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ANTIGENIC EPITOPES OF FACTOR VIII, INHIBITORS DIRECTED

AGAINST SAID EPITOPES AND USE THEREOF

Subject of the invention

[00011] The present invention relates to the
antigenic polypeptide sequences (epitopes) of factor VIII
to the anti-FVIII inhibitors which are directed against
these sequences and to anti-inhibitors which are directed
against said anti-FVIII inhibitors.

[ooo21} The present dinvention also relates to a
pharmaceutical composition and to a diagnostic device

comprising at least one of the above mentioned molecules.

Technical background underlying the invention

[0003] FVIII is a large multi-domain protein of
2,332 amino acids made up of three structural domains, 3, B
and C which are arranged in the ordex
Al:al:A2:a2:B:a3:A3:C1:C2. The A domains possess more than
40% homology and are also homologous to ceruloplasmin (for
recent review, see Pratt (2000) and Saenko (199%)). 30%
homology also exists between the A domains of factor V and
TVIIT. The C domain occurs twice and is reported to be able
to bind glyco-conjugates and phospholipids having a net
negative charge. It exhibits homology with lectins which
are able to bind to negatively charged phospholipids. The
platelet attachment site has been located in this region

(C2 domain) (Foster et al., (1990)) .
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[0004] These antigenic determinants consist of
fragments 351 - 365 (Al domain - heavy chain), 713 - 74¢C
(A2 domain), 1670 - 1684 (A3 domain - light chain) (NH, end
of the light chain) or else 2303 - 2332 (C2 domain - light
chain) (Foster ¢, (1990)), fragments 7031 =~ 750, 1663 -
1689, 330 - 472, 1694 - 1782 (EP-0 202 853), 322 - 740 and
2170 - 2322.

[0005] The U.S patent 5,744,446 describes an hybrid
human/animal Factor VIII having a sequence of amino acids
selected from the group of the A2 domain fragmentsg 373-540,
373-508, 445-508, 484-508, 404-508, 489-508 and 484-489,
with corresponding sequences of porcine or wurine
Factor VIII, said hybrid being used for the treatment of
Factor VIII deficiencies.

{00061 The antibodies which recognize these various
sites interfere, with the activation of FVIII, the binding
of vWf, FIXa, FXa, APC or phospholipids. The specific
antibody response to FVIII vary considerably among
individuals, and epitopes for inhibitor antibodies have to
be determined for all FVIII domains (see for recent review
Scandella, 2000; Lollar, 2000).

10007] Other antibodies, which do mnot inhibit
standard activity tests in vitro, can exert an influence on
the behavior of FVIII with the other constituents of the
coagulation cascade while attaching themselves to sites in
the molecule which are at a substantial distance from the
active sites. These antibodies, can interfere with the
natural state of folding of FVIII by altering some of its
properties.

[o008] Emergence of alloantibodies (inhibitors) that
neutralize infused FVIII activity way sericusly complicate
FVIIT replacement therapy. Reported inhibitor incidence
rates in hemophiliacs wvary considerably. They range around

6-35% (Vermylen et al, 1928). Candidates for genetic
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predispositions such as large deletions and intron 22
inversion have been found associated with a high incidence
of inhibitors and genes that are involved in the iwmmune
response as genes MHC class I and class II (Tuddenham and
McVey, 1998). Repeat switching from one FVIII product to
another and the possibility that some FVIII concentrates
are more immunogenic may also explain the appearance of
inhibitors (Vermylen et al, 19298). Different methods of
preparing FVIII could exert an influence on its structure,
its physicochemical properties or its natural micro-
environment; Laub et al. (1999); Raut et al. (1998)).
Clinically relevant anti-FVIII autoantibodies are rare in
non-hemophilic patients {annual frequency in the
population: 1-5/10°) (Morrisson and Ludlam) (1995). They
are associated with a number of autoimmune diseases and are
often characterized by life-threatening hemorrhage. On the
other hand, anti-FVIII antibodies have also been described
in healthy subjects (Algiman et al, 1992; Moreau et al,
2000), without any apparent effect on the subjects’ levels
of circulating FVIII.

{0009} Self proteins or derived peptides may elicit
an immune response if presented to CD4 T cells at
inflammatory sites by professional antigen presenting
cells. Using pools of overlapping synthetic peptides
spanning the sequences of individual FVIII domains, Reding
et al. (2000) showed reactive CD4* to FVIII in healthy
subjects and hemophilia patients. Several FVIII domains
were recognized: A3 domain was recognized more strongly and
frequently and each domain forms several epitopes.

[0010] Technigues such as western blotting,
immunoprecipitation, and enzyme-linked immunosoxbén\: assays
(ELISAs), using well-defined FVIII proteolytic fragments, a
large recombinant peptide library, or synthetic peptide

arrays, have been used to map different FVIII-ipnhibitor
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binding sites located mainly din the A2 and C2 domains.
However, none of these technigues has made it possible to
build a wmodel for identification of inhibitor .and non-
inhibitor epitopes. Only a few epitopes have been mapped to
discrete sequences (<20 amino-acid residues). To solve this
problem, Palmer et al (1997) synthesized 96 undecamer
peptides (11 amino-acid residues) representing 80% of the
complete zresidue sequence of FVIII. They succeeded in
determining the epitope specificity of 9 patients’
inhibitory antibodies. Other useful techniques are analysis
of FVIII gene wutations and their effects on the FVIII
molecule as well as phage display technology (van den Brink
et al, 2000). All these methodologies, however, are time
consuming, rather costly, and largely dependent on patient
availability. Certain areas of the FVIII molecule may be
“hot spots” containing commonly recognized clusters of
inhibitor epitopes, e.g., regions in the A2 domain, A3
domain, and C2 domain. The reason for these “hot spots” in
generating an inhibitor response remains poorly understood
(Reisner et al, 1995).

[oo11] Currently, a predominant notion among
hemophilic patientsg, clinicians and “"fractiomators" is that
of having available a purified FVIII which is deveid of all
pathogenic plasma contaminants and secondary effects.
[o012] Different animal models could be used as
hemophilia dogs, scid mice, hemophilia mice .. but until
now, no satisfactory experimental model exists which makes
it possible to forecast the immunogenicity or the immuno-
modulatory effect of the FVIII preparations, or the
susceptibility of the host, before they have been admin-
istered clinically. '

[0013] Patients who develop an anti-FVIII immune

response find themselves in a serious situation which
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necessitates the use of severe, aggressive and excessively
expensive measures.

[0014] One of the freguently treatment, is the
induction of immune tolerance by administration of very
high doses of FVIII (150 IU/kg twice a day) in association
or mnot with prothrombin complex concentrates and is
assigned as "Bonn Protocol". Treatment options are alsc to
by-pass the FVIII inhibitor activity by use of PCC
(preferably an activated PCC [APCC]) or FVIIa. Specific
antibodies as consequence of the infusion of these
alternative agents <could be produced, impairing the
treatment. As an alternative agent porcine FVIII may be
used to achieve haemostasis in patients with antibodies
that do not substantially crossreact with porcine FVIII
before or during the treatment (Lollar, 2000}.

[0015] A potential alternative approach to inhibit
the production of inhibitors is blockade of the T cell/B
cell collaboration wediated by through receptor ligand
binding signal events (Ewenstein et al, 2000). Preliminary
clinical trials were performed using a humanized mouse
monoclonal antibody to human T cell CD40 ligand (CD 154).
[0016] A profitable strategy for reducing the level
of inhibitors has consisted in subjecting patients to an
extracorporeal circulation to enable solid-phase absorption
of the total IgG.

[0017] The immunoabsorbant could be sepharose-bound
staphylococcal protein A or sepharose-bound polyclonal
sheep antibodies to total human immunoglobulin (Knobf and
Derfler, 19899). The foreign proteins (protein A, sheep
anti-human Ig) could leak from the column and triggered the
immune system of the recipient; moreover problems could

raised as sanitisation (ICH Topic Q5A, Directive 92/79/EC).
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{0018] The infusion of polyvalent intravenous
immurloglobulrins {(1vIiG), whexre ap-propriate combined with an
immunosuppressive treatment, has been found to be rela-
tively effective, although the reason for this effective-
nesg is still not fully established. Various hypotheses
involving feed-back inhibition of IgG synthesis, ‘stimula-
tion of IgG clearance or activation of T suppressor cells
have been advanced. An interesting explanation is that
these commercial intravenous immunoglobulins wmight contain
antibodies which are able to react with the variable parts
(idiotypes) of the anti-FVIII antibodies and neutralize
these antibodies {(Dietrich et al. (1882)).

{00191 Unfortunately, none of these approaches has
been found to be satisfactory in terms of safety, efficacy,
efficiency and cost.

[0020] The state of the art in epitope structure
prediction was limited given to the fact that non-
continuous amino acid residues seem to constitute most
important epitope and that the dynamics of binding, is often
not integrated into the epitope prediction eguation making
epitope structure prediction a complex four-dimensional
problem (Van Regenmortel, Methods: A companion to Methods
in Enzymology, 9, page 465-472, 1996).

[0021] According to the author, most of the
antibodies raised against intact proteins do not react with
any peptide fragment derived £rom the parent protein
indicating that such antibodies are directed to
discontinuous epitopes (conformational epitopes)

[0022] This author states also that low success rate
of antigenic prediction is due to the fact that p;edictions
concerns only continuous epitopes and it is unrealistic to
reduce the complexity of epitopes that always possess
conformational features to one dimensional linear peptide

model .
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[0023] Similarly, Palmer et al. (1297) using
gsynthetic peptide arrays to identify mnovel Factor VIIT
inhibitor epitopes note that each patient pattern of anti-
factor VIII antibody reactivity appears to be polyclonal,
directed against multiple sites located within the amino
and carboxyl terminus of the protein and seems to be unique
for each plasma investigated (see also above).

Moreover, this author notes that it is difficult to predict
the importance that any given antibody: epitope interaction
may have on Factor VIII coagulation activity based on the
results of synthetic peptide assays alone (due to the
uncomplete understanding of the relationship between
structure and function of different factor VIII domains and
the possibility that both inhibitor and non-inhibitory
antibodies may be present in a patient's plasma.

[0024] Therefore, the documents of the state of the
art do not suggest to identify antigenic linear peptides
upon a macro-molecule (such as Factor VIII) and that linear
epitopes could be used for the diagnostic and/or the
therapy of immune disorders induced by inhibitors directed
against Factor VIIT.

[0025] The international patent application
W096/02572 describes antigenic fragment and epitope
sequences of factor VIII and inhibitors directed against

some of these sequences.

Aimg of the invention

[0026] The present invention aims to obtain mnew
antigenic epitopes of factor VIII in order to improve the
diagnosis and/cr the therapy (including the prevention) of
immune disorders (in particular those induced by inhibitors
of FVIII, especially inhibitors of the binding of FVIII to
the von Willebrand factor (vWf), to the FIX and/or to
membrane phospholipids (PL)), said epitopes allowing a
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screening between non-inhibitory and inhibitory anti-FVIII
allo- or auto-antibodies (allo- or auto-immunoglobulins).
{0027] Another aim of the invention is to obtain
inhibitors which exhibit an immuncaffinity with these
antigenic epitopes, as well as to obtain anti-inhibitors,
in particular antibodies or (T)cell receptors, which are
directed against the abovementioned said inhibitors and
whose purpose is to improve the diagnosis and/or therapy
(or prevention) of immune disorders.

[0028] A further aim of the invention is to obtain
said molecules at high purity, in industrial level, without
contaminants (viruses, prions,...) and according to the GMP
practices in the field of therapy and diagnostics (ICH
topic QSA, Directive 92/79/EC, etc.).

Summary of the invention

[0029] The present invention relates to the
antigenic polypeptide sequences (epitopes) of factor VIII
whose complete sequence is described by Verhar et al.
(1984) and which provides the reference for the amino-acids
numerotation of the complete factor VIII sequence.

[0030] The "complete polypeptide sequence of factor
VIII" ig understood to be the natural human or animal
sequence, which may be glycosylated and which has been
obtained by purification from pools of plasma, in
particular cryoprecipitate, by synthesis and/or by genetic
manipulation (sequence from which portions which are not
involved in the mechanism of blood coagulation may have
been deleted) of factor VIII.

[0031] The present invention relates, in particular,
to an antigenic epitope sequence of factor VIII which is
selected from the group consisting of

- the epitope comprised between serine 2018 and histidine

2031 inclusive, defined by the following sequence:
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SEQ ID No:10:
Ser Asn Lys Cys Gln Thr Pro Deu Gly Met Ala Ser Gly His
1 5 10

the epitope tyrosine 555 to glutamine 565 inclusive,
defined by the following seguence:

SEQ ID No:17:

Tyr Lys Glu Ser Val Asp Gly Arg Gly 2sn Gln

1 5 10

the epitope leucine 730 to serine 741 inclusive,
defined by the following sequence (P4):

SEQ ID No:20:

Leu Leu Ser Lys Asn Asn Ala Ile Glu Pro Arg Ser

1 5 10

possibly deleted from the terminal amino acid serine
(P4) and/or the first amino acid leucine

the epitope serine 817 to serine 830 inclusive, defined
by the following sequence (F5):

SEQ ID No:21:

Ser Asp Asp Pro Ser Gly Ala Ile Asp Ser Asn Asn Ser
1 5 10
the epitope asparagine 2128 to asparagine 2138
inclusive, defined by the féllowing sequence:
SEQ ID No:24:
Asn Val Asp Ser Ser Gly Ile Lys His Asn
1 5 10
the epitope serine 2204 to glutamine 2222 inclusive,
defined by the following sequence (P12):
SEQ ID No:27:
Ser Pro Ser Lys Ala Arg Leu His Leu Gln Gly Arg Ser Asn Ala Trp
1 5 10 15
Arg Pro Gln
the epitope isoleucine 2262 to glutamine 2270
inclusive, defined by the following sequence:v
SEQ ID No:30:
Ile Ser Ser Ser Glm Asp Gly His Gln
1 5
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- the epitope leucine 2273 to serine 2289 inclusive,
defined by the following sequence (P14):
SEQ ID No:31:
Leu Phe Phe Gln Asn Gly Lys Val Lys Val Phe Gin Gly Asn Gln Asp
1 5 10 15
Sex .
- the epitope proline 2292 to tyrosine 2305 inclusive,
defined by the following seguence (P15):
SEQ ID No:32:
Pro Val Val Asn Ser Leu Asp Pro Pro Leu Leu Thr Arg Tyr
1 5 10
possibly deleted from one or more amino acids of the
terminal tripeptide Thr-Arg-Tyr involved in the
phospheolipid von Willebrand factor binding site
- the epitope glutamic acid 2322 to tyrosine 2332
inclusive, defined by the following sequence (P16):
SEQ ID No:33:
Glu Val Leu Gly Cys Glu Ala Gln Asp Leu Tyr
1 5 10

[o032] The invention also relates to the major parts
of the said epitopes. Said epitopes can be deleted from one
or more terminal amino acids, preferably from one, two or
three amino acids, or can be replaced by one or more amino
acids that present the same characteristic of
hydrophilicity, flexibility and accessibility.

[00331] It is also known that some of the epitopes
according to the dinvention are comprised in major
determinants of human inhibitors epitopes or several
factors binding sites or binding sites of known monoclonal
antibodies, especially the portion C2 that is known to be
the binding site of the monoclonal antibody Mas531P or the
binding site ESH8 as well as phospholipids, Factor Xa or
the wvon Willebrand factor binding site. However, the

specific epitopes according to the invention or their major
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parts are preferred selected portions of said binding sites
or may include a possible overlapping with said binding
sites.

[0034] These epitopes sequences are particularly
advantageously characterized by high hydrophilicity, which
has been defined by Parker and Hodges (1986), considerable
flexibility, which has been defined by Karplus and Schultz
(1985) and considerable accessibility, which has been
defined by Janin (1979).

{0035] These epitopes are, in particular, exposed on
the surface of the factor VIII protein and exhibit
pronounced antigenic and immunogenic characteristics.

[0036] Another aspect of the present invention is
related to a modified (recombinant or transgenic) FVIII,
possibly obtained by genetic engineering, and deleted from
one or more of the above-identified epitopes or major parts
of said epitopes.

[6037] Advantageously, said FVIII still allows the
binding of coagulation factor(s), but will be less
immunogenic and will not induce or induce less the
formation of inhibitors directed against said modified
FVIII or natural FVIII.

[0038] Advantageously, said epltopes are also
independently immunogenic (that is to say they are
immunogenic even without being complexed with a protein of
large size such as BSA, KLH, haemocyanin, etc.), and
preferably exhibit an immunoaffinity within inhibitors of
factor VIII, such as anti-factor VIII antibodies, and/or
exhibit an immunocaffinity for the receptors of the T
lymphocytes and possibly B lymphocytes.

[0039] These epitopes and/or major parté of said
epitopes induce an immune reaction (antibody synthesis)
when they are injected into a rabbit.

[0040] Said sequences are unexpectedly characterized
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by substantial immunogenicity towards monoclonal and poly-
clonal antibodies, but are sufficiently short to be readily
and advantageously obtained by synthesis.

[o041] The present invention also relates to the
conformational epitopes which comprise at least two
different sequence epitopes and/or at least two major parts
of said epitopes according to the invention and above
identified.

{oo421] The conformational epitopes are made up of
two or more different portions of a polypeptide sequence,
which portions are located in proximity to each other when

the protein is folded in its tertiary or guaternary

structure.
[0043] These epitopes are capable of being
"recognized" (that is to say of exhibiting an

immunoaffinity), preferably simultaneously, with inhibitors
of factor VIII, in particular B and T lymphocytes (by way
of the major histocompatibility Ilocus (MHC I and/or II))
and/or anti-factor VIII antibodies (Scandella et al.
{2000) ; Reding et al. (2000})).

[0044] Preferably, the said epitopes and/or the
major parts of said epitopes are complexed with a carrier
protein or a carrier peptide, such as BSA, or KLH
haemocyanin, as to form a complex exhibiting a more
powerful immunogenicity.

