with 100 
ul/well of Magic Buffer (30 min at room temperature). After 
wards, the culture supernatant was incubated with 50 ul of 
RHDS (or irrelevant IgGl) (2 hours at room temperature, 
Magic Buffer), then, 3 washings were performed. The RHDS 
antibodies bound to insolubiliZed recFVIII were detected by 
addition of 50 ul/well of a mouse polyclonal human anti-IgG 
HRP-labelled (Southern Biotechnology) antibodies solution 
of l ug/ml in Magic Buffer. Three successive washings were 
carried out with PBS/Tween, then revelation carried out with 
a chromogen (OPD ortho-phenyl diamine) and a reading of 
the obtained coloration intensity with a reader having ?lters 
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corresponding to Wavelengths 490/650 nm (reader Emax 
Molecular Devithese, Sunnyvale, Calif). 

CONCLUSIONS 

[0087] As shoWn in Table 3, 11 clones are able to speci? 
cally inhibit the RHD5 antibody binding to insolubiliZed 
recFVIII. (N.B.: A negative value either expresses the possi 
bility of binding to an external region of the paratope, or 
re?ects an insu?icient concentration of the Ab in the culture 
supernatant. However, With respect to the number of posi 
tives, the negative Wells Were eliminated from the folloWing 
tests). 
V. Functional Test With Culture Supernatants Measurement 
of Neutralisation of RHD5 Antibody Inhibitory Activity 
(Anti-Factor VIII) 
[0088] The RHD5 antibody is incubated at a concentration 
of 1 ug/ml With supernatants of different clones selected 
during the test of inhibition (diluted 3 times, 6 times, 12 times 
and 24 times) in Magic Buffer at 370 C. After 30 min, the 
FVIII Kogenate (Bayer) at 0.5 U/ml ?nal Was added, then a 
complementary incubation of 30 min at 370 C. Was carried 
out. The samples Were diluted 30>< in Magic Buffer, then the 
reagents of the chromogenic DADE test (Factor VIII chro 
mogenic, Dade Behring Gmbh, Marburg, Germany) Were 
added folloWing the manufacturer’s instructions. 
[0089] As shoWn in the Table 3, 10 clones are able to 
neutraliZe the inhibitory activity of the RHD5 Ab. Antibody 
18B6 Was selected to be used in the folloWing experiences, as 
a function of the results and neutralisation curves. 

VI. Extensive Production of the Selected 18B6 Anti-RHD5 
Clone 

[0090] The anti-idiotypic antibody 18B6 Was produced in a 
DMEM culture medium. This production Was folloWed by 
puri?cation on a Protein G a?inity column (Which enables 
puri?cation, then concentration of the antibodies, and thus to 
ascertain further the obtained anti-idiotypic antibody speci 
?city). Puri?cation: 18B6: production of 8 ml at 8.48 mg/ml 

VII. Speci?city Evaluation 

[0091] The various preparations Were evaluated With an 
ELISA folloWing the same protocol as described in points II. 
and IV. 
1. ELISA assay: direct binding of the anti-idiotypic antibody 
18B6 to insolubiliZed antibody RHD5 
[0092] The direct binding of the anti-idiotypic antibody 
18B6 to the insolubiliZed antibody RHD5 is illustrated in 
FIG. 2. The curve shoWs that the binding of antibody 18B6 to 
RHD5 is dose-dependent. 
2. ELISA assay: inhibition of antibody RHD5 binding to 
insolubiliZed recombinant FVIII. 
[0093] The inhibition of RHD5 antibody binding to insolu 
biliZed recombinant FVIII Was measured according to the 
protocol described in point IV. The concentration of used 
RHD5 is equal to 2 ug/ml. 

TABLE 4 

Cone. 18B6 Inhibition of 
pgml binding (%) 

50 96.1 
25 97.2 
12.5 96.9 
6.25 96.7 
3.12 94.1 
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TABLE 4-continued 

Conc. 18B6 Inhibition of 
pgml binding (%) 

1.56 90.3 
0.78 50.3 
0.39 9.2 
0.195 0 
0.098 0 

[0094] The results are shoWn in FIG. 3. A 50% inhibition of 
RHD5 binding to FVIII is obtained at a molar ratio RHD5/ 
18B6 of 2.5, While an equimolar ratio inhibits 92% of this 
binding. 
3. Functional test: measurement of the neutralisation of 
RHD5 antibody inhibitory activity (anti-FVIII) 
[0095] The protocol is the same as described in pointV With 
a ?nal RHD5 concentration of 0.4 ug/ml and a curve of 
puri?ed anti-idiotypic antibody from 4 to 0.002 ug/ml ?nal 
concentration. 
[0096] The results are given in the folloWing Table 5 

