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nosis and/or diagnosis of a proliferative disease in a patient. More
particularly, the invention relates to an antibody capable of bind-
ing specifically to the human cMet receptor, as well as the amino
acid and nucleic acid sequences coding for this antibody. The in-
vention likewise comprises the use of said antibody, and corre-
sponding processes, for detecting and diagnosing pathological
hyperprol iterative oncogenic disorders associated with expres-
sion of cMet. In certain embodiments, the disorders are onco-
genic disorders associated with increased expression of cMet
polypeptide relative to normal or any other pathology connected

with the overexpression of cMet. The invention finally comprises
products and/or compositions or kits comprising at least such an-
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tibody for the prognosis or diagnostic of certain cancers.
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ANTI-CMET ANTIBODY AND ITS USE FOR THE DETECTION AND THE DIAGNOSIS OF CANCER

The present invention relates to the field of prognosis and/or diagnosis of a
proliferative disease in a patient. More particularly, the invention relates to a novel antibody
capable of binding specifically to the human cMet receptor, as well as the amino acid and
nucleic acid sequences coding for this antibody. The invention likewise comprises the use of
said antibody, and corresponding processes, for detecting and diagnosing pathological
hyperproliferative oncogenic disorders associated with expression of cMet. In certain
embodiments, the disorders are oncogenic disorders associated with increased expression of
cMet polypeptide relative to normal or any other pathology connected with the
overexpression of cMet. The invention finally comprises products and/or compositions or kits
comprising at least such antibody for the prognosis or diagnostic of certain cancers.

Receptor tyrosine kinase (RTK) targeted agents such as trastuzumab, cetuximab,
bevacizumab, imatinib and gefitinib inhibitors have illustrated the interest of targeting this
protein class for treatment of selected cancers.

cMet, is the prototypic member of a sub-family of RTKs which also includes RON
and SEA. The cMet RTK family is structurally different from other RTK families and is the
only known high-affinity receptor for hepatocyte growth factor (HGF), also called scater
factor (SF) [D.P. Bottaro et al., Science 1991, 251: 802-804; L. Naldini et al., Eur. Mol. Biol.
Org. J. 1991, 10:2867-2878]. cMet and HGF are widely expressed in a variety of tissue and
their expression is normally restricted to cells of epithelial and mesenchymal origin
respectively [M.F. Di Renzo et al.,, Oncogene 1991, 6:1997-2003; E. Sonnenberg et al., J.
Cell. Biol. 1993, 123:223-235]. They are both required for normal mammalian development
and have been shown to be particularly important in cell migration, morphogenic
differentiation, and organization of the three-dimensional tubular structures as well as growth
and angiogenesis [F. Baldt et al., Nature 1995, 376:768-771; C. Schmidt et al., Nature.
1995:373:699-702; Tsarfaty et al., Science 1994, 263:98-101]. While the controlled regulation
of cMet and HGF have been shown to be important in mammalian development, tissue
maintenance and repair [Nagayama T, Nagayama M, Kohara S, Kamiguchi H, Shibuya M,
Katoh Y, Itoh J, Shinohara Y., Brain Res. 2004, 5;999(2):155-66, Tahara Y, Ido A,
Yamamoto S, Miyata Y, Uto H, Hori T, Hayashi K, Tsubouchi H., J Pharmacol Exp Ther.
2003, 307(1):146-51], their dysregulation is implicated in the progression of cancers.

Aberrant signalling driven by inappropriate activation of cMet is one of the most



10

15

20

25

30

WO 2011/020925 PCT/EP2010/062271

frequent alteration observed in human cancers and plays a crucial role in tumorigenesis and
mctastasis [Birchmcier ct al., Nat. Rev. Mol. Ccll Biol. 2003, 4:915-925; L. Trusolino and
Comoglio P. M., Nat Rev. Cancer. 2002, 2(4):289-300].

Inappropriatc cMet activation can arisc by ligand-dcpendent and independent
mechanisms, which include overexpression of cMet, and/or paracrine or autocrine activation,
or through gain in function mutation [J.G. Christensen, Burrows J. and Salgia R., Cancer
Latters. 2005, 226:1-26]. However an oligomerization of cMet receptor, in presence or in
absence of the ligand, is required to regulate the binding affinity and binding kinetics of the
kinase toward ATP and tyrosine-containing peptide substrates [Hays JL, Watowich SJ,
Biochemistry, 2004 Aug 17, 43:10570-8]. Activated cMet recruits signalling effectors to its
multidocking site located in the cytoplasm domain, resulting in the activation of several key
signalling pathways, including Ras-MAPK, PI3K, Src and Stat3 [Gao CF, Vande Woude GF,
Cell Res. 2005, 15(1):49-51; Furge KA, Zhang YW, Vande Woude GF, Oncogene. 2000,
19(49):5582-9]. These pathways are essential for tumour cell proliferation, invasion and
angiogenesis and for evading apoptosis [Furge KA, Zhang YW, Vande Woude GF,
Oncogene, 2000, 19(49):5582-9; Gu H, Neel BG, Trends Cell Biol. 2003 Mar, 13(3):122-30;
Fan S, Ma YX, Wang JA, Yuan RQ, Meng Q, Cao Y, Laterra JJ, Goldberg ID, Rosen EM,
Oncogene. 2000 Apr 27, 19(18):2212-23]. In addition, a unique facet of the cMet signalling
relative to other RTK is its reported interaction with focal adhesion complexes and non kinase
binding partners such as a6f4 integrins [Trusolino L, Bertotti A, Comoglio PM, Cell. 2001,
107:643-54], CD44v6 [Van der Voort R, Taher TE, Wielenga VJ, Spaargaren M, Prevo R,
Smit L, David G, Hartmann G, Gherardi E, Pals ST, J Biol Chem. 1999, 274(10):6499-506],
Plexin B1 or semaphorins [Giordano S, Corso S, Conrotto P, Artigiani S, Gilestro G, Barberis
D, Tamagnone L, Comoglio PM, Nat Cell Biol. 2002, 4(9):720-4; Conrotto P, Valdembri D,
Corso S, Serini G, Tamagnone L, Comoglio PM, Bussolino F, Giordano S, Blood. 2005,
105(11):4321-9; Conrotto P, Corso S, Gamberini S, Comoglio PM, Giordano S, Oncogene.
2004, 23:5131-7] which may further add to the complexity of regulation of cell function by
this receptor. Finally recent data demonstrate that cMet could be involved in tumor resistance
to gefitinib or erlotinib suggesting that combination of compound targeting both EGFR and
cMet might be of significant interest [Engelman JA at al., Science, 2007, 316:1039-43].