[0045] The present invention is also related to a
pool of antigenic epitopes of factor VIII which comprises a
mixture of the epitopes above mentioned linear epitopes
(SEQ TD 10, SEQ ID 17, SEQ ID 20, SEQ ID 21, SEQ ID 24, SEQ
ID 27, SEQ ID 20, SEQ ID 31, SEQ ID 32, SEQ ID 33) ox
conformational epitopes made of said epitopes ér a pool
which may comprise at least one of said epitopes and one or
more additional antigenic epitopes of factor VIII already

described in the state of the art and preferably selecting
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from the group consisting of

the epitope arginine 1648 to tyrosine 1664 inclusive,
defined by the following seguence:
SEQ ID No:l:

Arg Asp Ile Thr Arg Thr Thr Leu Gln Ser Asp Gln Glu Glu Ile Asp

1 5 10 .15

TYyr
and posegibly deleted from one or more amino acids of
the tetrapeptide Arg-Asp-Ile-Thr (P7), or one or two of
the last amino acids of the dipeptide Asp-Tyr

the epitope aspartic acid 1681 to arginine 1696 (P8)
inclusive, defined by the following sequence:

SEQ ID No:2:
Asp Glu Asp Glu Asn @ln Ser Pro Arg Ser Phe Gln Lys Lys Thr Arg

1 5 10 15
possibly deleted from one or more amino acids of the
epitope Asp-Glu-Asp-Glu,

the epitope threonine 1739 to tyrosine 1748 inclusive,
defined by the following sequence:

SEQ ID No:3:
Thr Asp Gly Ser Phe Thr Gln Pro Leu Tyx

1 5 10

the epitope asparagine 1777 to phenylalanine 1785
inclusive, defined by the following sequence:

SEQ ID No:4:
Asn Gln ala Ser Arg Pro Tyr Sexr Phe

1 5

possibly deleted from one or more amino acids of the
terminal dipeptide Ser-Phe or tetrapeptide Pro-Tyr-Sex-
Phe

the epitope glutamic acid 1794 to tyrogine 1815
inclusive, defined by the following sequence:

SEQ ID No:5:

Glu Asp Gln Arg Gln Gly Ala Glu Pro Arg Lys Asn Phe Val Lys Pro

1 5 10 15
Asn Glu Thr Lys Thr Tyr
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20
possibly deleted from one or more amince acids of the
first tripeptide Glu-Asp-Gln (P9) or the first
nonapeptide Glu-Asp-Gln-Arg-Gln-Gly-Ala-Glu-Pro
the epitope methionine 1823 to aspartic acid 1831
inclusive, defined by the following seguence:
SEQ ID No:6:
Met Ala Pro Thr Lys Asp Glu Phe Asp
1 5
the epitope glutamic acid 1885 to phenylalanine 1891
inclusive, defined by the following seguence:
SEQ ID No:7:
Glu Thr Lys Ser Trp Tyr Phe
1 5
the epitope glutamic acid 1885 to alanine 13501
inclusive, defined by the following sequence:
SEQ ID No:8:
Glu Thr Lys Ser Trp Phe Thr Glu Asn Met Glu Arg Asn Cys Arg Ala
1 5 10 15
possibly deleted from one or more amino acids from the
heptapeptide Glu-Thr-Lys-Ser-Trp-Phe-Thr or from the
tripeptide Cys-Arg-Ala.
the epitope aspartic acid 1909 to arginipne 1917
inclusive, defined by the following seguence:
SEQ ID No:9:
Asp Pro Thr Phe Lys Glu Asn Tyr Arg
1 5
the epitope alanine 108 to valine 128 inclusive,
defined by the following sequence:
SEQ ID No:1l:
Ala Ser Glu Gly Ala Glu Tyr Asp Asp Gln Thr Ser Gln Arg Glu Lys
1 5 10 .15
Glu Asp Asp Lys Val

20
possibly deleted from the terminal amino acids alanine

and valine (P1)
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the epitope glutamic acid 181 to leucine 192 inclusive,
defined by the following sequence:
SEQ ID No:12:
Glu Gly Ser Leu Ala Lys Glu Lys Thr Gln Thr Leu
1 5
possibly deleted from one or two amino acids of the
terminal dipeptide Thr-Leu
the epitope aspartic acid 203 to alanine 227 inclusive,
defined by the following sequence:
SEQ ID No:13:
Asp @lu Gly Lys Ser Trp His Ser ¢lu Thr Lys Asn Ser Deu Met Gln
1 5 10 15
Asp Arg Asp Ala Ala Ser Ala Arg Ala
20 25
possibly deleted from one or more amino acids of the
nonapeptide Asp-Arg-Asp-Ala-Ala-Ser-Ala-Arg-Ala
the epitope aspartic acid 327 to wethionine 355
inclusive, defined by the following sequence:
SEQ ID No:14:
Asp Ser Cys Pro Glu Glu Pro Gln Leu Arg Met Lys Asn Asn Glu Glu
1 5 10 15
Ala Glu Asp Tyr Asp Asp Asp Leu Thr Asp Ser Glu Met
20 25
possibly deleted from ome or more amino acids from the
terminal dipeptide Asp-Ser or the octapeptide Asp-Asp-
Leu-Thr-Asp-Ser-Glu-Met (P2).
the epitope aspartic acid 403 to lysine 425 inclusive,
defined by the following seguence:
SEQ ID No:15:
Asp Asp Arg Ser Tyr Lys Sexr Gln Tyxr Leu Asn Asn Gly Pro Gln AXg
1 5 10 15
Ile Gly Arg Lys Tyr Lys Lys
20
possibly deleted from one or more amino acids of the

tetrapeptide Asp-Asp-Arg-Ser (P3),
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the epitope valine 517 to arginine 527 dnclusive,
defined by the following sequence:

SEQ ID No:1l6:

Val Glu Asp Gly Pro Thr Lys Ser Asp Pro Arg

1 5 10

possibly deleted from one or the two amino acids of the
dipeptide Pro-Arg,

the epitope histidine 693 to glycine 701 inclusive,
defined by the following seguence:

SEQ ID No:18:

His Bsn Ser Asp Phe Arg Asn Arg Gly
1 5

the epitope serine 710 to aspartic acid 725 inclusive,
defined by the following seqguence (P4):

SEQ ID No:19:

Ser Cys Asp DLys Asn Thr Gly Asp Tyr Tyr Gly Asp Ser Tyr Glu Asp

1 5 10 15

the epitope isoleucine 2081 to serine 2095 inclusive,
defined by the following sequence:

SEQ ID No:22:

Ile His Gly Ile Lys Thr Gln Gly Ala Arg Gln Lys Phe Ser Ser

1 5 10 15
possibly deleted from one or more amino acids from the
tetrapeptide Ile-His-Gly-Ile

the epitope tyrosine 2105 to glycine 2121 inclusive,
defined by the following sequence:

SEQ ID No:23:

Tyr Ser Leu Asp Gly Lys Lys Trp Gln Thr Tyr Arg Gly Asn Ser Thr

2 5 10 15

Gly

possibly deleted from one or more amino acids of the
tripeptide Tyr-Ser-Leu (P10)

the epitope glutamine 2235 to leucine 2251 inclusive,
defined by the following seguence (P13):

SEQ ID No:28:
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@ln Lys Thr Met Lys Val Thr Gly Val Thr Thr Gln Gly val Lys Ser
1 5 10 15
Leu
possibly deleted from one or two amino acids of the
terminal dipeptide Ser-Leu or one or more amino acids
of the tetrapeptide Val-Lys-Ser-Leu

~ the epitope glycine 2242 to leucine 2251 inclusive,
defined by the following seguence:
SEQ ID No:29:
Gly Val Thr Thr Gln Gly Val Lys Ser Leu
1 5 10
possibly deleted from one or two amino acids of the
terminal dipeptide Ser-Leu, said epitope presenting a
possible partial overlapping with a known monoclonal

antibody binding site ESH8 2248-2285

[0046] Another aspect of the present invention
relates to an inhibitor of factor VIII which exhibits an
immunoaffinity with antigenic epitopes, with the major
parts of said epitopes and/or with the complex according
to the invention.

100471 An inhibitor is understood to mean any
biological molecule or cell (such as a T-lymphocyte)
binding to said FVIII and capable of giving rise to immune
disorders (characterized by humoral immune response and/or
cellular immune response against said FVIII).

[0048] In particular, such an inhibitor can be an
anti-factor VIII wonoclonal or pelyclonal antibody or
antibody fragment (such as the hypervariable Fab portion of
the said antibody) which inactivates the said factor VIII
and/or which inhibits the binding of factor VIII to the von
Willebrand factor and/or to membrane phospholipidé.

[00459] Advantageously, the said inhibitors are
synthesized by a "chimaeric" animal which comprises a human

immune system, such as an hu-SCID mouse or transgenic mouse
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producing humean antibodies or other antibodies production
technologies as phage display technology or immortalized B-
cells, by EPV in particular.

[0050] Another aspect of the invention relates to an
anti-inhibitor which is directed against the said
previously described factor VIII inhibitor.

[0051] An anti-inhibitor which is directed against
the factor VIII inhibitor is understood to mean any
chemical or biological molecule, a cell and/or a cell
fragment (receptor) which is capable of interfering with
the said inhibitor in such a way as to ensure its
inactivation or avoid or reduce its binding to the
factor VIII.

[0052] Preferably, such an anti-inhibitor i1s an
anti-anti-factor VIII idiotype (monoclonal or polyclonal)
antibody oxr antibody fragment, natural or obtained by
genetic engineering.

[0053] Another aspect of the invention relates to a
pharmaceutical composition which comprises an adeguate
pharmaceutical carrier or a diluant and an element selected
from the group consisting of said epitopes or a pool
thereof, an inhibitor of factor VIII which is directed
against them, an anti-inhibitor which is directed against
the said inhibitor, and/or a mixture of these.
[0054] The type and amount of adequate
pharmaceutical carrier or diluant (and possibly adjuvant or
excipient) present in said pharmaceutical composition, may
vary according to the method of administration and is
possibly combined an adjuvant in order to improve
therapeutical properties of the pharmaceutical composition
according to the invention or to reduce its possible side
effects. Suitable pharmaceutical acceptable carriers used
in the pharmaceutical composition according to the

invention are well known by the person skilled in the art
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and are selected according to the methods generally applied
by pharmacists and may include solid, liguid or gaseous
non-toxic pharmaceutically acceptable carriers. The
percentage of active product / pharmaceutical acceptable
carrier may vary within very large ranges only limited by

the tolerance and the possible side effects on patients

(including humans), and by freguency and/or mede of
administration.
[00551 Another aspect of the invention relates to a

diagnostic and/or purification device, such as a diagnostic
kit, an affinity filter, or a chromatography column which
comprises an element which is selected from the group
consisting of these epitopes and/or major parts of said
epitopes, the complex according to the invention or a pool
therecof, an inhibitor which is directed against them, an
anti-inhibitor which is directed against said inhibitor,
and/or a mixture of these. Advantageously, said device
comprises the pool of said epitopes which allow a screening
of patients and may detect the most important inhibitors
present in said patients and which allow a positive test
with enough specificity and sensibility.

[00563 The purification device can therefore consist
of a chromatography column which comprises these epitopes
and/or major parts of epitopes, attached to the solid phase
of the chromatography column.

[0057] A physiological liquid (such as serum), which is
derived from a patient and which comprises inhibitors of
factor VIII pass through a solid support (chromatography
column), with said inhibitors (for example antibodies)
becoming attached specifically to said epitopes or said
major parts or a pool thereof. Following elutién, it is
possible to collect said inhibitors by causing them to
react with anti-inhibitors (anti-anti-factor VIII idiotype

antibodies) .
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[0o058] It is also possible to characterize the anti-
anti-factor VIII idiotype antibodies which are present in a
serum by these anti-inhibitors passed through a solid
support {(chromatography column) on which iphibitors of
factor VIII have been attached to the solid phase.

[00591] It is also possible to reinject '(ex vivo
treatment) the physioclogical liquid (blcod or serum or a
derived fraction) to said patient after its inhibitors of
factor VIII have been removed by binding with said
epitopes or a pool thereof; said inhibitors being removed
from the physiclogical fluid (blood or serum) similarly as
proposed for dialysis method applied to human patients.
[oo60] The present invention is also related to a
method of treatment (ex vivo treatment) of a patient
suffering from a pathology induced by inhibitors to the
factor VIII which comprises the steps  of extracting said
physiological liquid (blood or serum) from the patient,
obtaining its reactiom upon a solid support binding the
epitopes or a pool thereof according to the invention and
reinjecting said physiclogical liguid to the patient after
the removing of the inhibitors having fixed said epitopes,
majors parts or a pool thereof.

[0061] A final aspect of the invention relates to
the use of the pharmaceutical composition accoxrding to the
invention for preparing a medicament used for preventing
and/or treating immune disorders, in particular those
induced by inhibitors of factor VIII, inhibitors of the
binding of factor VIII to the factor IX and/or the factor X
and/or the von Willebrand factor (VWF) and/or inhibitors of
the binding of factor VIII to membrane phospholipids.

[0062] The present invention will be deécribed in
details in the following non-limiting examples in reference

to the enclosed figures.
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Brief description of the figures

[0063] Figure 1 depicts the hydrophilicity,
flexibility and accessibility graph of the A3 sequence of
Factor VIII renumbered 1 to 371 aminc acids {surface value
for each amino acid) .

[0064] Figure 2a represents the elution profile
related to the purification of human anti-SEQ ID 32
antibodies by affinity chromatography on peptide-Sepharose
column. Cohn fraction II+III sclution (50 ml) was loaded
onto the column (1 ml gel) at a flow rate of 1 ml/min. The
separation of specific antibodies was performed as
described hereafter. The arrow indicates the position of
specific human anti-SEQ ID 32 antibodies.

[0065] Figure 2b represents FVIII clotting activity
in the presence of anti-(SEQ ID 32) IgG purified from Cohn
fraction TII+III. The clotting activity of FVIII was
measured as described hereafter in the presence of
increasing amount of anti-SEQ ID 32. The % of FVIII
activity =(FVIII activity in the presence of antibody/FVIII
activity in absence of antibody)*100,

[o0661 Figure 3 represents the human anti-peptide
antibody immunoreactions with FVIII polypeptides after
western blotting (panel A from left to zright : human
antibodies HAPL through HAP4, specific for different FVIII
epitope sequences found in the FVIII HC - see also table 2
and panel B : human antibodies specific for the P5 peptide
and the FVIII LC sequences, P7, P8 and P2 - see also table
2). The RAPY9 lane shows the reactivity of FVIII
polypeptides towards purified rabbit antibodies specific
for the peptide sequence Arg'™’-Tyr'®*® (see alsoc table 2).
[00671 Figure 4 represents FELISA reacti\}ity of 4
inhibitor plasmas with different peptide sequences.

Inhibitors present in 4 patients plasmas were analyzed by
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ELISA test using as coated antigens the different selected
FVIII epitopes synthetic peptides as indicated in ordinate.

Examples
Materials and Methods

Reagents

[0068] MAS530p (Harlan-Seralab, Indianapolis, IN) is
a mouse monoclonal antibody épecific for the 44-kDa A2
domain of the factor VIII heavy chain. Biotin-labeled
rabbit IgG@ anti-mouse IgG was purchased £from Dakopatts
(Copenhagen, Denmark). Biotin-labeled goat IgG anti-human
IgG and biotin-labeled mouse IgG anti-rabbit IgG were
obtained from Sigma Chemicals (St Louis, MI), purified a-
thrombin (3000 IU/mg), streptavidin-peroxidase conjugate,

ovalbumin (OVA), bovine serum albumin (BSA), keyhcle limpet

haemocyanin  (KLH), and o-phenylenediamine (OPD) were
purchased from Sigma Chemicals (St. Louis, MI). Casein was
obtained from Merck (Darmstadt, Germany). 4-chloro-1-

naphtol and biotinylated molecular weight warkers were
obtained from Bic-Rad Laboratories (Hercules, CA). Freund’'s

adjuvant was from Difceo (Detroit, Michigan).

FVIII concentrates

[0069] Plasma FVIII (p-FVIII) was a
solvent /detergent-treated FVIII concentrate (100 IU/mg
protein) purified by ion exchange chrematography (FVIII
Conc. 8D, CAF-DCF- Red Cross , Brussels, Belgium). Albumin-
free recombinant FVIII (rFVIII) wag obtained from Hyland
(Glendale, CA).
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Plasma fraction immunoglobulins

{00701} Cohn Fraction II+III was obtained from large
plasma pool fFfrom 4,800 unpaid donors, after precipitation
in the presence of increasing ethanol concentration. This
fraction contains all Tg classes and subclasses. IgG
composition was determined by mnephelometry. The relative
percentage of each subclass was 63,7; 30,1; 3,4 and 2,8 for
IgGL, IgG@2, IgG3 and IgG4 respectively (average values for
3 different batches of FII+III).

Factor VIII concentrates, Factor VIII activity and activity

inhibition

[0071] Factor VIII activity was determined in a one-
stage clotting assay adapted for use on the Coagulometer
KC4A (8igma Diagnostics). The assay uses severe hemophilia
A plasma (Organon Teknika, Cambridge, UK) and APPT reagent
from Instrumentation Laboratory (Warrington, UK). Potencies
were calculated relative to the 5™ International Standard
FVIII concentrate 88/640 (5.4 IU/ml) (NIBSC, Potters Bar,
UK) . FVIII-inhibitory activity .was wmeasured in purified
rabbit and human IgG preparations according to the modified
Bethesda assay. Briefly, affinity-purified 1IgGs were
serially diluted and incubated for 1 h in the presence of
FVIII concentrate 88/640 (1 IU/ml) at 37°C. The residual
FVIII activity was measured as described above.

[0072] Activation of factor VIII by a-thrombin and
immunoblotting has been described elsewhere (Peerlinck et
al, 1997}).

[00731 Synthesis of peptides, conjugation of
peptides to carrier proteins and production of rabbit anti-
peptide antisera were performed by Neosystem (Strasbourg,

France) .
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Purification of rabbit and human antibodies by affinity

chromatography
[0074] For purification of rabbit and human

antibodies, 5 mg of each different peptide was coupled to 1
ml pre-packed NHS-activated Sepharcse (Pharmacia Biotech,
Uppsala, Sweden) according to the manufacturer’s
instructions. Specific anti-peptide antibodies were
purified with an automated liguid chromatography system
(AKTAexplorer 100A, Pharmacia Uppsala, Sweden) either from
50 ml rabbit antiserum or from 100 wml of a human plasma
fraction, obtained after Cohn fractionation (fraction
IT+III; 13 mg protein/ml). Briefly, samples were dialyzed 3
times against 5 volumes of TE buffer (20 mM Tris-HCl pH
7.2, 150 mM NaCl and 0.02% NaN;) and loaded onto the column
at a flow rate of 1 ml/min. The column was sequentially
washed at 2 ml/min with 50 wml TE buffer and 20 ml TE
containing 1 M NaCl. After absorption, the material was
eluted (1 ml/min) with 5 ml of 0.1 M citric acid pH 2.5 and
directly recovered in 5 ml of 1M Tris-HCl, pH 9.0. Samples
were finally dialyzed wversus 10 volumes of eguilibration
buffer and concentrated on Centriprep-30 {(Amicon, Beverly,
MA). Ig recovery was determined by the Bio-Rad protein

assay.

Results

Selection of potential factor-VIII linear epitopes

{00751 More than 30 surface regions (linear
epitopes) spanning 8 to 25 residues, characterized by a
high hydrophilicity, flexibility and accessibility were
identified on the FVIII molecule. On the basis of their
high probability of an outer location (see Fig. 1 for A3},
16 linear peptides (P1 to Pl6) were selected, matching
identified stretches of 13 or more amino-acid residues.

These peptides were synthesized and coupled to ovalbumin
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for production of specific antiserum (Table 1, hereafter) .
P8 includes the epitope described by Shima et al (1988) and

was used as an external control.

Experimental results obtained from said synthesized linear

epitopes using the rabbit model

{00761 Results are summarized in Table 1 which

concerns the characterization of rabbit anti-FVIII-peptide

antisera and recovered affinity-purified of
immunoglobulins.
{00771 Sixteen synthetic peptides (from 10 to 20

amino acids) were selected in the A, B, Cl and C2 domains.
After conjugation with ovalbumin, the OVA-peptide
conjugates were injected into rabbits and FVIII anti-
peptide antisera RAPI to RAP16 were studied.

[0078] More precisely, two rabbits were immunized
with each FVIII-peptide-ovalbumin preparation. Specific
antisera RAPL to RAP16 {column b, Table 1) were prepared
and assayed in an ELISA (column ¢, Table 1) using rFVIII or
FVIII-peptide-KLH as the antigen. ELISA titre is expressed
as the negative log of the reciprocal of the serum dilution
giving 50% binding. The immunoglobuling were then purified
by chromatography on peptide-bound Sepharose. The FVIII
domain recognized by the anti-FVIII peptide Ig after
immunoblotting is shown in (column 4, Table 1) and Ig
protein recoveries (column e, Table 1) were measured using
immunoglobulins as the standard. The inhibitory activity,
expressed in BU/mg protein, was determined in a FVIII

neutralizing activity assay (column £, Table 1).

Immunogenicity of FVIII peptides and characterization of

rabbit anti-FVIII peptide antisera

[00791 The reactivity of FVIII anti-peptide antisera

was measured by an ELISA using, as antigen, either the
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different corresponding FVIII-peptide coupled to KLH
protein or purified rFVIII. The binding reaction of each
anti-FVIII-peptide antiserum was specific both for the
FVIII peptide used to elicit the immune response in rabbit
and for rFVIII (see Table 1).

[0080] To demonstrate the FVIII epitope specificity
of the rabbit anti-peptide antibodies, rFVIII and the
rFVIIT fragments obtained after treatment with thrombin
were resolved by SDS-PAGE and analyzed by western blotting
with the different preparations of rabbit IgGs. As
expected, most antisera (14/16, 87%), showed a strong
reaction with the corresponding FVIII fragment containing

the selected linear epitope (see Table 1).

Purification of rabbit-anti-FVIIT peptide antibodies

foosi] The specific rabbit IgG were purified by
affinity chromatography on peptide-Sepharose as described
under Methods. When FVIII-neutralizing activity was
measured in a one-stage clotting assay, significant
inhibition was found with two rabbit IgG purified
preparations: RAP2, corresponding to IgG specific for

SEQ ID No. 14 and RAP7 specific for SEQ ID No: 01.

Epitope mapping of rabbit anti-FVIII peptide antibodies by

immunoblotting with human r¥VIII

[0082] To demonstrate the FVIII epitope specificity
of the rabbit anti-peptide antibodies, rFVIII and the
rFVITI fragments obtained after treatment with thrombin
were resolved by SDS-PAGE and analyzed by western blotting
with different preparations of rabbit IgGs (RAP1 to RAPL7
Igs) .

[0083] In each rum, the rFVIII heavy chain (HC) and
light chain (LC) and their thrombin proteolysis products

(44 kDa and 72 kDa) were identified with a mixture of two
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monoclonal antibodies, MoAb 530p and Moabl8, respectively
specific for the heavy and light chain. MoAbl8 recognizes
the NHz-terminal light-chain FVIII fragment obtained after
thrombin activation, which proved too small to remain in
the gel after electrophoresis. Fourteen of the 17 rabbit
immunoglobulin preparations reacted strongly with both
rFVIII and pFVIII. Antisera RAP1l, RAP2, RAP3, RAP4
recognized exclusively the heavy chains (200 kDa to
92 kDa). Antisera RAP1 and RAPZ reacted with the 50-kDa Al-
domain fragment; RAP3 and RAP4 bound to the 44-kDa fragment
(domain A2); RAPS (specific for the B domain) bound to the
high-molecular-weight FVIII heavy chain (about 200-kDa).