TABLE 5 

Cone. anti- Neutralisation 
Id(11g/rnl) (%) 

4 89.5 
1.33 81.2 
0.44 54.3 
0.148 27.4 
0.049 11 
0.0165 8.8 
0.0055 6.7 
0.00183 8.9 
0.0006 6.7 
0.0002 0 

[0097] The results are illustrated in FIG. 4. A 50% neutrali 
sation of RHD5 inhibitory activity is obtained at an equimolar 
RHD5/18B6 ratio. 
4. Measurement of the binding kinetics of anti-idiotypic anti 
body 18B6 With the <<Surface plasmon resonance Biacor >> 
method 
[0098] The binding kinetics of the anti-idiotypic antibody 
18B6 to inhibitor RHD5 antibody Was evaluated by use of the 
<<Surface plasmon resonance Biacore >> method using the 
Pharmacia Biosensor BIAcore (Pharmacia Biosensor AB, 
Uppsala, SWeden). The RHD5 antibodies Were immobiliZed 
on the activated surface of a CM5 probe. The anti-idiotypic 
antibodies 18B6 Were infused in different RHD5 concentra 
tions immobiliZed on the surface of the probe. The associa 
tion and dissociation constants Were determined: 

5. Characterization of the anti-idiotypic antibody 18B6 sub 
class 
[0099] In order to determine the sub-class of the antibody 
18B6, the IsoStrip system by Roche Was used (colorimetric 
strip). The antibody 18B6 Was identi?ed as a IgG1 Kappa. 

VIII. Sequence of the Antibody 18B6 

[0100] In order to carry out sequencing, mRNA of hybri 
doma producing the anti-idiotypic antibody 18B6 Was iso 
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lated, using a Quick Prep Micro mRNA Puri?cation Kit (Am 
ersham Pharrnacia Biotech, Uppsala, Sweden). The cDNA 
Was synthesized by use of First-strand cDNA Synthesis Kit 
(Amersham Pharrnacia Biotech). The cDNA encoding the 
heavy chain (V H) and the light chain (VL) Was ampli?ed by 
PCR (Polymerase Chain Reaction) using speci?c primers 
corresponding to different families of genes potentially found 
in the mouse. The PCR products Were isolated from an aga 
rose gel 1.5% by means of QIA quick Gel Extraction Kit 
(Qiagen, Hilden, Germany) and cloned With pGEM-T Easy 
Vector system (Promega, Madison, Wis.). Plasmidic DNA of 
positive colonies Was isolated by means of High Pure Plasmid 
Isolation Kit (Roche Diagnostics, Mannheim, Germany) and 
sequenced in both directions With Seqenase (US Biochemi 
cal, Cleveland, Ohio). 

1. A monoclonal anti-idiotypic antibody directed against a 
Factor VIII human inhibitory antibody, said inhibitory anti 
body being directed against the C1 domain of Factor VIII, 
Wherein at least one CDR region (Complementarity Deter 
mining Region) of each of the light chains of said antibody 
contains a peptide sequence having at least 70% identity to a 
sequence selected from the sequences SEQ ID NO:12, SEQ 
ID NO: 13, SEQ ID NO: 14 and in that at least one CDR region 
of each of the heavy chains of said antibody contains a peptide 
sequence having at least 70% identity to a sequence selected 
from the sequences SEQ ID NO:9, SEQ ID NO:10, SEQ ID 
NO: 1 1 . 

2. The antibody according to claim 1, Wherein each CDR 
region of each of the light chains of said antibody contains a 
peptide sequence having at least 70% identity to respectively 
the sequences SEQ ID NO:12, SEQ ID NO:13 and SEQ ID 
NO:14, and in that each CDR region of each of the heavy 
chains of said antibody contains a peptide sequence having at 
least 70% identity to respectively the sequences SEQ ID 
NO:9, SEQ ID NO:10 and SEQ ID NO:11. 

3. The antibody according to claim 1, Wherein the variable 
region of each of the light chains of said antibody is coded by 
a nucleic acid sequence having at least 70% identity to the 
nucleic acid sequence SEQ ID NO: 16, and in that the variable 
region of each of heavy chains of said antibody is coded by an 
nucleic acid sequence having at least 70% identity to the 
nucleic acid sequence SEQ ID NO:15. 

4. The antibody according to claim 1, Wherein variable 
region of each of the light chains of said antibody is coded by 
the nucleic acid sequence SEQ ID NO:16, and in that the 
variable region of each of the heavy chains of said antibody is 
coded by the nucleic acid sequence SEQ ID NO: 15. 