In the past few years, many different strategies have been developed to attenuate cMet
signalling in cancer cell lines. These strategies include 1) neutralizing antibodies against cMet
or HGF/SF [Cao B, Su Y, Oskarsson M, Zhao P, Kort EJ, Fisher RJ, Wang LM, Vande
Woude GF, Proc Natl Acad Sci U S A. 2001, 98(13):7443-8; Martens T, Schmidt NO,
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Eckcrich C, Fillbrandt R, Mcrchant M, Schwall R, Westphal M, Lamszus K, Clin Cancer Res.
2006, 12(20):6144-52] or thc use of HGF/SF antagonist NK4 to prevent ligand binding to
cMect [Kuba K, Matsumoto K, Datc K, Shimura H, Tanaka M, Nakamura T, Canccr Res.,
2000, 60:6737-43], ii) small ATP binding sitc inhibitors to cMct that block kinasc activity
[Christensen JG, Schreck R, Burrows J, Kuruganti P, Chan E, Le P, Chen J, Wang X, Ruslim
L, Blake R, Lipson KE, Ramphal J, Do S, Cui JJ, Cherrington JM, Mendel DB, Cancer Res.
2003, 63:7345-55], ii1) engineered SH2 domain polypeptide that interferes with access to the
multidocking site and RNAI or ribozyme that reduce receptor or ligand expression. Most of
these approaches display a selective inhibition of cMet resulting in tumor inhibition and
showing that cMet could be of interest for therapeutic intervention in cancer.

The present invention aims to provide at least one reagent that can be used as a
diagnostic or prognostic biomarker for detecting and/or monitoring oncogenic disorders
especially those characterized by expression of cMet or those that are mediated by aberrant
cMet expression.

Previous attempts to develop a valuable antibody that can be used as a diagnostic or
prognostic tool have not been reported. Described herein are novel antibodies that meet this
criteria.

Other features and advantages of the invention will be apparent from the detailed
description and examples that follow.

In a first aspect, a subject of the invention is an isolated antibody, or one of its
functional fragments or derivatives, that binds to the cMet receptor (cMet) preferably human
cMet, with high affinity and can thus be useful in methods to diagnose pathological
hyperproliferative oncogenic disorders mediated by cMet expression.

The expressions “functional fragment(s) and/or derivative(s)” will be defined in
details later in the present specification.

It must be understood here that the invention does not relate to the antibodies in
natural form, that is to say they are not in their natural environment but that they have been
able to be isolated or obtained by purification from natural sources, or else obtained by
genetic recombination, or by chemical synthesis, and that they can then contain unnatural
amino acids as will be described further on.

More particularly, according to another aspect of the invention, it is claimed an
isolated antibody, or one of its functional fragments or derivatives, capable to bind
specifically to cMet, said antibody being characterized in that it comprises at least one

complementary determining region (CDR) chosen from CDRs comprising the amino acid
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scquence SEQ ID Nos. 1 to 12 or 29 to 39 or at Icast one CDR whose scquence has at least
80%, preferably 85%, 90%, 95% and 98% idcntity after optimal alignment with scquences 1
to 12 or 29 to 39.

A “functional fragmcent” of an antibody mcans in particular an antibody fragment,
such as fragments Fv, scFv (sc=simple chain), Fab, F(ab’),, Fab’, scFv-Fc or diabodies, or
any fragment whose half-life has been increased. Such functional fragments will be described
in detail later in the present description.

A “derived compound” or “derivative” of an antibody means in particular a binding
protein composed of a peptide scaffold and at least one of the CDRs of the original antibody
in order to preserve its ability to be recognized. Such derived compounds, well-known to a
person skilled in the art, will be described in more detail later in the present description.

More preferably, the invention comprises the antibodies, their derived compounds or
their functional fragments, according to the present invention, obtained by genetic
recombination or chemical synthesis.

According to a preferred embodiment, the antibody according to the invention, or its
derived compounds or functional fragments, is characterized in that it consists of a
monoclonal antibody.

“Monoclonal antibody” is understood to mean an antibody arising from a nearly
homogeneous antibody population. More particularly, the individual antibodies of a
population are identical except for a few possible naturally-occurring mutations which can be
found in minimal proportions. In other words, a monoclonal antibody consists of a
homogeneous antibody arising from the growth of a single cell clone (for example a
hybridoma, a eukaryotic host cell transfected with a DNA molecule coding for the
homogeneous antibody, a prokaryotic host cell transfected with a DNA molecule coding for
the homogeneous antibody, etc.) and is generally characterized by heavy chains of one and
only one class and subclass, and light chains of only one type. Monoclonal antibodies are
highly specific and are directed against a single antigen. In addition, in contrast with
preparations of polyclonal antibodies which typically include various antibodies directed
against various determinants, or epitopes, each monoclonal antibody is directed against a
single epitope of the antigen.

It must be understood here that the invention does not relate to antibodies in natural
form, i.e., they are not taken from their natural environment but are isolated or obtained by
purification from natural sources or obtained by genetic recombination or chemical synthesis

and thus they can carry unnatural amino acids as will be described below.
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In a first and preferred embodiment of the invention, the CDRs of the antibody will be
defined according to the IMGT numbering system.

The IMGT unique numbering has been defined to compare the variable domains
whatever the antigen receptor, the chain type, or the specics [Lefranc M.-P., Immunology
Today 18, 509 (1997) / Lefranc M.-P., The Immunologist, 7, 132-136 (1999) / Lefranc, M.-P.,
Pommié, C., Ruiz, M., Giudicelli, V., Foulquier, E., Truong, L., Thouvenin-Contet, V. and
Lefranc, Dev. Comp. Immunol., 27, 55-77 (2003)]. In the IMGT unique numbering, the
conserved amino acids always have the same position, for instance cystein 23 (1st-CYS),
tryptophan 41 (CONSERVED-TRP), hydrophobic amino acid 89, cystein 104 (2nd-CYS),
phenylalanine or tryptophan 118 (J-PHE or J-TRP). The IMGT unique numbering provides a
standardized delimitation of the framework regions (FRI-IMGT: positions 1 to 26, FR2-
IMGT: 39 to 55, FR3-IMGT: 66 to 104 and FR4-IMGT: 118 to 128) and of the
complementarity determining regions: CDR1-IMGT: 27 to 38, CDR2-IMGT: 56 to 65 and
CDR3-IMGT: 105 to 117. As gaps represent unoccupied positions, the CDR-IMGT lengths
(shown between brackets and separated by dots, ¢.g. [8.8.13]) become crucial information.
The IMGT unique numbering is used in 2D graphical representations, designated as IMGT
Colliers de Perles [Ruiz, M. and Lefranc, M.-P., Immunogenetics, 53, 857-883 (2002) / Kaas,
Q. and Lefranc, M.-P., Current Bioinformatics, 2, 21-30 (2007)], and in 3D structures in
IMGT/3Dstructure-DB [Kaas, Q., Ruiz, M. and Lefranc, M.-P., T cell receptor and MHC
structural data. Nucl. Acids. Res., 32, D208-D210 (2004)].

Three heavy chain CDRs and 3 light chain CDRs exist. The term CDR or CDRs is
used here in order to indicate, according to the case, one of these regions or several, or even
the whole, of these regions which contain the majority of the amino acid residues responsible
for the binding by affinity of the antibody for the antigen or the epitope which it recognizes.

More particulary, according a first aspect, the invention relates to an isolated antibody,
or a functional fragment or derivative thereof, capable of binding specifically to the c-Met
protein, comprising i) a heavy chain comprising at least one of the following CDR-H1, CDR-
H2 and CDR-H3, as defined according to IMGT numbering system, wherein CDR-HI
comprises the sequence SEQ ID No. 55, CDR-H2 comprises the sequence SEQ ID No. 56 and
CDR-H3 comprises the sequence SEQ ID No. 57; and/or ii) a light chain comprising at least
one of the following CDR-L1, CDR-L2 and CDR-L3, as defined according to IMGT
numbering system, wherein CDR-L1 comprises the sequence SEQ ID No. 58, CDR-L2
comprises the sequence SEQ ID No. 59 and CDR-L3 comprises the sequence SEQ ID No. 60.