[oo84] RAP7, RAP8, and RAPY9 reacted with the 80-kDa
light-chain doublet. RAP2 and RAP12 to RAP17 antibodies
also detected the 72-kDa FVIII light-chain fragment. As
expected, each reactive antiserum showed a strong reaction

with the corresponding FVIII fragment containing the

‘ gelected linear epitope. No reaction was detectable in the

gels between RAPS or RAP10 and the HC or LC FVIII

fragments.

Experimental results obtained from said synthesized linear

epitopes to purify and characterize human autcantibodies

[0085] Table 2 concerns the characterization of
human anti-FVIII antibodies from Cohn fractiomn II+III of
healthy individuals.

(0086} Human anti-peptide IgG preparations (HAPL
through HAP17) were so far purified on Sepharose coupled to
13 different FVIII peptides (column a, Table 2). The Igs
(column b, Table 2) were analyzed by immunoblotting.
Binding to the rFVIII HC or LC chains and to the rFVIII
thrombin fragment is shown respectively in columns ¢ and d,

Table 2. FVIII-domain reactivity is shown in column e,
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Table 2. Arrows indicate a decrease in 80-kDa band
intensity. Ig recovery (column f, Table 2) after affinity
purification is expressed in pg/10 mg loaded FII+III (see
Materials and Methods). Inhibition of the clotting assay
was determined after incubation in the presence of each of
the 13 Ig preparations in the Bethesda assay (cdolumn g,
Table 2).

Use of FVIII peptides for the immunopurification of human

anti-FVIII antibodies in healthy donozrs

{0087} To prepare and characterize human anti-FVIII
antibocdies present in healthy individuals, we analyzed Cohn
fraction II+III, rich in immunoglobulins, for the presence
of selected specific anti-peptide antibodies. Human anti-
FVIII-peptide antibodies (HAPL to HAP1l, HAPlé and HAP17)
were purified by affinity chromatography on Sepharose
coupled to the appropriate peptide (see Table 2). As a
typical example, figure 2 shows the chromatographic profile
obtained with SEQ ID 32, a sequence found in C2 domain.
Table 2 summarizes the results obtained with 17 epitopic
sequences selected in each FVIII domain (Al, A2, A3, B, Cl
and C2). Significant amounts of immunoglobulins, specific
for each of the 13 FVIII peptides used, were obtained from
the starting plasma fraction II+III. The specificity of the
resulting purified human antibodies was directly tested by
immunoblotting with plasma FVIII, recombinant FVIII, and
the fragments obtained after thrombin proteolysis (see
Table 2).

[ooss} The IgG isotype distribution in the human
purified antibody preparations was found to be gquite
heterogeneous. Interestingly, 40 to 79% of the recovered
IgGs belonged to the IgGz subclass. In most preparations,
IgG4 appeared to be over-represented (up to 25%).
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[0089] All the human anti-FVIII-peptide antibody
preparations were tested for the capacity to inhibit FVIII
activity in a one-stage clotting assay. Table 2 shows that
seven out of 13 preparations tested (54%) displayed
inhibitory activity, SEQ ID No: 14, B8SEQ ID No: 19,
SEQ ID No: 2, SEQ ID No: 5, SEQ ID No: 22, SEQ ID No: 32
and SEQ ID No: 33, respectively. As a typical example, the
inhibition of FVIII activity in function of anti-SEQ ID 32

Ig concentration is shown in figure 2.

Human anti-FVIII-peptide Ig immunospecificity towards FVIIT

[0090] The specificity of the wresulting purified
human antibodies was tested by immunoblotting with plasma
FVIII, recombinant FVIII, and the fragments obtained after
thrombin proteolysis. Again, the FVIII fragments were
identified with either FVIII-HC- or FVIII-LC-specific mouse
monoclonal antibodies or FVIII-peptide-specific rabbit
polyclonal antibodies. The human antibodies were identified
after binding of biotinylated goat anti-human IgG. Figure 3
shows the immunoreaction of high-molecular-weight FVIIT
(2 92-kDa) with four human antibody preparations, purified
on Sepharose coupled to FVIII peptide SEQ ID No: 11 (Ser®-
Lys'®’), SEQ ID No: 14 (Cys®*°- Asp®®), SEQ ID No: 15 (Tyr*®’-
Lys*®5) or SEQ ID No: 19 (Cys™-Asp’™™). The 50-kDa FVIII

fragment (domain Al) was recognized by human antibodies

7 329 348

purified on Ser'®- Lys'’ or cCys®*’-Asp**®-Sepharose and the

44-kDa FVITI fragment (A2) by immuncglobulins purified on

Tyr®7-Lys®?®  and  Cys’'-Asp’®*-Sepharose. The lack of

830
)

reactivity of the anti-(ser®’-Ser immunoglobulin

preparation (HAP5) with the FVIII fragments confirms that
this epitope is located in the amino-terminal end of domain

B (Figure 3). Human antibodies purified on Sepharose

coupled to peptide SEQ ID No: 1 (Arg**#@-Tyr'®*) or
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2681 _argl6%%) peacted strongly with the 80-

SEQ ID No: 2 (Asp
¥Da FVIII light chain (Figure 3). For both preparations,
the reaction with the 80-kDa band disappeared after
thrombin proteolysis, indicating that the epitopes, as
expected, are located in the a3 acidic peptide at the NHp-
terminal part of the FVIII A3 domain. When human antibodies
specific for peptide SEQ ID No: 5 (Arg"””"-Tyr*®*® in A3
domain) were analyzed by immunoblotting, their specificity
for rFVIII appeared restricted to the 80-kDa FVIII light
chain and ite 72-kDa thrombin fragment.

[0091] No immunoreaction with the rFVIII chains or
fragments was detected with antibody preparations specific
for FVIII peptides SEQ C and SEQ ID No: 23, although a
positive reaction was obtained in the ELISA using rFVIII.
This could mean that these immunoglobulin preparations

recognize a conformational epitope.

Use of FVIII synthetic peptides to characterize human anti-

FPVIIT antibodies in hemophilia A patient plasmas

foo92] The selected peptides were used in ELISA
experiment to determine the anti-FVIII antibody
specificity's present in hemophilia A plasmas. The peptides
were coated on microplate (25 pg/ml in PBS buffer during
16h at 4°C). A 1/10 to 1/1000 dilution of plasma patient in
Tris-casein buffer was reacted with the coated peptide for
2h at 37°C. The bound human IgG was measured as described
in Methods. Control samples were plasma pools of healthy
donors. Figure 4 shows the results obtained with the plasma
of 4 hemophilia A patients. The optical densities are
correéted average values (OD patient-0D normal plasma pool)

of two independent experiments.
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Molecular model epitope prediction

{00231 Pemberton et al (1997) have built a molecular
model of the A domains of FVIII. This 3-D model wmakes it
possible to explore predictions for important regions of
FVIII activity. The model was used to locate the FVIII-
peptide epitopes identified by the Parker and Hodge
algorithms. As predicted by these algorithms, all peptides
located in the A domains were found on the FVIII surface
and were fully accessible to specific.

[00941 The overlap between the epitope and the FIXa-
binding loop (5 common residues spanning GLu'®'-Tyr®®) may
explain the inhibitory action of the corvesponding anti-

(Arg””—TyrlEls) antibodies on formation of the fibrin clot.

Analysis of the results

[0095] In the clotting test, significant inhibition

of FVIII activity was recorded in the presence of rabbit

329 1664

anti- (Cys®?*®-Agp®*®) and anti- (Arg**®*-Tyr**®*) antibodies, but

different inhibition patterns were ocbserved. Inhibition by

1653

anti- (Arg -Tyrl®®) follows second-order kinetics with a

329 328y

drastic reduction in FVIII activity. Anti- (Cys’®-Asp Ig
iz 1less efficient and shows a more complex type of
reaction, with a non-linear dependence on the antibody
concentration. Epitope Arg“sg—‘I‘y:rrl‘;s‘l and the adjacent major
binding site VWF (residues Glu®’®-Glu’®™) are located in
the acidic light-chain peptide a3. As shown by western
blotting, a3 is released from the A3 domain after thrombin
treatment, preventing further binding of anti-(Arg™**?-
Tyri®4) Ig to activated FVIII. Similar results have been
reﬁorted by Shima et al (1991), who described the FVIII
sequence Asp*®©-ger™® as a binding site of rabbit

polyclonal antibodies neutralizing FVIIT activity. Epitope

Cys®*°-asp>? overlapped the acidic Asp®*®-Lys *®* sequence (in

a1) described as adjacent to the activated protein C

JP 2004-535393 A 2004.11.25



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(65)

WO 02/090542 PCT/BE02/00070

10

15

20

25

30

32

(Arg®®) and thrombin (Arg®’®) cleavage sites. It is the

348 362y

target of human hemophilic inhibitors. Anti-(Asp ™ -Lys
antibodies may interfere with proteolysis or with the FX
interaction site (Met®7-Arg®”?) (Saenko et al., 1999 and
Scandella et al., 2000).

100961 FVIII-neutralizing activity was measured in
all 13 Ig preparations. Seven human Ig preparations
displayed inhibition of procoagulant activity, these being

gpecific for amino-acid residues Cys™-Asp’™, Tyr'®®-

1815

1698 respectively. The Cys™'-Asp™®

Arg and Arg*7-Tyr

sequence contains sulfated tyrosines at Tyr™®, Tyr™’, and

Tyr™, and overlaps with the FVIII HC region Lys’**-~Arg”®
described as promoting both activation and HC proteclysis.
The additional sulfated groups may be reguired for proper
interaction with thrombin or another component as in the
FX-activating complex. The sequence also overlaps with
region Gly’°*-ser’™°, recognized by a weakly inhibitory mouse

1681

monoclonal antibody. Peptide P8 (Tyr -Arg*®®®) (FVIII LC)

includes the sequence Glu'®**-Arg*®®® already described by
Shima et al, 1991. It contains the thrombin activation site
Arg™®®-ger'®®®  p4 (Cys™'-msp’®) is also included in the
Asp™?-Al1a"** sequence detected by analysis of the patient
antibody repertoire by gene phage display technology. It is

propogsed as a possible additional inhibitor in patients

(van den Brink et al, 2000). Peptide P9 (Arg”®-Tyr**'®)
contains the FXa binding site (see below).
[0097] Of the 16 anti-FVIII-peptide immunoglobulins

purified from humans or produced in rabbits, 7 did
neutralize FVIII activity under the tested conditions.
Using small peptide sequences and immunobinding assays, we
have provided evidence for additional new epitopes. We have

located new epitopes in the Al domain (residues ger™®-

425
e

cys**y, the A2 domain (Cys'-Lys and the B domain

(Ser®7-5er®” and @lu'"-Pro'®®?) .
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[oo98] Autcantibodies iwmunopurified with denatured
FVIII have been reported in healthy subjects and in pools
of normal human immunoglobulins (processed fraction II, see
above) (Algiman et al., 1992 and Moreau et al., 2000). A
possible role in clearance of denatured FVIIT or its
fragments from the bloodstream and/or ‘in the
immunotolerance was suggested.

[0099] Identification of the FVIII epitopes is a
major challenge to be met in order to improve FVIIT
treatment and the - quality of therapeutic FVIIL
concentrates. FVIII epitope sequences help to determine the
contribution of patient polyclonal anti-FVIIT Igs to
overall inhibitory and regulatory activity. They could also
be wused to monitor the usual switch in anti-FVIII
specificity in a patient during treatment. Said
characterization of FVIII epitopes and a model of their
locations on the folded molecule improves the treatment of
inhibitors in both hemophilic and non- hemophilic patients
(detection, £ollow-up, therapeutic use of FVIII epitope

peptides..) .
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CLAIMS

1. An antigenic epitope of FVIII polypeptide

sequence, which is selected from the group consisting of

the epitope cpmprised between serine 2018 and histidine
2031 incluesive, defined by the following seguence:
SEQ ID No:10:
Ser Asn Lys Cys Gln Thr Pro Leu Gly Met Ala Ser Gly His
1 5 10
the epitope tyrosine 3555 te glutamine 565 inclusive
defined by the following sequence:
SEQ ID No:17:
Tyr Lys Glu Ser Val Asp Gly Arg Gly Asn Gin
1 L 10

the epitope leucine 730 to serine 741 inclusive, defined
by the following sequence:
SEQ ID No:20:
Leu DLeu Ser Lys Asn Asn Ala Ile Glu Pro Arg Ser
1 5 10
posgibly deleted from the terminal amino acid serine
and/or the first amino acid leucine
the epitope serine 817 to serine 830 inclusive, defined
by the following sequence:
SEQ ID No:21:
Ser Asp Asp Pro Ser Gly Ala Ile Asp Ser Asn Asn Ser
1 5 10

the epitope asparagine acid 2128 to asparagine acid
2138 inclusive, defined by the following sequence:

SEQ ID No:24:

Asn Val Asp Ser Ser Gly Ile Lys His Asn

1 5 10

the epitope serine 2204 to glutamine 2222 inclusive,

defined by the following sequence:

JP 2004-535393 A 2004.11.25
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SEQ ID No:27:

Sexr Pro Ser Lys Ala Arg Leu His Leu Gln Gly Arg Ser Asn Ala Trp
1 5 10 15

Arg Pro Gln

- the epitope isoleucine 2262 to glutamine 2270
inclusive, defined by the following sequence:
SEQ ID No:30:
Ile Ser Ser Ser Gln Asp Gly His Gln
1 5

- the epitope leucine 2273 to serine 2289 inclusive,
defined by the following sequence:
SEQ ID No:31:
Leu Phe Phe Gln Asn Gly Lys Val Lys Val Phe Gln Gly Asn Gln Asp
1 5 10 15
ser
- the epitope proline 2292 to tyrosine 2305 inclusive,
defined by the following sequence:
SEQ ID No:32:
Pro Val Val Asn Ser Leu Asp Pro Pro Leu Leu Thr Arg Tyr
1 5 10

posgibly deleted from one or wore amino acids of the
terminal tripeptide Thr-Arg-Tyr

- the epitope glutamic acid 2322 to tyrosine 2332
inclusive, defined by the following sequence:
SEQ ID No:33:
Glu Val Leu Gly Cys Glu Ala Gln Asp Leu Tyr

1 5 10

2.A pool of antigenic epitopes of factor VIII
polypeptide sequence which comprise one or more antigenic
sequence epitope of factor VIII according to claim 1 and
possibly an antigenic sequence epitope of factor VIII

which is selected from the group consisting of

JP 2004-535393
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the epitope arginine 1648 to tyrosine 1664 inclusive,
defined by the following sequence:

SEQ ID No:1:

Arg Asp Ile Thr Arg Thr Thr Leu Gln Ser Asp Gln Glu Glu Ile Asp

1 5 10 15

Tyr

poasibly deleted from one or more amino acids of the
tetrapeptide Arg-Asp-Ile-Thr or ome or two of the last
amino acids of the peptide Asp-Tyr.
the epitope aspartic acid 1681 to arginine 1696
inclusive, defined by the following sequence:

SEQ ID No:2:

Asp Glu Asp Glu Asn Gln Ser Pro Arg Ser Phe Gln Lys Lys Thr Arg

1 5 10 15
possibly deleted from one or more amine acids of the
epitope Asp-Glu-Asp-Glu.
the epitope threonine 1739 to tyrosine 1748 inclusive,
defined by the following sequence:

SEQ ID No:3:

Thr Asp Gly Ser Phe Thr Gln Pro Leu Tyr

1 5 10
the epitope asparagine 1777 to phenylalanine 1785
inclusive, defined by the following sequence:

SEQ ID No:4:

Asn Gln Ala Ser Arg Pro Tyr Ser Phe

1 5

possibly deleted from one or two amino acids of the
terminal dipeptide Ser-Phe or the tetrapeptide Pro-Tyr-
Ser-Phe.
the epitope glutamic acid 1794 to tyrosine 1815

inclusive, defined by the following sequence:

SEQ ID No:5:
Glu Asp Gln Arg Gln Gly Ala Glu Pro Arg Lys Asn Phe Val Lys Pro
1 5 10 is
Asn Glu Thr Lys Thr Tyr
20

JP 2004-535393
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posgibly deleted from one or more amino acids from the
first tripeptide Glu-Asp-Gln or the first nonapeptide
Glu-Asp-Gln-Arg-Gln-Gly-Ala-Glu-Pro.
the epitope methionine 1823 to aspartic acid 1831,
defined by the following sequence:

SEQ ID No:6:

Met Ala Pro Thr Lys Asp Glu Phe Asp

1 5
the epitope glutamic acid 1885 to phenylalanine 1891
inclusive, defined by the following sequence:

SEQ ID No:7:

Glu Thr Lys Ser Trp Tyr Phe

1 5
the epitope glutamic acid 1885 to alanine 1901
inclusive, defined by the following sequence:

SEQ ID No:8:

Glu Thr Lys Ser Trp Phe Thr Glu Asn Met. Glu Arg Asm Cys Arg Ala

1 5 10 15
possibly deleted from one or more amino acids from the
heptapeptide Gly-Thr-Lys-Ser-Trp-Phe-Thr or £from the
tripeptide Cys-Arg-Ala.
the epitope aspartic acid 1909 to arginine 1917
inclusive, defined by the following sequence:

SEQ ID No:9:

Asp Pro Thr Phe Lys Glu Asn Tyr Arg

1 5
the epitope alanine 108 to valine 128 inclusive, defined
by the following sequence:

SEQ ID No:1l:

Ala ser Glu Gly Ala Glu Tyr Asp Asp Gln Thr Ser Gln Arg Glu Lys

1 5 10 15

Glu Asp Asp Lys Val

20

possibly deleted from the terminal amino acids alanine

and/or valine

JP 2004-535393
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- the epitope glutamic acid 181 to leucine 192 inclusive,

defined by the following sequence:
SEQ ID No:12:
Glu Gly Ser Leu Ala Lys Glu Lys Thr Gln Thr Leu
1 5
possibly deleted from ome or two amino acids of the
terminal dipeptide Thr-Leu
the epitope aspartic acid 203 to alanine 227 inclusive,
defined by the following seguence:
SEQ ID No:13:
Asp Glu Gly Lys Ser Trp His Ser Glu Thr Lys Rsn Ser Leu Met Gln
1 5 1o is
Asp BArg Asp Ala Ala Ser Rla Arg Ala
20
possibly deleted from ome or more aminc acids of the
nonapeptide Asp-Arg-Asp-Ala-Ala-Ser-Ala-Arg-Ala
the epitope aspartic acid 327 to wmethionine 355
inclusive, defined by the following sequence:
SEQ ID No:14:
Asp Ser Cys Pro Glu Glu Pro Gln Leu Arg Met Lys Asn Asn Glu Glu
1 5 10 15
Ala Glu Asp Tyr Asp Asp Asp Leu Thr Asp Ser Glu Met
20 25
possibly deleted from one or more amino acids of the
dipeptide Asp-Ser or the octapeptide Asp-Asp-Leu-Thr-
Asp-Ser-Glu-Met.
the epitope aspartic acid 403 to lysine 425 inclusive,
defined by the following sequence:
SEQ ID No:15:
Asp Asp Arg Ser Tyr Lys Ser @ln Tyr Leu Asn Asn Gly Pro Gln Arg
1 5 10 15
Ile Gly Arg Lys Tyr Lys Lys
20
possibly deleted from one or more amino acids of the

tetrapeptide Asp-Asp-Arg-Ser.
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- the epitope wvaline 517 to arginine 527 inclusive,
defined by the following sequence:
SEQ ID No:lé6:
Val Glu Asp GLly Pro Thr Lys Ser Asp Pro Arg
5 1 5 10
posaibly deleted from one or the two amino acids of the
dipeptide Pro-Arg
- the epitope histidine 693 to glycine 701 inclusive,
defined by the following sequence:
10 SEQ ID No:18
His Asn Ser Asp Phe Arg Asm Arg Gly
1 5
- the epitope serine 710 to aspartic acid. 725 inclusive,
defined by the following sequence:
i5 SEQ ID No:19
Ser Cys Asp Lys Asn Thr Gly asp Tyr Tyr Gly Asp Ser Tyr Glu Asp
1 5 10 15
- the epitope isoleucine 2081l to serine 2095 inclusive,

defined by the following sequence

20 SEQ ID No:22:
Ile His Gly Ile Lys Thr Gln Gly Ala Arg Gln Lys Phe Ser Ser
1 5 10 15

possibly deleted from one or more amino acids of the
tetrapeptide Ile-His-Gly-Ile

25 - the epitope tyrosine 2105 to glycine 2121 inclusive,
defined by the following sequence:
SEQ ID No:23:
Tyr Ser Leu Asp Gly Lys Lys Trp Gln Thr Tyr Arg Gly Asn Sexr Thr
1 5 10 15

30 Gly
possibly deleted from one or more amino acids of the
tripeptide Tyr-Ser-Leu

- the epitope histidine 2152 to arginine 2163 inclusive,

defined by the following sequence:

35 SEQ ID No:25:

2004-535393 A 2004.11.25
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Hig Pro Thr His Tyr Ser Ile Arg Ser Thr Leu Arg
1 5 10

the epitope serine 2181 to asparagine 2198 inclusive,
defined by the following sequence:
SEQ ID No:26:
Ser Lys Ala Ile Ser Asp Ala Gln Ile Thr Ala Ser Ser Tyr Phe Thr
1 5 10 15
Asn
possibly deleted from one or more amino acids from the
terminal tripeptide Phe-Thr-Asn (P11}
the epitope glutamine 2235 to leucine 2251 inclusive,
defined by the following sequence:
SEQ ID Wo:28:
Gln Lys Thr Met Lys Val Thr Gly Val Thr Thr Gln Gly Val Lys Ser
1 5 10 15
Leu
possibly deleted from one or two amino acids of the
terminal dipeptide Ser-Leu or one or more amino acids
of the tetrapeptide Val-Lys-Ser-Leu.
the epitope glycine 2242 to leucine 2251 inclusive,
defined by the following sequence:
SEQ ID No:29:
Gly val Thr Thr Gln Gly Val Lys Ser Leu
1 5 10
possibly deleted from one or two amino acids of the

terminal dipeptide Ser-Leu

3. A conformational epitope which contains:
either at least two different epitopes according to the
claim 1 or,
at least one epitope sequence according to claim 1 and
an epitope selecting from the pool of epitopes sequences

of claim 2.