5. The antibody according to claim 1, Wherein peptide 
sequence of the variable region of each of the light chains 
thereof is a sequence exhibiting at least 70% identity to the 
sequence SEQ ID NO: 18, and the peptide sequence of the 
variable region of each of the heavy chains thereof is a 
sequence exhibiting at least 70% identity to the sequence 
SEQ ID NO: 17. 

6. The antibody according to claim 1, Wherein peptide 
sequence deduced from the sequence SEQ ID NO: 16 is the 
sequence SEQ ID NO: 18 and in that the peptide sequence 
deduced from the sequence SEQ ID NO: 15 is the sequence 
SEQ ID NO: 17. 

7. The antibody according to claim 1, Wherein inhibitory 
antibody is the antibody RHD5 (deposited at the collection 
BCCM/LMBP under the number LMBP 6165CB). 

8. The antibody according to claim 1, Wherein said anti 
idiotypic antibody is a mouse antibody. 

9. The antibody according claim 8, Wherein said anti-idio 
typic antibody is a IgGlkappa 
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10. The antibody according to claim 1, Wherein said anti 
body is a chimeric antibody. 

11. The antibody according to claim 10, Wherein said anti 
body is a human hybrid antibody. 

12. The antibody according to claim 1, Wherein said anti 
body is a humaniZed antibody. 

13. The antibody according to claim 1, Wherein it is 
selected from the group consisting in a F(ab')2 fragment, a 
Fab' fragment, a Fab fragment, a CDR region and any modi 
?ed version of any one of these fragments or region. 

14. The antibody according to claim 1, Wherein it is capable 
of being produced by the hybridoma 18B6 deposited under 
registration number CNCM I-3559 at the Collection Nation 
ale de Cultures de Microorganismes (CNCM). 

15. A stable cell line producing an antibody according to 
claim 1. 

16. The stable cell line according to claim 15, selected from 
the group consisting of: SP2/0, YB2/0, IR983F, the human 
myeloma NamalWa, PERC6, the cell lines CHO, namely 
CHO-K- 1, CHO-Lec 10, CHO-Lecl, CHO-Lec13, CHO Pro 
5, CH0 dhfr-, Wil-2, Jurkat, Vero, Molt-4, COS-7, 293-HEK, 
BHK, K6H6, NSO, SP2/0-Ag 14 and P3X63Ag8.653. 

17. The hybridoma 18B6 deposited under the registration 
number CNCM I-3559 at the Collection Nationale de Cul 
tures de Microorganismes (CNCM). 

18. A monoclonal anti-idiotypic antibody directed against 
a Factor VIII human inhibitory antibody, said inhibitory anti 
body being directed against the C1 domain of Factor VIII 
produced by the hybridoma 18B6 deposited under the regis 
tration number CNCM I-3559 at the Collection Nationale de 
Cultures de Microorganismes (CNCM). 

19. A DNA fragment exhibiting the sequence SEQ ID NO: 
15 coding the variable region of the heavy chain of an anti 
body according to claim 1. 

20. A DNA fragment exhibiting the sequence SEQ ID NO: 
16 coding the variable region of the light chain of an antibody 
according to claim 1. 

21. A pharmaceutical composition comprising an antibody 
according to claim 1 and at least one excipient and/or at least 
one pharmaceutically acceptable carrier. 

22. The composition according to claim 21, characteriZed 
in that it comprises at least one anti-idiotypic antibody 
directed against an anti-FVIII antibody directed against a 
domain different from the C1 domain of Factor VIII. 

23. The composition according to anyone of claim 21, 
Wherein it comprises an anti-idiotypic antibody directed 
against an anti-FVIII antibody directed against the C2 
domain of Factor VIII and/or an antibody directed against the 
A2 domain of Factor VIII. 

24. The use of an antibody according to claim 1, for the 
manufacturing of a medicament. 

25. The use of an antibody according to claim 1, for the 
manufacturing of a medicament intended for the treatment of 
type A haemophilia. 

26. The use of an antibody according to claim 25, Wherein 
the type A haemophilia is a haemophilia With inhibitors. 

27. The use of an antibody according to claim 1, for in vitro 
neutraliZing the inhibitory activity of an inhibitory antibody 
directed against the C1 domain of Factor VIII. 

28. The use of an antibody according to claim 1, for in vitro 
detection and/or puri?cation of Factor VIII inhibitory anti 
bodies. 

29. A medicament comprising an antibody according to 
claim 1. 