In a preferred embodiment, the present invention is directed to an isolated
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antibody, or a functional fragment or derivative thereof, capable of binding spccifically to the
c-Met protcin, characterized in that it compriscs 1) a hcavy chain comprising at Icast the
following thrce CDRs CDR-H1, CDR-H2 and CDR-H3, as dcfined according to IMGT
numbcring systcm, whercin CDR-HI compriscs the scquence SEQ ID No. 55, CDR-H2
comprises the sequence SEQ ID No. 56 and CDR-H3 comprises the sequence SEQ ID No.
57, and/or ii) a light chain comprising at least the following three CDRs CDR-L1, CDR-L2
and CDR-L3, as defined according to IMGT numbering system, wherein CDR-L1 comprises
the sequence SEQ ID No. 58, CDR-L2 comprises the sequence SEQ ID No. 59 and CDR-L3
comprises the sequence SEQ ID No. 60.

In order to clarify, the consensus sequences SEQ ID Nos. 55 to 60 of the invention are

summarized in the following table 1.

Table 1
SEQ ID No. Sequence (IMGT)
CDR-H1 55 GYX1XoTSX5YX4
CDR-H2 56 INXeXeX7GX3Xo
CDR-H3 57 X19RX11X:9X13X14X15X16X17Y
CDR-LI1 58 X13X10X00X21X0,Y
CDR-1.2 59 X23X245
CDR-L3 60 QOX2sNSX26PX27T
With:
Xi:SorT Xy:TorF X3: Aor- X4:ForW
Xs:YorP Xs:DorS X7.-or N Xs: TorR
Xo:NorT Xjp: Tor A Xji:DorR Xi:RorV
Xy3: Tor G Xis:ForY Xis5: AorL Xj6:-orM
Xy7:-orD Xis:Qor- Xj9: RorS Xy TorS
Xa:YorV X»m:NorS X:YorD Xog:AorT
Xz5:SorW Xo6: Wor N Xy LorP

“-* for “missing” (deletion of the amino acid residue at this position)

According to a particular embodiment, the antibody of the invention, or one of its

functional fragments or derivatives, is characterized in that it comprises a heavy chain
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comprising the following threc CDRs as dcfincd according to IMGT, respectively CDR-H1,
CDR-H2 and CDR-H3, whercin CDR-H1 compriscs the scquence SEQ 1D No. 7, CDR-H2
compriscs the scquence SEQ ID No. 2 and CDR-H3 comprises the scquence SEQ ID No. 8.

According to a particular embodiment, the antibody of thc invention, or onc of its
functional fragments or derivatives, is characterized in that it comprises a light chain
comprising the following three CDRs as defined according to IMGT, respectively CDR-L1,
CDR-L2 and CDR-L3, wherein CDR-L1 comprises the sequence SEQ ID No. 4, CDR-L.2
comprises the sequence SEQ ID No. 5 and CDR-L3 comprises the sequence SEQ ID No. 6.

According to a particular embodiment, the antibody of the invention, or one of its
functional fragments or derivatives, is characterized in that it comprises a heavy chain
comprising the following three CDRs as defined according to IMGT numbering system,
respectively CDR-H1, CDR-H2 and CDR-H3, wherein CDR-H1 comprises the sequence SEQ
ID No. 29, CDR-H2 comprises the sequence SEQ ID No. 30 and CDR-H3 comprises the
sequence SEQ ID No. 31.

According to a particular embodiment, the antibody of the invention, or one of its
functional fragments or derivatives, is characterized in that it comprises a light chain
comprising the following three CDRs as defined according to IMGT numbering system,
respectively CDR-L1, CDR-L2 and CDR-L3, wherein CDR-L1 comprises the sequence SEQ
ID No. 32, CDR-L2 comprises the sequence SEQ ID No. 33 and CDR-L3 comprises the
sequence SEQ ID No. 34.

In other words, the invention can also be described as an antibody, or a functional
fragment or derivative thereof, characterized in that it comprises a heavy chain selected from
the group consisting of:

a) a heavy chain comprising the following three CDRs as defined according to IMGT
numbering system, respectively CDR-HI1 having the sequence SEQ ID No. 7, CDR-H2
having the sequence SEQ ID No. 2 and CDR-H3 having the sequence SEQ ID No. 8; and

b) a heavy chain comprising the following three CDRs as defined according to IMGT
numbering system, respectively CDR-H1 having the sequence SEQ ID No. 29, CDR-H2
having the sequence SEQ ID No. 30 and CDR-H3 having the sequence SEQ ID No. 31.

The invention can also be described as an antibody, or a functional fragment or
derivative thereof, characterized in that it comprises a light chain selected from the group
consisting of:

a) a light chain comprising the following three CDRs as defined according to IMGT
numbering system, respectively CDR-L1 having the sequence SEQ ID No. 4, CDR-L2 having
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the scquence SEQ ID No. 5 and CDR-L3 having the scquence SEQ ID No. 6; and

b) a light chain comprising thc following thrce CDRs as defined according to IMGT
numbcring system, rcspectively CDR-L1 having the scquence SEQ ID No. 32, CDR-L2
having the scquence SEQ ID No. 33 and CDR-L3 having the scquence SEQ ID No. 34.

In another embodiment, complementarity-determining region, or CDR, means the
hypervariable regions of the heavy and light chains of immunoglobulins as defined by Kabat
et al. (Kabat et al., Sequences of proteins of immunological interest, 5" Ed., U.S. Department
of Health and Human Services, NIH, 1991, and later editions). There are three heavy-chain
CDRs and three light-chain CDRs. Here, the terms “CDR” and “CDRs” are used to indicate,
depending on the case, one or more, or even all, of the regions containing the majority of the
amino acid residues responsible for the antibody’s binding affinity for the antigen or epitope it
recognizes.

According to another particular embodiment, the antibody of the invention, or one of
its functional fragments or derivatives, is characterized in that it comprises a heavy chain
comprising the following three CDRs as defined according to Kabat, respectively CDR-H1,
CDR-H2 and CDR-H3, wherein CDR-H1 comprises the sequence SEQ ID NO. 9, CDR-H2
comprises the sequence SEQ ID No. 10 and CDR-H3 comprises the sequence SEQ ID No. 3.

According to another particular embodiment, the antibody of the invention, or one of
its functional fragments or derivatives, is characterized in that it comprises a light chain
comprising the following three CDRs as defined according to Kabat, respectively CDR-LI,
CDR-L2 and CDR-L3, wherein CDR-L1 comprises the sequence 11, CDR-L2 comprises the
sequence 12 and CDR-L3 comprises the sequence 6.

According to another particular embodiment, the antibody of the invention, or one of
its functional fragments or derivatives, is characterized in that it comprises a heavy chain
comprising the following three CDRs as defined according to Kabat numbering system,
respectively CDR-H1, CDR-H2 and CDR-H3, wherein CDR-HI comprises the sequence SEQ
ID NO. 35, CDR-H2 comprises the sequence SEQ ID No. 36 and CDR-H3 comprises the
sequence SEQ ID No. 37.