JP 2004-535393 A 2004.11.25



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(78)

WO 02/090542 PCT/BE02/00070

10

15

20

25

30

45

4. A recombinant factor VIII having an amino
acid sequence deleted from one of the antigenic epitopes
sequences according to claim 1 or one or more epitopes
sequences selected from the pool of epitopes of claim 2.

5. A complex comprising a carrier protein or
a carrier peptide linked to an epitope seguence according
to the claim 1 ox 3. »

6. An inhibitor of factor VIII polypeptide
sequence which exhibits an immunocaffinity with the epitope
sequence, the pool of epitopes sequences and/or the complex
according to any one of the preceding claims 1 to 5.

7. The inhibitor according to Claim 6, which
is an anti-factor VIII antibody or antibody fragment.

8. An anti-inhibitor, which is directed
against the inhibitor of factor VIII according to Claim 6
or 7.

9. The anti-inhibitor according to Claim 8,
which is an anti-anti-factor VIII idiotype antibody or
antibody fragment.

10. A pharmaceutical compositiomn, which
comprises an adequate pharmaceutical carrier and at least
one element selected from the group comnsisting of the
epitope sequence, the pool of epitopes sequences, the
complex, the recombinant factor VIII, the inhibitor and/or
the anti-inhibitor according to any one of the preceding
claims 1 to 3.

11. A diagnostic and/or purification device,
which comprises at least one element which is selected from
the group consisting of the epitope sequence, the pool of
epitopes sequences, the complex, the inhibitor and/or the
anti-inhibitor according to any one of the preceding Claims
1 to 9.

12. The device according to Claim 11, which

is a diagnostic kit.

JP 2004-535393 A 2004.11.25
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13. The device according to Claim 11, which
ig a chromatography column or filter.

14. Use of the pharmaceutical composition
according to Claim 10 for the manufacture of a medicament
in the treatment and/or the prevention of an immune
disorder in a mammal induced by inhibitors of factor VIII
polypeptide sequence.

15. A method of treatment of a physiological
fluid (serum), obtained from a mammal patient (including a
human) wherein said physioclogical fluid is put into the
chromatography column according to the claim 13 in order to
allow a binding of the inhibitors of factor VIII
polypeptide sequence present in said physiological fluid
with  epitope, pool or complex comprised in said
chromatography column wherein after elution of the column a
physiological £luid without inhibitors of factor VIII
poiypeptide sequence is recovered for its -reinjection to
the mammal patient.

16. A process for identifying and obtaining
inhibitors and/or anti-inhibitors according to any of the
preceeding Claims 6 to 9, compriging the steps of:

- selecting an element from the group consisting of the
epitope sequence, the pool of epitopes seguences and/or
the complex according to any one of the preceding claims
1 to 5, attached to a solid support (preferably a solid
support of a chromatography column),

— passing a physiological f£fluid (serum) obtained from a
patient containing inhibitors of factor VIII polypeptide
sequence through said chromatography column,

— eluting said column, and

—~ collecting the fractions containing inhibitors of factor
VIII polypeptide segquence which have exhibited an

immuncaffinity with said element.
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17. The process according to Claim 16,
further comprising the steps of:

- attaching the collected inhibitors of factor VIII upon a
solid  support (preferably a solid support of a
chromatography column),

— passing a physiological flgid from a mammal patient
containing anti-inhibitors of factor VIII upon said solid
support,

— washing the support, preferably by eluting said column,
and

— collecting the fractions containing anti-inhibitors of
factor VIII which have exhibited an immunoaffinity with

said inhibitors of factor VIII.

JP 2004-535393 A 2004.11.25



JP 2004-535393 A 2004.11.25

(81)

PCT/BE02/00070

ooe aoe aor

i/5

WO 02/090542

Lo L L L L L L L L L L L L L L L L L L L L L L L

(NN

00°*
(31t}
Haa~
Jaa*
100
oo
don-

(elthy
|ORIANS ANSTEA

o

oy

oeg

oe

ay

as

a9

0L

o8

06

aor

T T T |



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(82) JP 2004-535393 A 2004.11.25

WO 02/090542 PCT/BE02/00070

200

150

100

ELUTION VOLUME (ml)
Fig 2a

‘ ©
=] =)
= iy

170 -

{nvw) ALISNIQ TV2I1LdO



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(83)
WO 02/090542 PCT/BE02/00070
3/5
o
/ -
o
[ | - N
[y
E
o
o =
2o
>
{=1]
©
waad
b
L R
(=)
- [
[ =] o [ -] =
8 2 3 2 &

120

(%) ALIALLDY AL

Fig. 2b

JP 2004-535393 A 2004.11.25



JP 2004-535393 A 2004.11.25

(84)

PCT/BE02/00070

WO 02/090542

€ *BTa

B OIS S0OIDIS Z00IDAS  l0NDAS  OD3IS IZHNH3s slmods  siaibds

m

4/5

(2% FAILYIY) DB

¥oBI E £0bIE ¢obig 1961m

0ok

L L L L L L L L L L L L L L L L L L L L L L L L L L L L



JP 2004-535393 A 2004.11.25

(85)

PCT/BE02/00070

WO 02/090542

¥ *bid

EEQIDIS @003 101 03s Bzl pas Zeuto3as REDI
Y

s

AlsNad Tvoldo

sI'e

2801035

&S o £zl bas £201DE8

sz pas

(1]

PANINNA

5/5

€601 035 2 bag 020{ 038 ZADIS, HAIOIS @eIs

EB
avis a

ANV

€ 08 88 &8 oz B2 kel
V3§ WO WDIS AL MDIS QLIS 0

21]
vas

I Boe0

2iNInva

LR1=CE]

8
=
ALISNIG TvaLdo

0060
0560
on'e
o
|

wnE

1=}
05 m

]

ow'e



L s T e T e Y e R e |
L T e T e T e T e T s N e O s O e O s O e T e T e B e R s T e O e O e O e, O e, R e B |
—
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4 PCT/BE02/00070
WO 02/090542 1

SEQUENCE LISTING
<110> Departement central defractionnement de la Croix-Rouge S.C.R.L.
Laub, Ruth

Di Gianbattista, Mario

<120> ANTIGENIC EPITOPES OF FACTOR VIII, INHIBITORS DIRECTED AGAINST SAID
EPITOPES AND USE THEREOF

<130> P.CDFR.02B/WO.Ext
<160> 33

<1l70> PatentIn version 3.1
<210> 1

<21l> 17

<212> PRT

<213> Homo sapiens

<400> 1

Arg Asp Ile Thr Arg Thr Thr Leu Gln Ser Asp Gln Glu Glu Ile Asp
1 5 10 15
Tyr

<210> 2

<211> 186

<212> PRT

<213> Homo sapiens

<400> 2

Asp Glu Asp Glu Asn Gln Ser Pro Arg Ser Phe Gln Lys Lys Thr Arg
1 5 5

10 1
<210> 3
<211> 10
<212> PRT

<213> Homo sapiens
<400> 3

Thr Asp Gly Ser Phe Thr Gln Pro Leu Ty
1 5 10

<210> ¢

<211> 9

<212>» PRT

<213> Homo sapiens

<400> 4

Asn Gln Ala Ser Arg Pro Tyr Ser Phe
1 5
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<210> 5

<211> 22

<212> PRT

<213> Homo sapiens

<400> 5§

Glu Asp Gln Arg Gln Gly Ala Glu Pro Arg Lys Asn Phe Val Lys Pro
1 5 10 i5

Asn Glu Thr Lys Thr Tyr
20

<210> &

<211> 3
<212> PERT

<213> Homo sapiens
<400> &

Met Ala Pro Thr Lys Asp Glu Phe Asp
1 5

<210> 7

<21l1l> 7

<212> PRT

<213> Homo sapiens

<400> 7

Glu Thr Lys Ser Trp Tyr Phe
1 5

<210> 8

<211> 18

<212> PRT

<213> Homo sapiens

<400> 8

Glu Thr Lys Ser Trp Phe Thr Glu Asn Met Glu Arg Asn Cys Arg Ala
1 5 10 15

<210> 9

<21l1> 9

<212> PRT

<213> Homo sapiens

<400> ¢

Asp Pro Thr Phe Lys Glu Asn Tyr Arg
1 5

JP 2004-535393 A 2004.11.25
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<210> 10

<211> 14

<212> PRT

<213> Homo sapiens

<400> 10

Ser Asn Lys Cys Gln Thr Pro Leu Gly Met Ala Ser Gly His
1 5 10

<210> 11

<211> 21

<212> PRT

<213> Homo sapiens

<400> 1

Ala Ser Glu Gly 2la Glu Tyr Asp Asp Gln Thr Ser Glo Arg Glu Lys
1 S i0 i5

Glu Asp Asp Lys Val
20

<210> 12

<211> 12

<212> PRT

<213> Homo sapiens

<400> 12

Glu Gly Ser Leu Ala Lys Glu Lys Thr Gln Thr Leu
1 5 10

<210> 13

<21l> 25

<212> PRT

<213> Homo sapiens

<400> 13

Asp Glu Gly Lys Ser Trp His Ser Glu Thr Lys Asn Ser Leu Met Gln
1 ©5 10 15

Asp Arg Asp Ala Ala Ser Ala Arg Ala
20 25

<210> 14
<211> 29
<212> PRT
<213> Homo sapiens

<400> 14

Asp Ser Cys Pro Glu Glu Pro Gln Leu Arg Met Lys Asn Asn Glu Glu
T 5 10 15

A 2004.11.25
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Ala Glu Asp Tyr Asp Asp Asp Leu Thr Asp Ser Glu Met
20 25

<210> 15

<211> 23

<212> FPFRT

<213> Homo sapiens

<400> 15

Asp Asp Arg Ser Tyr Lys Ser Gln Tyr Leu Asn Asn Gly Pro Gln Arg
1 5 10 15

Ile Gly Arg Lys Tyr Lys Lys
20

<210> 16
<211> 11
<212> PRT

<213> Home sapiens
<400> 16

Val Glu Asp Gly Pro Thr Lys Ser Asp Pro Arg
1 5 10

<210> 17
<211> 11
<212> PRT

<213> Home sapiens

<400> 17

Tyr Lys Glu Ser Val Asp Gly Arg Gly Asn Gln
1 5 10

<210> 18

<211> 9

<212> PRT

<213> Homo sapiens

<400> 18

His Bsn Ser Asp Phe Arg Asn Arg Gly
1 5

<210> 19

<211> 1§

<212> PRT

<213> Homo sapiens

<400> 19

2004-535393 A 2004.11.25
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) 5
Ser Cys Asp Lys Asn Thr Gly Asp Tyr Tyr Gly Asp Ser Tyr Glu Asp
1 5 10 15
<210> 20
<211> 12
<212> PRT

<213> Homo sapiens
<400> 20

Leu Leu Ser Lys Asn Asn Ala Ile Glu Pro Arg Ser
1 5 10

<210> 21
<211> 13
<212> PRT

<213> Homo sapiens
<400> 21

Ser Asp Asp Pro Ser Gly Ala Ile Asp Ser Asn Asn Ser
1 5

10
<210> 22
<211> 15
<212> PRT

<213> Homo sapiens
<400> 22

Ile His Gly Ile Lys Thr Gln Gly Ala Arg Gln Lys Phe Ser Ser
1 5 10 15

<210> 23

<211> 17

<212> PRT

<213> Homo sapiens

<400> 23

TYT Ser Leu Asp Gly Lys Lys Trp Gln Thr Tyr Arg Gly Asn Ser Thr
1 5 10 15

Gly

<210> 24

<211> 10

<212> PRT

<213> Homo sapiens

<400> 24

Asn Val Asp Ser Ser Gly Ile Lys His Asn
1 5 10
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<210> 25

<211> 12

<212> PRT

<213> Homo sapiens

<400> 25

His Pro Thr His Tyr Ser Ile Arg Ser Thr Leu Arg
1 5 10

<210> 2§

<211> 17

<212> PRT

<213> Homo sapiens

<400> 26

Ser Lys Ala Ile Ser Asp Ala Gln Tle Thr Ala Ser Ser Tyr Phe Thxr
1 5 10 15

Asn

<210> 27

<21i> 19

<212> PRT

<213> Homo sapiens

<400> 27

Ser Pro Ser Lys Ala Arg Leu His Leu Gln Gly Arg Ser Asn Ala Trp
1 5 10 15

Arg Pro Gln

<210> 28

<211> 17

<212> PRT

<213> Homo sapiens

<400> 28

Gln Lys Thr Met Lys Val Thr Gly Val Thr Thr Gln Gly Val Lys Ser
1 5 10 15

Leu

<210> 28
<21l> 10
<212> PRT

A 2004.11.25
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<2i3> Homo sapiens
<400> 29

Gly Val Thr Thr Gln Gly val Lys Ser Leu
1 5 10

<210> 30
<221> 9
<21i2> PRT

<213> Homo sapiens

<400> 30

Ile Ser Ser Ser Gln Asp Gly His Gln
1 5

<210> 31

<211> 17

<212> PRT

<213> Homo sapiens

<400> 31

Leu Phe Phe Gln Asn Gly Lys Val Lys Val Phe Gln Gly Asn Gln Asp
1 5 10

15
Ser
<210> 32
<21ll> 14
<212> PRT

<213> Homo sapiens

<400> 32

Pro Val Val Asn Ser Leu Asp Pro Pro Leu Leu Thr Arg Tvr
1 5 10

<210> 33
<211> 11
<212> PRT
<213> Homo sapiens

<400> 33

Glu val Leu Gly Cys Glu Ala Gln Asp Leu Tyr
1 5 10

2004-535393 A 2004.11.25
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directed agmnst these d to antj which

d against said i The present invention is also related

ic device

to phar

at least one of the above mentioned molecules,
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ANTIGENIC EPITOPES OF FACTOR VIII, INHIBITORS DIRECTED
AGATNST SAID EPITOPES AND USE THEREOF

gubject of the invention

[o001] The present invention relates to the
antigenic polypeptide sequences (epitopes) of factor VIII
to the anti-FVIII inhibitors which are directed against
these seguences and to anti-inhibitors which are directed
against said anti-FVIII ishibitors.

[00021 The present invention also relates to 2
pharmaceutical composition and to a diagnostic device

comprising at least ome of the above mentioned molecules.

Technical background underlying the invention
[00a3] FVIII is a large multi-domain protein of

2,332 amino acids made up of three structural domains, A, B
and c which are z;rranged in the order
Al:al:A2:a2:B:a3:33:C1:C2. The A domains possess more than
4p% homology and are also homologous to ceruloplasmin (for
recent review, see Pratt (2000) and Saenko (1999)). 30%
homology also exists between the A domaing of factor V and
FVITI. The C domain ogcurs twice and is reported to be able
to bind glyco-conjugates and phospholipids having a net
negative charge. It exhibits homology with lectins which
are able to bind to negatively charged phospholipids. The
platelet attachment site has been located in this reglon

(G2 domain) (Foster et al., (1.990)) .

JP 2004-535393 A 2004.11.25
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[0004] These antigemic determinants consist of
fragments 351 - 365 (Al domain - heavy chain), 713 - 740
(a2 domain), 1670 - 1684 (A3 domain - light chain) (NH; end
of the light chain) or else 2303 - 2332 (C2 domain - light
chain) (Foster €, (1920)), fragmenmcs 701 - 750, 1663 -
1689, 330 - 472, 1694 - 1782 (BEP-0 202 883), 222 - 740 and
2170 - 2322.

[0005] The U.S patent 5,744,446 describes an hybrid
human/animal Factor VIII having a sequence of amino acids
selected from the group of the A2 domain fragments 373-540,
373-508, 445-508, 484-508, 404-508, 489-508 and 484-482,
with corresponding sequences of porcine or murine
Factor VIII, said hybrid being used for the treatment of
Factor VIII deficiencies.

[00061 The antibodies which recognize these various
sites interfere, with the activation of FVIII, the binding
of +vWf, FIXa, FXa, APC or phospholipids. The specific
antibody response to FVIII vary considerably among
individuals, and epitopes for inhibitor antibodies have to
be determined for all FVIII domains (see for recent review
Scandella, 2000; Lollar, 2000).

[0007] other antibodies, which do mnot inhibit
standard activity tests in vitro, can exert an influence on
the behavior of FVIII with the other constituents of the
coagulation cascade while attaching themselves to sites in
the molecule which are at a substantial distance from the
sctive sites. These antibodies, can interfere with the
natural state of Eolding of FVIII by altering some of its
properties.

fooogl Emergence of alloantibodies (inhibitors) that
peutralize infused FVIII activity way sexiously éomplicate
FVIII replacement therapy. Reported inhibitor incidence
rates in hemophiliacs wvary considerably. They range around
6-35% (Vermylen et al, 1998). Candidates for genetic

JP 2004-535393 A 2004.11.25
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predispoeitions such as large deletions and intron 22
inversion have been found associated with a high ipcidence
of inhibitors and genes that are involved in the immme
response as genes MHC class I and class II (Tuddenham and
McVey, 1998). Repeat switching from one FVIII product to
another and the possibility that some FVIII conCentrates
are more immunogenic may also explain the appearance of
inhibitors (Vermylen et al, 1598). Different methods of
preparing FVIII could exert an influence on its structure,
ite physicochemical properties or its natural micro-
environment; DLaub et al. (1999); Raut et al. (1998)).
Clinically relevant anti-FVIII autcantibodies are rare in
non-hemophilic patients {anmial Frequency in the
population: 1-5/10°) (Morrisson and Ludlam) (1995). They
are associated with a number of autoimmune diseases and are
often characterized by life-threatening hemorrhage. On the
other hand, anti-FVIII antibodies have also been described
in healthy subjects (Algiman et al, 1992; Moreau et al,
2000), without any apparent effect on the subjects’ levels
of cireulating FVIII.

[oooel Self proteins or derived peptides may elicit
an immune response if presented to CD4 T cells at
inflammatory sites by professional antigen presenting
celle. Using pools of overlapping synthetic peptides
spanning the sequences of individual FVIII domains, Reding
et al. (2000) showed reactive (D4 to FVIII in healthy
subjecte and@ hemophilia patients. Several FVIII domains
were recognized: A3 domain was recognized more strongly and
frequently and each domain foxms several epitopes.

foo10] Techniques such as western blotting,
immunoprecipitation, and enzyme-linked immunosorbént assays
(ELISAs), using well-defined FVIII proteolytic fragments, a
large recombinant peptide library, or synthetic peptide
arrays, have been used to map different FVIII-iphibitor

4
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binding sites located mainly in the A2 and €2 domains.
However, none of these techniques has made it possible to
build a model for identification of inhibitor ‘and nomn-
inhibitor epitopes. Only a few epitopes have been mapped to
discrete sequences (<20 amino-acid residues). To solve this
problem, Palmer et al (1997) synthesized 96 uimdecamer
peptides (11 amino-acid residues) representing 80% of the
complete residue sequence of FVIII. They succeeded in
determining the epitope specificity of 9 patients’
inhibitory antibodies. Other useful techniques ave analysis
of FVIII gene mutations and their effects on the FVIIT
molecule as well as phage display technology (van den Brink
et al, 2000). All these methodologies, however, are time
consuming, rather costly, and largely dependent on patient
availability. Certain areas of the FVIII molecule may be
vhot spots” containing commonly recognized clusters of
inhibitor epitopes, e.g., xregions in the A2 domain, A3
domain, and ¢2 domain. The reason for these “hot spote” in
generating an inhibitor response remains poorly understood
(Reisner et al, 1995}.

[00111 Currently, a predominant notion  aweong
hemophilic patients, clinicians and “fractionators®" is that
of having available a purified FVIII which is devoid of all
pathogenic plasma contaminants and secondary effects.

[0012}1 Different animal models could be used' as
henophilia dogs, scid mice, hemophilia wmice .. but until
now, no satisfactory experimental model exists which makes
it possible to forecast the immunogenicity ox the immuno-
modulatory effect of the FVIITI preparatiomns, or the
susceptibility of the host, before they have been admin-
istered clinically. '

[on13] Patients who develop an anti-FVIII iwmune

response £ind themselves in a serious situation which
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necessitates the use of severe, aggressive and excessively
expensive measures.

00141 One of the freguently treatment, is the
induction of immune tolerance by administration of very
high doses of FVIII (150 IU/kg twice a day) in association
or mnot with prothrombin complex concentrates and is
assigned as "Bomn Protocol”. Treatment options are also to
by-pass the PVIII inhibitor activity by use of PCC
(preferably an activated PCC [APCC]) or FVIIa. Specific
antibodies as conseguence of the infusion of these
alternative agents could be produced, impairing the
treatment. As an alternative agent porcine FVIII may be
used to achieve haemostasis in patients with antibodies
that do not substantially crossreact with porcine FVIII
before or during the treatment (Lollar, 2000).

[oo1s] 2 potential alternative approach to inhibit
the production of inhibitors is blockade of the T cell/B
cell collasboration mediated by through receptor ligand
binding signal events ({(BEwenstein et al, 2000). Preliminary
clinical trials were performed using a humanized mouse
monoclonal antibody to human T cell CD40 ligand (CD 154) .
[0016] A profitable strategy for reducing the level
of inhibitors has consisted in subjecting patients to an
extracorporeal circulation to enable solid-phase absorption
of the total Iga.

[oo17} The immunoabsorbant could be sepharose-bound
staphylococcal protein A or sepharose-bound polycloual
sheep antibodies to total human immunoglobulin (Knobf and
Derflexr, 1999). The foreign proteins (protein A, sheep
anti-human Ig) could leak from the column and triggered the
immune system of the recipient; woreover problems could

raised as sanitisation (ICH Topic QSA, Directive 92/79/EC).
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[oo1s] The infusion of polyvalent imtravenous
immunoglobuiins {IvIQ@), where apbropriate combined with an
immunosuppressive treatment, has been found to be rela-
tively effective, although the reason for this effective-
ness is still not fully established. Various hypotheses
involving feed-back inhibition of IgG synthesis, stimula-
tion of IgG clearance or activation of T suppressor cells
have been advanced. An interesting explanation is that
these commercial intravenous immunoglobulins wight contain
antibodies which are able to react with the variable parts
(idiotypes) of the anti-FVIII antibodies and neutralize
these antibodies (Dietrich et al. (1992)}.

[0018]1 Unfortunately, none of these approaches has
been found to be satisfactory in terms of safety, efficacy,
efficiency and cost.

[0020] The state of the art in epitope structure
prediction was limited given to the fact that non-
contimuwous amino acid residues seem to constitute most
important epitope and that the dynamics of hinding/ ig often
not integrated into the epltope prediction equation making
epitope structure prediction a complex f£our-dimensional
problem (Van Regenmortel, Methods: A companion to Methods
in Enzymology, 9, page 465-472, 1996).

[p021] According ta the author, most of the
antibodies raised against intact proteins do not react with
any peptide fragment derived from the parent protein
indicating that such antibodies are directed to
discontinuous epitopes (conformational epitopes).

[oo22} This author states also that low success rate
of antigenic prediction is due to the fact that predictioms
concerns only continuous epitopes and it is unrealistic to
reduce the complexity of epitopes that always possess
conformational features to one dimensional linear peptide

medel .
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synthetic peptide arrays to identify novel Factor VIII
inhibitor epitopes note that each patient pattern of anti-
factor VIII antibody reactivity appears to be polyclonal,
directed against multiple sites located within the amino
and carboxyl terminus of the protein and meems to be unique
for each plasma investigated (see also above).

Moreover, this author notes that it ie difficult to predict
the importance that any given antibody: epitope interaction
way have on Factor VIII coagulation activity based on the
regults of synthetic peptide assays alone {due to the
uncomplete understanding of the xelationship between
structure and function of different factor VIII domains and
the possibility that both inhibitor and non-inhibitory
antibodies may be present in a patient's plasma.

[00241 Therefore, the documents of the state of the
art do not suggest to identify antigenic linear peptides
upon a macro-molecule (such as Factor VIII) and that linear

epitopes could be used for the diagnostic and/or the

- therapy of immune disoxders induced by inhibitors directed

against Factor VIII.

[0025] The international patent application
WO96/02572 describes antigenic fragment and epitope
sequences of factor VIII and inhibitors directed against

some of these sequences.

Aims of the ipvention

[00261 The present invention aims to obtain new
antigenic epitopes of factor VIII in order to improve the
diagnosie and/or the therapy (including the prevention) of
immune disorders {in particular those induced by -inhibitors
of FVIII, especially inhibitors of the binding of FVIII to
the wvon Willebrand £factor (vWf), to the FIX and/or to
membrane phospholipids (PL)), said epitopes allowing a
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screening between non-inhibitory and inhibitory anti-FVIII
allo- or auto-antibodies (allo- or auto-immunoglobulins).
[00271 Another aim of the imvention is Lo obtain
inhibitors which exhibit an immuncaffinity with these
antigenic epitopes, as well as to obtain anti-inhibitors,
in particular antibodies or (T)cell receptors, which are
directed against the abovementioned said inhibitors and
whose purpose is to improve the diagnosis and/or therapy
{or prevention) of immune disorders.

{00281 2 further aim of the invention ie to obtain
said molecules at high purity, in industrial level, without
contaminants (viruses, prions,...} and according to the GMP
practices in the field of therapy and diagnostics (ICH
topic QSA, Directive 92/79/EC, ete.).

Summary of the invention

[00298] The present invention 1relates to  the
aptigenic polypeptide sequences (epitopes) of factor VIII
whose complete seguence is described by Verhar et al.
{1984) and vhich provides the reference for the amino-acids
numerotation of the complete factoxr VIII seguence.
{00301} The "complete polypeptide sequence of factor
VIII" ig understood to be the natural human or animal
sequence, which may be glycosylated and which has been
obtained by purification from ©pools of plasma, in
particular cryoprecipitate, by synthesis and/or by genetic
manipulation (sequence f£rom which portions which are not
involved in the wmechanism of blood coagulation may have
been deleted) of factor VIII.
{po311 The present invention relates, in particular,
to an antigenic epitope sequence of factor VIIf which is
selected from the group consisting of
- the epitope comprised between serine 2018 and histidine
2031 inclusive, defined by the following sequence:
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SEQ ID No:10:
Ser Asn Lys Cys Gln Thr Pro Leu Gly Met Ala Ser Gly His
L 5 10

the epitope tyrosine 555 to glutamine 565 inclusive,
defined by the following sequence:

SEQ ID No:17:

Tyr Lys Glu Ser Val Asp Gly Arg Gly Asn Gln

1 5 10

the epitope leucine . 730 to serine 741 inclusive,
defined by the following sequence (P4):

SEQ ID No:20:

Leu DLeu Ser Lys Asn 2Asn Ala Ile Glu Pro Arg Ser

1 5 10

possibly deleted from the terminal amino acid serine
(P4) and/ox the first amino acid leucine

the epitope serine 817 to serine 830 inclusive, defined
by the following sequence (P5):

SEQ ID No:21:

ser Rsp Asp Pro Ser Gly Ala Ile Asp Sex Asn Asn Ser

1 5 10

the epitope asparagine 2128 to asparagine 2138
inclugive, defined by the fbllowing sequence:

SEQ ID No:24:

Asn Val Asp Ser Ser Gly Ile Lys His Asn

1 5 10

the epitope serine 2204 to glutamine 2222 inclusive,
defined by the following sequence (P12):

SEQ ID No:27:

Ser Pro Ser Lys Ala Arg Leuw His Leu Gln Gly Arg Sex Asn Ala Trp

1 5 10 15

Arg Pro Gln

the epitope isoleucine 2262 to glutamine 2270
inclusive, defined by the following sequence:‘

BSEQ ID No:30:

Ile Ser Sexr Ser Gln Asp Gly His Gln

1 5

(0
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- the epitope leucine 2273 to serxine 2289 inclusive,
defined by the following sequence (Pl4):
SEQ ID No:31:
Lew Phe Phe Gln Asn Gly Lys Val nys Val Phe €ln Gly Asn Glo 2sp
1 5 10 is
ser .
- the epitope prolime 2292 to tyrosine 2305 inclusive,
defined by the following seguence (PL5}:
SEQ ID No:32:
Pro Val Val Aen Ser Leu Asp Pro Pro Leu Leu Thr Arg Tyxr
i 5 10
possibly deleted from one or more amino acids of the
terminal tripeptide Thr-Arg-Tyr involved in the
phospholipid von Willebrand factor binding site
- the epitope glutamic acid 2322 to tyrosine 2332
inclusive, defined by the following sequence (P16):
SEQ ID No:33:
Glo Val Leu Gly Cys Glu Ala Gln Bsp Leu Tyr
1 5 10

[0032] The invention also relates to the major parts
of the said epitopes. Said epitopee can be deleted from one
or more terminal amino acids, preferably from one, two or
three amine acids, or can be replaced by one oxr more amino
acids that present the same characteristic of
hydrophilicity, flexibility and accessibility. ’

{0033] It is also known that some of the epitopes
according to the invention are comprised in major
determinants of human inhibitors epitopes or several
factors binding sites or binding sites of known monoclonal
antibodies, especially the portion C2 that is known to be
the binding site of the monoclonal antibody MasSélP or the
binding site ESHE as well as phospholipids, Factor Xa or
the wvon wWillebrand factor binding site. However, the

specific epitopes according to the invention or their major
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parts are preferred selected portione of said binding sites
or way include a possible overlapping with said binding
sites.

[0034] These epitopes sequences are particulaxly
advantageougly characterized by high hydrophilicity, which
has been defined by Parker and Hodges (1986), considerable
flexibility, which has been defined by Karplus and Schultz
(1985) and considerable accessibility, which has been
defined by Janin (1979).

{00351 These epitopes are, in particular, exposed on
the surface of the factor VIII protein and exhibit
pronounced antigenic and immunogenic characteristics.

{00361 Another aspect of the preeent inventicon is
related to a modified (recombinant or tramsgenic) FVIII,
possibly obtained by genetic engineering, and deleted from
one or more of the above-identified epitopes or major parts
of said epitopes.

[00371 Advantageously, said FVIII still allows the
binding of coagulation factor(s), but will be less
immmogenic and will not induce or induce less the
formation of inhibitors directed against said wodified
FVIII or natural FVIII.

[0D38] Advantageously, gaid epitopes are also
independently immunogenic (that is to say they are
immunogenic even without being complexed with a protein of
large size such as BSA, KLH, haemocysnin, etc.), and
preferably exhibit an immunoaffinity within inhibitors of
factor VIII, such as anti-factor VIII antibodies, and/ox
exhibit an immunoaffinity for the weceptors of the T
1ymphocytes and possibly B lymphocytes.

[0039] ~ These epitopes amnd/or major part‘s of said
epitopes induce an immune reaction (antibody synthesis)
when they are injected into a rabbit.

[00401 Said sequences are unexpectedly charecterized
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by substantial immunogenicity towards monoclonal and poly-
clonal antibodies, but are sufficiently short to be readily
and advantageously obtained by synthesis.

{00411 The present invention also relates to the
conformational epitopes vwhich comprise at least two
different sequence epitopes and/or at least two major parts
of said epitopes according to the invention and above
identified.

[00421]1 The conformatiomal epitopes are made up of
two or more different portions of a polypeptide sequence,
which portions are located in proximity to each other when

the protein is folded in its tertiary or guaternary

structure.
[0043] These epitopes are capable of being
"recognized! (that is to say of exhibiting an

immunoaffinity), preferably simultaneously, with inhibitors
of factor VIIX, in particular B and T lymphocytes (by way
of the major histocompatibility locus (MHC I and/or II))
snd/or anti-factor VIII antibodies (Scandella et al.
(2000); Reding et al. (2000)).

{00441} Preferably, the said epitopes and/or the
major parts of said epitopes are complexed with a carrier
protein or a carrier peptide, such as BSA, or KLH
haemocyanin, as to form a complex exhibiting a more
powerful immunogenicity.

[0045] The presemt invention is also related to a
pool of antigenic epitopes of factor VIII which comprises a
mixture of the epitopes above wentioned linear epitopes
(SEQ ID 10, SEQ ID 17, SEQ ID 20, SEQ ID 21, SEQ ID 24, SEQ
ID 27, SEQ ID 30, SEQ ID 31, SEQ ID 32, SEQ :'[D 33) ox
conformational epitopes made of said epitopes or a pool
which may comprise at least one of said epitopes and one ox
more additicnal antigenic epitopes of factor VIII already

described in the state of the art and preferably selecting
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from the group consisting of

the epitope arginine 1648 to tyrosine 1664 inclusive,

defined by the following sequence:

SEQ ID No:1l:

Axg Asp Ile Thr Arg Thr Thr Leu Gln Sexr Asp Gln Glu €lu Ile Asp
1 5 a0 - 15
Tyxr

and possibly deleted from one or wore amino acids of
the tetrapeptide Arg-Asp-Ile-Thr [(P7), or one or two of
the last amino acids of the dipeptide Asp-Tyr

the epitope aspartic acid 1681 to arginine 1696 (P8)

inclueive, defined by the following segquence:

SEQ ID No:2:
Asp Glu Asp Glu Asn Gln Ser Pro Arg Ser Phe Gln Lys Lys Thr Arg
1 5 1p 15

possibly deleted from one or more amino acids of the
epitope Asp-Glu-Asp-Glu, :
the epitope threonine 1739 to tyrosine 1748 inclusive,

defined by the following sequence:

SEQ ID No:3:
Thr Asp Gly Ser Phe Thx Gln Pro Deu Tyr
1 5 190

the epitope asparagine 1777 to phenylalanine 1785
inclusive, defined by the following sequence:

SEQ ID No:4:

Asp Gln Ala Ser Arg Pro Tyr Ser Phe

1 5

poseibly deleted from one or more amino acids of the
terminal dipeptide Ser-Phe or tetrapeptide Pro-Tyr-Sexr-
Phe

the epitope glutamic acid 1794 to tyrosine 1815
inclusive, defined by the following sequence: -

SEQ ID No:5:

Glu Asp Gln Arg Gln Gly Ala Glu Pro Arg Lys Asn Phe Val Lys Pro

1 5 10 15

Bsn Glu Thr Lys Thr Tyr

I
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20
possibly deleted from ome or wore amino acids of the

first tripeptide Glu-Asp-Gln (P9) or the first
nonapeptide Glu-Asp-Gln-Arg-Gln-Gly-Ala-Glu-Pro
the epitope methionine 1823 to aspartic acid 1831

inclusive, defined by the following seguence:

SEQ ID No:6:
Met Ala Pro Thr Lys Asp Glu Phe Isp
1 5

the epitope glutamic acid 1885 to phenylalanine 1891
inclusive, defined by the following seguence:

SEQ ID No:7:

Glu Thr Lys Ser Txp Tyr Phe

1 5

the epitope glutamic acid 1885 to alanine 1901
inclusive, defined by the following seguence:

SEQ ID No:8:
Glu Thr Lys Ser Trp Phe Thr @lu Asn Met Glu Arg Asn Cys Arg Ala
1 5 10 5

possibly deleted from one or more amino acids from the
heptapeptide Glu-Thr-Lys-Ser-Trxp-Phe-Thr ox from the
tripeptide Cys-Arg-Ala.

the epitope aspartic acid 1903 to arginine 1817
inclusive, defined by the following sequence:

SEQ ID Wo:9:

Asp Pro Thr Phe Lys Glu Asn Tyr Arg

1 5

the epitope alanmine 108 to valine 128 inclusive,
defined by the following sequence: ’

SEQ ID No:11:

Ala Ser Glu Gly Ala Glu Tyr Asp Asp Gln Thr Ser Gln Arg Glu Lys
1 5 10 . 15
Glu Bsp Asp Lys Val
20
possibly deleted from the terminal amino acids alanine

and valine (P1)

¢
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the epitope glutamic acid 181 to leucine 192 inclusive,
defined by the following seguence:
BEQ ID No:12:
@Glu Gly Ser Leu Bla Lys Glu Lys Thr Glu Thr Leu
1 5
possibly deleted from ome or two amino acids of the
t;erminal dipeptide Thr-Leu
the epitope aspartic acid 203 to alanine 227 inclusive,
defined by the following sequence:
SEQ ID No:13:
Asp Glu Gly Lys Ser Trxp His Ser Glu Thr Lys Asn Ser Leu Met Gln
1 5 10 15
Asp Arg Asp Ala Ala ser ala Rrg Ala
20 25
possibly deleted from one or more amino acids of the
nonapeptide Asp-Arg-Asp-Ala-Ala-Ser-Ala-Arg-Ala
the epitope aspartic acid@ 3227 to methionine 355
inclusive, defined by the following sequence:
SEQ ID No:14:
Asp Ber Cys Pro Glu Glu Pro Gln Leu Arg Met Lys Asn Asu Glu Glu
1 3 10 15
Ala GIu Asp Tyr Asp Asp Asp Leu Thr Asp Ser Glu Met
20 25
possibly deleted from one or more amino acids from the
terminal dipeptide Asp-Ser or the octapeptide Asp-Aep-
Leu-Thr-Asp-Ser-Glu-Met (P2).
the epitope aspartic acid 403 to lysine 425 inclusive,
defined by the following seguence:
SEQ ID No:15:
Asp Asp Arg Ser Tyr Lys Sexr Glm Tyxr Leu Asn Asn Gly Pro Gln Arg
1 5 10 13
Ile Cly Axg Liys Tyr Lys Lye
20
possibly deleted from one or more amime acids of the

tetrapeptide Asp-Asp-Arg-Ser (P3),
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_the epitope valine 517 to arginine 527 inclusive,

defined by the following sequence:

SEQ ID No:l6:

Val Glu Asp Gly Pro Thr Lys Ser Asp Pro Arg

1 5 1o

possibly deleted from one or the two amino acids of the
dipeptide Pro-Arg,

the epitope histidine 6353 to glycine 701 inclusive,
defined by the follaowing sequence:

SEQ ID No:18:
His asn Ser Asp Phe Arg Asn Arg Gly

1 5

the epitope serine 710 to aspartic acid 725 inclusive,
defined by the following sequence (P4):

SBQ ID No:192:

Ser Cys Rsp Lys Asn Thx Gly Asp Tyr Tyr Gly 3sp Ser Tyr Glu 2sp

1 5 1o 15

the epitope isoleucine 2081 to serine 2095 inclusive,
defined by the following sequence:

SEQ ID No:22:

Ile His Gly Ile Lys Thr Sln Gly Rla Arg Gln %Lys FPhe Ser Ser

1 5 10 s
possibly deleted from one or more amino acids from the
tetrapeptide Ile-His-Gly-Ile

the epitope tyrosine 2105 to glycine 2121 inclusive,
defined by the following seguence:

SEQ ID No:23:

Tyr Ser Leu Asp Gly Lys Lys Trp Gln Thr Tyx Arg Gly Asn Ser Thy

1 5 10 15

Gly

posgibly deleted from ope or more amino acids of the
tripeptide Tyr-Ser-Leu (P10} )

the epitope glutamine 2235 to leucine 2251 inclusive,

defined by the following sequence (P13):
SEQ ID No:28:

JP 2004-535393 A 2004.11.25
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Gln Lye Thr Met Lys Val Thr Gly Val Thr Thr Gla Gly Val Lys Sexr
1 5 10 - 15
Leuw
possibly deleted from ome or two amino acids of the
terminal dipeptide Ser-Leu or one or more amino acids
of the tetrapeptide Val-Lys-Ser-Leu .

- the epitope glycine 2242 to leucime 2251 inclusiwve,
defined by the following sequence:
SEQ ID No:29:
dly Vel Thr Thr Gim Gly Val Lys Sex Leu
1 5 10
possibly deleted from one or two amino acids of the
terminal dipeptide Ser-Leu, said epitope presenting a
possible partial overlapping with a known monoclonal

antibody binding site ESH8 2248-2285

[0046} Another aspect of the present invention
relates to an inhibitor of factor VIII which exhibits an
immunoaffinity with antigenic epitopes, with the major
parts of said epitopes and/or with the complex according
toe the imvention.