According to another particular embodiment, the antibody of the invention, or one of
its functional fragments or derivatives, is characterized in that it comprises a light chain
comprising the following three CDRs as defined according to Kabat numbering system,
respectively CDR-L1, CDR-L2 and CDR-L3, wherein CDR-L1 comprises the sequence SEQ
ID No. 38, CDR-L2 comprises the sequence SEQ ID No. 39 and CDR-L3 comprises the
sequence SEQ ID No. 34.



10

15

20

25

30

WO 2011/020925 PCT/EP2010/062271

Another way to dcfine thc CDRs of thc antinodics according to the invention can
consist of dctcrmining the common residucs for cach CDR according to IMGT and to Kabat.

According to anothcr cmbodiment, the antibody of thc invention, or one of its
functional fragments or derivatives, is characterized in that it comprises a heavy chain
comprising at least one of the three CDRs of the sequences SEQ ID Nos. 1, 2 or 3, or at least
one sequence with at least 80%, preferably 85%, 90%, 95% and 98% identity after optimal
alignment with sequences SEQ ID Nos. 1, 2 or 3.

More particularly, the antibody of the invention, or one of its functional fragments or
derivatives, is characterized in that it comprises a light chain comprising at least one of the
three CDRs of the sequences SEQ ID Nos. 4, 5 or 6, or at least one sequence with at least
80%, preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequences
SEQ ID Nos. 4, 5 or 6.

In a preferred manner, the antibody of the invention, or one of its functional fragments
or derivatives, is characterized in that it comprises a heavy chain comprising the following
three CDRs, respectively CDR-H1, CDR-H2 and CDR-H3, wherein:

- CDR-H1 comprises the sequence SEQ ID No. 1, 7, 9, 29 or 35, or a sequence with at
least 80%, preferably 85%, 90%, 95% and 98% identity after optimal alignment with
sequence SEQ ID No. 1, 7,9, 29 or 35;

- CDR-H2 comprises the sequences SEQ ID No. 2, 10, 30 or 36, or a sequence with at
least 80%, preferably 85%, 90%, 95% and 98% identity after optimal alignment with
sequence SEQ ID No. 2, 10, 30 or 36; and

- CDR-H3 comprises the sequence SEQ ID No. 3, 8, 31 or 37, or a sequence with at
least 80%, preferably 85%, 90%, 95% and 98% identity after optimal alignment with
sequence SEQ ID No. 3, 8, 31 or 37.

Even more preferably, the antibody of the invention, or one of its functional fragments
or derivatives, is characterized in that it comprises a light chain comprising the following
three CDRs, respectively CDR-L1, CDR-L2 and CDR-L3, wherein:

- CDR-L1 comprises the sequence SEQ ID No. 4, 11, 32 or 38, or a sequence with at
least 80%, preferably 85%, 90%, 95% and 98% identity after optimal alignment with
sequence SEQ ID No. 4, 11, 32 or 38;

- CDR-L2 comprises the sequences SEQ ID No. 5, 12, 33 or 39, or a sequence with at
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Icast 80%, prcfcrably 85%, 90%, 95% and 98% identity after optimal alignment with
sequence SEQ ID No. 5, 12, 33 or 39; and

- CDR-L3 compriscs the scquence SEQ ID No. 6 or 34, or a scquence with at Icast
80%, prcferably 85%, 90%, 95% and 98% identity after optimal alignment with scquence
SEQ ID No. 6 or 34.

In still another embodiment, the invention can also be described as an antibody, or a
functional fragment or derivative thereof, characterized in that it is selected from the group
consisting of:

a) an antibody, or a functional fragment or derivative thereof, comprising:

- a heavy chain comprising the following three CDRs as defined according to IMGT,
respectively CDR-H1 having the sequence SEQ ID No. 7, CDR-H2 having the sequence SEQ
ID No. 2 and CDR-H3 having the sequence SEQ ID No. 8§, and

- a light chain comprising the following three CDRs as defined according to IMGT,
respectively CDR-L1 having the sequence SEQ ID No. 4, CDR-L2 having the sequence SEQ
ID No. 5 and CDR-L3 having the sequence SEQ ID No.6; and

b) an antibody, or a functional fragment or derivative thereof, comprising;:

- a heavy chain comprising the following three CDRs as defined according to IMGT,
respectively CDR-H1 having the sequence SEQ ID No. 29, CDR-H2 having the sequence
SEQ ID No. 30 and CDR-H3 having the sequence SEQ ID No. 31; and

- a light chain comprising the following three CDRs as defined according to IMGT,
respectively CDR-L1 having the sequence SEQ ID No. 32, CDR-L2 having the sequence
SEQ ID No. 33 and CDR-L3 having the sequence SEQ ID No.34.

In the present description, the terms “polypeptides”, “polypeptide sequences”,
“peptides” and ‘“‘proteins attached to antibody compounds or to their sequences” are
interchangeable.

It must be understood here that the invention does not relate to antibodies in natural
form, i.e., they are not taken from their natural environment but are isolated or obtained by
purification from natural sources or obtained by genetic recombination or chemical synthesis
and thus they can carry unnatural amino acids as will be described below.

For more clarity, it must be understood that in the following description, and more
particularly in tables 3a and 4a, the CDRs of the antibody called 224D 10, will be defined by
IMGT numbering, kabat numbering and by common numbering.

Common numbering regroups the residues part of each CDR which are common to the
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CDRs as defined by the IMGT and the Kabat numbering systems.

IMGT numbcring system defincs the CDRs according to the IMGT systcm as dcfined
whereas kabat numbcring system dcfines the CDRs according to the kabat system as above
defincd.

More particularly, the CDR-HI1 consists of the SEQ ID No. 1 (TSAYF) in the
common numbering system, of SEQ ID No. 7 (GYSITSAYF) in the IMGT numbering
system and of SEQ ID No. 9 (TSAYFWS) in the kabat numbering system.

The CDR-H2 consists of SEQ ID No. 2 (INYDGTN) in the common and IMGT
numbering systems and of SEQ ID No. 10 (FINYDGTNNYNPSLKN) in the kabat
numbering system.

The CDR-H3 consists in the SEQ ID No. 3 (DRTFAY) in the common and kabat
numbering systems whereas it consists of SEQ ID No. 8 (TRDRTFAY) in the IMGT
numbering system.

For the light chain, CDR-L1 consists of SEQ ID No. 4 (QRIYNY) in the common and
IMGT numbering systems and of SEQ ID No. 11 (RASQRIYNYLH) in the kabat numbering
system.

Concerning the CDR-L2, it consists of SEQ ID No. 5 (YAS) in the common and
IMGT numbering systems and of SEQ ID No. 12 (YASQSIS) in the kabat numbering system.

At last, the CDR-L3 consists of SEQ ID No. 6 (QQSNSWPLT) for cach of the three
numbering systems.

The same can be easily done by the man skilled in the art for the antibody 221C9.

In parallel, for more clarity, it must be understood that in the following description,
and more particularly in tables 3b and 4b, the CDRs of the antibody called 221C9, will be
defined by IMGT numbering and by kabat numbering.