10047] An inmhibitor is understood to mean any
bioclogical molecule or cell (such as a T-lymphocyte)
binding to said FVIII and capable of giving rise to immune
disorders (characterized by humoral immune response and/or
cellular irﬁmune response against said FVIII).

[o048] In particular, such an inhibitor can be an
anti-factor VIII wonoclomal or polyclonal antibody or
antibody fragment (such as the hypervarisble Fab portion of
the said antibody) which inactivates the said factor VIII
and/or which inhibite the binding of factor VIII to the}von
willebrand factor and/or to membrane phospholipidg

[0049] Advantageously, the said@ inhibitors are
synthesized by a "chimaeric" animal which comprises a human
immune system, such ag an hu-SCID mouse or transgenicC mouse

£
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producing human antibodies or other antibodies production
technologies as phage display technology or immortalized B-
cells, by EPV in particular.

[0050] Another aspect of the invention relates to an
anti-inhibitor which is directed against the said
previously described factor VIII inhibitor. !

[oos1) An anti-inhibitor which is directed against
the factor VIII inhibitor dis understood to mean any
chemical or bioclogical wmolecule, a cell and/or a cell
fragment (receptor) which is capable of interfering with
the said inhibitor in such & way as to ensure its
inactivation or aveid or reduce its binding to the
factor VIII.

roos2] Preferably, such an anti-inhibitor is an
anti-anti-factor VIII idiotype (monoclonal or polyclonal)
antibody or antibody £ragment, natural or 6btained by
genetic engineering.

[p0053] Another aspect of the invention relates to a
pharmaceutical composition which comprises an adequate
pharmaceutical carrier or a diluant and an element selected
from the group consisting of said epitopes or a pool
thereof, an inhibitor of factor VIII which is dJdirected
against them, an anti-inhibitor which is directed against
the said inhibitor, and/or a mixture of these.

[0054] The type and amount of adequate
pharmaceutical carrier or diluant (and possibly adjuvant or
excipient) present in said pharmaceutical compogition, may
very according to the method of administration and is
possibly combined an adjuvant in order to improve
therapeutical properties of the pharmaceutical composition
according to the invention or to reduce its poséible side
effects. Suitable pharmaceutical acceptable carriers used
in the pharmaceutical compesition accoxding to the

invention are well known by the person skilled in the art

(9
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and are selected according to the methods generally applied
by pharmacists and may include solid, liguid or gaseous
non-toxic pharmaceutically acceptable carriers. The
percentage of active product / pharmaceutical acceptable
carrier way vary within very large ranges only limited by

the tolerance and the possible side effects on ‘patients

(including humans), and by frequency and/or mode of
administration.
[00551 Another aspect of the invention relates to a

diagnostic and/ox purification device, such as a diagnostic
kit, an affinity filter, or a chromatography column which
comprises an element which is selected from the group
consisting of these epitopes and/or major parts of said
epitopes, the complex according to the invention or a pool
thereof, an inhibitor which is directed against them, an
anti~inhibitor which is directed agaimst said inhibitor,
and/er a mixture of these. Advantageously, said device
comprises the pool of said epitopes which allow a screening
of patients and may detect the most important inhibitoxs
present in said patients and which allow a positive test
with enough specificity and sensibility.

[0056] The purification device can therefore consist
of a chromatography column which comprises these epitopes
and/cr major parts of epitopes, attached to the solid phase
of the chromatography columm.

[0057} A physiclogical liguid (such as serum), which is
derived from 2 patient and which comprises inhibitors of
factor VIII pass through a solid support (chromatography
column), with said inhibitors (for example antibodies)
becoming attached specifically to said epitopes oxr said
major parts or a pool thereof. Following eluti'on, it is
possible to collect said inhibitoxs by cawneing them to
react with anti-inhibitors (anti-anti-factor vIII idiotype

antibodies) .

2o
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[a0581 It is alsc possible to characterize the anti-
anti-factor VIII idiotype antibodies which are present in a
serum by these anti-inhibitors passed through a solid
support (chromatography column) on which iphibitors of
factor VIII have been attached to the solid phase.

[0053] It is also possgible to reinject ‘(ex wvivo
treatment) the physiological liguid (blood or serum or a
derived fraction) to said patient after its inmhibitors of
factor VIII have been removed by binding with said
epitopes or a pool thereof; said inhibitors being removed
from the physiological fluid (blood or serum} similarly as
proposed for dialysis method applied to human patients.
{60601 The present invention is also related to a
method of treatment (ex vivo treatment) of a patient
suffering from a pathology induced by inhibitors to the

factor VIII which comprises the steps -of extracting said,

physiological liguid (blood or serum) f£rom the patient,
obtaining its reaction wupon a solid support binding the
epitopes or a pool thereof according to the invention and
reinjecting said physioclogical liquid to the patient after
the removing of the inhibitors having fixed sald epitopes,
majors parts or a pool thereof.

[0061] A final aspect of the invention relates to
the use of the pharmaceutical composition according to the
invention for preparing a medicament used for preventing
and/or treating immune disorders, in particular those
induced by inhibitors of factor VIII, inhibitors of the
binding of factor VIII to the factor IX and/or the factor X
and/or the von Willebrand factof (VWF) and/or inhibitors of
the binding of factor VIII to mewbrene phospholipids.

[0062] The present invention will be des-cribed in
details in the following non-limiting examples in reference

to the enclosed figures.

=y
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Brief description of the figures
[o063} Figure 1 depicts the hydrophilicity,
flexibility and accessibility graph of the A3 sequence of

Factor VIII renumbered 1 to 371 amino acids (surface value
for each amino acid).

[00641 Figure 2a represents the elution = profile
related to the purification of human anti-SEQ ID 32
antibodies by affinity chromatography on peptide-Sepharose
column. Cohn fraction II+III solution (50 ml) was loaded

onto the column {1 wl gel) at a flow rate of 1 wl/min. The

_separation of specific antibodies was performed as

described hereafter. -The arrow indicates the position of
specific human anti-SEQ ID 32 antibodies.

[00651 Figure 2b represents FVIII clotting activity
in the presence of anti-(§EQ ID 32) IgG@ purified from Cohn
fraction II+III. The clotting activity of FVIII was
measured as described hereafter din the presence of
increasing amount of anti-SEQ ID 32. The % of FVIII
activity =(FVIII activity in the presence of antibody/FVIII
activity in absence of antibody)*100.

[0066] Figure 3 represents the human anti-peptide
antibody immunoreactions with FVIII polypeptides after
western blotting (panel A from left to right : human
antibodies HAPL through HAP4, specific for different FVIII
epitope sequences found in the FVIII HC - see also tabhle 2
and panel B : human antibodies specific for the PS5 peptide
and the FVIIT LC seguences, P7, P8 and P9 - see alsc table
2). The RAPS lane shows the reactivity of FVIII
polypeptides towards purified rabbit antibodies specific
for the peptide sequence Argt™ -Tyr™®® (see also table 2).
[00671 Figure 4 represents BLISA reactivity of 4
inhibitor plasmas with different peptide sequences.

Inhibitors present in 4 patients plasmas were analyzed by

22
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BELISA test using as coated antigens the different selected
FVIII epitopes synthetic peptides as indicated in ordinate.

Examples
Materials and Methods

Reagents
[o068] MAS530p (Harlan-Seralab, Indianapolis, IN) ie

a mouse monoclonal antibody specific for the 44-kDa A2
domain of the factor VIII heavy chain. Biotin-labeled
rabbit Ig@ anti-mouse Igé was purchased from Dakopatis
{Copenhagen, Denmark). Biotin-labeled goat IgG anti-human
Igé and biotin-labeled mouge Ig¢ anti-rabbit Igé were
obtained from Sigma Chemicals (St Louis, MI), purified a-
thrombin (3000 IU/mg), streptavidin-peroxidase conjugate,
ovalbumin (OVA), bovine serum albumin (BSA), keyhole limpet
haemocyanin (KLH), and o-phenylenediamine (OFD) were
purchased from Sigma Chemicals (St. Louis, MI). Casein was
obtained from Merck (Darmstadt, Germany). 4-chloro-1-
naphtol and biotinylated molecular weight markers were
obtained from Bio-Rad lLaboratories (Hercules, CA). Freund's

adjuvant was from Difco (Detroit, Michigan) .

FVIII concentrates .
[c068] Plasma FVIII (p-FVIII) was a
solvent/detergent-treated FVIII concentrate (100 IU/mg
protein) purified by ion exchange chrematography (FVIII
Conc. SD, CAF-DCF- Red Cross , Brussels, Belgium). Albumin-
free recombinant FVIII (rFVIII) was obtained from Hyland
{Glendale, CA).
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Plasma fractiom immunoglobulins

{00703 Cohn Fraction IX+III was obtained from large
plasma pool from 4,800 unpaid donors, after precipitation
in the presence of increasing ethanol concentration. This
fraction contains all Ig classes and subclasses. IgG
composition was determined by nephelometry. The 'relative
percentage of each subclass was 63,7; 30,1; 3,4 and 2,8 for
IgGl, IgG2, IgG3 and IgG4 respectively (average values fox
3 different batches of FII+III).

Factor VIII comcentrates, Factor VIII activity and activity
iphibition

[0071] Factor VIII activity was determined in a one-

stage clotting assay adapted for use on the Coagulometexr
KC4A (Sigma Diagnostics). The assay uses severe hemcophilia
A plasma (Organon Teknika, Cambridge, UK) and APPT reagent
from Instrumentation DLaboratory (Warrington, UK)}. Potencies
were calculated relative to the 5% Intermetional Standard
FVIII concentrate 88/640 (5.4 IU/ml) (NIBSC, Potters Bar,
UK) . FVIIl-inhibitory activity .was measured in purified
rabbit and humen IgG preparations according to the modified
Bethesda assay. Briefly, affinity-purified 1IgGs were
serially diluted and incubated for 1 h in the presence of
FVIII concentrate 88/640 (1 IU/ml) at 37°C. The residual
FVIII activity was measured as described above. ‘
[0672] Activation of factor VIII by o-throwbin and
immunoblotting has been described elsewhere (Peerlinck et
al, 1897).

[0673] Synthesis  of peptides, conjugation  of
peptides to carrier proteins and production of rabbit anti-
peptide antisera were performed by Neosystem (Strasbourg,

France) .

24
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Purification of rabbit and humap antibodies by affinity

chromatography
[0074] Por purification of rabbit and human

antibodies, 5 wg of each different peptide was coupled to 1
ml pre-packed NHS-activated Sepharose (Pharmacia Biotech,
Uppsala, Sweden) according to the manufacturer’s
instructions. Specific anti-peptide antibodies were
purified with an automated liquid chrometography system
(AKTAexplorer 100A, Pharmacia Uppsala, Sweden) either from
50 ml rabbit antiserum or from 100 wml of a human plasma
fraction, obtained after Colm f£racticnation (fraction
II+III; 13 mg protein/ml). Briefly, samples were dialyzed 3
times against 5 volumes of TE buffer (20 wM Tris-HCl pH
7.2, 150 mM NaCl and ¢.02% NalN;) and loaded onto the column
at a flow rate of 1 ml/min. The column was sequentially
washed at 2 ml/min with 50 ml TE buffer and 30 wml TE
containing 1 M NaCl. After absorption, the material was
eluted (1 ml/min) with § ml of 0.1 M citric acid pH 2.5 and
directly recovered in 5 ml of 1M Tris-HCl, pH 9.0. Samples
were finally dialyzed versus 10 volumes of equilibration
buffer and concentrated on Centriprep-30 (Amicon, Beverly,

MA) . Ig recovery was determined by the Bio-Rad protein

assay.
Results

Belection of potential factor-VIII linear epitopes

foa753 More than 30 surface regions (linear

epitopes) spanning 8 to 25 residues, characterized by a
high hydrophilicity, flexibility and accessibility were
identified on the FVIII molecule. On the basis of their
high probability of an outer location (see Fig. 1 for A3),
16 linear peptides (PL to Plé) were selected, matching
identified stretches of 13 or more amino-acid residues.

These peptides were synthesized and coupled to ovalbumin

JP 2004-535393 A 2004.11.25



O — ™ M M Mmoo T 1 e o

WO 02/090542

i0

15

20

25

30

(120)

24

PCT/BE#2/08070

25

for production of specific antiserum (Table 1, hereafter) .
P8 includes the epitope described by Shima et al (1988) and

was used as an external control.

Experimental results obtainmed from said synthesized linear
epitopes using the rabbit model '

[0076]
concerns the characterization of rabbit anti-FVIII-peptide

Results are summarized in Table 1 which

antisera and recovered affinity-purified of
immunoglobulins.
[00771 Sixteen synthetic peptides (Exrom 10 to 20

amino acids) were selected in the A, B, C1 and (2 domains. '

Aftexr conjugation with ovalbumin, the OVA-peptide
conjugates were injected dinto rabbits and FVIII anti-
peptide antisera RAPL to RAPL6 were studied.

{00781

with each FPVIII-peptide-ovalbumin preparation. Specific

More precisely, two rabbits were immunized

antisera RAPL to RAP16 ({(column b, Table 1) were prepared
and assayed ium an ELISA (column ¢, Table 1) using rFVIII or
FVIIT-peptide-KIH as the antigen. ELISA titre iz expressed
as the megative log of the reciprocal of the serum dilution
giving 50% binding. The immunoglobulins were then purified
by chromatography on peptide-bound Sepharose. The FVIII
domain recognized by the anti-FVIII peptide Ig after
immunoblotting is ehown in  (column 4, Table 1) anci' Ig
protein recoveries (column e, Table 1) were measured using
immunoglobuling ae the standard. The inhibitory activity,
expressed in BU/mg protein, was determined im ‘a FVIIL

neutralizing activity assay (column £, Table 1).

Immunogenicity of FVIII peptides and characterization of

rabbit anti-FVIII peptide antisera
[0078]

was measured by an ELISA using, as antigen, either the

The reactivity of FVIII anti-peptide antisexra
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different corresponding FVIII-peptide coupled to KLH
protein or purified rFVIII. The binding reaction of each
anti-FVIII-peptide antiserum was specific both for the
FVIII peptide used to elicit the immune response in rabbit
and for rFVIIT {see Table 1}.

[ooeol To demonstrate the FVIII epitope spécificity
of the rabbit anti-peptide antibodies, xFVIII and the
rFVIIT fragments obtained after treatment with thrombin
were resolved by SDS-PAGE and analyzed by western blotting
with the different preparations of rabbit IgGs. As
expected, most antisera (14/16, 87%), showed a strong
reaction with the corresponding FVIII fragment containing

the selected linear epitope (see Table 1).

Purification of rabbit-anti-FVIII peptide aptibedies

[oosL] The specific rabbit Ig6 were purified by
affinity chromatography on peptide-Sepharose as described
under Methods. When FVIIl-neutrslizing activity was
measured in a one-stage clotting .agsay, significant
inhibition was found with two xabbit Igé¢ purified
preparations: RAP2, corresponding to IgB specific for
SEQ ID No. 14 and RAP7 specific for SEQ ID No: 0L.

Epitope mapping of rabbit anti-FVIII peptide antibodies by

immunoblotting with human xFVIII

{0082] To demonstrate the FVIII epitope specificity
of the rabbit anti-peptide antibodies, rFVIII and the
rFVIII fragments obtained after treatment with thrombin
were resolved by SDS-PAGE and analyzed by western blotting
with diffevent preparations of rabbit IgGs (RAPL to RAPL7
Igs) . ‘

[o083] In each run, the rFVIII heavy chain (HC) and
light chain (LC) and their thrombin proteolysis products
{44 kba and 72 kbDa) were identified with a mixture of two

27
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monoclonal antibodies, Moab 530p and MoAbl8, respectively
specific for the heavy and light chain. MoAbl8 recognizes
the NH;-terminal light-chain FVIII fragment obtained after
thrombin activation, which proved too small to remain in
the gel after electrophoresis. Fourteem of the 17 rabbit
immunoglobulin preparations reacted strongly with both
rFVIII and pFVIII. Antisera RAPL, RAP2, RAP3, RAP4
recognized exclusively the heavy chains (200 kbDa to
92 kDa). Antisera RAP1 and RaP2 reacted with the 50-kDa Al-
domain fragment; RAP2 and RAP4 bound to the 44-kDa fragment
(domain A2); RAPS (specific for the B domain} bound to the
high-molecular-weight FVIII heavy chain (about 200-kDa) .

[oos4] RAP7, RAP8, and RAPY reacted with the 80-kDa
light-chain doublet. RAPY and RAP12 to RAPL7 antibodies
also detected the .72-kDa FVIII light-chain fragment. As
expected, each reactive antiserum showed a strong reaction
with the corresponding FVIII fragment containing the

- selected linear epitope. No reaction was detectable in the

gels between RAP6 or RAPL0 and the HC or ILC FVIIT

fragments.

Experimental results obtained from said synthesized linear

epitopes to purify and characterize hnman autoantibodies

fooss] Table 2 concerns the characterization of
human anti-FVIII antibodies from Cobn fraction II+III of
healthy individuals.

[oose] Human anti-peptide IgG preparations (HAPL
through HAP17) were so far purified on Sepharose coupled to
13 different FVIII peptides (column a, Table 2). The Igs
(column b, Table 2) were analyzed by imrm.mc->blottin9.
Binding to the YFVIII HC or 1« chains and to the rFVIII
thrombin fragment is shown respectively in columns ¢ and d,

Table 2. FVIII-domain reactivity is shown in column e,
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Table 2. BArrows indicate a decrease in 80-kDa band
intensity. Ig recovery (columm £, Table 2) after affinity
purification is expressed in pg/10 wmg loaded FII+III (see
Materials and Methods). Inhibition of the clotting assay
wae determined after incubation in the presence of each of
the 13 Ig preparations in the Bethesda assay (dolumn g,

Table 2).

Use of FVIII peptides for the immunopurification of human

anti-FVITI antibodies in healthy donors
[o087] To prepare and characterize human anti-PVIIY

antibodies present in healthy individuals, we analyzed Cohn
fraction II+III, rich in immmunoglobulins, for the presence
of selected specific anti-peptide antibodies. Human anti-
FVIIl-peptide aptibodies (HAPL to HAP1l, HAPLE and HAP17)
were purified by affinity chromatography on Sepharose
coupled to the appropriate peptide (see Table 2). As a
typical example, figure 2 shows the chromatographic profile
obtained with SBQ ID 32,. a sequence found in €2 domain.
Table 2 summarizes the xesults obtained with 17 epitopic
sequences selected in each FVIII domain (AL, A2, A3, B, Ci
and C2). Significant amounts of immuncglobulins, specific
for each of the 13 FVIII peptides used, were obtained from
the starting plasma fraction II+III. The specificity of the
resulting purifjed human antibodies was directly tested by
immunoblotting with plasma FVIII, recombinant FVIII, and
the fragments obtained after thrombin proteolysis (see
Table 2).

[oossl The IgG isotype distribution im the human
purified antibody preparations was found to be quite
heterogeneous. Interestingly, 40 to 79% of the-recovered
IgGs belonged to the IgG2 subclass. In most preparations,
IgG4 appeared to be over-represented (up to 25%).

]
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foo89] All the human anti-FVIII-peptide antibody
preparations were tested for the capacity to imhibit FVIII
activity in a one-stage clotting assay. Table 2 shows that
seven out of 13 preparations tested (54%) displayed
inhibitory activity, SEQ ID No: 14, SEQ ID WNo: 19,
SEQ ID No: 2, SEQ ID No: 5, SEQ ID No: 22, SEQ ID No: 32
and SEQ ID No: 33, respectively. As a typical example, the
inphibition of FVIII activity in function of anti-SEQ ID 32

Ig concentration is shown in figure 2.

Human anti~FVIII-peptide Ig immunospecificity towards FVIIT

[oo9onl The specificity o©f the resulting purified
human antibodies was tested by immunoblotting with plasma
FVIII, recombinant FVIII, and the fragments obtained aftexr
thrombin proteolysis. Again, the FVIIT fragments were
identified with either FVIII-HC- or FVIII-LC-specific mouse
monoclonal antibodies or FVIII-peptide-specific rabbit
polyclonal antibodies. The human antibodies were identified
after binding of biotinylated goat anti-human IgG. Figuxe 3
shows the immunoreaction of high-wmolecular-weight FVIIT
(2 92-kDa) with four human antibody preparations, purified
on sepharose coupled to FVIII peptide SEQ ID No: 11 (Sex®®-
Lys®??), SEQ ID No: 14 (Cys®®- Asp™®), SEQ ID No: 15 (Tyz**’-
Lys®5) or SEQ ID Wo: 19 (Cys™-Asp’®). The 50-kDa FVIII
fragment (domain A1) was recognized by human antibodies

**®_gepharose and the

purified on Ser'®. Lys'® or Cys™-Asp
24-kDa FVIIT fragment (a2) by immunoglobulins purified on
Tyri®-Lye®®  and Cys™-mep’*°-Sepharose. The lack of

#17_ e B30)

reactivity of the anti- (Sex’ immunoglobulin
preparation (HAP5) with the FVIII fragments confirms that
this epitope is located in the amino-terminal end of domain
B (Figure 3). Human antibodies purified on Sepharose

coupled to peptide SEQ ID No: 1 (Arg*®s2-Tyx?%!)  or

JP 2004-535393 A 2004.11.25
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BEQ ID No: 2 (Rap*®®-Arg*®®®) reacted strongly with the 80-
kDa FVIII light chain (Figure 3). For both preparatioms,
the reaction with the 80-kDa band disappeared after
thrombin proteolysis, indicating that the epitopes, as
expected, are located in the a3 acidic peptide at the NH;-
terminal part of the FVIII A3 domain. When humen afitibodies
specific for peptide SEQ ID No: 5 (arg""-Tyr*®® in a3
domain) were snalyzed by immunoblotting, their specificity
for rFVIII appeared restricted to the 80-kDa FVIII light
chain and its 72-kDa thrombin fragment.

[oo9o1} No immumoreactiom with the rFVIII chains or
fragments was detected with antibody preparations specific
for FVIII peptides SEQ C and SEQ ID No: 323, although a
positive reaction was obtained in the ELISA using rFVIII.
Thie could mean that these immunoglobulin preparations

recognize a conformational epitope.

Use of FVIII synthetic peptides to characterize human anti-

FVIII antibodies in hemophilia A patient plasmas
[oosz] The selected peptides were used in ELISA

experiment to determine the anti-FVIIL antibody
specificity's present in hewophilia A plasmas. The peptides
were coated on microplate (25 pg/ml in PBS buffer during
16h at 4°C). A 1/10 to 1/1000 dilution of plasma patient in
Tris-casein buffer was reacted with the coated peptide for
2h at 37°C. The bound human IgG was measured as described
in Methods. Control samples were plasma pools of healthy
donors. Figure 4 shows the results obtained with the plasma
of 4 hemophilia A patients. The optical demsities are
correr;ted average values {OD patient-OD noxmal pl_asma pool)

of two independent experiments.

2f
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Molecular model epitope prediction

[0093] Pemberton et al (1997) have built a molecular

model of the A domains of FVIII. This 3-D model mekes it
possible to explore predictions for important regions of
FVIII activity. The model was used to locate the FVIII-
peptide epitopes identified by the Parker and Hodge
algorithms. As predicted by these algorithms, all peptides
located in the A domains were Ffound on the FVIII surface
and were fully accessible to specific.

{00541 The overlap between the epitope and the FIXa-
binding loop (5 common residues spanming Glu'™*-Tyr'®) may
explain the inhibitory action of the corresponding anti-
(Arg*™'-Tyr*®*%) antibodies on formation of the fibrin clot.

Analysis of the results

[00951 In the clotting test, significant inhibition
of FVIII activity was recorded in the presence of rabbit
anti- (Cys®’-Asp®®) and anti- (Arg**®-Tyr'®*) antibodies, but
different inhibition patterns were observed. Inhibition by
anki- (Axg®S?-Tyr?®®) follows second-order kinetics with a
drastic reduction in FVIIT activity. Anti-(Cys™°-aep**®) 1Ig
is less efficient and shows a more complex type of
reaction, with a non-linear dependence on the antibody
concentration. Epitope Arg**®-Tyr'*** and the adjacent major
binding site vWF (residues Glu*"-Glu*®™) are 1ocatea in
the acidic light-chain peptide a2. As shown by western
blotting, a3 is released from the A3 domain after thrombin
treatment, preventing further binding of anti- (Arg*®s>-
Tyr**®) Ig to activated FVIII. Similar results have been
reléorted by Bhima et al (1991), who described the FVIII

1663

sequence Asp**®-Ser*®® as @ Dbinding site of rabbit

polyclonal antibodies neutralizing FVIII activity. Epitope

Cyss®®-psp*® overlapped the acidic Asp™’-Lys *% sequence (in

al) described as adjacemt to the activated protein C

P
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(Arg®¢) and thrombin (Arg®®) cleavage sites. It is the
target of human hemophilic inhibitows. Anti- (Asp™®-Lys®®?)
antibodies may interfere with proteolysis or with the FX
interaction site (Met®’-Avg®’®) (Saenke et al., 1999 and
Scandella et al., 2000).

[00%6] FVIII-neutralizing activity was measured in
all 13 Ig preparations. Seven humen Ig preparations
displayed imhibition of procoagulant activity, these being
725, Tﬂ:\sss._
arg S, and Arg ™ -Tyr*®® respectively. The Cys”**-Asp™

specific for amino-acid residues Ccys™-asp

sequence contains sulfated tyrosines st Tyr °, Tyr™®, and
Tyr’, and overlaps with the FVIII HC region Lys”*-arg™’
described as promoting both activation and HC proteclysis.
The additional sulfated groups may be reguired for propexr
interaction with thrombin or another component as in the
FX-activating complex. The sequence also overlaps with
region Gly"®*-ser™®, recognized by a weakly inhibitory mouse
moncclonal antibody. Peptide P8 (Tyr'*™-arg®®®®) (FVIII 1C)
includes the sequence GLu*%-arg*“® glready described by
Shima et al, 1981. It contains the thrombin activation site
Arg*®°-ger®?®. p4 (Cys™-Asp™®) is also included in the
2sp™?-Ala™¢ sequence detected by analysis of the patient
antibody repertoire by gene phage display techmology. It is
proposed as a possible additional inhibitor in patients
(van den Brink et al, 2000). Peptide P9 (arg"’”-Tyzr'™*)
contains the FXa binding site (see below).

[00987] 7 Of the 16 anti-FVIII-peptide immunoglcbulins
purified from humans or produced in xabbits, 7 did
neutralize FVIII activity under the tested conditioms.
Using small peptide seguences and immunobinding assays, we
have provided evidence for additional new epitopeé. We have
located new epitopes in the Al domain (residues Ser®®®-
cys¥’), the A2 domain (Cys**’-Lys**), and the B domain

(Ser®™7-ger®™® and GLu%"*-Proi®®?) .

73
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[oosg] Autocantibodies immunopurified with denatured
FVIII have been reported in healthy subjects and in pools
of norxrmal human immunoglopuling (processed fraction II, see
above) (Algiman et al., 1992 and Moreau et al., 2000). A
possible role in clearance of dematured FVIII oxr its
fragments from the bloodstream and/or 'in the
immunotolerance was suggested.

{o00s9] Identification of the FVIII epitopes ie a
major challenge to be met in order to improve FVIIT
treatment and the - quality of therapeutic FVIII
concentrates. FVIII epitope seqguences help to determine the
contribution of patient polyclonal anti-FVIII Jgs to
overall inhibitory and regulatory activity. They could also
be used to monitor the wusual switch in anti-FVIII
specificity in a patient during treatment. Said
characterization of FVIII epitopes and a model of their
locations on the folded molecule improves the treatment of
inhibitors in both hemophilic and non- hemophilic patients
(detection, follow-up, therapeutic use of FVIII epitope

peptides..) .

74
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CLAINMS
1. An antigenic epitope of FVIII polypeptide

sequence, which is selected from the group consisting of

the epitope comprised between serine 2018 and histidine
2031 inclusive, defined by the following seguence:
SEQ ID No:10: )
ser Asn Lys Cys Gln Thx Pro Leu Gly Met Ala Ser Gly His
1 s 10"
the epitope tyrosine 555 to glutamine 565 inclusive
defined by the following seguence:
SEQ ID No:l17:
Tyx Lys Glu Ser Val Asp Gly Arg Gly Asn Gln
1 5 10

the epitope leucine 730 to serine 741 inclusive, defined
by the following sequence:
SEQ ID No:20:
Leu Leu Ser Lys Asn Asn Ala Ile Glu Pro Arg 5exr
1 5 10
possibly deleted from the terminal amino acid serine
and/or the first amine acid leucine
the epitope sexine 817 to serine 830 inclusive, defined
by the following sequence:
SEQ ID No:21:
Sexr Asp Asp Fro Sexr Gly Ala Ile Asp Ser Aso Asn Ser
1 s 10

the epitope asparagine acid 2128 to asparagine acid
2138 inclusive, defined by the following sequence:

SEQ ID Wo:24:

Asn Val Asp Ser Ser Gly Ile Lys His Asn

1 5 10

the epitope serine 2204 to glutamine 2222 inclusive,

defined by the following sequence:

71
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SEQ ID No:27:

Ser Pro Ser Lys Ala Arg Leu His Leu Gln Gly Axg Ser Asn Ala Trp
1 5 10 15

Arg Pro GIn

- the epitope iseleucine 2262 to glutamine 2270
inclusive, defined by the following sequence:
SEQ ID No:30:
Ile Ser Ser 8er Gln Asp Gly His Gln
10 1 5
- the epitope leucine 2273 to serine 2289 inclusive,
defined by the following sequence:
SEQ ID Ko:31:
Leu Phe Phe Gln Asu Gly Lys Val Lys Val Phe Gln Gly Asn Gln Asp
15 1 5 10 15
8er
- the epitope proline 2292 to tyrosine 2305 inclusive,
defined by the following sequence:
SEQ ID No:32:
20 Pro Val Val Asn Ser lLeu Asp Pro Pro Leuw Leu Thr Axg Tyx
1 5 10
possibly deleted from one or more amino acide of the
terminal tripeptide Thr-Arg-Tyxr
- the epitope glutamic acid 2322 to tyrosine 2332
25 inclusive, defined by the following sequence:
SEQ ID No:33:

Glu Val Leu Gly Cys Glu Ala Gln Asp Leu Tyr
1 5 10

30 2.A pool of antigenic epitopes of factor VIII
polypeptide sequence which comprise one or more antigenic
sequence epitope of factor VIII according to claim 1 and
possibly an entigenic sequence epitope of factor VIII
which is selected from the group consisting of :

35
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- the epitope arginine 1648 to tyrosine 1664 inclusive,

defined by the following sequence:

SEQ ID No:1:

Arg Asp Ile Thr Arg Thxr Thr heu Gln Ser Rsp Gln Glu Gln Ile Asp
1 5 10 is

TYX

possibly deleted from one or more amino acids of the
tetrapeptide Arxg-Asp-Ile-Thr or one oxr two of the last
amino acids of the peptide Asp-Tyr.

the epitope aspartic acid 1681 to arginine 1696

inclusive, defined by the following sequence:

SEQ ID No:2:
Asp @lu Asp Glu Asn Gln Sexr Pro Arg Ser Phe Gln Lys Lys Thx Arg
3 5 in 15

possibly deleted from one or more amino acide of the
epitope Asp-Glu-Asp-Glu.
the epitope threonine 1739 to tyrosime 1748 inclusive,
defined by the following sequence:

SEQ ID No:3:

Thr Asp Gly Ser Phe Thr Gln Pro Leu Tyx

1 5 10
the epitope asparagine 1777 to phenylalanine 1785
inclusive, defined by the following sequence:

SEQ ID Ko:4:
Asn Glan Ala Ser Arg Pro Tyrx Ser Phe
1 5

possibly deleted from ome or two amino acids of the
terminal dipeptide Ser-Phe or the tetrapeptide Pro-Tyr-
Ser-Rhe.

the epitope glubamic acid 1794 to tyrosine 1815

inclusive, defined by the following sequence:

SEQ ID No:5:
Glu 2sp Gln Arg Gln Gly Ala Glu Pro Arg Lys Asn Phe Val Lys Pxo
1 5 10 s

Asn @lu Thr Lys Thx Tyr
20
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[ possibly deleted from one or more amine acids from the
[ first tripeptide Glu-Asp-Glun or the first nonapeptide
Glu-Asp-Gln-Arg~-Gln-Gly-Ala-Glu-Pro.
[ the epitope methionine 1823 to aspartic acid 1831,
[ 5 defined by the following sequence:
SEQ ID No:6:
[ .
Met Ala Pro Thr Lys Asp Glu Fhe 2Asp
[ 1 5
[ the epitope glutamic acid 1885 to phenylalanine 18SL
[ 1B inclusive, defined by the following seguence:
S8EQ ID No:7:
[ Glu Thr Lys Ser Txp Tyr Fhe
1 5
( the epitope glutamic acid 1885 to alanine 1501
[ 15 inclusive, defined by the following seguence:
8EQ ID No:8:
[
@lu Thr Lys Ser Trp Phe Thr Glu Asn Met. §lu Arg Asn Cys Arg Ala
[ 1 5 10 15
[ possibly deleted from ome or more amino acids from the
20 heptapeptide Gly-Thr-Lys-Ser-Trp-Phe-Thr or from the
[ tripeptide Cys-Arg-Ala.
[ the epitope aspartic acid 1809 to arginine 1517
[ inclusive, defined by the following sequence:
S8EQ ID No:9:
[ 25 Asp Pro Thr Phe Lys Glu Rsp Tyr Arg
1 5
[ the epitope alanine 108 to valine 128 inclusive, defined
[ by the following sequence:
ID No:11:
[ SEQ
30 Ala Ser Glu Gly Ala Glu Tyr Asp Asp Gln Thr Ser Gln Axg Glu Lys
[ 2 5 10 b1
Glu Asp Asp Lys Val
[ 20
[ possibly deleted from the terminal amino acids alanine
[ 35 and/or valine
[
[
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- the epitope glutamic aci;d. 181 to leucime 182 inclusive,
defined by the following seguence:
SEQ ID No:12:
@lu Gly Ser Deu Ala Lys Glu Lys Thx Gln Thr Leu
2 5
possibly deleted from one or two amino acids of the
texrminal dipeptide Thr-Leu )
- the epitope aspartic acid 203 to alanine 227 inclusive,
defined by the following sequence:
SEQ ID Ko:13:
Asp Glu Gly Lys Ser Trp His Ser Glu Thr Lys Asn Ser Leu Met Gin
1 5 10 5
Asp Bxg Asp Ala Ala Ser Ala Arg Mla
20
possibly deleted from one or more amino acids of the
nonapeptide Asp-Arg-Asp-Ala-Ala-Ser-Ala-Rrg-Ala
- the epitope aspartic acid 327 to wmethionine 3535
inclusive, defined by the following seguence:
SEQ ID No:14:
Asp Ser Cys Pro Glu Glu Pro Gln Leu Arg Met Lys Amn Asn Glu Glu
1 5 10 25
Ala Glu Asp Tyr Asp Asp Asp Leu Thr Asp Ser Glu Met
20 25
possibly deleted from ome or mwore amino acids of the
dipeptide Asp-Ser or the octapeptide Asp-Asp-Leu-Thr-
Asp-Ser-Glu-Met. ’
- the epitope aspartic acid 403 to lysine 425 inclusive,
defined by the following sequence:
SEQ ID No:15:
2sp Asp Arg Sexr Tyr Lys Ser Gln Tyx Leu Asn Asn @ly Pro Gln Arg
1 s 10 15
Ile Gly Axg Lys Tyr Lys Lys
20
possibly deleted from one or more amino acids of the

tetrapeptide Asp-Asp-Arg-Ser.

43
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- the epitope wvalime 517 to arginine 527 inclusive,
defined by the following seguence:
SEQ ID No:16:
Val Glu asp Gly Pro Thx Lys Ser Asp Pro Axg

5 1 5 20

possibly deleted from ope or the two amino acids of the
dipeptide Pro-Arg :

- the epitope histidine 693 to glycine 701 inclusive,
defined by the following sequence: .

10 SEQ ID No:18
His Asn Ser Asp Phe Arg Asm Arg Gly
1 5

- the epitope serine 710 to aspartic acid. 725 inclusive,

defined by the following sequence:

is SEQ ID No:19
Ser Cys Rsp Lys Bsn Thr Gly Asp Tyr Tyr Gly Asp Sexr Tyr &lu Asp
1 5 10 P

- the epitope iscleucine 2081 to serine 2095 inclusive,

defined by the following segquence

20 SEQ ID No:22:
Ile His Gly Ile Lys Thr Gln Gly Ala Brg Gln Lys Phe Ser Ser
1 5 10 is

possibly deleted from one or more amino acids of the
tetrapeptide Ile-His-Gly-Ile

25 - the epitope tyroaine 2105 to glycine 2121 inclusive,
defined by the following sequence:
SEQ ID No:23:
Tyr Ser Leu Asp Gly Lys Lys Trp Gln Thxr Tyr Axg Gly Asn ser Thy
1 5 10 15

30 Gly
possibly deleted from one or more amino acids of the
tripeptide Tyr-Ser-Leun

- the epitope histidine 2152 to arginine 2163 inclusive,

defined by the following sequence:

35 SEQ ID No:25:
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[ His Pro Thr Hie Tyr Sexr Ile Arg Ber Thr Leu Arg
1 5 10
[ - the epitope serine 2181 to asparagine 2198 inclusive,
[ 5 defined by the following sequence:
SEQ ID No:26: .
[ Ser Lys Ala Ile Sexr Asp Ala Gln Ile Thr Ala Ser Ser Tyx Phe Thr
[ 1 5 10 15
Asn .
L 10 possibly deleted from one or more amino acids from the
[ terminal tripeptide Phe-Thr-Asn (P11)
[ - the epitope glutamine 2235 to leucine 2251 inclusive,
defined by the following seguence:
L SEQ ID No:28:
[ 15 Gln Lys Thr Met Lys Val Thr Gly Val Thr Thx Gln Gly Val Lys Ser
1 5 10 is
[ Tew
[ possibly deleted from one or two amino acids of the
terminal dipeptide Ser-Leu or one or more amino acids
C 20 of the tetrapeptide Val-Lys-Ser-Leu.
[ - the epitope glycine 2242 to leucine 2251 inclusive,
[ defined by the following sequence:
SEQ ID No:29:
[ Gly val Thr Thr Gln Gly Val Lys Ser Leu
[ 25 1 5 10
possibly deleted from one or twe amino acids of the
[ terminal dipeptide Ser-Leu
[
3. A conformational epitope which contains:
[ 30 - either at least two different epitopes according to the
[ claim 1 ox,
[ - at least one epitope sequence according to claim 1 and
an epitope selecting from the pool of epitopes seguences
[ of claim 2.
[
[
[
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4. A recombinant Ffactor VIII having an amino
acid sequence deleted from one of the antigenic epitopes
sequences according to claim 1 or one or wore epitopes
sequences selected from the pool of epitopes of claim 2.

5. A complex comprising a carrier protein or
a carrier peptide linked to an epitope seguence according
to the claim 1 or 3. v

6. An inhibitor of factor VIII polypeptide
sequence which exhibits an immmnoaffinity with the epitope
sequence, the pool of epitopes sequences and/or the complex
according to any one of the preceding claims 1 to 5.

7. The inhibitor according te Claim 6, which
iz an anti-factor VIII antibody or antibody fragment.

8. An anti-iphibitor, which is directed
against the inhibitor of factor VIII according to Claim 6
or 7.

8. The anti-inhibitor according to Claim 8,
which ig an anti-anti-factor VIII didiotype antibody or
antibody fragment.

. 10. A pharmaceutical composition, which
comprises an adequate pharmaceutical carrier and at least
one element selected from the group consisting of the
epitope sequence, the pool of epitopes seguences, the
complex, the recombinant factor VIII, the inhibitor and/or
the anti-inhibitor according to any one of the preceding
claime 1 to 9.

11. A diagnostic and/or purification device,
which comprises at least one element which is selected from
the group consisting of the epitope sequence, the pool of
epitopes sequences, the complex, the inmhibitor and/or the
anti-inhibitor according to amy one of the preceding Claims
1 to 9.

12. The device according to Claim 11, which

is a diagmostic kit.

JP 2004-535393 A 2004.11.25
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13. The device according to Claim 11, which
is a chromatography column or filter.

14. Use of the pharmaceutical composition
according to Claim 10 for the manufacture of a medicament
in the treatment and/or the prevention of an immune
disorder in a wammal induced by iphibitors of factor VIII
polypeptide seguence.

15. A method of treatment of a physiological
fluid (serum), obtained from a mammal patient (including a
human) wherein said physiolegical £fluid i1s put into the
chromatography column according to the claim 13 in order to
allow a binding of the inhibitors of factor VIII
polypeptide sequence present in sald physiclegical £luid
with epitope, pool or complex comprised in said
chromatography column wherein after elution of the column a
physiclogical £luid without inhibitors of factor VIIX
poiypeptide sequence is recovered for its  reinjection to
the mammal patient.