In the sense of the present invention, the “percentage identity” between two sequences
of nucleic acids or amino acids means the percentage of identical nucleotides or amino acid
residues between the two sequences to be compared, obtained after optimal alignment, this
percentage being purely statistical and the differences between the two sequences being
distributed randomly along their length. The comparison of two nucleic acid or amino acid
sequences is traditionally carried out by comparing the sequences after having optimally
aligned them, said comparison being able to be conducted by segment or by using an
“alignment window”. Optimal alignment of the sequences for comparison can be carried out,
in addition to comparison by hand, by means of the local homology algorithm of Smith and

Waterman (1981) [Ad. App. Math. 2:482], by means of the local homology algorithm of



10

15

20

25

30

WO 2011/020925 12 PCT/EP2010/062271

L

Neddleman and Wunsch (1970) [J. Mol. Biol. 48:443], by mcans of thc similarity scarch
mcthod of Pcarson and Lipman (1988) [Proc. Natl. Acad. Sci. USA 85:2444] or by mcans of
computer softwarc using these algorithms (GAP, BESTFIT, FASTA and TFASTA in the
Wisconsin Genctics Softwarc Package, Genetics Computer Group, 575 Science Dr., Madison,
WI, or by the comparison software BLAST NR or BLAST P).

The percentage identity between two nucleic acid or amino acid sequences is
determined by comparing the two optimally-aligned sequences in which the nucleic acid or
amino acid sequence to compare can have additions or deletions compared to the reference
sequence for optimal alignment between the two sequences. Percentage identity is calculated
by determining the number of positions at which the amino acid or nucleotide residue is
identical between the two sequences, dividing the number of identical positions by the total
number of positions in the alignment window and multiplying the result by 100 to obtain the
percentage identity between the two sequences.

For example, the BLAST program, “BLAST 2 sequences” (Tatusova et al., “Blast 2
sequences - a new tool for comparing protein and nucleotide sequences”, FEMS Microbiol.,
1999, Lett. 174:247-250) available on the site http://www.ncbi.nlm.nih.gov/gorf/bl2.html, can
be used with the default parameters (notably for the parameters “open gap penalty”: 5, and
“extension gap penalty”: 2; the selected matrix being for example the “BLOSUM 62’ matrix
proposed by the program); the percentage identity between the two sequences to compare is
calculated directly by the program.

For the amino acid sequence exhibiting at least 80%, preferably 85%, 90%, 95% and
98% identity with a reference amino acid sequence, preferred examples include those
containing the reference sequence, certain modifications, notably a deletion, addition or
substitution of at least one amino acid, truncation or extension. In the case of substitution of
one or more consecutive or non-consecutive amino acids, substitutions are preferred in which
the substituted amino acids are replaced by “equivalent” amino acids. Here, the expression
“equivalent amino acids” is meant to indicate any amino acids likely to be substituted for one
of the structural amino acids without however modifying the biological activities of the
corresponding antibodies and of those specific examples defined below.

Equivalent amino acids can be determined either on their structural homology with the
amino acids for which they are substituted or on the results of comparative tests of biological
activity between the various antibodies likely to be generated.

As a non-limiting example, table 2 below summarizes the possible substitutions likely

to be carried out without resulting in a significant modification of the biological activity of the
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corrcsponding modificd antibody; invcrse substitutions arc naturally possiblc undcr the samc

conditions.
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Table 2
Original residue Substitution(s)
Ala (A) Val, Gly, Pro
Arg (R) Lys, His
Asn (N) Gln
Asp (D) Glu
Cys (O) Ser
Gln (Q) Asn
Glu (G) Asp
Gly (G) Ala
His (H) Arg
Ie (1) Lcu
Leu (L) Ile, Val, Met
Lys (K) Arg
Met (M) Leu
Phe (F) Tyr
Pro (P) Ala
Ser (S) Thr, Cys
Thr (T) Ser
Trp (W) Tyr
Tyr (Y) Phe, Trp
Val (V) Lcu, Ala

It is known by thosc skillcd in the art that in the current state of the art the greatest
variability (length and composition) between the six CDRs is found at the thrce heavy-chain
CDRs and, more particularly, at CDR-H3 of this heavy chain.

In a spccific cmbodiment, the present invention relates to a murine antibody, or
derived compounds or functional fragments of same.

Another embodiment of the invention discloses the antibody 224D10, or one of its
functional fragments or derivatives, comprising a heavy chain comprising the following three
CDRs, based on the “common’ defintion of the CDRs:

- CDR-H1 of the sequence SEQ ID No. 1 or of a sequence with at least 80%,
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preferably 85%, 90%, 95% and 98% identity after optimal alignment with scquence SEQ 1D
No. 1;

- CDR-H2 of the scquencc SEQ ID No. 2 or of a scquence with at Icast 80%,
preferably 85%, 90%, 95% and 98% idcentity after optimal alignment with scquence SEQ 1D
No. 2; and

- CDR-H3 of the sequence SEQ ID No. 3 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ 1D
No. 3, and

a light chain comprising the following three CDRs:

- CDR-L1 of the sequence SEQ ID No. 4 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ 1D
No. 4;

- CDR-L2 of the sequence SEQ ID No. 5 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ 1D
No. 5; and

- CDR-L3 of the sequence SEQ ID No. 6 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 6.

Still another embodiment of the invention discloses the antibody 224D 10, or one of its
functional fragments or derivatives, comprising a light chain comprising the following three
CDRs, based on the IMGT numbering system:

- CDR-HI1 of the sequence SEQ ID No. 7 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 7,

- CDR-H2 of the sequence SEQ ID No. 2 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 2; and

- CDR-H3 of the sequence SEQ ID No. 8 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 8, and

a light chain comprising the following three CDRs:

- CDR-L1 of the sequence SEQ ID No. 4 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 4;
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- CDR-L2 of thc scquence SEQ ID No. 5 or of a scquence with at lcast 80%,
preferably 85%, 90%, 95% and 98% identity aftcr optimal alignment with scquence SEQ ID
No. 5; and

- CDR-L3 of thc scquence SEQ ID No. 6 or of a scquence with at lcast 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ 1D
No. 6.

Still another embodiment of the invention discloses the antibody 224D 10, or one of its
functional fragments or derivatives, comprising a heavy chain comprising the following three
CDRs, based on the Kabat numbering system:

- CDR-HI1 of the sequence SEQ ID No. 9 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ 1D
No. 9;

- CDR-H2 of the sequence SEQ ID No. 10 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ 1D
No. 10; and

- CDR-H3 of the sequence SEQ ID No. 3 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 3, and

a light chain comprising the following three CDRs:

- CDR-L1 of the sequence SEQ ID No. 11 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 11;

- CDR-L2 of the sequence SEQ ID No. 12 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 12; and

- CDR-L3 of the sequence SEQ ID No. 6 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 6.

The antibody 224D10, or one of its functional fragments or derivatives, according to
the invention is characterized in that it comprises, according to the “common” numbering
System:

- a heavy chain comprising the CDR-H1 of the sequence SEQ ID No. 1, the CDR-
H2 of the sequence SEQ ID No. 2 and the CDR-H3 of the sequence SEQ ID No. 3; and
- a light chain comprising the CDR-L1 of the sequence SEQ ID No. 4, the CDR-
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L2 of the scquence SEQ ID No. 5 and the CDR-L3 of the scquence SEQ ID No. 6.