16. A process for identifying and obtaining
inhibitoxs and/oxr anti-inhibitors according to any of the
preceeding Claims 6 to 9, comprising the steps of:

— selecting an element €£rom the group consisting of the
epitope mequence, the pool of epitopes sequences and/or
the complex according to any one of the preceding claims
1 to 5, attached to a solid support (preferably a solid
support of a chromatography column),

— paseing a physiological £luid (serum) obtained from a
patient containing inhibitors of factor VIII polypeptide
sequence through said chromatography columm,

~ eluting said column, and

- collecting the fractioms containing inhibitors of factox
VIII polypeptide seguence vhich have exhibited an

immunoaffinity with said element.

47
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17. The process accoxding to Claim 16,

further comprising the steps of:

attaching the collected inhibitors of factor VIII upon a
solid support (preferably a solid support of a
chromatography columm),

paseing a physiclogical f£luid from a mammal patient
containing anti-inhibitors of factor VIII upon said solid
suppoxt,

washing the support, preferably by eluting said columm,
and

collecting the fractions containing anti-inhibitors of
factor VIII which have exhibited an immuncaffinity with
said inhibitors of factor VIII.

y
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SEQUENCE LISTING
<110> Departement Central defractionnement de la Croix-Rouge §.C.R.L.
Laub, Ruth
Di Gianbattista, Mario

<120> ANTIGENIC EPITOPES OF FACTOR VITI, INHIBITORS DIRECTED AGAINST SAID
EPITOPES AND USE THEREOF

<130> P.CDFR.02B/WO.Ext
<160> 33

<170> PatentIn versiom 3.1
<210> 1

<211> 217

<212> PRT

<213> Homo sapiens

<400> 1

Arg Asp Ile Thr Arg Thr Thr Leu Gln Ser Asp Gla Glu Glu Ile Asp
1 5 io 15
Tyr

<210> 2

<211> 16

<212> PRT

<213> Homo sapiens

<400> 2

Asp Glu Asp Glu Asn Gln Ser Pro Arg Ser Phe Gln Lys Lys Thr Arg
1 5 10 15

<210> 3

<211> 10

<212> PBRT

<213> Homo sapiens

<400=> 3
Thr Asp Gly Ser Phe Thr Gln Pro Leu Tyr
1 5 t10

<210> 4

<211> 9

<212> ERT

<213> Homo sapiens

<400> 4

Asn Gln Ala Ser Arg Pro Tyr Ser Phe
1 5

&
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<210>
<Z1ll>
<212>
<213>

<400>

5

22

PRT

Homo sapiens

5

Glu Asp Gln Arg Glo Gly Ala Glu Pro Arg Lys Asn Phe val Lys Pro
1 5 18

15

asn Glu Thr Lys Thr Tyr
20

<210> &

38

PRT

Homo sapiens

<211>
<212>
<213>

<400>

6

¥et ala Pro Thr Lys Asp Glu Phe Asp
2 5

<210>
<211>
<212>
<213>

<400>

7

7

PRT

Homo sapiens

T

Glu Thr Lys Ser Trp Tyr Phe
1 5

<210>
<211>
<212>
<213>

<400>

8

16

BRT

Homp sapiens

8

Glu Thr Lys Ser Trp Phe Thr Glu Asn Met Glu Arg Asn Cys Arg Ala
1 5 10 13

<210>
<211>
<212>
<213>

<400>

g
a

PRT
Homo sapiens

9

Asp Pro Thr Phe Lys Glu Asn Tyr Arg
1 5 -
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<210> 10

<211l> 14

<212> PRT

<Z213> Homo sapiens

<400> 10

Ser Asn Lys Cys Gln Thr Pro Leu Gly Met Ala Ser Gly His
1 5 10

<210> 11

<211» 21

<212> PRT

<213> Homo sapiens

<400> 11

Ala ‘Ser Glu Gly Ala Glu Tyr Asp Asp Gln Thr Ser Gln Arg Glu Lys
1 5 10 15

Glu Asp Asp Lys Val
20

<210> 12

<211> 12

<212> PRT

<213> Homo sapiens

<400> 12

Glu Gly Ser Leu Ala Ivs Glu Lye Thr Gln Thr Leu
1 5 ip

<210> 13

<211> 25

<212> PRT

<213> Homo sapiens

<400> 13
Asp Glu Gly Lys Ser Trp His Ser Glu Thr Lys Asn Ser Leu Met Gln
1 -1 0 - 15

Asp Arg Asp Ala Ala Ser Ala Arg ala
20 25

<210> 14

T<211> 29

<212> PRT
<213> Homo sapiens

<400> 14

Asp Ser Cys Pro Glu Glu Pro Gln Leu Arg Met Lys Asm Asn Glu Glu
1 5 10 15

2004-535393

A 2004.11.25
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Ala Glu Rsp Tyr Asp Asp Asp Leu Thr Asp Sexr Glu Met
20 25

<210> 15

<21l> 23

<212> PRT

<213> Homo sapiens

<400> 15

Asp Asp Arg Ser Tyr Lys Ser Glm Tyr Leu Asn Asn Gly Pro Glu Arg
1 5 10 15
Ile 6ly Arg Lvs Tyr Lys Lys

20

<210> 16

<21i> 11

<212> PRT

<213> Homo sapiens

<400> 16

Val Glu Asp Gly Pro Thr Lys Ser Asp Pro Arg
1 5 10

<210> 17

<211> 11

<212> PRT

<213> Homo sapiens

<400> 17

Tyr Lys Glu Ser Val Asp Gly Arg Gly Asmn Gln
I 5 10

<210> 18

<211> 9

<212> PRT

<213> Homo sapiens

<400> 18

His hsn Ser Asp Fhe Arg Asn Arg Gly
1 5

<210> 1%

<211> 16

<212> PERT

<213> Homo sapiens

<400> 19

2004-535393 A 2004.11.25
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ke

WO 02/090542 PCT/BE2/Q0070
5
Ser Cys Asp Lys &sa Thr Gly Asp Tyr Tyr Gly Asp Ser Tvr Glu Asp
1 5 10 15
<210>- 20
<21l> 12
<212> PRT

<213> Homo sapiens

<400> 20

Leun Leu Ser Lys Asm Asn Ala Ile Glu Pro Arg Ser
1 5 0

<210> 21

<21l> 13

<212> PRT

<213> Homo sapiens

<400> 21

Ser Asp Asp Pro Ser Gly 2la Ile Asp Ser Asn Asn Ser
1 5 10

<210> 22

<211> 15

<212> PRT

<213> Homo sapiens

<400> 22

Ile His Gly Ile Lys Thr Gin Gly Ala Bxg Gln Lys Phe Ser Ser
i 5 10 15

<210> 33

<21i> 17

<212> PRT

<213> Homo sapiens

<400> 23

Tyr Ser Leu Asp Gly Lys Lys Txp Gln Thr Tyr Arg Gly Asn Ser The
1 - 10 15
Gly

<210> 24

<211> 310

<212> PRT

<213> Homo sapiens

<400> 24

Asn Val Asp Ser Sexr Gly Ile Lys His Asn
1 5 10
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(153) JP 2004-535393

59

WO 02/090542 PCT/BE02/0007¢

<210> 25

<211> 12

<212> PRT

<213> Homo sapiens

<400> 25

His Fro Thr His Tyr Ser Ile Arg Ser Thr Leu Arg
1 5 10

<210> 26

<211> 17

<212> PRT

<213> Homoe sapiens
<400> 26

Ser Lys Ala Ile Ser Asp Ala Gln Ile Thr Ala Ser Ser Tyr Phe Thr
1 5 15
asn

<210> 27

<211> 1g

<212> PRT

<213> Homo sapiens

<400> 27
Sex Pro Ser Lys Ala Ary Leu His Leu Glu Gly Arg Ser Asn Ala Trp
1 5 10 is

Arg Pro Glo

<210> 28

<211> 17

<212> PRT

<213> Home sapiens

<400> 28

Gln Lys Thr Met Lys Val Thr Gly val Thr Thr Gla Gly Val Ly= Ser
1 5 10 15

Ieu

<210> 29
<21l> 190
<212> DPRT

A 2004.11.25
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<2i3> Homo sapiens

<400- 29

Gly Val Thr Thr Gln Gly val Lys Sexr Len
1 5 10

<210 30

<221> 39

<2i2> PRT

<213> Homo sapiens

<400> 30

Ile Ser Ser Ser Gln Asp Gly His Gln
1 5

<210> 31

<211> 17

<212> PRT

<213> Homo sapiens

<400> 31

Lew Phe Phe Gln Asn Gly Lys Val Lys Val Phe Glo Gly Asn Gln asp
1 5 10 5
Ser

<210 32

<21l> 14

<212> PRT

<213> Homo sapiens

<400> 32

Pro Val Val asn Ser Leu Asp PFro Pro Leu Leu Thr Arg Tvr
1 5 10

<210> 33’

<211> 11

<212> PRT

<213> Hemo sepiens
<400> 33

Glu val Leu Gly Cys Glu Ala Gln Asp Leu Tyx
1 5 10

2004-535393 A 2004.11.25
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PCT/BE 02/00070

CLASSIFICATION OF SIBJECT MATTER
IPC 7 Cli2N15/12 C07K14/755  CO7K16/36
A61K39/395  GOIN33/53

CO7K16/42 A61K38/37

According lo International Patent Classification (IPC) or lo both nationai classification and IPC

B. FIELDS SEARCHED

IPC 7 CO7K

Minimum documentation seerched (olassifioation systsm foflowed by classification symbois)

Documentation searched other than minimum documeniation fo the extent thal such documents are included in the fieids searched

Electronic dala base consulled during the International search (name of data base and, where practical, searoh terms used)

EPO-Internal, MEDLINE, SEQUENCE SEARCH, CHEM ABS Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Gategory ® | Gitation of document, with indication. where approprizte, of the relevant passages

Relevant 1o claim No.

X SUGIHARA T ET AL: "Identification
piasma antibody epitopes and gene

NAGOYA JOURNAL OF MEDICAL SCIENCE.
MAY

pages 25-32, XP008014431
ISSN: 0027-7622
abstract; table 2

(BE) 1 February 1996 (1996-02-01)
claims 1-30

abnormalities in Japanese hemophilia A
patients with factor VIII inhibitor."

vol. 63, no. 1-2, May 2000 (2000-05),

)

of 1-14,16,
17

JAPAN

X WO 96 02572 A (CROIX ROUGE DE BELGIQUE 1-14,16,
;GIAMBATTISTA MARIO DI (BE); LAUB RUTH 17

Further decuments are listed in the continualion of box C.

Palent family members are listed In annex.

© Special calegaries of cited documents :

-

*A* document defining the generai state of the art which is pot
considered to be of pariicular relevaiice

£ earfier documenl but published on or after the International
filing date

*L* document which may throw doubts on priorily claim(s) or
which i clad o esiablsh ihe publication date of anoiher
citation or olher special reason (as speci

"0 dagumen refaring o an ofal disciosurs, use, xhisilon or
other me

P documem publlsned prior to the international filing date but
tater than the priority dale claimed

%

2

L

Jater document publishet after the Inlernational fillng date
or priofity date and not in conflict with the application bui
G0 Undarstand he nGpiS or aory undexlying the
nvention

documant of partcularrelevance; the claimed invention

cannot be considered novel or cannof be considered to

involve an Inventive step when the document is taken alone

document of particutar relevance; the clalmed Invention
cannot be consldered to involve an inveriive step when the
documant Is combined with one or mare other stch docu—
meris, such combination boing obvious 0.2 persn skifed
in the a

document member of the same patent tamily

Date of the aciual completion of the internationa! search

30 May 2003

Date of malling of the international search report

D7 08 2003

Name and mailing address of the ISA
European Patent O"Ice P.B. 5818 Patenllaan 2
NL - 2280 HV Rijiswijk
Tel. (+31-70) 340*2040 Tx. 31 651 eponl,
Fax: (+31-70} 3403016

Authorized officer

Gurdjian, D

Form POTASA/210 (second shoet) luly 1882)
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Imema'l Application No
PCT/BE 02/00070

C({Gontinuation) DOCUMENTS GONSIDERED TO BE RELEVANT

Category ©

Citation of document, wilh indication,where appropriate, of the relevant passages

Fslevant to claim No.

VEHAR & ET AL: "STRUCTURE OF HUMAN FACTOR
VIII"

NATURE, MACMILLAN JOURNALS LTD. LONDON,
GB,

vol. 312, no. 5992,

1 November 1984 (1984-11-01), pages
337-342, XP002017256

ISSN: 0028-0836

abstract; figure 3

EP 0 965 597 A (MOCHIDA PHARM CD LTD)
22 December 1999 (1999-12-22)
claim 6; figures SEQ.ID.8,10

BOWEN D J ET AL: “Analysis of the Bgil
restriction fragment Tength polymorphism
in the human factor VIII gene using
"virtual PCR"--a novel approach employing
the polymerase chain reaction in the
absence of sequence information for the
Tocus."

HUMAN GENETICS. GERMANY AUG 1996,

vol. 98, no. 2, August 1996 (1996~08),
pages 219-222, XP001151994

ISSN: 0340-6717

abstract; figure 1

1-14,16,
17

Form PCTASAZ10 (continuation of second sheet) (uly 1992)
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Intergnal application No.

INTERNATIONAL SEARCH REPORT PCT/BE 02/00070

Box| Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This International Search Report has not been established in respect of certain clatms under Article 17(2)(a) for the follawing reasons:

Claims Nos.:
because they relate to subject matter not required to be searched by this Authorlty, namely:

Although claim 15 is directed to a method of treatment of the human/animal
body, the search has been carried out and based on the alleged effacts of the
compound/composition.

Clalme Nos.: 6,8
because they relate to parts of the Intemational Application that do not comply with the prescribed requirements to such
an extent that no meaningful Internationa! Bearch can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

a. [ clams Nos.: ,
because hey are dependent claims and are not drafted in accorcance with the sacond arid third sentances f Fulé 6A(a).

Box 1l Observations where unity of is lacking (Conti| ion of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this International Search Feport covers all
searchable ciaims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. m As only some of the required additional search fees ware timely paid by the applicant, this International Search Report
covers only those claims for which tees were paid, specifically claims Nos.:

1-17

4. D No required additional search fees were timely pald by the applicant. Consequently, this international Search ReportIs
restiicted to the invention first mentioned In the clalms; it is covered by claims Nos.:

Femark on Protest D The additional search fees wars accompanied by the applicant’s protest.

No protest accompanied the payment of additional search fees.

Form PCT/SA/210 {continuation of first sheet (1)) (July 1998)
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International Application No. PCTBE 02 00070

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

Continuation of Box 1.2

Ctaims Nos.: 6,8

Present claims 6,8 relate to a product defined by reference to a
desirable characteristic or property, namely being an inhibitor of factor
VIII polypeptide sequence which exhibits an immunoaffinity with the
epitope sequence of claims 1 to 5 and an anti-inhibitor, which is
directed against the inhibitor of

factor VIII according to Claim 6 or 7.

The claims cover all products having this characteristic or property,
whereas the application provides support within the meaning of Article 6
PCT and/or disciosure within the meaning of Article 5 PCT for only a very
1imited number of such products. In the present case, the claims so Tack
support, and the application so Tacks disclosure, that a meaningfui
search over the whole of the claimed scope is impossible. Independent of
the above reasoning, the claims also lack clarity (Article & PCT). An
attempt is made to define the products by reference to a result to be
achieved. Again, this tack of clarity in the present case is such as to
render a meaningful search over the whole of the claimed scope
impossible. Consequently, the search has been carried out for those parts
of the claims which appear to be clear, supported and disclosed, namely
those parts relating to the anti FVIII antoibodies products , have been
searched e.g those prepared in the example page 28-30 and tables 1,2

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCT). The applicant
js advised that the EPO policy when acting as an International
Preliminary Examining Authority is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.

JP 2004-535393 A 2004.11.25
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international Application No. PCTBE 02 00070

FURTHER INFORMATION CONTINUED FBOM  PCTASA/ 21(

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. Claims: 1-17 partially
Antigenic epitope of polypeptides of Factor VIIT with amino

acid sequence with seg.id.10 ,corresponding epitopes with
one or more antigenic sequence epitope of Factor VIII ,

recombinant deletion Factor VIII variant ,compliex, inhibitor

, anti-inhibitor antibody , pharmaceutical composition ,
diagnostic and/or purification device , process for
identifying inhibitors or anti-inhibitors .

2. Claims: 1-17 partially

Antigenic epitope of polypeptides of Factor VIII with amino

acid sequence with seq.id.17 corresponding epitopes with one

or more antigenic sequence epitope of Factor VIII ,

recombinant deletion Factor VIII variant ,complex, inhibitor

, anti-inhibitor antibody , pharmaceutical composition ,
diagnostic and/or purification device , process for
identifying inhibiters or anti-inhibitors .

3. Claims: 1-17 partially

Antigenic epitope of polypeptides of Factor VIII with amine
acid sequence with seq.1d.20 corresponding epitopes with one

or more antigenic sequence epitope of Factor VIII ,

recombinant deietion Factor VIII variant ,complex, inhibitor

, anti-inhibitor antibody , pharmaceutical composition ,
diagnostic and/or purification device , process for
identifying inhibitors or anti-inhibitors .

4, Clajms: 1-17 partially
Antigenic epitope of polypeptides of Factor VIII with amino

acid sequence with seq.id.21 corresponding epitopes with ane

or more antigenic sequence epitope of Factor VIII ,

recombinant deletion Facter VIII variant ,complex, inhibitor

, anti-inhibitor antibody , pharmaceutical composition ,
diagnostic and/or purification device , process for
identifying inhibitors or anti~inhibitors .

5. Claims: 1-17 partially
Antigenic epitope of polypeptides of Factor VIII with amino

acid sequence with seq.id.24 corresponding epitopes with one

or more antigenic sequence epitope of Factor VIII ,

recombinant deletion Factor VIII variant ,compiex, inhibitor

, anti-inhibitor antibody , pharmaceutical composition ,
diagnostic and/or purification device , process for

page 1 of 3
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International Appiication No. PCTBE 02 00070

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

identifying inhibitors or anti-inhibitors .

6. Claims: 1-17 partially

Antigenic epitope of polypeptides of Factor VIII with amino
acid sequence with seq.id.27 corresponding epitopes with one
or more antigenic sequence epitope of Factor VIII ,
recombinant deletion Factor VIII variant ,complex, inhibitor
, anti—inhibitor antibody , pharmaceutical composition ,
diagnostic and/or purification device , process for
identifying inhibitors or anti-inhibitors .

7. Claims: 1-17 partially

Antigenic epitope of polypeptides of Factor VIII with amino
acid sequence with seq.id.30 corresponding epitopes with one
or more antigenic sequence epitope of Factor VIII ,
recombinant deletion Factor VIII variant ,complex, inhibitor
, anti-inhibitor antibody , pharmaceutical composition ,
diagnostic and/or purification device , process for
identifying inhibitors or anti-inhibitors .

8. Claims: 1-17 partially

Antigenic epitope of polypeptides of Factor VIII with amino
acid sequence with seq.id.31 corresponding epitopes with one
or more antigenic sequence epitope of Factor VIII |
recombinant deletion Factor VIII variant ,compiex, inhibitor
, anti-inhibitor antibody , pharmaceutical composition ,
diagnostic and/or purification device , process for
identifying inhibitors or anti-inhibitors .

9. Claims: 1-17 partially

Antigenic epitope of polypeptides of Factor VIII with amino
acid sequence with seq.id.32 corresponding epitopes with one
or more antigenic sequence epitope of Factor VIII |
recombinant deletion Factor VIII variant ,complex, inhibitor
, anti-inhibitor antibody , pharmaceutical composition ,
diagnostic and/or purification device , process for
identifying inhibitors or anti-inhibitors .

10. Claims: 1-17 partially

Antigenic epitope of polypeptides of Factor VIII with amino
acid sequence with seq.id.33 corresponding epitopes with ane
or more antigenic sequence epitope of Factor VIII ,
recombinant deletion Factor VIII variant ,complex, inhibitor
, anti-inhibitor antibody , pharmaceutical composition
diagnostic and/or purification device , process for

page 2 of 3

JP 2004-535393 A 2004.11.25



(161) JP 2004-535393 A 2004.11.25

International Application No. PCTBE 02 00070

FURTHER INFORMATION GONTINUED FROM  PCTASA/ 210
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identifying inhibitors or anti-inhibitors .
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INTERNATIO_NAL SEARCH REPORT mmmm‘npmun“ o
InfoFfmation on patent family members PCT/BE 02/00070
Patent document Publication Patent family ’ Publication
cited in search report date member(s) date
WO 9602572 A 01-02-1996  BE 1008491 A3 07-05-1996
Wo 9602572 A2 01-02-1996
CA 2195126 Al 01-02-1996
EP 0804484 Al 05-11-1997
JpP 10506610 T 30-06-1998
Us 2002068303 Al 06~-06-2002
EP 0965597 A 22-12-1999  EP 0965597 Al 22-12-1999
us 6500646 Bl 31-12-2002
Wo 9829453 Al 09-07-1998

Form PGTASA210 {patent famlly annex) (July 1982)
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