In anothcr cmbodiment, the antibody 224D10, or onc of its functional fragments or
derivatives, according to the invention is characterized in that it comprises, according to the
IMGT numbering systcm:

- a heavy chain comprising the CDR-H1 of the sequence SEQ ID No. 7, the CDR-
H2 of the sequence SEQ ID No. 2 and the CDR-H3 of the sequence SEQ ID No. 8; and

- a light chain comprising the CDR-L1 of the sequence SEQ ID No. 4, the CDR-L2 of
the sequence SEQ ID No. 5 and the CDR-L3 of the sequence SEQ ID No. 6.

In another embodiment, the antibody 224D 10, or one of its functional fragments or
derivatives, according to the invention is characterized in that it comprises, according to the
Kabat numbering system:

- a heavy chain comprising the CDR-H1 of the sequence SEQ ID No. 9, the CDR-H2
of the sequence SEQ ID No. 10 and the CDR-H3 of the sequence SEQ ID No. 3; and

- a light chain comprising the CDR-L1 of the sequence SEQ ID No. 11, the CDR-L2
of the sequence SEQ ID No. 12 and the CDR-L3 of the sequence SEQ ID No. 6.

According to still another embodiment, the antibody 224D 10 of the invention, or its
derived compounds or functional fragments, is characterized in that it comprises a heavy-
chain variable domain sequence comprising the amino acid sequence SEQ ID No. 13 or a
sequence with at least 80%, preferably 85%, 90%, 95% and 98% identity after optimal
alignment with sequence SEQ ID No. 13; and/or in that it comprises a light-chain variable
domain sequence comprising the amino acid sequence SEQ ID No. 14 or a sequence with at
least 80%, preferably 85%, 90%, 95% and 98% identity after optimal alignment with
sequence SEQ ID No. 14.

More particularly, the antibody of the invention, its derived compounds or its

functional fragments, comprises:
a) a heavy-chain sequence variable domain comprising a amino acid sequence having at least
80%, preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence
SEQ ID No. 13 and/or a light-chain variable domain sequence having at least 80%, preferably
85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID No. 14; and
b) are characterized in that said antibody, or a functional fragment or derivative thereof,

- is capable of binding specifically to the c-Met protein, and, preferably

- does not block the binding of the ligand HGF to the c-Met protein.

In another embodiment of the invention, it discloses the antibody 221C9, or one of its

functional fragments or derivatives, comprising a heavy chain comprising the following three
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CDRs:

- CDR-H1 of thc sequence SEQ ID No. 29 or of a sequence with at Icast 80%,
preferably 85%, 90%, 95% and 98% idcentity after optimal alignment with scquence SEQ 1D
No. 29;

- CDR-H2 of the sequence SEQ ID No. 30 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 30; and

- CDR-H3 of the sequence SEQ ID No. 31 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 31, and

a light chain comprising the following three CDRs:

- CDR-L1 of the sequence SEQ ID No. 32 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 32;

- CDR-L2 of the sequence SEQ ID No. 33 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 33; and

- CDR-L3 of the sequence SEQ ID No. 34 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 34.

Still another embodiment of the invention discloses the antibody 221C9, or one of its
functional fragments or derivatives, comprising a light chain comprising the following three
CDRs:

- CDR-H1 of the sequence SEQ ID No. 35 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 35;

- CDR-H2 of the sequence SEQ ID No. 36 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 36; and

- CDR-H3 of the sequence SEQ ID No. 37 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 37, and

a light chain comprising the following three CDRs:

- CDR-L1 of the sequence SEQ ID No. 38 or of a sequence with at least 80%,
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preferably 85%, 90%, 95% and 98% identity after optimal alignment with scquence SEQ 1D
No. 38;

- CDR-L2 of the scquence SEQ ID No. 39 or of a scquence with at Icast 80%,
preferably 85%, 90%, 95% and 98% idcentity after optimal alignment with scquence SEQ ID
No. 39; and

- CDR-L3 of the sequence SEQ ID No. 34 or of a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 34.

In other words, the isolated antibody 221C9, or one of its functional fragments or
derivatives, according to the invention is characterized in that it comprises, according to the
IMGT numbering system:

- a heavy chain comprising the CDR-H1 of the sequence SEQ ID No. 29, the
CDR-H2 of the sequence SEQ ID No. 30 and the CDR-H3 of the sequence SEQ ID No. 31;
and

- a light chain comprising the CDR-L1 of the sequence SEQ ID No. 32, the CDR-
L2 of the sequence SEQ ID No. 33 and the CDR-L3 of the sequence SEQ ID No. 34.

In another embodiment, the isolated antibody 221C9, or one of its functional
fragments or derivatives, according to the invention is characterized in that it comprises,
according to the Kabat numbering system:

- a heavy chain comprising the CDR-H1 of the sequence SEQ ID No. 35, the CDR-H2
of the sequence SEQ ID No. 36 and the CDR-H3 of the sequence SEQ ID No. 37; and

- a light chain comprising the CDR-L1 of the sequence SEQ ID No. 38, the CDR-L2
of the sequence SEQ ID No. 39 and the CDR-L3 of the sequence SEQ ID No. 34.

According to still another embodiment, the antibody 221C9 of the invention, or its
derived compounds or functional fragments, is characterized in that it comprises a heavy-
chain variable domain sequence comprising the amino acid sequence SEQ ID No. 40 or a
sequence with at least 80%, preferably 85%, 90%, 95% and 98% identity after optimal
alignment with sequence SEQ ID No. 40; and/or in that it comprises a light-chain variable
domain sequence comprising the amino acid sequence SEQ ID No. 41 or a sequence with at
least 80%, preferably 85%, 90%, 95% and 98% identity after optimal alignment with
sequence SEQ ID No. 41.

More particularly, the antibody of the invention, its derived compounds or its
functional fragments, comprises:

a) a heavy-chain variable domain sequence comprising a amino acid sequence having at least
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80%, preferably 85%, 90%, 95% and 98% identity after optimal alignment with scquence
SEQ ID No. 40 and/or a light-chain variable domain sequence having at Icast 80%, prcferably
85%, 90%, 95% and 98% identity aftcr optimal alignment with scquence SEQ ID No. 41; and
b) are charactcrized in that said antibody, or a functional fragment or derivative thercof,

- is capable of binding specifically to the c-Met protein, and, preferably

- does not block the binding of the ligand HGF to the c-Met protein.

In other words, the invention can also be described as an antibody, or a functional
fragment or derivative thereof, characterized in that it is selected from the group consisting of:
a) an antibody, or a functional fragment or derivative thereof, comprising a heavy chain
variable domain of sequence comprising the amino acid sequence SEQ ID No. 13 and a light
chain variable domain of sequence comprising the amino acid sequence SEQ ID No. 14; and
b) an antibody, or a functional fragment or derivative thereof, comprising a heavy chain
variable domain of sequence comprising the amino acid sequence SEQ ID No. 40 and a light
chain variable domain of sequence comprising the amino acid sequence SEQ ID No. 41.

As seen above, the invention also relates to any compound derived from an antibody
as described in the invention.

More particularly, the antibody of the invention, or its derived compounds or
functional fragments, is characterized in that said derived compound consists of a binding
protein comprising a peptide scaffold on which is grafted at least one CDR in such a way as to
preserve all or part of the paratope recognition properties of the initial antibody.

One or more sequences among the six CDR sequences described in the present
invention can also be present on the various immunoglobulin protein scaffolding. In this case,
the protein sequence makes it possible to recreate a peptide skeleton favorable to the folding
of the grafted CDRs, enabling them to preserve their paratope antigen-recognition properties.

Generally, a person skilled in the art knows how to determine the type of protein
scaffold on which to graft at least one of the CDRs arising from the original antibody. More
particularly, it is known that to be selected such scaffolds must meet the greatest number of
criteria as follows (Skerra A., J. Mol. Recogn., 2000, 13:167-187):

- good phylogenetic conservation;

- known three-dimensional structure (as, for example, by crystallography, NMR
spectroscopy or any other technique known to a person skilled in the art);

- small size;

- few or no post-transcriptional modifications; and/or

- easy to produce, express and purify.
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The origin of such protcin scaffolds can be, but is not limited to, the structures
selected among: fibronectin and preferentially fibronectin type Il domain 10, lipocalin,
anticalin (Skcrra A., J. Biotcchnol., 2001, 74(4):257-75), protein Z arising from domain B of
protein A of Staphylococcus aureus, thiorcdoxin A or protcins with a rcpcated motif such as
the “ankyrin repeat” (Kohl et al., PNAS, 2003, vol. 100, No. 4, 1700-1705), the “armadillo
repeat”, the “leucine-rich repeat” and the “tetratricopeptide repeat”.

Scaffolds derived from toxins such as, for example, toxins from scorpions, insects,
plants, mollusks, etc., and the protein inhibiters of neuronal NO synthase (PIN) should also be
mentioned.

An example, in no way limiting, of such hybrid constructions, is the insertion of the
CDR-H1 (heavy chain) of an anti-CD4 antibody, namely 13B8.2, in one of the loops in the
PIN, the new binding protein thus obtained preserving the same binding properties as the
original antibody (Bes er al., Biochem. Biophys. Res. Commun., 2006, 343(1), 334-344). On
a purely illustrative basis, grafting the CDR-H3 (heavy chain) of an anti-lysozyme VHH
antibody on one of the loops of neocarzinostatin (Nicaise et al., Protein Science, 2004,
13(7):1882-1891) can also be mentioned.

Lastly, as described above, such peptide scaffolds can comprise from one to six CDRs
arising from the original antibody. Preferably, but not being a requirement, a person skilled in
the art will select at least one CDR from the heavy chain, the latter being known to be
primarily responsible for the specificity of the antibody. The selection of one or more relevant
CDRs is obvious to a person skilled in the art, who will then choose suitable known
techniques (Bes ef al., FEBS letters 508, 2001, 67-74).

The present invention thus relates to an antibody, or its derived compounds or
functional fragments, characterized in that the peptide scaffold is selected among proteins that
are a) phylogenetically well preserved, b) of robust architecture, c) with a well-known 3-D
molecular organization, d) of small size and/or ¢) comprising regions that can be modified by
deletion and/or insertion without modifying stability properties.

According to a preferred embodiment, the antibody of the invention, or its derived
compounds or functional fragments, is characterized in that said peptide scaffold is selected
among 1) scaffolds arising from fibronectin, preferentially fibronectin type 3 domain 10,
lipocalin, anticalin, protein Z arising from domain B of protein A of Staphylococcus aureus,
thioredoxin A or proteins with a repeated motif such as the “ankyrin repeat” (Kohl et al.,
PNAS, 2003, vol. 100, No. 4, 1700-1705), the “armadillo repeat”, the “leucine-rich repeat”
and the “tetratricopeptide repeat” or iii) protein inhibiters of neuronal NO synthase (PIN).
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Another aspect of the invention relatcs to the functional fragments of the antibody
described above.

More particularly, thc invention targets an antibody, or its derived compounds or
functional fragments, characterized in that said functional fragment is selectcd among the
fragments Fv, Fab, (Fab’),, Fab’, scFv, scFv-Fc and diabodies, or any fragment whose half-
life has been increased such as PEGylated fragments.

Such functional fragments of the antibody according to the invention consist, for
example, of the fragments Fv, scFv (sc=simple chain), Fab, F(ab’),, Fab’, scFv-Fc¢ or
diabodies, or any fragment whose half-life has been increased by chemical modification, such
as the addition of polyalkylene glycol such as polyethylene glycol (PEGylation) (PEGylated
fragments are referred to as Fv-PEG, scFv-PEG, Fab-PEG, F(ab’),-PEG and Fab’-PEG), or
by incorporation in a liposome, microspheres or PLGA, said fragments possessing at least one
of the characteristic CDRs of the invention which is notably capable of exerting in a general
manner activity, even partial, of the antibody from which it arises.

Preferably, said functional fragments will comprise or include a partial sequence of the
variable heavy or light chain of the antibody from which they are derived, said partial
sequence being sufficient to retain the same binding specificity as the antibody from which it
arises and sufficient affinity, preferably at least equal to 1/100, more preferably at least 1/10
of that of the antibody from which it arises.

Such a functional fragment will contain at least five amino acids, preferably 6, 7, 8,
10, 15, 25, 50 or 100 consecutive amino acids of the sequence of the antibody from which it
arises.

Preferably, these functional fragments will be of the types Fv, scFv, Fab, F(ab’),,
F(ab’), scFv-Fc or diabodies, which generally have the same binding specificity as the
antibody from which they result. According to the present invention, fragments of the
antibody of the invention can be obtained from the antibodies described above by methods
such as enzyme digestion, including pepsin or papain, and/or by cleavage of the disulfide
bridges by chemical reduction. The antibody fragments can be also obtained by recombinant
genetics techniques also known to a person skilled in the art or by peptide synthesis by means,
for example, of automatic peptide synthesizers such as those sold by Applied BioSystems, etc.

For more clarity, table 3a below summarizes the various amino acid sequences

corresponding to the antibody 224D 10 of the invention.
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Tablc 3a (wherein Mu. = muring)
Antibody nurﬁll))el:ing Heavy chain Light chain Sl;%?D

CDR-H1 1

CDR-H2 2

Common CDR-H3 3
CDR-L1 4

CDR-L2 5

CDR-L3 6

CDR-H1 7

CDR-H2 2

IMGT CDR-H3 &
224D10 COR-LI )
CDR-L2 5

CDR-L3 6

CDR-H1 9
CDR-H2 10

Kabat CDR-H3 3
CDR-L1 11
CDR-L2 12

CDR-L3 6
Mu. variable domain 13
Mu. variable domain 14
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For more clarity, tablc 3b bclow summarizes the various amino acid scquenccs
corrcsponding to the antibody 221C9 of the invention.

Tablc 3b (whercin Mu. = muring)

Antibody nur(lill))eI:ing Heavy chain Light chain Sl;%.n)
CDR-HI 29
CDR-H2 30
IMGT CDR-H3 31
CDR-L1 32
CDR-L2 33
CDR-L3 34
CDR-HI 35
221C9
CDR-H2 36
Kabat CDR-H3 37
CDR-L1 38
CDR-L2 39
CDR-L3 34
Mu. variable domain 40
Mu. variablc domain 41

According to another aspect, the invention relates to a murine hybridoma capable of
secreting a monoclonal antibody according to the invention, notably the hybridoma of murine
origin dcposited at thc CNCM, Institut Pastcur, Paris, Francc, on March 12, 2008, undcr thc
number 1-3949. Said hybridoma was obtained by the fusion of Balb/C immunized mice
splenocytes and cells of the mycloma Sp 2/0-Ag 14 lincs.

The monoclonal antibody, herc rcferrcd to as 224D10, or its dcrived compounds or
functional fragments, characterized in that said antibody is secreted by the hybridoma
deposited at the CNCM on March 12, 2008, under number 1-3949 obviously forms part of the
present invention.

According to another aspect, the invention relates to a murine hybridoma capable of
secreting a monoclonal antibody according to the invention, notably the hybridoma of murine
origin deposited at the CNCM, Institut Pasteur, Paris, France, on January 14, 2010, under the

number 1-4273. Said hybridoma was obtained by the fusion of Balb/C immunized mice
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splenocytes and cells of the mycloma Sp 2/0-Ag 14 lincs.

The monoclonal antibody, here referred to as 221C9, or its derived compounds or
functional fragments, charactcrized in that said antibody is sccreted by the hybridoma
deposited at the CNCM on January 14, 2010, under number 1-4273 obviously forms part of
the present invention.

A novel aspect of the present invention relates to an isolated nucleic acid,
characterized in that it is chosen from the following nucleic acids:

a) a nucleic acid, DNA or RNA, coding for an antibody or for a derived compound or
functional fragment thereof, according to the invention ;

b) a nucleic acid comprising a DNA sequence comprising a sequence selected from
the group consisting of the sequences SEQ ID No.15 to 26 and 42 to 52, or a sequence with at
least 80%, preferably 85%, 90%, 95% and 98% identity after optimal alignment with the
sequences SEQ ID 15 to 26 and 42 to 52;

¢) a nucleic acid comprising a DNA sequence comprising the sequences SEQ ID No.
27, 28, 53 and/or 54 or a sequence with at least 80%, preferably 85%, 90%, 95% and 98%
identity after optimal alignment with sequences SEQ ID 27, 28, 53 and/or 54;

d) the corresponding RNA nucleic acids of the nucleic acids as defined in a), b) or ¢);

¢) the complementary nucleic acids of the nucleic acids as defined in a), b) and c);
and

f) a nucleic acid of at least 18 nucleotides capable of hybridizing under conditions of
high stringency with at least one of the CDRs of sequence SEQ ID No. 15 to 28 and 42 to54
or a sequence with at least 80%, preferably 85%, 90%, 95% and 98% identity after optimal
alignment with sequences SEQ ID 15 to 28 and 42 to 54, or a complementary sequence
thereof.

Table 4a below summarizes the various nucleotide sequences concerning the antibody

224D10 of the invention.
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Table 4a
Antibody nuxgll))el:ing Heavy chain Light chain S%%?D
CDR-H1 15
CDR-H2 16
Common CDR-H3 17
CDR-L1 18
CDR-L2 19
CDR-L3 20
CDR-H1 21
CDR-H2 16
IMGT CDR-H3 22
524D10 CDR-L1 18
CDR-L2 19
CDR-L3 20
CDR-H1 23
CDR-H2 24
Kabat CDR-H3 17
CDR-L1 25
CDR-L2 26
CDR-L3 20
Mu. variable domain 27
Mu. variable domain 28

Table 4b below summarizes the various nucleotide sequences concerning the antibody

221C9 of the invention.
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Tablc 4b
Antibody nuﬁll))e[:ing Heavy chain Light chain SI;QO.ID
CDR-HI 42
CDR-H2 43
IMGT CDR-H3 44
CDR-L1 45
CDR-L2 46
CDR-L3 47
CDR-HI 48
221C9
CDR-H2 49
Kabat CDR-H3 50
CDR-L1 51
CDR-L2 52
CDR-L3 47
Mu. variable domain 53
Mu. variable domain 54
The terms “nucleic acid”, “nucleic sequence”, “nucleic acid sequence”,

th 3 bh (3

“polynucleotide”, “oligonucleotide”, “polynucleotide sequence” and “nucleotide sequence”,
used interchangeably in the present description, mean a precise sequence of nucleotides,
modified or not, defining a fragment or a region of a nucleic acid, containing unnatural
nuclcotides or not, and being cithcr a double-strand DNA, a single-strand DNA or
transcription products of said DNAs.

It should also be included here that the present invention docs not relate to nucleotide
sequences in their natural chromosomal environment, i.c., in a natural state. The sequences of
the present invention have been isolated and/or purificd, i.c., thcy were sampled directly or
indirectly, for example by a copy, their environment having been at least partially modified.
Isolated nucleic acids obtained by recombinant genetics, by means, for example, of host cells,

or obtained by chemical synthesis should also be mentioned here.

“Nucleic sequences exhibiting a percentage identity of at least 80%, preferably 85%,

90%, 95% and 98%, after optimal alignment with a preferred sequence” means nucleic
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scquences cxhibiting, with respect to the reference nucleic sequence, certain modifications
such as, in particular, a dclction, a truncation, an cxtcnsion, a chimcric fusion and/or a
substitution, notably punctual. Prcferably, these arc scquences which code for the same amino
acid scquenccs as the reference scquence, this being related to the degencration of the genctic
code, or complementarity sequences that are likely to hybridize specifically with the reference
sequences, preferably under highly stringent conditions, notably those defined below.

Hybridization under highly stringent conditions means that conditions related to
temperature and ionic strength are selected in such a way that they allow hybridization to be
maintained between two complementarity DNA fragments. On a purely illustrative basis, the
highly stringent conditions of the hybridization step for the purpose of defining the
polynucleotide fragments described above are advantageously as follows.

DNA-DNA or DNA-RNA hybridization is carried out in two steps: (1)
prehybridization at 42°C for three hours in phosphate buffer (20 mM, pH 7.5) containing 5X
SSC (1X SSC corresponds to a solution of 0.15 M NaCl + 0.015 M sodium citrate), 50%
formamide, 7% sodium dodecyl sulfate (SDS), 10X Denhardt’s, 5% dextran sulfate and 1%
salmon sperm DNA; (2) primary hybridization for 20 hours at a temperature depending on the
length of the probe (i.e.: 42°C for a probe >100 nucleotides in length) followed by two 20-
minute washings at 20°C in 2X SSC + 2% SDS, one 20—minute washing at 20°C in 0.1X SSC
+ 0.1% SDS. The last washing is carried out in 0.1X SSC + 0.1% SDS for 30 minutes at 60°C
for a probe >100 nucleotides in length. The highly stringent hybridization conditions
described above for a polynucleotide of defined size can be adapted by a person skilled in the
art for longer or shorter oligonucleotides, according to the procedures described in Sambrook,
et al. (Molecular cloning: a laboratory manual, Cold Spring Harbor Laboratory; 3rd edition,

2001).

The invention also relates to a vector comprising a nucleic acid as described in the
invention.

The invention notably targets cloning and/or expression vectors that contain such a
nucleotide sequence.

The vectors of the invention preferably contain elements which allow the expression
and/or the secretion of nucleotide sequences in a giv<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>